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PREFACE 

In May 1975 a S)~posium was held in Tucson, Arizona, on the management of forest 
and range habitats for nongame birds. That landmark meeting broughttogether avian 
ecologists and forest resource managers to discuss various aspects of common concerns. 
That national symposium pointed to the need for both professions to begin to work 
together to solve the problems of meeting avian habitat needs while managing other 
forest resources. It was agreed that a series of regional workshops should be con
ducted to present the best information available on the avian communities of the major 
forest types and rangelands of the United States. The objective of the series would 
be to ensure that avian habitat requirements are considered in forest and range manage
ment practices, ~nd that the natural bird communities of each forest and range type 
and successional stages are maintained. 

To that end, the National Nongame Bird Steering Committee was formed to sponsor 
regional workshops presenting the state-of-the-art of nongame bird research and man
agement in various ecoregions of the United States. The first workshop was held in 
Portland, Oregon, February 7-9, 1977, entitled, "Nongame Bird Habitat Management in 
the Coniferous Forests of the Western United States." 

The second workshop in the series, "Management of Southern Forests for Nongame 
Birds," held January 24-26, 1978, in Atlanta, Georgia, presented bird habitat research 
results and management techniques for all major habitat types in the southern and 
southeastern United States. 

The third workshop, "Management of North Central and Northeastern Forests for 
Nongame Birds," held January 23-25, 1979, in Minneapolis, Minnesota, presented infor
mation on avian communities and their management in the forest types of the northeastern 
quarter of the country. This fourth and last workshop is jointly hosted by the Inter
mountain Forest and Range Experiment Station, the Rocky Mountain Forest and Range Experi
ment Station, the Intermountain, Southwestern, California, and Alaska Regions of the 
USDA Forest Service, and the State and Private Forestry Office of the Intermountain 
Region. 

The Forest Service was joined by the other members of the National Nongame Bird 
Steering Committee in sponsoring this workshop. Its members include: 

USDA Forest Service 
USDA Soil Conservation Service 
U.S. Department of the Interior, Fish and Wildlife Service 
U.S. Department of the Interior, Bureau of Land Management 
National Wildlife Federation 
The Wildlife Society 
Wildlife Management Institute 
National Audubon Society 
International Association of Wildlife Conservation Agencies 

This Proceedings was photographed from copy submitted by the contributors. The 
Intermountain Forest and Range Experiment Station does not assume responsibility 
for any errors contained herein. 
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KEYNOTE ADDRESS 

RESOURCE MANAGEMENT--A BROAD VIEW 

R. Max Peterson 

Chief 
USDA Forest Service 

ABSTRACT 

Wildlife and fish habitat management is a part 
of the Forest Service•s land management planning 
under the National Forest Management Act and the 
Resources Planning Act. The philosophy, the 
policy and the planning mechanisms now exist 
to simultaneouly benefit wildlife and fish and 
other forest and rangeland resources in the 
National Forest System. 

As keynote speaker, I am not here to present a paper on major new research 
findings, nor to detail specific activities to promote wildlife habitat on the 
National Forests, nor to discuss the excellent State-Federal relationships con
cerning wildlife. I want instead to describe to you a very broad planning process 
as the basis for all Forest Service resource decisions, and to discuss major changes 
that I see in resource management and philosophy. One of these, I•m happy to say, 
i~ fish and wildlife management, including nongame birds, is now a key part of our 
resource planning. 

Before I do that, I would like to congratulate those who put this workshop 
together for the breadth and depth of the subject matter being covered. The parti
cipation of Federal and State agencies as well as professional wildlife organizations 
and citizen conservation groups attests to both the breadth of intent in the subject 
matter and the importance of a professional approach to making progress. 

As for management of National Forests, I can do no better than to quote the 
National Forest Management Act of 1976, the mandate that Congress has given us for 
managing the National Forests: 11 Insure consideration of the economic and environ
mental aspects of various systems of renewable resource manaqement, including the 
related systems of silviculture and protection of forest resources, to provide for 
outdoor recreation (including wilderness), range, timber, watershed, wildlife, and 
fish ... 
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To do this, we will: 11 Provide for diversity of plant and animal communities 
based on the suitability and capability of the specific land area in order to meet 
overall multiple-use objectives ..... , meaning, the objectives of the land management 
plan for that forest. 

I think you get the idea. The National Forest Management Act, and its subsequent 
regulations, is one of the most specific mandates we have ever had. 

It calls, in short, for a completely integrated wildlife program; one that pro
vides diversity, and goes beyond merely favoring or encouraging certain species. We 
mean a holistic look at all resource management, including the wildlife and fish 
program. And we gladly accept the challenges. 

Fish and wildlife habitat management must be more than a slogan or good inten
tion. Fish and wildlife management is a fully functioning part of our land manage
ment planning. One of the reasons that wildlife now plays a strong role in multiple 
use management is the advancement of knowledge that many of you here today have 
achieved. An excellent example is the first Nongame Bird Symposium, held in 1975. 
It was Dixie Smith who did most of the pioneering for this whole effort. He had 
the original idea. He set up the steering committee. He was the ringleader for 
the original Symposium. Then, Dick DeGraaf picked up the leadership, and brought 
us through regional symposia in Portland, Altanta,Minneapolis,and now Salt Lake City. 
I want to thank those of you who have contributed so much. The fact that proceedings 
were issued immediately after the first Symposium is testimony to your dedication to 
taking research results and putting them into practice in the forest. Sometimes we 
forget that the role of knowledge.is to improve what we do--and to lose that value 
when we don't translate knowledge into action. 

And, speaking of translating words and knowledge into action, that is exactly 
the role of land management planning on the National Forests. Every resource use, 
consideration, trade-off, and so on, must begin at this point. As you probably know, 
we are now doing comprehensive land management plans--which emphatically must include 
all resource uses--for each National Forest. The plans must be done by the end of 
1985, but we are working hard to complete them earlier, in order to tie in as closely 
as possible with the 1985 Resources Planning Act program update. We expect that the 
Secretary's long-range program recommendations for Forest Service activities together 
with the 1980 Assessment covering all the Nation's public and private forests and 
rangelands will go to Congress soon. After than, the Program will be updated in five 
years, and the Assessment every ten years. Basically, the Assessment projects demands 
and supplies for all the renewable resources. The Program then sets goals for Forest 
Service programs for Research, Cooperative programs and management of National Forests 
to meet a share of these demands. For instance, a number of alternative goals were 
suggested in the Draft Program. The alternative outline went from intensive manage
ment of the National Forests for a number of resources, to an alternative which 
would emphasize providing more of the production from private lands. I can't tell 
you the specifics we are recommending, since the documents have not yet gone to 
Congress. But I can tell you how the program was developed, and tell you it does 
deal signigicantly with fish and wildlife programs. 

The Program itself was built from the field up. The National goals will be 
disaggregated from the National Program back to regional programs, and then to the 
Forest level. I must emphasize that the Program is not the product of a Washington 
think-tank approach--everything set out in the Program is possible, and is developed 
from information received from all levels of the Service and from many sources outside. 

The RPA Program and the Nationdl Forest land management plans go hand in hand. 
I cannot overemphasize the importance of this. The key to realistic resource 
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management is one comprehensive, integrated land management plan. Previously, we have 
had detailed single-resource plans, with mechanisms for coordination. Sometimes it 
worked very well, sometimes it didn•t work as well. 

We are doing now what has been termed holistic management. This simply means 
that we are looking at the whole picture rather than pieces. You wildlife profession
als know the value of this, and the inherent truth that anything done in the forest 
environment affects wildlife, whether it•s planned that way or not. So, why not do 
planning for all resources at one time, aAd benefit the wildlife and fish, the 
recreationist, the public that needs timber, and many others as well? Or, if we can•t 
benefit them all at once, at least we can make a knowledgeable choice, rather than not 
even being aware than we are making choices. 

Let•s, for once, start with the recognition that there•s a great deal of resource 
management that is complementary. If not complementary, many resource activities can 
be made compatible. Early on in the wildlife business many of us tended to look at 
all habitat change as bad. We were operating in a trade-off or confrontation mode. 
We now recognize that it is possible to manage forests to benefit a number of respon
ses, and a number of public demands. For example, insectivorous birds feed on insects 
that can be damaging to a forest. Timber can be managed to accommodatethese birds. 
Our snag policy is another example of managing the forest resource for both timber 
and wildlife. 

I might add that, in some ways, the end result is more important than the 
individual reasons for each management decision. A lot of activities that benefit 
wildlife are not shown in the budget column under wildlife. It doesn•t matter 
whether the management is direct or indirect. The wildlife doesn•t know the differ
ence. It just accepts that benefit. 

Wildlife and timber management have been traditionally claimed as being at cross 
purposes. I do not accept this any more than I accept the cliche that good timber 
management is good wildlife management. I hope that there is more compatibility in 
timber and wildlife management than most people will admit, or care to admit. I am 
asking all of us here to break some traditional prejudices and work together for the 
best management for the total forest resource. To do so, I realize, will call for 
more flexibility by many different professions than has been traditional. In the 
West particularly, there has been more focus on the big game, such as deer and elk. 
I see this changing. There is increasing awareness and concern for bird habitats as 
well. 

Symposia such as this one can help break through what has been the greatest 
barrier to managing wildlife habitat on the same level as many other resources. Very 
simply, we have had a lot of information on timber for many years--perhaps because 
forestry was one of the earliest resource professions, and it focused on the vegeta
tion aspect. Now, we are getting much more information on wildlife, but we still 
need more. The wildlife profession deserves credit for the way they are developing 
better ways of predicting results of actions and positive steps we can take to pro
mote habitat of various groupings of wildlife and fish species. We have to go with 
some grouping system because we can•t deal with 200 to 300 different species on any 
one area. 

Endangered species habitat has been emphasized for some years now, but we have 
to keep it in perspective. Species such as the California Condor, the Kirtland•s 
Warbler, and the Red-cockaded Woodpecker have received a great deal of work and 
publicity. But, we must also have diversity. 
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We believe that the key to providing habitat for wildlife species is habitat 
diversity--as stated in the National Forest Management Act. Today, we have specific 
policies for wildlife and fish. These policies are now being sharpened even more. 

We recognize inherent relationships within the wildlife resource. Everything we 
do as resource managers will benefit some species, be detrimental for some, and, 
perhaps, not even affect some. The ~ is to ~for diversity, of both plants and 
wildlife, over areas of land. 

There are trade-offs among resources. We cannot deny this. And two of the 
toughest trade-offs to plan for right now involve old growth timber in the West and 
riparian habitats. We recognize this, will acknowledge it in our planning, and we ask 
for your help as land management plans are drawn up for each National Forest: Both 
trade-offs are important to nongame birds, and to long-term multiple uses of our 
forests and rangelands. We need more information about the habitat needs of some 
species. We need to know more about the adaptability of other species. This is 
really crucial, because in many cases we know that a certain management action will 
cause a certain effect on habitat. But, at what point does it affect the populations 
of the species? 

I have intentionally saved one of the most important areas--Research--until last. 

I want to emphasize how much Forest Service research involves wildlife, even 
though a particular project may not appear in the wildlife column of the budget. For 
instance, the Intermountain Station is doing a good deal of research on reclaiming 
disturbed lands, and a major consideration is reclaiming these lands for wildlife 
species including nongame birds. In Provo, Utah, and Boise, Idaho, a shrub improve
ment project on disturbed lands--and the value of those shrubs to wildlife is one of 
the major criteria. 

Another project out of Boise is studying the effects of livestock grazing systems 
on the aquatic system. Needless to say, anadromous fish and all the species asso
ciated with riparian habitats will benefit greatly from these and other ongoing 
research studies. 

The 1981 budget gives new money for western range research, which will include 
wildlife considerations. 

A major Forest Service research initiative is to integrate fish and wildlife 
studies with other, broader studies. For instance, research on improving silvicul
tural systems for the purpose of increasing softwood production relates the impacts 
of possible increases on other resources, including wildlife. 

From now on, most of our Forest Service research will follow this broad concept, 
so that we can better relate it to achieving overall multiple use objectives. We 
consider this an important way to utilize research dollars. 

I have used a few specific Forest Service examples; yet I in no way mean to imply 
that any one agency or group is carrying the ball by itself. Individually, none of 
us can do the total job. We are, in a very real sense, pioneering in wildlife manage
ment. We need our collective knowledge and experience. For example, the Soil 
Conservation Services' Resource Conservation Act Appraisal and long term program hold 
major promise to improve wildlife habitat on the Nation's farmlands. 

I am asking you to look realistically at the areas of potential conflict. I see 
some looming ahead, particularly in the energy arena. 

4 



I ask you also to look at the total resource and the sum total of demands and 
opportunities. The RPA Assessment shows that all demands on the forest resources--for 
water, recreation, fish and wildlife, range, and timber, will increase greatly over 
the next 50 years. In fact, most demands will double. Some will even triple. The 
Progran1 that we present to Congress shortly will be possible, from the economic, 
social, and environmental vantages. I know that what it calls for can be done. Now, 
we need to go out and make sure that we have specific plans to do it, and then put our 
plans into action. We have the philosophy, the policy, and the planning mechanisms 
that wildlife professionals and other resource specialists have been wanting for years. 
Now, let•s make sure that we use them to benefit the entire forest and rangeland 
resource. 
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THE ROLE OF BIRDS IN WESTERN COMMUNITIES 

Steven R. Peterson 

Head 
Department of Wildlife 

University of Idaho 
Moscow 

ABSTRACT 

Birds have a variety of roles in western communities. Individual 
birds, populations, or species may have one or several roles at 
the same time, or roles may be different at different times. 
These roles are examined from three viewpoints: economic, aesthe
tic, and ecologic. Management decisions involving birds should 
stress our desire to retain intact communities as well as the need 
to maintain the various roles discussed. 

KEYWORDS: birds, roles, western communities. 

In the recent past, people basically felt there were two kinds of birds: 
those that wore white hats (ie. the "good" birds) ate troublesome insects, rodents, 
and weed seeds and those that wore black hats (the "bad" birds) bored holes in 
valuable trees, ate pine cone seeds, or killed other "good" birds. Now, it is 
generally recognized that it is not realistic to simply and arbitrarily divide 
the birds inhabiting our western communities into such categories. Just their sea
sonal changes in food habits alone are much too complex for this simplistic division. 
Birds that eat pine or fir seeds may also eat weed seeds, and insectivorous birds 
may eat "good" as well as "bad" insects (Campbell 1974). 

The role that birds play in our forests and rangelands is difficult to assess 
at best. Literature on the subject is conspicuous by its scarcity. Also, we know 
that individual birds, populations, or species may play one or several roles at the 
same time, and roles can be different at different times. Perception by people, 
fluctuating food resources, changing seasons, and phenology all contribute to this 
dynamic state. In essence, this group of animals wears a number of "hats". 

The value of birds in western areas is examined, in varying degrees, when manage
ment plans are developed for a particular area. Administrators of public and private 
lands, or land managers who have not been exposed to the principles of animal ecology, 
may ask the staff biologist, "Why include birds in our management plan at all?" "Are 
they worth monetary consideration?" Except in specific unique circumstances such as, 
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for example, endangered species, these are difficult questions to satisfy with tangi
ble evidence. 

For this paper I have reviewed the literature and summarized my thoughts into 
three primary areas concerning the role of birds: the economic role, an aesthetic 
role, and their ecological role. After presenting the evidence regarding these roles, 
I formulate some conclusions by asking a series of speculative questions aimed at 
provoking additional thought on the subject. 

THE ECONOMIC ROLE 

Most of the literature on the role of birds has been developed purely from 
economic motives (Wiens 1975). The food habits of birdshavealways been.a popular 
subject for study. When this information helps land managers to define limitihg 
factors in the production of trees for people, or forage for livestock, the data be
come much more meaningful. As I view it, the economic role of birds emerges in two 
areas: (1) herbivorous insect control or regulation; and (2) seed consumption and 
dispersal. 

Birds directly affect herbivorous insect populations through consumption of 
adults and larvae, consumption of parasitized larvae, or consumption of parasitic 
insects. Direct consumption of various coniferous insect pests, including the spruce 
budworm (Choristoneura fumiferana), Engelman spruce beetle (Dendroctonus obesus), jack 
pine budworm (Choristoneura pinus), and others has been well documented (Beal 1911; 
Dowden et al 1953; Baldwin 1968; Koplin 1972; Otvos 1979). 

Avian predation on insect populations is similar to that described for several 
mammalian predator-prey interactions such as the lynx (Lynx canadensis) - snowshoe 
hare (Lepus americanus) and Arctic fox (Alopex lagopus)----=---b"rown lemming (Lemmus 
trimucronitus) cycles. The numerical effect is greatest at epidemic levels or lower 
(Koplin 1972), and when a particular species of insect prey is abundant, numerous 
avian predators will consume it. Once the insect reaches panepidemic numbers, avian 
reproduction and utilization simply cannot cope with the insects' reproductive poten
tial. Since most insectivorous birds are faculative feeders, their opportunistic 
feeding behavior generally acts to dampen oscillations in specific areas before 
insects reach outbreak proportions (McFarlane 1976). Birds, as predators, can also 
act similar to an insecticide: they may be very selective in eliminating certain 
pests, or they may be relatively nonselective, and take "target" as well as 
"nontarget" insects. Their primary role then, is really in preventative regulation, 
rather than definitive control, of a chronic problem (Otvos 1979). 

It is becoming more apparent that insectivorous, forest-dwelling birds may be 
most useful in the winter (Campbell 1974). Even though Baldwin (1968) noted several 
summer resident passerine birds fed on the emerging stages of insect pests, the birds' 
potential to regulate their prey is much less than in permanent or winter residents 
(Wiens 1975). Perhaps in the future we should pay more attention to the needs of 
wintering birds than we have in the past. Quantitative studies of wintering bird 
communities, and their role in regulating forest insects, are definitely lacking in 
the literature. 

Birds also directly affect our western communities in an economic way through 
their consumption of seeds. Hagar (1960) found that species such as pine siskin 
(Spinus pinus), purple finch (Carpodacus purpureus), red crossbill (Loxia curvirostra) 
and others can directly affect regeneration when they attack pine cones around the 
edges of clearcuts. In addition, ground feeding granivorous birds such as the junco 
(Junco hyemalis) and mountain quail (Oreortyx pictus) can hypothetically consume up to 
17 percent of the seed that is likely to fall on a cut during a good seed year. 
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Granivorous birds, like their insectivorous counterparts, are probably opportunistic 
and respond similarly to available food sources (Wiens 1975). 

Seed dispersal can also be enhanced when ingested by birds. Proctor (1968) has 
documented the viability of hard seeds excreted from migratory birds. Further evidence 
of excreted viable seeds can be seen along fence rows and powerlines used as perching 
sites by birds. Several woodland species (e.g. woodpeckers, jays and nuthatches, 
Sitta spp.), exhibithoatding behavior when food is abundant, and thus contribute to 
the dispersal of seeds in addition to their consumption of the resource. Thus birds 
can, and do, affect our efforts to manage forests and rangelands. In many cases their 
effects may be subtle, but very significant, economically. 

THE AESTHETIC ROLE 

Birds surely have an important aesthetic role in western communities but assess
ment often yields intangible and variable results. Endangered birds, such as the 
whooping crane (Grus americana) at Aransas, bald eagles (Haliaeetus leucocephalus) in 
Glacier National Park,or the California condor (~ogyps californianus) in the 
mountains near Santa Barbara, California, are extremely valuable aesthetically because 
they are difficult to see, and people will spend considerable sums just for the chance 
opportunity of sighting one. Granted, the worth of this observation will vary with 
the individual, but is assessment of the spectator sport called "bird watching" any 
different than the measurement of other common spectator sports? Professional football 
is a spectator sport worth millions of dollars every year, and yet the value of a 
football game varies with the observer. The sport is not unique, but it is very 
popular and people are willing to pay a relatively high price to see the games. View
ing Mt. Rushmore, or exhibits in the San Diego Zoo are unique spectator sports but the 
experience also varies with the individual. The basic aesthetic values of these items 
are measured at the gate by the number of spectators who come thru the turnstile. 
These common parameters of uniqueness, par~icipation, and monetary value, make measure
ment of the aesthetic value of birds similar to other spectator sports. 

We also use the aesthetic role of birds to assess the relative health or quality 
of our western environments. We can use a number of bird species, just as we use 
plant species, to indicate whether or not a particular ecosystem or habitat is in 
the quality state or condition we perceive it should be. The presence of spotted 
owls (Strix occidentalis) or pileated woodpeckers (Dryocopus pileatus) suggest intact 
oldgrowth woodlands just as prairie chickens (Tympanuchus spp.) and Baird's sparrow 
(Amrnodramus bairdii) are indicative of prime grassland, or sage grouse (Centrocercus 
urophasianus) of sage brush. We need not always depend on the status of birds at 
higher levels in the food chain to determine whether or not a particular ecosystem is 
healthy. For instance, it is obvious what will happen to a snowy owl (Nyctea 
scandiea) population in the winter after the lemming population crashes in the same 
area. Similarly, it would not be too difficult to conclude that something is wrong if 
robins (Turdus migratorius) disappeared from our lawns, or chickadees (Parus spp.) 
were suddenly absent from a nearby woods. A wide variety of birds, then, either 
individually or as a group, should be suitable for assessing the relative health of 
an area. Perhaps we should be making additional use of this resource in that role. 

THE ECOLOGICAL ROLE 

Birds are an integral part of western communities, because they evolved with the 
vegetation and can exert a variety of influences, especially in coniferous forests 
(Thomas et al. 1975). The direct effect of avian predation on insects has already 
been discussed, but the indirect ecological role that birds play in our western areas 
is also worth considering. 
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Birds that drill or forage in the wood and bark of trees change the peripheral 
environment of those plants. When sapsuckers (Syphyrapicus spp.) drill holes in trees 
to drink sap, cracks can form between the annual rings (Shigo 1973) and permit fungal 
spores to enter (Otvos 1979). Spores of the chestnut blight fungus (Endothia para
sitica (Murr)) have been found in downy woodpeckers (Dendrocopus pubescens; Heald 1933) 
and brown rot fungi have been associated with several birds. When woodpeckers flake 
bark from trees they not only remove the insects available to them, but they can also 
change the microhabitat of their prey in an adverse way (Otvos 1979). Flaking causes 
the thickness of the bark to be reduced and the insect broods can either be killed 
directly from changes in temperature or moisture, or can be parasitized by hymenopter
ous insects with short ovipositors (Massey and Wygant 1954; Otvos 1965). 

In addition to causing direct and indirect changes in forest insect populations 
and their environment, birds may assist in the spread of insect pathogens. Franz et 
al (1955) and Entwistle et al (1977) examined the spread of entomopathogenic ~iruses 
by birds after they ate infected insects. In Wales nearly 40 percent of the bird 
species contained virus organisms in their feces. Entwistle et al (1977) concluded 
nonterritorial birds would spread the virus more than territorial birds, and Buse 
(1977) considered birds to play a relatively minor role in spreading virus diseases 
into virus-free localities. 

Birds probably play a minor role in rangeland ecological processes. Avian 
species and numbers are relatively few compared to the number of large herbivores 
generally associated with these communities (Wiens 1973). Presently, we know little 
about the role birds play in regulating herbivorous insects inhabiting our grasslands, 
but it is known that insects can influence the translocation of nutrients into the 
roots of grasses by defoliation. Therefore, if rangeland birds are generally able 
to keep their insect prey in check, as the literature suggests for their forest
dwelling counterparts, the nutritive condition of rangeland plants may be indirectly 
affected by bird-insect predator-prey relationships in these areas (Wiens and Dyer 
1975). However, when chewing type insects such as the grasshopper go unchecked, and 
reach panepidemic proportions, they can have the same profound effects on production 
as forest insect herbivores (Wiens 1973). 

OTHER ROLES 

Another relatively minor role birds play in western areas is involved with 
nutrient cycling or transfer. Woodpeckers can indirectly speed up the nutrient cycle 
in our coniferous forests by causing snags and rotten logs to decompose faster 
through their feeding activities (Otvos 1979), but Sturges et al (1974) noted the loss 
of nutrients from eastern hardwood forests by birds is extremely low when compared to 
other removal processes, such as water runoff. However, when 'birds consume insects or 
seeds, nutrients are retained for longer periods of time if the insects were not eaten, 
and if the birds are migratory, these nutrients may be entirely removed from the 
system (Wiens and Dyer 1975). Continuous removal of a trace element that is a limiting 
factor for example in forage production, could eventually cause serious consequences. 

Wiens (1973) raised an interesting possibility that, at least in rangeland areas, 
migratory birds perhaps do not play any role in influencing the function and structure 
of that ecosystem. Instead, they have evolved as "frills" in a system where food is 
too plentiful to be fully utilized in the summer and too scarce to support an avian 
community in the winter. Consequently, in habitats with strong seasonal fluctuations, 
excess nutritive material is produced in the summer that cannot be fully utilized by 
the avian consumers during that period (Bourliere and Hadley 1970). 
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CONCLUSIONS 

As land managers and biologists, we are often called upon to assess or give ad
vice on making provisions for avian habitat on a piece of ground. Basically the 
question revolves around three issues: (1) the need to provide that habitat; (2) the 
quantity of habitat to be provided; and (3) the cost of providing that habitat. If 
people are willing to spend money to provide habitat for birds (or keep from harvesting 
something that is valuable), then it is reasonable to conclude that birds must be 
worthwhile, or have some useful role in that habitat. But is the converse also true? 
That is, if people are not willing to provide for the continued existence of birds, 
such as in a management plan for a particular area, then does this imply that the 
manager feels the birds are not a useful entity worth saving in that area? 

To examine this worth, we can approach the principle of providing for birns from 
two bounds on the argument: (1) we manage our western habitats (at least public lands) 
only for birds; or (2) we do not manage for birds at all. The first option is 
unrealistic because vast essential reserves of gas, oil, coal, minerals, and timber, 
would be "locked up". Our society simply would not allow it. But what if we chose 
the latter option, not to manage for birds at all. This says we are willing to allow 
species to go to extinction - at least in selected areas under our control. This has 
certainly happened in the past, and will continue into the future for all areas in 
which the management plan does not give more than just "consideration" or lip service 
to avian inhabitants. 

Let us explore the consequences of option (2) further and examine it from the 
three broad viewpoints presented previously. From a purely aesthetic viewpoint, if 
all the birds in western habitats were allowed to disappear, how many people would be 
adversely affected? No doubt many people would feel remorse, but the lives of few 
people would be put under severe hardship. Surely the next generation would not miss 
the birds because they could not miss something they have not experienced. 

From a purely economic viewpoint, the conclusion is similar. If at least the 
insectivorous birds disappeared, there probably would be more frequent and more severe 
insect outbreaks. But there is no doubt in my mind that technology could find suit
able insecticides or virus free strains of plants to counter the situation without 
birds - it's been happening in agriculture for decades over vast acreages of monocul
ture crops. This situation is really not much different than intensively managed 
homogeneous (monoculture) stands of timber, shrubs, or grasses. The job would be 
even easier if the people who develop and use pesticides did not have to worry about 
the effects on avian communities. 

From an ecological viewpoint, what would happen to the various western habitats, 
or ecosystems, if the birds disappeared? When an avian species is removed from a 
specific habitat, the ecosystem is different because there is one less component, but 
can we measure the effect? Did anything drastic happen to the b.eech (Fagus spp.) 
forests in the midwest when the passenger pigeon (Ectopistes migratorius) that 
darkened the sky some days disappeared? How about Martha's Vineyard when the last 
heath hen (Tymponuchus £· cupido) died? Will anything catastrophic happen in that 
California ecosystem if the few remaining condors are allowed to pass on without 
replacement? I doubt it. Throughout the west, if the birds disappeared, there may be 
some effects on the mammal community, but how many mammals are solely dependent on 
birds for their livelihood? 

The point I have been trying to make here is that, except from a moral viewpoint 
~preserve what is, it is difficult to demonstrate with tangible or intangible 
evidence, that maintaining our bird communities is worthwhile. We know that birds 
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do play a variety of roles and obviously dead birds have no roles. It is also obvious 
that if we do not provide suitable and adequate habitat, we w~ll lose avian species. 
The basic question then, is do we want birds to have a role in western habitat, for 
whatever reason? 
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ABSTRACT 

Nongame bird community management is suggested based on habitat 
selection, plant succession, and bird community organization. 
Suggested forms of stratification of habitat are examined. 
Factors that indicate habitat selection and bird community 
organization are shown by means of discriminant function analysis, 
principal component analysis, and factor analysis. Factors such 
as habitat size, habitat structure, water impoundment, and edge 
are related to nongame bird communities. 

KEYWORDS: habitat selection, bird community, nongame bird 
management, stepwise multiple regression, discriminant function 
analysis, principal component analysis, factor analysis. 

INTRODUCTION 

EffeGtive management of birds means effective habitat management. rmbitat is a 
term applied to the area where all requisite needs for a species are found. Typi
cally, biologists state that .;_nimals "select" their habitat; however, this is not an 
accurate statement because animals have coevolved with the biotic and abiotic compo
nents of an ecosystem. Since there are many variations in the physical environment, 
many different living assemblages evolve. These groups of organisms then provide 
their own dynamic structure to the community, which creates further variation in the 
types of ha bi tat. 

Bird species are usually found in habitats where their shelter, feeding, and 
social needs are satisfied which means that some species are found in more than one 
habitat type. Thus, for example, chickadees nest in forests but move through forest, 
edge, and savannah-like habitat to feed. 

Furthermore, one must realize that habitat used by birds differs during each 
season. During the breeding season, concentrations of residents and breeding mi
grant species defend territories in their breeding habitat. In the fall, most non
breeding migrants and resident species are found in a variety of habitats. Resident 
species appear to be more nomadic than during the breeding season, whereas non
breeding migrants may be flocking and simply stopping for a short period of time. 
In the winter, many North American habitats have mixed flocks of permanent resident 
and winter resident species, which move through several habitats seeking food. 

In each community, birds have evolved characteristics that allow them to sur
vive. Individual species may have minor variations in different community types. 
For example, food of the nuthatches found near the Williamette Valley in Oregon 
differs during the spring, fall, and winter seasons. Likewise, bill size of nut
hatches in the forests of the Coast Range differs from that of populations living in 
the-forests of the Cascades (Anderson 1976). Such differences might result in 
part from structural variation in habitat; however, they are also related to the 
different species assemblages that are found in different communities. 
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The present paper examines a technique for looking at the stratification of 
habitat as the basis for discussion. Examples of methods used to determine habitat 
features associated with individual species are given. Finally, community changes 
known to be associated with changes in bird populations are discussed and related to 
the management of nongame birds. 

STRATIFICATION 

To effectively manage birds in different communities it is necessary to have 
some form of subdivision or stratification of the environment into ecoregions in 
order to associate bird communities with habitat structure and successional stages. 
At the Migratory Bird and Habitat Research Laboratory, we have developed a strati
fication based in part on results of the Breeding Bird Survey (Fig. 1). 

The method behind stratification was that each species of bird has its own 
geographic limits and within these limits are several zones of abundance represent
ing availability of suitable habitats. In mountainous areas, there occur discrete 
zonal boundaries to vegetation types that result from differences in temperature, 
precipitation, or wind speed. Typically the abundance of many species of birds 
changes abruptly across such boundaries. In flat country, boundaries are more ob
scure and in many instances very irregular, often extending for miles along a stream 
valley where differences in soil type or moisture support habitats not found a short 
distance on either side of the stream. 

Because bird distribution and abundance, particularly in the breeding season, is 
so strongly influenced by habitat the use of ecological rather than political bound
aries is most logical. Ecological boundaries are based largely on John Aldrich's 
(1963) map of Life Areas of North America, developed for his paper on Geographic 
Orientation of American Tetraonidae. There have since been many minor adjustments 
in strata boundaries. Such refinements in the United States have come largely from 
"Physiogeography of Eastern United States" (Fenneman 1938), "Natural Land Use Areas 
of the United States" (Ma.rsckner 1933), "Potential Natural Vegetation" (Kuchler 
1965), and various publications for individual states. Canadian boundary refine
ments have come from Dr. A. J. Erskine of Canadian Wildlife Service and from pub
lished maps of individual provinces. 

The name of each stratum as defined by Breeding Bird Survey (BBS) data is 
shown in Table 1. 

These strata are grouped into eight larger regions which contain broadly 
similar habitat types. The regions are as follows: 

1 Southeastern Mixed Forest 
2 - Eastern Deciduous Forest 
3 - Northern Coniferous Forest 
4 - Prairie and Plains 
5 - Western Mountains 
6 - Pacific Slope 
7 - Arid Interior 
8 - Tundra 

In the western part of the United States, for example, we can see that the 
Great Plains, Western Mountains, Arid Interior, and Pacific Slope are each broken 
down into several distinctive BBS strata. 
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TABLE i.--Breeding Bird Survey Strata (1979). 

SOUTHEASTERN MIXED FOREST 

01 Sub-tropical 
02 Floridian Section 
03 Lower Coastal Plain 
04 Upper Coastal Plain 
OS Hississippi Alluvial Plain 
06 West Gulf Coastal Plain 
07 Nueces Plain 
08 Glaciated Coastal Plain 

EASTERN DECIDUOUS FOREST 

10 Northern Piedmont 
11 Southern Piedmont 
12 Southern New England 
13 Ridge and Valley 
14 Highland Rim 
15 Lexington Plain 
16 Great Lakes Plain 
17 Wisconsin Driftless Area 
18 St. Lawrence Plain 
19 Ozark-Ouachita 
20 Great Lakes Pine Belt 

NORTHERN CONIFEROUS FOREST 

21 Cumberland Plateau 
22 Kanawha Plateau 
23 Blue Ridge Mountains 
24 Allegheny Plateau 
25 Open Boreal Forest 
26 Adirondack Hountains 
27 Northern Hardwoods 
28 Spruce-Hardwood Forest 
29 Closed Boreal Forest 
30 Aspen Parklands 
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PRAIRIE AND PLAINS 

31 Till Plains 
32 Dissected Till Plains 
33 Osage Plains 
34 High Plains Border 
35 Staked Plains-Pecos Valley 
36 High Plains 
37 Prairie Pothole Section 
38 Hissouri Plateau-Glaciated 
39 Missouri Plateau-Unglaciat~d 
40 Black Prairie 
53 Edwards Plateau 
54 Colorado Plateaus & Canyonland 

WESTERN l10UNTAINS 

61 Black Hills 
62 Southern Rocky Hountains 
63 High Plateaus of Utah 
64 Central Rocky ~fountains 
65 Dissected Rockies 
66 Sierra-Trinity Hountains 
67 Cascade Mountains 
68 Canadian Rockies 

ARID INTERIOR 

81 Hexican Highlands 
82 Southern Sonoran Desert 
83 Northern Sonoran Desert 
84 Pinyon-Juniper Woodland 
85 Klamath-Pitt Plateau 
86 Wyoming Basin 
88 Great Basin 
89 Columbia Plateau 

PACIFIC SLOPE 

91 Central Valley 
92 California Foothills 
93 Southern Humid Coastal 
94 Northern Humid Coastal 

Belt 
Belt 

95 Southern California Mountains 



HABITAT ASSOCIATIONS OF NONGAME BIRD SPECIES 

Statistical Techniques 

Birds can be observed in a variety of habitat types. In order to develop 
species management plans, it is necessary to explain which features of the habitat 
are associated most frequently with each species of bird. A number of different 
techniques have been tested to associate birds with habitat structure. These range 
from a quantitative description of the vegetation and physical environment to statis
tical analyses showing which particular features are associated with each bird spe
cies. It is always necessary to sample bird abundance and determine habitat factors 
that are related to the avian community. The following are a few of these techniques, 
showing how they relate to community management practices. 

Stepwise multiple regression, which uses the abundance of bird species as 
dependent variables and habitat measurements as independent variables in a regression 
equation, can be used to indicate which of the habitat variables can best be used to 
predict bird species abundance (Sturman 1968, Robbins 1978). The variables are 
added into a regression equation in the order in which they increase the multiple 
correlation coefficient. The variable that most reduces the residual variation in 
species abundance around the least squares regression line is added first; the 
variable that most reduces the variation when considered with the first variable is 
added second; the third variable considered in conjunction with the first two which 
most reduces the variation is added next; and so on (Barr et al. 1976). Habitat 
variables continue to be entered into the equation until no more significant re
duction in variation is possible. Thus, a different number of variables acting to
gether are significantly correlated with each bird species. 

In the Oregon white oak ~tands the Black-capped Chickadee 1/ was shown by 
stepwise multiple regression to be associated with the number of trees per acre 
taller than 60 feet, canopy volume per acre, the DBH, the total canopy cover, and 
the amount of space (distance between trees) (Anderson 1970). The White-breasted 
Nuthatch in these forest stands was associated with the length of secondary branches 
coming off the rna jor branches in the tree, the total amount of vegetation in the 
upper layer, and the distance between trees. In Douglas-fir forests, the Chestnut
backed Chickadee was associated with the amount of space found between the trunk of 
the tree and the foliage, the type of bark, the number of dead twigs, and the total 
trees per acre. The Red-breasted Nuthatch in Douglas fir was associated with canopy 
volume, canopy cover, the number of snags, and the number of trees taller than 60 
feet. By comparison, the Brown Creeper, which was found in both the_ oak and fir, 
was associated with the same four factors in each habitat; in ;the oak forest the 
sequence was: the distance between the trunk of the tree and the branches, the 
total trees per acre, the distance from the ground to the top of the trunk, and the 
average height of trees. In the conifers, the sequence of the last two factors 
was reversed. 

Another technique that has been useful in determining the relationship between 
bird species and habitat structure is discriminant function analysis (Anderson and 
Shugart 1974, Bertin 1977, Noon in press). Stepwise multiple regression deals with 
the interdependence of variables and each variable is dependent on how much it in 
combination with the other variables reduces the residual variation in abundance 
around the regression line. Discriminant function analysis selects a subset of 
habitat features which best distinquishes habitats of two or more species. If the 
groups in the analyses are based on the presence or absence of a particular bird 

1/See Appendix I for scientific names of bird species discussed in paper. 
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species, specific habitat requirements may emerge. In a study in an east Tennessee 
forest, Anderson and Shugart (1974) found the White-breasted Nuthatch to be assoc
iated with total amount of foliage and branches, biomass of trees 1.2 to 8.4 em 
DBH, while Downy Woodpeckers were associated with the total number of saplings 
present. 

Habitat Use 

Biologists recognize that specific habitat features of the forest can be asso
ciated with different bird species and thus provide information necessary to manage 
that species. Biologists also must realize that within the community birds use 
habitats in different ways. For example, both vertical and temporal stratification 
occur in a breeding bird community in a forest system (Anderson et al. 1979). 
When species comparisons are made, it is possible to show how different periods of 
activity or different forms of vertical stratification permit birds to use communi
ties in different manners. Cody (1968) discussed how horizontal, vertical, and 
temporal habitat selection and food specialization allow species to coexist in dif
ferent communities. 

Habitat features, as well as species behavior patterns, can be used to discuss 
specific forms of habitat selection and bird distribution. Noon (in press) showed 
how a guild of five thrush species that are sympatric on large mountains in the 
northeastern United States had distinct distribution patterns along elevation gra
dients. Guild composition and distributions shift with changes in the habitat as 
one moves southward along the Appalachian Mountain chain. Thus the natural evolu
tion and turnover of plant communities along the mountain gradient has resulted in 
variation in bird species occupying that gradient. 

Succession 

Community succession and bird populations respond to natural shifts in structure 
of avian habitat. In previous discussion I showed that changes in the total can-
opy volume, the degree of openness, or other features of the habitat result in 
changes in populations of birds because the features with which they are associated 
may no longer be present. This type of study in a successional sequence provides 
an example of the use of community types in managing nongame bird populations. 

In western Oregon, natural successional sequence moves from an open oak savannah 
to a dense oak forest into the more coniferous Douglas-fir (Fig. 2). In the Oregon 
white oak, the Black-capped Chickadee, White-breasted Nuthatch, Bewick's Wren, 
Bushtit, Orange-crowned Warbler, lhcGillivray's Warbler, and Wilson's Warbler are 
common. Looking at the coniferous forest, we find that Chestnut-backed Chickadee, 
Red-breasted Nuthatch, Brown Creeper, Winter Wren, Hermit Warbler, Western Tanager, 
and Oregon Junco are the more common species (Tables 2 and 3). 

Thus studies of succession indicate that there are distinct groups of birds 
associated with each type of community in each successional sequence. Overlap occurs 
as different seral stages are reached; however, to maintain a good variety of nongame 
communities it is necessary to have representatives of each stage. Frequently human 
disturbance adds to habitat diversity and allows managers to better maintain a series 
of communities. Thus fire, logging, and brush clearing projects can all be planned 
in the context of natural succession. 
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TABLE 2.--Twelve most common breeding bird species of Oregon white oak. 

Black-capped Chickadee 
Bushtit 
White-breasted Nuthatch 
Brown Creeper 
American Robin 
Orange-crowned Warbler 
HacGillivray' s Warbler 
Wilson's Warbler 
Rufous-sided Towhee 
Oregon Junco 
Chipping Sparrow 
Golden-crowned Sparrow 

TABLE 3.--Twelve most common breeding bird species of Douglas-fir (Oregon). 

Hairy Woodpecker 
Steller's Jay 
Chestnut-backed Chickadee 
Red-breasted Nuthatch 
Brown Creeper 
Winter Wren 
Hermit Warbler 
MacGillivray's Warbler 
Wilson's Warbler 
Western Tanager 
Rufous-sided Towhee 
Oregon Junco 

COt1~1UNITY ORGANIZATION 

Studies of energy flow, biomass levels, and species interaction can be under
taken at the community level. Actual management of a community is often difficult 
because most of the data on avian habitat needs are available on the species level. 
By combining all habitat species information, it is possible to view bird species 
in relation to one another and to selected environmental characteristics. 

Principal component analysis is one technique used for viewing information 
simultaneously for all species (Seal 1964). Thus, for example, Anderson and Shugart 
(1974) reduced the information contained in 28 correlated habitat variables (dimen
sions) to 3 uncorrelated principal components. By positioning each species within 
the 3-dimensional space, it was possible to show how each bird species related to 
the mean habitat vector or mean available habitat. Management implications could 
be drawn from understanding how habitat disturbances would shift the mean habitat 
vector relative to the positions of particular species in this space. 

Smith (1977) demonstrated that habitat variables could be combined into princi
pal components and bird species ordinated along each axis. Combining the results of 
discriminant and principal component analyses, he suggested that moisture gradients 
and tree size could be used to separate avian habitat niches. 

Factor analysis is a statistical technique that can be used to reduce several 
habitat variables in a multidimensional space. It is similar to principal component 
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analysis; however, in factor analysis factors are scaled so that coefficients are 
the correlation coefficients with the original measurements. Factors can then be 
rotated to make them more interpretable biologically (see Overall and Klett 1972). 

With this tool it is possible to reduce habitat variables to different factors 
and determine gradients of habitat or behavior attributes that influence avian com
munities. Anderson (1979) showed how three factors could be used to separate burned 
and unburned plots in a northern Hichigan forest. The first factor represented 
forest maturity; the second, effect of burn; and the third, shrub cover. 

Holmes et al. (1979) used factor analysis to examine similarities and differ
ences of foraging patterns of birds in a New Hampshire forest. Key factors were 
foraging height, foraging location within the canopy, and differential use of tree 
species and foraging substrate. 

Both principal component analysis and factor analysis assist in identifying key 
habitat components necessary for the existence of the bird community. These data 
need to be compiled and refined for each avian stratum to allow managers to use 
community attributes for managing nongame birds. 

HANAGEHENT FACTORS 

A number of specific attributes exist that managers can use to maintain nongame 
bird communities. These factors include total size of habitat, structure of habitat, 
streams or water impoundments, and the maintenance of edge. 

One of the most important components in maintaining breeding bird communities 
is extent of contiguous habitat. Most data on this subject have been assimilated 
from forest bird community studies (Robbins 1979). In six study sites around Mary
land, Robbins' data from up to 30 years show a major decline in species of long 
distance migrants (Table 4). The permanent residents, on the other hand, tend to 
maintain their population despite suburban sprawl and forest fragmentation. The 
short distance migrants that have adapted to survival in edge habitat, such as jays, 
House Wrens, catbirds, robins, Starlings, blackbirds~and towhees, also preserve 
their populations. To maintain communities of breeding birds, Robbins recommended 
that forests be managed in such a way that large tracts of contiguous canopy (2,500 
acres and more) be intact at all times. He suggested that forest management 
plans be coordinated to retain such tracts of woods. 

TABLE 4.--Populations of some bird species that have declined in the 
Maryland--Washington, DC region (1947-1978) (Robbins 1979). 

Yellow-billed Cuckoo 
Ruby-throated Hummingbird 
Eastern ~Jood Pewee 
Yellow-throated Vireo 
Black-and-white Warbler 
Worm-eating Warbler 
Northern Parula Warbler 
Ovenbird 
Louisiana Waterthrush 
Kentucky Warbler 
Hooded Warbler 
American Redstart 
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Host of the habitat variables correlated with bird species are components of 
habitat structure. Foliage height profiles can be correlated with bird species 
diversity (HacArthur and HacArthur 1961). Such data indicate that the structural 
aspect of the habitat is an important feature that can be used for managing nongame 
birds. When biologists examine different successional seres they are actually talk
ing about changes in structure that influence the bird community. Community struc
ture can be altered by logging, fire, and human development. This means that some 
form of predictive equation can be developed to show how this form of structural 
alteration, which is in effect an abrupt change of the community to a different 
successional sere, can be used to predict avian changes. Such predictions need to 
be developed for each community type which falls within the stratified zones listed 
earlier in this paper. 

Water is another component of the community that can be used to attract· some 
nongame birds. Although impoundments have been used to attract migrating waterfowl 
and provide areas in marshes for nesting birds, many nongame birds can also be main
tained by streams, small ponds, lakes, and marshes. In this situation it is neces
sary to determine the types of populations that can be associated with each size and 
type of aquatic habitat. In some situations riparian forests develop along water
ways. Their structural differences, as well as proximity to the food or water and 
insects attracted to this area, provide opportunities for different bird communities 
to survive. In the Jackson Hole area of Wyoming and other places in the mountain 
states, dense groves of aspen develop in the riparian habitat due to available 
water. Although aspens are also found on mountainsides and valleys, the aspen for
ests along the riparian habitat have a unique structure and provide ideal communi
ties for breeding cavity-nesting species. The distinction that exists between 
these riparian habitats in the Jackson Hole area and surrounding forests can be 
easily seen in Tables 5, 6, and 7. 

TABLE 5.--Twelve common bird species of riparian aspen community-
Jackson Hole, Wyoming. 

Red-shafted Flicker 
Hairy Woodpecker 
Downy Woodpecker 
Western Wood Pewee 
Tree Swallow 
Black-capped Chickadee 
Hountain Bluebird 
Warbling Vireo 
Yellow Warbler 
Black-headed Grosbeak 
White-crowned Sparrow 
Lincoln's Sparrow 

TABLE 6.--Common bird species of lodgepole pine community. 

Red-shafted Flicker 
Downy Woodpecker 
Gray Jay 
Mountain Chickadee 
Hermit Thrush 
Audubon's Warbler 
Oregon Junco 
Chipping Sparrow 
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TABLE 7.--Twelve common bird species of spruce forest community. 

Hairy Woodpecker 
Clark's Nutcracker 
Mountain Chickadee 
Red-breasted Nuthatch 
Brown Creeper 
American Robin 
Townsend's Solitaire 
Ruby-crowned Kinglet 
Cassin's Finch 
Pine Grosbeak 
Pine Siskin 
oregon Junco 

Another feature useful in maintaining nongame bird communities is edge (Lay 
1938). Edge is especially important to bird populations, as has been shown in stud
ies listing a greater number of bird species in areas of mixed habitat found at 
the edge of two plant communities (Johnston 1947). 

Gates and Gysel (1978) indicated in a study of fledging success in forest eco
tones that each bird species seems to have a preferred distance from the habitat 
discontinuity or the edge. They found that over half of the nests were within 15 m 
of the edge, of which a large number belonged to birds characteristic of mixed 
breeding habitat. 

Whereas edge is a concept for managers to recognize and use, it can be over
emphasized. Thus, when looking at the positive effects of transmission-line corri
dors, some individuals speak of the increased edge. This information must be taken 
into context of the total community size. Many birds characteristic of forest in
t~rior habitats are unable to maintain their populations in the vicinity of edge 
habitats (Robbins 1979). If a transmission-line corridor, roadway, or other opening 
in a forest results in decreasing that forest's area to a size below which the 
normal community can survive, then it may have an adverse impact. 

HANAGEHENT IMPLICATIONS 

Managers have a variety of information currently available to consider in main
taining nongame bird communities. Many additional questions, however, remain to 
be answered. Although I have spoken of the total extent of habitat, I can point out 
that to maintain most nongame communities it is important to keep not only a mature 
plant community but also a variety of successional seres. Some forms of controlled 
human disturbance can therefore be an important component of management, if they 
tend to create a diversity of habitat types of sufficient size. 

Nongame bird communities can be managed as a secondary objective on a tract of 
land. When features associated with bird communities are known, foresters, range 
managers, and wildlife managers can use this information to maintain bird communities 
on land where specific goals are clearly defined. Thus, foresters can utilize timber 
practices to coincide with the total size of forest necessary to maintain bird commun
ities. Occasional snags can be left standing for cavity nesters. Care should be 
used in considering this option, however, because as Robbins (1979) points out, 
excessive retention of snags can create an adverse impact due to disease and 
perch sites for cowbirds. 

Overall, wildlife managers need to clearly state the objectives they are seeking 
and then utilize sound habitat information to manage the nongame bird community. 
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Biologists need to define basic units of habitat and prescribe major features of the 
environment necessary to maintain nongame communities for each ecoregion and succes
sional stage. 
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Common Name 
Yellow-billed Cuckoo 
Ruby-throated Hummingbird 
Red-shafted Flicker 
Hairy Woodpecker 
Downy \Joodpecker 
Eastern Wood Pewee 
Western \Jood Pewee 
Tree Swallow 
Gray Jay 
Steller's Jay 
Clark's Nutcracker 
Black-capped Chickadee 
Hountain Chickadee 
Chestnut-backed Chickadee 
Bushtit 
White-breasted Nuthatch 
Red-breasted Nuthatch 
Brown Creeper 
House Wren 
Winter Wren 
Bewick's Wren 
American Robin 
Wood Thrush 
Hermit Thrush 
Veery 
Uountain Bluebird 
Townsend's Solitqire 
Ruby-crowned Kinglet 
Starling 
Yellow-throated Vireo 
Warbling Vireo 
Black-and-white Warbler 
\vorm-ea ting Warbler 
Orange-crowned Warbler 
Northern Parula Warbler 
Yellow Warbler 
Audubon's Warbler 
Hermit Warbler 
Ovenbird 
Louisiana Waterthrush 
Kentucky Warbler 
MacGillivray's Warbler 
Hooded Warbler 
Wilson's \va rbler 
American Redstart 
Western Tanager 
Black-headed Grosbeak 
cassin' s Finch 
Pine Grosbeak 
Pine Siskin 
Rufous-sided Towhee 
Oregon Junco 
Chipping Sparrow 
White-crowned Sparrow 
Golden-crowned Sparrow 
Lincoln's Sparrow 

APPENDIX I 
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Scientific Name 
Cocayzus amePiaanus 
APahiLoahus coLubPis 
coLaptes auPatus 
Piaoides viLLosus 
Picoides pubescens 
Con topus vi Pens 
Contopus soPdiduLus 
IPidopPocne bicoLoP 
PePisoPeus canadensis 
Cyanoaitta steLLePi 
NuaifPaga coLumbiana 
Parus a tpiaapiL Lus 
PaPus gambeLi 
PaPus rufescens 
PsaLtPiparus minimus 
Sitta aaPoLinensis 
Sitta canadensis 
CePthia famiLiaPis 
TPogLodytes aedon 
TPogLodytes tpogLodytes 
ThPyomanes be~ickii 
TuPdus migPa toPius 
HyLocichLa musteLina 
Catharus guttatus 
catharus fuscesaens 
SiaLia CUPPUcoides 
Myadestes townsendi 
ReguLus caLenduLa 
StuPnus vuLgaPis 
ViPeo fLavifPons 
vi Peo giL vus 
Mnio tiL ta VaPia 
HeLmithePos ve~ivorus 
Ve'P77liVoPa aeLata 
ParuLa amePiaana 
DendPoica petechia 
DendPoica COPOnata 
DendPoica occidentaLis 
Seiupus auPoaapiLLus 
SeiuPUs motaciLLa 
OpoPoPnis fomosus 
OpoPoPnis toLmiei 
Wi Lsonia ci tpina 
WiLsonia pusiLLa 
Setophaga ruticiLLa 
PiPanga Ludoviciana 
Pheuaticus meLanocephaLus 
CaPpodacus cassinii 
PinicoLa enucLeatoP 
CaPdueLis pinus 
PipiLo ePythPophthaLmus 
Junco hyennLis 
SpizeLLa passePina 
Zonotpichia LeucophpYs 
ZonotPichia atpicapiLLa 
MeLospiza LincoLnii 
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ABSTRACT 

The species composition, structure, and distributional pattern of 
forest vegetation directly influences wildlife species, their 
density, and distribution. Pristine vegetation is discussed as a 
baseline for evaluating management practices. Inherent vegetation 
composition, structure and pattern is caused by soil and topographic 
characteristics and differences in climate, for example, the natural 
pattern of different habitat types. Induced vegetation pattern is 
caused by disturbances such as lightning fires. Thus, induced struc
ture is dynamic; it changes as plant succession moves from grass-forb 
to poles, sawtimber and old growth. Induced pattern is dynamic, 
changing geographically as different areas are disturbed. Wildlife 
species, population density, and distribution are also dynamic. 
Forest managers must accept that we cannot return forests to pristine 
conditions, that timber management will be practiced on most forest 
lands, that vegetation will change, and that inherent vegetation 
patterns will influence the selection of treatment to enhance wildlife. 
Wildlife habitat can be enhanced by modifying silvicultural treatment, 
modifying scheduling of treatment, and by allocating land areas to 
emphasize wildlife management objectives. 

KEYWORDS: Climax, pristine, succession, climate, land, wildlife 
habitat, storms, vegetation pattern, inherent edge, induced edge, 
crownfire, underburn, stand structure, silviculture, rotation age. 

INTRODUCTION 

Wildlife responds to vegetation structure, species composition, and pattern of 
vegetation (Thomas, et al. 1979c). Structure refers to the size, diameter, age, 
health, and different layers in the overstory and/or understory of a forest stand. 
Species composition deals with species dominance in the various layers. Structure 
and composition are separate forest stand characteristics. For example, old-growth 
structure can be composed of ponderosa pine or grand fir or lodgepole pine or western 
juniper. Pattern of vegetation is the juxtaposition of different stands such as old
growth forest adjacent to natural grassland (Fig. 1) and size of the stand. Thus, a 
one acre natural grassland opening in a forest will affect wildlife differently from a 
500 acre grassland opening. 
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Figure 1. Inherent vegetation pattern caused by differences in soil and topography. 
North slope (right) is grand fir, south slope (left) shallow soil bunch grass and 
gentle ~idge (far right) is bunchgrass scabland. 

Vegetation 

Vegetation, which is wildlife habitat, is a function of land and climate. Land 
includes both soil and topography. Climate has two aspects: average temperature and 
precipitation characteristics, and nature of storms. The concept of site potential 
vegetation (habitat type) is based on average climatic temperature and precipitation 
coupled with soil and topography (Daubenmire 1952). 

In the West, for example, as precipitation changes from eight inches to 28 inches, 
vegetation changes from grassland or sagebrush (Artemisia spp.) to ponderosa pine 
(Pinus ponderosa Dougl.) to fir (Pseudotsuga spp. Abies spp.). Within a climatic zone 
different kinds of vegetation occur due to topographic and soil influences. For exam
ple, within the ponderosa pine zone, shallow soils may produce grassland and steep 
north slopes may foster Douglas-fir [Pseudotsuga menziesii (Mirbel)Franco] (Fig. 1). 

Climate 

Storms are probably the greatest climatic factor influencing not only vegetation, 
but also soil and land. For example, some areas of the West have dry lightning storms 
which start fires. In other areas, heavy thunderstorm precipitation occurs; as much 
as three inches of rain can fall in 20 minutes in a 25 year storm. These conditions 
tend to cause catastrophic geological erosion. Wind storms can also alter forest 
vegetation. 

The most common and widespread storm disturbance factor appears as lightning 
which starts fires. These fires can be broken into two kinds: crown fires occurring 
infrequently, for example, at 150- to 500-year intervals, and low intensity fires 
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burning frequently--at five to 20 year intervals. The latter are commonly referred to 
as underburns in a forest stand. Crown fire has been commonly associated with such 
pioneer forest species as lodgepole pine (Pinus contorta Dougl.), western white pine 
<I· monticola Dougl.), western larch (Larix-QCCidental~Nutt.), quaking aspen (Populus 
tremuloides Michx.), and in the Pacific Coast states, Douglas-fir (Weaver 1974). Low 
intensity fires or underburning, have been most closely associated with ponderosa pine, 
maintenance of Great Plains oak savanna, and maintenance of grassland in a sagebrush 
or juniper/sagebrush climatic climax (Vogl 1974, Humphery 1974). 

PRISTINE 

Pristine vegetation is discussed in regard to a space system and a time system. 
Pattern of vegetation is the spatial location of different kinds of vegetation. Time 
deals with how long a forest stand will remain in a successional stage or in. a certain 
stand structure. 

Space System 

Vegetation pattern is expressed in two ways. Soil and topography create an inher
ent pattern in different kinds of potential vegetation or habitat types (Daubenmire 
1952). Storms create an induced pattern by causing disturbances, such as fire, which 
produce successional stages within a kind of potential vegetation. 

INHERENT PATTERN 

Inherent pattern is shown in Figure 1. Shallow soil produces natural bunchgrass 
(Sporobolus airoides Torr.) openings. Northerly aspects produce Douglas-fir and grand 
fir [Abies grandis ~ougl.)Lindl.] forest. Between these two is an inherent edge used 
by wildlife (Thomas et al. 1979b). Thus, there is a natural diversity in the species 
composition and structure of vegetation and the size of tract that will produce a 
given kind of vegetation. 

Wildlife takes advantage of the different species composition and structure of 
vegetation. Some species reproduce and feed primarily in openings; others in old
growth forest, and still others are adapted to the edge between forest and nonforest. 
Thus, inherent pattern can also be a limitation. Natural openings may be much larger 
than optimum for some wildlife. Or they may occupy more land area, such as 50 percent, 
than would be optimum habitat diversity. Should a forest be disturbed in a setting 
with 50 percent in natural openings, wildlife habitat diversity could be further re
duced if succession was taken back to the grass-forb stage (Hall and Thomas 1979). 

INDUCED PATTERN 

Induced pattern is a mosaic of successional stages caused by disturbances primari
ly associated with storms (Thomas et al. 1979b). A crown fire could burn a 400-acre 
tract in a stand of grand fir creating a dramatic edge between mature fir and grass
forb or shrub-seedling vegetation as shown in Figure 2. As the time progresses, 
lodgepole pine could seed into the burn creating a different composition and structure 
of vegetation, initially lodgepole saplings adjacent to mature fir, then a pole stand 
adjacent to mature, and finally mature lodgepole adjacent to mature fir. 
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Figure 2. Induced vegetation pattern caused by crown fire in mature grand fir. Four 
stand ages can be seen: old-growth grand fir, mature grand fir with some decadent 
lodgepole pine, 100 year old lodgepole pine, and a recent burn now dominated by 
shrubs. 

Induced vegetational pattern is highly dynamic. A natural grassland opening may 
exist for 10,000 years; a small fire induced opening for only 20 years. Thus, some 
wildlife species taking advantage of an induced opening or edge will be displaced 
within a certain period of time and replaced by different species better adapted to 
the new and changing habitat. 

TRACT SIZE 

Most wildlife species, during the breeding season, defend a reasonably well de
fined territory (Thomas et al. 1979c). Thus, a tract half the size of a territory 
probably will not be occupied by that species whereas a tract five times larger than 
a species' territory might be occupied by up to five pairs of those species. Under 
pristine conditions, tract size had no relation to wildlife habitat needs. There is 
no choice in inherent vegetation. Induced pattern was a function of stand condition 
and storm-produced disturbance. The disturbance could be large, such as 250,000 acres 
during the Wenatchee fires of 1970, or simply a spot burn where a single tree was 
killed. Thus, pristine conditions do not necessarily produce optimum wildlife habi
tat. 

Time System 

All forest stands are dynamic. Stand structure changes over time. Storm distur
bance tends to produce even-age stands. Crownfires result in new species composition 
and a very dramatic change in structure. In contrast, underburning tends to maintain 
successional vegetation and a reasonably similar stand structure. 

CRffiiNFIRE 

Crownfire has the most dramatic impact on induced vegetation patterns. Following 
a burn, forest structure changes to open grass-forb then a few years later to a shrub
seedling stage. These are very similar in structure to natural grassland or shrub
grassland openings. In the Blue Mountains of eastern Oregon, for example, 40 percent 
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of the 378 vertebrates were primarily oriented in both reproduction and feeding to 
nonforest structure of vegetation (Thomas et al. 1979c). 

The important factor between inherent openings and induced openings is time. A 
burn might change from the grass-forb and shrub-seedling stage to saplings in 20 to 
50 years depending upon success of tree regeneration. Should the area be reburned, 
time in this stage may extend to 150 years. 

Eventually these burns will change from saplings into pole, small, and medium 
sawlog structure. Stand diameter, age, health, and species are greatly influenced by 
initial stand density following a burn. For example, when excessive numbers of trees 
become established, the stand may stagnate at sapling or pole size rather than devel
op into sawtimber structure (Fig. 3). Stand stagnation throughout the West is ex
tremely common. Thus, the amount of time in the pole and sawlog size may range from 
50 to 200 years. In the Blue Mountains, only 10 to 20 percent of the vertebrates are 
oriented primarily to these kinds of stands (Thomas et al. 1979c). 

Figure 3. A ponderosa pine stand photographed in 1962 at age 60 (left) in stagnated 
condition and again in 1972 ten years after precommercial thinning. Wildlife habi
tat changed from dense sapling hiding cover to small pole open conditions. Natural 
underburning kept these stands thinned and prevented stagnation. 

The stand should develop into old-growth structure given enough time. One com
mon misconception is that old-growth is synonymous with climax. This is definitely 
not the case. 

Many old-growth stands have a major overstory component of large diameter, tall, 
successional trees such as larch, white pine, ponderosa pine, or Douglas-fir in the 
Pacific Coast States. The understory is commonly dominated by climax species. 
Height and large diameter of dominant trees in old-growth is an important stand 
structural characteristic. In many cases, these trees developed from burns that were 
very lightly stocked--for example, 50 to 100 trees per acre by age 10. Trees grew 
rapidly in height and diameter because of low stand densities. Often, dominant suc
cessional species attained half their present diameter in the first 100 to 150 years. 
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Old growth was characteristically cycled by fire as dry fuels built up following 
death of the pioneer trees. This is a primary reason why few old-growth stands in 
the West have reached what might be considered climax. 

In contrast to old growth, climax (without fire influence) would be dominated in 
the overstory and understory by shade tolerant species. Trees would tend to be of 
all ages and all effects of fire on stocking level control would be lost. Tree rege
neration would have slow height and diameter growth, for example, 2 to 4 inches in 
height, and 30 to 80 rings per inch diameter growth. Retardation of height and dia
meter growth would produce a stand structure quite different from old growth. 
Instead of tall, large diameter trees such as 150 feet and 36 inches diameter for 
larch on a grand fir site, dominant trees might only be 80 feet tall and 10 inches 
in diameter because of long periods of suppression in the understory. In addi~ion, 
tons of slowly decaying logs would cover the ground creating a tremendous dry fuel 
load susceptible to ignition by lightning. 

Crownfire creates a very dynamic vegetation which then causes a similarly dyna
mic wildlife system as it responds to changing habitat. For example, a single burn 
can change stand structure from old growth to open grass or shrub nonforest, then 
proceed through successional stages to a simulation of old growth in only 150 years. 
Pristine old growth today is changing. Overstory dominant successional species such 
as ponderosa pine, larch, or white pine are dying leaving a dominance of climax spe
cies with smaller diameters and less stand height. 

UNDERBURNING 

Periodic light burns, at five to 20 year intervals, have been well documented in 
forest stands by fire scar evidence (Hall 1977, Weaver 1974). Documentation in 
western juniper (Juniperus occidentalis Hook.) and sagebrush/juniper potential sites 
has been more difficult because light underburning tends to prevent the establishment 
of woody species and creates a grassland type of vegetation. This in no way, however, 
diminishes the influence that periodic burning has had in juniper or sagebrush vege
tation (Humphery 1974). 

In forest stands, underburning has several important influences. It maintains 
ponderosa pine in a fir climax and at times it maintains western larch in a fir cli
max (Fig. 4). Fires also maintain stocking level control by periodically eliminating 
most regeneration. Thus, fires prevented stand stagnation so common today (Fig. 3). 
These burns also tended to maintain fire dependent vegetation such as ceanothus 
(Ceanothus spp.) and legumes, species which require heat treatment for seed germina
tion (Hall 1977). 

And finally, underburning tended to have an opposite effect from crownfire; it 
tended to prolong time in a particular vegetation composition and stand structure. 
For example, in the Pacific Northwest, it tended to maintain ponderosa pine/pinegrass 
(Calamagrostis rubescens Buckl.) in open stand conditions whereas dense grand fir and 
Douglas-fir are characteristic of a nonfire climax (Hall 1977). 

Pristine stand conditions are actively changing today. Fire suppression has 
promoted stand stagnation and on many sites a dramatic shift in stand structure. 
Thus new wildlife niches are being created which were not common prior to fire sup
pression. For example, juniper is colonizing sagebrush sites, a dynamic change which 
can occur in 20 to 50 years. Thus, a shrub/grass stand structure with its related 
wildlife is changing to trees/shrub/grass which may have different wildlife. Fir has 
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Figure 4. A ponderosa pine dominated stand photographed in 1964 (left) and in 1974. 
Grand fir and Douglas-fir have regenerated since fire suppression. As the pine dies 
(tree foreground), fir greatly increased in rate of height growth. This stand con
dition, pine with fir understory, is not pristine; instead it is man-caused result
ing from fire suppression. 

been demonstrated to colonize ponderosa pine stands only 20 to 50 years after fire 
suppression (Hall 1977). With no logging, old-growth pine may dramatically shift to a 
dominance of grand fir in only 150 years (Fig. 4). Stagnated stands can develop in 
only 20 years and stay that way for at least 60 years (Fig. 3). This might be highly 
desirable elk hiding cover but it does not enhance habitat for cavity excavators that 
require 12-inch diameter or larger trees. 

Wildlife Systems 

Wildlife responds to the dynamic changes in vegetation. Species and population 
densities change with succession following crownfire (Thomas et al. 1979c). Other 
wildlife species adapted to periodic underburning. Thus, the density, distribution, 
and kind of species are a function of inherent and induced structure and composition 
of vegetation. The kind of species seem to be influenced primarily by stand structure, 
density by size of tract, and diversity by inherent and induced vegetation pattern. 

TODAY 

We must accept an inherent pattern of natural site potentials. We do not have 
to accept as optimum the uncontrolled induced pattern of vegetation in its various 
tract sizes, locations, structures, and species composition. The pristine combination 
of induced and inherent vegetation pattern was not necessarily optimum for wildlife 
because it was not developed for wildlife. 

Management Orientation 

Pristine structure, pattern, and time and various successional stages is gener
ally not desired in managed forests today. Dead or dying trees are salvaged thus 
eliminating snags from stand structure. We try to kill tussock moth and spruce bud-
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worm--snag makers. Wildfires are suppressed, the pristine source of grass-forb and 
shrub-seedling stages, and a prerequisite to optimum old-growth structure. 

Wood production is a primary consumptive use of forestland. To maximize wood 
production, elimination of old growth and shortening (or possibly eliminating) the 
grass-forb and shrub-seedling stages are emphasized. The objective is rapidly growing 
pole to sawtimber size stands which accommodate only about 20 percent of the wildlife 
species in the Blue Mountains of Eastern Oregon. About 40 percent are oriented to 
grass-forb and shrub-seedling stages for both feeding and reproduction, while the other 
40 percent are oriented toward mature and old-growth stand conditions (Thomas et al. 
1979c). In addition, forest monoculture seems advocated by planting a single tree 
species to produce the kind of product desired. Commercial thinning is planned to 
"capture mortality." Forest residue is reduced to aid fire control and to permit ve
hicle movement within the forest. In general, consumptive uses re-orient vegetation 
dynamics toward man's desired products. 

Opportunities 

Today, MAN controls induced pattern--whether by default with fire suppression or 
by intent with timber management. We must, therefore, accept several factors: 

1. Forests will be harvested to produce a certain programmed cut. 

2. Pristine conditions can not be regained because the smoke produced would 
violate the Clean Air Act. 

3. Vegetation is changing, and will continue to change, thus wildlife will 
change in species, density, and distribution . . 

4. Inherent vegetation pattern will influence the effect st~nd treatment has 
on wildlife. 

Considering these, there are three kinds of opportunities to enhance wildlife 
habitat: modify silvicultural treatment; modify treatment scheduling, location of 
areas, and size of tracts to be treated; and modify land allocation for management 
objectives whereby timber is de-emphasized and wildlife habitat is emphasized. 

SILVICULTURAL TREATMENT 

Stand structure is a primary factor modified by silvicultural treatments, for 
example, type of regeneration cut, stocking level control, and selecting type of trees 
to cut (Hall and Thomas 1979). The length of ti.me in grass-forb and shrub-seedling 
stages can be increased with early and heavy precomrnercial thinning--or shortened and 
hiding cover enhanced by no precomrnercial thinning (Fig. 5). Stand diameter can be 
increased with commercial thinning from below. Snags can be retained by not prescrib
ing salvage treatments, or can be created by girdling or topping. 

In older stands, tree understory development can be encouraged by planting or by 
heavy thinning to reduce competition and create a seedbed for shade-tolerant species. 
Shrubs or palatable forbs and grasses can be seeded following regeneration cutting or 
commercial thinning to provide desired forage or cover. Most silvicultural modifica
tions, with the exception of snag retention, should have little impact on potential 
timber yield (Wick and Canutt 1979). 
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Figure 5. A clearcut in grand fir planted to ponderosa pine photographed at 5 years 
in 1957 (left) and again 15 years later in 1972. In only 20 years, wildlife habitat 
changed from grass-forb to dense saplings. 

SCHEDULING TREATMENT • 
Pattern or distribution of treated areas and size of tract treated are primary 

factors influencing wildlife habitat. For example, in extensive stands of old growth, 
wildlife habitat can be enhanced with regeneration cuts creating the grass-forb or 
shrub-seedling habitat and producing edges (Fig. 5). In the Blue Mountains of eastern 
Oregon, tract size of 40 to 80 acres is optimum for wildlife diversity. Edges should 
be less than 1,200 feet apart and retained uncut tracts should be more than 1,200 feet 
between regeneration areas (Thomas et al. 1979c). 

Treatments must also be scheduled over time. For example, 20 percent of a land 
area in grass-forb and shrub-seedling structure might optimize wildlife habitat. Fol
lowing clearcut or shelterwood regeneration, the desired nonforest structure could be 
maintained for 20 years by either planting trees at a wide spacing or by early and 
heavy precommercial thinning (Fig. 5). A 100-year timber rotation would be required 
to maintain 20 percent of the land in grass-forb and shrub-seedling successional 
stages. Regeneration treatment would have to be scheduled about every 20 years on 
one-fifth of the area. Old-growth structure could not be attained (Hall and Thomas 
1979). ' 

The land manager must also consider inherent pattern of vegetation. For example, 
a land area only 60 percent forested already has the "grass-forb" and "shrub-seedling" 
stages in abundance (Fig. 1). In this case, clearcut regeneration may not enhance 
wildlife. It would only increase the percentage of area in nonforest structure 
(Thomas et al. 1979a). 

LAND ALLOCATION 

Maximum production of timber products requires converting old growth and m1n1mum 
land area in grass-forb and shrub-seedling stages. Retaining old growth requires a 
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reduction in potential yield. The reduction is caused by slower growth, heart rot 
development, and production of snags and downed material important as wildlife habitat 
(Wick and Canutt 1979, Maser et al. 1979). Thus, wildlife habitat enhancement will 
require allocation of land to old growth structure and function. 

Allocation to old growth requires a different rotation age than maximum timber 
management, for example, 300 instead of 100 years. This does not preclude silvicul
tural treatment to attain old growth. To the contrary, stocking level control is 
required to produce large diameter, tall, successional trees often important as old
growth wildlife habitat (Hall and Thomas 1979). For wildlife species such as pileated 
woodpecker which use successional pine and larch in a fir climax in eastern Oregon, 
stand age exceeding 300 years may no longer be suitable habitat because pine or larch 
would have died out. In this case, the stand should be regenerated to pi~e or larch 
and treated over a 300 year rotation to again attain old-growth structure. 

Land allocation to wildlife habitat should consider three factors: what kinds of 
forest types should be considered; how much of the total land area should be devoted 
to old growth and nonforest structure; and what kind of geographic distribution is de
sired. These allocations rare probably best developed by an interdisciplinary team 
approach to land management planning. 

SUMMARY 

Pristine conditions are characterized by a dynamically successional vegetation 
and by vegetation pattern. Vegetation is a function of land (soil and topography), 
and climate (temperature, precipitation, and storms). Pattern is both inherent due 
to site potential and induced due to disturbance. Both inherent and induced patterns 
produce dramatic differences in structure, species composition, and distribution of 
vegetation. 

Wildlife generally is a function of habitat which is composition, structure, 
and pattern of vegetation. Thus, the species, diversity, and density of wildlife 
change as the vegetation changes. It is a total, dynamic, interactive system. 

In order to evaluate management for wildlife, we must accept that a certain 
timber volume will be cut. We cannot go back to pristine conditions; vegetation will 
change, thus wildlife will change, and inherent patterns will cause a certain kind of 
stand treatment to affect wildlife differently. We have basically three opportunities 
to enhance wildlife: modify silviculture treatment, modify scheduling of treatment, 
and modify land allocation for wildlife tradeoffs. 
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ABSTRACT 

Public grasslands must play a major role in the preservation and 
enhancement of avian communities because, as compared to other 
broad habitat types, a disturbingly high percentage of native 
grassland in the U.S. already has been destroyed or badly 
abused, and there is relatively little public grassland available 
for management. The general features of avian grassland commun
ities that form a foundation for management are: (1) low 
species diversity, (2) numerical dominance by 1 or 2 widespread, 
eurytopic species, and (3) the presence of a few stenotopic 
species. A management approach is proposed that is designed 
to maintain all existing functional elements of a grassland 
avian community. Other management aspects addressed include 
habitat conversion practices, water management, grazing, size 
of land holdings, timing of human activities, and the use of 
artificial structures in avian management. 

KEYWORDS: bird management, grassland, Great Plains, ecosystem 
management. 

INTRODUCTION 

The biological value and potential of public grasslands are receiving consider
able attention recently on a national scale. The National Audubon Society has been 
examining the National Grassland system and their results should be forthcoming. 
Efforts to establish new National Grasslands are in progress (HBS592 in the U.S. 
Congress, 1980). Articles on the value of grasslands are reaching many segments 
of the general public (Brandenburg 1980; Nature Conservancy 1977). 

This widespread interest in public grasslands is certainly justified. One 
reason for this is that many grassland ecosystems have been destroyed or severely 
abused on a scale that does not apply to most major ecosystems in the United States. 
The destruction of grasslands has been documented by Klopatek et al. (1979). They 
estimated that on the Great Plains the percentages of selected Kuchler prairie t"ypes 
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already destroyed are as follows: bluestem prairie-85%; bluestem-grama-65%; grama
buffalo grass-45%; and Nebraska sandhills prairie-6%. For comparison, the parallel 
values from the same publication for some selected western forest types are as fol
lows: juniper-pinyon forest-1%, Black Hills pine forest-S%, and western ponderosa 
pine-3%. 

The biological value of public grasslands is even more important since there are 
only about 4 million acres of U.S. National Grassland; as compared to 182 million 
acres of National Forest (USDA Forest Service 1964). Furthermore, most of these 4 
million acres were severely abused prior to incorporation into the National Grassland 
system. In fact, these grasslands were acquired because of their poor condition; 
purchased from bankrupt landowners. Unfortunately, there ~re no public, or private, 
grasslands that represent pristine ecosystems; many characteristic species are already 
gone. The current challenge is to preserve what remains. This is the intent· of this 
paper with respect to one major grassland community element--birds. 

The Great Plains contain 17 of the 19 National Grasslands managed by the U.S. 
Forest Service (USDA Forest Service 1964). Furthermore, the Great Plains hosts over 
50% of the breeding bird species found in the lower 48 states, although it comprises 
less than one fifth of this area (Johnsgard 1979). Most of this species richness, 
however, is tied to the wetlands and timbered riparian areas addressed elsewhere in 
this workshop. I will dwell, therefore, upon management of actual grassland tracts, 
primarily of the Great Plains, although some statements will have broader applica
bility. 

GRASSLAND AVIAN COMMUNITY STRUCTURE 

Any consideration of management of bird communities must be based upon an under
standing of the appropriate community characteristics. In this section, therefore, 
the key characteristics of Great Plains bird communities will be described. 

The grasslands per se contain relatively few bird species. For instance, the 
mean number of breeding species of nongame birds reported on 98 study plots through
out the major segments of the Great Plains have been reported as follows: tallgrass 
prairie-4.1, mixed grass-4.7, and shortgrass prairie-4.3 (Wiens and Dyer 1975). In 
contrast, 106 breeding species of birds have been recorded in Wisconsin's mixed forest 
zone (Temple et al. 1979). For pure coniferous forests Wiens (1975) found the mean 
number of avian breeding species to be 2-4 times those reported in grasslands. 

Although there is no doubt that grasslands contain a relative paucity of avian 
species, the situation is somewhat more complex than indicated by the above values. 
The problem is that there are many subtypes within categories such as shortgrass and 
tallgrass prairie. These subtypes occur in a mosaic pattern and different bird spe
cies are restricted to different subtypes. Consequently, the breeding species numbers 
are extremely low on a study plot basis, but a general habitat category can contain 
considerably more species. For instance, I have recorded nesting on the shortgrass 
prairie (excluding riparian and timbered zones) of the Pawnee National Grassland 
(north central Colorado) by 19 species of birds, and my list is certainly not exhaus
tive. 

Another characteristic of grassland bird communities is that they tend to be 
dominated numerically by 1 or 2 abundant, widespread species. For instance, Wiens 
and Dyer (1975) found that, on average, about one-half of the avian individuals on 
any rangeland study plot belonged to one species, while 75% to 88% of the individuals 
were included in the 2 most abundant species. 

The final important avifauna characteristic is that all of the broad grassland 
types contain species with extremely restricted habitat characteristics. However, 
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there are not many of these species. For instance, Udvardy (1958) reported that only 
5.3% of all North American birds are truly grassland species. Johnsgard (1979) listed 
36 species that have a breeding distribution generally associated with grasslands, and 
only 15 of these are endemic to the Great Plains. 

MANAGEMENT CONSIDERATIONS 

Statement of Goal 

Any management program must be based upon a definite goal. Historically, wild
life management has been based upon single-species goals. This is the classical game 
management approach and it has been applied to nongame management in reference to 
threatened and endangered speciesprograms (Anderson 1979). This single-species ap
proach, however, is slowly being replaced, or at least supplemented, by considerations 
at higher levels of ecological organization. In short, we need to raise our thinking 
and actions to the ecosystem level (Odum 1977; Wagner 1977). 

Following the preceding suggestion, I will address all of my management consider
ations towards the following goal: Maintain all general grassland types so that no 
existing avian species is lost as a functional element of its respective ecosystem. 

General Management Approach 

A risk of not meeting the above goal is inherent in any management approach that 
is not based directly upon the requirements of all species in a particular ecosystem. 
Unfortunately, many of these requirements are not known today (Graul et al. 1976). 
The risk factor, however, may be greatly reduced by addressing those species with 
known restricted habitat requirements (stenotopic species). In fact, such species 
should be intentionally maintained and enhanced where possible. By addressing the 
needs of these stenotopic species, the needs of many of the species with wide ranges 
of ecological tolerances (eurytopic species) will be met. Obviously, the reciprocal 
statement is not always true. 

This stenotopic species approach is especially applicable to grassland avian 
communities, i.e. characterized by a few stenotopic species with dominance by 1 or 2 
eurytopic species. To apply the approach, however, several steps must be followed. 
First, a list of all the avian species present on an area must be compiled. Secondly, 
species that are extremely peripheral historically (only occurred sporadically or in 
very low numbers), or accidental should be identified and removed from consideration, 
i.e. they probably should not be considered as functional elements of the ecosystem. 
Next, the stenotopic species must be selected from those remaining. Clues for the 
identification of these species are: (1) a relatively restricted distribution during 
one or more phases of the annual cycle, or (2) a patchy distribution throughout an 
overall broad range, or (3) substantial population declines where the declines may be 
attributed to habitat changes. 

Once a tentative list of stenotopic species is compiled, it must be verified 
through a review of the literature. This review can also serve to identify the speci
fic habitat requirements of the selected species. Obviously, if the habitat informa
tion is lacking for some of the species, they cannot be considered at this point in 
time; however, studies certainly should be initiated to obtain the pertinent informa
tion. The compiled habitat requirements for the stenotopic species should form the 
foundation for a management plan. 

At this point a likely question is, "What happens when two or more of the steno
topic species have conflicting requirements?" In fact, this will often be the case 
considering that no two species will have exactly the same requirements. This problem 
can be addressed by a management plan that provides different sets of conditions for 
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the separate stenotopic species. An example from the shortgrass prairie characteris
tic of the Pawnee National Grassland will illustrate. 

The Mountain Plover (Charadrius montanus) prefers expansive flats covered by al
most pure stands of blue grama grass (Bouteloua gracilis) and/or buffalo grass 
(Buchloe dactyloides) (Graul and Webster 1976). The McCown's Longspur (Calcarius 
mccownii) also does well on these areas, but seems to prefer areas where low to mod
erate densities of midgrasses, such as western wheatgrass (Agropyron smithii) are 
mixed with the shortgrasses. The Lark Bunting (Calamospiza melanocorys) thrives in 
areas where midgrasses are predominant. To accomodate all of these breeding species 
their respective habitat types must be maintained in a series of habitat units. De
termining the exact size of the units relative to each other is a difficult decision. 
Although there are no precise answers in this regard, a general guideline is that all 
units should be large enough to sustain substantial numbers of the_respectiv~ species. 
Additionally, one species might receive some preference if its population is at a 
more critical level than the other stenotopic species. 

Building upon the management plan foundation, the next step is to incorporate 
the known requirements of other avian species that are functional elements in the 
ecosystem. In no case, however, should the requirements of a more eurytopic species 
override those of the stenotopic species, whether for ecological, political, or eco
nomic considerations. 

Although the preceding approach is similar to other proposed approaches, the 
ecological differences are critical. The key to the approach described herein is 
that it is based upon a stenotopic species foundation. This is not necessarily the 
case with other management schemes. For instance, the "featured species approach" 
(Gould 1977) could be detrimental to some stenotopic species if the featured species 
involved turned out to be a eurytopic species. This is sometimes the case when the 
featured species are chosen for economic reasons. Even approaches aimed at manage
ment for diversity (Siderits and Radtke 1977) could potentially eliminate certain 
stenotopic species (Back 1979). For instance, maximum diversity could be obtained by 
providing a matrix of many small habitat types, but this could be extremely detrimen
tal to a native, stenotopic species that requires a large block of uniform habitat. 
Of course, the preceding management approaches could have applications if the goal is 
not to maintain all of the avian species as functional elements of the ecosystem, i.e. 
the approach must be based on a carefully defined goal. 

Special Management Considerations 

The general management approach presented herein can be the foundation of any 
grassland management program, but other considerations can be added. Six considera
tions will be addressed in this section; they were selected because they represent 
active programs on the National Grasslands. 

TYPE CONVERSIONS 

Through a review of the various management documents of the National Grasslands 
I found that many acres historically were seeded with exotic species such as crested 
wheatgrass (Agropyron cristatum and!_. desertorum). Most of these seedings were ini
tiated to stabilize the soil following the Dust Bowl of the 1930's. Future seedings 
of this type should be viewed cautiously, since they are generally detrimental to 
native avian communities. In fact, both species diversity and relative density for 
vertebrates in general can be negatively impacted by crested wheatgrass plantings 
(Reynolds and Trost 1979). Studies by Hickey and Mikol (1979) illustrate the nega
tive impacts of such seedings upon birds. 
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Seedings of crested wheatgrass and other exotic species may continue to be pro
posed for restoration of disturbed sites. Whereas this may be the only option on 
large-scale operations, the best solution on a small-scale may be to not seed (if na
tive species cannot be seeded). For instance, blue grama grass rarely reproduces by 
seeds (Briskeand Wilson 1978), but if small blue grama areas are disturbed they will 
be re-vegetated naturally via tillering. On a small scale, therefore, the temporary 
presence of bare ground and weeds may be less detrimental to stenotopic species than 
the long-term presence of exotic grasses. The latter statement may be especially ap
plicable todisturbances caused by vehicle traffic, mineral exploration, and gas and 
oil pipelines. Obviously, existing laws frequently require restoration by seeding, 
but I feel that some of these laws should be re-evaluated. 

Another major type conversion practice that has been applied on National Grass
lands to foster "'cattle production is "pitting." This involves using a machine to dig 
a series of shallow trenches'oh' shortgrass;prai~~~Jtxpanses. The trenches c~pture 
mo"isture and presumably promote 'the presence of ;~i<Jgrasses such as wester-n wlieatgrass. 
If this practice is considered, it should be reco~Jized that it potentially can have a 
negative impact upon stenotopic species that prefer pure expanses of shortgrass, e.g. 
the Mountain Plover. Interestingly, at least on one National Grassland pitting is 
being applied as a potential control mechanism for prairie dogs (Cynomys 
ludovicianus). In such cases, the desired objective should be weighed carefully a
gainst the potential impacts upon other forms of wildlife; the impacts can be posi
tive or negative, depending upon the species. Likewise, when pitting is considered 
for increasing livestock forage it should be within a multiple-use framework--wildlife 
objectives should be included. 

Another widespread type conversion practice on the National Grasslands is plant
ing trees. These plantings range from isolated trees to vast acreages such as the 
Bessey tract of the Nebraska ~ational Forest. The latter tract in the sandhill grass
lands constitutes the largest man-made forest in the world (17,518 acres). 

In terms of the goal stated in this paper, tree plantings should be evaluated 
prudentially. The potential positive benefits must be weighed against the potential 
negative benefits on a case by case basis. For instance, a few scattered trees can 
have a positive influence on nesting raptor populations, If these trees, however, 
are placed adjacent to restricted waterholes, or grouse leks, the presence of the 
raptors can have a negative impact upon other aspects of the avian community. Addi
tionally, any large scale tree planting program can potentially reduce the populations 
of the stenotopic grassland species in an area by eliminating their preferred habitat, 
i.e. more trees is not always better. 

The best guide for tree plantings is to try and ascertain the historical distri
bution of the trees on a grassland. Use this as a basis for plantings in an attempt 
to replace trees lost. Additionally, if possible, plant trees that are native to the 
area. When trees are planted they should be protected from livestock by fencing. 
Such fencing can be especially beneficial if old homestead sites are fenced and new 
trees established in the exclosures. This protects existing trees and allows for 
replacements in one effort. Finally, trees should be planted on arid grasslands only 
when resources allow for a regular watering program in the first few years. Trickle 
irrigation can be especially effective in these situations. 

WATER MANAGEMENT 

Water is a precious resource in any grassland system and there are some basic 
management techniques that can enhance avian communities. Creating small ponds with 
overflow systems on stock watering tanks and with retention dams is generally useful. 
Placing floating ramps in stock tanks is also beneficial in that it allows birds and 
other animals that fall in to escape. 
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In many grassland areas water tables are being lowered severely by agriculture. 
One result is that many natural basins, such as playas, no longer hold water on a 
regular basis. This situation can be improved by deepening these basins. This ap
proach has been applied successfully on the Commanche National Grassland (Morris 
Snider, per. commun.). 

The proper use of fencing can benefit a wide variety of birds. One option is 
to fence half of any pond system. This will provide short vegetation adjacent to the 
water for the species that prefer this condition, e.g., Long-billed Curlew (Numenius 
americanus) (McCallum et al. 1977). Likewise, species that prefer the taller vegeta
tion within the exclosures will also be accommodated. Alternatively, in areas with an 
abundance of ponds some could be fenced completely and others left open. This would 
accomplish the same result. 

GRAZING 

There is little doubt today that livestock grazing has caused major changes in 
wildlife populations in the western United States (Wagner 1978). The effects of 
grazing on bird communities, however, are not uniform or easily defined (Wiens and 
Dyer 1975). 

Grassland bird communities evolved in conjunction with grazing. With the pres
ence of an estimated 60 million bison (Bison bison) on the North American plains the 
grasslands were surely exposed to considerable grazing pressure (Owens and Myres 
1973). In Alberta Owens and Myres (1973) suggest that the impact of bison grazing 
produced a mosaic of heavily grazed and trampled areas, where access for the bison 
was easy and/or which were close to water sources, interspersed with relatively undis
turbed areas where access for the bison was more difficult or which were removed from 
water. 

The preceding suggestion would basically explain the presence today in the same 
general grassland area of several stenotopic bird species that have different habitat 
preferences. Grazing, therefore, can be applied on separate units as appropriate to 
enhance the respective stenotopic species, as discussed earlier in the General Manage
ment Approach section. In fact, the similarity of the above historic habitat specu
lation and the management product based upon the stenotopic species concept presented 
herein is noteworthy. 

SIZE JF MANAGEMENT BLOCKS 

Another common trait of the National Grasslands is that they frequently contain 
blocks of lands interspersed with blocks of private lands. It is conceivable that 
land trades can be made that would result in larger, continuous blocks for both the 
National Grassland system and private landowners. Ideally, the public blocks should 
be connected by native habitat corridors. These same habitat patterns have been sug
gested for eastern forests as a mechanism for maintaining breeding populations of 
songbirds (Robbins 1979). Although data are lacking for North American grasslands, I 
feel that the same concept would apply. I do know that Mountain Plovers are absent 
from many small, isolated tracts of shortgrass prairie that otherwise look like ideal 
habitat. 

TIMING OF HUMAN ACTIVITIES 

There is considerable potential for enhancing grassland bird populations by re
stricting human activity on a seasonal basis. Human disturbance can be a major prob
lem during the nesting season. In fact, within the nesting period, birds are most 
susceptible to abandonment of the nest during the early incubation period. 
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It is not realistic to restrict all human activity during the critical nesting 
period, but whenever it is possible to conduct activities at other periods of the year 
it should be done. Also, it is possible to apply this principle on a selective basis. 
Namely, restrict human activity during the nesting season in particularly critical 
areas. For instance, during the breeding season a "no activity zone" within the vi
cinity of sensitive raptor nests can be beneficial. This is already being done on 
some National Grasslands in areas with high concentrations of ~aptor nests. 

This principle does not apply just to general public activity. Many types of 
routine maintenance work and major development can be done outside the breeding sea
son. This should certainly be considered when the proposed activity can result in 
prolonged disturbance at a given site. 

USE OF ARTIFICIAL STRUCTURES 

There is an increasing tendency for land managers to incorporate the use of arti
ficial structures into grassland management programs designed to benefit birds. While 
these structures have a place in management, their use should be viewed critically. A 
few examples will illustrate this point. ' 

Perch-posts, consisting of telephone poles, have been placed in many grassland 
areas presumably to benefit raptors. They are considered beneficial in that they are 
sometimes used by hunting raptors. However, use per se does not mean that the struc
tures are actually resulting in increased raptor populations. In fact, grassland 
raptors have evolved in an ecosystem with a historical paucity of perch sites. Conse
quently, they are adapted for hunting aerially and this technique apparently has 
served them well. 

Some perch-posts have been placed in areas with high rodent populations. The 
thoughtis that this will increase raptor predation on the rodents, thus effecting a 
population control mechanism. Considering the reproductive rates of rodents versus 
the food consumption capabilities of raptors, I doubt the effectiveness of this 
approach. I certainly know of no data to support it. 

On the negative side, however, perch-posts can be detrimental to some elements of 
bird communities. By attracting raptors to some sites, the result can be that the 
raptors inflict a disruptive or predatory influence upon other desired species. The 
best example of how an artificial perch site can have this effect is provided by Clait 
Braun (pers. commun.). He observed a situation where a Golden Eagle (Aquila 
chrysaetos) adopted a new power line pole as a hunting perch. The line was in the vi
cinity of a Sage Grouse (Centrocercus urophasianus) lek. Each morning, shortly after 
,sunrise, the eagle would make an attack on the lek from its new perch. This parti
cular lek decreased in numbers while the nearby leks remained stable, and the eagle 
activity is a suspected cause of the decline. 

Artificial nest structures also are ga1n1ng in popularity and, like perch-posts, 
they should be evaluated critically. One problem with some artifical nest structures 
is that they attract the wrong species. For instance, American Kestrel (Falco 
sparverius) nest boxes are sometimes adopted by the introduced, eurytopic Starling 
(Sturnus vulgaris) (Hickey and Mikol 1979). 

Artifical nest structures are especially popular with respect to management of 
large raptors on grasslands (Call 1979). Their use, however, should be carefully 
evaluated in terms of an overall community approach. For instance, I know of one case 
on a National Grassland where a raptor nest structure was placed beside an active 
swift fox (Vulpes velox) den. While this may have been good for raptors, the good was 
probably negated by the detrimental impact upon the swift fox. 
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Because of the preceding problems, I would like to suggest some general guide
lines for the application of artificial structures on grasslands. The primary use of 
these structures should be to temporarily replace lost habitat elements, i.e. the main 
emphasis should be upon replacing the natural habitat element. For instance, an arti
ficial nest structure might be necessary in the interim between when a tree is lost 
and a new one grown. 

Another use of artificial structures might be the actual movement of a nesting 
pair where the natural nest site is experiencing a particular problem. For instance, 
if a raptor nest is continually disrupted because of its proximity to a road an arti
fical nest might be used to entice the nesting birds to a more isolated location. In 
this case, however, the artificial nest should be replaced eventually with a natural 
nest site. 

Finally, I want to stress that the use of artificial structures is a single
species management approach that is not always compatible with the overall avian com
munity needs. Again, more is not always better. What counts is maintaining natural 
community relationships. This means that whenever the use of an artificial structure 
is contemplated, it should be evaluated carefully in terms of the potential role in 
the avian community. This dictates a detailed analysis of all the species present in 
the specific location under consideration. Alternatively, whenever an artificial 
structure is used, there should be a follow-up evaluation to determine whether the 
structure met the desired objective. 

ACKNOWLEDGEMENTS 

I thank the following U.S. Forest Service personnel for providing information on 
the various National Grasslands: Deen Boe, Alton Bryant, Jack Cameron, Robert 
Childress, Van Elsbernd, Kent Evans, George Geiger, Robert Hammer, Robert Johnson, Jim 
McKibben, Don Mecklenburg, Morris Snider, Ron Stellingwerf, and Dale Wills. Gary 
Miller provided a critical review of the manuscript. Finally, I want to acknowledge 
that many of the ideas expressed in this paper are the result of discussions held with 
the late Steward Adams (District Ranger-Pawnee National Grassland). I am hopeful that 
this manuscript would meet with his approval. 

LITERATURE CITED 

Anderson, Stanley H. 
1979. Habitat structure, succession, and bird communities. In Management of north 

central and northeastern forests for nongame birds. Richard M. DeGraaf and Keith 
E. Evans, Tech. Coord., p. 9-21. N. Central. For. Exp. Stn., St. Paul, MN. 

Back, Gary N. 
1979. Avian communities and management guidelines of the aspen-birch forest. In 

Management of north central and northeastern forests for nongame birds. Richard 
M. DeGraaf and Keith E. Evans, Tech. Coord., p. 67-79. N. Central For. Exp. Stn., 
St. Paul, MN. 

Brandenburg, Jim. 
1980. The tallgrass prairie: can it be saved? Natl. Geographic 157(1):37-61. 

Briske, D. D. and A. M. Wilson. 
1978. Moisture and temperature requirements for adventitious root development in 

blue grama seedlings. J. Range Mgmt. 31:174-178. 

Call, Mayo. 
1979. Habitat management guides for birds of prey. 

Note. 70 p. Bur. Land Mgmt., Bldg. SO, Denver, CO 

45 

U.S. Dept. Interior, BLM Tech 
80225. 

I 
\ . 



Gould, Norman E. 
1977. Featured species planning for wildlife on southern national forests. Trans. 

N. Amer. Wildl. Nat. Resour. Conf. 42:435-437. 

Graul, Walter D., John Torres, and Richard Denney. 
1976. A species-ecosystem approach for nongame programs. Wildl. Soc. Bull. 4(2): 

79-80. 

Graul, Walter D. and Lois E. Webster. 
1976. Breeding status of the mountain plover. Condor 78(2):265-267. 

Hickey, Joseph J. and Sharon Mikol. 
1979. Estimating breeding-bird densities on coal lands in Montana and Wyoming. 

181 p. West. Energy and Land Use Team, U.S. Fish and Wildl. Ser., Ft. Collins, CO. 

Johnsgard, Paul A. 
1979. Birds of the Great Plains. 539p. Univ. Nebr. Press, Lincoln, Nebr. 

Klopateck J. M., R. J. Olson, C. J. Emerson, and J. L. Joness. 
1979. Land-use conflicts with natural vegetation in the United States. Environ. 

Sci. Div. Publ. No. 1333, 22 p. Natl. Tech. Inform. Ser., U.S. Dept. Commerce, 
Springfield, Virginia 22161. 

McCallum, D. Archibald, Walter D. Graul, and Ronald Zaccagnini. 
1977. The breeding status of the long-billed curlew in Colorado. Auk 94(3):599-601. 

Nature Conservancy. 
1977. Special prairie issue. Natur. Conserv. News 27(2):8-27. 

Odum, Eugene P. 
1977. The emergence of ecology as a new integrative discipline. Sci. 195:1289-

1293. 

Owens, R. A. and M. T. Myres. 
1973. Effects of agriculture upon populations of native passerine birds of an 

Alberta fescue grassland. Can. J. Zool. 51(7):697-713. 

Reynolds, Timothy D. and Charles H. Trost. 
1979. The effect of crested wheatgrass plantings on wildlife on the Idaho national 

engineering laboratory site. In The mitigation symposium: a national workshop on 
mitigating losses of fish and wildlife habitats, Gen. Tecq. Rep. RM-65. Gustav. 
A. Swanson, tech, coord., p. 665-666. Rocky Mt. For. and Range Exp. Stn., Ft. 
Collins, CO. 

Robbins, Chandler S. 
1979. Effect of forest fragmentation on bird populations. In Management of north 

central and northeastern forests for nongame birds. Richard M. DeGraaf and Keith 
E. Evans, Tech. Coord., p. 198-213. N. Central For. Exp. Stn., St. Paul, MN. 

Siderits, Karl, and Robert E. Radtke. 
1977. Enhancing forest wildlife habitat through diversity, Trans. N. Amer. Wildl. 

Nat. Resour. Conf. 42:425-434. 

Temple, Stanley A., Michael J. Mossman, and Bruce Ambuel. 
1979. The ecology and management of avian communities in mixed hardwood-coniferous 

forests. In Management of north central and northeastern forests for nongame 
birds. Richard M. DeGraaf and Keith E. Evans, Tech. Coord., p. 132-153. N .. 
Central For. Exp. Stn., St. Paul, MN. 

46 



Udvardy, M. D. F. 
1958. Ecological and distributional analysis of North American birds. Condor 60: 

50-66. 

USDA Forest Service 
1964. The National grassland story. PA-607, 15 p. Govt. Print. Off., Wash., D.C. 

Wagner, Frederic H. 
1977. Species vs. ecosystem management: concepts and practices. Trans. N. Amer. 

Wildl. Nat. Resour. Conf. 42:14-24. 

Wagner, Frederic H. 
1978. Western rangeland: troubled American resource. Trans. N. Amer. Wildl. Nat. 

Resour. Conf. 43:453-461. 

Wiens, John A. 
1975. Avian communities, energetics, and functions in coniferous forest habitats. 

In Proceedings of the symposium on management of forest and range habitats for 
nongame birds. Dixie R. Smith, Tech. Coord., p. 226-265. USDA Forest Service, 
Wash., D.C. 

Wiens, John A. and Melvin I. Dyer 
1975. Rangeland avifaunas: their composition, energetics, and 

tern. In Proceedings of the symposium on management of forest 
for nongame birds. Dixie R. Smith, Tech. Coord., p. 146-182. 
vice, Wash., D.C. 

47 

role in the ecosys
and range habitats 

USDA Forest Ser-





BIRD HABITAT MANAGEMENT 

Moderators: CARL D. MARTI 
Weber State College 
Ogden, Utah 

CHARLES M. LOVELESS 
Forest Environment Research 
u. s. Forest Service 
Washington, D. C. 





EFFECTS OF GRAZING ON BIRD HABITATS 

Ronald A. Ryder 

Professor of Wildlife Blology 
Colorado State University 

Ft. Collins, Colorado 80523 

ABSTRACT 

Feeding on plants by various herbivores, especially livestock and 
big game but also by rodents, lagomorphs, insects and even some 
birds and reptiles, can alter vegetative communities as habitat 
for birds. Species composition of plants, density of stands, 
vigor, seed and insect production, and growth form of plants 
often change due to grazing. Removal of vegetative cover as well 
as trampling may expose soils to increased wind and water erosion. 
In shortgrass, for example, resultant gullies may provide new 
nesting habitat for rock wrens, rough-winged swallows, Say's 
phoebes, and barn owls while reducing nesting, escape and young
rearing habitat for species requiring denser stands of taller 
grasses such as meadowlarks and lark buntings. Just as some 
plants such as buffalo grass and blue grama can be considered 
"increasers" with grazing of shortgrass prairie so can horned 
larks, McCown's longspurs, and mountain plovers. Likewise, 
western meadowlarks, lark buntings and Brewer's sparrows tend to 
be "decreasers" similar in response to that of western wheatgrass, 
needle-and-thread and fourwing saltbush to increased summer 
grazing by cattle on shortgrass ranges in northcentral Colorado. 
Differences in effects of grazing on vegetation and soils by 
various classes of livestock, species of big game, different 
levels of intensity and seasons of use will be discussed with 
stress on examples from western forest and grassland types. 

KEYWORDS: grazing, birds, food, cover, water 

In this paper I will attempt to draw together examples of the effects of foraging 
by various herbivores on avian habitats, review how the character of food, cover, and 
water can be modified, in certain cases for the betterment of some birds, in other 
cases to their detriment. Stress will be given to examples from the Great Plains, 
Rocky Mountains, and Great Basin. Hopefully, these examples may serve as bases for 
devising specific techniques that can be used by resource managers to better regulate 
grazing for the maintenance or improvement of avian habitats. Scientific names of 
plants and animals mentioned in the text are shown in Appendix I. 
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EFFECTS OF GRAZING ON INDIVIDUAL PLANTS 

Grazing, browsing, and barking by various ungulates, rodents, lagomorphs, birds, 
reptiles and invertebrates can alter the growth forms of individual plants making 
shrubs and young trees grow bushier (hedged appearance) by removing terminal buds and 
stimulating more lateral branching. Grazing of grasses at some seasons may markedly 
effect tillering, basal branching from the lower nodes of the stem (Stoddart et al. 
1975). Some plants which evolved with grazing may have developed chemicals that 
stimulate growth of grazed plants responding to saliva of herbivores (French 1979). 
Also, plants have evolved other chemicals, toxins, spines, and thorns to resist graz
ing (Rosenthal and Janzen 1979). 

Not only are above-ground parts modified by grazing but below-ground parts 
(roots, corns and bulbs) are often reduced. However, Bartos and Sims (1974) found no 
significant differences in root mass of shortgrass plants resulting from different 
intensities of cattle grazing on the Central Plains Experimental Range or Pawnee Site 
in northcentral Colorado. Conceivably, denser growing individual grasses and shrubs 
resulting from hedging might well provide better concealment for birds, better nesting 
sites and escape cover, and perhaps harbor more insects which can provide food for 
birds. 

On the other hand, removal of forage by herbivores can so seriously reduce carbo
hydrate reserves of individual plants that their growth and reproduction can be 
retarded or, with continued overuse, less resistant plants can be killed (Stoddart 
et al. 1975). Loss of plants from a community alters vegetative density. Removal of 
foliage shortens the height and reduces the "bushiness" of individual plants causing 
differences not only in quality of living cover but also in residual or carry-over 
vegetation (Weaver and Albertson 1940). Forbs and shrubs, unlike grasses, are not 
well adapted to regenerate forage removal by grazing and browsing. However, certain 
shrubs can withstand winter use year after year whereas repeated clipping in the 
growing season causes declines in forage yields and increased shrub mortality 
(Holmgren and Hutchings 1972). 

EFFECTS OF GRAZING ON PLANT COMMUNITIES 

Grazing can alter the species composition of plant communities particularly where 
heavy use and drought causes retrogression, the shifting from climax communities to 
earlier seral stages (Klipple and Costello 1960, Brown and Schuster 1969). Thus, 
heavy use of true prairie can cause big bluestem to lose vigor, produce less annual 
growth, and reduce or completely eliminate reproduction (Stoddart et al. 1975). 
Potter and Krenetsky (1967) found that livestock grazing in New Mexico delayed the 
norro~l succession of subclimax aspen to climax conifer types. 

Typically, those plant species most preferred by livestock and those physiologi
cally and anatomically more susceptible to grazing injury will decrease or even 
disappear. Those species less preferred or more resistant will increase (Smith 1967, 
Smith and Schmutz 1975). Thus, range managers refer to some plants as "decreasers" 
others as "increasers." Still other plants may be able to invade communities follow
ing or simultaneous with such changes in species composition. First invaders are 
usually more mobile annuals such as cheatgrass and Russian thistle but later 
herbaceous or woody annuals of low grazing value may invade (Ellison 1960). However, 
even after 50 years of protection from grazing, species composition of some Sonoran 
Desert plant communities did not appreciably change (Blydenstein et al. 1957) whereas 
noticeable changes occurred in others (Smith and Schmutz 1975). Changes in vegetative 
density are more pronounced than changes in species composition in protected and 
unprotected shortgrass prairie in northern Colorado (Bement 1968 and 1969, Hyder et 
al. 1975). 
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Depending on the types of herbivores involved, seasons and intensities of use, 
different mixes of grasses, forbs, and browse plants can result from grazing (Coupland 
1979). The history of livestock grazing and big game populations and their habitats 
in the West have been well described by Wagner (1978a). Generally speaking, bison 
(Larson 1940, Peden 1972), bighorn, and cattle feed more heavily on grasses, deer 
(McKean and Bartman 1971) and goats on shrubs and trees, pronghorn (Hoover 1971, 
England and DeVos 1969) and domestic sheep more on forbs. Elk and horses feeding 
niches tend to overlap those of all of the above herbivores (Wagner 1978b). Continued 
early season grazing by cattle can cause many western grasslands to shift to more 
browse coverage, often for the betterment of deer (Stoddart et al. 1975). Springfield 
(1976) and Little (1977) noted that livestock grazing is important in the spread of 
juniper by dispersing seeds, trampling and reducing of competitive cover which 
encouraged juniper seedling establishment. Foraging by rodents and lagomorphs can 
profoundly affect vegetation of western rangelands (Norris 1950, Wood 1969, Rice and 
Westoby 1978). 

Livestock grazing, rodent use, and control of wildfires are believed responsible 
for the spread of mesquite (Smeins et al. 1976, Reynolds 1958, Parker and Martin 1952, 
Glendening and Paulson 1955). In Texas, the rare golden-cheeked warbler apparently 
benefitted for awhile from the expansion of cedar-oak woodlands due to overgrazing 
(Pulich 1976). Braun et al. (1976) and Vale (1975) concluded, however, that over
grazing has not been largely responsible for the apparent expansion in range and 
dominance by big sagebrush. 

Feral burros (McKnight 1958, Handley and Brady 1977) and horses (Olsen and Hansen 
1977) can reduce plant densities, compete with livestock and big game for forage and 
probably alter avian habitat. Feral pigs seriously modify range and forest vegetation 
in the South, interfering with longleaf pine reproduction and destroying understory 
vegetation. In California and Hawaii feral pigs have greatly altered forest species 
composition (Wood and Barrett ~979). Particularly vulnerable to grazing are floras 
of oceanic islands, vegetation which evolved in the absence of native ungulates. 
Introductions of exotic big game and domestic livestock which have gone feral have 
destroyed or altered habitats vital to many endangered birds in Hawaii (Hartt and Neal 
1940, Berger 1972) and in New Zealand (Howard 1964, Poole 1970, Halliday 1978). 

EFFECTS OF GRAZING ON SOIL AND WATER 

Trampling by ungulates can be beneficial or destructive to plants and their 
habitats and thus affect birds. Fall grazing of sagebrush-grass ranges by sheep can 
scatter newly-shed grass seeds and cover some seeds with soil, increasing chances of 
successful germination (Laycock 1967). Conversely, trampling can kill some plants 
and, along with removal of protective vegetation, expose soils 1 to increased erosion 
by water, wind, and gravity (Stoddart et al. 1975). In northcentral Colorado, Klipple 
(1964) found greater herbage losses and mechanical damage to vegetation in shortgrass 
that was grazed early (May to August) compared to that grazed later (August to 
November). In the same area, plots heavily grazed by cattle had significantly lower 
water infiltration rates than did either light or moderately grazed areas (Rauzi and 
Smith 1973). Lusby (1979) recorded increased runoff and sediment yield with both 
cattle and sheep grazing of desert rangelands in western Colorado. 

RESPONSES OF BIRDS TO GRAZING EFFECTS 

Changes in plant vigor, growth form, and species composition due to grazing have 
frequently been related to the increase or decline of various species of birds 
(Townsend and Smith 1977). Braun et al. (1978) reported that at least 55 waterfowl 
studies have shown grazing detrimental to waterfowl production and that they knew of 
only one study (Burgess et al. 1965) that reported higher success of nesting ducks on 
moderately grazed areas than on idle lands. Ladd (1969), however, found greater 

53 



predator activity in long-established nonuse areas than in grazed areas on Valentine 
National Wildlife Refuge, Nebraska. He recorded greater duck use of grazed or mowed 
shorelines than of ungrazed and that ducks nested in grazed or mowed cover types as 
frequently in nonuse habitat. 

Weller et al. (1958) considered a marked reduction of ducks and other waterbirds 
in a Utah marsh in large part due to grazing, mainly the destruction of old plant 
growth by trampling and newly grown vegetation by grazing but noted that some duck 
nests were destroyed by trampling. On Grays Lake National Wildlife Refuge in Idaho, 
two whooping crane chicks were alledgedly killed when "sat on by cattle" (National 
Audubon Society 1975). 

Kirsch et al. (1978) believed that grazing (as well as haying) adversely affects 
many species of upland nesting birds in the northern Great Plains. In the Southwest, 
Brown (1978) concluded that heavy grazing by livestock removed critical perennial 
grass cover and caused serious declines, and in some cases complete elimination, of 
such species as lesser prairie chicken (see also Crawford and Bolen 1976), greater 
prairie chicken, and Montezuma quail (Fradkin 1979). Overgrazing is also thought to 
be detrimental to California quail (Leopold 1977) and masked bobwhite (Phillips et al. 
1964) but moderate grazing might be beneficial to Gambel's quail (Gorsuch 1934) and 
scaled quail (Campbell et al. 1973). 

Miller and Graul (1980), in a survey of states and provincial wildlife agencies, 
found that intensive grazing was considered the primary factor responsible for the 
decline of the Columbia sharp-tailed grouse and the second most important factor 
influencing the decline of the plains sharp-tailed grouse. Evans (1968) and Evans 
and Probasco (1977) stressed the detrimental effects of overgrazing on prairie grouse 
habitat. Kessler and Dodd (1978), however, found that Attwater's prairie chickens 
used grazed pastures more than ungrazed pastures as green herbaceous vegetation was 
made more available by grazing. Zwickel (1972) observed no significant differences 
in size of blue grouse broods nor density of birds in grazed compared to ungrazed 
study areas. He did find a higher proportion of successful hens on ungrazed areas. 
Twelve years of data gathered in North Dakota disclosed that American bitterns, marsh 
hawks and short-eared owls nested only in ungrazed, tall, dense grass and legume 
vegetation (Duebbert and Lokemoen 1977). 

Some shorebirds seem to favor grazed areas, some ungrazed. On the Pawnee 
National Grassland in northern Colorado the mountain plover is most abundant as a 
nester on heavily grazed shortgrass (Graul 1973 and 1975), a habitat also preferred 
by the long-billed curlew on the Comanche National Grassland, Colorado (King 1978). 
In North Dakota, Kirsch and Higgins (1976) found better nesting success in upland 
sandpipers utilizing undisturbed areas than those using grazed mixed-grass prairie, 
while Skinner (1974, 1975) reported greater nest densities of the same species in 
grazed tall-grass prairie in Missouri than in idle areas. 

During an intensive 5-year study of avian populations on the Pawnee Site in 
northcentral Colorado, we documented the preference of different species of birds for 
different densities and heights of vegetation, largely the result of varying inten
sities of grazing (Giezentanner 1970, Giezentanner and Ryder 1969, Porter 1973, 
Ryder 1972). Six 20-acre (8.1 ha) plots were censused weekly from April to September 
for 5 years. Each plot had been subjected to a different regime of grazing intensity 
or season of use for approximately 25 years (Table 1). The plot heavily grazed by 
cattle during the growing season had much shorter vegetation and more bare ground 
than those moderately or lightly grazed during the same time. See Hyder et al. 
(1975), Bement (1968 and 1969),Klipple and Costello (1960) for vegetative details. 
The winter-grazed areas had noticeably more fourwing saltbush than did summer-grazed 
plots. In brief, mountain plovers, horned larks and McCown's longspurs were more 
abundant nesters on the heavier used, summer grazed areas while chestnut-collared 
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longspurs, western meadowlarks and lark buntings were more abundant on lighter grazed 
areas (Table 2). All of the above species are ground nesters (Strong 1971). The 
Brewer's sparrow which nests in bushes was restricted to winter-use areas which had 
considerably more shrubs than summer-use areas. The mourning dove which was strictly 
a ground nester on our plots was only found in the winter-grazed areas. 

TABLE I.--Characterization of the six 20-acre (8.1-ha) avian plots grazed by cattle on 
the Central Plains Experimental Range, Colorado* 

Plot 

1 
2 
3 
4 
5 
6 

Season 
of 

Grazing 

Sunrrner 
Summer 
Winter 
Sunrrner 
Winter 
Winter 

Intensity 
of 

Grazing 

Heavy 
Light 
Heavy 
Moderate 
Moderate 
Light 

Vegetation 

Shortgrass, pricklypear, little litter 
Short-midgrass+, pricklypear, litter 
Short-midgrass, saltbush, locoweed, little litter 
Short-midgrass, few forbs, moderate litter 
Short-midgrass, saltbush, locoweed, litter 
Short midgrass, saltbush, heavy litter 

*Adapted from Giezentanner (1970). 
+Underlining indicates dominance. 

TABLE 2.--Five-year average number of breeding pairs of birds per 20-acre (8.1 ha) 
plot on the Central Plains Experimental Range, Colorado, 1969-73 

Plots by Season and Intensity of Grazing 
Summer- Summer- Winter- Winter-

Species Heavy Light Heavy Light 

Horned lark 5.0 2.3 2.7 2.7 
Lark bunting o.o 5.1 3.7 4.0 
McCown's longspur 4.0 3.2 0.0 o.o 
Chestnut-collared longs purl/ o.o 0.1 0.0 o.o 
Western meadowlark 0.1 1.2 1.1 1.5 
Brewer's sparr7w 0.0 0.0 2.0 2.9 
Mourning dove2. 0.0 0.0 0.2 0.2 
Mountain ploverl/ 1.3 0.0 0.0 0.0 

t;chestnut-collared longspurs nested on plots only in 1970. 
)/Mourning doves nested on plots in 1969 and 1972. 
- Mountain plovers utilized heavy-summer use area all 5 years. 

Throughout the Pawnee National Grassland the horned lark (Boyd 1976), mountain 
plover (Graul 1973), nighthawk (Strong 1971) and killdeer all seemed well adapted to 
nesting on bare ground with sparse vegetation, habitat features typical of heavy 
grazing. Horned larks and mountain plovers regularly nest alongside piles of cow 
dung which are more abundant in heavy grazed areas. We found that gullies apparently 
exaggerated and accelerated in their development by intensive grazing provided nest 
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sites for rock wrens, Say's phoebes, barn owls, rough-winged swallows and, in some 
crevices, mourning doves. 

Similarly, preferences by some avian species for sparse vegetation and others for 
dense vegetation have been noted in other grasslands. In Alberta fescue grasslands, 
horned larks and chestnut-collared longspurs were able to use heavily grazed areas 
unsuitable for Baird's sparrows and Sprague pipits which needed taller, denser 
vegetation (Owens 1971, Owens and Myres 1973). In Saskatchewan, the latter two 
species plus savannah sparrows preferred ungrazed mixed-prairie while horned larks, 
McCown's and chestnut-collared longspurs were most abundant in grazed pastures 
(Maher 1973 and 1979). In Missouri, an area of higher precipitation, Skinner (1974 
and 1975) found only short-billed marsh wrens and Henslow's sparrows more abundant in 
ungrazed grasslands whereas eastern meadowlarks, bobolinks, grasshopper sparrows, red
winged blackbirds, and dickcissels were more abundant in grazed areas. He fe~t that 
more edge was created by uneven or selective grazing which resulted in greater 
diversity in grass height and density. In Arizona, Philips et al. (1964) concluded 
that masked bobwhite disappeared almost immediately following heavy cattle grazing in 
the 1870's and that Botteri's sparrow survived only in isolated colonies of grass 
"too tough for cows to chew." Cody (1966) and Creighton (1974) stressed the 
importance of grass height in habitat selection by grassland birds while Wiens (1969, 
1973, 1974a, 1974b, 1976) and Wiens and Dyer (1975) have thoroughly covered the 
importance of residual vegetation and patchiness in habitat utilization by many 
grassland species. 

The utilization of habitat other than grasslands also seems influenced by 
grazing. In desert-shrub types, Scott (1979) found fewer Crissal thrashers and 
brown towhees on grazed than on ungrazed areas of the Kofa National Wildlife Refuge, 
Arizona, apparently because heavy browsing by livestock reduced the abundance and 
vigor of jojoba shrubs. In northcentral Oklahoma, Overmire (1963) noted that 
populations of Bell's vireos and dickcissels were 50 percent lower on grazed than on 
ungrazed lands, apparently due to fewer suitable nesting sites. 

In sagebrush-crested wheatgrass habitat in Idaho and Utah, Olsen (1974) showed 
a reduction in diversity and density of passerines with increased cattle grazing 
whereas Reynolds and Trost (1980) in similar types in Idaho grazed by sheep found 
diversity and density reduced in crested wheatgrass but concluded spring grazing by 
sheep was compatible with nesting and non-nesting bird populations in sagebrush
dominated habitats. Page et al. (1978) examined several vegetative types in Nevada 
and concluded that livestock grazing appeared to have negatively affected ground
nesters such as vesper sparrows, horned larks, savannah sparrows and western 
meadowlarks in sagebrush and meadow types. They found the effects of grazing most 
dramatic in aspen communities where Wilson's and MacGillivray's warblers decreased in 
numbers with near elimination of lower vegetative layers while American robins, 
mourning doves, and green-tailed towhees, which preferred more open habitat, 
increased. 

Overbrowsing of a mixed-oak forest for 27 years by a confined herd of white
tailed deer, elk, and mouflon sheep on the Rachelwood Wildlife Reserve in southwestern 
Pennsylvania led to an even-aged forest lacking understory layers of shrubs and 
saplings (Butler 1979). This use adversely affected species such as Kentucky and 
hooded warblers, indigo bunting, and rufous-sided towhee which fed and nested in the 
lower vegetative strata. However, other species such as woodpeckers, eastern wood 
pewee, tufted titmouse, American robin, and chipping sparrow, which were either 
trunk-foragers, cavity-nesters, or ground-foragers, benefitted. 

In northeastern Ohio, Dambach (1944) found breeding birds four times more 
abundant in ungrazed woodlands than in grazed after 10 years of study. He noted only 
61 kinds of vascular plants on the grazed areas compared to 124 on the ungrazed. 
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Also in Ohio, Good and Dambach (1943) noted little effect of grazing on hole-nesters 
such as chickadees, titmice and woodpeckers whereas tree-andshrub-nesting species 
were reduced. In Colorado, cattle damage nest trees of raptors on the Pawnee 
National Graosland by their rubbing and trampling (Olendorff and Stoddart 1974). 

In the West, riparian habitats are especially vulnerable to overgrazing (Platts 
1979, Rucks 1978, Severson and Boldt 1978, Thomas et al. 1979, U.S. Forest Service 
1979, Crouch 1961, 1978, 1979a, 1979b). Benson (1979) believed marsh hawks as well 
as several passerines were adversely affected by riparian grazing. Other partici
pants in this workshop, ~articularly Szaro, Tubbs and Ohmart, will discuss riparian 
grazing in greater detail. 

EFFECTS OF GRAZING ON THE FOODS OF BIRDS 

Livestock, big game, rodents and lagomorphs, some reptiles, and insects by eating 
various range and forest plants alter habitat affecting types and abundance of foods 
for birds. On the Pawnee Site in Colorado, Flinders and Hansen (1975) found black
tailed jackrabbits, important food of golden eagles, most abundant in pastures 
lightly or moderately grazed by cattle in the summe~whereas desert cottontails were 
more abundant in moderately grazed, summer or winter-use pastures where fourwing 
saltbush provided more cover. In southern Arizona, Taylor et al. (1935) noted that 
jackrabbits were more abundant in overgrazed areas. 

Phillips (1936) observed a reduction in rodent and rabbit numbers when range was 
heavily overgrazed, although some small mammals preferred moderately overgrazed areas. 
Smith (1940) found that rodent and invertebrate numbers varied with the intensity of 
grazing. Koford (1958) associated prairie dog and various rodent increases with · 
livestock grazing. In a Utah study (Black and Frischknechtl971), deer mice were most 
abundant in heavily grazed seeded areas and native areas with light cover whereas 
Great Basin pocket mice and western harvest mice were most abundant in areas of 
relatively light grazing. Undoubtedly, grazing can affect the abundance and avail
ability of small mammals and insects that serve as prey for many species of birds. 

Grazed areas in Missouri normally have higher populations of grasshoppers than 
ungrazed areas (Shotwell 1958, Skinner 1975). Both Baldwin (1971 and 1973) and Maher 
(1976) stressed the importance of grasshoppers in the diets of grassland birds. Early 
successional stages of grasslands normally have more annual grasses and forbs which 
produce an abundance of seeds for reproduction. Rodents can compete directly with 
rangeland birds for available insects and seeds. 

Piles of livestock dung, mainly from cattle but sometimes ,from horses, seem 
attractive to horned larks and mountain plovers not only for a windbreak next to which 
to nest but probably also as a source of insects and partially digested plant 
materials. Captive horned larks I have raised were especially fond of tearing dried 
"cow chips" apart, apparently finding food items. In the fall, mountain plovers 
frequently flock in heavy-use areas such as around windmills where cattle dung is 
unusually abundant. ~fuether they find food there or camouflaging as they crouch 
among the piles is unknown. The habits of cowbirds and cattle egrets following 
grazing animals to catch insects they disturb are well known. 

CONCLUSIONS 

The effects of grazing on avian habitats vary from area to area. In areas of 
higher precipitation, grazing may be highly desirable to open up "roughs" and 
provide more diversity and patchiness. In areas of low precipitation, protection 
from grazing may be necessary to produce habitat necessary for a species that was 
benefitted by grazing in a more humid area. Effects of soil, slope, and exposure 
along with amounts and seasonal distribution of precipitation may be far more 
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important than grazing in affecting food, cover, and water for birds. However, 
management of grazing can no doubt be a powerful tool in regulating the types and 
quality of habitat that can be provided nongame birds. 
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PLANTS 

Juniper 
Longleaf Pine 
Cheatgrass 
Big Bluestem 
Crested Wheatgrass 
Western Wheatgrass 
Needle-and-thread 
Blue Grama 
Buffa 1 o grass 
Fourwing Saltbush 
Russian Thistle 
Locoweed 
Jojoba 
Mesquite 
Pri cklypear 
Aspen 
Big Sagebrush 

BIRDS 

Cattle Egret 
American Bittern 
Golden Eagle 
Marsh Hawk 
Blue Grouse 
Plains Sharp-tailed Grouse 
Columbian Sharp-tailed Grouse 
Greater Prairie Chicken 
Attwater•s Prairie Chicken 
Lesser Prairie Chicken 
Sea 1 ed Quail 
California Quail 
Gambe 1 • s Quail 
Montezuma Quail 
Masked Bobwhite 
Whooping Crane 
Killdeer 
Mountain Plover 
Long-billed Curlew 
Upland Sandpiper 
Mourning Dove 
Barn Owl 
Short-eared Owl 
Common Nighthawk 
Woodpeckers 
Say•s Phoebe 
Eastern Wood Pewee 
Horned Lark 
Rough-winged Swallow 

APPENDIX I 

List of Scientific Names 
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p -i.n.LL6 pal.U-6 :tJcJA 
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Chickadees 
Tufted Titmouse 
Short-billed Marsh Wren 
Rock Wren 
Crissal Thrasher 
American Robin 
Sprague Pipit 
Bell's Vireo 
Golden-cheeked Warbler 
Kentucky Warbler 
MacGillivray's Warbler 
Hooded Warbler 
Wilson's Warbler 
Bobolink 
Eastern Meadowlark 
Western Meadowlark 
Red-winged Blackbird 
Cowbirds 
Indigo Bunting 
Dickcissel 
Green-tailed Towhee 
Rufous-sided Towhee 
Brown Towhee 
Lark Bunting 
Savannah Sparrow 
Grasshopper Sparrow 
Baird's Sparrow 
Henslow's Sparrow 
Vesper Sparrow 
Botteri 's Sparrow 
Brewer • s Sparrow 
Chipping Sparrow 
McCown's Longspur 
Chestnut-collared LongsRur 

MAMMALS 

Desert Cottontail 
Black-tailed Jack Rabbit 
Prairie Dog 
Great Basin Pocket Mouse 
Western Harvest Mouse 
Deer Mouse 
Horse 
Burro 
Pig 
Elk 
White-tailed Deer 
Pronghorn 
Cattle 
Bison 
Goat 
Bighorn 
Domestic Sheep 
Mouflon Sheep 
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Aimophila boft~ 
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MANAGEMENT CONSIDERATIONS FOR NONGAME BIRDS 

IN WESTERN WETLANDS 

David E. Capen and Jessop B. Low 
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and Department of Wildlife Science, Utah State University 

ABSTRACT 

Wetland habitats are of special value in the western United 
States. We describe four types of wetlands which are distin
guished by degree of water permanence, soil salinity, and 
composition of aquatic vegetation. Both saline and freshwater 
marshes provide nesting habitats for a unique variety of grebes, 
pelicans, wading birds, shorebirds, and gulls. Saline flats, 
often flooded only seasonally, are a valuable habitat resource 
for migrating birds. Good wetland management should provide for 
a water supply which is adequate both in quantity and quality, 
an interspersion of open water and marsh vegetation, and a mix
ture of vegetative layers. Management practices which may 
enhance habitat for birds include manipulating water-levels; 
maintaining isolated stands of emergent vegetation; creating 
islands and furrows; altering the composition of emergent 
vegetation; and controlling livestock access. These practices 
benefit most wetland birds, game and nongame, but may be 
selectively employed to favor certain groups of nongame species 
if management practices dictate. 

KEYWORDS: Aquatic plants, colonial birds, cormorants, cranes, 
grebes, gulls, marshes, nongame birds, pelicans, saline soils, 
shorebirds, wading birds, wetlands, wetland management. 

Water is a critical and a limited resource in the western United States. Such a 
myriad of demands--agricultural, industrial, residential, recreational, and energy
related--threatens water resources in the West that the interests of wildlife, partic
ularly nongame wildlife, are persistently threatened. Wetland habitats, then, should 
be placed at a premium, preserved whenever possible, and managed intensively. 

Our purpo~e is to encourage wetland managers to consider nongame birds in the 
development and implementation of management plans. The specific objectives of this 
paper are (1) to describe representative western wetland habitats as they are charac
terized by their dominant plant species; (2) to discuss selected nongame birds which 
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may be of special interest; (3) to outline some principals of good wetland management; 
and (4) to address some management options where special consideration should be given 
to nongame birds. 

In brief, our contention is that good management of wetlands is good management 
for nongame birds. A graphic illustration of this conclusion can be observed by 
visiting the well-known Bear River marshes near Brigham City, Utah. Spanning the main 
street of Brigham City is a large arch which reads "Welcome to Brigham--gateway to the 
world's greatest game bird refuge." A short distance from Brigham City visitors en
counter a U.S. Fish and Wildlife Service sign welcoming them to Bear River Migratory 
Bird Refuge. This is the same ''great game bird refuge" which merited a chapter in a 
recent book describing Roger T. Peterson's favorite bird-watching sites in North 
America (Harrison 1976). The managers of Bear River Refuge have earned this dual dis
tinction by managing their wetlands well and considering the needs of game and nongame 
birds alike. 

Wetland Types 

Wetland habitats exist where the water table is at, near, or above the surface 
long enough each year to promote the formation of hydric soils and support the growth 
of hydrophytes (Sather 1976). The classification of wetland types has become a 
science in itself, and has evolved to a point where wetlands and deep~ater habitats 
throughout the United States are currently being classified and inventoried using a 
single comprehensive approach (Sather 1977). According to this latest classification 
system, the wetlands included in the scope of this paper may be described as "persis
tent or nonpersistent emergent wetlands in the palustrine ecological system." While 
that may be a suitable classification for a large-scale inventory, we find it more 
convenient to abbreviate the early system of Martin et al. (1953) and restrict our 
description of wetlands to four habitat types: saline flats, saline marshes, shallow 
fresh-water marshes, and deep fresh-water marshes. 

Plant communities of these habitat types are relatively simple, and vegetational 
zonation usually follows a course dictated by soil salinity (Bolen 1964). A typical 
transition from communities of saline flats to deep, fresh-water plant complexes may 
be illustrated with less than a dozen species of plants. 

Saline flats, characteristically innundated only seasonally, are usually vegetated 
by glasswort (Salicornia rubra), one of the most halophytic wetland plant species. 
Saltgrass (Distichlis stricta) frequently borders saline marshes, and may mix with or 
be replaced by rushes (Juncus balticus), sedges (Carex spp.) and spikerushes (Eleo
charis spp.) as salinity moderates. 

Emergent aquatics give saline and shallow fresh-water marshes their character and 
provide the most commonly-used nesting cover for birds. Olney's bulrush (Scirpus 
olneyi) tolerates the greatest salt content, but a similar species, alkali bulrush 
(S. paludosus) is more widespread. As the environment becomes less halophytic, hard
stem bulrush (S. acutus) and cattail (JYpha latifolia or occasionally T. angustifolia) 
are the common emergents. 

Deep fresh-water marshes are characterized by submergent plants. Some of these 
plants provide abundant seeds which are utilized as food by waterfowl. They also 
harbor macroinvertebrates, a most important class of food item for many wetland bird 
species. The most salt-tolerant common submergent plant iswidgeOngrass (Ruppia 
maritima), often found in association with an algae called muskgrass (Chara sp.). 
Sago pondweed (Potomogeton pectinatus) is the most widespread submergent plant in 
western wetlands, and is considered most desirable because of its value as a food 
plant for waterfowl. This species is moderately tolerant of salinity. Broad-leafed 
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submergents, common in northcentral and northwestern wetlands, are noticeably absent 
in western marshes. 

Millar (1969, 1973, 1976) reviewed the ecology of plant,associations in western 
Canada. Bolen's (1964) monograph dealt with the plant ecology of a spring~fed salt 
marsh in Utah, and was supplemented by McKnight and Low (1969) with a later study of 
the same marsh following impoundment. The influence of salinity on growth and repro
duction of marsh plants was investigated by Kaushik (1963), Teeter (1965) and Mayer 
and Low (1970). A thorough review of marsh plants and their management can be found 
in the bibliography prepared by Wentz et al. (1974). 

Wetland Birds 

Birds which visit wetlands in the West during migration are too numerous to 
mention; a list of migrants would easily exceed 200 species. We will discuss only 23 
species of nongame birds, representing 11 families, which might be of special concern 
to wetland managers because they depend on western wetlands for nesting habitat; 
because they are rare species; and/or because they are especially sought by bird
watching enthusiasts. 

Four species of grebes nest in deep-water western marshes, but the western grebe 
(Aeahmophorus oaaidentalis) attracts the most attention. Recent declines in the num
bers of this species have prompted studies by Nuechterlein (1975), Lindvall (1976) and 
Ratti (1977). Western grebes nest near the edge of stands of emergent vegetation or 
by building a nest from a mound of submergent plants. They commonly nest in colonies 
and are notorious for nesting late in the season, thus being threatened by low water 
levels in late summer. 

Eared grebes (Podiaeps nigriaollis), horned grebes (Podiaeps auritus), and pied
billed grebes (Podilymbus podiaeps) characteristically build floating nestsofsubmer
gent plants in deep-water marshes. Glover (1953) studied the pied-billed grebe and 
published one of the few studies of these less common grebe species. 

White pelicans (Peleaanus erythrorhynahos) are widely distributed but only 
locally common throughout the western United States and Canada (Ryder and Grieb 1963, 
Vermeer 1970, Boeker 1972). They feed in shallow-water and deep-water wetland areas 
but nest on isolated islands. Adult pelicans may fly hundreds of miles each day 
between nesting sites and feeding areas (Low et al. 1950). Nesting colonies of white 
pelicans are especially susceptible to nest predation and human disturbance (Johnson 
and Sloan 1976). The behavior and ecology of this species have,been described by 
several authors (Schaller 1964, McCrow 1974, Knopf 1979). 

Double-crested cormorants (Phalaaroaorax auritus) have long been considered by 
many in the manner which Mitchell (1977) credited to an earlier author: "God no doubt 
had his reasons for creating each living thing, but when he created the cormorant, he 
did himself little credit." Numbers of this species have declined recently in many 
inland locations of the West, and now there is concern for the few remaining nesting 
colonies. Although double-crested cormorants commonly nest in trees, island locations 
are often selected in wetlands where arboreal sites are not present. 

Herons, egrets, and ibises are collectively referred to as wading birds and may 
be especially abundant because they nest sometimes in colonies of 1000 or more breeding 
pairs. The great blue heron (Ardea herodias) is the most conspicuous of these birds. 
This species characteristically selects arboreal sites for rookeries, but may build 
nests in tall emergent vegetation in locations where suitable trees are lacking. 
Black-crowned night herons (Nyatiaorax nyatiaorax) select nest sites in a similar. 
fashion. This species, however, commonly suffers egg predation by other birds and 
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mammals when nesting in emergent vegetation (Wolford and Boag 1971). Snowy egrets 
(Leucophyx thula) often join great blue herons and black-crowned night herons. in mixed 
nesting colonies, although these egrets are sometimes solitary nesters. A less abundant 
species in western marshes is the common egret (Casmerodius albus). 

The white-faced ibis (Plegadis chihi) is another colonial-nesting wading species 
which has been the subject of recent concern because several major nesting colonies in 
the West have declined in numbers. Information on the distribution and biology of this 
species has been reported by a number of investigators (Ryder 1976, Kotter 1970, Kaneko 
1972, Capen 1977). Pesticides may have been responsible for reduced numbers of nesting 
white-faced ibises (Capen 1977), and a concern for the effects of pesticides continues 
because much of the population of this species winters in Mexico where the use of 
agricultural chemicals is not regulated as strictly as in the United States. 

Mixed nesting colonies of herons, egrets, and ibises are occasionally observed in 
western marshes. Such colonies are usually located in isolated stands of emergent 
vegetation, and the same location is often selected for nesting in .consecutive years. 
The great blue heron seems to show the strongest fidelity to a particular colony site 
from year to year, while the other wading birds appear to exhibit a greater response 
to current habitat conditions in selecting the site for a nesting colony. 

Sandhill cranes (Crus canadensis) are only locally common throughout the West 
(Drewien and Bizeau 1974). The breeding biology of this species has been investigated 
in some detail (Littlefield 1968, Littlefield and Ryder 1968, Drewien 1973, Lewis 
1977). The cranes nest in large shallow-water marshes that are isolated from human 
activity and are close to upland meadows used for feeding. This species has attracted 
recent attention as a foster parent for translocated endangered whooping cranes (Grus 
americana) (Drewien and Bizeau 1977). 

Rails are secretive birds and are not observed often. However, their distinctive 
calls indicate their presence in a shallow-water marsh. Two species, the Virginia 
rail (Rallus limicola) and the sora (Porzana carolina), will occur in most marshes 
where dense emergent plants exist. Management concerns for the Virginia rail are 
presented by Zimmerman (1977), and management of the sora is discussed by Odom (1977). 

Shorebirds are the most numerous species in western wetland habitats, but most 
are present only as they migrate to and from arctic nesting areas. Several species, 
however, do depend on western marshes during the breeding season. Snowy plovers 
(Charadrius alexandrinus) nest occasionally near the water's edge where little or no 
vegetative cover occurs. The willet (Catoptrophorus semipalmatus) is a more common 
and conspicuous species which selects a similar nest site. Another interesting shore
bird is one which feeds in shallow marshes but nests in upland habitats, the long-billed 
curlew (Numenius americanus). Two shorebirds have recurved bills which they use to 
stir up food items from mud bottoms in shallow water. These two species are landmark 
birds of western marshes, the American avocet (Recurvirostra americana) and the black
necked stilt (Himantopus mexicanus). Gibson (1971) reported on the breeding biology 
of the avocet. A review of shorebird management was compiled by Jurek and Leach (1977) 

California gulls (Larus californicus) frequent marshes as well as lakes through
out the West. They commonly prey on eggs of other birds, and are often regarded as 
undesirable predators. These gulls usually nest in large colonies and build nests on 
the ground. A friendlier species is Franklin's gull (Larus pipixcan) which also nests 
in colonies. This species constructs nests in emergent vegetation and may mix with 
colonies of wading birds. Forster's tern (Sterna fosteri) is another larid found in 
inland wetlands, but unlike the gulls, it is a solitary-nesting species and selects 
hummocks of vegetation for nesting sites. 
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Principals of Wetland Management 

Before discussing specific management practices which may be employed in wetland 
areas, we will identify three general guidelines for managing wetlands. 

1. Ensure an adequate supply of water~ both in quantity and quality. Water 
control structures and legal easements may represent the first step towards implementing 
this objective. Water levels must be maintained throughout the breeding season with 
special consideration for late-nesting species like western grebes. Christiansen and 
Low (1970) studied water requirements of marshlands in northern Utah and recommended 
standards for both quantity and quality of water supplies. The quality of a water 
supply may be particularly important to monitor because declining water quality may lead 
to insidious deterioration of wetland habitats. 

2. Provide favorable interspersion of open water and marsh vegetation. Weller 
and Spatcher (1965) concluded that maximum diversity and numbers of wetland birds were 
reached when a cover-water rat.io of about 50:50 occurred. A cover-water ratio of 65: 
35 might be considered optimum as well (Michot 1974), because the proper interspersion 
of vegetation and water is probably a more important factor than the composite ratio 
(Weller et al. 1958). 

3. Encourage vertical interspersion of vegetation in addition to horizontal 
diversity. A mixture of trees and shrubs along marsh edges, low shallow emergents, 
tall robust emergents, and submerged plants will further enhance the diversity of wet
land birds (Weller and Spatcher 1965). 

Management Practices for Wetlands 

Wetland management practices have been the subject of research endeavors for 
decades, as described in review papers by Sanderson and Bellrose (1969) and Bellrose 
and Low (1978). Researchers have experimented with management practices designed to 
retard plant succession, control undesirable plants, encourage desirable vegetation, 
increase vegetative interspersion, and enhance fertility, among other objectives. 

Water-level control is probably the most important technique in the management of 
wetlands and is a technique which has been studied extensively (Bourne and Cottam 1939, 
Wolf 1955, Johnsgard 1956, Kadlec 1962, Anderson and Glover 1967, Meeks 1969). Con
trol of water levels may be used to increase or decrease salinity; to stimulate 
germination and growth of moist-soil plants; to enhance the production of invertebrates; 
to clear-up turbidity; to recycle nutrients; and to control plants, fishes, mosquitos, 
muskrats, and disease. Surprisingly though, little is known about the effects of 
drawdowns in wetlands with saline soils, and this is an area where research is needed. 

Additional management practices which have been employed in wetlands to achieve 
some of the above objectives include burning to control dense emergents such as cat
tails and phragmites (Phramites communis) (Cartwright 1942, Ward 1942, Nelson and Dietz 
1966); using explosives to create potholes which increase the interspersion of cover 
and water (Strohmeyer and Fredrickson 1967); controlling carp and other fish to encour
age the growth of submerged vegetation (Anderson 1950, Robel 1961); planting desirable 
aquatic vegetation (Kadlec and Wentz 1974); and of course, ditching, diking, and 
dredging to enhance interspersion of vegetation and water and to make water-level con
trol possible. Linde (1969) reviewed these and other techniques for wetland management 
and Hine (1971) compiled an extensive bibliography on the ecology and management of 
wetlands. 
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Considerations for Nongame Birds 

Special consideration should be given to management practices if some of the above 
bird species are to be featured. Colony-nesting birds are particularly sensitive to 
changes in habitat conditions after establishing a nesting site, because factors which 
might lead to nesting failures affect entire colonies. Wading birds have nidicolous 
young, thus the nesting period and the birds' reliance on a specific nest site lasts 
for 2 months or longer. This is a consideration for cormorants, gulls, and terns as 
well. 

Colonial waterbirds usually select isolated locations for the establishment of 
their colonies. Wetland managers should insure the maintenance of these isolated 
conditions by sustaining water-levels throughout the nesting season; restricting human 
activities; and preventing access to grazing animals. 

Intensive wetland management may involve the creation of nesting islands, earthen 
furrows, and perching or nesting structures. Small islands are used as nesting sites 
by double-crested cormorants, gulls, and some shorebirds. Long, earthen furrows which 
follow the contours of the marsh have been constructed in shallow water areas of the 
Bear River Migratory Bird Refuge. These furrows, which are just a few feet wide and 
only inches above water, provide attractive nesting sites for American avocets, black
necked stilts, and other shorebirds (Mobley 1976). However, these structures may 
attract mammalian predators and function as virtual traps for the birds which nest on 
them. Islands and furrows should be located away from predator populations if possible. 

Predatory birds may be attracted to wetland habitats by erecting artificial perch
ing structures, preserving large trees near wetlands, or planting woody species. 
Again, these practices create a dilemma for the manager because the predators may 
exploit, as prey, other birds which have been attracted to the wetland. 

The wetland manager is often confronted with decisions concerning the well-being 
of a wildlife community which is often dependent on "artificial" wetland habitats-
not natural systems. These habitats are all too often dependent on "used-over" or 
"left-over" water, making the system even less natural. The managers task is a diffi
cult one, then, and should involve a program of assigning priorities to selected 
species or groups of species. 
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ABSTRACT 

Many tree plantings of various sizes, some a century old, supple
ment the very limited natural woodland of North Dakota. Twenty
four species of birds have been found breeding in over 10% of the 
81 rural plantings studied. Only Brown Thrasher, Mourning Dove, 
and Vesper Sparrow occurred in over half of them. Many species 
use the plantings with little regard for east-west location, age 
over five years, or number of rows or size. In a particular 
community, the number of species and their density seem to 
increase with the age and size of the planting. Some species 
live entirely within the plantings, others may merely nest there 
or use it only for singing. No species is resident in such 
plantings in the winter, but a few visit them for shelter and 
foraging. 

KEYWORDS: Shelterbelt, tree claim, tree planting, avian commu
nity, winter birds, breeding birds, North Dakota. 

WHAT IS A SHELTERBELT? 

Of the over 190 species of birds known to have bred in North Dakota in recent 
years, at least 64 of them have been found breeding in shelterbelts or tree claims. 
Little (2%) of North Dakota's vast area (70,594 sq. mi.) is forested. Native decid
uous woodlands cover limited upland areas in the northeastern and in the southeastern 
parts of the state and in the Turtle and Killdeer Mountains. An open forest of 
Ponderosa Pine covers about 1600 ha near the Little Missouri River in the southwest. 
Otherwise native deciduous forests are restricted to major water courses and to near
by draws leading to them. On the other hand, one is seldom out of sight of trees 
when driving across the state. Trees have been planted in towns as windbreaks, near 
farmsteads, or to protect fields. (See Stewart 1975.) 

A hundred years ago, a homesteader could obtain an additional 40 acres by plant
ing trees (Davis 1976). These persist in small areas known as tree claims, though 
seldom does the entire acreage remain. Around 1915 some narrow windbreaks were 
planted on the north or west edges of fields. Through the years many landowners 
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planted trees near their homesteads. In the mid-thirties (Dust Bowl years) the 
Prairie States Forestry Project was initiated by the Soil Conservation Service, and 
"shelterbelts" began to appear on many farms across the state. Most of these were 
multirow belts (9-12 rows) although some three-row belts were planted. Many land 
owners also have "wildlife plantings" which often are we.ll over 12 rows. In the 
fifties some single row belts were planted at intervals across the field rather than 
just on the north or west sides. 

Recently, particularly with the advent of center-pivot irrigation, many shelter
belts are being removed. The history and trends are reviewed in the 1976 Proceedings 
of the Symposium on Shelterbelts of the Great Plains edited by R. W. Tinus (1976). 

Over the past 25 years numerous breeding and winterbird surveys have been madein 
North Dakota tree claims and shelterbelts. These habitats are tailor-made·for 
successional studies. Not only can the change in avian communities be followed as a 
particular belt matures, but the communities associated with different aged belts can 
be studied the same season. 

The shape of the belt and its isolated nature enhance complete counts of its 
avian populations. Differences in populations in different belts, each unique in 
time and space, are instructive. This paper, however, emphasizes the general 
influence of tree plantings on the birds of the area. 

WHERE ARE THE TREE PLANTINGS? 

Most counts have been done in eastern North Dakota, in Cass County near Fargo, 
and Trail County near Mayville (97th parallel) (33 breeding counts in 15 belts, 24 
winter counts in 8 belts), and in Barnes County north of Valley City (98th parallel) 
(40-41 counts in 21 belts). Increasing concern for the North Dakota environment 
stimulated by proposed irrigation and mining projects has motivated studies which are 
beginning to provide data across the state. Extensive counts of birds in tree plant
ings have been made by the field biology team working out of the Missouri-Souris 
Project Office at the U. S. Water and Power Resources Service (Bureau of Reclamation) 
in Bismarck. Special thanks are due Richard McCabe and his team, especially Martha 
Carlisle, Tom Gatz, Don Treasure, and Mike Johnson who supplied me with computer 
printouts of the birds they observed in tree plantings in 1978 and 1979 in Benson and 
Eddy Counties (99th parallel) during their random quarter counts in connection with 
studies related to the Garrison Diversion Project. 

Two tree plantings in Morton County (lOlst parallel) have been studied by Bill 
Lynott of the North Dakota Game and Fish Department who provided me with his 1979 
results. 

Three belts were studied in Dunn County (102nd parallel) in 1975 and two in 
Billings County (103rd parallel) in 1979. Obviously, the few studies in the west do 
not provide the coverage that the many in the eastern part of the state give, but at 
least the species once observed indicates occurrence during that season. Studies in 
Morton and Billings Counties are continuing, and recently studies have begun in 
several belts in Oliver County (lOlst parallel). 

Over the years many students have been involved in North Dakota State University 
studies, some of which have been published in AMERICAN BIRDS (AUDUBON FIELD NOTES). 
Weiser and Hlavinka (1956), Hegstad (1965), Maland and Argyle (1965), Franson (and 
Lutgen) (1965), Moore, Strand, Voight and Kroodsma (1966), Buresh, Fortney, Moen and 
Jay Cassel (1967) and Resell (1973) have published breeding bird counts. Clarens 
(1963) has included breeding counts in a thesis. Voorhees, Baumann, Carlisle, 
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Crooke, Gulke, and Jacobsen participated in breeding counts reported by Cassel, 
Voorhees and Whitman (1976). Rotzien (1963), Renhowe, Anderson, and Issacson did 
winter counts. Greg Hiemenz, Nestor Hiemenz, Wallace and Wiehe have been involved in 
recent studies in Billings County. 

BREEDING BIRDS 

The concentration of breedirtg pairs within the limited isolated habitat elevates 
the density. Density is figured in terms of pairs per square kilometer and pairs per 
100 acres, up to 1000 males/100 a. (2471/km2) (Maland and Argyle 1965:605). For 
strip comparisons we also state the densities in pairs per half mile of belt (Half 
mile rather than mile because few belts are over a half mile long. They are often 
shorter.). Seventy-three males/0.5 mile seems a more reasonable figure for compari
son than 1000 males/100 a. (Maland and Argyle 1965:605). Suedkamp (1976) discusses 
the tree and shrub species used in shelterbelts. Those most common in our belts are 
shown in Table 1. Scientific names of plants and animals mentioned in the text and 
tables are given in Appendix I. 

Table 1.--Major Woody Species of North Dakota Shelterbelts 

Trees Shrubs 

Tall Intermediate 

*American Elm *Boxelder *Plum and Cherry (Prunus sp~) 

*Green Ash *Siberian Elm *Caragana 

Hackberry Honeysuckle 

Cottonwood (old belts) Willow *Russian olive 

Lilac 

CotQneaster 

Buffalo-berry 

Golden Currant 

Woods Rose 

*Most frequent species 

Of the 64 species of birds recorded using shelterbelts during the breeding 
season, only three species (Brown Thrasher, Mourning Dove, and Vesper Sparrow) were 
found in more than half the study areas, while 24 species were found in more than 
10% of the belts (Table 2). 
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Species 

Brown Thrasher 

Mourning Dove 

Vesper Sparrow 

Least Flycatcher 

Eastern Kingbird 

Black-billed Cuckoo 

Yellow Warbler 

American Goldfinch 

Gray Catbird 

Clay-colored Sparrow 

American Robin 

Brown-headed Cowbird 

Red-winged Blackbird 

Common Grackle 

Common Yellowthroat 

House Wren 

Western Kingbird 

Northern Oriole 

Song Sparrow 

Horned Lark 

Western Meadowlark 

Common Flicker 

Warbling Vireo 

Chipping Sparrow 

Total Counts 

Table 2.--Breeding Birds of Shelterbelts* 

Age of Shelterbelts in Years Rows in Shelterbelts 

0-4 5-9 10-19 20-39 40-59 > 75 1 2-3 4-13 14-20 > 20 

.59 

.58 

.50 

.47 

.44 

.42 

.42 

.42 

.41 

.41 

.37 

.31 

.30 

.27 

.23 

.22 

.21 

.21 

.19 

.16 

• 07 . 63 

0 .56 

• 79 • 81 

0 • 25 

0 • 25 

0 .44 

0 .25 

.21 .69 

0 .38 

.43 .69 

0 .31 

0 .25 

.14 . 38 

0 0 .06 

• 07 . 06 

0 0 

0 .13 

0 0 

0 .25 

. 79 • 25 

.77 

.62 

.31 

.77 

.46 

.42 

.62 

.38 

.46 

.42 

.42 

.35 

.23 

• 35 

.15 

.15 

.23 

.19 

.04 

0 

.67 1.0 

.87 .75 

.4 . 25 

.6 .25 

.67 .75 

• 6 • 5 

.6 . 25 

• 4 • 5 

.67 0 

.2 .5 

.73 .25 

• 4 • 5 

• 3 • 5 

.67 .25 

.27 .5 

.19 1.0 

.13 .5 

.27 0 

.07 .75 

0 0 

.16 .21 0 .15 .13 .75 

.75 

.5 

.25 

.14 0 .06 0 .07 

.12 0 0 .04 • 3 

.11 0 .25 .08 .07 

81 14 16 26 15 4 

0.5 

.67 

.17 

.67 

1.0 

.83 

.5 

.17 

.5 

0 

.17 

.5 

.17 

.3 

1.0 

.67 

.67 

.83 

.83 

0 

.4 . 75 

• 2 . 38 

• 9 • 63 

.1 0 

.4 .38 

.2 • 38 

.1 0 

• 7 • 38 

0 .13 

.7 .63 

• 2 .13 

.2 .25 

• 2 • 38 

0 .13 

. 3 .13 

.1 .25 

• 2 . 25 

0 0 

.1 .38 

.4 .5 

.61 

.63 

.49 

.57 

.39 

.35 

.53 

.35 

.55 

• 35 

.41 

.25 

.25 

.3 

.22 

.12 

.2 

.22 

.16 

.14 

.38 1.0 

.5 1.0 

.25 .25 

.38 1.0 

.25 1.0 

.38 1.0 

.25 .75 

.25 .75 

.38 .25 

.25 .5 

.25 1.0 

.25 1.0 

.13 .5 

.25 .5 

.13 1.0 

.5 1.0 

.13 .5 

0 .75 

0 .5 

0 0 

0 .3 .25 .1 .13 .5 

.75 

0 

0 

• 83 tO .13 .1 0 

.17 .1 .13 .1 .25 

0 • 3 .13 • 06 .13 

6 10 8 51 8 4 

*Numbers represent the frequency of occurrence of each species in total counts. 
These 24 species were the most frequent (> 10%) in the total counts. 

+ f is frequency of occurrence in total counts (N=81). 
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Age of Plantings 

From these data several generalizations can be drawn. Most of the species 
utilizing these plantings are found throughout the state. Except for Horned Larks, 
Bobolinks, and Savannah Sparrows, which are sometimes found in recently planted or 
young belts adjacent to their usual grassland habitat, most birds use belts over five 
years old. While older belts seem to support more breeding species in a given year, 
most species have been found in belts of varying ages. Raptors and hole-nesting 
species, as would be expected, seem to prefer older (over 40 years) belts and tree 
claims. Among the former are Red-tailed 'and Swainson's Hawks and Great Horned and 
Long-eared Owls. The hole-nesters include Common Flicker, Red-headed Woodpecker, 
Great Crested Flycatcher, and Starling. 

Size of Plantings 

The number of rows in the belt does not seem to influence birds as much as might 
be expected. Of those species occurring in over 20% of the belts, only Least Fly
catcher, Gray Catbird, and Yellow Warbler have not been found in belts of less than 
four rows. On the other hand, larger belts seem to support more species at one time. 
The density of breeding birds (total pairs/shelterbelt) is significantly correlated 
with both age (N=81, r=0.3, p=0.015) and size (acres) (N=81, r=0.73, p=O.OOOl) of 
shelterbelts. The diversity (number of species) is also significantly correlated 
with age (N=81, r=0.56, p=O.OOOl) and size (N=81, r=0.49, p=O.OOOl). 

Types of Use 

During the br~eding season, shelterbelts usually form woody islands in a sea of 
cropland. Not counting birds flying over or occasionally perching in the belt on the 
way by ("visitors"), breeding species may use the belt in one of five ways. 

1. They may carry on most of their activities within the confines of the belt 
leaving only occasionally and for a short time. Black-billed Cuckoo, 
Least Flycatcher, House Wren, Gray Catbird, Yellow Warbler, Northern 
Oriole, and Clay-colored Sparrow generally behave in this way. 

2. They may "sing" and nest in the belt and forage both in and out of the belt. 
This is the pattern of the Eastern and Western Kingbirds, Brown Thrasher, 
American Robin, Common Grackle, Common Yellowthroat, American Goldfinch, 
and Song Sparrow. 

3. They may nest and "sing" in the belt but forage widely as the Mourning 
Dove does. The Mourning Dove is one of the most abundant birds in North 
Dakota shelterbelts. A nest with eggs has been recorded as late as 
September 5. 

4. They may use the belt for singing, and forage both in and out of the belt, 
but usually nest in adjoining fields, as does the Vesper Sparrow. 

5. They may regularly and often use the belt for singing but rarely for 
foraging or nesting. The Red-winged Blackbird and Western Meadowlark fall 
into this pattern. 

The avian breeding community in tree claims most closely resembles that found 
in natural riverine forests. As multirow belts mature, providing crown cover and 
hollow trees, similar communities seem to be developing. 
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Habitat Partitioning 

Grassland birds usually feed on the ground and sing during aerial flights 
(Horned Larks, Longspurs) or from low singing posts (Meadowlarks, Vesper and Savannah 
Sparrows). Where no singing posts are available such birds may not be found. Even 
the Lark Bunting seems to like to take off from a perch to begin its flight song. 

The trees and shrubs of shelterbelts resemble a late successional stage of a 
lowland hardwood community in the north central states (Samson 1979). Perches for 
singing and also for hawking rise above the adjacent cropland or grassland. Trees 
also provide leaves for foliage gleaners. As the belt matures and a crown develops, 
more microhabitats become available. None of these microhabitats exist without the 
woody vegetation. Some affinities of the more frequent species illustrate that these 
habitats are well exploited by the avian community (Table 3). 

Table 3.--Avian Affinities in Shelterbelts 

Food Foraging Foraging Singing Nesting Nesting 
Species Habits Behavior Level Level Level Site 

Brown Thrasher Omnivore Ground Ground Crown Low Shrub 
gleaning 

Mourning Dove Granivore Ground Ground Crown to Usually Tree 
gleaning middle middle 

Vesper Sparrow Granivore Ground Ground Crown Ground Grass or 
gleaning crop 

Least Flycatcher Insectivore Sallying Low to Middle Middle Shrub 
middle 

Eastern Kingbird Insectivore Sallying High High Tree 

Western Kingbird Insectivore Sallying High High Tree 

Black-billed Cuckoo Insectivore Foliage Middle Middle Middle Tree 
gleaning 

Yellow Warbler Insectivore Foliage Middle High Middle Tree or 
gleaning shrub 

American Goldfinch Omnivore Foliage Middle High Middle Tree 
gleaning 

Gray Catbird Insectivore Foliage Low Middle Low Shrub 
gleaning 

Clay-colored Sparrow Granivore Ground Ground Middle Low Shrub 
gleaning 

American Robin Omnivore Ground Ground Crown Middle Tree 
gleaning 
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WINTER BIRDS 

Probably due to their relatively small size, shelterbelts and tree claims seem 
to have little influence on winter birds. In 24 studies (8 areas) near Fargo no 
winter bird community was found, and only the English Sparrow was found both breeding 
and wintering in the same belt. Ring-necked Pheasant and Gray Partridge seek shelter 
in belts but forage widely; Great Horned and Short-eared Owls sometimes rest there, 
while Common Flicker, Downy Woodpecker, Black-capped Chickadee, Bohemian Waxwing, 
and Common Redpoll occasionally forage in the belts but are not resident in any one 
belt. 

MANAGEMENT 

Studies are being continued, particularly in western North Dakota. Further 
analyses of habitat variables and species preference are in progress. Currently, we 
have documented the fact that numerous bird species not typical of grassland and 
cropland will use tree plantings. Like Goldsmith (1976) we are concerned about the 
removal of trees from the Great Plains and encourage continued emphasis upon the 
beneficial environmental effects of tree plantings and the birds they attract. 
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Appendix I. -- Scientific names for plants and animals referred to in the text. 

Common Name 

Red-tailed Hawk 
Swainson's Hawk 
Ring-necked Pheasant 
Gray Partridge 
Mourning Dove 
Black-billed Cuckoo 
Great Horned Owl 
Long-eared Owl 
Short-eared Owl 
Common Flicker 
Red-headed Woodpecker 
Downy Woodpecker 
Eastern Kingbird 
Western Kingbird 
Great Crested Flycatcher 
Least Flycatcher 
Horned Lark 
Black-capped Chickadee 
House \-J'ren 
Gray Catbird 
Brown Thrasher 
American Robin 
Bohemian Waxwing 
Starling 
Warbling Vireo 
Yellow Warbler 
Common Yellowthroat 
English Sparrow 
Bobolink 
Western Meadowlark 
Red-winged Blackbird 
Northern Oriole 
Common Grackle 
Brown-headed Cowbird 
Common Redpoll 
American Goldfinch 
Lark Bunting 
Savannah Sparrow 
Vesper Sparrow 
Chipping Sparrow 
Clay-colored Sparrow 
Song Sparrow 
Longspurs 

Boxelder 
Caragana 
Hackberry 
Cotoneaster 
Russian-olive 
Green Ash 
Honeysuckle 
Cottonwood 
Cherry 
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Scientific Name 

BLLte.o j ama,.Lc.e.YL6L6 
BLLte.o -6Wai.YL6oni 
Pha6~nu-6 c.olc.hic.uo 
P e.Jri:U..x p e.Jri:U..x 
Ze.wda mac.nowr.a 
Coc.c.yzu-6 e.JtythJtopthalmu-6 
Bubo v-Utgi~nu-6 
A~.Sio otuo 
A~.Sio t)lamme.u-6 
Colapte.-6 awr.atu-6 
Me.lane.Jtpe.-6 e.JtythJtoc.e.phalu-6 
P ic.oide.-6 pu.be.-6 c.e.YL6 
TyJtannuo tyJr.annu.-6 
T yJr.annu-6 v e.JttiealL6 
My~hu.-6 c.Jtinliu.-6 
Empidonax minimu-6 
Ene.mo phila alpe.-6 tJr.i-6 
PMLL-6 atJtic.apiUu-6 
Tnoglodyte.-6 ae.don 
Vu.me.te.lfu c.MoUne.YL6L6 
Toxo~.Stoma JW.t)u.m 
Tu.Jtdu.-6 migJtato~ 
Bombyeilla g~ 
Stu.Jtnu-6 vu.lgAAL6 
ViJte.o gilvu-6 
Ve.ndJtoic.a pe.te.c.hia 
Ge.othlyp..L6 t!tic.ha-6 
P a-6-6 e.Jt do m e.-6 tic.u-6 
VoUc.honyx onyzivoJr.u-6 
Stwr.ne.lla ne.gle.eta 
Age.ltUu.-6 phoe.nic.e.u-6 
I ete.Jtu-6 g albu.la 
Qu.L6 c.alu-6 qu.L6c.u.la 
MolothJtu-6 ate.Jt 
CaJtdu.e.iL6 t)lamme.a 
cMdu.e.iL6 tJti-6w 
Calamo-6 piza me.lanocoJty-6 
Pa6-6e.Jteu.iu-6 ~.Sandwiehe.YL6i-6 
Pooe.c.e.te.-6 gJtamine.u-6 
Spize.lla pa6~.Se.Jtina 
Spize.lla pa!Uda 
Me.lo~.Spiza me.lo~ 
Calc.aJtiu-6 spp. 

Aee.Jt ne.gu.ndo 
CaJtagana spp. 
CelW oc.c.ide.~ 
Cotone.a~.Ste.Jt spp. 
Elae.agnu-6 anguotit)oUa 
FJr.axinu-6 pe.nn~.Sylvanic.a 
Lonic.e.Jta spp. 
Popu.fu-6 de.Uoide.-6 
PJtu.nu.-6 spp. 



Appendix I. -- continued. 

Plum 
Golden Currant 
Woods Rose 
Willow 
Buffalo-berry 
Lilac 
American Elm 
Siberian Elm 

Common Name 
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Scientific Name 

PJtunllll spp. 
TUb e.6 ctWLe.um 
Rof.>a. woodf.>.i 
Sa.Ltx spp. 
Shephe.Jtd.ia. spp. 
Syft.inga. spp. 
Uhnllll a.me.Jt.ic.a.na. 
Uhnllll pumila. 
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ABSTRACT 

Societal 'perceptions of wildlife have changed rapidly in the last 
two decades as demonstrated by a recent proliferation of environ
mental legislation. The Surface Mining Control and Reclamation 
Act of 1977 (PL 95-87) is an example of that legislation which 
opens many new potentials for enhancement of wildlife populations. 
Effective use of the opportunities provided by that Act requires 
more effective integration of applied and theoretical ecology. 
A model of the determinants of avian community structure is 
reviewed and discussed in light of reclamation needs on strip-mine 
areas. 

KEYWORDS: birds, habitat, reclamation, stripmines 

Societal perceptions of wildlife have undergone a rapid evolution in the last 10 
to 15 years. Recent concern for "nongame" wildlife is one example. This conference 
and the earlier regional and national conferences which preceded it (Smith 1975, 
DeGraaf 1978a,b, DeGraaf and Evans 1979) are excellent examples of the changing 
interests of society. (Recently Brocke (1979) has suggested, legitimately in my 
opinion, that the "game-nongame" dichotomy should be avoided. I am sympathetic with 
that argument and, thus, will refer to wildlife throughout this paper.) Examples of 
major legislative innovations that demonstrate the changing value systems of society 
include the National Environmental Policy Act, the Endangered Species Act, Water 
Quality Act Ammendments of 1972, the Clean Water Act of 1977, and the Surface Mining 
Control and Reclamation Act of 1977 (PL 95-87). The importance of all forms of 
wildlife is clear in the mandates of all this legislation. 

I shall examine the potentials and some of the problems associated with the 
Surface Mining Control and Reclamation Act (SMCRA) as a vehicleforenhancing wildlife, 
especially bird populations. Briefly, SMCRA calls for the protection and eqhancement 
of fish and wildlife resources on surface-mined land (Herricks et aL 1980). General 
goals and requirements for fish and wildlife protection, restoration, and enhancement 
are outlined in Title IV and V. Additional regulations identify specific requirements 
to meet the provisions of the law. For example, permits prepared under the regulations 
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must include information concerning effects on endangered species (Sec. 770.12c), 
develop a fish and wildlife plan (Sec. 780.16), and demonstrate the use of best 
technology currently available for both fish and wildlife (Sec. 816.97 and 817.97) 
and revegetation (Sec. 816.116 and 816.117). In short, the regulations require a 
comprehensive premining permit application procedure (set forth in Sec. 771.23) which 
recognizes the importance of fish and wildlife protection and enhancement. Clearly, 
the language of SMCRA creates opportunities which did not exist, perhaps were not 
even dreamed of, a decade ago. 

In my view there are two major problems which limit the comprehensive use of that 
legislation for the betterment of wildlife. The first is concerned with societal
legislative matters. While not all biologists are happy with the breadth and depth 
of that act, it must be acknowledged that tremendous new potentials exist. It only 
remains for biologists (and society in a more general sense) to use the potential of 
the legislation. By functioning in that process in the earliest stages of policy 
development and interpretation of the law, biologists stand a better chance of 
strengthening the law from a wildlife perspective. In the end, progress made as a 
result of implementation of SMCRA will come as a result of integration of societal
legislative activities with the most up-to-date biological theory. 

It is with that biological theory that I perceive the second major problem. In 
my opinion, much of the technical expertise which has been brought to bear on many 
wildlife p-roblems in the last four decades is based on what might be called "seat-of
the-pants intuition". To a great extent that has been the best available in the 
context of the times. However, satisfactory progress for wildlife resources in the 
future requires a more rigorous approach with quantitative and experimental founda
tions. 

A related problem is the,lack of communication between resource managers and 
generators of ecological theory. Many theoreticians have looked down upon managers, 
perhaps because of a disdain for mission-oriented research. Conversely, managers 
have been reluctant to evaluate the merit of recent theoretical developments, perhaps 
because they are too "esoteric". These and other roadblocks to cooperation have 
slowed the integration of the contributions of both groups into a coherent theory 
able to address a wide variety of problems. Successful solution of many reclamation 
problems must involve bridging the gap between the theoretician and the applied 
ecologist. 

INTEGRATION OF THEORY AND APPLICATION 

A recent example of the value of such integration is the ,use of island biogeo-
graphic theory in design of nature preserves. Although blanket incorporation of that -- · 
theory by managers could lead to major resource problems, testing of that theory in 
real-world problems has resulted in major improvements in the theory as well as better 
management policies (Faaborg 1979, Soule et al. 1979, Kushlan 1979). Another integra
tive contribution comes with the merger of theoretical community ecology and the study 
of habitat relations and requirements in birds (Gauthreaux 1978). 

Before wildlife biologists can effectively capitalize on the potential of SMCRA 
(and other environmental legislation), integration of theory and practice must develop. 
Only in this way can clearly defined and articulated principles for wildlife enhance
ment be forthcoming. Further, those principles must be more than vague generalities 
such as "improving the habitat will benefit wildlife". 

Use of the term habitat is an excellent example of the kind of intellectual 
carelessness that has inhibited the development of a sound predictive foundation 
to the restoration of damaged ecosystems (or the preservation of existing ones and 
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their component species). At least three major meanings are implicit in this volume. 

1. Habitat = vegetation type. Thus, we might speak of a grassland or forest 
habitat. 

2. Habitat= the living and nonliving surroundings of an organism (Smith 1974). 
This includes all the resources required by a species as well as the compo
nents of its environment that are not viewed (by it) as resources. Some 
researchers urge limiting use of habitat to the set of physical conditions 
which surround an organism (Kendeigh 1974). In this usage the aggregate of 
living and nonliving is the biotope of the European literature. 

3. Habitat = specific horizontal (vegetation configuration) or vertical (twig 
angle, leaf density) components of habitat gradients. In terms of vegetation 
components this is more commonly referred to as microhabitat, and is apalogous 
to the use of microclimate of plant ecologists. 

Commonly, although not always, biologists understand each other despite less than 
precise usage. llowever, how can we expect planners, engineers, and lay-persons to 
comprehend subtle differences in what we mean when we use a word in three slightly 
different ways in a single paragraph? Some might argue that this is a reentry into 
the terminology abyss which dominated the science of ecology three decades ago. 
However, communication is a major key to success. Since we must communicate effi
ciently and accurately to · nonbiologists, I am not convinced that this terminological 
problem is a red herring. Attainment of our objectives in the wildlife field depend 
more than we admit on the clarity of our communication with the rest of the world, 
as well as among ourselves. 

BIRDS AND HABITAT 

During the past two decades there has been a rapid proliferation of studies 
examining the use of habitat and habitat selection in birds. These efforts have 
included studies of from one to many species. Paralleling these efforts have been 
an even greater number of studies examining community structure in terrestrial birds. 
I have recently completed an extensive review of the literature relating habitat use 
and community structure in birds (Karr 1980). From that review I have developed a 
general model showing the primary variables (and their interactions) which govern 
avian community structure. There is neither time nor space here to allow a detailed 
presentation of that review. However, it may be useful to review briefly the general 
results of that effort (Fig. 1), as well as to evaluate the relevance of consideration 
of each of the variables in reclamation of strip-mined lands. 

Literally hundreds of studies in the past decade have demonstrated a plethora of 
special circumstances which modify the relationships between birds and their habitats. 
For single species or entire communities a bewildering array of variables is relevant 
to different extents among habitats and geographic areas. This synopsis is meant to 
extract general principles of use in the planning of mining activities for enhancement 
of bird populations. In this discussion I will outline some of those principles to 
demonstrate their relevance to habitat use by a single species and/or to overall com
munity structure. Documentation of the assertions in this synopsis is available in 
Karr (1980). 

History 

Both long- and short-term historical factors, such as dynamics of climate cycles, 
are of major significance to the evolution of avian communities. In addition, a wide 
array of biogeographic conditions such as geographic extent of habitat islands and 
their distances as well as the nature of intervening dispersal barriers must also be 
considered. Finally, occupation of trophic roles by other taxa may be important as 
regulators of avian evolution. 

90 



INTERSPECIFIC 
TEMP.-MOISTURE fCOEVOLUTIONARY 
RELATIONS~ FO,CES ~ ~ 

/'Y'<..(,.VEGETATION/ RESOURCE COMMUNITY 
HISTORY::;- \.-+ STRUCTURE 1 UTILIZATION-+STRUCTURE 

""""'-........ \1' '\ _/PATTERN 

SEASONALITY~ =t FOOD / 
RESOURCES 

Figure 1.--Conceptual model showing the primary variables (and their interactions) 
which govern the development of avian community structure. (From Karr 1980) 

Temperature-Moisture Relations 

Moisture and temperature relations affect weather-dependent foraging, bird size 
and energetics relationships, and breeding periodicity. At community levels the 
number of species and their abundances change from dry to mesic sites in a wide 
variety of major vegetation types. 

Seasonality 

Both the amplitude of environmental fluctuations and their predictability are of 
special significance to organisms. The importance of seasonal rhythms in determining 
timing of breeding and migration have been well documented. The concept of "lean 
season" in annual cycles and "bottlenecks" over longer periods have major evolutionary 
consequences to avian communities. As noted below, seasonality is also linked to food 
resource complexity and abundance and, therefore, trophic structure of the community. 

Vegetation Structure 

The most extensively documented determinant of avian community structure is 
vegetation structure. Studies of the relationships between vegetation structure 
and community diversity in birds were pioneered by R. H. MacArthur (MacArthur and 
MacArthur 1961). He demonstrated that bird community diversity increases with 
increasing complexity of vegetation. Later, this relationship was demonstrated by 
many researchers on a wide array of organisms. Regrettably, two problems have arisen. 
First, the documentation of a correlation does not really explain the cause. It is a 
general, first-order approximation to a very complex interaction of numerous vegeta
tion and vegetation-related variables. It thus must be explored in more detail to 
account for the myriad of factors as they vary from place to place in their influence 
on community structure. The weakness of the general correlation in many circumstances 
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leads to the second problem. Many researchers have devoted inordinate time to finding 
exceptions to the general pattern of vegetation-avian community correlations. The end 
point is often the damning of the relationship rather than pursuit of the causes of 
the breakdown with the potential for major expansion of the theory. 

The principle elucidated by MacArthur, habitats of high complexity support more 
diverse biotas than those of low complexity, is simple although it is often overlooked 
by individuals anxious to disprove a more specific statement of the general principle. 

As several researchers have shown, a number of measures of complexity (e.g., 
plant species diversity, physiognomic diversity, horizontal and vertical heterogeneity, 
and foliage volume) may be used to restate the principle, depending on local circum
stances. For birds in areas of homogeneous vegetation structure, the most important 
habitat variables which can be conviently measured are the density of vegetati~n in 
three layers (herb, shrub, and tree). However, that homogeneous ideal almost never 
exists, with the result that the single-solution explanation (foliage height diversity) 
is inadequate. Many secondary variables are also important. 

Secondary variables of special significance in strip-mined areas are topographic 
complexity and presence of water (Karr 1968). Other secondary variables of signifi
cance include many components of the other primary variables in Fig. 1. Success in 
management efforts depends upon clarification of many of these second-order inter
actions. 

Interspecific Forces 

The importance of competition as a force molding the use of habitats by birds has 
also been the subject of especially extensive research efforts although some well
deserved challenges of the primacy of competition are appearing. Clearly, competition 
as well as predation and other coevolutionary interactions (pollination and seed 
dispersal) affects the use of habitat by individual species and, in the aggregate, 
multispecies communities. 

Food Resources 

The type and quantity of food resources, as well as the spatial and temporal 
distribution of those resources, play a major role in determining avian community 
structure. These patterns affect timing of movements (migration, nomadism, etc.) 
and breeding and molt cycles. Guild additions over a successional gradient and 
changes in community complexity on latitudinal gradients reflect, at least in part, 
the role of food resources in governing community structure. Limited availability of 
specific food resources may limit the survival of certain guilds or species and affect 
the development of niche-width and overlap patterns and the generalist vs. specialist 
strategies of species in a community. 

Food resources play a pivotal role in linking the interactions of many of the 
primary variables in Figure 1, especially the vegetation structure-community structure 
linkage. The spatial and temporal distribution of resources is, to a great extent, 
determined by seasonality. In addition, the presence of a structural complexity 
involved in vegetation creates substrates for feeding and concealment of arthropods 
which can be exploited by birds. Further, the development of vegetation with fruiting 
and flowering strategies is a consequence of the architecture of the plants as well as 
the coevolutionary pressure between the plants and their pollinators/dispersers. 

Resource Utilization Patterns 

Food resource distribution and abundance, physical environment, vegetation struc
ture, and coevolutionary pressures interact in complex ways to determine resource 

92 



utilization patterns of species and the complex communities they form. 

With this very brief sketch I will now explore how this model (Fig. 1) can be 
used to contribut.e to the emerging discipline involved with recovery and restoration 
of damaged ecosystems. 

BIRDS, HABITATS, AND STRIP MINES 

The challenge for the future is to use this background of understanding in the 
effort to enhance bird populations on strip-mined land. To what extent does strip 
mining modify any of the primary variables just discussed? Further, what management 
programs can be implemented to minimize those negative influences or to speed the 
recovery process? 

The primary influences of the historical factors discussed above relate to the 
principles of island biogeography. The size of a patch of habitat has clear effects 
on the number of species to be found as well as on the trophic structure of the biota. 
Small islands, for example, are less likely to support many specialist species, large 
species, and species which feed at higher trophic levels (Wilson and Willis 1975). 
This knowledge is invaluable in planning for wildlife enhancement. As in other uses 
of SMCRA, the importance of preoperational planning is demonstrated. 

Recent research in mined areas in eastern North America has shown the importance 
of islands created by strip-mine activities. In both Tennessee· (Allaire 1978a) and 
West Virginia (Whitmore and Hall 1978), creation of islands of grassland on reclaimed 
strip mines has resulted in the expansion of grassland species into new areas. 

If cautiously used, the theory of island biogeography can be used to determine 
the minimum size of a specifi'c habitat which will insure perpetuation of a desired 
biota. In addition, it can be useful in evaluating the potential value of unique, 
rare, or uncommon habitats within the region (Graber and Graber 1976). 

Another significant lesson to be learned from the theory relates to probabilities 
of colonization. Mining of extensive areas can reduce the chances of colonization 
because of a lack of seed sources for plants. This can be offset to a certain extent 
by seeding and planting of desirable species. However, that will not result in a 
truly diverse community typical of natural areas. Thus, preservation of remnants of 
the full community in extensive mined areas can serve to speed reclamation and, in 
addition, to make the developing commuinty more attractive. For animals, and espe
cially vertebrates, this is exceedingly important for the less mobile forms such as 
mammals, reptiles, and amphibians which are very difficult to'establish with release 
programs. The significance of this fact should not be overlooked even for the more 
mobile groups like birds and insects. Since mining activities may affect animal 
populations on nearby sites (Allaire 1978b), buffer strips may be required to protect 
remnants or otherwise fragile areas near mining activities. 

Abiotic factors such as temperature and rainfall patterns are generally not 
subject to contro·l following mining. However, success of wildlife enhancement 
programs is strongly dependent on these patterns. For example, the abiotic problems 
to be addressed in the arid west, the humid east, or the special problems of the 
topographically complex areas of West Virginia are markedly different. 

Other abiotic factors can be affected and are especially important in determining 
the colonization potential for plants. These include surface soil chemistry, texture, 
and composition as well as topography. Further, it is possible to control certain 
microclimate characteristics with careful reclamation efforts. Much of the technology 
for this abtottc reclamation is known (Grim and Hill 1974). Unfortunately, the 
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pattern of topographic complexity, land-water interspersion, and spatial mosaic of 
vegetation types for wildlife enhancement cannot be specified. At this point the 
general vegetation type required by many bird species is known, but quantification of 
those relationships so that specific reclamation models can be constructed is still 
in the future. 1 

Perhaps the most important abiotic consideration in strip m1n1ng is the need to 
isolate strata which may degrade water or land quality (Grim and Hill 1974, Hill and 
Grim 1977) as so often happens with acid-mine drainage. 

After making provisions for the best soil substrate along with topography, 
drainage, and related matters, the reclamation specialist must ensure that a suitable 
array of plants will colonize the area. As noted above, this may be done through 
natural colonization or with plantings. A major problem in reclamation is that·mature 
communities are often the major objective but they can be attained often only after 
many years, even decades, of careful land management (Riley 1977). It is thus very 
important to plan for optimization of a variety of societal benefits in the short term 
which are compatible with the needs for enhancement of the longer-term objectives. A 
careful balance must be struck here between short- andlong-term goals. Provision for 
quick establishment of cover must provide for early successional viability as well as 
ensure a smooth transition to the desired later successional stages on the site. 

Careful planning to ensure the redevelopment of a natural complex of vegetation 
should result in establishment of most of the vegetation-related requisites for the 
birds. These include an array of food resources (e.g., seeds, fruits, and insects) 
as well as appropriate nest sites and song perches. Care should be taken to ensure 
that these requisites are all provided. Early reclamation efforts in east-central 
Illinois often produced depauperate avifaunas due to plantings of homogeneous stands 
of species such as black locust. Modern efforts should avoid this problem by empha
sizing an array of species representative of the local flora. 

One of the most important components for a plan to enhance wildlife populations 
is the careful selection of the desired complex of wildlife species. Obviously, this 
must be done in the context of the overall land-use objectives for the mined area as 
well as for surrounding areas. This may include many different objectives such as 
forestry, agricultural crops, grazing, and urban land use. Each of these alternatives 
dictates the proportion of the land to be reclaimed for wildlife purposes and some of 
the constraints on that development. If planning for wildlife enhancement is to be 
effective, it must be done in parallel with all other planning efforts. Wildlife 
biologists cannot be expected to do the most effective job if they are not involved 
in early planning efforts. 

Once land-use decisions are made, wildlife biologists will have a clear idea of 
the area of land to be used and how it may be interdigitated with other land uses. 
Decisions about post mining land use will reduce the number of options available as 
objectives in wildlife enhancement. Additional decisions must then be made by 
biologists in consultation with the ultimate users of the land, as well as with 
society in a broader sense. This may be accomplished directly or indirectly through 
established legislative requirements (e.g., return land to premining uses). 

It is important to recognize that there often will not be a best vegetation type 
or stage as a general reclamation objective. Local needs or other special circum
stances may dictate this decision. Similarly, there is no inherent merit to reclama
tion procedures designed to yield the most diverse avifauna. High diversity may be 

1Samuel, David E. and Robert C. Whitmore. Reclamation and management of surface 
mined areas for game and nongame birds in West Virginia. Paper presented to Hill 
Land Symposium, October 3-5, 1976, Morgantown, West Virginia. 
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the goal in one area, while specific species or groups of species may be the manage
ment targets in other circumstances. 

After the final selection of major enhancement objectives, a detailed survey of 
the requirements of the desired species should be compiled. This can be used to out
line the details of the reclamation plan over both the short and long term. Great 
care should be taken throughout this effort because even minor errors and oversights 
may be difficult or impossible to correct for many decades. 

Whenever possible, this should include assessment of evolutionary fitness rather 
than just presence over a range of species and habitats. This has rarely been done 
although it is clearly an important consideration. Some species have been shown to 
have lower reproductive success on mined areas than in natural habitats (Wray et al. 
1978). . 

One final and very important point must be made. It is essential that highly 
trained, professional biologists be involved throughout this process, from the 
earliest plans to the details of management of reclaimed land. This must be done 
to avoid reclamation short-cuts which negate the plans of the best biologist. 
Further, not all plans will be perfect and errors might be corrected quickly if 
biologists are present to recognize and correct inadequacies and oversights in the 
original plan. 
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ABSTRACT 

The varied physical and climatic characteristics of the western 
United States support a plethora of vegetation types. Most of 
these vegetation types are some form of brushland or arid grass
land due, in part, to arid conditions and shallow soils. The 
avifaunas of upland brushland/steppe types are often relatively 
poor. However, many birds are largely or entirely dependent on 
these vegetation zones. By contrast wetlands associated with 
these types support some of the richest avifaunas on the entire 
North American continent. 

KEYWORDS: nongame birds, brushland, scrubland, desert, riparian, 
grazing regions, vegetation classification, rangeland. 

INTRODUCTION 

When the western United States was first settled in the mid- to late 1800s the 
early inhabitaRts found a vast variety of vegetation types. Altitudes from below sea 
level to more than 14,000 ft., combined with a variety of climatic, soil, terrain and 
other characteristics, resulted in almost all conceivable situations from the most 
arid of Death Valley deserts to Olympic rain forests. The vastness of grassland and 
brushland types led to these western states being known as the "range states." The 
ratio of people to resources was very favorable at first, with open range "yours for 
the taking." Hunting and trapping was a way of life, not only to protect livestock 
from predators but also to provide furs for trade and clothing as well as meat for the 
table. Small coffer dams, brush and earthen dams and hand-dug ditches provided 
water for small family farms and livestock. 

Western coniferous forests were still not in great demand since eastern forests 
provided a plentiful supply of both hardwood and softwood lumber. In addition to 
being large distances from the growing eastern cities where building supplies were in 
greatest demand, rugged terrain and shortage of men and equipment for harvesting 
trees presented problems. Even the cutting of the giant sequoias and redwoods was 
difficult. So many of these giants shattered as they fell from great heights that 
special techniques had to be developed to enable their cutting to be commercially 
successful. 



However, the impact of the_ grazing industry on brushland and arid grasslands was 
a very different story. Ever larger numbers of livestock crowded onto the ranges in 
order to provide an adequate supply of meat for the growing eastern cities. As time 
progressed into the 1900s cattle continued to be grown on ranges not only for the ex
panding eastern population but for (in many cases)_ even larger western cities. Live
stock and wildlife competed for decreasing amounts of food, often resulting in badly 
overgrazed rangeland--degraded through erosion, compaction and reduced forage produc
tion. 

Only during the last few decades have concerned individuals and resource manage
ment agencies initiated the necessary steps to correct some of these problems. Much 
has yet to be accomplished. Concepts of sustained yield and multiple use have de
veloped, with increasing demands from various user groups. For example, one.of the 
fastest growing activities in the United States is recreation. Shorter workweeks and 
greater access to forests and rangelands have led to an increase in nonconsumptive 
uses, such as backpacking, camping, skiing and birdwatching. Contrastingly, hunting 
and fishing have not grown at comparable rates. Jn fact, active antihunting movements 
have developed throughout the country. Still, resource management agencies commonly 
emphasize game management instead of true wildlife management in spite of Leopold's 
(1933) stressing the pitfalls of this practice almost SO years ago (Carothers and 
Johnson 1975; Talbot 1975). This results in an undue amount of activity for approxi-
mately 10% of the public, while placing too little emphasis on providing suitable 
recreational activities for the other 90% of the population. The useful roles that 
nongame birds play in insect control and other beneficial activities have been long 
understood. However, their value to this large segment of the taxpaying user has, 
until recently, been largely ignored. This paper will discuss the great diversity 
and importance of brushland/steppe types to nongame birds and thus to this large 
segment of recreationists. In addition to the fact that hunting is engaged in by so 
few persons, the percentage of game birds is extremely small when compared to nongame 
species. Since the findings and syntheses in this paper are ecologically derived and 
the terms "game" and "nongame" are sociological rather than ecolo.gical no attempt has 
been made to separate game from nongame b.i;rds in population figures, tables, etc. 

HABITAT CLASSIFICATION 

The western United States has been classified in innumerable ways by various 
authorities during the past 90 years. These schemes have included ecological 
patterns, range and forest classification, and, more ;recently, land use patterns. One 
of the first ecological systems was Merriam's (1890) Life Zones. In spite of criti
cisms regarding its simplistic approach, this system has been widely used by 
vertebrate zoologists and systematic botanists, especially in the Southwest. Dice's 
(1943) Biotic Provinces were widely used from the 1940s through the 1960s and a 
similar classification, Bailey's (1978) Ecoregions, is now widely used. Standardized 
rangeland classifications include ''Natural Vegetation of the Range States" and the 18 
grazing types recognized by the Interagency Committee, as treated by Stoddart and 
Smith (1955) . · 

Vegetation classification and mapping have developed as closely allied disci
plines to ecosystem classification. The two basic methods of vegetation classifi~ 
cation are floristic and structural. Although most classification systems use a 
combination of the two methods, Fosberg (1961) has developed a thorough structural 
classification for world-wide vegetaiion. 

In addition to structural versus floristic systems one may differentiate between 
hierarchical and classless systems. Classless vegetation types are widely ~nd simply 
developed (see Kuchler 1964) by using a noun with modifiers (~.g~, Californ~a Steppe) 
which do not necessarily imply a systematic relation to surround~ng vegetat~on. 
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Although hierarchical classification is complicated to develop, it has the advantage 
of conveying a systematic relationship among the various vegetation types within the 
system in the same sense plant and animal systematics show phylogenetic relationships 
among living organisms. For purposes of our discussion here we will rely heavily on 
Stoddart and Smith's (1955) rangeland classification, and Brown et al. (1979; Table 1) 
vegetation classification which, in addition to being heirarchical, is also digitized 
for ready computer storage and retrieval. Vegetation classification and mapping, in 
relationship to wildlife values, has benefited greatly from recently developed remote 
sensing techniques (Mouat and Johnson 1978). Brown et al. (1979) also presents a 
short bibliography of vegetation classification systems, for those interested in 
further references. 

TABLE 1. A list of vegetation types that are entirely or largely brushland/steppe 
types (courtesy Brown et al. 1979) in the western United States. 

UPLAND TYPES 

131 Arctic-Boreal Scrublands 
131.5 Rocky Mountain Alpine and 

Subalpine Scrub 
131.6 Sierran-Cascade Alpine and 

Subalpine Scrub 

132 Cold Temperate Scrublands 
132.1 Great Basin Montane Scrub 
132.2 Sierran-Cascade Montane Scrub 
132.3 Plains Deciduous Scrub 

133 Warm Temperate Scrublands 
133.1 Californian Chaparral 
133.2 Californian Coastalscrub 
133.3 Interior Chaparral 

141 Arctic-Boreal Grasslands 
141.4 Rocky Mountain Alpine and 

Subalpine Grassland 
141.5 Sierran-Cascade Alpine and 

Subalpine Grassland 

142 Cold Temperate Grasslands 
142.1 Plains Grassland 
142.15 Scrub-Grass Disclimax Series 
142.2 Great Basin Shrub-Grassland 

143 Warm Temperate Grasslands 
143.1 Scrub-Grassland (Semidesert 

Grassland} 

152 Cold Temperate Desertlands 
152.1 Great Basin Desertscrub 

1S3 Warm Temperate Desertlands 
153.1 Mohave Desertscrub 
153.2 Chihuahuan Desertscrub 

154 Tropical-Subtropical Desertlands 
154.1 Sonoran Desertscrub 

WETLAND TYPES 

*222 Cold Temperate Swamp and Riparian 
Forests 

*222.2 Plains and Great Basin Riparian 
Deciduous Forest 

*e.g., 222.21 Cottonwood-Willow 
Series 

*222.3 Rocky Mountain Riparian 
Deciduous Forest 

*222.4 Sierran-Cascade Riparian 
Deciduous Forest 

*223 Warm Temperate Swamp and Riparian 
Forests 

100 

*223.2 lnter;i.or Southwestern Riparian 
Deciduous Forest and Woodland 

*e.g., 223.22 Mixed Broadleaf Series 
*223.3 California Riparian Deciduous 

Forest and Woodland 

224 Tropical-Subtropical Swamp, Riparian 
and Oasis forests 

*224.5 Sonoran Riparian and Oasis Forest 
*224.51 Palm Series 
*224.52 Mesquite Series 
*224.53 Cottonwood-Willow Series 



TABLE 1. Continued 

231 Arctic-Boreal Swampscrubs 
231.6 Rocky Mountain Alpine and Sub

alpine Swamp and Riparian Scrub 
231.7 Sierran-Cascade Alpine and Sub

alpine Swamp and Riparian Scrub 
e.g., 231.71 Willow Series 

232 Cold Temperate Swamp and Riparian 
Scrubs 

232.2 Plains and Great Basin Swamp and 
Riparian Scrub 

232.3 Rocky Mountain Riparian Scrub 
232.4 Sierran-Cascade Riparian Scrub 
232.5 Pacific Coastal (Oregonian) Swamp 

and Riparian Scrub 

233 Warm Temperate Swamp and Riparian 
Scrubs 

233.2 Interior Southwestern Swamp and 
Riparian Scrub 

e.g., 233.21 Mixed Narrowleaf Series 
e.g., 233.211 Cephalanthus occiden

talis-Baccharis glutinosa
mixed scrub Association 

233.3 California Deciduous Swamp and 
Riparian Scrub 

234 Tropical-Subtropical Swamp and 
Riparian Scrub 

234.7 Sonoran Deciduous Swamp and 
Riparian Scrub 

234.71 Mixed Scrub Series 
e.g., 234.711 Prosopis pubescens 

Prosopis juliflora torreyana
Pluchea sericea Association 

234.72 Saltcedar Disclimax Series 
e.g., 234.721 Tamarix chinensis 

Association y 

*242 Cold Temperate Marshlands 
*242.5 Great Basin Interior Marshland 

*243 Warm Temperate Marshlands 
*243.3 Chihauhaun Interior Marshland 
*243.4 Mohavian Interior Marshland 
*243.6 Californian Interior Marshland 

*244 Tropical-Subtropical Marshland 
*244.7 Sonoran Interior Marshland 

250 Strand Formation ~ 

*Denotes types which were included because of their close association with an 
upland brushland/steppe type although, technically, they themselves are not 
brushland/steppe types (e.g., Cottonwood-Willow Seriesl. 

!/"Reclamation Disclimax" of Johnson (1979) 
ystrandland is the wetland equivalent of desertland and is defined by Brown 

et al. (1979) as "Beach and river channel communities subject to infrequent 
but periodic submersion, wind-driven waves and/or spray. Plants are separated 
by significant areas devoid of perennial vegetation." 

BRUSHLAND AND STEPPE 

Brushland is a common term used to designate a number of shrub or scrubland 
types, and the three terms will be used herein synonymously. Although steppe is a 
more technical term than brushland, its definition is certainly not standardized. 
Dictionaries and geography references usually refer to arid grass-covered plains, 
commonly restricting this to Eurasia and, thereby, denoting it as a localized, not a 
worldwide, vegetation type. This has resulted in many vegetation systems for North 
America which do not use the term. We will use it here to denote a grassland type 
intermediate between the closed grasslands of the Great Plains and the sparse grasses 
of the western "desert grasslands." Fosberg (1961) defines steppe as "open grass or 
other herbaceous vegetation, the plants or tufts discrete but averaging not over twice 
their diameters apart." By contrast, desert vegetation is defined by Fosberg (1961) 
as"· .. plants so widely spaced, or sparse, that enough of the substratum shows through 
to give the dominant tone to the landscape; for pratical purposes, where the plants 
are separated from each other by more than twice their diameter on the average." 
Combinations of scrub and these open grass types are called by structural terms such as 
"steppe scrub", or combinations of floristics and structure such as "oak grassland." 
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Brushland and arid grasslands cover a large percentage of the western United 
States. They occur from below sea level as tropical-subtropical (warm desert) types 
through cold deserts (Arctic-Boreal) at higher elevations and latitudes. While not 
emphasizing their importance as nongame habitat and recreational lands, Byerly (1979) 
summarizes the extent and values of these areas, in part. The two broad habitat types 
we are discussing include four of Stoddart and $mith's (1955) nine major range types 
(and portions of some of the others) . Of the 18 grazing types established by an In
teragency Committee, nine are brush or arid grasslands and parts of some of the re
maining nine types would be appropriate. In addition, a large number of Brown et al. 
(1979) upland types must be included ()able 1). We must also include a large number 
of wetland types representing the most important wildlife habitats in the western 
U~ited States and, in many cases, in all of nontropical North America. These western 
wetland types are often associated with riparian forests and woodlands which,. for 
example, support the largest densities of noncolonial nesting birds in the United 
States and among the higher populations for the world (Carothers et al. 1974; 
Johnson 1971 and 1979). 

WILDLIFE AND RECREATIONAL VALUES 

We have thus far established that western brushlands and arid grasslands are re
presented by several major vegetation types which, in turn, are important elements in 
a variety of diverse ecosystems. When considering wildlife values for a given habitat 
type several factors must be evaluated. We have already mentioned three, (a} floris
tics, or species present, (b) structure, and (cl whether they are upland or wetland 
types. Most classification and mapping schemes take into account obvious structural 
differences, such as trees versus shrubs, or evergreen versus deciduous plants. 
However, a factor of great importance to wildlife is cover as related to plant 
spacing. Thus, the wildlife values of a brushland or grassland vary tremendously 
based on closed versus open or sparse cover. Carothers and Johnson (1971), for 
example, found a straight-line relationship between the number of mature trees per 
acre and the number of nesting birds per unit area along rivers in central Arizona. 
Thus, in order to evaluate a mature riparian forest, at least three factors are 
important: (a) species of trees, (b) size (forage layers present ::: Foliage Height 
Diversity), and (c) spacing. In addition, the adjacent habitat influences the 
species composition and population densities of riparian birds (Carothers et al. 
1974) and, more recently, investigations along streams in southern Arizona have 
shown the reciprocal is true. Carothers (unpublished ms.) found that even in upland 
vegetation bird population densities increase in the pro~imity of a stream. 

NONGAME BIRD HABITAT TYPES 

Although the major habitat types covered by this paper have been listed (Table 
1), we shall here discuss some of them briefly. Several state floras include brief 
descriptions of major vegetation types; e.g. Kearney and Peebles (1969) for Arizona, 
Munz and Keck (19.!59) for California and Correll and Johnston (_1970)_ for Texas. Lowe 
and Brown (1973) have recently published, separately, a summary of Arizona's vegeta
tion types. Most other Western states are treated by similar publications. Table 2 
lists several habitat types along with a rough idea of bird species numbers and 
population densities which one may expect to find in those types. Most of the types 
listed are upland types with only a scattering of riparian wetland types for com
parison since other papers in this symposium address T~parian habitat. An important 
point to consider, (Table 2) is that the basic structure o£ riparian habitat usually 
differs greatly from the surrounding upland habitat in the types under discussion 
(e.g., Cottonwood-Willow Forest in a Creosotebush DeseTtl. 
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TABLE 2. Breeding Birds densities for various habitats. These are crude figures for 
areas which, in most cases, have not been overgrazed, affected by urban development or 
otherwise mistreated. For more specific information refer to Johnson et al. (1977) 
and Johnson (1979) . 

Upland 
Vegetation Types 

Tundra (steppe) 
Saltbush 
Creosotebush 

Grassland (Desert to Prairie)~ 

Sagebrush (Northern Desert Shrub)~ 
Palo Verde-Bursage (Southern Desert 
Chaparral 

Pinyon-juniper 
Ponderosa Pine Forest 
Boreal Forest (Mixed Conifer) 

Riparian 
Vegetation types 

Shrub) 

Southwest Mixed Deciduous Forest 
Sycamore-Coast Live Oak 
Mesquite Woodland 
Cottonwood-Willow 
Urban (Artificial Riparian) (Emlen 1974)~/ 

Desert Comparison Plot~ 

1/Species expected on 10-lS acre plot. 
2/Pairs/100 acres or 40 hectares. 

Species
11 Present---' 

3 or 
3 or 
3 or 

s : 

10 ~ 

10 -
10 -

20 : 
20 : 
20 ~ 

4 
4 
4 

12 
12 
lS 

2S - 30 
2S - 30 

10 : 
+ 

2S -
lS 

21 

Populc:t~on21 Dens 1 t1.es-

lS - 20 
lS - 20 
lS - 20 

2S - 100 

so - 100 
so - 100 
so - 100 

40 - 80 
200 - 3SO 
200 - 3SO 

300 - 400 
300 - 600 
400 - 600 
600 - 1,300 
61S 

23 

3/Information also used from Riffey's unpublished studies for 
- Bureau of Land Management in Northwest Arizona. 
4/This was compared to a desert plot (S/) presumed to be similar 
-to the urban area before its settlement. In Condor 76:184-197. 
ysee y. 

Alpine Tundra 

This high, cold desert type commonly supports grasses and forbes, with shrubs, 
especially willow (Salix spp.) along streams. Although precipitation may be well in 
excess of 20 inches per year, most of it is in the form of snow or ice. A short 
growing season (with water in the form of ice and, thus, unavailable to plants) 
results in this ari? habitat. Typical breeding birds are Water Pipits, Horned Larks 
and Rosy Finches. l 

l 1scientific names of birds referred.to in the text are shown in Appendix I. 
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Arctic-Boreal Scrublands 

Like the previous type, this covers a relatively small part of the contiguous 
western United States, but occurs over larger areas of Alaska and northern Canada. 
Willows occur in moist areas away from streams and dwarfed, shruby conifers, e.g., 
Bristlecone pines (Pinus aristata) occur in some areas. These two coldest types have 
shallow, easily disturbed soils and innumerable studies have demonstrated their 
inability to resist more than light impact from recreationists and grazing. Although 
bird species and numbers are few, the importance of these two coldest types as wild
life habitat and recreation probably far exceed their value as rangeland. Some 
mammals, e.g., marmots (Marmota spp.) and pikas (Ochotona princeps), are highly de
pendent on these habitats. 

COld Temperate Scrublands 

This includes the often-called mountain shrub, or mountain brush types (Great 
Basin Montane Scrub, Sierran-Cascade Montane Scrub, and Plains Deciduous Scrub) which 
commonly consist of a large percentage of deciduous shrubs such as Gambel oak (Quercus 
gambelii), maples (Acer spp.), mountain mahoganys (Cercocarpus spp.) and sumacs (Rhus 
spp.), with some manzanitas (Arctostaphylos spp.) and evergreen scrub oaks (Quercus 
spp.). These types generally occur in mountainous or hilly terrain at elevations 
lower than coniferous forests or oak woodland at the same latitude. They generally 
receive moderate precipitation both as rain and snow, with moderate evaporation rates 
and medium to short growing seasons. Typical birds are Scrub Jays, Bushtits, 
Rufous-sided Towhees, Blue-gray Gnatcatchers, and Black-throated Gray Warblers. 

Warm Temperate Scrublands 
(California Chaparral, California Coastalscrub, and 

Interior Chaparral) 

This is a mixed group of evergreen sclerophylls ("true" chaparral) and "soft 
chaparral" or evergreen nonsclerophylls. Major shrub species in the true chaparral 
include manzanitas, scrub oaks, mountain mahoganys, silktassels (Garrya spp.), species 
in the buckbrush family, Rhamnaceae, (Ceanothus and Rhamnus) and, in California, 
chamise (Adenostoma fasciculatum). These usually occur at elevations below coniferous 
forests. The soft chaparral, or coastalscrub usually occurs just below the California 
Chaparral and is composed largely of sagebrush (Artemisia spp.) and sage (Salvia spp.). 
These plants grow in areas of limited water availability. This may be due to shallow 
gravelly soils, winter rains when evaporation is low but other growing conditions are 
not optimum, or in areas of summer rains when evaporation is high. These areas 
receive moderate amounts of precipitation, nearly all as rain. 

Typical birds are basically the same as those for cold temperate scrublands, 
excluding Black-throated Gray Warblers and adding the Wrentit which typifies the 
California Chaparral. 

Arid Grasslands 
(Steppe, Shrub-Grass Disclimax, Shrub Grassland and 

Semidesert Grassland) 

Arid grasslands are those whose plants are generally separated by half their 
diameter or more and usually are composed of short grasses. Typical Shortgrass 
Prairie types are excluded since they often consist of a closed cover, even though 
short. Typical species include: several gramas, e.g., black grama (Bouteloua 
eriopoda), blue grama C!· gracilis) and side-oats grama (~. curtipendula); Hilaria 
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spp., e.g. curly mesquite (H. belangeri), tobosa (H. mutica), and big galleta (H. 
rigida); Muhlenbergia, e.g.-bush muhly (~. porteri) and numerous other three awns 
(Aristida spp.), bromes (Bromus spp.), etc. Many species of introduced, weedy 
(usually annual) grasses have become established, especially on overgrazed ranges. 
These include wild oats (Avena fatua), Schismusspp., annual bluegrass (Poa annua), 
and lovegrasses (Er'agrostis spp-.-)-.- -- ---

Arid grasslands receive from 10 to 15 inches of precipitation annually, therefore 
excluding the Great Plains types and montane meadows (USDA 1941). These grasslands 
generally occur at lower to intermediate elevations and are often intermixed with 
scrublands or desertlands. One exception is the high elevation Artie-Boreal Grass
lands, covered under Artie-Alpine types discussed earlier. Other papers in the 
symposium address grassland management and mountain meadows while papers such as 
Wiens and Dyer (1975), in earlier symposia of this series, address Short Grasslands. 

Many of the current brushlands were formerly grasslands or mixed shrub and grass
lands, according to numerous old reports, diaries, and other records. Photographic 
studies, such as Hastings and Turner's "The Changing Mile'' (1965), have documented 
this fact. Considerable disagreement exists regarding the cause(s) of these changes, 
but the most widely accepted are overgrazing and climatic shifts. Evidence for 
overgrazing can be drawn from recent U.S. Forest Service experiments which have con
verted brushlands to grasslands. These projects have been conducted in Chaparral, 
Northern Desert Shrub, and Southern Desert Shrub (personal observation). Because of 
the vast geographic and altitudinal ranges of arid grasslands, it is difficult to 
generalize regarding climatic and edaphic conditions in which they occur. The con
ditions we have listed for the scrub types occurring near a particular grassland 
provide this information. Grasslands are commonly among the most depauperate 
vegetation types in regards to numbers of breeding avian species and are not much 
better in regards to population densities (Table 2 and Wiens and Dyer 1975) . Breed
ing grassland birds include Golden Eagles, Burrowing Owls (Collins 1979; Johnson et 
al. 1979); Scaled Quail, White-necked Ravens, Horned Larks, Eastern and Western 
Meadowlarks, and numerous Fringillids such as Cassin's and Rufous-Crowned Sparrows. 
Probably of equal or even greater benefit than breeding habitat for nongame birds is 
the value of southern grasslands as wintering grounds for granivores, such as huge 
flocks of numerous species of the family Fringillidae (£inches, sparrows and 
longspurs) . 

Cold Temperate Desertlands 
(Great Basin Desertscrub) 

Several shrub species dominate this northern desert type, including sagebrushes 
(Artemisia ramosissima), rabbi thrush (Chrysothamnus spp.) , Mormon tea (Ephedra),, and 
others. The Great Basin Desert occurs in low areas between the Rocky Mountains to the 
east and Sierra-Cascades to the west. Low precipitation (much as snow), cold winters, 
and dry, hot sununers confine vegetational growth to a brief spring period. Poor 
drainage in this intermontane region results in salt marshes and alkaline flats. 
Bird species diversity and population densities are low both in summer and winter. 
Common breeding species are the Sage Thrasher, Sage Sparrow and Brewer's Sparrow. 

Warm Temperate Desertlands 
(Mohave Desertscrub and Chihauhaun Desertscrub) 

These deserts are further south and warmer than the Great Basin Desert. However, 
elevations in general are higher than those in the Sonoran Desert. The Sonoran 
Desert, another southern desert, is not included here for it has a direct geographic
ecological connection with the thornscrub types of western Mexico which adds greatly 
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to its floral and faunal richness (see discussion of Sonoran Desertscrub under 
Tropical-Subtropical Desertlands}_. More tall shrubs occur in the Mohave and 
Chihuahuan Deserts, especially the latter, than in the Great Basin Desert. However, 
no upland trees exist in the Mohave Desert with the exception of the larger Joshua
trees (Yucca brevifolia). In the Chihuahuan Desert, a few species of large yuccas 
are also found, such as the giant-dagger (Yucca carnerosana). Large arroyos in both 
deserts support shrubs which, under ideal conditions, may grow into trees. In the 
Chihuahuan Desert, these include mesquites (Prosopis spp~), desert-willow (Chilopsis 
linearis) and several acacias (Acacia spp.). Fewer species attain tree size in the 
Mohave Desert: these including mesquites (Prosopis spp.) and crucifixion-thorn 
(Canotia holacantha). Endemic shrubs of the Mohave Desert include Parry saltbush 
(Atriplex parryi), Mohave sage (Salvia mohavensis), and Death Valley sage (S. funerea) 
(Benson and Darrow 1954). Torrey yucca (Yucca TorreyiJ, lechuguilla (Agave
Jechuguilla), tarbush (Flourensia cernua), and sandpaper bush (Mortonia-5Cabrella) 
are among the typical shrubs of the Chihuahuan Desert. 

Elevations to below sea level are found in the Mohave Desert (Death Valley) 
where the hottest temperatures for the U.S. have been recorded (USDA 1941). Precipi
tation is commonly less than seven inches annually, often less than five, while at 
places more than a year may pass between rains. Although most precipitation falls 
as rain, snows are common at higher elevations. Spring and fall winds increase 
evaporation rates and result in dust storms referred to as "sandsoonst' in parts of the 
Chihuahuan Desert. 

Breeding birds of the Mohave Desert include the Gambelts Quail, Roadrunner, 
Leconte's Thrasher, Scott's Oriole, and House Finch (Johnson field notes). Typical 
breeding birds of the Chihuahuan Desert include the Roadrunner, Ladderbacked Wood
pecker, Mockingbird, Pyrrhuloxia, and Black-throated Sparrow (Wauer 1973). 

Tropical-Subtropical Desertlands 
(_5onoran Desertscrub) 

The Sonoran Desert is the richest of North American deserts in vegetation series 
and associations as well as plant and animal species. This is especially true when 
wetlands are included. This desert is well named, for it is the only area in the 
United States that has a direct connection with the tropical Mexican (Sinaloan) 
thornscrub. As one drives north along the coastal lowlands from Sinaloa through 
Sonora, the vegetation changes gradually from a partially evergreen, closed thorn
scrub (with a fair number of trees) through a closed, deciduous thornscrub to an 
open desertscrub in northern Sonora and southern Arizona. Although many of the plant 
species which typify the Sinaloan thornscrub reach their northern limits south of the 
U.S.-Mexican boundary, a large percentage of the genera extend north into the United 
States. This is particularly true for woody legumes such as acacias, mesquites, 
paloverdes (Cercidiurn) and mimosas (Mimosa). The number of species of large cacti 
(trees and shrubs}, e.g., Cereus spp., also diminishes as one progresses northward. 

There is no similar ecological-geographic connection between the Tamaulipan 
Thornscrub of the eastern Mexican lowlands and the Chibuahuan Desert. In contrast to 
the Sonoran Desert, the Chihuahuan Desert is a relatively high desert, extending 
northward from the Mexican Plateau, which is situated between the Sierra Madre 
Oriental and the Sierra Madre Occidental. 

Three major factors contribute to the great floral and faunal diversity of this 
region. We have already discussed the first, the influence of the Mexican Tropical 
Thornscrub. The second factor is the influence of the Southwestern highlands, con
sisting of the Colorado Plateau and various ranges of the Basin and Range Province 
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to the north~ the southern end of the Rockies to the northeast and a 
series of conifer-clad mountains scattered throughout the Sono~an Desert. The third 
factor is a series of streams, starting with the Colorado River and its tributaries 
to the north, which connect the desert lowlands with these montane uplands. In 
addition to providing pathways for movement of plant and animal species, a reticulum 
of streams and rivers also serves as a base for additional riverine ecosystems which 
will be discussed in the following section on "Wetland Habitats." Thus, the floral 
and faunal diversity which is apparent in the richness of the Sonoran Desert is 
afforded by these anastomosing ecosystems: montane and lowland; tropical and tem
perate; upland and wetland; desertland; grassland; scrubland; and woodland-forest. 

Precipitation in the Sonora Desert varies from approximately 15 inches to less 
than 3 inches annually, occurring mainly as rain (USDA 1941}. The region is noted for 
torrential summer thunderstorms during which a year's supply of rain may fall in a 
matter of days, or even hours. Winter rains and snows at higher elevations contribute 
to a bimodal precipitation pattern in most areas. 

A few of the myriad of vegetation series of the foothills and bajadas include: 
Paloverde-Mixed Cacti, Brittlebush-Ironwood (Encelia farinosa-olneyatesota) and, 
probably the most diagnostic plant association, Ambrosia deltoidea-Carnegiea gigantea 
C= Cereus giganteus fide Benson 1969) (Triangle-leaf bursage-saguaro). Connnon breed
ing birds of these foothill, bajada types include the Elf Owl, Roadrunner, Costa's 
Hununingbird, Gilded Flicker, 2/ Gila and Ladder-backed Woodpeckers, Brown--.crested 
(Wied's) Flycatcher, Verdin, Cactus Wren, Curve-billed Thrasher, Phainopepla, House 
Finch, and Black-throated Sparrow. 

Vegetation associations of the lower, often more poorly drained areas (e.g., 
Lower Colorado Valley) include: Larrea divaricata-Ambrosia dumosa (Creosotebush-White 
Bursage), Allenrolfea (Pickleweed), and Atriplex spp.-Prosopis juliflora torreyana 
(Saltbush-Mesquite). Breeding birds include the Roadrunner, Verdin, and Leconte's 
Thrasher. 

WETLAND HABITATS 

Wetland ecosystems are the most productive of western types. This is especially 
true of riparian wetlands. At least three factors determine this high productivity: 
(1) greater number of species, (2) larger population densities (Table 2), and (3) im
portance of these areas as refugia to wildlife under unfavorable conditions such as 
drought or fire. 

Other papers in this symposium address this subject, especially in relation to 
riparian habitat. However, due to their importance we feel that our paper would be 
incomplete without some discussion of these critical areas. Some of the Cottonwood
Willow and associated mesquite riparian vegetation types are the most productive avian 
habitats in the western United States. These types support higher numbers of species 
as well as higher population densities when compared to the surrounding uplands. 

A great amount of effort, manpower and money has been spent on endangered 
species. In a recent paper by Johnson et al. (1977) 166 nesting birds of the south
west lowlands were analyzed. These birds inhabit the brushlands, grasslands and 
riparian areas we are discussing. Of the 166 nesting species, 127 (or 77%) are in 
some manner dependent on water-related habitat. Of this 77% dependent on water
related habitat well over half (84 of the 166 species} are completely dependent on 
water-related habitat. Only 39 species are nonriparian nesting birds. Thus, if 

~See Appendix I. 
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water-dependent habitats were completely destroyed in the Southwest (not including 
suburban and agricultural) 47% of our lowland nesting birds would be extirpated. 
Only 23% of our lowland nesting species would probably not be affected and 43 (26%) 
of the 166 species would be only partially affected. 

CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 

Although the list of needs for nongame bird management is long, we shall here 
enumerate those we think are the most urgent. Although they are not necessarily in 
priority order, especially for your particular area of responsibility, we have 
listed the more pressing ones first. 

1. Develop stronger riparian programs. During the last few years inland and 
coastalwetlands have received increased protection through legislation, executive 
orders, and agency policy. Although they are technically wetlands, most of our 
riparian areas have been ignored, glossed over, or mistreated intentionally or 
otherwise. Many resource management agencies, notably the U.S. Forest Service and 
Bureau of Land Management, are currently tightening their management policies ;for 
these vital riparian areas. However, proper management for this outstanding wildlife 
habitat has begun almost too late. An estimated 25% of our riparian ecosystems have 
been lost throughout much, if not most, of the United States (Korte and Fredrickson 
1977; Samson 1979). Quick action is needed to keep from "running to stay behind" in 
this most critical resource management area. · 

2. Emphasize nongame recreation. The formulation of master plans, environ
mental statements, and other planning documents which devote most of their treatment 
of wildlife to half a dozen or a do-zen game species while virtually :;tgnoring several 
hundred nongame species continues to be a problem in xesource management agencies. 
The politics behind this problem are complicated and long-standing, revolving 
around the basic fact that much past conservation was related t0 hunting 1 fishing 
and fees for the sale of licenses and permits for associated activities. As men
tioned earlier, since little more than 10% of the population hunt and fish (and 
often much less) the inevitable question from the general public is "you seem to be 
managing 'wildlife' for this 10%, what are you doing for the other 90% of the tax
payers." We realize that this is a simplistic approach to a complex problem. 
However, if greater steps are not taken to bridge some of the current gaps between 
hunters, nonhunters and an increasing number of anti-hunters, a "taxpayers revolt" 
regarding wildlife management, rather than game management, may result. 

3. Stress continuation of research to determine the optimum size, configura
tion, spacing and other characteristics for plots in varying habitat types. - A great 
amount of this has been done for game species but very little for nongame birds. 
Censusing areas before and after habitat modification is important. ·For example, 
some of our research suggests that blocks of chaparral intexspersed with other 
vegetation types, (commonly desert grassland or pinyon-juniper) may be -more conducive 
to increases in nongame bird species diversity. Root plowing, to intersperse 
grassy plots with dense stands of chaparral on the Prescott National Forest, 
apparently increased bird usage, possibly due to the 11 edge effect'' (.Loe and White 
1972) . A good summary of censusing techniques is presented by f:ranzreb (1977) • 

4. Formulate more interagency nongame management policies and agreements. This 
is particularly important to management of wetlands and riverine habitats. These 
habitats, in addition to supporting our most valuable and productive ecosystems, 
commonly cross managerial and pol-itical boundaries. These ecosystems owe much of 
their value to the diversity associated with their large percentage o;f edge. The 
resulting, valuable edge effect is particularly vulnerable to misma~agement along 
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the stream. It is also affected by barriers created through different management 
policies and strategies along different segments of a stream. The implications of 
this to migrating birds are discussed by Rappole and Warner (1976} and Stevens et al. 
(1977). The impact of channelization, impoundment and other practices which destroy 
riparian habitat have reached a critical stage. 

Current resource management practices must be reevaluated in the light of land 
management for nongame birds. Practices which are in particular need of examination 
include grazing; water "salvage'' practices such as chaimelization, impoundment and 
phreatophyte control; use of river channels for agricultural and urban development; 
some type of lumbering; fire control and mistletoe control, to name a few. Steps 
must be taken soon to better evaluate and correct the impacts of many current 
management practices. Without this positive action some species.which have already 
been greatly affected may eventually be pushed to the point of extinction. In some 
areas we are in danger of losing entire ecosystems if managers and scientists do not 
work together in formulating appropriate policy. 
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APPENDIX I 

Names of Birds Referred to in Text 

Conunon Name 

Golden Eagle 
Scaled Quail 
Gambel 's Quail 
Roadrunner 
Great Horned Owl 
Elf Owl 
Burrowing Owl 
Costa's Hummingbird 
Gilded Flicker 1/ 
Gila Woodpecker-
Ladder-backed Woodpecker 
Brown-crested (Wied's) Flycatcher 
Horned Lark · 
Scrub Jay 
Conunon Raven 
White-necked Raven 
Bush tit 
Wrentit 
Cactus Wren 
Mockingbird 
Curve-billed Thrasher 
Leconte's Thrasher 
Sage Thrasher 
Blue-gray Gnatcatcher 
Water Pipit 
Phainopepla 
Black-throated Gray Warbler 
Scott's Oriole 
Eastern Meadowlark 
Western Meadowlark 
Pyrrhuloxia 
House Finch 
Rosy Finch 
Rufous-sided Towhee 
Rufous-crowned Sparrow 
Cassin's Sparrow 
Black-throated Sparrow 
Sage Sparrow 
Brewer's Sparrow 

Scientific Name 

Aguila chrysaetos 
Callipepla squamata 
Lophortyx gambelii 
Geococcyx californianus 
Bubo virginianus 
Micrathene whitneyi 
Athene cunicularia 
Calypte costae 
~olaptes auratus chrysoides !J 
Melanerpes uropygialis 
Picoides scalar~s 
Myiarchus tyrannulus 
Eremophila alpestris 
Aphelocoma coerulescens 
Corvu$ corax. 
Corvus cryptoleucus 
Psaltriparus minimus 
Chamaea fasciata 
Campylorhynchus brunneicapillus 
Mimus polyglottos 
Toxostoma curvirostre 
Toxostoma lecontei 
Oreoscoptes roontanus 
Polioptil~ caerulea 
Anthus spinoletta 
Phainopepla nitens 
Dendroica nigrescens 
Icterus parisorum 
Sturnella magna 
Sturnella negfecta 
Cardinalis sinuata 
Carpodacus mexicanus 
Leucosticte spp. 
Pipilo erythrophthalmus 
Aimophila ruficeps 
Aimophila cassinii 
Amphispiza bilineata 
Amphispiza belli 
Spizella breweri 

!/Although the accepted name is Common Flicker this subspecies 
is ecologically and morphologically distinct from the other flickers. 
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USE OF MONTANE MEADOWS BY BIRDS 
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ABSTRACT 

Montane meadows comprise about 3.2 million ha under the 
jurisdiction of the U. S. Forest Service, the Bureau of Land 
Management, and state and private ownership. Relatively few 
species of birds breed on montane meadows, but meadows serve as 
important foraging,areas for avian communities associated with 
nearby riparian or forest habitats. Recommendations for 
management of montane meadows include: (1) care should be 
exercised in grazing or other land-use prescriptions such as fire, 
considering their apparent accelerative effect on meadow 
succession; (2) information is needed on the effect of meadow 
size on the diversity of breeding and foraging birds to fully 
predict the effect of land use changes; and (3) detailed studies 
involving marked individuals rather than singing male counts are 
needed to ensure accurate estimates of densities and essential 
habitat needs of breeding birds. 

KEYWORDS: montane meadows, meadow succession, nongpme wildlife 
management, avian ecology. 

In successfully occupying higher elevations, birds have accommodated a complex 
of environmental conditions--extensive solar radiation particularly in the 
ultraviolet spectrum, reduced air and oxygen pressure, intense night cooling by 
reradiation of heat, low atmospheric humidity, persistent wind, and, in winter, deep 
snowpack (Brinck 1974). Thus, high montane avifaunas are generally poor in species; 
populations often are small, reflecting low primary productivity; and densities vary 
from locale to locale (Dorst 1974). The severe environment, however, has not 
precluded extensive resource development and recreational use by man (Turner and 
Paulsen 1976, Johnson 1979), and, in some regions of the world, the montane is the 
most endangered of all ecosystems (Eckholm 1975). Importantly, the distribution, 
abundance and ecological relationships of most montane avian communities are not well 
known. The purpose of this report is to review avian use of a western U. S. montane 
ecotype--the montane meadow--emphasizing (1) a description of vegetation, 
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(2) geographic distribution, (3) local distribution, and (4) population 
characteristics important to management. 

MONTANE MEADOWS 

The meadow as a principal type of vegetative physiognomy consists of ''dense 
grassland, usually rich in forbs, with grasses having broad and soft blades, and 
occurring in relatively moist habitats" (Daubenmire 1968:251). In the western United 
States, montane meadows vary in size from a few to several hundred hectares, lie 
interspersed as "islands" among subalpine forests of lodgepole pine (scientific names 
in Appendix 1), quaking aspen, Douglas-fir, Englemann spruce-subalpine fir, and 
ponderosa pine and generally are located on gentle slopes, broad or rounded ridges, 
or along streams, rivers, or other water sources. Within this broad description, 
meadows are reported as "wet," those along small streams with dense and diverse 
grass, forb and shrub vegetation, or "dry," often a transition between wet and 
forested areas but sustaining a dense mixture of grasses and forbs with scattered 
pines or aspen stands (Patton and Judd 1970, Austin and Perry 1979). 

Western montane plant communities, however, are difficult to characterize, since 
western mountain ranges differ geologically, climatically, and biologically. For 
example, the Olympic Mountains were produced by two periods of diastrophism (Kuramoto 
and Bliss 1970), and the high Cascades are constructed of extrusive volcanics (Price 
1978). Total annual precipitation ranges from over 500 em in the Olympic Mountains 
to less than 50 em in the Intermountain Region. The complex plant communities on 
mountain meadows comprise several hundred species of sedges, grasses, forbs, and 
small shrubs and reflect a number of factors--climate, site and edaphic conditions, 
surface age, mountain mass, and different historic immigration routes (Chabot and 
Billings 1972). Fortunately, detailed ecological studies that include flora of 
subalpine meadows are available for the Great Basin (Hayward 1945, 1952, Ellison 
1954, Lewis 1970, Cronquist et al. 1977), the Pacific Northwest (Merkle 1951, Fonda 
and Bliss 1969, Kuramoto and Bliss 1970, Hitchcock and Cronquist 1973), the Sierra 
Nevada (Mooney et al. 1962, Chabot and Billings 1972) , and the Rocky Mountains 
(Costello 1944, Hurd 1961, Patton 1963, Mehringer et al. 1977). In contrast to plant 
communities, the dynamics of individual sedge, grass, or forb populations on mountain 
meadows have not been extensively investigated (Scott and Billings 1964, Gorham and 
Somers 1973, Johnson and Caldwell 1975, Thilenius 1975, Briggs 1978). It is known 
that "floral aspects of mountain grasslands differ markedly from one year to another 
and production of viable seed by individual plant species probably varies even more" 
(Turner and Paulsen 1976:5). Presumably this variation is influenced by microclimate 
and annual variation in moisture and temperature. These factors also influence total 
herbage produced on meadows which, in a study in Apache National Forest, Arizona, 
varied from 834 to 17 41 kg per 0.4 ha on a wet meadow versus 19 to 131 kg per 0. 4 ha on 
a dry forest floor (Patton and Judd 1970). 

Investigations of the interplay of man~elated and natural factors affecting 
succession on montane meadows have suggested those that influence tree invasion to be 
most important (Fig. 1). In a thorough review of the impact of grazing (records from 
1914-1975) on tree invasion of subalpine meadows in the Wind River Mountains, 
Wyoming, Dunwiddie (1977) suggested moderate grazing by cattle results in extensive 
tree establishment because of reduced competition from a mat of meadow vegetation 
(Fig. 1). Furthermore, cessation of grazing historically coincided with lack of 
invasion of trees. Dunwiddie (1977) also pointed to the possible importance of· 
changing climate on the extension of trees into formerly treeless areas, results 
similar to those of Fonda and Bliss (1969), Franklin et al. (1971), Douglas (1972), 
and Mehringer et al. (1977). Fire, another natural factor, may create openings for 
meadows (Patton 1963), but several microenvironment variables determine whether trees 
reinvade (Kuramoto and Bliss 1970). Despain (1973:350), also working in Wyoming, 
states "caution should be exercised when interpreting the existence of grasslands 
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Figure I.--Generalized schematic 
representation of vegetative succession 
on montane meadows (following Despain 
1973, Dunwiddie 1977, Weaver and Dale 
1978, and others). 

or parks in otherwise heavily timbered 
forests as indicating fire.'' Rather, 
herbaceous cover, soil properties, and 
patterns.in snow accumulation appear 
significant in maintaining open 
mountain meadows. 

DISTRIBUTION OF BIRDS ON ALPINE MEADOWS 

Recent studies of montane avian distribution consider mountains ecologically 
similar to islands, i.e., rising from generally level low-lying areas with their 
colonization dependent upon conditions and history of the surrounding environment 
(Brinck 1974, Johnson 1975, Behle 1978, Brown 1978, Thompson 1978). Among hypotheses 
proposed to explain variation in number of bird species from place to place, the theory 
of island biogeography (MacArthur and Wilson 1967) has produced good predictions of 
species numbers, incorporating the size of the area studied and the degree of 
isolation between similar habitats (Fig. 2). Thompson (1978), working in central 
Montana, has shown that area of a mountain in the Sweet Grass Hills can predict the 
number of summer resident bird species. Brown (1978:209) reported "insular area is 
the single variable that accounts for most of the variability in both bird and mammal 
species diversity" in the Great Basin (Fig. 3). Similarly, in the Great Basin, 
Johnson (1975) reported mountain area, inasmuch as area and habitat variety are 
closely correlated, was important in imposing limits on the distribution of birds. 
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Figure 3. Figure redrawn following Brown(l978.:215) with dots 
representing individual montane "islands" in the Great Basin. 
The relationship between montane area and number of bird 
species is significant (r = 0.701, P<.Ol). 

In addition to mountain area, isolation between mountains or mountain ranges is 
proposed as an influence on avian distribution (Fig. 2). For example, Johnson (1975: 
549) pointed out that historically the northern three-toed woodpecker "probably used 
mountain top forests as a stepping stone along an area from the Wasatch Mountains 
through the Pine Valley Mountains of southwestern Utah, then northward through 
southeastern Nevada to the Snake Range," rather than directly crossing the large 
deserts of western Utah. However, whether barrier width is important to mountain 
meadow birds is questionable. Most meadow species are long-distance migrants and are 
able to cross extensive inhospitable environments with relative ease. Thus, 
isolation presumably plays a relatively minor role. 
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Habitat variety (Fig. 2), i.e., the presence of water, meadows, shrubs, forest 
canopy, etc., is closely associated with the concept of avian guilds. A guild may be 
defined as "a group of species that exploit the same class of environmental resources 
in a similar way ... without regard to taxonomic position" (Root 1967:335). In the 
West, the number of guilds exploiting a mountain is similar providing parallels in 
habitat variety are evident (Johnson 1975). Membership within a guild, however, may 
be dramatically different dependent upon the general productivity of the mountain 
range. For example, in the Great Basin 14 species in 9 guilds comprise a "standard" 
group (terminology of Johnson 1975). Nearly all species in the "standard" group are 
"fundamentally different in place or style of feeding, in food taken or all three 
respects," i.e., timber hole drilling, timber foliage foraging, high aerial foraging, 
low aerial foraging, etc. (Johnson 1975:556-557). Near Crater Lake,Qregon, a more 
productive locale, 66 boreal species form a "continental" complex, yet only 9.guilds 
are represented. Thus, the general partitioning of habitat-food resource places and 
activity is similar between distinct mountain ranges. 

LOCAL DISTRIBUTION 

Size of an area (Fig. 2) is predictive of the number of birds present in the 
"islands" of several temperate habitats--lakes and lake shores (Sillen and Solbreck 
1977), urban parks (Gavareski 1976), southeastern mixed forests (Whitcomb 1977), 
Wisconsinhardwood woodlots (Tilghman 1977), eastern deciduous forests (Galli et al. 
1976), lowland hardwoods (Graber and_ Graber 1976), and oak-hickory forests (M. 
Mitchell, pers. comm.). An example for a grassland ecotype is provided in Fig. 4. 
Several of these studies also have shown area-sensitivity in some species that 
require a m1n1mum area to survive. When their respective habitats are fragmented, the 
area-sensitive species face localized extirpations (Forman et al. 1976, Leek 1979). 
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Figure 4. The relationship (r = .93, 
P<.Ol) of area to number of breeding 
bird species on 12 tall grass prairie 
relicts (size .5 to 540 ha) in 
southwestern Missouri, 1979. 
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Precise estimates of minimum area 
requirements for species breeding on 
montane meadows are not available. The 
probable existence of a species-area 
relationship for birds breeding on 
montane meadows in northern Utah, 
however, is evident in preliminary 
observations by K. G. Smith (pers. 
comm.). On small meadows (<2 ha), only 
the dark-eyed junco nests,whereas the 
Brewer's, vesper, and white-crowned 
sparrows breed on meadows of about 10 ha. 
However, information is needed to 
develop a predictive species-area 
relationship to include all species 
(Fig. 5) both during the breeding season 
and during migration. 

Habitat structure is a second 
component (Fig. 2) potentially 
influencing avian use of a montane 
meadow. The relationship between 
singing or displaying males and 
structural characteristics of the 
vegetation is known for several habitat 
types, particularly the eastern 
deciduous forest (James 1971). In 
contrast, little is known of this 



relationship for males singing on montane meadows. Thus, whether the geometric 
organization of singing males on a mountain meadow reflects social interactions 
between individuals of several species or independent responses of a specific nature 
to a complex of vegetational or abiotic characteristics has not been extensively 
investigated. It is known that the shape, location, and number of white-crowned 
sparrow territories in spring on a meadow reflects extent of snow cover (Morton et 
al. 1972). After the snow-melt, mountain white-crowned sparrows forage in open areas 
or on bare ground, yet these areas, as well as sources of water, may change in 
suitability from year to year. These annual changes in suitability along with the 
general insular character of mountains may account in part for the substantial 
year-to-year changes in abundance in montane avifauna noted by several authors 
(Johnson 1975, Thompson 1978). There are reports describing habitat elements for 
species nesting on montane meadows--western meadowlark, vesper sparrow, and Brewer's 
sparrow and others (Linsdale 1938, Salt 1957). 

Competition (Fig. 2) is a third variable to impose limits on the distribution of 
montane birds (Terborgh and Weske 1975). For example, in the northern Rockies where 
the ranges of the white-tailed, rock, and willow ptarmigan overlap, summer overlap in 
habitat is small--the white-tailed in cliffs, rocks, and fellfields at high elevation; 
the willow in lower wet meadows, tussocks, riparian shrubs, and valley slopes; and 
the rock on middle slopes with heath tussocks, low shrubs, and dry meadows (Weeden 
1964, Hoffmann 1974). In the central Rockies where only the white-tailed ptarmigan 
breeds, the species occupies the full range of habitat types suggesting that 
competitive interactions operate in areas of congener sympatry. Providing another 
example, the water pipit nests in moist alpine wet meadows in the Rockies yet is 
restricted to dry meadows or fellfields in the arctic by the red-throated pipit 
(Voous 1960, Williamson et al. 1966). However, as with minimum area and habitat 
structure, the impact of competition on the distribution or abundance of birds 
breeding in montane meadows needs to be resolved. 

Spring and summer food availability (Fig. 2), a fourth potential variable 
influencing avian use of montane meadows, is highly dependent on climatic conditions, 
especially temperature (Roeder 1953, Turner and Paulsen 1976). Although diet of 
several species breeding on montane meadows is known (Austin 1968, Wiens and 
Rotenberg 1979), the impact of availability of food on initiation of breeding, egg 
laying, molt, and migration has not been well documented. It is known that adult 
meadow pipits breeding on a British mountain farm grassland collected less than 
1 percent of available adult tipilids, their principal food for their nestlings and 
themselves (Seel and Walton 1979), suggesting an abundance of available food. 
Moreover, in an extensive assessment of diet niche relationships among North American 
grassland and shrub steppe birds, Wiens and Rotenberg (1979:254) found "that food is 
not normally limiting to bird populations in these systems." Few if any other 
published reports have provided empirical evidence that food is limiting during the 
breeding season in montane or other habitats (Fretwell 1978). 

Importantly, several species that breed in habitats surrounding montane meadows 
regularly forage in meadows again suggesting that food is abundant. Thompson (1978) 
reported several raptors--Cooper's hawk, red-tailed hawk, golden eagle, marsh hawk, 
merlin, and American kestrel--are associated with montane grasslands in Montana 
(Fig. 5). At least 6 aerial insectivores--the poor-will, common nighthawk, tree 
swallow, violet-green swallow, rough-winged swallow, barn swallow--and 3 
nectarivores--broad-tailed, calliope, and rufous hummingbirds--forage extensively in 
meadows (Salt 1957, Thompson 1978; K. G. Smith, pers. cornm.; F. B. Samson, unpub. 
data). Although a cavity nester, the mountain bluebird during the breeding season 
sallies or hovers to prey on meadow insects. Another forest-dwelling cavity nester, 
the common flicker, regularly forages on the ground in open meadowg as do several 
species nesting in riparian willows. Two species of shrikes capture prey in meadows 
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during migration and at least two alpine-tundra nesters, the gray-crowned rosy finch 
and black rosy finch, forage in meadows during spring migration. 

Cooper's Hawk 
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Golden Eagle 
Marsh Hawk 
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1 Purple Finch 
k Chipping Sparrow 
.~~Junco Sp Poor-Will 
~White-Crowned Sparrow 
'3{f-:> Common Flicker 
,;or.,..,~ 
~~ Brewer's Sparrow _f"'? -"';::.. 

.;-z~~'-
..--'-' 'I 

~ \..~ 
~., 

Grass Sagebrush Aspen 

Tree, Violet-green, 
and Rough-winged 
Swallows 

Lincoln's, Fox and 
Song Sparrows 

Willow 

Figure 5. Generalized schematic representation of foraging place of birds using a 
montane meadow in the breeding season (Salt 1957, Thompson 1978). Birds nesting 
on montane meadows include Junco SpP., the white-crowned, Brewer's, and vesper 
sparrows, and the green-tailed towhee. 

POPULATIONS 

Studies of particular species often involve several variables--density, 
behavior, sex and age ratios, mortality, and survival rates (Fig. 2). In addition to 
monitoring annual changes in population numbers, estimates of densities of widespread 
breeding birds have been used as an "indicator" of habitat condition particularly in 
relation to land use. To make valid comparisons in bird density between years on a 
site or among sites, several authors suggest census of individually marked birds 
rather than reliance on observations of unmarked birds such as singing males 
(Jarvinen et al. 1978, Seel and Walton 1979, and others). Several factors account 
for this recommendation, primarily annual changes in the relative abundance of 
breeding and nonbreeding males, contrasts in singing frequency of mated versus 
unmated males, and age-specific habitat use. 

Two examples of birds associated with mountain meadows illustrate the point. In 
a study of the mountain white-crowned sparrow from 1968 to 1970 involving marked 
birds (Morton et al. 1972), overall male to female ratios of captured birds were 
1.29:1.0 in adults and 1.27:1.0 in immatures. From year to year, sex ratios varied 
from 1.45:1.0 in adults and 1.5:1.0 in immatures in 1968 to 1.2:1.0 and 1.1:1.0 in 
1970. Number of males, therefore, may exceed those of females by up to 50 
percent. After pairing, mated males virtually cease to sing, but unattached males, 
primarily yearlings, continue to sing, intent on attracting a mate (Blanchard 1943; 
Baptista, pers. comm.). However, because of social interactions with older mated 
males, yearlings may be forced to occupy less preferred habitat (Ralph and Pearson 
1971). Thus, males singing frequently in late May or June can clearly be unmated 
males potentially in suboptimal habitat. 
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In Cassin's finch, a second example, yearlings(which do not breed to any extent) 
comprised 22.2 percent of all males banded in 1971, 48.6 percent in 1972, and 27.2 
percent in 1973 in a study reported from northern Utah (Samson 1976). In 3 years of 
that study, all males and females arrived simultaneously on a breeding area, and all 
age classes of males sang until nesting, which occurred in late May or early June 
(Samson 1978). After nest construction, breeding males ceased to sing, directing 
their energies and activities toward feeding the female and, later, young in the nest. 
The reduction in singing activity also substantially reduced a cue to attract 
potential predators to the female and nest. Yearling, nonbreeding males continued to 
sing as late as August, using perches in an array of habitats, both preferred and 
clearly suboptimal. The average territory, which centered around the female, had a 
mean radius of 4.1 m (total area 52.4 m2). Cassin's finches nestin colonies in 
patterns similar to other members of the subfamily Carduelinae (Peiponen 1962, Hilden 
1969, Tast 1970, Newton 1972). It is not surprising then that comparisons of the 
above density estimates contrast greatly to those based solely on singing males such 
as those regularly reported in American Birds (Van Velzen 1975, 1977), or in other 
surveys relying on singing males (Austin and Perry 1979). Therefore, without 
documentation of the vocal behavior, sex ratio, age ratio, and other characters of 
individual populations, it appears very difficult to accurately estimate density of 
breeding birds associated with mountain meadows. Other authors, too, have offered 
warnings on the use of singing males to estimate breeding numbers in their habitats 
(Davis 1965, Best 1975). 

Productivity (Fig. 2) is an additional important characteristic in the management 
of a species. For birds breeding at high latitudes,weather has been reported the 
major factor limiting productivity (Jehl and Russel 1966, Jehl 1968). In montane 
meadows, weather's effect may be more indirect than direct. Morton et al. (1972) 
observed that fewer pairs established territories and built nests if a meadow remained 
snow covered into late spring. Moisture, however, persisting through the summer 
because of the late snow cover, created very favorable conditions for raising young. 
In fact, more young were produced when fewer pairs nested and moisture conditions in 
late summer were favorable. These authors point out "the number of pairs present in a 
given year was not a good indication of productivity for the meadow" (1972:161). 
Other effects of weather are known, particularly on the general phenology of breeding 
and molt activity. For example, Cassin's finch may delay onset of nesting activities 
if weather conditions remain unfavorable late into spring (Samson 1976) and weather 
affected the nesting schedule of water pipits in the alpine tundra in Montana 
(Verbeek 1970). Renesting is uncommon in many montane nesters. The 50-60 days 
required for the breeding cycle--nest construction to fledgling independence--and 
70-80 days for molt nearly comprises the entire environmentally favorable period at 
high altitudes. 

Mortality (Fig. 2) during the breeding season in birds on montane meadows may 
reflect several causes, most importantly predation, weather, trampling by sheep, and 
human interference. Among reported potential or observed predators, the deer mouse, 
long-tailed weasel, coyote, badger, Clark's nutcracker, and ground squirrels appear 
most important (Verbeek 1970, Morton et al. 1972). Nesting losses due to predation in 
th.e mountain white-crowned sparrow have ranged as high as 30 percent (Morton et al. 
1972), but estimates of losses for other meadow species are not available. The 
direct effects of weather vary from freezing of incubating females to flooding of nests 
by spring rains concurrent with snowpack melt (Morton et al. 1972). Tourists and 
fishermen were considered by Morton et al. (1972) a likely cause of nest abandonment 
in the mountain white-crowned sparrow. Hikers, motorcycles, and horses also trample 
montane grasslands causing damage to habitat (Weaver and Dale 1978). 
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Few nongame birds overwinter on montane meadows, yet events during the 
nonbreeding season may be most important to the population dynamics of species 
breeding on mountain meadows. Lack (1966) argued annual changes in breeding numbers 
of birds, both annual residents and migrants, reflected food-related mortality from 
early fall through winter. Subsequent studies by Newton (1964), Fretwell (1969, 1972), 
Pulliam and Enders (1971), Krebs (1971), Davis (1973), Slagsvold (1975), Samson (1976), 
Jones and Ward (1976), Samson and Lewis (1979), among others tend to support the 
contention that the size of a breeding population is influenced by events of the 
nonbreeding season. 

SUMMARY AND RECOMMENDATIONS 

Montane meadows comprise about 3.2 million ha under the jurisdiction of.the U. S. 
Forest Service, the Bureau of Land Management, and state and private ownership (USDA 
1975). To summarize this review of avian use of montane meadows, I offer the following: 

(1) To maintain open montane meadows, care should be exercised in grazing or 
other land-use prescriptions (fire, for example) considering their apparent accelerative 
effect on succession (Fig. 1). Wet meadows are particularly susceptible to roads and 
trails which should be located in adjacent dry forests (Patton and Judd 1970). 

(2) Area, isolation, and habitat variety are important variables imposing 
limits on the geographical distribution of birds in western mountains (Fig. 2). Birds 
breeding in western mountains function ecologically in nine role categories with 
membership varying greatly,depending on productivity and other factors characteristic 
of a mountain range. 

(3) Relatively few species breed on montane meadows, yet meadows are important 
foraging areas for members o£ adjoining avian communities, particularly those in 
forest or riparian habitats. The effect of size of a montane meadow (Fig. 2) on 
diversity of breeding or foraging birds, however, is not precisely known. The need 
for the information is clear, since without it the effect of land-use change on avian 
communities using meadows cannot be fully predicted. 

(4) Slagsvold (1976:197-222) has noted "changes in song activity affect the 
discovery chance of birds." Observers are also biased by song activity (Enemar et al. 
1978). Song activity in a species, however, is influenced by many factors including 
stage of the nesting cycle, population age and sex structure, and year-to-year 
variations in population structure. Importantly, noribreeding birds, through social 
interactions with breeding birds, generally are relegated to less preferred habitat. 
When one combines observer bias toward song activity, the higher singing rates of 
nonbreeding males, and the use of less preferred habitat by nonbreed!ng (often 
yearling) males, what emerges is descriptive of habitat needs for the nonbreeding 
portion of a species population. Thus, detailed studies involving marked individuals 
rather than singing male counts are recommended to ensure accurate estimates of 
densities of a population and the essential habitat needs of breeding birds. 

(5) Lastly, this review has essentially dealt with ecological issues similar to 
most wildlife management studies or reports. However, the future of montane meadows 
and associated avifauna may not depend on ecological variables but economic ones. 
Future research for this ecotype should attempt to merge ecological and economic 
considerations. 
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APPENDIX 1 

Birds 

Cooper's hawk (Accipiter cooperii) 
Red-tailed hawk (Buteo jamaicensis) 
Golden eagle (Aquila chrysaetos) 
l1arsh hawk (Circus cyaneus) 
Merlin (Falco columbarius) 
American kestrel (!. sparverius) 
Willow ptarmigan (Lagopus lagopus) 
Rock ptarmigan (L. mutus) 
White-tailed ptarmigan (L. leucurus) 
Poor-will (Phalaenoptilu; nuttallii) 
Common nighthawk (Chordeiles minor) 
Common flicker (Colaptes auratus) 
Northern three-toed woodpecker (Picoides tridactylus) 
Broad-tailed hummingbird (Selasphorus platycercus) 
Rufous hummingbird (S. rufus) 
Calliope hummingbird-(S~la calliope) 
Violet-green swallow (Tachycineta thalassina) 
Tree swallow (Iridoprocne bicolor) 
Rough-winged swallow (Stelgidopterux ruficollis) 
Barn swallow (Hirundo rustica) 
Clark's nutcracker (Nucifraga columbiana) 
Mountain bluebird (Sialia currucoides) 
Water pipit (Anthus spinoletta) 
Meadow pipit (Anthus pratensis) 
Red-throated pipit (A. cervinus) 
Western meadowlark (Sturnella neglecta) 
Purple finch (Carpodacus purpureus) 
Cassin's finch (C. cassinii) 
Gray-crowned rosy finch (Leucosticte tephrocotis) 
Pine siskin (Carduelis pinus) 
Black rosy finch (Leucosticte atrata) 
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APPENDIX 1 (continued) 

Birds 

Green-tailed towhee (Pipilo chlorurus) 
Vesper sparrow (Pooecetes gramineus) 
Dark-eyed junco (Junco hyemalis) 
Brewer's sparrow (Spizella breweri) 
Chipping sparrow (~. passerina) 
White-crowned sparrow (Zonotrichia leucophrys) 
Fox sparrow (Passerella iliaca) 
Lincoln's sparrow (Melospiza lincolnii) 
Song sparrow (~. melodia) 

Mammals 

Deer mouse (Peromyscus maniculatus) 
Long-tailed weasel (Mustela frenata) 
Coyote (Canis latrans) 
Badger (~ea taxus) 
Ground squirrel (Citellus spp.) 

Plants 

Lodgepole pine (Pinus contorta) 
Ponderosa pine (~. ponderosa) 
Englemann spruce (Picea engelmannii) 
Douglas-fir (Pseudotsuga menziesii) 
Subalpine fir (Abies lasiocarpa) 
Quaking aspen (Populus tremuloides) 

1 
Meadow use 

A 
A 
A 
A 

A 
A 
A 

1A = Bird dependent on meadow for nesting and feeding; B = Bird dependent on 
meadow for feeding; C = Meadow use during migration; D = Meadow use during winter. 
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POST-FIRE SUCCESSION OF AVIFAUNA IN CONIFEROUS FORESTS OF 
YELLOWSTONE AND GRAND TETON NATIONAL PARKS, WYOMING 

Dale L. Taylor 

Research Biologist 
South Florida Research Center 

Everglades National Park 

and 

William J. Barmore, Jr. 

Research Biologist 
Grand Teton National Park 

ABSTRACT 

Yellowstoneand Grand Teton National Parks have been zoned to 
allow certain natural fires to burn until they self-extinguish. 
The effect of these natural fires on avifauna in the two parks 
is reported in this paper. 

Breeding bird populations in burned lodgepole pine or spruce-fir
lodgepole pine forests of the following post-fire ages are 
analyzed: MODERATE BURN 1, 2, 3 years; SEVERE BURN l, 2, 3, 5, 
7, 11, 13, 17, 25, 29, 43, 44, 45, 57, 61, 111, 115, 300, 304 
years; UNBURNED SPRUCE-FIR WITH SOME LODGEPOLE PINE, and UNBURNED 
SPRUCE-FIR. 

Highest populations and greatest biomass occurred from 5-29 years 
post-fire. Bird density, species composition, and diversity on 
moderately burned spruce-fir-lodgepole were more like those on 
unburned spruce-fir than on other seral stages. Greatest biomass 
of air-soaring, foliage-seed, timber-drilling, ground-insect, and 
ground-seed feeding categories occurred where the forest canopy 
had not closed. Biomass of foliage-insect and timber-searching 
was greatest where the forest canopy had closed. Canopy closure 
affected avifauna more than fire did. 

KEYWORDS: birds, fire, succession, biomass, feeding category, 
coniferous forest. 
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INTRODUCTION 

Prior to the late 1960's National Park Service policy was to suppress all 
natural and man-caused fire in national parks. (Everglades National Park has been 
an exception to this policy since 1958.) Since then, there has been a growing aware
ness of the vital role that fire played in the dynamics of many pristine ecosystems. 
Recommendations by the Secretary of the Interior's Advisory Board on Wildlife Manage
ment (Leopold 1963) and subsequent research on fire resulted in new management 
policies which recognize the role of fire in many natural ecosystems (U.S. National 
Park Service 1979). The new policies require a fire management plan for all National 
Park Service areas and provide for use in park management of prescribed natural fire 
(fire of natural origin--not man-caused--which is allowed to burn under prescribed 
conditions) and/or prescribed fire (fire set by man under specified conditions to 
accomplish specified objectives within a specified area). 

Fire management plans have been in effect since 1972 in Yellowstone and Grand 
Teton National Parks. Research during the 1960's and early 1970's (Taylor 1969, 
1973b, 1974; Loope 1971; Loope and Gruell 1973; Houston 1973; Gruell and Loope 1974; 
Barmore et al. 1976) documented the importance of fire in the pristine ecosystems 
of these parks and provided the scientific foundation for fire management plans. 
Some natural fires have been allowed to burn in specified zones of both parks since 
1973. 

This report summarizes succession of birds following natural fire in coniferous 
forests of the two parks (Taylor 1969, 1973a, 1973b, 1976; Barmore et al. 1976). 
Research on the relationships between. fire and nonhunted bird species is rare 
(Thomas et al. 1975) but includes studies by Marshall (1963), Bock and Lynch (1970), 
Emlen (1970), Kilgore (1971), Roppe (1973) and Theberge (1976). 

Study Areas 

Ten areas ranging from 1 to 304 years post-fire plus two others of unknown age 
since fire (perhaps unburned) were studied in the two parks (Table 1). Sampled areas 
ranged from 40 to several hundred acres in size. Current vegetation is lodgepole 
pine (Pinus contorta) or spruce-fir (Picea engelmannii-Abies lasiocarpa) forest. 
More detailed descriptions of the study areas are in Taylor (1969) and Barmore et al. 
(1976). 

Two fire intensities were sampled on the 3492 acre (1414 ha) Waterfalls Canyon 
burn in Grand Teton National Park: Severe--all above ground vegetation was killed 
by intense crown fire; Moderate--40% or more of the tree overstory was alive 1 year 
post-fire and part of the grass-forb-shrub understory was unburned. Unburned stands 
of spruce-fir-lodgepole pine (UI) and spruce-fir (UII) adjacent to the Waterfalls 
Canyon burn were also sampled. These stands were characteristic of the severely 
and moderately burned areas prior to the fire. 

Current vegetation of all study areas in Yellowstone National Park developed, or 
was assumed to have developed (the 1856 and 1667 burns), following severe crown fire. 
Study areas were at 6800 feet (2073 m) in Grand Teton National Park and 8000-8200 
feet (2440-2500 m) in Yellowstone. Succession will be more rapid at the lower 
elevations. 
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METHODS 

Breeding bird density was estimated by the transect survey method (Haapanen 1965, 
Kendeigh 1944) during four censuses on each study area. D. Taylor made all bird 
counts. Transect counts, when well standardized, are the preferred census technique 
if large areas must be sampled in a short time (Robbins 1978). Breeding birds were 
considered to be those within a 75 ft. (23m) wide belt on each side of a 1000 yd. 
(914 m) or 1200 yd. (1100 m) paced transect. Census area totaled 10.3 acres (4.2 ha) 
or 12.4 acres (5.0 ha). Birds outside the belt were recorded as present in the 
study areas. Censuses were conducted from daylight to approximately 0800 during 
June and in the first two weeks of July. Populations of pine siskins and red.cross
bills were not estimated since these species characteristically moved through the 
areas in flocks. When a species such as the pine siskin was consistently present in 
an area, one pair per 100 acres was assumed to be present. 

Classification of birds into feeding categories according to foraging level and 
food type follows Salt (1957). Bird biomass calculations are from Grand Teton 
National Park (Salt 1957). Bird species diversity is expressed as the Shannon
Weaver index (Pielou 1966). Bird names follow the AOU checklist (Appendix 1). 

CHANGES IN DENSITY AND SPECIES COMPOSITION 

Reasons for the high variation between years in estimated total bird density 
(as much as 45% for short time periods of 2-4 years, Fig. 1) are unknown but probably 
reflect the high variance inherent in all bird census methods (Dice 1952). Coeffi
cients of variation for total density of breeding pairs on Grand Teton study areas 
(4 censuses/study area/year) averaged 27% (range 16-47, N = 15 C.V. 's) and were much 
higher for most individual species (up to 200%). However, the generally declining 
trend in total density of breeding pairs from youngest to oldest seral stages is 
consistent (Fig. 1). 

I 

123 s 1113 11 2S 2' 43 .u S7 bl Ill Ill 123 

mod•rate o---e 
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Fig. l. Density of breeding pairs in seral vegetation following fire in 
coniferous forests of Yellowstone and Grand Teton National Parks. 
Unburned areas UI and UII were censused 3 consecutive years. 
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The most obvious change in species composition was the presence of northern 
three-toed and black-backed three-toed woodpeckers the first three years following 
fire and their absence or very low density thereafter (Table 2). Prior to the 
Waterfalls Canyon fire, the northern three-toed woodpecker was listed as rare, and 
the black-backed three-toed woodpecker was not listed for Grand Teton National Park 
(Grand Teton Natural History Association 1973) where a sizeable fire had not occurred 
since 1932. Periodic fires are apparently important to these two woodpecker species. 

Black-backed and northern three-toed woodpeckers were also present in unburned 
spruce-fir forest (UI and UII) adjacent to the Waterfalls Canyon burn in low but 
somewhat higher densities than recorded by Salt (1957) for a different spruce-fir 
stand in Grand Teton National Park (2.0 versus 0.7 pairs/100 acres). Although the 
difference is small and perhaps insignificant considering the high variance charact
eristic of bird censuses, some three-toed woodpeckers may have ranged into unburned 
spruce-fir from nearby burned sites where these species were relatively common the 
first few years following fire. 

Hairy woodpeckers were present in burned areas until forest canopy closure 
about 40 years post-fire. They were also present in the oldest unburned areas, but 
at much lower densities than in younger post-fire areas. Nest holes excavated by 
these three woodpecker species and by the less abundant common flicker are important 
to secondary cavity nesters such as mountain bluebirds and tree swallows. Nest 
holes in fire-killed snags are extremely important to these latter two species, 
which make up 29-64% of the total breeding birds in the 5-29year post-fire areas. 
Loss of fire-killed snags combined with forest canopy closure causes tree swallow 
and mountain bluebird populations to disappear by about 50 years post-fire. 

White-crown~d sparrows, which are usually associated with shrublands, were 
present only in the 25 year post-fire stand where lodgepole pine were 7-8 feet 
(2.1-2.4 m) tall. Four years later when the trees were 10-11 feet (3.0-3.3 m) tall 
and stand appearance had changed from shrubland to young forest, white-crowned 
sparrows were absent, and they were not recorded in any older stands. 

In our study areas Clark•s nutcrackers and Cassin•s finches were relatively 
important before forest canopy closure at about 40 years, but not thereafter (Table 
2). In contrast Salt (1957) found rather high densities of Clark•s nutcrackers in 
older stands of lodgepole pine, lodgepole pine-spruce-fir, and spruce-fir (1.7, 11.7, 
and 20.3 pairs/100 acres, respectively) in Grand Teton. Reasons for these differ
ences are unknown but young may have fledged and adults may have left by the time 
of our censuses. Clark•s nutcrackers nest in March and brood for 22 days in 
Yellowstone(Skinner 1929). However, Salt•s and our censuses should have been 
similarly influenced since they probably were conducted about the same time of year. 
Clark•s nutcrackers may be more ubiquitous and/or erratic in their distribution and 
movements relative to seral stages. 

The Oregon junco, robin, yellow-rumped warbler, and the gray jay were ubiqui
tous in the various successional stages. Robins were present near openings created 
by small ponds in the oldest stands. 

Species composition the first 3 years after the Waterfalls Canyon fire was 
similar in moderately burned and unburned spruce-fir with the major exception that 
northern and black-backed three-toed woodpeckers and hairy woodpeckers were more 
abundant on the moderate burn. 

The western tanager, golden-crowned and ruby-crowned kinglets, red-breasted 
nuthatch, mountain chickadee, and yellow-rumped warbler were more abundant in 
moderately burned and unburned spruce-fir or spruce-fir-lodgepole pine than in 
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severely burned spruce-fir-lodgepole pine. Species composition on the moderate burn 
will probably approach that of the unburned sites relatively quickly. Within a few 
years the only noticeable remaining effects from the moderately intense fire will be 
a few scattered, fire-killed standing snags, charred fallen trees, and burned out 
stumps. Moderate fire will have done little more than thin the overstory and under
story without altering plant species composition in a major way. 

Breeding bird density 5-29 years post-fire was 52-76% higher than in closed 
canopy lodgepole pine stands 40 or more years post-fire and 39-66% higher than in 
unburned spruce-fir-lodgepole pine (UI) or unburned spruce-fir (UII). Closure of 
the forest canopy at about 40+ years is associated with a dramatic decline in total 
bird density which lasts until another severe fire occurs or for 300 or more years 
without severe fire (Fig. 1). 

The Shannon-Weaver index of bird species diversity increased from 1.5 to 2.3 
between l and 3 years post-fire on a severely burned site, then varied between 
1.8 and 2.2 from 5-300 years post-fire (Fig. 2). Lowest diversity occurred 43-45 
years post-fire when the forest canopy was closing. Diversity was slightly higher 
in unburned spruce-fir-lodgepole pine and spruce-fir (UI and UII) than in severely 
burned spruce-fir or lodgepole pine 5-304 years post-fire. Diversity was highest 
in moderately burned spruce-fir 1-3 years post-fire, primarily due to the post-fire 
increase of woodpeckers. As fire effects are mitigated by time and fire-influenced 
bird species drop out, bird diversity on the moderate burn will undoubtedly decline 
to approach that of unburned spruce-fir or spruce-fir-lodgepole pine. 

1.2 

I 2 5 1 13 ~7 
sever•
m..tderote o-u 

t 

YEARS POST-FIRE 

f 
\ 

61 111 115 300 304 1 2 
U I• • • 
UIIO.O 

Fig. 2. Shannon-Weaver diversity index for breeding birds in seral 
vegetation following fire in coniferous forests of Yellow
stone and Grand Teton National Parks. Unburned areas UI 
and UII were censused 3 consecutive years. 
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CHANGES IN SPECIES COMPOSITION AND BIOMASS BY FEEDING CATEGORY 

Air-soaring species are present by the second year post-fire, become more firmly 
established by the fifth year, and drop out by the time the forest canopy closes 
43-45 years post-fire (Table 3). Air-soaring species depend upon nest sites of 
timber-dwelling species, which are present from l year post-fire until the forest 
canopy closes and again in the oldest seral stages. 

More ground-insect species usually were present in the more open vegetation 
prior to closure of the tree canopy about 40 years post-fire than subsequently; 
however, openings around smnll ponds in older stands harbored many ground-insect 
species. 

More foliage-insect species and timber-searching species were present in the 
oldest seral stages and in moderately burned spruce-fir-lodgepole pine than in 
burned sites of any age, again showing the similarity between moderately burned 
and unburned spruce-fir forests. 

Total breeding bird biomass was at least 70% greater 5-29 years post-fire than 
after 40 years post-fire when the forest canopy closed (Fig. 3). Biomass of air
soaring, air-perching, foliage-seed, timber-drilling, ground-insect, and ground-seed 
species was greater prior to canopy closure. Only foliage-insect and timber-search
ing species had greater biomass in unburned than burned areas. The higher biomass 
of foliage-seed species in burned than unburned stands was due to the Clark's 
nutcracker. 

Biomass was similar in moderately burned and unburned spruce-fir for all feeding 
categories except timber-drillers. Their biomass was greater in the moderate burn 
due to woodpeckers. 

Even though fire drastically changed forest vegetation, bird biomass equaled 
or exceeded pre-fire levels one year post-fire (Fig. 3). From 2-29 years post-fire, 
or until the forest canopy began to close, bird biomass was higher in burned than 
unburned areas. Although fire does change the forest and its associated bird 
fauna, closure of the forest canopy causes a greater and far longer lasting change 
in bird biomass. 

GENERALIZED PATTERN OF AVIFAUNAL SUCCESSION 

Immediately After Fire 

Immediately after fire had swept through the severely burned study site within 
the Waterfalls Canyon Burn, hundreds of pine siskins occupied the tops of fire-killed 
trees apparently feeding on seeds released from cones. Feeding by pine siskins 
continued for at least three weeks post-fire. Cassin's finches, hairy woodpeckers, 
northern three-toed woodpeckers, western tanagers and robins were also present 
immediately after the fire, but pine siskins and Clark's nutcrackers were the most 
abundant species. Two western tanagers fed near flames and Clark's nutcrackers 
fed on large wood-wasps (Urocerus gigas flavicornus: Siricidae) ovipositing in the 
bases of fire-killed trees the first 5 days after fire passed through. 

Severe Burns l-4 Years Post-fire 

Prodigious numbers of roundheaded borers (Monochamus spp. and Xylotrechus 
longitarsis: Cerambycidae) were under the bark of fire-killed trees on the Water
fallsCanyon Burn l year post-fire. The borer's noisy chewing was one of the more 
prominent sounds throughout the burn. Northern three-toed woodpeckers and 
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black-backed three-toed woodpeckers were attracted to feed extensively on these 
borers. One woodpecker captured seven borers per minute during a five minute period. 
Hairy woodpeckers became established the first or second year post-fire, but at a 
lower density than the two three-toed woodpecker species. 

By two years post-fire, roundheaded wood borer populations declined. Their 
activity helped loosen the bark on snags, and the bark began to fall off, and the 
once fire-blackened trees began to bleach white or grey. Populations of three-toed 
woodpeckers declined precipitously, but hairy woodpeckers persisted. 

Three-toed woodpeckers and hairy woodpeckers start a ''tree hole nest cycle" 
in standing, fire-killed trees (Taylor 1979). Mountain bluebirds, tree swallows, 
and other birds nest in woodpecker nest holes. 

The western wood pewee, Clark's nutcracker, Cassin's finch, Oregon junco, robin, 
chipping sparrow, mountain chickadee, yellow-rumped warbler, Swainson's and/or 
hermit thrushes, and pine siskin nest and/or feed on newly burned areas. · 

Severe Burns 5-25 Years Post-fire 

Two major changes occur during this period. Three-toed woodpeckers are lost, 
apparently due to reduced or absent food supply, and the number of secondary cavity 
nesting species increases. Tree swallow and mountain bluebird densities depend upon 
the number of standing snags with nest cavities. Standing snags gradually decrease 
due to rotting off at the base and from windfall during spring when melting snow 
soaks the soil. By 25 years post-fire lodgepole pines will be 7-8 feet (2.1-2.4 m) 
tall, and the area will look like shrubland. White-crowned sparrows will be 
relatively abundant. 

Severe Burns 25-30 Years Post-fire 

Trees will be 10-11 feet (3.1-3.4 m) tall. Appearance of the area changes from 
shrubland to young forest. White-crowned sparrows disappear. Mountain bluebirds 
and tree swallows may decline, depending upon rate of loss of standing snags with 
nest cavities. Other species present 1-4 years post-fire persist. 

Severe Burns 30-50 Years Post-fire 

The forest canopy closes as trees grow taller, spread out, and shade the ground. 
Only a few standing snags remain by 50 years post-fire. Clos)ure of the canopy is 
the most important event in post-fire bird succession. Though it occurs gradually, 
canopy closure is associated with a 62-82% decrease in total breeding pairs compared 
to earlier seral stages, mostly due to loss of tree swallows and mountain bluebirds, 
but also to lower densities of almost all other species present earlier. Chipping 
sparrows reach their peak density during this period and become a major component 
of the avifauna. Other common species include the robin, Oregon junco, mountain 
chickadee, yellow-rumped warbler, ruby-crowned kinglet, hermit and Swainson's 
thrushes, pine grosbeak, ruffed grouse, red crossbill~ arid pine siskin. 

Severe Burns 50-100 Years Post-fire 

This is a period of stagnation. Species are fewer and densities are lower than 
one year post-fire. A major influence on species diversity is the number of small 
ponds or other openings around which robins, Oregon juncos, and chipping sparrows 
concentrate. The ruby-crowned kinglet, mountain chickadee, gray jay, pine grosbeak, 
hermit and Swainson's thrushes, and ruffed grouse are common, but also occur in other 
seral stages. 

141 



Severe Burns 100-300 Years Post-fire 

As the lifespan of lodgepole pine is completed, the trees breakup, die, and/or 
are toppled by wind. The forest will be opened up compared to 100 years post-fire. 
No new bird species occur, however. Bird densities remain low compared to early 
post-fire seral stages. 

Spruce-Fir Forest 

Assuming succession proceeds without major perturbation to the spruce-fir forest, 
species dominance shifts to foliage-insect and timber-searching species. The golden
crowned kinglet and the red-breasted nuthatch are new species not consistently.present 
in earlier seral stages. The brown creeper, mountain chickadee, and red-breasted 
nuthatch are common timber-searching species. Foliage-insect species include the 
ruby-crowned kinglet, yellow-rumped warbler, western tanager, and golden-crowned 
kinglet. Other species such as the robin, Oregon junco, chipping sparrow, gray 
jay, Swainson's thrush, pine siskin, and red crossbill are also present. 

Moderate Burns 

For the first few years post-fire, the avifauna of moderately burned coniferous 
forests consists of species characteristic of both severely burned forests (northern 
and black-backed three-toed woodpeckers and western wood pewee) and unburned forests 
(ruby- and oolden-crowned kinglets, mountain chickadee, yellow-rumped warbler, 
Swainson's thrush, red-breasted nuthatch, and western tanager). 

As early post-fire effects decrease due to new herb and shrub growth, and as 
fire-killed trees topple or are masked by growth of other trees, fire impacts on 
avifauna decrease. Within about 10 years post-fire, a moderately burned area loses 
almost all resemblance to a burned forest. 
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APPENDIX 1 

SPECIES 

Northern three-toed woodpecker 
(Picoides tridactylus) 

Black-backed three-toed woodpecker 
(Picoides arcticus) 

Hairy woodpecker (Picoides villosus) 
Common flicker (Colaptes auratus) 
Western wood pewee (Contopus sordidulus) 
House wren (Troglodytes aedon) 
Brown creeper (Certhia familiaris) 
Townsend•s solitare (Myadestes townsendiJ 
Tree swallow (Iridoprocne bicolor) 
Mountain bluebird (Sialia currucoides) 
Clark~ nutcracker(Nucifraga columbiana) 
Cassin•s finch (Carpodacus cassinii) 
Oregon junco (Junco hyemalis oreganus) 
American robin (Turdus migratorius) 
Chipping sparrow (Spizella passerina) 
Ruby-crowned kinglet (Regulus calendula) 
Mountain chickadee (Parus gambeliJ 
Yellow-rumped warbler (Dendroica coronata) 
Gray jay (Perisoreus canadensis) 
Hermit thrush (Catharus guttatus) 
Swainson•s thrush (Catharus ustulatus) 
Pine siskin (Carduelis pinus) 
Western tanager (Piranga ludoviciana) 
Red-breasted nuthatch (Sitta canadensis) 
Golden-crowned kinglet (Regulus satrapa) 
Ruffed grouse (Bonasa umbellus) 
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FEEDING CATEGORY1 

timber-dri 11 i ng 

timber-drilling 

timber-drilling 
ground-insect 
air-perching 
foliage-insect 
timber-searching 
ground-insect 
air-soaring 
ground-insect 
foliage-seed 
ground-seed 
ground-seed 
ground-insect 
ground-insect 
foliage-insect 
timber-searching 
foliage-insect 
foliage-seed 
ground-insect 
ground-insect 
foliage-seed 
foliage-insect 
timber-searching 
foliage-insect 
ground-insect 



Pine grosbeak (Pinicola enucleato~) 
White-crowned sparrow (Zonot~ichia leucop~ys) 
Common nighthawk (Cho~deiles mino~) 
Tree sparrow (Spizella ~bo~ea) 
Song sparrow (Melospiza melodia) 
Williamson's sapsucker (Sphy~apicus thy~oideus) 
Yellow-bellied sapsucker (Sphy~apicus v~ius) 
Red crossbill (Loxia cu~vi~ost~a) 
Great gray owl (St~ix nebulosa) 
Sandhill crane (G~s canadensis) 

1From Salt (1957) 
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foliage-seed 
ground-seed 
air-soaring 
ground-seed 
ground-seed 
timber-drilling 
timber-drilling 
foliage-drilling 
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ABSTRACT 

The expansive range and elevational distribution of 
the pinyon-Juniper woodland in the western United 
States contributes to the wide variety of forms of 
this habitat type. Similarily, the breeding-bird 
community expresses this variety. A total of at 
least 73 different bird species are known to breed 
here. About 31 of these species breed with regularity 
in pinyon-juniper woodlands. Only about 5 of these 
species are restricted to this habitat type. Usually 
less than half of the breeders are permanent residents. 
A high proportion of the breeding birds forage for 
seeds or insects on the ground. The number of species 
that breed in cavities and/or forage on trunks and 
branches is positively correlated with pinyon pine 
density. Seasonal densities of breeding birds vary 
greatly depending on annual fluctuations in 
precipitation and seed and berry production. Winter 
diversity and density is strongly correlated with 
juniper berry production. Both junipers and pinyons 
show an adaptive suite of characters for dispersal 
by birds. 

KEY~ORDS: pinyon pine, juniper, avifauna, guilds, 
diversity, density, breeding-birds, winter birds. 

The pinyon-juniper woodland could be labeled the characteristic 
habitat-type of the southwest because of its expansive range. 
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Extending over large areas of Arizona, Colorado, Nevada, New mexico, 
and Utah it occupiess_omaAJhere between 43 and 76 million acres of land 
in the West. In New Mexico alone the woodland covers over 32,000 
square miles or 26 percent of the state (Pieper 1977). The woodland 
stretches from the e~t slope of the Sierras to Oklahoma and from 
Oregon to Texas and into mexico. It is the common vegetation-type of 
the foothills, low mountains, escarpments, and mesas of the southwest 
(Fig. 1). Throughout its range this "pygmy forest" shows broad 
tolerance limits ranging in elevation from a high of 10,000 Ft. in the 
Sierras to a low of 3200 ft. in the four corners area, with junipers 
alone extending even lower in many areas (West et al. 1975). It is 
found on a variety of soils derived from granite, basalt, limestone, 
and mixed alluvium (Hurst 1975). 

Pinyon- Juniper I . J 
Woodland 

Col. 

figure 1. The distribution of pinyon-juniper woodland in the five 
western states where it is most abundant (From Clary 1975). 

The major trees of this woodland consist of four species of 
junipers, Juniperus occidentalis, d• deppeana, d· monosperma and J. 
osteosperma. The latter species is the most wide-spread of the 
junipers. The two most common pinyon pines are Pinus monophylla 
and P. edulis with the latter species having the most extensive 
distribution. The dominant trees of the area are relatively small 
{hence the name pygmy forest) ranging in height from 15-40 ft. with 
individual trees having dense foliage. In general the junipers are 
more drought-resistant than pinyon pines and therefore occur in 
highest densities at lower elevations, whereas, pinyon pines become 
more abundant at higher elevations in this woodland (Short and 
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mcCullock 1977). The density of these trees varies from very sparse 
to very dense depending on elevation, climate, and soil type. Total 
plant cover increases with elevation up to about 6600 ft. (Tueller 
e t a 1· 19 7 9 ) • 

The understory vegetation of the pinyon-juniper woodland is 
highly variable depending on soil type, exposure, and climatic 
pattern. Tueller et al. (1979) lists 240 positively identified species 
of vascular plants from the Great Basin pinyon-juniper woodlands. The 
list includes 67 species of shrubs and succulents, 46 grasses, and 122 
forbs that grow under pinyon and juniper trees. Major shrubs include 
sagebrush (Artemisia sp. ), bitterbrush (Purshia tridentate), 
rabbitbrush (Chrysothamnus sp.), and var~ous spec~es of oaks (Quercus 
spp.). few of these species are found growing in association w~th one 
another, as the understory is reasonably depaupered. None of the 
shrubs, succulents, grasses or forbs are listed as rare and endangered 
and none are restricted to this vegetation type. Most woodlands 
contain only a few of these species. Thus, plant species diversity (as 
well as density) is reasonably low compared to other vegetation types 
in the southwest. 

The climate of this vegetation-type can be summarized as being 
rather severe with hot summers, cold winters, low amounts of 
precipitation in the form of rain and snow, low relative humidity and 
high winds. mean daily maximum temperatures for the hottest month of 
the year vary from 260C to 36oc. Total yearly precipitation varies 
between 8 and 18 inches (~est et al. 1975). 

;·h .. ower limits of this woodland now mingle with grassland, 
desert scrub, Great Basin Desert or shrublands in different parts of 
its range. Because of climatic cycles (cool, moist to hot, dry) this 
lower boundary has been very active during the last 10,000 years 
(Martin and Mehringer 1964, Wright et al. 1973, Wells and Berger 1967). 
Evidence from pollen deposits, sloth dung, and wood rat middens 
indicate a considerable lowering of this boundary. This depression 
caused isolated areas of the woodland to come into contact with other 
such areas thus increasing the potential for redistribution of the 
flora and fauna. The return of a warmer, drier climate caused an 
upward retreat leaving behind isolated relict pockets of pinyon-juniper 
woodland, with its faunal components. 

Even though early settlers heavily used pinyons and junipers for 
mine props, fence posts, and fuel,during the last 130 years the 
vegetation type is undergoing an expansion into low shrublands, 
grasslands and Great Basin Deserts (West et al. 1975). At the same 
time the density of trees in more permanent stands is also increasing. 
Numerous causes have been proposed to explain this increase, but the 
major culprit seems to be overgrazing by cattle and sheep (Aro 1971). 
Improper grazing has reduced forage production thereby releasing the 
trees from competition with the herbs and shrubs. Johnsen (1962) 
believes the spread of juniper in northern Arizona is due to the 
increased spread of seeds by livestock, lack of periodic fire, 
overgrazing which reduces competition of grasses with juniper seedling~ 
and a gradually changing climate which favors the spread of juniper. 
La Marche (1974) presents evidence that the period from 1850 to 1940 
was wetter and warmer than the period before or after this. 
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It is evident that this woodland as a whole is an extremely 
complex, variable community. As stated by West et al. (1975), "Early 
attempts to explain distribution, composition, successional changes, and 
management responses in terms of single factors were overly simplistic. 
These variations can be better explained in terms of a complex of 
environmental patterns, historical events, and successional mechanisms. 
The relative importance of each factor of the environmental complex 
varies with the synecological context." 

A major characteristic of this woodland as far as birds are 
concerned is the periodic production of vast quantities of pinyon pine 
seeds and juniper berries. Large crops of pine seeds are produced 
once every five or six years whereas juniper berry production occurs 
every two to three years. In many years neither tree forms reproductive 
propagules. Both life-forms appear to have intra-specific synchrony. 
For example, in a year of a good berry crop, one hectare contains 
between 19 and 38 million berries. A cubic meter of foliage holds 
20,000 berries. The number declines steadily through the late fall 
and winter as birds and mammals consume them. The flesh of a single 
berry has about 315 calories making it a desirable source of energy. 
The berries are a shiny blue in color making them conspicuous; they 
ripen in the fall when insects are sparse and bird densities are high 
due to migration (Salomonson 1978). Thus junipers have adaptations 
favoring zoochory (morton 1973). The pinyon pine also has a 
constellation of adaptations that favor dispersal by animals, 
especially birds (Table 1) (Vander Wall and Balda 1977). This pine 
not only allows animals easy access to its seeds but may entice 
dispersal agents. This means the seeds are easily located, extracted 
from the cones and eaten or cached for future use (Vander Wall and 
Balda 1977, Ligon 1978). more Pinus edulis seeds are cached in dry, 
exposed soils than can be used by the birds in years of high cone 
crops. In some years, pinyon pines produce absolutely no cones per 
hectare (Balda, unpubl. data), whereas in other years they may produce 
as many as 1800 cones/tree (Ligon 1971). These seeds are extremely 
nutritious, containing about 7400 cal/g (Little 1938).A pinyon pine 
seed contains 14.5 percent protein, 60 percent fat, and 18.7 percent 
carbohydrate (Botkin and Shires 1948). The large size, high energy 
content, and high protein level makes this seed a highly desirable 
food stuff. 

Management of pinyon-juniper woodlands since the mid-40's has 
largely consisted of control of the spread of junipers {and ~n soma 
cases pinyon) into grasslands and type-conversion of pinyon-Juniper 
woodlands into grazing lands. Both eradication of the type and control 
has been justified on public lands because the trees are generally 
considered as of low commercial value relative to other harvestable 
trees of the West. During the period 1950 to 1964 Box et al. (1966) 
estimate that approximately three million acres of pinyon-juniper 
woodland were converted to grazing lands. Between 1950 and 1961, more 
than one million acres were converted in Arizona alone (Arnold et al. 
1964). 

The major objective of most type-conversion projects, often 
referred to as "Range Improvement Projects" is to produce additional 
forage for livestock (Terrel and Spillett 1975). These conversions 
represent "a change from multiple use to one use, grazing" (Little 
1977}. Land managers today are going through a period of cautious 
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soul-searching about how to proceed with management on these lands. 
This treatment has not been popular, leaves the area an aesthetic diaste~ 
has questionably proven long range benefits and "Most questions 
concerning wildlife and pinyon-juniper range conversion are unanswered 
and probably will remain so." (Terrel and Spillett 1975). The best 
synopsis of pinyon-juniper management and guidelines for future use can 
be found in a symposium edited by Gifford and Busby (1975). 

TABLE 1. features of pines with different dispersal strategies 

Characteristic 

Seed size 
Seed conspicuous 
Seed quickly released 
Seed coat labelled 
Synchronous cone opening 
Position of cone 
Cone scales 

P. londerosa 
wind) 

small 
no 
yes 
no 
yes 
down, out 
present 

BREEDING BIRDS 

P. edulis 
-{animal) 

large 
yes 
no 
yes 
no 
up, out 
absent 

A total of 73 different species of birds are reported to breed in 
pinyon-juniper woodlands (Table 2). Undoubtedly more records are 
known but these will most often be rare or unusual occurrences. These 
73 species are taxonomically aligned in 8 orders and 25 families. 
Because of the geographic area span by this plant community and the 
wide physiognomic variety (over its range),no one area contains near 
this breeding diversity. for example, in north-central Arizona 5 
pinyon-juniper plots were sampled intensively during two breeding 
seasons (Grue 1977, Masters 1979) and the number of breeding species 
per 40 ha plot ranged from 12 to 24 and averaged 19 species. Rasmussen 
(1941) reports 43 species inhabiting the pinyon-juniper woodland on 
the Kaibab Plateau in summer but has good evidence for breeding by 
only 12 species. Hardy (1945) lists 22 species as re9u1ar breeders 
in Utah pinyon-juniper woodlands whereas Hering (1957) reports 15 
breeding species. 

Relatively few of the 73 species are restricted to pinyon-juniper 
woodland. Table 2 lists 5 obligates and 13 semi-obligates. An 
obligatory species is defined for purposes of this presentation as one 
which nests only in pinyon-juniper woodland within a geographic area 
that contains other habitat types. A semi-obligatory species may nest 
in one additional plant community. This definition is knowingly broad 
as most of these species nest in different habitat types in portions 
of their range where~inyon-juniper woodland is absent. Hardy (1945) 
mentions only the Pinon Jay and Plain Titmouse as being obligatory 11 and the Bushtit as a semi-obligatory species in this woodland type~ 
But, the Pi~on Jay often nests and forages in ponderosa pine forest 
(Balda and Bateman 1971) and the Bushtit is also known to use other 
habitats. 
17 Scientific names for all birds mentioned in the tex.t or tables are given in 

Appendix r. 
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TABLE 2. Breeding birds of pinyon-juniper woodlands1 ) 

Species 

Turkey Vulture 
Cooper's Hawk 
Red-tailed Hawk 
Swain son 1 s Hawk 
Ferruginous Hawk 
Golden Eagle 
Prairie falcon 
American Kestre 1 
Gambel's Quail 
Mourning Dove 
Screech Owl 
Great Horned Owl 
Long-eared Owl 
Saw-whet Owl 
Poor-will 
Common Nighthawk 
Lesser Nighthawk 
White-throated Swift 
Black-chinned Hummingbird 
Costa's Hummingbird 
Broad-tailed Hummin~bird 
Common (red-shafted} flicker 
Hairy Woodpecker 
Ladder-backed Woodpecker 
Western Kingbird 
Cassin's Kingbird 
Ash-throated F 1ycatcher 
Say 1 s Phoebe 
Gray r 1 y ca t ch er 
Western Wood Pewee 
Violet-green Swallow 
Cliff Swallow 
Scrub Jay 
Black-billed Magpie 
Common Raven 
Pin'on Jay 
mountain Chickadee 
Plain Titmouse 
Bushti t 
White-breasted Nuthatch 
House Wren 
Bewick's Wren 
Canon Wren 
Rock Wren 
mockingbird 
American Robin 
Western Bluebird 
Mountain Bluebird 
Blue-gray Gnatcatcher 
Loggerhead Shrike 

Status2 ) 

s 
p 
p 
s 
p 
p 
p 
P-5 
p 
P-5 
p 
p 
5 
p 
5 
5 
5 
5 
5 
s 
s 
p 
p 
p 
s 
5 
5 
5 
5 
s 
5 
5 
p 
p 
p 
p 
p 
p 
p 
p 
5 
P-5 
P-5 
P-5 
5 
P-5 
P-5 
P-S 
5 
5 
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Di stribution3 ) 

4 
2 
4 
1 
2 
3 ( 5p.) 
2 ( Sp.) 
4 
2 
7 
3 
3 
1 
1 
2 
3 
2 
2 (Sp.) 
4 
1 
3 
6 
4 
1 
1 
2 
7 
2 
2 
1 
2 
1 (5p.) 
6 
2 
6 
5 
3 
7 
6 
3 
1 
3 
3 (Sp.) 
4 
4 
1 
1 
4 
5 
2 

Niche 
W1dth· 4 ) 

obligatory 

semi-obligatory 

semi-obligatory 

obligatory 

obligatory 

semi-obligatory 

obligatory 
semi-obligatory 

semi-obligatory 

semi-obligatory 

semi-obligatory 



TABLE 2. {cont.) 

Species Status2 ) 

Gray Vireo s 
Solitary Vireo 
Black-throated Gray ~arbler 
Scott's Oriole 

s 
s 
s 

Brown-headed Cowbird 
Hepatic Tanager 
Black-headed Grosbeak 
Lazuli Bunting 
Cassin 1 s Finch 
House Finch 
Lesser Goldfinch 
Red Crossbill 
Green-tailed Towhee 
Rufous-sided Towhee 
Brown Towhee 
Vesper Sparrow 
Lark Sparrow 
Black-throated Sparrow 
Sage Sparrow 
Dark-eyed jumro 
Gray-headed Junco 
Chipping Sparrow 
Brewer's Sparrow 
Black-chinned Sparrow 

Tota 1: n = 74 

s 
s 
s 
s 
s 
P-S 
s 
s 
s 
p 
p 

P-S 
s 
P-S 
s 
s 
P-5 
P-S 
s 
p 

p = 23 (32%) 
s = 38 (51%) 

P-S : 13 (17%) 

Distribution3 ) 

3 
2 
~ 
3 
4 
1 
5 
2 
1 
5 
2 
1 
2 
6 
2 
2 
4 
3 
1 
1 
1 
6 
1 
2 

s-o = 13 
0 = 5 

Niche 
Width 4 ) 

obligatory 

semi-obligatory 

semi-obligatory 

semi-obligatory 
semi-obligatory 

semi-obligatory 

semi-obligatory 

1) Data from Rasmussen (1941), Hardy (1945), Miller (1946), Hering 
(1957), Grue (1977), Masters (1979) 

;~ 
4} 

P = permanent resident; S = summer resident 
The number indicates the number of census plots or· study areas used 
for breeding. The maximum is 7. Sp. = special landscape required. 
Obligatory = in a given geographic area the species breeds only in 
the pinyon-juniper woodland; semi-obligatory = same as above but 
breeds in one additional plant community. 

few, if any other natural habitat-types in North America have so 
few truly obligatory species. The reason(s) such should be the case 
is not clear but may relate to the great physiognomic diversity found 
in the pinyon-juniper woodland. Just as there is no typical 
pinyon-juniper woodland there are few obligate pinyon-juniper birds. 

Just as the number of breeding species varies between woodlands 
so does breeding bird density. In southwestern Arizona where many oaks 
are found in the woodlands breeding bird density may reach 250 pairs 
per 40 ha (Balda 1967). This density is seldom if ever reached in the 
pinyon-juniper woodland where densities vary between 30 and 190 pairs 
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per 40 ha (Table 3). Ninety-five pairs is about an average figure. 
Grasslands usually have fewer breeding pairs and ponderosa pine forests 
more than the pinyon-juniper woodland. 

TABLE 3. Characteristics of the avian woodland breeding birds 

Study 

Balda, 1967 
Balda, 1967 
Grue, 1977 
Beatty, 19~8 
Grue, 1977 
Masters, 19 7 9 
Masters, 1979 
IYlasters, 1979 
Hering, 1957 
Beidleman, 1960 
Hardy, 1945 
Miller, 1946 

Habitat 

oak-juniper 
oak-juniper-pine 
juniper-parkland 
juniper-grassland 
juniper-pinyon 
pinyon-juniper I 
pinyon-juniper II 
pinyon-juniper III 
pinyon-juniper (?) 
pinyon-juniper 
pinyon-juniper 
pinyon dominated 

No. of 
Breeding 
Species 

36 
36 

17-23 
11-12 
24-26 

9-10 
18-21 
19-19 

15 
2 

22 
55 

No. of 
Breeding 

Pairs/40 ha 

2.24 
267 

54-179 
35-40 
66-130 
90-87 

191-138 
122-133 

33 
30 

Breeding bird densities in a single location show rather large 
annual fluctuations that appear to be linked to biotic and physical 
factors. In very dry years the breeding bird populations may be 
reduced between SO and 70% (Grue 1977). Possibly pinyon pine seed 
crops may attract breeding birds the next spring. Masters (1979) 
found a 28% increase in populations after a large cone crop (Table 4). 

Table 4. Changes in breeding bird densities (pairs/40 ha) and 
diversities between years 

Study first Year Second Year 
Density/Diversity Density/Diversity %Change Rea son 

masters, 1979 191/21 138/18 28/14 Pinon seed 
crop before 
first year 

Grue, 1977 130/26 66/24 49/8 Annual flue-
tuation in 
preci pita ti on 

Grue, 1977 179/23 54/17 70/26 Same as 
above 

Masters (1979) nttempted to explain the relationship between 
various habitat parameters and characteristics of the breeding bird 
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fauna. At the level of the community, she found that the number of 
breeding bird species was significantly correlated with a) the density 
of pinyon pine, b) total tree density and c) pinyon pine foliage 
volume. foliage height diversity (as measured in two-meter height 
classes) was a significant predictor of bird species diversity. 
Breeding bird density was significantly correlated with pinyon pine 
density when the bird population figures following a large pinyon pine 
cone crop are ignored. 

A "typical avifauna" of the pinyon-juniper woodland thus appears to 
be as si~plistic an approach as trying to describe a typical vegetation 
for this woodland type. Never-the-less we have selected from the list 
of 74 breeding species a group that has a distribution score (Table 2) 
of four or higher and/or is listed as obligatory or semi-obligatory 
in niche width. A major danger here is that two closely related 
species may be sympatric and thus neither would have achieved the 
criteria for inclusion. Such could have been the case for nighthawks, 
kingbirds, hummingbirds, bluebirds, medium-billed sparrows and a few 
other cases. In these instances the most common of the dyad or triad 
was added to the list to make it as representative as possible. from 
Table 2, 29 species met the first criteria and the nighthawk and 
kingbird were added for reasons given above. 

Resident Status 

Of the 31 species that fit our "typical avifauna" criteria 14 
(45%) are summer residents and 11 (35%) are permanent residents. Six 
species show variable pa~terns of residency either based on geographic 
considerations (i.e. summer residents in the northern portion of their 
range and permanent residents in the more southern areas) or variable 
weather conditions (i.e. migrate in harsh winter, remain stationary in 
mild winters). Hardy {1945) in eastern Utah described 36% of the 
nesting species as permanent residents and 64% as summer residents, 
almost identical to our typical avifauna if one includes the "switchers" 
in the summer category. 

Data from intensively censuse~ plots in central Arizona over a 
two year period showed about the same split as does the utah data 
(Grue 1977). The proportion of permanent resident species ranged 
from 35 to 40%. 

In north-central Arizona however, masters (1979) censusing three 
pinyon-juniper plots for two years found a range of permanent resident 
breeders from 32 to 56% (Table 5), and Hering (1957) near mesa Verde, 
Colorado had 53% permanent residents. One could expect permanent 
residency to increase in the woodlands wit~ decreasing latitudes but 
such an increase is not apparent from either the proportion of the 
breeding population that is permanent or the absolute number of species 
that do so. On both of IYiasters' {1979} plots with proportion of 
permanent residence above SO% the ratio of pinyon to juniper trees was 
better than 2:1. (Hardy's 1945 ratio was 0.36 to 1). Hering (1957) 
did not provide the necessary data to assess this habitat feature but 
the general area of her study contains high densities of P. edulis 
{pers. obs.R. P. Balda). Of the 55 species of breeding birds 
(a woodland highl) listed by miller (1946) in a southern California 
woodland predominated by pinyon pine, 27 species or 49% were apparently 
permanent residents. Two areas without pinyons had 33 and 35% 
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permanent resident breeders. Thus, we suggest with caution that a 
positive correlation may exist between the proportion of permanent 
residents in the community and the proportion of trees in the woodland 
that are pinyon pines. In all probability no one factor will answer 
the question, but this one does deserve future investigation. Of the 
18 species listed as either obligatory or semi-obligatory in this 
woodland 8 are permanent residents. 

Table 5. Residence status of breeding birds from specific sites in 
north-central Arizona (Masters 1979) 

Status 

Permanent Resident 
Summer Resident 

* 2 yr. average 

3.0* 
6.5 

I 

Number of Species (%) 
Sites 

8.0 
7.0 

II 

(~3) 
(47) 

foraging Guilds 

III 

7.5 
6.0 

(56) 
(44) 

An instructive way to look at avian communities is the use of 
foraging guilds (Root 1967). A guild is defined as one or more species 
in a community that use similar foraging techniques. Guilds can be 
defined as broadly or narrowly as the observations and data base 
permit. Here for· the sake of simplicity and accuracy (but sacrificing 
specifics) I define foraging guilds only by substrate-type. This is 
done because very little information is known about the species under 
consideration to allow for finer distinctions. foraging guilds used 
include ground, foliage, air, bark, and flowers. If a species used 
two of these substrates I assigned half the value to each guild. 

The descriptive analysis from nine different intensively studied 
woodland sites shows few trends. The number of ground foragers varied 
from 6 (Hering 1957) to 16 (Grue 1977) species. Relative proportions 
of ground Foragers varied between 40% (Hering 1957) and 57% (Grue 1977). 
Np significant correlation (Spearman Rank Correlation) between the 
density of pinyon pine or juniper and either the number or proportion of 
ground foraging species was found. 

The number of foliage foragers in the breeding community varied 
from a low of three in a juniper-grassland (Beatty 1978} to a high of 
12 in a predominantly pinyon pine stand. The mean number of species 
that used foliage as a substrate where both pinyon and junipers were 
represented was 5. The number or proportion of foliage foraging 
species showed no significant correlation with pinyon or juniper densit~ 

The number of species of hummingbirds (nec~r feeders) also shows 
no correlation with tree species density. Hummingbirds most likely 
respond more to the species composition and. flowering patterns of the 
shrub and forb strata which may be limited by physical factors 
(temperature, moisture,etc.). 
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There is also no trend for aerial feeders. Aerial foraging species 
number between 1 (Hering 1957) and 9 {Miller 1946). On areas containing 
both pinyon and junipers the mean number of aerial feeders was 4. 

In some woodlands a small group of breeding species forage 
extensively on trunks and large branches. In no intensive study area 
analyzed for this report where the ratio of pinyon to junipers was less 
than 1:1 did any of these species breed. Where pinyons outnumbered 
junipers by 2:1 or better two species appeared. Almost invariably these 
two species were the Hairy Woodpecker and White-breasted Nuthatch. The 
former species obtains insects by hammering holes through the bark or 
flaking layers of bark off in small plates. The latter species probes 
the crevices in the bark to obtain insects. Both species reach higher 
densities in ponderosa pine forests (Szaro and Balda 1979) than i.n the 
woodlands. Either there are more insects in, under, and on pinyon pine 
bark than juniper or the bark pattern is such that insects are easily 
extracted. 

The'~ypical avifauna" for pinyon-juniper woodlands has a slightly 
higher number of ground and foliage foragers than the studies described 
above (Table 6). This probably occurred because our selected sample of 
birds is slightly larger than would be found in any one woodland area. 

Table 6. foraging Guilds for a "typical pinyon- juniper woodland" 

Guild 

Ground 
foliage 
A eria 1 
Bark 
flower 

* 

*Carnivores not included 

Number of Breeding Species (%) 

14.5 
7.0 
4.5 
1.0 
1.0 

(52) 

~i:~ 
( 4) 
( 4) 

The above analysis has dealt solely with numbers of species 
because of the high year-to-year variability in densities. Master's 
(1979) regression models to predict characteristics of the bird 
populations included foraging guilds. Eight independent foliage 
variables were used. Pinyondensity was significantly correlated with 
densities of aerial feeders, bark feeders, and total density of all 
insectivorous birds (Table 7). No variable contributed solely by 
junipers was important as a predictor of any of the breeding bird 
characteristics measured. Why the above result should occur is not 
immediately obvious but suggests pinyon pine may provide a more 
suitable foraging substrate than juniper. 

Only fragmentary data exists to support the contention that 
juniper is less attractive as a foraging substrate than is pinyon 
pine. In an oak-juniper-pine (Pinus cembroides and ~· lei?phylla) 
woodland in southeastern Arizona, Balda (1969) studied fo 1age use by 
the 36 breeding species. The number of observations in each tree 
species were compared to the foliage volume contributed by each tree 
species. Based on foliage volume an expected number of bird 
observations per tree species was calculated. Actual foraging 
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observations in juniper were far less than expected, whereas foraging 
observations in pines were much greater than expected. At that time ~lda 
proposed that the breeding birds may simply have not yet learned to use 
juniper as it is known that juniper is presently spreading into new areas 
and increasing in areas where it was once sparse. The Black-throated 
Gray Warbler, Chipping Sparrow, Bridled Titmouse and Common Bushtit 
utilized juniper more than any other species. Three of the four species 
listed above are members ofour "typical woodland avifauna." In a 
pi"'on-juniper-ponderosa pine ecotone Laudenslayer and Balda (1976) found 
that pinyon pine was selected more intensely than predicted by expected 
numbers generated from foliage volume. Juniper was selected 
approximately as often as expected. We explained this difference by 
using the relative proportion of foraging surface within both trees. 
Although both species have their green foliage concentrated on the 
outer edges of the branches, needles of pinyon pine are found growing 
farther inward than in juniper. Thus, if the growing areas and areas 
of green vegetation on these trees are used as prime foraging surfaces 
then pinyon provides more of this surface per tree than does juniper. 

Table 7. Percent variability explained (r2 ) of b~eeding bird parameters 
by vegetation factors which are significantly correlated 
(masters 1 9 7 9) 

factor 

Pinyon Pine Density 
Total Tree Density 
Pinyon foliage Volume 

Density of feeding Guilds 
Aerial Bark Insectivores 

reeders reeders 

.980 

.979 

.902 

.781 

.776 
NS 

.949 

.947 

.834 

Insect densities in pinyons end junipers may also be a reason why 
pinyon density is a good predictor of density of insect eating birds. 
masters (!979) found, however, that junipers had a higher number of 
insect taxa than did pinyon. Insect abundance (as measured by total 
length} was about the same in both trees. The similarity coefficient 
(a measur~ of community similarity) indicated that pinyon and juniper 
have different arthropod faunas associated with them. 

Nesting Guilds 

T~e classification of the avian community by nesting habits may 
also provide clues as to how breeding birds interact with the 
structure of the ~egetation. Of the 31 species used as a "typical 
avifa~na" 60% (18.5) nested in foliage (the o.s is for the Mourning 
Dove that uses both foliage and ground for a nest substrate), 23% (7) 
used caviti9s and the remainder nest on the ground. Hardy•s date (1945) 
fits well with 61% of the breeding birds nesting in the foliage, 21% in 
cavities, and 18% of the species nesting on the g~ound. 

On two intensively studied plots in central A~izona Grue (1977) 
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found an average of from 60 to 68% foliage nesting species in the 
breeding bird community. from 15 to 20% of the species nested in 
cavities. Again the fit is reasonable with what a "typical avifauna" 
would sho~ {Table 8). 

Table 8. Nesting guilds of breeding birds from specific sites in 
central Arizon~ (Grue 1977} 

Nesting Guild Number of Species {%) 
Pinyon-Juniper Woodland Juniper Parkland 

foliage 
Cavity 
Ground 

* 2 yr. averages 

Total 

16.5* (66) 
s.o (20) 
3.5 (14} 

25.0 

14.0 (68) 
3.0 (15) 
3.5 (17) 

21).5 

In north-central Arizona master's {1979) found cavity nesters to 
make up almost half of the breeding species on areas where pinyons 
outnumbered junipers (Table 9). Hering (1957) found cavity nesting 
species made up 47% of the breeding species on an area of presumable 
high pinyon densities. Both studies had 7 to 8 cavity nesting species 
present. The pinyon dominated woodland in California (Miller 1946) 
contained 11 cavity nesting species. 

Table 9. Nesting guilds of breeding birds from specific sites in 
north-central Arizona (masters 1979) 

Nesting Guild 

Foliage 
Cavity 
Ground 

* 2 yr. averages 

7.0* 
2.0 
o.s 

I 

(74) 
(21 ~ 
( 0 

Number of Species (%) 
Sites 

II III 

7.5 (50) 6.5 
7.0 (47~ 6.5 
o.s ( 3 o.s 

(48) 
{48) 
( 4) 

The emerging pattern is more than suggestive that cavity nesting 
species will occur with higher probability in woodlands containing large 
.numbers of pinyon,pines. On three study sites in no~th-central Arizona 
Masters {1979) found that 79% of ,the variability (r ) in density of 
the combined cavity nesting species (not species numbers as discussed 
above) was explained by the density of pinyon pines. 

Both density and diversity of cavity nesting species may be 
related to pinyon pine in some manner. Since cavity nesters depend on 
weakened or diseased trees to excavate cavities in, it is possible 
that pinyon pine are more prone to attack by insects and other disease 
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causing organisms. Also, it may be that pinyon b~anches are more br~ttle 
and are therefore more prone to breaking thus allowing disease agents 
entry. Dead junipers are hard whereas dead pinyon pines contain soft 
wood (pars. obs.). 

The question that remains deals with tree-type selection by the 
foliage breeding birds: Do foliage breeders select for either juniper 
or pinyon when choosing a nest site? Both Hardy (1945) and Short and 
mcCulloch (1977) make unsubstantiated comments that foliage nesting 
birds prefer junipers over pinyons for nest-sites. Based on the amount 
of data presently available it is not possible to answer that question 
and more research is required to show if any preference is shown 
(Table 10). The two species that showed regular use of juniper were the 
Black-chinned Hummingbird and Black-throated Gray Warbler whereas the 
Chipping Sparrow showed no preference for either tree (Masters 1979, 
Balda 1969). 

Table 10. Nest sites of foliage nesting birds in western woodlands 

Study Number of Nests in 
pinyon juniper other 

Balda, 1967 oak- juniper (not present) 1 12 
67 1 

Ba lda, 1967 juniper-oak-pine 11 10 
46 46 29 

Laudensla yer and pinyon-juniper-ponderosa pine 3 
Ba lda, 1976 48 46 27 

IYia stars, 1979 pinyon-juniper I 1 
32 33 

masters, 1979 pinyon-juniper II 10 5 
87 33 

IYla stars, 1979 ~lnyon- juni:f4er III 6 2 

WINTERING BIRDS 

Winter bird populations of the woodland have been studied in 
central Arizona by Grue (1977) and in north-central Arizona by Shrout 
(1977). A total of 32 species have been recorded as wintering in these 
woodlands. These 3~ species belong to five orders and 14 families. Of 
these, 18 are permanent residents, 10 are winter residents, and 4 are 
switchers. The ~ost regular winter residents are the two species of 
juncos, White-crowned Sparrow, and Ruby-crowned Kinglet. Three of 
these four species are seed eaters. _Prominent uswitcher" species are 
the mourning Dove, American Robin, the two bluebirds, and the House 
finch. Only the Bushtit, kinglet and wren are insectivorous (Table 11). 

Species numbers vary considerably from year-to-year. Shrout (1977) 
reported a diversity of 10 species in one winter and 20 the next on the 
same 40 ha plot. Mean number of wintering species in Arizona woodlands 
is about 15 (Grue 1977, Shrout 1977). 
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Table 11. Birds wintering in pinyon-juniper woodlands 

Species 

Rough-legged Hawk 
Merlin 
Prairie f~lcon 
Gambel 1 s Quail 
mourning Dove 
Hairy Woodpecker 
Common (red-shafted) flicker 
Horned Lark 
Common Raven 
Pi'Non Jay 
Scrub Jay 
Mountain Chickadee 
Plain Titmouse 
Common Bushtit 
White-breasted Nuthatch 
Red-breasted Nuthatch 
Bewick's Wren 
Ruby-crowned Kinglet 
American Robin 
Townsend's Solitaire 
Western Bluebird 
Mountain Bluebird 
Sage Thrasher 
Evening Grosbeak 
Hous·e finch 
Cassin 1 s finch 
Rufous-sided Towhee 
Vesper Sparrow 
Dark-eyed Junco 
Gray-headed Junco 
Chipping Sparrow 
White-crowned Sparrow 

Status* 

w 
lAJ 
p 
p 
P-S 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
IAI 
p 
IAI 
P-S 
IAI 
P-S 
P-S 
IAI 
IAI 

P-S 
IAI 
p 
p 
w 
IAI 
p 
w 

n = 32 P:16, IAI:ll and P-5:5 

Distribution 
(max :: 3) 

1 
1 
(pars. 
1 
2 
1 
3 
1 
3 
1 
3 
1 
3 
3 
(pers. 
(per s. 
2 
2 
1 
1 
1 
1 
1 
1 
2 
(pers. 
1 
1 
3 
3 
3 
3 

obs.} 

ob s.) 
obs.) 

obs.) 

Winter densities vary greatly from place-to-place and from 
year-to-year. for example during the winter of 1973-74 Grue {1977) 
reported 318 individuals per 40 ha in a pinyon-juniper woodland and 
251 wintering birds in a 40 ha juniper parkland. This is a 21% 
difference. 

Year-to-year variations are even more striking. In some years 
the woodland supports huge flocks (too large to count) of bluebirds, 
American Robins and mixed flocks of juncos. In other years one can 
walk for hours seeing only a very few birds (Vaughan pers. comm., 
R. P. Balda pars. obs.). Shrout (1977) found 293 wintering birds per 
40 ha in the winter of 1973-74 and 75 individuals during the winter of 
1974-75 on the same plot. Using a conservative calculation this is a 
74% change in population density between years. 
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These fluctuations appear to be caused hy a combination of physical 
and biotic factors. Open water appears to be critical to winter birds 
of this habitat-type. This may occur because most are feeding on tree, 
shrub, grass and forb seeds as water-bearing insects are rare. Large 
flocks of sparrows, jays, juncos, bluebirds and robins concentrate at 
different times of day at cattle watering tanks. In high density years 
flocks of robins have been seen by the authors flying kilometers to and 
from water holes. Heavy winter snows, however, cause a temporary 
movement to lower elevations (pers. obs.). 

Heavy crops of juniper cones occur at irregular intervals but 
generally a heavy crop can be expected every two to five years 
(Tueller and Clark 1975). Shrout's {1977) data are for a year with a 
"bumper crop" of juniper cones and then for a year with no berry 
production. Large crops may be local or synchronized over relatively 
1 a r g e a rea s • T h e "b err y " crop s r i p en i n t h e fa 11 and a t t r a c t 1 a r g e 
numbers of birds. Some birds such as the Cassin's finch and Evening 
Grosbeak consume the pulpy flesh and seed whereas others such as the 
bluebirds, robins, and solitaires digest only the fleshy pulp and 
defecate the seeds (Salomonson 1978}. Johnsen (1967) and Salomonson 
(1978) found that fresh, ripe seeds passed through the digestive tract 
of birds germinate faster than other seeds. Due to bird dispersal 
Salomonson (1978) found that most seedlings germinate and grow away 
from the source trees but most berries were found below the trees. In 
early fall most juniper seed eaters are highly nomadic in their search 
for large crops. Defecation by these birds during nomadic flights over 
grassland and other rangelands may be one of the causes for the 
encroachment of junipers into other habitat types. 

Other birds respond differently to large juniper berry crops. 
Some Townsend's Solitaires (Salomonson 1978) and possibly some American 
Robins (T. A. Vaughan pers. obs.) set-up permanent, exclusive, 
defended winter territories in these woodlands. All observations 
suggest that the birds defend (or attempting to defend) an adequate 
supply of juniper berries to survive the winter. Salomonson & Balda (~77) 
found that Townsend's Solitaires spent as much, if not more time 
wintering in pinyon-juniper woodland than on the breeding grounds. 
These birds should, thus, show adaptations that promote survival 
during the winter. Average territory size during a "bumper" berry 
crop averaged 0.70 ha and contained between 13 and 25 million juniper 
berries. Each territory contained more than a solitaire could possibly 
harvest. This may insure the solitaires an adequate berry supply 
against heavy snow, heavy consumption by flocking bluebirds and robins, 
and consumption by birds that sneak into their territories. At the 
same time the junipers make no attempt to conceal their seeds or make 
them difficult for animals (especially birds) to locate and consume. 
Thus, one must conclude that southwestern junipers rely on birds to 
disperse their seeds. 

The other dominant trees in this woodland show the same erratic 
production of propagules. Pinus edulis produces large synchronized 
crops of seeds every 6 or 7 years and 1ntermediate crops every three to 
four years (Balda 1978). Pinus monophylla produces an abundant crop of 
cones every two to three years {Graves l9l7). References too numerous 
to mention (in English, Navajo and Hopi) refer to the activities 
of birds in the consumption of pinyon pine seeds. It is generally 
concluded that dispersal of the large, ~ingless seeds occurs by the 
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actions of both mammals and birds. 

Estimates of how many pinyon pine seeds are carried off during a 
good crop have been made and range from 18,000 to 33,000 seeds/autumn/ 
bird (Table 12). 

Table 12. Approximate number of pine seeds cached by a single bird 
when pinyon pine cone crop is high 

Bird 

""'' Pinon Jay 
Pi'Kon Jay 
Clark's Nutcracker 

Tree 

Pinus edulis 
Plnus edull s 
Pinus edulis 

Number of 
Seeds 

21,500 
18,000 
22-33,000 

Reference 

Balda, 1978 
Ligon, 197 8 
Vander Wa 11 and 

Balda, 1977 

Seeds harvested from cones by the permanent resident Pi~on Jay and 
Scrub Jay are often stored in shallow subterranean caches from which 
they can be reclaimed at a later time (Balda and Bateman 1972, Ligon 
1978}. Two other corvids descend into the pinyon-juniper woodlands to 
harvest pinyon pine seeds. The Steller's Jay carries up to 15 seeds 
in its mouth and throat up into the ponderosa pine forest where they 
are cached. A single b~rd may make six or seven trips per day. If the 
woodlands are within 20 km of a mixed coniferous forest Clark's 
Nutcrackers, which often forage on and store seeds of limber pine and 
white-bark pine, will descend to harvest pine seeds for caching in the 
coniferous forest (Tomback 1977, Vander Wall and Balda 1977). 

Caching sites are usually on relatively dry sites that are snow 
free or quick to melt. Seeds that are not found by the birds often 
germinate and grow. In this manner pinyon pine is planted in the 
woodland and in grasslands below (Ligon 1971) and in the coniferous 
forest above it (Vander Wall and Balda, unpubl. data). The Clark's 
Nutcracker, as it resembles its European congener has a remarkable 
memory for finding its hidden caches {Turcek and Kelso 1968, Balda 
in press, Tomback in press). 

IYIA NAG EIYIEN T CONSIDERATIONS 

Until quite recently the standard management procedure for 
pinyon-juniper woodlands was to get rid of it. This was done with 
little consideration for the nongame birds. Wise management 
guidelines or today require that we know what we are managing and the 
constraints imposed by each group of organisms that occur in the 
habitat type. Avian ecologists have long ignored this expansive 
plant community. The result is we do not have the data in hand to 
make concrete suggestions to the "What if we do ••• " questions so 
often asked by wildlife managers. We urge that a concerted, 
organized effort be made in the four-state region where this woodland 
is so abundant to find out what species are present, in what densities, 
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and what factors control their presence and abundance. 

This woodland is biologically unique in the sense that both 
dominant tree species are adapted to have their seeds dispersed by 
animals. Here some seed predators are also mutualistic agents of 
the trees. This fact alone should be a constraint. Because of the 
mobility of the dispersal agents,type conversion projects will 
probably never be permanent as pinyon pine and juniper seeds will 
be defecated and/or cached in these "converted" areas. 

The winter use of junioer berries by hundreds of thousands of 
robins, bluebirds and other species must also be considered. We 
often hear statements about the futility of trying to manage our 
forests and rangelands for nort]ame birds that winter far from ·the 
breeding grounds. The pinyon-juniper woodland is one such wintering 
ground and also deserves consideration from that point-of-view. 

The strong correlations between various bird com~unity 
characteristics and pinyon pine parameters suggest that this tree 
species has important implications for breeding birds. Just what 
these properties of pinyon pine are remains to be seen but 
selective removal of pinyon pine will most likely have a serious 
impact on the breeding bird community. 

Thus, both the pinyon pine and the junipers play key roles in 
maintaining the integrity, survival and propagation of some {or all) 
components of the bird community. Both tree species provide different 
requisites at different times of year. 
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Appendix I· -- Scientific names for bird species mentioned in the text and tables. 

Turkey Vulture 
Cooper's Hawk 
Red-tailed Hawk 
Swainson's Hawk 
Rough-legged Hawk 
Ferruginous Hawk 
Golden Eagle 
Prairie Falcon 
Merlin 
American Kestrel 
Gambel's Quail 
Mourning Dove 
Screech Owl 
Great Horned Owl 
Long-eared Owl 
Saw-whet Owl 
Poor-will 
Common Nighthawk 

Common Name 

Lesser Nighthawk 
White-throated Swift 
Black-chinned Hummingbird 
Costa's Hummingbird 
Broad-tailed Hummingbird 
Common {red-shafted} Flicker 
Hairy Woodpecker 
Ladder-backed Woodpecker 
Western Kingbird 
Cassin's Kingbird 
Ash-throated Flycatcher 
Say's Phoebe 
Gray Flycatcher 
Western Wood Pewee 
Horned Lark 
Violet-green Swallow 
Cliff Swallow 
Scrub Jay 
Black-billed Magpie 
Common Raven 
Pinon Jay 
Clark's Nutcracker 
Mountain Chickadee 
Plain Titmouse 
Bridled Titmouse 
Common Bushtit 
White-breasted Nuthatch 
Red-breasted ~uthatch 
House Wren 
Bewick's Wren 
Canon Wren 
Rock Wren 
Mockingbird 
Sage Thrasher 
American Robin 
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Scientific Name 

Ca.thaJLte.-6 auJta 
A~~ipit~ ~oop~~ 
Buteo j amai~en6..W 
Buteo -6Wain6oni 
Buteo lag o pu-6 
Buteo Jtegai.M 
Aquila ~hJty-6aeto-6 
Fal~o mexi~anu-6 
Fal~o ~olumb~ 
Fal~o -6 paJtv e.Jtiu-6 
Lophofttyx gamb~ 
Zenaida ma~JtouJta 
Otu-6 Mio 
Bubo viltginiavtu-6 
Mio otu-6 
A~goliu-6 a~adi~u-6 
Phalaenoptilu-6 nu.tt~ 
Cho!tde.ile.-6 minoJt 
ChoJtdeile.-6 a~utipenvt.-W 
A~onaute.-6 -6axa.tai.M 
AJt~hilo~hu-6 alexavtdlti 
Calypte ~o-6tae 
Se.lMphoJtu.-6 pla.ty~~~u-6 
Colapte.-6 auJta.tu.-6 ~a6 ~ 
Pi~oide.-6 v~o-6u-6 
P i~oide.-6 -6 ~ala.JcM 
TyJtavtvtu.-6 v ~~al..w 
TyJtavtvtu-6 vo~i6~an6 
MyiaJt~hu.-6 UYLe.JtM~en6 
SayoJtvt.-W -6aya 
Empidonax wJtig~ 
Covttoptt6 -6o!tdidul-U-6 
EJte.mo phJ.hl alpeAtlti-6 
Ta~hyuneta thala-6-6ina 
Petno~helidon pyJtJthona.ta 
Aphelo~oma ~oenuie.-6~en6 
Pi~a pi~a 
CoJtvu.-6 ~oJtax 
GymnoJthivtu-6 ~yano~e.phalu.-6 
NuufiJtaga ~olumbiana 
P aJtu.-6 gam beli 
PaJtu.-6 ivtoJtna.tu-6 
PMU-6 wollwebelti 
P -6 altltipa.Jtu-6 mivtimu-6 
Silla ~aJtoUnen6..W 
Silta ~anaden6i-6 
TJtog.todyte.-6 ae.don 
Th!tyomane.-6 bewi~kii 
Cathe.Jtpe.-6 mexi~avtu.-6 
Salpin~te.-6 ob-6oletll-6 
AUm~~ polyglotto-6 
0Jteo-6~opte.-6 moYL.tavtu-6 
T wr.du-6 mig Jta.to Jtiu.-6 



Appendix I· -- continued· 

Common Name 

Western Bluebird 
Mountain Bluebird 
Townsend's Solitaire 
Blue-gray Gnatcatcher 
Ruby-crowned Kinglet 
Loggerhead Shrike 
Gray Vireo 
Solitary Vireo 
Black-throated Gray Warbler 
Scott's Oriole 
Brown-headed Cowbird 
Hepatic Tanager 
Black-headed Grosbeak 
Lazuli Bunting 
Evening Grosbeak 
Cassin's Finch 
House Finch 
Lesser Goldfinch 
Rad Crossbill 
Green-tailed Towhee 
Rufous-sided Towhee 
Brown Towhee 
Vesper Sparrow 
Lark Sparrow 
Black-throated Sparrow 
Sage Sparrow 
Dark-eyed Junco 
Gray-headed Junco 
Chipping Sparrow 
Brewer's Sparrow 
Black-chinned Sparrow 
White-crowned Sparrow 
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Scientific Name 

Siilia mexic.an.a 
Sialia c.uJtJc..uc.oide-6 
Myade.6~e~ ~ow~en.di 
Polioptila c.a~utea 
Regul~ c.alen.dula 
La~ ludovic.ian.uo 
Vbr..eo vic.in.ioJr.. 
Vbr..eo ~oU:ta!Uuo 
Ven.dJr..oic.a n.igfl.C!Ac.e~ 
Ia~~ pcvvLooJr..u.m 
Molo~h.Jr..~ at~ 
Pbtan.ga &lava 
Pheuc.tic.~ melan.oc.ephal~ 
PM~ efl.in.a amo en.a 
He.6pvUphon.a ve.6pvr.tin.a 
CaJr..poda~ c.M~in.ii 
CaJr..podac.~ mexic.an.~ 
CaJr..du~ p~attnia 
Loxia c.uJr..vbr..o~~a 
P ipilo c.hloJr..~ 
P ipilo ~y~h.Jr..ophlhalmuo 
Pipilo 6~c.~ 
Pooec.~eo gJr..amin.euo 
Chon.deo~eo gJr..ammac.uo 
Amp~ piza bilin.ea:ta 
Amp~piza belli 
Jun.c.o hyem~ 
Jun.c.o c.an.ic.ep~ 
Spizella p~~e.JUn.a 
Spizella bJr..ewefl.i 
Spizella ~ogul~ 
Zon.o~c.hia leuc.ophfl.y~ 
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ABSTRACT 

Ponderosa pine forests are described with respect to the community's 
extensive distribution and its development under a wide range of 
environmental conditions. Bird species composition and distribu
tion are discussed with respect to the vegetative str~cture in 
a community with uneven-aged aggregation of even-age tree groups. 
Bird species sensitive to environmental change are identified. 
Plight of the non-commercial forest avian resources is described. 
Integrated resource management of nongame birds is discussed. 
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The interior ponderosa pine community is a very unique forest bird habitat for 
several reasons. First, it has the widest distribution of any pine forest in North 
America (Fig. 1), extending from western Oklahoma to the Sierra Nevadas and Cascades 
and from southern Canada to Mexico (Little 1971). Many ponderosa pine forests 
persist as small, widely scattered forest islands more subject to deleterious factors 
than larger contiguous forests. Although, in comparison to the latter forests, many 
of these "islands" exhibit greater diversity of flora and fauna. In addition, the 
ponderosa pine community ranges from savannahs to mixed broadleaf-conifer transition 
forests to pure ponderosa pine stands to mixed conifer stands. The majority of 
these stands are not notable wood producers since they are characterized by: 1) 
open grown forests in which roughly 1/3 of the ponderosa pine type has a stocking 
rate of 40% or less; and 2) overstocked stands in which approximately 50% of the 
stands having stocking rates exceeding 40% are in need of thinning (Schubert 1974). 
Furthermore, the community's close association with foothill grassland and shrub 
areas exposes it to more intensive activities of man than most western forest types. 
Finally, commercial timber production over the range of the ponderosa pine is to a 
large degree secondary to nontimber values such as water production, forage 
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Figure 1. Range of the ponderosa pine forest in North America (Little 1971). 

production for livestock and wildlife, habitat for wildlife and aesthetic landscape 
values. All of these conditions serve to create a very complex habitat whose complex
ity is amplified by the presence of two subspecies of ponderosa pine and 113 species 
of birds. 

Frequently, the widely distributed and highly diverse uneven-aged nature of the 
ponderosa pine habitat conflicts with man's single use objectives of piecemeal 
resource management. Also, too often, limited knowledge and poor inter-profession 
communication are integral parts of single objective resource management and lead to 
unanticipated and undesirable results (Bandy and Taber 1974). Timber management can 
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be designed to protect the forest environment but many times it is incompatible with 
the management objectives of one or more non-timber resources. 

It is not the purpose of our paper to duplicate materials well covered in the 
proceedings of other nongame workshops or in the recent excellent studies of Szaro 
and Balda (1979a) and Thomas (1979). Rather, the objectives of this presentation are 
to: 1) provide an overview of the unique character of the ponderosa pine community; 
and 2) identify the other types of information which would serve to facilitate the 
institution of better nongame bird management coincident with truly integrated forest 
resource management. 

PONDEROSA PINE HABITAT 

Tree Characteristics 

Interior ponderosa pine trees grow to be 53 m tall and 128 em in diameter. 
In the Rocky Mountain region, heights of 18 to 38 m and diameters of 50-75 em are 
more typical for an old mature tree. They are generally strongly rooted and, depend
ing on the substrate, roots may penetrate to depths of 10-12 m. Lateral root develop
ment varies according to tree density and is closely related to crown width except 
in more open stands where roots may extend up to 30m (Schubert 1974). Such 
root development can severely influence and regulate the availability of soil 
moisture for understory vegetation. Tree growth is relatively slow and stands of 
young trees or blackjacks (black bark with ages of 120-150 yrs.) can be separated 
from yellowbellies or mature, over-mature and old trees (dark cinnamon to yellow 
bark, aged 120 to >200 yrs.). 

Depending ort site conditions, seed production generally begins with mature 
trees that are 30-40 em d.b.h. (120-150 years old). Prime seed producers appear to 
be in the 60-72 em d.b.h. class with good to excellent seed crops occurring at 2-5 
year intervals (Larson and Schubert 1970, Boldt and VanDeusen 1974). Geographic 
variations modify this; southwest ponderosa pine maturesat an earlier age and have 
smaller diameters than in the northern and western ranges (Thomson 1940). Exposed 
mineral soil seed beds, resulting from fires or mechanical disturbances, are essen
tial for seedling establishment. Natural seeds commonly produce high density seed
ling stands, particularly where (1) fires have produced timely exposure of the miner
al soil and additional soil nutrients, and have reduced competitors for soil moisture; 
and (2) where either snow cover or overhead canopy cover protects the seedlings from 
frost and frost heaving. Also, a high tree density is maintained because natural 
thinning is such a slow process and frequently results in stands of 37,000 12 year
old trees/ha declining to 16,000 63 year-old trees/ha having an average d.b.h. of 
6.4 em (Boldt and VanDeusen 1974, Schubert 1974). 

Where trees grow with wide stand spacing, they tend to develop large crowns 
which occupy a relatively large proportion of the entire length of the stem. The 
trunks of such trees have a relatively short cylindrical stem below the live crown 
and a long tapered section within the crown. Conversely, naturally pruned, closely 
growing trees, will have the opposite characteristics (Larson 1963, 1964). 

General Forest Environment 

It is obvious from the above that interior ponderosa pine forests have developed 
under widely ranging environmental conditions. This species may grow at elevations 
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between 1800 m and 3000 m, where annual precipitation averages 26-62 em and seasonal 
temperature extremes range from 98 F to -40 F. In general, the climatic environment 
could be classified as arid to subhumid and cool to warm. With increasing elevations 
temperature becomes more important than moisture as a limiting factor (Boldt and 
VanDeusen 1974, Schubert 1974, Gary 1975). 

As with climatic variations, ponderosa pine forests are found on a variety of 
substrates. Generally, igneous and sedimentary substrates are more productive than 
soils of metamorphic origin. Loamy limestone soils with moderate to low concentra
tions of calcite and a diversity of chemical components are among the most productive 
soils, i.e., the Kaibab limestone soils which produce as much as 86,000 fbm/ha. 
Weathered, deep, granitic and basalt soils are also quite productive. Sandstone 
soils can be productive, particularly if calcium carbonate and feldspars are present. 
Usually, the low productive soils are: 1) the shallow, poorly weathered, droughty 
igneous soils; 2) the shallow, limestone soils which are high in calcite; 3) coarse 
sandstone soils that have a high silica content; 4) deep shale soil ; and .5) soils 
derived from metamorphic schists, gneisses and quartzites (Schubert 1974). 

Forest Composition and Distribution 

In the cooler, more moist areas the formation of forests dominated by yellow 
pine with one exception, the Black Hills forest, generally represent aggregations of 
all-aged forests made up of conspicuous even-aged groups. This patchy pattern of 
trees appears to be the result of ponderosa pine intolerance to shade and the 
relatively small forest openings available for seedling establishment. Natural 
fires have amplified the character of this grouping and served to maintain it over 
time (Cooper 1960). By contrast, the Black Hills yellow pine forests are considered 
to be primarily an even-aged forest (Boldt and VanDeusen 1974); a trait that is 
probably the result of very intensive historic timber utilization and/or the influen
ce of widespread fire. 

The successful suppression of fire eliminated selective removal of small yellow 
pine seedling stems and intensive grazing by domestic livestock removed grass and 
herbaceous cover competitors for those seedlings. Consequently, current forests are 
characterized by increased areas and densities of ponderosa pine reproduction 
stands (Cooper 1960, Schubert 1974). Although increased tree densities can limit 
grazing, they also severely reduce the herbaceous ground cover. Jameson (1967) found 
that southwestern yellow pine forest clearings produced .674 kg of herbage per acre 
while tree stands having a basal area of 23 •m2/ha (100 ft2/acre) produced only 
56 kg. Even where park-like openings occur in yellow pine forests, increased 
grazing pressure can cause a shift from mid-grasses (fescue, muhly, Junegrass) to 
shortgrasses (blue grama and squirreltail) (Cooper 1960). 

Throughout the lower elevations with warmer, more arid foothill sites, savannahs 
with well developed grasslands and open-growing ponderosa pines are found. However, 
in the southern regions, these savannah-like areas are conspicuous by their absence. 
Lower moisture levels, increased competition from grasses for limited moisture, 
phytotoxicity of grasses to yellow pine seedlings, and heavy grazing pressures have 
served to maintain the openness of these savannah stands (Schubert 1974). Between 
the two extremes of strongly dominant ponderosa pine stands and the ponderosa pine 
savannahs, a wide range of transitional forest types are formed involving shrubs, 
deciduous trees and other conifers. Brief descriptions of four forest areas repre
sentative of the ponderosa pine community are presented below. 
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Pure Pine: Uneven-aged Stand and Even-age Groups of f·E· scopulorum 

Gross descriptions of representative yellow pine forests have traditionally 
used the nearly pure ponderosa forest, with its parklike understory, extending 480 
km across the Kaibab and Mogollon areas of northern and central Arizona (Fig. 2). 
Generally, this forest type has fewer trees of other species. The understory includes 
numerous shrubs and extensive parklike stands of grass. 

Pure Pine: Even-aged Stand of f·E· scopulorum 

The Black Hills forest is nearly a pure stand of even-aged yellow pine, with 
few trees of other species, extending for roughly 160 km from western South Dakota 
to northeastern Wyoming (Fig. 2). Very limited stands of white spruce, lodgep~le 
pine and limber pine can be found. Rocky Mountain juniper is sparsely associated 
with the yellow pine along the foothills areas. The most abundant deciduous tree is 
the quaking aspen, generally found on old forest fire burns on limestone and igneous 
soils. Along the foothills, typically in bottomlands, one finds bur oak trees and 
shrubs. The paper birch occurs rarely on limited moist sites. In contrast to the 
relatively few overstory species, the understory vegetation is quite diverse. Fin
ally, the substrate for this forest is largely limestone with a mixture of sandstone 
and shale and a central crystalline area of schist with some granite (Boldt and 
VanDeusen 1974). 

Mixed Species: Uneven-aged Stand of f·E· scopulorum 

In contrast with the nearly pure stands of important commercial timber, a 
forest of sparse, open growing yellow pine extends from southern Wyoming in a narrow 
belt for approximately 240 km along the Colorado Front Range (Gary 1975). The soils 
of this forest type are primarily granitic (90%), tend to be droughty, have low 
productivity and erode easily. In addition to the natural environmental constraints 
of the abruptly rising Front Range, historic influences of logging, grazing, m1n1ng, 
as well as, current heavy urban developments continue to manifest themselves on this 
plant community. 

The Colorado Front Range ponderosa pine community ranges from the upper montane 
area down to the lower montane region (Fig. 2). The upper montane zone has relative
ly deep soils and the trees tend to be larger than those on the more undeveloped low
er montane soils. The forest stands consist of both open and dense ponderosa pine 
and Douglas-fir but those on north-facing slopes are often interrupted with slender 
stands of lodgepole pine and aspen (Marrs 1967). The ponderosa pine stands of the 
lower montane zone are open, with broad crowned trees associated with parklike grass 
stands and extensive dry grasslands. The grasses prevail.on gentler more open south 
facing slopes; on steep slopes where soils arecoarse and/or shallow the yellow pine 
is dominant (Marrs 1967). The Rocky Mountain juniper is a common associate on the 
latter areas. Douglas-fir occurs with ponderosa pine on the north-facing slopes; 
however, it is more dominant on the steeper slope sections. 

Mixed Tree Species: Uneven-aged Stand, f·E· arizonica 

Across southern Arizona, south of the Mogollon Rim, Arizona ponderosa pine 
replaces the Rocky Mountain ponderosa pine in a series of isolated mountain ranges, 
i.e., the Chiricahuas, Galiuros, Gilas, Huachucas, Pinalenos, Pinals, Santa Catalinas 
and Santa Ritas (Fig. 2). The bulk of these Arizona Highlands (Bowman 1911) are 
composed of limestone, sandstone and quartzite which overlay schists and granites. 
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Figure 2. Vegetative components of the ponderosa pine community's four representative 
locations; northern Arizona; Black Hills, South Dakota; Colorado Front 
Range; and Huachuca Mountains, Arizona (Lowe 1964, Thilenius 1972, Marrs 
1967, and Wallmo 1955). 
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The two most prominent shrubs throughout this forest type are buckbrush and New 
Mexican locust; the former frequently forming thickets where the forest becomes more 
open and the latter being a large shrub or small tree. 

AVIAN COMPONENTS 

Approximately 113 species of birds representing 49 nesting and feeding guilds 
reside in the yellow pine forests (Table 1). This diversity is a direct reflection 
of the community's highly complex character and this diversity may demonstrate 
the potential of the avian community to respond to change. Unfortunately, this very 
same diversity can obscure serious declines of low density avian species. Table 2 
summarizes the status of those avian species which are known or thought to have 
declining populations. Even though the total of endangered and threatened species 
is relatively low, a suggested declining state for 22% of the bird species is a 
matter for serious concern. The situation appears to be particularly serious for 
the Barn Owl, Lewis' Woodpecker, White-breasted Nuthatch and the Western Bluebird 
because the restriction of these species to 2 or 3 plant communities and 2 or 3 
seral stages naturally limits their ability to respond to environmental change. 
Importantly, they are further constrained by their dependence on tree cavities for 
reproduction. 

Detecting significant environmental changes requires the monitoring of particu
larly sensitive species of birds. Thomas et al. (1979a) describes a versatility index for 
wildlife species which includes some of the limitation criteria listed in Table 2. 
The low versatility of a bird species reflects its potential sensitivity to environ
mental change; a reaction that is amplified if the species were a year-long resi
dent in the forest. Unfortunately, few data have been gathered on year-long resident 
birds in the ponderosa pine forests; Rasmussen (1941) and Balda (1967, 1975) have 
identified 23 year-long species. From their data we have compiled a list (Table 3) 
of bird species which could be monitored as particularly sensitive environmental 
indicators in the various associations of the ponderosa pine community. 

Unfortunately, enthusiasm for acquiring avian diversity data, has all too often 
resulted in overemphasizing the concept that "more is better". There has been an 
inclination by the manager to equate species richness with either large numbers of 
species and few individuals or fewer species with larger numbers of individuals. 
Rather than producing numbers, we must begin to manage birds with respect to their 
natural role and function in the ecosystem. For those larger species of raptors, 
i.e., goshawks or eagles, the optimum environment may never be able to support popula
tions except at low individual densities and low species levels. Rasmussen (1941) 
estimated that the density of goshawks in 1931 in the North Kaibab ponderosa pine 
was 1 goshawk per 13 km2. Shuster (1977) found that in Colorado they nested at a 
minimum density of 1 pair per 13.3 km2. Reynolds (1978) calculated that for the 
Cooper's Hawk in Oregon, densities ranged from 1 nest per 5.1 km2 to 1 nest per 7.2 
km2 . 

This overemphasis on species diversity has overlooked the vital importance of 
the old growth habitat with detrimental results for the species narrowly restricted 
to it (Bandy and Taber 1974, Wight 1974, Verner 1975, Edgerton and Thomas 1977). 
Furthermore, subtle species habitat requirements can be easily overlooked. The 
optimum Northern spotted owl habitat appears to include not only dense growth ponderosa 
pine stands of 243 ha or more, but heavily shaded, cool stands mixed with Douglas
fir with water sources close by (Zarn 1974). 
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Table 1. Nesting and feeding guild classification of ponderosa pine forest birds 
(Rasmussen 1941, Balda 1967, Behle and Perry 1975, Thomas 1979a). 

G u i 1 d 

CONIFER TREE NESTER 
Foliage Gleaning Insectivore 

Foliage Gleaning Granivore 
Foliage Gleaning Omnivore 

Ground Gleaning Granivore 

Aerial Sally Feeding Insectivore 

CONIFER-DECIDUOUS NESTER 
Foliage Gleaning Insectivore 

Foliage Gleaning Granivore 

Foliage Gleaning Omnivore 

Foliage Nectivore-Insectivore 

Ground Gleaning Insectivore 
Ground (Riparian) Gleaning Insectivore 
Ground Gleaning Granivore 

Ground Feeding Omnivore 

Ground Feeding Carnivore 
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S p e c i e s 

Golden-crowned Kinglet 
Ruby-crowned Kinglet 
Olive Warbler 
Yellow-rumped Warbler 
Black-throated Gray Warbler 
Townsend's Warbler 
w"estern Tanager 
Red Crossbill 
Gray Jay 
Pinyon Jay 
Clark's Nutcracker 

Band-tailed Pigeon 

Olive-sided Flycatcher 

Solitary Vireo 
Red-eyed Vireo 
Warbling Vireo 
Grace's Warbler 
Hepatic Tanager 
Black-headed Grosbeak 
Evening Grosbeak 
Pine Grosbeak 
Pine Siskin 
Steller's Jay 
House Finch 
Purple Finch 
Rivoli's Hummingbird 

American Robin 
Solitary Sandpiper 
Cassin's Finch 
Mourning Dove 
Common Raven 
Common Crow 
Goshawk 
Sharp-shinned Hawk 
Cooper's Hawk 
Red-tailed Hawk 
Golden Eagle 
Bald Eagle 
Merlin 
Great Horned Owl 
Long-eared Owl 



Table 1 (Continued). 

G u i 1 d 

Aerial Sally Feeding Insectivore 

Water Feeding Piscivore 

DECIDUOUS TREE NESTER 
Foliage Gleaning Insectivore 

BUSH AND SMALL TREE NESTER 
Foliage Gleaning Insectivore 
Foliage Gleaning Granivore 
Foliage Nectivore-Insectivore 

Ground Gleaning Insectivore 
Ground (Riparian) Gleaning Insectivore 
Ground Gleaning Granivore 
Ground Gleaning Omnivore 

Ground Feeding Carnivore 

Aerial Sally Feeding Insectivore 

GROUND NESTER 
Foliage Gleaning Insectivore 
Foliage Feeding Omnivore 

Ground Gleaning Insectivore 
Ground Gleaning Granivore 

Ground Gleaning Omnivore 

Aerial Feeding Insectivore 

GROUND RIPARIAN NESTER 
Water Gleaning Insectivore 

CLIFF, CAVE, ROCK OR TALUS NESTER 
Ground Gleaning Insectivore 
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S p e c i e s 

Hammond's Flycatcher 
Western Flycatcher 
Coues'Flycatcher 
Western Wood Pewee 

Osprey 

Northern Oriole 

Bush tit 
American Goldfinch 
Broad-tailed Hummingbird 
Calliope Hummingbird 
Blue-throated Hummingbird 

American Robin 
Solitary Sandpiper 
Chipping Sparrow 
Black-billed Magpie 
Brewer's Blackbird 
Brown-headed Cowbird 
Green-tailed Towhee 
Loggerhead Shrike 

Gray Flycatcher 
Dusky Flycatcher 

Red-faced Warbler 
Blue Grouse 
Ruffed Grouse 
Hermit Thrush 
Townsend's Solitaire 

Virginia's Warbler 
Dark-eyed Junco 
Gray-headed Junco 
Mexican Junco 
Mountain Quail 
Turkey 

Whip-poor-will 
Poorwill 
Common Nighthawk 

Dipper 

Canyon Wren 
Rock Wren 



Table 1 (Continued). 

G u i 1 d 

Ground Feeding Carnivore 

Ground Gleaning Omnivore 

Aerial Sally Feeding Insectivore 

Aerial Feeding Insectivore 

Aerial Feeding Carnivore 

CONIFER-DECIDUOUS CAVITY NESTER, EXCAVATION 
BY OTHER WILDLIFE OR IN A NATURAL CAVITY 

Foliage Gleaning Insectivore 
Timber Gleaning Insectivore 

Ground Gleaning Insectivore 

Ground Feeding Carnivore 

Aerial Sally Feeding Insectivore 
Aerial Feeding Insectivore 

CONIFER-DECIDUOUS CAVITY NESTER, THEIR 
OWN CAVITY EXCAVATION 

Timber Gleaning Omnivore 

Timber Drilling Insectivore 

Timber Drilling Omnivore 

Ground Gleaning Insectivore 
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S p e c i e s 

Turkey Vulture 
Ferruginous Hawk 
Common Raven 

Say's Phoebe 
Western Flycatcher 
Black Swift 
White-throated Swift 
Prairie Falcon 
Peregrine Falcon 

House Wren 
Black-capped Chickadee 
Mexican Chickadee 
Mountain Chickadee 
Brown Creeper 

Western Bluebird 
Mountain Bluebird 
American Kestrel 
Barn Owl 
Flarnrnulated Owl 
Pygmy Owl 
Barred Owl 
(Mexican) Spotted Owl 
Saw-whet Owl 

Ash-throated Flycatcher 
Violet-green Swallow 
Tree Swallow 

White-breasted Nuthatch 
Pygmy Nuthatch 
Pileated Woodpecker 
Hairy Woodpecker 
White-headed Woodpecker 
Northern Three-toed Woodpecker 
Acorn Woodpecker 
Lewis' Woodpecker 
Yellow-bellied Sapsucker 
Williamson's Sapsucker 

Common Flicker 
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Table 3. Selected bird species capable of serving as 
sensitive environmental indicators in the 
ponderosa pine forest community. 

S p e c i e s 

Goshawk 
Barn Owl 
Common Flicker 
Lewis' Woodpecker 
Hairy Woodpecker 
White-breasted Nuthatch 
Pygmy Nuthatch 
Western Bluebird 
Mexican Junco 
Gray-headed Junco 

MANAGEMENT CONSIDERATIONS 

Community Associations 

Throughout its range, the unique diversity of the ponderosa pine community is 
its most characteristic and valuable asset (Rasmussen 1941, Cooper 1960, Lowe 1964, 
Balda 1967, Marrs 1967, Thilenius 1972, Schubert 1974, Pfister et al. 1977, Thomas 
1979). Consequently, successful management of the ponderosa pine forest habitat for 
nongame birds, as well as all forest resources, must provide for natural diversity. 
Basic to such management is the identification and characterization of the habitat 
associations of the ponderosa pine community. As used here, the association hier
archy consists of the forest (coniferous) subdivided according to the dominant tree 
species (ponderosa pine) which are then broken down into one or more associations, 
i.e., ponderosa pine/common snowberry/bear-berry. Some of these associations have 
been identified for local areas (Table 4). The land type classification presented 
by Hall and Thomas (1979) greatly enhances the value of association classification. 
In the interest of standardization, the need is greatest to identify and describe 
the vast number of ponderosa pine associations which remain unclassified. By itself, 
plant species composition is not so important but insofar as it characterizes the 
vegetative structure and volume of a particular vegetative stratification or sub
division it is valuable to birds (Szaro and Balda 1979a). 

Information Categories 

Environmental conditions and people pressure on the forest resources require a 
much greater intensity of integrated resource management than in the past. Not only 
does this demand the collection of a greater array of information about forest 
ecosystem resources but there is also the need for intensive interaction between a 
broad spectrum of resource managers; i.e., forest, range, wildlife, water, mineral, 
soil, recreation, etc. This will be facilitated by data standardizationwhichpromotes 
information compatability and comparability. Table 5 contains a summary of standard 
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Table 4. Association classification of the ponderosa pine community in the South 
Dakota Black Hills, Montana and Oregon. 

Black Hills 
(Thilenius 1972) 

P. p./common juniper/common 
snowberry/Oregon grape 

P.p./bitter buffaloberry/ 
common snowberry/bear-berry 

P.p./shrubby potentilla/common 
snowberry/woodland strawberry 

P.p./Mtn. snowberry/woods 
rose/Kentucky bluegrass 

P.p./common snowberry/ 
bear-berry 

P.p./bur oak/common 
chokecherry/common snow
berry/Oregon grape 

P.p./bur oak/common choke
cherry/common snowberry/ 
false melic-sedge 

P.p./common chokecherry/western 
serviceberry/twinleaf bedstraw 

P.p./Kentucky bluegrass/timber 
oatgrass 

P.p./common juniper/mountain 
mahogany 

P.p./little bluestem 

P.p./common juniper/little 
bluestem 

P.p./little bluestem-blue 
grama 

Montana 
(Pfister et al. 1977) 

P.p./common chokecherry 

P.p./common snowberry 

P.p./bitterbrush 

P.p. /Idaho fescue 

P.p./bluebunch wheat
grass 

P.p./bluestem 

Oregon 
(Hall 1973) 

P.p./Douglas-fir/snow
berry-oceanspray 

P.p./Douglas-fir/elk 
sedge 

P.p./Douglas-fir/nine
bark 

P.p./bitterbrush/Ross 
sedge 

P.p./fescue 

P.p./wheatgrass 

P.p./blue wildrye 

information vital to management of nongame birds and other resources common to the 
ponderosa pine community. 

Selection and use of common forest resource inventory and monitoring sites has 
not been widespread. However, such sites are necessary for permanent baseline data 
reference. Mapping plots used by foresters for many years have been adopted by the 
European Avian Atlas Committee and the International Bird Census Committee (Svenson 
1970). In Wyoming, common mapping plots are being used for the integrated collection 

183 



Table 5. Categories of basic information universally applicable to nongame bird 
management and integrated resource management in the ponderosa pine 
community. 

Information 
Category 

Living Tree Classification 
Age and succession 
Vigor 

Potential soft snag 
Tree position 

Tree dominance 

Snag Classification 
Size and condition 

Actual or potential 
cavities 

Successional stages 

Forest Stand Classification 
Tree stocking density 

Tree damaging agent 

Seed trees (24-36 d.b.h. 
crown 35-70% of tree 
height, fair to good 
vigor) 

Understory vegetation 

Down Log Classification 

Specific Information 
to be 

Acquired 

d.b.h. size 
Tree height, crown height, 

crown volume 
Evidence of heart rot 
Trees isolated 
Open grown, but near group 
Marginal grown, edge of group 
Interior grown, inside group 

Reference 

Schubert 1974 
Schubert 1974 

Thomas et al. 1979b 

Dominant-crown above Larson and Schubert 1970 
general crown level 

Codominant-crown forming 
general crown level 

Intermediate-shorter trees 
but crowns extend into 
general crown level 

Suppressed-trees with crowns 
entirely below crown level 

d.b.h. and height, hard or 
soft snags 

Number of natural, excavated 
or loose bark cavities 

Nine decomposition stages 

Basal area/ha (acre) 
Number of stems/ha (acre) 
% crown cover 
Causal damage agent: 

moderate, or heavy 
of severity 

light, 
degree 

Basal area/ha (acre) 
Height, % crown cover 

foliage volume, forage 
and browse production 

Diameter and length, 
number of 1ogs/ha, 
distribution pattern, 
degree and type of decay, 
decomposition class 
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Thomas et al. 1979b 

Schubert 1974 
Ford-Robertson 1971 
Szaro and Balda 1979a 
Schubert 1974 

Larson and Schubert 1970 
Schubert 1974 

Maser et al. 1979 



Table 5 (Continued). 

Information 
Category 

Fuel Classification 

Edge Classification 
(inherent and induced) 

Avian Species Classification 
Nesting, roosting and 

feeding guilds 

Specific Information 
to be 

Acquired 

Litter depth 

Length, width of ecotone, 
abrupt or mosaic configura
tion, degree of vegetational 
structure contract and 
habitat size 

Specific activity by species, 
duration in time, time of 
day and season, location 
of activity by tree species, 
minimum nesting height, 
minimum d.b.h. for nesting 
and size of territory 

Reference 

Deeming et al. 1978 

Thomas et al. 1979c 

Salt 1957, 
Root 1967, 
Willson 1974, 
Szaro and Balda 1979a 

of ecosystem data on wildlife species and their habitats. Using the optimum size 
of the plots suggested by the International Bird Census Committee (Svenson 1970), 
Wyoming's mapping plot sizes are 42 ha for open canopy habitat and 12 ha in closed 
habitat (Diem 1976). No other single avian census method has the versatility for 
sampling, recording, relocating and comparing of avian population and habitat data 
to say nothing about how mapping plots serve as adequate integrated data collection 
sites for other resources. The location and number of these mapping plots depend 
on the number of habitat associations in the ponderosa pine community, as well as, 
special management considerations; i.e., stand condition, contemplated management 
practices, etc., (see below). 

Commercial Timber 

Silvicultural Practices 

\Jight (1974), Butt·§ry and Shields (1975), Bull (1977), Edgerton and Thomas (1977), 
Kindschy (1977), Hall and Thomas (1979), Szaro and Balda (1979a and 1979b), have 
thoroughly discussed a variety of management practices applicable to nongame birds 
in the ponderosa pine community. The need for selection of the most appropriate 
management practice frequently outdistances the availability of adequate and cer
tainly optimum baseline data. In the case of long lived ponderosa pine, deferring 
an integrated ponderosa pine management decision too long may mean the loss of a 
specific portion of that habitat for as much as 200-300 years! Therefore, in some 
cases implementation of certain forest management practices can be justified if they 
serve the needs of integrated forest values. 

Under optimum growing conditions the uneven-aged traits and resistance to fire 
produce few large natural openings in the ponderosa pine forests. In the evaluation 
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of the pure pine stands the loss and replacement of trees takes place on a continuous 
but relatively small scale. Any silvicultural management altering that natural 
sequence produces an unnatural conversion of the ponderosa pine forest habitat. 
For example, the common practice of partitioning the forest into harvesting blocks 
where clear-cutting will occur on a rotational basis of 120 years results in an 
unnatural conversion. Forest dwelling nongame birds are particularly affected and 
sequentially suffer a total loss of some of their habitat. 

Considering the natural uneven-aged aggregation of even-aged groups of trees, 
what type of silvicultural practice could be used to promote the natural ponderosa 
forest successional stages, timber harvesting and maintenance of mature and old 
growth forest bird life? A mix of shelterwood cutting and thinning seems desirable. 
The goal of such an approach would be to reduce the extent of the traditionai 
checkerboard clearcut compartment management plans. Instead, a continuum harvesting 
plan in large compartments should be tried with 4 or more shelterwood cuts made 
every 20 years. The modified shelterwood cut would be a mix of removing entire 
even-aged groups of trees; leaving some isolated trees and maintaining a mixed 
structure of the forest with respect to age, vigor and dominance. Thinning should 
be employed to regulate crowded over-stocked conditions which produce undesirable 
small crown widths and lengths on long, thin trunks. Increased crown widths and 
lengths provide greater feeding areas for crown feeding insectivorous birds. Also, 
this produces greater trunk feeding areas within the crown foliage. Thinning 
and shelterwood cutting create openings which enhance understory shrub, grass and 
forb cover. It would represent a major(but worthwhile)silvicultural challenge to use 
this combination of manipulative cutting since more than 100 years are necessary to 
fully test the continuum harvesting concept. Fire, as a management tool, may be 
restricted because of air pollution constraints. Consequently, small clearcuts may 
be useful in simulating the effects of a wildfire· on a small seedling patch or 
adverse sapling-size grouping of trees. The creation of these structurally diverse 
habitats will promote species diversity (Nudds 1979). 

Timber management compartments should not be regulated on the basis of uniform 
size, shape and/or distribution. Rather, the choice of compartment characteristics 
should be determined by site factors and resource emphasis. Hall and Thomas (1979) 
suggest that 25% of a compartment be left on a 240 year rotation basis for the Blue 
Mountain area. Even the 75% under their 140 year rotation poses serious problems 
because those cuts must be evaluated before anyone knows whether the correct manage
ment action has been taken. This emphasizes the critical importance of long-term 
record keeping on clearly identifiable and relocatable inventory and monitoring 
mapping plots. Researchers and managers 140 years from now will need such data 
references to appraise long-term effects of current management strategies on 
compartments. 

Snag Management 

Snag management discussions have become very sophisticated and tailored to 
practical forest management (Balda 1975, Bull 1977, Thomas et al. 1979b). Probably 
the most frustrating aspect obstructing these efforts is the greatly increased 
pressure put on standing snags by firewood cutters; hard snags being particularly 
vulnerable. During the Federal fiscal year of 1979, 700,000 families collected 
about 3.3 million cords of/firewood from national forest lands; this represented an 
increase of 33% over 197&1 • Protection of standing hard snags will likely become 

1/ 
- Personal communication Philip B. Johnson, Public Info. Officer. USDA For. 

Ser. Rocky Mtn. For. and Range Exp. Stn., Fort Collins, Colo. 

186 



more difficult as time passes. Scott et al. (1978) emphasized that living trees, 
normally considered culls because of their broken tops, lightning scars, and mistletoe 
infested crowns are utilized by cavity nesters. Such trees would not be attractive 
for firewood. Furthermore, increased longevity of a living tree would facilitate 
their serving as a replacement for the less durable dead snags. In the absence of 
culls, selected living trees could be developed as potential snags by mechanically 
treating all or part of the crown, i.e., girdle the tree in such a fashion that 
varying portions of the crown simulate a lightning struck tree. 

Because of the uneven-aged stand character of most ponderosa pine communities, 
the distribution of the snags may be more important than previously recognized. 
Snag distribution should logically mimic pristine unmanaged conditions. In this 
regard, a variety of smaller diameter snags may be better clustered in diff~rent 
sized groups as they might occur in a normal even-aged group of yellow pine. Snag 
distribution in such groups should have interior, as well as marginal trees. One or 
more large~ actual or potential snag trees may also be included depending on the 
size of the group. These isolated larger snags or potential snag trees should be 
preferably >33 em d.b.h. (Cunningham et al. 1980). Seed trees can be excellent 
potential snag trees if left undistrubed. This modification from a more-or-less 
random distribution could provide better cavity roosting cover, particularly in the 
winter~as well as more concentr~ted feeding substrates. This patterned distribution 
of potential snags may also provide feeding perches with better protective cover and 
a greater potential concentration of prey items than are available at a wide open, 
exposed single snag habitat. Furthermore, snags left within a group of trees are 
less visible to the human eye as a potential source of firewood. The suggested 
combination of irregular shelterwood-thinning silviculture practices could be 
integrated with the location and protection of potential and existing snags. 

Over the wide range of the ponderosa pine forest, development and persistence 
of snags will be highly variable. It does appear from Cunningham etal. (1980) and 
Thomas et al. (1979b) that about 5-6 snags/ha of mixed size classes ranging from 10-15 em 
d.b.h. to a majority composed of >25 em d.b.h. would be adequate. Because of their 
smaller volume, smaller diameter snags have a shorter longevity and may be more 
difficult to transform from hard.to soft snags for attractive excavation sites. 

There appears to be a real need to assess the distribution and classification 
of snags in unlogged forests not subject to firewood collection. Although too few 
ponderosa pine forests are in wilderness areas, isolated tracts provide the 
opportunity for productive research on both snags and down wood. 

Non-Commercial Timber 

Except for Balda's (1967) work, interior ponderosa pine community bird studies 
have generally emphasized commercial timber habitat. Roughly 1/3 of the ponderosa 
pine forest habitat consists of open forest and savannah woodland having a stocking 
rate of 40% or less and crown cover that is 60% or less (Penfound 1967, Schubert 
1974). These open non-commercial timber lands are critical habitat for 50% or more 
of the sensitive bird species in Table 2. Such stands occur at lower elevations, 
hence, they are closer to the impact of human population growth, and its attendant 
development. Also, being more open, the habitat is more easily penetrated by human 
activities of all types. Thus, grazing, vegetation manipulation, recreational 
activities (shooting, rock climbing, off-road vehicle travel, camping, etc.) and low 
flying aircraft have been able to encroach on and modify large segments of this 
important bird habitat. There is a critical lack of baseline data to accurately 
measure the degree of this encroachment, as well as the extent of the changes 
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that it has brought about. 

Probably the most critical modification and/or loss of ponderosa pine habitat 
is occurring in these open forest stands because it is essentially unregulated. The 
accelerated rate of this change and/or loss of habitat is facilitated by the checker
board pattern of private land and public lands and the myriad ofregulatory authorities 
which complicate and more often inhibit attempts to implement integrated management. 
These conditions are sufficient justification for initiating a crash program to 
develop baseline information before the habitat and faunal resources are irreparably 
modified or destroyed. Despite the lack of baseline data, implementation of some 
integrated management practices is still possible. Call (1979) discusses a variety 
of management practices for raptorial birds and their habitat and many are readily 
adapted to other bird species. 

Special attention should be given to the many non-commercial stands which occur 
as islands of ponderosa pine habitat. The southern Arizona mountains are good 
examples of forested "islands" in a "sea" of desert (Brown 1971) (Fig. 1). Many of 
these "islands" have played important biogeographic roles (MacArthur and Wilson 1967) 
in the distribution and survival of birds. Balda (1967) points out that the isolated 
ponderosa pine habitat of the southern Arizona mountains supports good breeding 
populations of two Mexican bird species, the Mexican Junco and the Mexican Chickadee. 
At the same time, a number of Rocky Mountain species (Williamson's Sapsucker and 
Townsend's Solitaire) normally breeding in the ponderosa pine community have been 
excluded from breeding in the same "island" habitats, although they winter there. 
The habitat and environmental conditions regulating these and other "island" species 
populations may provide important information for management of the ponderosa pine 
community as a whole (Diamond 1975, Nudds 1979). Time is rapidly running out for 
many of these isolated habitats since they are more vulnerable to decimating en
vironmental pressures than are the larger segments of ponderosa habitat. A high 
priority must be given to the collection and analysis of baseline data from these 
island habitats to facilitate identification and protection of critically important 
areas. 

Integrated Planning 

Uses of the various forest resources, i.e., timber, forage, water, wildlife 
and aesthetic values, are usually competitive. To integrate management of these 
uses, there is a continuing need to acquire "fine tuning" methodology to assist in 
increasing the scientific aspects and hence soundness of resource decision making. 
Clary et al. (1975) determined the optimum level of beef and timber production based 
on commodity prices and productivity of the ponderosa pine habitat. Using 1972 
prices, beef and timber production were optimized when the basal area of ponderosa 
pine trees ranged between 4- 6 ca (45-65 ft 2). Development of a similar approach 
for the broader range of forest resources is possible and should be pursued. With 
respect to nongame birds, the environmental evaluation system developed by Graber and 
Graber (1976) could provide important inputs to the foregoing approach or to some 
other method. Their system is particularly important in that it relates the manage
ment decision to (1) replacement cost of the habitat as measured in time; (2) the 
availability of the habitat in relation to the total area in a geographic unit; (3) 
the increasing, decreasing or stable availability of a habitat; (4) the extent of the 
habitat in the impact area; and (5) the biotic complexity of the habitat. 
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CONCLUSIONS AND RECOMMENDATIONS 

The great strengths of the ponderosa pine community are its adaptability to the 
wide variety of environmental conditions naturally represented throughout its range 
and the uneven-aged 3-dimensional patchiness which fosters extensive differential 
space exploitation. It is imperative that every effort be made to avoid any reduc
tion or impairment of that diversity which would result in a loss of bird species 
and/or the numbers inhibiting that community. We also reemphasize that monitoring 
of avian population changes should be long term processes. Neither can we overlook 
the admonition of Fretwell (1972) and Willson (1974) that many critical events may 
take place during the non-breeding season. Consequently, the breeding densities of 
birds all too often reflect the numbers of birds surviving the winter rathe~ than 
attributes or detriments of the breeding habitat. This further serves to emphasize 
the importance of monitoring the year-long resident species. Even then, one must 
recognize how the motility of the birds may reflect local perturbations which may be 
temporary responses to short term environmental factors, i.e., food source failures. 

Specific recommendations are: 

1. Habitat or association typing of the ponderosa pine community 
should be accelerated with cooperative State and Federal efforts being 
made to characterize the size and location of those types. 

2. Permanent mapping plots should be systematically established and utilized 
for common collections of integrated baseline resource data. More import
antly, such plots should serve to monitor long-term avifauna changes 
resulting from different management practices. 

3. Critical or sensitive avian species selected for monitoring should include 
both seasonal and year-long resident species identified as either declin
ing or probably declining. 

4. The nongame bird resources of the open forest and savannah associations of 
the ponderosa pine community should receive immediate and overdue manage
ment attention. Collection of baseline data from these associations 
should receive a very high priority. 

5. A combination of thinning and shelterwood cutting should be evaluated as a 
means of maintaining a continuum of mature and old growth stands of 140 
and 240 years-of-age, respectively. 

6. New options for creating and protecting snag trees should be developed and 
evaluated; particularly, the use of live snag trees and designed dis
tribution patterns for snags or potential snags. 
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BIRD COMMUNITIES OF MIXED-CONIFER FORESTS 
OF THE SIERRA NEVADA 

Jared Verner 

Research Wildlife Biologist 
USDA Forest Service, Pacific Southwest 
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Forestry Sciences Laboratory 

2081 E. Sierra Ave. 
Fresno, CA 93710 

ABSTRACT 

Avian community composition in the various seral stages and canopy 
closure classes of mixed-conifer forests of the Sierra Nevada of 
California is examined from the standpoint of forest management. 
Comparison of field studies with predictions of a bird species
habitat association matrix suggests that managers can rely on 
information in the matrix when assessing responses of bird commu
nities to changes in vegetation structure in the forest. Modern 
forest management practices have altered the structure and species 
composition of mixed-conifer forests in relation to pristine 
conditions. The most important change from the standpoint of bird 
communities is a substantial reduction in the amount of forest in 
mature to old-growth conditions. Several recommendations are 
made, some directly related to assurance of adequate acreages of 
mature and old-growth forest stands. 

KEYWORDS: birds, mixed-conifer forests, Sierra Nevada, management, 
species diversity, old-growth, snags. 

INTRODUCTION 

The Sierra Nevada of California consists mainly of a massive granitic block 
extending from Plumas County in the north to Kern County at its southern extreme, a 
total length of about 400 miles (640 km). The mountain range varies from 50 to 80 
miles (80 to 130 km) in width. The east side rises sharply from the Great Basin; the 
west side rises more gradually from California's Central Valley. The mountains are 
extremely rugged, liberally dotted with barren granite outcrops and, especially on 
the west side, marked by a series of deep canyons carved by sizable rivers. Foot
hills on the west side support oak or pine-oak woodlands, which frequently give way 
to extensive chaparral stands at slightly higher elevations. Most of the Sierra 
Nevada, however, supports extensive stands of coniferous forests. Among these, the 
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mixed-conifer forest has been, and continues to be, one of the most heavily used for 
timber resources--a fact that gives this forest type high priority for evaluating the 
effects of timber management on wildlife resources. 

In this report the mixed-conifer forest and its various stand conditions in the 
Sierra Nevada of California are described, and results of studies of avian communities 
in this forest type during the breeding season are summarized. Observed composition 
of avian communities is compared with predictions available in a bird species-habitat 
association matrix (Verner et al. 1980). This document is hereafter referred to as 
the "species-habitat matrix" or as the "matrix". It is based on the best information 
available at this time and displays species' associations with various stand condi
tions, ranking them as optimum, suitable, or marginal (Table 1). A major purpose of 
this report is to evaluate the usefulness of the matrix as a tool designed to assist 
land managers in assessing impacts of land and resource management projects on wild
life. Finally, some of the effects of forest management on bird community composi
tion are discussed, and major conclusions and management recommendations are itemized. 

THE MIXED-CONIFER FOREST 

The mixed-conifer forest is perhaps the most difficult of Sierra Nevada forest 
types to define. The classification used here corresponds to that of the Society of 
American Foresters (1954). Munz and Keck (1965) include the mixed-conifer forest as 
part of their ponderosa pine forest type, and Rundel et al. (1977) refer to it as 
the white fir--mixed-conifer forest. 

In the Sierra Nevada of California, the mixed-conifer forest type is predomi
nantly a five-species mixture of white fir (Abies concolor), incense-cedar (Libocedrus 
decurrens), sugar pine (Pinus lambertiana), ponderosa pine (Pinus ponderosa), and 
Douglas-fir (Pseudotsuga menziesii), the latter species being restricted to the 
northern half of the Sierra Nevada. The mixed-conifer type is found at elevations 
from about 4100 to 7200 feet (1250 to 2200 m), depending on latitude (Rundel et al. 
1977). Typically, white fir is the dominant species, with incense-cedar and sugar 
pine as important associates but rarely domi~ant in a stand. In the northern Sierra 
Nevada, white fir is much less dominant and Douglas-fir "is the prominent member of 
the community" (Rundel et al. 1977). Incense-cedar, ponderosa pine, and black oak 
(Quercus kelloggii) may assume prominence, especially at lower elevations, and on 
more xeric sites at higher elevations. Above 5500 feet (1675 m), Jeffrey pine 
(Pinus jeffreyi) generally replaces the ponderosa pine component, and at the upper 
edge of the mixed-conifer forest, red fir (Abies magnifica) and sometimes lodgepole 
pine (Pinus contorta) form a transition with the white fir. 

Stand structure is highly variable. Soil moisture is a major determinant of 
stand composition and density, and the rugged terrain clothed by the mixed-conifer 
forests of the Sierra Nevada results in markedly varied slopes and aspects. This 
variability, of course, influences drainage and evapotranspiration. Depth, texture, 
and other qualities of the soil are also diversified, and the often massive granitic 
outcrops provide growing conditions for plant life that can be unusually challenging. 
These granitic outcrops, typically, are conspicuous as "bald" spots in the forest. 
Together with the differing fire histories from site-to-site, these features have 
the effect of generating highly variable stand structure in the mixed-conifer 
forest. Uniform stands range in size from a few trees to a few acres or more of 
trees and represent different stages of successional development. Older trees 
generally are uniformly dispersed, although younger trees tend to show a clumped 
pattern of distribution (Bonnicksen 1975). 

"Understory trees and shrubs form an imporcant element in white fir [mixed
conifer] forest. The most significant aspects of this understory layer are the dense 
thickets of white fir and incense-cedar saplings that have developed in this century 
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in response to decreased fire frequency. Although total understory tree and shrub 
cover is extremely variable, coverages of 5-10% are common, and values to 30% or 
more are not unusual'' (Rundel et al. 1977:565). 

Ground cover, primarily herbaceous, is sparse in the mixed-conifer forest, seldom 
exceeding 5 percent, "except in moist swales or drainage bottoms" where it may 
approach 100 percent (Rundel et al. 1977). 

Successional Stages and Classes of Canopy Cover 

The effect of major disturbance in any forest stand is to reverse succession to 
an earlier stage. In clearcutting, for example, a site usually is reverted to bare 
soil, and the soil's structure is altered markedly. The California Wildlife Habitat 
Relationships Program for the Western Sierra, being developed by the Forest Service's 
Pacific Southwest Region and the Pacific Southwest Forest and Range Experiment 
Station, recognizes four seral stages for purposes of cataloging animal use prefer
ences (Verner and Boss 1980). These are as follows: 

1. The grass-forb stage invades areas of newly disturbed soil. 
of annual and perennial grasses and forbs, with or without scattered 
seedlings. It is a short-lived stage, and usually develops into the 
within 2 or 3 years. If a logged site is prepared and seedlings are 
stage may be by-passed altogether. 

It consists 
shrubs and 
next stage 
planted, this 

2. The shrub-seedling-sapling stage supports mixed or pure stands of shrubs, 
tree seedlings, and saplings up to about 20 feet (6 m) tall. On the basis of site 
index values for dominant trees in mixed-conifer stands of average basal area 
in California (Arvola 1978), this stage should last from about 10 to 40 years, 
depending on site quality. 

3. The pole-medium tree stage includes larger trees, ranging in height from 20 
to 50 feet (6 to 15m). On unusually productive sites, this stage might last only 
about 15 years, and on poor sites it may last up to 90 years. A 40-year life is more 
likely for the pole-medium tree stage (Arvola 1978). 

4. The large tree stage roughly corresponds to the mature and overmature 
classifications of foresters. Trees generally exceed 50 feet (15 m) in height. 
Provision for those species of wildlife adapted to this stage is probably best met 
by stands in excess of 100 years old. 

Stages 3 and 4 are subdivided further into three classes of canopy cover. Class 
A has from 0 to 39 percent canopy cover; class B has from 40 to 69 percent canopy 
cover; and class C has 70 percent or more canopy cover. "The extent of a shrub layer 
·is paramount in the habitat selection of many animal species, particularly birds. 
The present classification omits direct reference to percent shrub cover, but the 
division of successional stages by percent canopy coverage deals indirectly with the 
question of shrub cover, because the growth of a shrub layer is related to the amount 
of sunlight able to pass through the canopy" (Verner and Boss 1980). Class A stands 
typically support a substantial shrub layer; class B stands usually have fewer 
shrubs; and class C stands normally have few or no shrubs. These relationships are 
not absolute, however. For example, class A stands on massive granite outcrops 
generally lack extensive shrub cover, and small patches of shrubs commonly occur in 
conjunction with temporary openings in the canopy of class C stands. Exceptions such 
as these require appropriate interpretation in the application of the wildlife 
habitat associations predicted by the species-habitat matrix. 

The system described identifies eight habitat stages in the mixed-conifer 
forest--1, 2, 3A, 3B, 3C, 4A, 4B, and 4C. Each reflects a different structural 
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configuration of the stand. A habitat stage, as used here, is a subdivision 
including habitat type (mixed-conifer forest), successional stage (1, 2, 3, or 4) and 
canopy cover class (A, B, or C). Obviously other more detailed systems, with more 
subdivisions, could be designed, but for wildlife assessments it probably is not 
practical at this time. Available information on habitat preferences of wildlife 
species of the Sierra Nevada is not sufficient to permit a more precise assignment 
of species to habitat stages. 

THE BIRD COMMUNITIES 

Species Composition by Habitat Stage 

Few studies of avian communities in the mixed-conifer forests of the Sierra 
Nevada are available. The Audubon Society's annual Breeding Bird Census, the most 
likely source for such information, for example, has no reports on this habitat type. 
In this analysis, therefore!, I rely heavily on matrix predictions of species occur
rence in the various mixed-conifer habitat stages, as defined earlier. The predic
tions have been compared with available information from field studies, as a check 
on their accuracy. Finally, I deal here only with breeding season community 
composition, partly because published data are available only for that season, and 
partly because I believe that management of the forest solely with reference to 
maintenance of all breeding species will provide adequately for migrant and wintering 
birds as well. 

Field studies reported for the mixed-conifer forests on the western slope of the 
Sierra Nevada include Kilgore's (1968) work in giant Sequoia (Sequoiadendron 
giganteum) groves in Tulare County, Beedy's (1976) study in the American River drain
age, Placer County, and Larson•s!7 extensive work in the Sierra National Forest, 
Fresno and Madera Counties. Kilgore used the spot-map method (Williams 1936) to 
census four 20-acre (8.1-ha) sites 3 years each. Results from one of these sites 
are not included here, because it had a large meadow near one end, which provided 
considerable forest edge environment. Beedy used a strip-transect method (Kendeigh 
1944, Salt 1957) to sample two transects 98.4 feet (30 m) wide and 2100 feet (640 m) 
and 2707 feet (825 m) ~~ng. The sites were sampled weekly from 17 June to 11 
September 1974. Beedy- has indicated which of the species he recorded that likely 
bred on the sites. Larson sampled 52 sites seven times each in 1978 and 1979, by 
using the variable-diameter, circular plot method (Reynolds et al. 1980). This 
method does not use a plot of fixed area. Larson's sites included seven of the 
eight habitat stages identified earlier for the mixed-conifer forest. 

Studies on the east slope of the Sierra Nevada, near Sagehen Creek, Nevada 
County, are reported by Bock and Lynch (1970), Beaver (1972), and Bock et al. (1978). 
Bock and his associates used the spot-map method to census a 21-acre (8.5-ha) site 
in 1966, 1967, and 1968 (Bock and Lynch 1970) and again in 1975 (Bock et al. 1978). 
In the same area, Beaver sampled three 50-acre (20-ha) sites by the spot-map method 
in 1969, 1970, and 1971. Each of Beaver's sites was in a different habitat stage. 
Beaver (1972) identified the forest as fitting the yellow pine type of Munz and 
Keck (1965), a classification that includes the mixed-conifer forest as defined here. 
Except for the fact that on the east side Jeffrey pine replaces the ponderosa pine 
usually found in the west slope mixed-conifer forests, the Sagehen Creek forest falls 
within our definition of a mixed-conifer type, and I treat it as such in this paper. 

11 Personal communication from Terry A. Larson, Illinois State University, 
December 1979. 

~/ Personal communication from Edward C. Beedy, University of California, 
Davis, December 1979. 
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Table 1.--Species of breeding birds!/ in the mixed-conifer forests of the Sierra 
Nevada of California. O~timum (0), suitable (S), and marginal (M) 
habitat stages are code~/ 

Habitat Stagesl/ 

Bird Species 
1 2 3A 3B 3C 4A 4B 4C 
e!!_/ ae ae e e ace bde 

Goshawk s M 0 s 
(Accipiter gentilis) 

Sharp-shinned Hawk s s s s 
(Accipiter striatus) e 

Red-tailed Hawk M M s M s M 
(Buteo jamaicensis) e 

Golden Eagle M M M M M M M M 
(Aquila chrysaetos) 

Blue Grouse s M M 0 s M 
(Dendragapus obscurus) e 

Mountain Quail 0 0 M 0 M 
(Oreortyx pictus) ae e e d 

Chukar s s 
(Alectoris chukar) 

Turkey s M s M s M 
(Meleagris gallopavo) 

Band-tailed Pigeon s s M s s M 
(Columba fasciata) e e e de 

Mourning Dove M M M M 
(Zenaida macroura) 

Flanrrnulated Owl s s s s s s 
(Otus flammeolus) 

Great Horned Owl s s s s s s 
(Bubo virginianus) 

Pygmy Owl s s M s s M 
(Glaucidium gnoma) 

Spotted Owl M M M M s 0 
(Strix occidentalis) e 

Great Gray Owl M s s M s 0 
(Strix nebulosa) 
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Table 1.--(cont'd) 

Habitat Stages 

Bird Species 
1 2 3A 3B 3C 4A 4B 4C 
e ae ae e e ace bde 

Saw-whet Owl 0 s 0 s 
(Aegolius acadicus) 

Poor-will 0 0 s M s M 
(PhalaenoEtilus nuttallii) a 

Conrrnon Nighthawk 0 s M M 
(Chordeiles minor) e 

Vaux's Swift s s s 
(Chaetura vauxi) 

Calliope Hunrrningbird 0 s 0 s 
(Stellula callioEe) e ae e ae 

Conrrnon Flicker s M M 0 s M 
(Colaptes auratus) e e ce bd 

Pileated Woodpecker s 0 0 
(DryocoEus pileatus) e e bd 

Yellow-bellied Sapsucker s s 0 0 
(SEhyraEicus varius) e e ace bde 

Williamson's Sapsucker 
(SEhyraEicus thyroideus) a e 

Hairy Woodpecker 0 0 
(Picoides villosus) e e e e e ace bd 

White-headed Woodpecker M s 0 s 
(Picoides albolarvatus) e e e e e ace bde 

Black-backed Three-toed Woodpecker 
(Picoides arcticus) ac 

Hanrrnond's Flycatcher M s 0 0 
(Empidonax hammondii) e bde 

Dusky Flycatcher 0 0 s 0 s 
(EmEidonax oberholseri) ae ae e e ac 

Western Wood Pewee s s M 0 0 s 
(Contopus sordidulus) e e e e ace bde 

Olive-sided Flycatcher 0 s M 
(Nuttallornis borealis) ae e e e bde 
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Table 1.--(cont'd). 

Habitat Stages 

Bird Species 
1 2 3A 3B 3C 4A 4B 4C 
e ae ae e e ace bde 

Violet-green Swallow 0 0 0 s s 0 s s 
(Tachycineta thalassina) 

Steller's Jay s s M 0 0 s 
(Clanocitta stelleri) e e e ace bde 

Connnon Raven s s s s s s s s 
(Corvus corax) 

Mountain Chickadee s s s 0 0 s 
(Parus gambeli) e e ae e e ace bde 

Chestnut-backed Chickadee M 0 0 
(Parus rufescens) 

White-breasted Nuthatch M M M s s M 
(Sitta carolinensis) a e ac b 

Red-breasted Nuthatch s s s 0 
(Sitta canadensis) a e e ace bde 

Pygmy Nuthatch s s 
(Sit ta pygmaea) 

Brown Creeper s 0 
(Certhia familiaris) e e ace bde 

Winter Wren s 0 
(Troglod~tes troglodltes) de 

American Robin 0 s s 0 s s 
(Turdus migratorius) ae e e ace bde 

Hermit Thrush M 0 0 M 0 0 
(Catharus guttatus) e e ace bde 

Swainson's Thrush M s M s 
(Catharus ustulatus) 

Western Bluebird M M M M M M 
(Sialia mexicana) e 

Mountain Bluebird M M M M M M 
(Sialia currucoides) e e ae 

Townsend's Solitaire 0 s M 0 s M 
(Myadestes townsendi) e e e ace bde 
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Table 1.--(cont'd) 

Habitat Stages 

Bird Species 
1 2 3A 3B 3C 4A 4B 4C 
e ae ae e e ace bde 

Golden-crowned Kinglet s s 0 0 
(Regulus satrapa) e e ace bde 

Ruby-crowned Kinglet M M M M 
(Regulus calendula) b 

Solitary Vireo 0 s M 0 s M 
(Vireo solitarius) ace bde 

Warbling Vireo 0 s M 0 s M 
(Vireo gilvus) e e e e de 

Nashville Warbler s 0 s 0 s 
(Vermivora ruficapilla) ae a e ace bd 

Yellow Warbler M M M M M M M 
(Dendroica petechia) ae a b 

Yellow-rumped Warbler M 0 s s 0 s s 
(Dendroica coronata) e e e e ace bde 

Hermit Warbler M s s 0 0 s 
(Dendroica occidentalis) e e e e bde 

MacGillivray's Warbler 0 0 s 0 s 
(Oporornis tolmiei) e e e e 

Common Yellowthroat s s s s s s s 
(Geothlypis trichas) 

Wilson's Warbler 0 0 s M 0 s M 
(Wilsonia pusilla) a e e 

Brewer's Blackbird M M M M 
(Euphagus cyanocephalus) 

Brown-headed Cowbird M M M M M M M M 
(Molothrus ater) e e e e e b 

Western Tanager M 0 s 
(Piranga ludoviciana) ae e e ace bde 

Black-headed Grosbeak s M s M M 
(Pheucticus melanocephalus) e de 

Lazuli Bunting M M M M 
(Passerina amoena) ae 
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Table 1.--(cont'd) 

Bird Species 

Evening Grosbeak 
(Hesperiphona vespertina) 

Purple Finch 
(Carpodacus purpureus) 

Cassin's Finch 
(Carpodacus cassini) 

Unidentified Finch 
(Carpodacus sp.) 

Pine Siskin 
(Carduelis pinus) 

Green-tailed Towhee 
(Pipilo chlorurus) 

Rufous-sided Towhee 
(Pipilo erythrophthalmus) 

Dark-eyed Junco 
(Junco hyemalis) 

Chipping Sparrow 
(Spizella passerina) 

Brewer's Sparrow 
(Spizella breweri) 

Black-chinned Sparrow 
(Spizella atrogularis) 

Fox Sparrow 
(Passerella iliaca) 

Lincoln's Sparrow 
(Melospiza lincolnii) 

1 
a 

2 
ae 

0 
ae 

M 
e 

s 
ae 

e 

a 

M 

0 
ae 

0 

Habitat Stages 

3A 
ae 

M 

a 

s 
e 

s 
ae 

M 

0 
ae 

0 
ae 

0 
ae 

s 

3B 
e 

s 

e 

M 

s 
e 

s 
e 

M 
e 

s 

3C 

s 

M 

M 

s 

4A 
e 

M 
e 

M 
e 

M 
e 

s 
e 

s 
e 

M 
e 

0 
e 

0 
e 

0 
e 

s 

4B 
ace 

0 
a 

0 
e 

M 
ace 

M 
ae 

e 

e 

s 
ace 

s 
ae 

M 
ace 

s 

4C 
bde 

s 
d 

0 

e 

bd 

M 

d 

s 
bde 

b 

be 

s 

l/Basic list largely from Verner et al. (1980) for the Western Sierra Nevada; 
field studies added Williamson's Sapsucker, Black-backed Three-toed Woodpecker, and 
Brewer's Sparrow, as explained in the text. Species with special habitat require~ 
ments for ponds, lakes, rivers, streams, or cliffs are omitted here, because changes 
in forest stand structure generally do not affect site suitability on the basis of 
those special requirements. 
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Table 1.--(cont'd) 

£/Habitat capability classes optimum, suitable, and marginal are based on rela
tive densities of breeding populations. They necessarily represent judgments of the 
authors (Verner et al. 1980) and so are subjective. As more data accumulate, we hope 
these qualifiers can be assigned on more objective terms, such as optimum in habitats 
where reproduction generally results in surplus individuals (r is positive), suitable 
where reproduction generally results in population maintenance(~ is zero), and 
marginal where reproduction generally is insufficient to maintain the population 
(r is negative). 
- }!Habitat stages are as follows: 1 - grass-forb; 2 - shrub-seedling-sapling; 

3A - pole-medium tree, 0-39 percent canopy cover; 3B - pole-medium tree, 40 to 69 
percent canopy cover; 3C - pole-medium tree, 70 percent or more canopy cover; 4A -
large tree, 0 to 39 percent canopy cover; 4B- large tree, 40 to 69 percent·canopy 
cover; 4C - large tree, 70 percent or more canopy cover. 

i/Lower case letters identify breeding bird censuses in these habitat stages, 
as follows: a - Beaver 1972, b - Beedy 1976, c - Bock and Lynch 1970, Bock et 
al. 1978; d- Kilgore 1968, e- Larson (in prep.). 

Seventy-two bird species are predicted by the species-habitat matrix to breed 
in various habitat stages of mixed-conifer forests in the western Sierra Nevada 
(Table 1). Relative suitability of each habitat stage is identified for each species, 
and species detected in each of the field studies cited earlier are also coded in the 
table. The list does not include species with aquatic or cliff requirements for 
breeding, because changes in forest stand structure generally do not affect site 
suitability on the basis of those special requirements. Because matrix information 
forms the core of my analysis here, it is worth examining more closely the agreement 
between it and·results of fie!d studies. It should be noted that Beedy's (1976) data 
reported here were also used in preparation of the species-habitat matrix. 

Three species detected in field studies but not predicted as breeders in the 
mixed-conifer forests of the western Sierra Nevada have been included in Table 1, 
in addition to the 72 species predicted by the matrix. One, the Brewer's Sparrow, 
was reported by Beaver (1972) in a shrub-stage site on the east side. Another, the 
Williamson's Sapsucker, was reported nesting in stages 3A (Beaver 1972) and 4A,!/ 
and may represent an error in predictions of the species-habitat matrix. The third 
species is the Black-backed Three-toed Woodpecker reported in stage 4B stands on the 
east side (Bock and Lynch 1970, Beaver 1972). Adjacent to their sites, an intense 
fire burned about 40,000 acres (15,800 ha) of timber in 1960 (Bock and Lynch 1970). 
Black-backed Three-toed Woodpeckers are known to be attracted to areas of burned 
timber, and Granholrol/ located their nests in two recent, int~nsely burned mixed
conifer sites in Yosemite National Park. This species finds optimum nesting habitat 
at higher elevations in the western Sierra Nevada, in lodgepole pine and red fir 
forests. It appears, however, that it will nest at lower elevations, in the mixed
conifer zone, if fire creates suitable conditions. 

The matrix codes some habitats as optimum for some species, suitable for some, 
and only marginal for still others. If the matrix predictions are reasonably 
accurate, field studies should detect a higher proportion of species in optimum 
habitat stages than in suitable, and a higher proportion in suitable than in marginal. 

11 Personal communication from Stephen L. Granholm, University of California, 
Davis, December 1979. 
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sites. To test this I have eliminated from consideration those species on the matrix 
list that we might not expect field workers to find breeding on their plots, as 
follows: 

a. All owls, because sampling methods were not designed to detect them. 

b. Falconiformes, because their territories are so large as to minimize the 
chance that a nest would be located on a study plot. 

c. The Common Raven, because it typically nests on cliffs, and no study site 
included cliffs. 

d. The Chukar, Turkey, Chestnut-backed Chickadee, and Black-chinned SparPow 
because their restricted distributions were not included in any study site. 

e. The Common Yellowthro~t and Lincoln's Sparrow, because they typically nest 
in very wet sites not included in any of the study plots. 

Taking all habitat stages together, the various field studies collectively 
reported 81 percent of the predicted species in optimum habitat, 66 percent in 
suitable habitat, and 53 percent in marginal habitat. This trend was evident in only 
six of the 14 studies considered singly, but in 13 of 14 the highest percentage of 
species was detected for optimum habitat (Iable 2). 

If combined results of the field studies are considered, in 40 cases various 
species were detected as breeders in habitat stages not predicted by the matrix. 
Because this number represents 20 percent of the combined sample, it may suggest that 
the matrix is less accurate than desired. The matrix was designed in reference to 
relatively large stands of the various habitat stages, however, and the mixed-conifer 
zone of the western Sierra Nevada tends to be a patchwork of large and small stands 
intermixed in a heterogeneous whole. If each exception to a matrix prediction is 
examined in terms of the bird species' habitat requirements, 31 of the 40 exceptions 
can be resolved in terms of present matrix predictions. In stages 4B and 4C, for 
example, openings associated with such things as rock outcrops or fallen trees result 
in small patches of shrubs. These may attract such breeding species as Mountain 
Quail, Nashville Warbler, MacGillivray's Warbler, Green-tailed Towhee, Rufous-sided 
Towhee, Chipping Sparrow, and Fox Sparrow. A large rock outcrop in one 4B stand 
apparently attracted a pair of Common Nighthawk~/. Scattered, large trees left 
standing in stages 2, 3A, and 3B may explain detection there of the Olive-sided 
Flycatcher, Red-breasted Nuthatch, Brown Creeper, Western Tanager, and Cassin's 
Finch. 

In general, the percentages of predicted breeding species detected in field 
studies increased with advancing seral development of a site, with stage 1 sites pro
ducing the greatest departure from matrix predictions (Table 2). These sites, 
resulting from clearcutting, did not develop substantial grass-forb cover, and the 
only species nesting in them were the Hairy Woodpecker, White-headed Woodpecker, 
Mountain Chickadee, and Mountain Bluebird. The woodpeckers excavated their own nest 
cavities in stumps less than 5 feet (1.5 m) high, and bluebirds and chickadees nested 
in cavities excavated by the woodpeckers!/. These same species also exploited stumps 
for nest cavities in stages 2 and 3. 

Figure lA graphs the mean numbers of bird species noted in field studies in the 
different habitat stages, and Figure lB shows the matrix predictions for each habitat 
stage, subdivided according to optimum, suitable, and marginal habitat capabilities. 
The general patterns of increasing numbers of species with advancing seral develop
ment depicted by these histograms are similar, and they are in general agreement 
with other studies of avian communities in relation to succession in a wide variety 
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of forest types in many different areas--northern California (Hagar 1960), Oregon 
(Meslow and Wight 1975), Michigan (Adams 1908), Illinois (Karr 1968), Arkansas 
(Shugart and James 1973), Maine (Titterington et al. 1979), New York (Kendeigh 1946), 
Virginia (Conner and Adkisson 1975), Georgia (Johnston and Odum 1956), Finland 
(Haapanen 1965), Poland (Glowacinski 1975), and Germany (Dierschke 1973). Some of 
these studies show a decline in species numbers associated with mature to old-growth 
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Figure I.--Breeding birds of mixed-conifer 
forests of the Sierra Nevada. The upper 
histogram (A) depicts mean numbers of 
breeding bird species detected in differ
ent habitat stages by various workers, 
cited in Table 2. The lower histogram 
(B) depicts predictions of the species
habitat matrix, subdivided according to 
the numbers of species finding optimum, 
suitable, and marginal habitat in the 
different habitat stages. 
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stands, a trend also suggested in 
Figure lB in connection with higher 
percentage canopy cover. 

The various comparisons of field 
results and the information in the spe
cies-habitat matrix, taken together, 
provide strong support for the accuracy 
of the matrix as a predictive tool in 
assessing effects of land-use projects 
in mixed-conifer forests of the western 
Sierra Nevada. 

Determinants of Avian 
Community Composition 

The National Forest Management Act 
of 1976, referring to multiple-use 
management, explicitly mandates that 
diversity of plant and animal species be 
maintained. Peet (1975) provides a 
detailed evaluation of the concept of 
species diversity. It is sufficient for 
this paper simply to note that computa
tions of species diversity indices 
require data on species richness (the 
number of species in the community) and 
species evenness (the relative abundances 
of the species). The index most often 
used for species diversity in studies of 
avian co~unities is Shannon's 
functio~/. Because Tramer (1969) 
showed a high correlation (r = 0.97) 
between diversity and richness of bird 
species, it may be just as valid to gear 
management toward species richness as 
toward species diversity. And it is 
considerably more practical, as determi
nation of the number of bird species in 
a given area is more accurate and less 
time consuming than determination of the 
abundance of each species. 

s 
i/ H' = L Pi log2 Pi' where Pi is 

i=l 
the proportion of individuals in the 
i-th species (i = 1, 2, 3, ..• , S) 
(Shannon and Weaver 1963) . 
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MacArthur et al. (1962) concluded that "The main reason one habitat supports 
more bird species than another is that the first has a greater internal variation in 
vegetation profile (that is, a greater variety of different kinds of patches). A 
second reason is of course that a forest with vegetation at many heights above the 
ground will simultaneously support ground dwellers, shrub dwellers and canopy 
dwellers. With a few exceptions, the variety of plant species has no direct effect on 
the diversity of bird species." Research after publication of this statement gener
ally agrees. Bird species richness tends to increase with increasing horizontal 
heterogeneity of the vegetation (patchiness) and with addition of layers of vegetation 
(shrubs, trees). 

MacArthur and MacArthur (1961) pioneered in the quantitative assessment of bird 
species diversity and the use of diversity indices to compare different communities. 
Their studies show that bird species diversity in temperate regions is correlated 
with foliage height diversity. The more layers of foliage in the vegetation, and the 
more evenly the layers are distributed vertically, the higher will be the bird species 
diversity. Many workers following the assessment of MacArthur and MacArthur (1961) 
found support for this relationship, even in such simple communities as grasslands 
(Cody 1968). I agree with Balda (1975) that foliage height diversity is one of the 
best predictors of bird species diversity measured to date, but several studies have 
failed to show a significant correlation between these variables in some localities 
(Balda 1969, Terborgh and Weske 1969, Carothers et al. 1974, Wiens 1973, 1974; 
Tomoff 1974, Willson 1974, Pearson 1975, Roth 1976, and You~g 1977). 

Other important features of vegetation structure that apparently influence bird 
species diversity in at least some habitats include horizontal heterogeneity--that 
is, patchiness (Blondel et al. 1973, Wiens 1973, 1974, Roth 1976), percentage of 
vegetation cover (Karr and Roth 1971, Willson 1974), and foliage volume (Balda 1969, 
Pearson 1971). Young (1977) found a correlation between the diversity of tree diam
eter classes (DBHD) and bird species diversity in aspen and spruce-fir communities 
in Utah. Further, "DBHD was correlated with DD [distance diversity], a measure of 
tree dispersion and density or horizontal heterogeneity. It was also an indirect 
measure of vertical heterogeneity since tree DBH was correlated with tree height and 
canopy radius. DBHD also was a measure of the variability of tree life forms 
because the DBH values were sorted by tree species. DBHD was therefore an index of 
three dimensional environmental patchiness." This relationship deserves further 
study, because DBH values are measured regularly in forests, and they can be taken 
quickly and accurately. 

In a few cases, plant species diversity has been found to make a significant 
contribution to bircl species diversity (Karr 1968, Balda 1967, Tomoff 1974). Certain 
plant species dependencies of birds are important to bird species richness, as with 
frugivores and nectarivores (see Karr 1971, Feinsinger 1976, Terborgh 1977). In 
mixed-conifer forests of the Sierra Nevada, Beedy (1976) believes that the presence 
of Jeffrey pines or black oaks in a stand influences bird species diversity. 

This brief review suggests that bird species diversity in a given plant community 
is roughly predictable, largely on the basis of certain structural features of the 
vegetation. We need only determine which features are the best predictors for a 
region and habitat type, and we can predict bird species diversity. We can also 
manage a given stand for maximum species diversity, but this is not necessarily a 
desirable approach to management. Karr and Roth (1971) show that the Shannon 
function as an index to species diversity is little affected by the addition of rare 
species to the community. Balda (1975) points out that even the replacement of one 
species in the community by another, for example the Western Bluebird by the Starling 
(Sturnus vulgaris), would not influence the bird species diversity index. It is 
evident, therefore, that to meet the intent of the National Forest Management Act to 
maintain the present diversity of our renewable resources, it will be necessary 
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to know much more than the bird species diversity of any stand. We must know which 
species presently use the stand, how they use it, what their approximate densities are, 
and how they likely will respond to changes in the vegetation of the stand. We must 
also be able to show that losses resulting from a given management action either are 
not significant or are being compensated for by gains elsewhere. It will not be 
possible to avoid looking rather closely at the habitat requirements of individual 
species and the ways in which the species exploit their environments. The species
habitat matrix is a first attempt at assembling some of the information required by 
the land manager to do this. 

BIRDS AND FOREST MANAGEMENT 

Effects on Vegetation 

Timber harvest, unquestionably, has the greatest impact of all human influences 
on mixed-conifer forests of the Sierra Nevada of California. Four basic silvicultural 
systems are used. Three of these--clearcutting, seed-tree cutting, and shelterwood 
cutting--result in even-aged stand management. The fourth--selection cutting--is 
intended to result in uneven-aged stand management. Research on this systei, however, 
indicates that for several reasons it fails to achieve the desired result~ . Varia
tions of these systems are possible, and special types of cuttings, such as thinnings 
and sanitation-salvage haryests, also occur. Each system alters the structural con
figuration and species composition of vegetation in the stand. Knowledge of how a 
given silvicultural system will change a stand, and what course secondary succession 
will take on the site, together with available information on bird communities and 
the various bird species' habitat needs, should allow the forest manager to predict 
most of the changes in the bird community over time. 

The general result of any timber harvest system is to open up the forest canopy, 
letting more light reach the forest floor, and permitting the growth of grasses, 
forbs, and shrubs. The greater the extent of canopy removal, of course, the greater 
this effect will be. Timber harvest changes a stand to an earlier successional 
stage, or to one with reduced canopy cover, or both. A selection cutting, for 
example, might change a 4C stand (large tree stage, 70 percent or more canopy cover) 
to a 4A stand (large tree stage, 0 to 39 percent canopy cover). Bird species rich
ness should increase (Fig. 1), with 17 species finding less suitable habitat and 43 
finding more suitable habitat as a result of the change (Table 1). Eleven of the 17 
species (65 percent) negatively affected find optimum habitat in the 4C stand, and 24 
of the 43 species (56 percent) positively affected find optimum habitat in the 4A 
stand. About 15 of the positively affected species respond to inc~eased shrub cover, 
another 12 find more favorable visibility or mobility for seeking prey, and still 
others respond to a combination of these changes, or to the making of edge-like 
conditions, or both. 

This may seem to be, overall, a beneficial change from the standpoint of the 
bird community, but examination of the species affected leads to a different conclu
sion. Two negatively affected species, the Goshawk and Spotted Owl, are classified 
as "sensitive", and two others, the Great Gray Owl and Pileated Woodpecker, are 
classified as "special interest" species by the Forest Service, U.S. Department of 
Agriculture, Pacific Southwest Region. Sensitive species are given the same manage
ment emphasis as are Threatened and Endangered Species on State and Federal lists. 
The possibility of negatively affecting such species may outweigh the possibility 
that more species are positively affected than negatively affected by the hypothetical 
selection cutting. Certainly a biologist should carefully search the relevant 

21 Personal communication from Douglass F. Roy, Pacific Southwest Forest and 
Range Experiment Station, Redding, California, November 1979. 
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compartment to determine whether any of the emphasis species are actually present in 
the area. Based on results of that survey, then, the forest manager must consider 
carefully the predictions of a wildlife assessment, based on the species-habitat 
matrix, before reaching a decision on any such proposed timber harvest. 

Similar simplistic comparisons may be made of any other possible pair of habitat 
stage changes resulting from activities such as timber harvest, road construction, 
site conversion, or herbicide application. To do so, the manager must be able to 
predict the kinds of changes expected in vegetation structure and to relate these to 
information available in the bird species-habitat matrix. 

Evaluation of the effects on bird communities of modern forest management 
practices in mixed-conifer forests of the Sierra Nevada might best be made in 
reference to bird communities in pristine conditions, that is prior to extensive 
European settlement of California commencing about the middle of the last century. 
Fires started by lightning and Indians were the principal influences altering the 
structure and species composition of pristine forests. Preliminary studies of fire 
frequency in mixed-conifer forests of the Sierra Nevada at that time indicate that a 
given area sustained a burn on the average of once every 8 years, with a range from 4 
to 20 years (Kilgore 1973). That was frequent enough to prevent accumulation of 
sufficient ground fuels to support the extensive crown fires so familiar to us today. 
Prior to this century, these frequent and widespread surface fires maintained the 
mixed-conifer forest in an open, park-like condition (Biswell 1959, 1961). Fire
resistant and fire-dependent species were favored, so that pines dominated the 
canopy, whereas firs are dominant in today's forest. 

Show and Kotok (1924) characterized the pristine pine forests in California 
during the early part of the 1900's as being patchy and broken, in stands that were 
"uneven, or at best even-aged by small groups •.. Local crown fires may extend over a 
few hundred acres, but the stands in general are so uneven-aged and broken and have 
such a varied cover type that a continuous crown fire is practically impossible." 
The same statement probably applies to the mixed-conifer type. Egeline (1980) 
believes the pristine forest was predominantly in an open-canopied, park-like condi
tion comparable to stage 4A. Development of a shrub understory would be significantly 
affected by frequent ground fires, such that extensive stands of large, overmature 

.shrubs likely were uncommon, and litter accumulation was minimal. Smaller patches of 
younger shrubs of fire-tolerant or fire-dependent species probably were the rule. 
This view contrasts sharply with the stereotype some have of the forest as in a 4C 
condition, with significant litter accumulation and little shrub understory. Given 
this picture of the forest prior to modern practices of timber harvest and effective 
fire suppression, the general pattern of species numbers by habitat stage shown in 
Figure lB makes considerable sense. 

In terms of the numbers of bird species evolved to exploit the various habitat 
stages, Figure lB shows an increasing number of species with advancing seral develop
ment through stage 3B, with a marked drop in stage 3C, which we can visualize as dense 
stands of small-diameter trees 20 to 50 feet (6.1 to 15.2 m) high. Considering only 
those species finding optimum conditions in the various stages, stages 1, 3B, and 3C 
are conspicuous as forest stand structures to which few species have become well 
adapted. Stage 1 is short-lived, developing in a couple years into stage 2. More
over, if intense crown fires were infrequent, stage 1 conditions would also be 
infrequent. Stages 3B and 3C, with their smaller trees and denser canopies, would be 
vulnerable to crown fires and thus likely were not abundantly represented in the 
pristine forest. 

More bird species find conditions for breeding optimum or suitable in stages 4A 
and 4B than in any other stage. Furthermore, Table 1 shows that, taken together, 
stages 4A, 4B, and 4C provide optimum breeding habitats for 40 species, but 
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stages 1 through 3C provide optimum conditions for only 21 species. Seventeen of 
those species find optimum habitats in both groups of habitat stages (1 through 3C, 
and 4A through 4C), so only four are restricted to the earlier stages for optimum 
breeding sites, but 23, or 31 percent of the species listed (Table 1), find optimum 
sites only in stages 4A, 4B, or 4C. Consider next those species finding optimum 
breeding conditions in only one habitat stage. Stage 1 has one; stage 2 has two, 
stages 3A, 3B, and 3C have none; stage 4A has three; stage 4B has four, and stage 4C 
has five. Again this imbalance in favor of the oldest successional stages argues 
strongly for these stages as being the most prevalent in mixed-conifer forests of the 
Sierra Nevada before humans began to harvest timber and exercise some control over 
wildfires. 

Species with strong shrub orientation in their habitat selection could find 
their needs well satisfied in stages 2, 3A, and 4A, and perhaps even in stage~ 3B 
and 4B. Thus they should be expected to occur over a broader spectrum of habitat 
stages than species with a primary orientation for large trees. 

It is not possible, of course, to translate the preceding analysis into an 
estimate of the proportions of pristine forests in each habitat stage. Consider, 
however, the facts that (a) 31 percent of the species listed in Table 1 find optimum 
breeding conditions only in mature to old-growth forests, and (b) 15 species find 
optimum conditions in only one habitat stage, and 12 (80 percent) of those find them 
either in stage 4A, 4B, or 4C. On the basis of this imbalance in the proportion of 
species specialized for mature to old-growth forest conditions, it seems reasonable 
to conclude that at least a third of the pristine forest acreage in the mixed-conifer 
zone was in a mature to old-growth condition. Perhaps even as much as half was in 
that condition. 

Effects on Special Habitat Requirements 

Information derived from the species-habitat matrix for the western Sierra 
Nevada, as contained in Table 1, does not account for certain special requirements of 
birds. These requirements are handled in a different manner in the matrix, and some 
of these speciAl requirements deserve separate treatment in this report. 

SNAGS 

Snags are variously defined by different authors, but generally they are dead or 
partly dead trees that can be expected to provide for excavation of nesting or 
roosting cavities, or both, bark and wood feeding, and perching by a number of bird 
species partially or totally dependent on snags at some time of the year. 

Three papers in this workshop specifically address the importance of snags and 
their management in relation to bird communities. It is unnecessary, therefore, to 
discuss snags in detail in this paper. It is important to emphasize, however, that a 
viable snag retention policy needs to be observed throughout timber harvest opera
tions. It is a policy of the Forest Service's Pacific Southwest Region to provide 
"one snag per acre, 11 inches dbh or greater, 12-feet high or higher, in all forest 
types, plus one-half snag per acre, 16 inches dbh or greater, 12-feet high or higher, 
in all forest types except lodgepole pine. These densities may represent an average 
over a project area or compartment, but retained snags shall be distributed in 
locations best suited ;or wildlife use. All snags shall be felled that are a hazard 
to project operation~'." I consider these values minimal to provide adequately 
for snag-dependent species, but more research is needed on this subject. 

~/Interim Directive 5, 2405.14--Wildlife Management (FSM 2600), Calif. Region, 
Forest Service, U.S. Dep. Agric., San Francisco, Calif., September 21, 1978. 
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Twenty-three species listed (31 percent) nest in cavities in trees, typically in 
snags, and many of these also seek shelter in cavities at other times of the year 
(Table 1). More importantly, 15 of these species spend the winter in the Sierra 
Nevada mixed-conifer zone and 12 (80 percent) are insectivores. Only 14 species that 
can be regarded as primarily insectivores are present in significant numbers during 
winter months in the mixed-conifer forest, therefore, 86 percent of the important 
winter insectivores depend on snags at some time in their life cycles. As Balda (1975) 
points out, "During the winter, insect densities are obviously low and presumably the 
birds are 1 eating hibernating adult insects, larvae, and eggs. It is very likely that 
the wintering birds are exerting more control on the insect populations at this time 
than they do in other seasons, as potential breeders are being harvested at this time. 
Thus, the importance of this nesting guild becomes immediately obvious." 

Beebe (1974) reviewed the extensive literature on the impact of birds on popula
tions of injurious insects, citing numerous studies that show the importance of 
cavity-nesting species in reducing insect populations over the winter. The importance 
of this effect to forest management is perhaps best documented by the ambitious 
program of artificial nest-box placement in managed forests of Europe. In Spain, to 
cite one example, more than 400,000 nest-boxes were placed in an area of about 345,000 
acres (140,000 ha), with an additional 300,000 planned (Molina 1971). This amounts to 
approximately two nest-boxes per acre, undoubtedly involving considerable expense for 
materials and labor. Forest managers in this country might wish to weigh this alter
native against the costs of maintaining adequate numbers of suitable snags. 

LITTER 

In pristine forests fallen trees, fallen dead branches, dead shrubs, forbs, 
and grasses accumulate as litter on the ground, where they gradually decay. Elton 
(1966) estimated that perhaps ~0 percent or more of the fauna of a British woodland 
depends on dead and down woody material. Thomas (1979: Appendix 24) lists 116 
bird species that make some use of downed logs in the Blue Mountains of Oregon and 
Washington. This is an impressive list, even though not all of the species must 
have downed logs to survive and reproduce. In mixed-conifer forests of the Sierra 
Nevada, litter provides important foraging sites for at least eight of the 75 bird 
species (11 percent) listed in Table 1. For some, such as the Winter Wren, large 
accumulations of litter can provide important nesting cover. In addition, many 
raptors feed extensively on amphibians, reptiles, and ground-dwelling small mammals 
that depend on accumulations of forest litter. However, no systematic study of the 
importance of litter to w±ldlife has yet been made in the Sierra Nevada. 

Current practices sometimes result in significant loss of litter. A prudent 
blend of slash and litter disposal practices--including burning, scattering, piling, 
and wind-rowing--probably can be designed to meet the needs of both timber management 
and wildlife resources. Maser et al. (1979) present an excellent overview of the 
importance of dead and down woody material to wildlife in the Blue Mountains. Pending 
availability of research in California, the Blue Mountains paper may serve as a 
reasonable guideline for forest managers in the Sierra Nevada. 

Effects of Patch Size and Dispersion 

Selection of the appropriate sizes and dispersion of patches of different habitat. 
types is among the most important elements in developing guidelines for managing bird 
communities. Unfortunately, however, no systematic studies of this question have yet 
been published for coniferious forests of the western United States. Thomas et al. 
(1979) present an imaginative, cogent analysis of patch size and dispersion in 
relation to edge effects. Space precludes a summary of their paper here, but it is 
"must" reading for managers involved in planning for wildlife benefits. 
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Thomas et al. (1979) recommend an average stand size of 84 acres (34 ha) in the 
Blue Mountains of Oregon and Washington, recognizing that smaller patches would 
suffice for species with modest area requirements and patches larger than average 
hopefully would accommodate species requiring large areas. The 84-acre figure is 
based on the work of Galli et al. (1976) in hardwood forest remnants in an agricul
tural setting on the New Jersey Piedmont. There, stands of trees are separated by 
intervening fields. In effect they are three-dimensional islands in a two-dimensional 
sea. The situation in western conifer forests may differ considerably, because 
patches often are clearcuts in secondary seral stages advancing toward forest stands 
again. That is, they are two-dimensional islands in a three-dimensional sea, where 
the impact of surrounding forest conditions on the avian community in the patch may 
be quite different from that of the surrounding agricultural lands on remnant hard
wood stands in New Jersey. 

Other studies in eastern hardwood forests indicate that preserves of "thousands 
of square kilometers" may be essential for long-term survival even of some bird 
species with very small territorial requirements (Whitcomb et al. 1976). In another 
study, Willis (1974) found that from the time Barro Colorado Island was isolated from 
the mainland by construction of the Panama Canal in 1910-14, at least 13 species of 
forest birds had disappeared from the island by 1970. This island is only 1650 
feet (500 m) from the mainland, and it supports a forest of 3700 acres (1500 ha)! 
Species no larger than our Red-winged Blackbird (Agelaius phoeniceus) were among 
those that became extinct on Barro Colorado Island. 

Whether or not effects of patch size on population stability are comparable 
between western coniferous forests and eastern hardwood forests, or tropical Barro 
Colorado Island, is unknown. My sometimes-faulty intuition tells me that the situa
tions probably are not comparable, because forest management in the west is not 
creating three-dimensional islands in a two-dimensional sea. Rather it tends to 
create a mosaic of forest stands of different age classes and stem densities, with 
occasional, small clearcuts that soon begin to regenerate another stand of timber. 
Table 1 shows that most species are reasonably flexible in their capacity to utilize 
several habitat stages. Most species find suitable or better conditions in at least 
two stages of the mixed-conifer forest, and most successfully utilize other forest 
types as well. Those species in the table that find only marginal conditions in the 
mixed-conifer type find better conditions in forest types at higher or lower 
elevations. Thus, for any given species, effective patch size cannot be measured in 
terms of one habitat stage. It often will be possible to combine adjacent patches 
of different stages when both types suit the species in question. Moreover, it is 
necessary in this connection to broaden our perspectives to include all forest 
types--to manage within the confines of the mixed-conifer type is to wear blinders. 
Given these possibilities, then, I find the recommendation for an average patch size 
of 84 acres (Thomas et al. 1979) to be in harmony with my intuition. However, this 
obviously is a topic badly in need of research. 

CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 

Conclusions 

Information contained in the bird species-habitat matrix for mixed-conifer 
forests of the western Sierra Nevada appears to be in close agreement with results 
of field studies. In the development of project and land management plans, forest 
biologists and managers need to use the predictions possible from the matrix to 
assess potential effects on birds. This process is being facilitated with the 
development of computer applications (Salwasser et al. 1980). 
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In general it seems reasonable to conclude that modern forest management prac
tices, including development of effective fire suppression measures, have created 
some fundamental differences in stand structure and species composition between 
pristine and contemporary forests. Contemporary mixed-conifer forests probably 
include a higher proportion of stage 4C stands, but a lower proportion of stages 4A, 
4B, and 4C taken together. The pine species no doubt comprise a smaller proportion 
of forest stands today than in the past, with fir and incense-cedar assuming more 
prominence. The substantial accumulation of dead and down woody material in 
contemporary forest stands represents a marked contrast with conditions even as 
recently as the 1920's. These changes probably have not changed the species richness 
of breeding birds in mixed-conifer forests of the Sierra Nevada, but undoubtedly the 
relative abundances of many species have undergone marked changes. Species favored 
by 4C stands are probably more common today, while those favored by 4A stands are 
probably less common than in the past. Species with a strong shrub orientation are 
probably more common now than in the past. 

The major change with which I believe we need to be most concerned is the 
reduction in the amount of forest in mature to old-growth conditions. If this trend 
were to continue, it would no doubt result in serious declines in populations of many 
breeding bird species of mixed-conifer forests of the Sierra Nevada of California. 
It is encouraging that the Forest Service's Pacific Southwest Region recently funded 
a long-term study in California forests of old-growth wildlife and their habitat 
needs. The study will get underway this spring. It should provide answers to a 
number of questions critical to formulation of effective guidelines for management 
of the mature and old-growth habitat stages. 

Recommendations 

The following recommendations, if followed, should help to maintain stable 
populations of all bird species in mixed-conifer forests of the Sierra Nevada of 
California. It is not a general goal to manage these forests for the maximum benefit 
of birds, although that might be a goal in certain areas. Some of the recommendations, 
especially the first two, are intended to reduce the complexity of considering the 
total array of all species' requirements, while at the same time not jeopardizing 
the needs of any species. The remainder relate directly to maintaining bird popula
tions in a healthy condition. I believe all of the recommendations can be satisfac
torily met within the constraints of the needs of other resources, although 
compromises obviously will be required. 

• The emphasis in development of management guidelines for birds should be 
given to breeding species. Wintering and migrant species use the same habitats that 
accommodate breeding species. If we continue to provide adequately for the breeders, 
I believe the requirements of migrants and wintering forms will be met as well. 

• Management should emphasize the needs of those species finding optimum and 
suitable habitats in the mixed-conifer forest. Use of marginal sites likely does 
not contribute significantly to maintenance of a given species' numbers. 

• The concepts of species diversity and species richness are useful as general 
guidelines for management planning, but management should not settle for the trap 
of "maximizing species diversity." The needs of all species must be accommodated, 
and particular attention should be given to those species with limited ecological 
tolerance--those able to breed in only one or two habitat stages. 

• At least 20 percent of each compartment in mature and 20 percent in old
growth stands should be retained. 
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• A 100-year rotation should be considered m1n1mum, and in those stands managed 
to provide mature and old-growth conditions a 200-year rotation would provide better 
long-term use by those species specialized to old-growth conditions. 

• At least until research indicates differently, stand size should average 
about 84 acres (34 ha) (Thomas et al. 1979). Smaller average stand size is probably 
satisfactory for habitat stages 1 through 3C, as most species nesting in them have 
smaller territories and home ranges than some of the specialists in stages 4A, 4B, 
and 4C. Provision of smaller stands in early stages is compatible with provision of 
larger stands in later stages by appropriate spacing and timing of cut blocks. For 
example, with a 200-year rotation, four clustered 25-acre (10-ha) blocks of a 100-acre 
management unit could be cut 50 years apart in a manner that would provide smaller 
patches of early successional stages for a long period of time, while adjacent blocks 
late in the rotation would provide a 50-acre (20-ha) block of mature to old-g;owth 
habitat indefinitely. This represents 50 percent of the unit. 

• Regional policy for snag management, as a minimal target, should be observed. 

• A substantially greater number and variety of forest birds would utilize 
"clearcut" blocks if just a few trees and snags were left and if some slash were 
left, including some piles. 

• Herbicide control of shrub competition with regeneration stands should be 
confined to the area immediately surrounding affected trees, to retain some shrub 
cover for birds and other wildlife. 

• Dense stands of trees ranging from 20 to 50 feet (6.1 to 15.2 m) high (habitat 
stage 3C) should be thinned to encourage more rapid growth to large tree stages. 
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ABSTRACT 

Forest management practices adjust the direction and pace 
of plant succession. The species composition and st~ucture 
are altered, and, in turn, the avian species. Forest 
management must include wildlife as an integral part of the 
management decision. A wildlife biologist must provide sound 
biological alternatives for the land manager's consideration. 
We present a discussion of ecological concepts that ~ildlife 
biologists can use to predict the response of bird alterations 
in the interior Northwest mixed conifer forest type. 

KEYWORDS: mixed conifer forest, silviculture, birds, nongame 
habitat. 

Society's demand for products is the primary driving force for the 
management of our natural resources. Whatever that management is, it also 
affects wildlife populations whenever habitat is altered. As the human population 
increases in number and affluence, the demand for products will also increase 
(Maser 1979). Although timber harvest, livestock grazing, and wildlife harvest 
provide products, they also " ••• stir man's economic interest and, in the longer 
term, protective interest" (Maser and Thomas 1978:2). Economic demands must now 
be balanced by ecological consequences because of such laws as the Environmental 
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Policy Act, Federal Land Policy and Management Act, and the Forest Policy Act. 
Specifically, a land manager is to be held responsible for the consequences of 
his decisions and their resulting impact on the resource, land, and environment. 
A wildlife biologist's role is to provide a land manager with a set of management 
alternatives and their respective consequences to habitats and attendant wildlife 
species. The responsibility of wildlife biologists is to provide biologically 
sound data. We can no longer shirk our responsibility with the too often heard 
wildlife biologists' rationalization that, "We do not have enough information." 

Our objective is to provide wildlife biologists with some ecological concepts 
to assist in predicting the generalized responses of both plant communities and 
birds to habitat alterations in the interior Northwest mixed conifer forests. 

VEGETATION 

The interior Northwest is characterized by a wide range of physical features 
that create a variety of habitats for different kinds of biotic communities. 
Diversity in these communities results not only from physiography, soils, and 
climate, but also from fire, insects, disease, and management activities such 
as timber harvesting and livestock grazing. 

Foresters and ecologists have studied the vegetation of the mixed conifer 
forests that occupy about 10.5 million hectares of the interior Northwest. 11 Kuchler (1964) broadly mapped this area as Douglas-fir (Pseudotsuga menziesii)
in the northern Rocky Mountains and Washington, cedar-hemlock-pine (Thuja-Tsuga
Pinus) forests in the northern Rocky Mountains, and grand fir (Abies grandis) 
- Douglas-fir forests in central Idaho, eastern Oregon, and southeastern 
Washington. Regional ecologists have refined these forest descripti_ons to provide 
an ecologically based system of land stratification for use by local resource 
planners and land managers. They include Franklin and Dyrness (1973), Oregon 
and Washington; Hall (1973), the Blue Mountains of eastern Oregon and southeastern 
Washingon; Daubenmire and Daubenmire (1968), northern Idaho and adjacent 
Washington; Steele et al. (Being prepared), central Idaho; and Pfister et al. 
(1977) for Montana. 

Interior Northwest coniferous forests occur along a predictable environmental 
gradient. Climax Douglas-fir associations are usually found at mid-elevations 
where they intergrade with the upper limits of more xeric ponderosa pine (Pinus 
ponderosa) forests. In some areas, such as north-central Washington and the east 
slopes of the northern Rocky Mountains, however, climax ponderosa pine may be 
absent and Douglas-fir forests may border grasslands or shrub-steppe vegetation. 
In Idaho and the Blue Mountains of Oregon and Washington, climax Douglas-fir 
forest is less common. Instead, it is an important component of mixed conifer 
communities transitional from ponderosa pine to grand fir. Douglas-fir and grand 
fir generally dominate climax stands, but Engelmann spruce (Picea engelmannii) may 
be locally abundant on moist sites, and subalpine fir (Abies lasiocarpa) becomes 
an important component at higher elevations. 

Fire has played a major role in determining the composition and stucture 
of mixed conifer forests. Ponderosa pine, lodgepole pine (Pinus contorta), 
western white pine (Pinus monticola), or western larch (Larix occidentalis) 
dominate seral stands because they are better adapted to severe disturbance, 
especially fire, than are the climax species. Ponderosa pine or lodgepole pine 

1/ Nomenclature follows that of Garrison et al. (1976). 
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may persist on harsher sites as a fire climax. On the other hand, grand fir and 
Douglas~fir regenerate abundantly in either mature, undisturbed stands, or seral 
stands. In the latter situation, they gradually assume dominance as the stand 
develops. 

Composition and structure of the associated understory vegetation is diverse 
and depends on interactions of site, plant community, fire, and forest management 
activities. On drier sites dominated by Douglas-fir or mixed Douglas-fir and 
ponderosa pine, grasses mixed with scattered low shrubs and forbs characterize 
the understory. Dense, multilayered understories of grasses, sedges, forbs, and 
tall shrubs occur on moist sites where Douglas-fir dominates the overstory. Some 
characteristic species are pinegrass (Calamagrostis rubescens), elk sedge (Carex 
geyeri), arnica (Arnica spp.), ninebark (Physocarpus malvaceus), and 
snowberry (Symphoricarpos albus). The understory of mature or old-growth mixed 
conifer forest dominated by grand fir is often characterized by low growing plants 
such as American twinflower (Linnaea borealis), queencup beadlily (Clintonia 
uniflora), and princespine (Chimaphila spp.). Wild rose (Rosa spp.), 
huckleberries (Vaccinium spp.), yew (Taxus sp.), and other shrubs are abundant 
in some communities. 

Fire can be an important influence in understory development. Intense 
heat generated by either wildfire or prescribed burns can destroy understory 
vegetation and favor the germination and establishment of seral shrubs. Dense 
fields of shrubs, such as snowbrush ceanothus (Ceanothus velutinus) and ninebark 
may dominate disturbed Douglas-fir sites for 25 years or longer while the seral 
forest develops. On the other hand, periodic, light underburning once maintained 
open stands of Douglas-fir mixed with ponderosa pine (Hall 1977). 

BIRDS OF THE _MIXED CONIFER FOREST 

More than 90 species of birds use the mixed conifer forests in the interior 
Northwest (Thomas 1979, Sundstrom 1978). None of these birds, however, restrict 
their feeding and reproductive activities to a single forest type or to a 
particular tree species. Because interior Northwest forests tend to be a mosaic 
of forest types instead of large continuous blocks, management objectives 
generally are not restricted to a particular forest type. Also, birds apparently 
respond more to vegetative structure than they do to plant species composition per 
se (Verner 1975). Consequently, management of bird communities should not be 
considered by forest type, but rather by the overall impact of management on 
forest structure. 

Vegetative structure can be broadly equated to forest succession. As 
succession progresses, plant species diversity and biomass increase; vegetative 
structure becomes more complex, which in turn, creates more available niches that 
result in increased bird species diversity (Meslow 1978) (Fig. 1). We have 
characterized the mixed conifer forest type with six successional stages, and 
have listed the birds that feed or reproduce in each successional stage 
(Appendix 1). 

Although we may not have all the specific information about habitat 
requirements for all birds, we can fairly well predict the impact of various 
management schemes on vegetative structure and plant succession and, consequently, 
on bird species. Forest managers may wish to maintain as many naturally 
occurring habitats as possible so future generations can have the same management 
options we have today (Balda 1976). "Wildlife Habitats in Managed Forests" 
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(Thomas 1979) and "A Holistic Approach to Wildlife and Fish Habitat Management" 
(Sundstrom 1978) are two publications that can be used to predict impacts of 
forest management decisions on birds. 
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Figure 1.--Enumeration of bird species orientation to forest successional stages 
in the mixed conifer forest type of the interior Northwest. 

FOREST MANAGEMENT 

Forest management is the dominant land management activity in the interior 
Northwest forests. Forest management is bird habitat management and can achieve 
habitat management goals with attentive planning and execution (Thomas 1979). 

A forest manager is limited in the selection of silvicultural options because 
of stand conditions due to past logging practices, insect and disease problems, 
control of fire, and so on. Therefore the selection of a silvicultural system 
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must be made on a stand by stand basis. Generally healthy, mixed-aged stands 
are suitable for uneven-aged management, but care must be taken to prevent a shift 
in species composition, especially in the mixed conifer forests of eastern Oregon 
and Washington. But, an even-age management system is usually recommended to 
control dwarf mistletoe (Arceuthobium spp.) and western spruce budworm 
(Choristoneura occidentalis Freeman), that are prevalent throughout the area 
(Seidel 1973, Wellner and Ryker 1973). Open stands favor larch and pine, and 
closed stands favor the shade tolerant firs. Douglas-fir is a shade requiring 
species in the interior Northwest, and seedling establishment is best in partial 
shade, but growth is best in full sunlight (Seidel 1973). Because each 
silvicultural system has a specific impact on habitats, wildlife biologists must 
have a basic understanding of these systems to predict the consequences of their 
application. 

There are four generalized forest management systems that adjust the 
direction and pace of plant succession and, in turn, determine the avian species 
associated with the various successsional stages. 

1. Even-aged management produces a monoculture of trees approximately the 
same size and height. A stand has an identified establishment period, 
and the entire stand is generally removed at maturity (Franklin and 
DeBell 1973, USDA Forest Service 1973). 

Even-aged management reduces vertical vegetative complexity and 
results in a decrease in bird species diversity (MacArthur and MacArthur 
1961). 

Horizontal vegetative complexity (spacing) is increased by creating 
different successional stages between the various stands or cutting 
units. Edges are also created where different successional stages meet, 
thereby enhancing bird species richness (Thomas et al. 1978). 

All guilds (a group of species that use the habitat in a similar 
way; Root 1967) could be represented through several even-aged stands, 
but this depends on the successional stages present within a particular 
time. 

2. In contrast, uneven-aged management develops vertical vegetative 
complexity, but eliminates horizontal complexity by harvesting only 
mature trees, by not cutting the entire stand, and by maintaining trees 
in a variety of size classes (Franklin 1977, Hann and Bare 1979). 

3. 

Edges and early successional stages are minimized, as well as, 
the characteristics of old-growth stands. Bird species characteristic 
of the related plant communities would also be reduced. For example, 
aerial-searchers and ground-brush foragers would decrease, while bark 
and foliage gleaners and drillers would increase. 

Intensive forest management shortens early successional stages and 
eliminates the final stages by emphasizing stand regeneration, growth, 
and harvest (Edgerton and Thomas 1978). Silviculture practices may 
include brush control, tree planting, fertilization, and thinning--all 
of which tend to accelerate tree establishment and growth and reduce 
plant species diversity and structural complexity. 
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Intensive forest management potentially decreases bird species 
diversity. Succession is accelerated; maturity is brief. 

Harvest of climax old-growth stands eliminates the associated 
specialized bird species, such as the brown creeper (Certhia 
familiaris), pileated woodpecker (Dryocopus pileatus), and great gray 
owl (Strix nebulosa). 

4. Salvage and sanitation logging and debris disposal activities remove 
snag recruits and snags and reduce the amount of dead and downed woody 
material that provides feeding and nesting sites for drilling and bark
gleaning guilds (Maser et al. 1979, Thomas et al. 1979). Snags also 
are needed for nest sites for a wide variety of birds. In addition, 
snags and broken-topped trees are needed for nesting and perching sites 
for such large birds as eagles (Aquila and Haliaeetus spp.) and 
osprey (Pandion haliaetus). 

The main management tool available to a wildlife biologist is to direct the 
size, shape, location, and timing of silviculture practices. 

Size of a treatment area has a direct relationship to the number of species 
present (Galli et al. 1976). Thomas et al. (1978) estimated that bird species 
richness is optimized at about 34 ha in the Blue Mountains. Such area figures 
must be applied with caution, however, because they tend to become policy. Verner 
(1975) suggested that a better approach would be to use the territory size of 
large raptors, such as hawks and owls, because they could also serve as indicators 
of the bird population vitality. 

The shape of an area is related to the amount of edge produced--the more 
irregular the shape, the greater the edge. Irregular shapes are also more 
pleasing to a viewer and provide a more natural condition. 

Location of a treatment area refers to its relationship to other forest 
communities. Edges differ in their degree of contrast. For example, a sapling 
stage against pole stage has a low degree of contrast, whereas a grass stage 
against a mature forest stage has a high degree of contrast. Considering six 
generalized successional stages, there is a possible combination of 15 edges, 
all with a varying degree of contrast (Thomas et al. 1978). The juxtaposition 
of various treatments can be used to achieve habitat diversity. 

The final variable is time--time in relation to season of the year, and time 
in relation to rotation age or number of years from tree establishment to 
cutting. For example, timing of a prescribed burn may be critical to ground and 
shrub nesting birds if it is done in the spring of the year, but the distribution 
of silvicultural practices over years and ages of a stand affects both the pace 
and direction of succession. 

In summary, we paraphrase a portion of The Wildlife Society's position 
statement on "Wildlife Needs in Forest Management" as adopted on March 24, 1979: 

Forest management practices alter species 
composition and structure of plant communities and 
thereby affect attendant wildlife. Wildlife species 
may increase, or decline, or be unaffected. Species 
with a narrow range of tolerance for habitat change may 
require special consideration. 
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Forest and wildlife management objectives can be 
coordinated by maintaining diversity of plant species, 
age classes, and stand densities; by retaining snags 
and dead and down woody materials; and by varying the 
size, shape, age, and juxtaposition of stands. 
Management plans must be flexible but also must be 
specific enough to meet local conditions. Management 
practices must be prescribed according to site 
conditions, plant and animal species involved, 
successional relationships, and such local factors that 
ensure a diversity of wildlife species. 

Wildlife should be an intentional product of forest 
management. It is a wildlife biologist's responsibility 
to provide a manager with a set of alternatives. It 
is a land manager's responsibility to review the 
consequences of these alternatives and the trade-offs 
on wildlife and their habitats (The Wildlife Society 
1979). 

We submit that this is our professional charge. 

LITERATURE CITED 

American Ornithologists' Union. 
1957. Check-list of North American birds. 5th ed. 691 p. Port City Press, 

Inc., Baltimore, MD. 

American Ornithologists' Union. 
1973a. Thirty-second supplement to the American Ornithologists' Union 

check-list of North American birds. Auk 90(2):411-419. 

American Ornithologists' Union. 
1973b. Corrections and additions to the "Thirty-second supplement to the 

American Ornithologists' Union check-list of North American birds." Auk 
90(4):887. 

American Ornithologists' Union. 
1976. Thirty-third supplement to the American Ornithologists' Union check-list 

of North American birds. Auk 90(4):875-879. 

Balda, Russell P. 
1976. Vegetation structure and breeding bird diversity. In Symposium on 

management of forest and range habitats for nongame birdS: Dixie R. Smith, 
Tech. Coord. p. 59-80. USDA For. Serv. Gen. Tech. Rep. W0-1. U.S. Gov. 
Print. Off., Wash., D.C. 

Daubenmire, R., and Jean B. Daubenmire. 
1968. Forest vegetation of eastern Washington and northern Idaho. Wash. 

Agric. Exp. Stn. Tech. Bull. 60. 104 p. 

Edgerton, Paul J., and Jack Ward Thomas. 
1978. Silviculture options and habitat values in coniferous forests. In 

Proceedings of Workshop on nongame bird habitat management in the coniferous 
forests of the western United States. Richard M. DeGraaf, Tech. Coord. 
p. 56-65. USDA For. Serv. Gen. Tech. Rep. PNW-64. Pac. Northwest For. and 
Range Exp. Stn., Portland, Oreg. 

230 



Franklin, Jerry F. 
1977. Effects of uneven-aged management on species composition. In Uneven-aged 

silviculture and management in the western United States. Proc. In-Service 
Workshop, Oct. 19-21, 1976. Redding, Calif. 

Franklin, Jerry F., and DeanS. DeBell. 
1973. Effects of various harvesting on forest regeneration. In Even-aged 

management. Richard K. Hermann and Denis P. Lavender, Compilers and Editors. 
Pap. 848, p. 29-57. Sch. For., Oreg. State Univ., Corvallis. 

Franklin, Jerry F., and C. T. Dyrness. 
1973. Natural vegetation of Oregon and Washington. USDA For. Serv. Gen. Tech. 

Rep. PNW-8. 417 p. Pac. Northwest For. and Range Exp. Stn., Portland, .Oreg. 

Galli, Anne E., Charles F. Leek, and RichardT. T. Forman. 
1976. Avian distribution patterns in forest islands of different sizes in 

central New Jersey. Auk 93(2):356-364. 

Garrison, G. A., J. M. Skovlin, C. E. Poulton, and A. H. Winward. 
1976. Northwest plant names and symbols for ecosystem inventory and analysis. 

4th ed. USDA For. Serv. Gen. Tech. Rep. PNW-46. 263 p. Pac. Northwest For. 
and Range Exp. Stn., Portland, Oreg. 

Hall, Frederick C. 
1973. Plant communities of the Blue Mountains in eastern Oregon and Washington. 

USDA For. Serv., Reg. 6 Area Guide 3-1. 62 p. Portland, Oreg. 

Hall, Frederick C. 
1977. Ecology of natural underburning in the Blue Mountains of Oregon. USDA 

For. Serv. Reg. 6, R6-ECOL-79-001. 11 p. Portland, Oreg. 

Hann, David W., and B. Bruce Bare. 
1979. Uneven-aged forest management: 

For. Serv. Gen. Tech. Rep. INT-58. 
Ogden, Utah. 

Kuchler, A. W. 

state of the art (or science?). USDA 
18 p. Intermt. For. and Range Exp. Stn., 

1964. Potential natural vegetation of the conterminous United States. Am. 
Geogr. Soc. Spec. Pub!. 36. 116 p. New York. 

MacArthur, Robert H., and John W. MacArthur. 
1961. On bird species diversity. Ecology 45(3):594-598. 

Maser, Chris. 
1979. Holistic management--can we achieve it? 30th Conf. Wild!. Soc., 

Portland, Oreg. (abstract) 

Maser, Chris, Ralph G. Anderson, Kermit Cromack, Jr., Jerry T. Williams, and 
Robert E. Martin. 

1979. Dead and down woody material. In Wildlife habitats in managed forests-
the Blue Mountains of Oregon and Washington. Jack Ward Thomas, Tech. Ed. 
p. 78-95. USDA For. Serv. Agric. Handb. 553. U.S. Gov. Print. Off., Wash., 
D.C. 

231 



Maser, Chris, and Jack Ward Thomas. 
1978. Ecosystems, habitats, wildlife, and management. In Proceedings of 

Workshop on nongame bird habitat management in the coniferous forests of the 
western United States. Richard M. DeGraaf, Tech. Coord. p. 1-4. USDA For. 
Serv. Gen. Tech. Rep. PNW-64. Pac. Northwest For. and Range Exp. Stn., 
Portland, Oreg. 

Meslow, E. Charles. 
1978. The relationship of birds to habitat, plant communities, and 

successional stages. In Proceedings of Workshop on nongame bird habitat 
management in the coniferous forests of the western United States. 
Richard M. DeGraaf, Tech. Coord. p. 12-18. USDA For. Serv. Gen. Tech. Rep. 
PNW-64. Pac. Northwest For. and Range Exp. Stn., Portland, Oreg. 

Pfister, Robert D., Bernard L. Kovalchik, Stephen F. Arno, and Richard C. Presby. 
1977. Forest habitat types of Montana. USDA For. Serv. Gen. Tech. Rep. INT-34. 

174 p. Intermt. For. and Range Exp. Stn., Ogden, Utah. 

Root, Richard B. 
1967. The niche exploitation pattern of the blue-gray gnatcatcher. Ecol. 

Monogr. 37(4):317-350. 

Seidel, K. W. 
1973. Mixed pine-fir of eastern Oregon and Washington. In Silvicultural 

systems for major forest types of the United States. p-.-15-17. USDA For. 
Serv. Agric. Handb. 445. U.S. Gov. Print. Off., Wash., D.C. 

Steele, Robert, Robert D. Pfister, Russell A. Ryker, and Jay A. Kitams. 
Being prepared. Forest habitat types of central Idaho. U.S. Dep. Agric. For. 

Serv. Intermt. For. and Range Exp. Stn., Odgen, Utah. 

Sundstrom, Charles. 
1978. A holistic approach to wildlife and fish habitat management. 135 ?· 

Beaverhead National Forest, Dillon, Mont. 

The Wildlife Society. 
1979. Position statement of The Wildlife Society on recognition of wildlife 

needs in forest management. Oreg. Chap. Newsletter, Nov. 1979. 8 p. 

Thomas, Jack Ward. (Tech. Ed.). 
1979. Wildlife habitats in managed forests--the Blue Mountains of Oregon and 

Washington. USDA For. Serv. Agric. Handb. 553. 512 p. U.S. Gov. Print. 
Off., Wash., D.C. 

Thomas, Jack Ward, Ralph G. Anderson, Chris Maser, and Evelyn Bull. 
1979. Snags. In Wildlife habitats in managed forests--the Blue Mountains of 

Oregon and Washington. Jack Ward Thomas, Tech. Ed. p. 60-77. USDA ~or. 
Serv. Agric. Handb. 553. U.S. Gov. Print. Off., Wash., D.C. 

Thomas, Jack Ward, Chris Maser, and Jon E. Rodiek. 
1978. Edges--their interspersion, resulting diversity, and its measurement. 

In Proceedings of Workshop on nongame bird habitat management in the 
coniferous forests of the western United States. Richard M. DeGraaf, Tech. 
Coord. p. 91-100. USDA For. Serv. Gen. Tech. Rep. PNW-64. Pac. Northwest 
For. and Range Exp. Stn., Portland, Oreg. 

232 



United States Department of Agriculture, Forest Service. 
1973. Silvicultural systems for major forest types of the United States. U.S. 

Dep. Agric. Handb. 445. 114 p. U.S. Gov. Print. Off., Wash., D.C. 

Verner, Jared. 
1975. Avian behavior and habitat management. In Symposium on management of 

forest and range habitats for nongame birds. Dixie R. Smith, Tech. Coord. 
p. 39-58. USDA For. Serv. Gen. Tech. Rep. W0-1. U.S. Gov. Print. Off., 
Wash., D.C. 

Wellner, Charles A., and Russell A. Ryker. 
1973. Ponderosa pine and Rocky Mountain Douglas-fir. In Silvicultural systems 

for major forest types of the United States. p. 35-37: USDA For. Serv. 
Agric. Handb. 445. U.S. Gov. Print. Off., Wash., D.C. 

Appendix 1.--Bird species feeding (F) or reproducing (R) in the mixed conifer 
forest successional stages of the interior Northwest 

Forest Successional Stage 

Grass- Shrub- Pole- Old-
Species forb seeding sapling Young Mature growth 

1/ Wood duck- F F F F R F R F 
Aix sponsa 

Barrow's goldeneye F F F F R F R F 
Bucephala islandica 

Bufflehead F F F F R F R F 
Bucephala albeola 

Harlequin duck F F F R F R F R F 
Histrionicus histrionicus 

Hooded merganser F F F F R F R F 
Lophodytes cucullatus 

Turkey vulture R F R F R F 
Cathartes aura 

Goshawk F F R F R F 
Accipiter gentilis 

Sharp-shinned hawk F R F R F R F F 
Accipiter striatus 

Cooper's hawk F F F R F R F F 
Accipiter cooperii 

Red-tailed hawk F F F R F R F R F 
Buteo jamaicensis 

Golden eagle F F F F R F R F 
Aquila chrysaetos 

Bald eagle F F R F R F 
Haliaeetus leucocephalus 

Osprey F F F F R F R F 
Pandion haliaetus 

1/ Nomenclature follows that of American Ornithologists' Union (1957, 
1973a, 1973b, 1976). 
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Appendix 1.--Continued. 

Forest Successional Stage 

Grass- Shrub- Pole- Old-
Species forb seeding sapling Young Mature growth 

Peregrine falcon R F R F R F R F R F R F 
Falco peregrinus 

Merlin F F F F R F R F 
Falco columbarius 

American kestrel F F R R R F 
Falco sparverius 

Blue grouse F R F R F F F F 
Dendragapus obscurus 

Franklin's grouse F R F R F R F F 
Canachites canadensis 

Ruffed grouse R F R F R F R F 
Bonasa umbellus 

Turkey F R F R R F F 
Meleagris gallopavo 

Barn owl F F R F R F 
~ alba 

Flammulated owl F F R R F R F 
Otus flammeolus 

Great horned owl F F F R F R F R F 
Bubo virginianus 

Pygmy owl F F F R F R F R F 
Glaucidium gnoma 

Barred owl F F R F R F 
Strix varia 

Great gray owl F R F F F 
Strix nebulosa 

Long-eared owl F F F R F R F R F 
Asio otus 

Saw-whet owl R R F R F 
Aegolius acadicus 

Vaux's swift R F R F 
Chaetura vauxi 

Black-chinned hummingbird F R F R F F F F 
Archilochus alexandri 

Rufous hummingbird F R F R R R F R 
Selasphorus rufus 

Calliope hummingbird F R F R F F F F 
Stellula calliope 

Belted kingfisher R F F F F F F 
Megaceryle alcyon 

Common flicker F F F R F R F R F 
Colaptes auratus 

Pileated woodpecker R F R F 
Dryocopus pileatus 

Lewis' woodpecker R R R F R F R F 
Melanerpes lewis 
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Appendix 1.--Continued. 

Forest Successional Stage 

Grass- Shrub- Pole- Old-
Species forb seeding sapling Young Mature growth 

Williamson's sapsucker R F R F 
Sphyrapicus thyroideus 

Hairy woodpecker R F R F R F 
Picoides villosus 

White-headed woodpecker R F R F 
Picoides albolarvatus 

Black-backed three-toed 
woodpecker R F R F R F 
Picoides arcticus 

Alder flycatcher F R F R F 
Empidonax alnorum 

Willow flycatcher F R F R F 
Empidonax traillii 

Hammond's flycatcher F F F R F R F 
Empidonax hammondii 

Dusky flycatcher F R F R F R F R F R F 
Empidonax oberholseri 

Western flycatcher F F R F R F R F 
Empidonax difficilis 

Western wood pewee F F R F R F R F 
Contopus sordidulus 

Olive-sided flycatcher F F R F R F R F R F 
Nuttalornis borealis 

Tree swallow F F R R R F 
Iridoprocne bicolor 

Gray jay F R F R F R F F 
Perisoreus canadensis 

Steller's jay F F R F R F R F R F 
Cyanocitta stelleri 

Black-billed magpie F R F R F R F {i F R F 
Pica pica 

Common raven R F R F R F 
Corvus corax 

Common crow F F F R F R F R F 
Corvus brachirhinchos 

Clark's nutcracker F R F R F 
Nucifraga columbiana 

Mountain chickadee R F R F R F R F 
Parus gambeli 

Chestnut-backed chickadee R F R F R F R F 
Parus rufescens 

White-breasted nuthatch R F R F 
Sitta carolinensis 

Red-breasted nuthatch R F R F R F 
Sitta canadensis 
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Appendix 1.--Continued. 

Forest Successional Stage 

Grass- Shrub- Pole- Old-
Species forb seeding sapling Young Mature growth 

Pygmy nuthatch R F R F 
Sitta pygmaea 

Brown creeper F R F R F 
Certhia familiaris 

Dipper R F R F R F R F R F R F 
Cinclus mexicanus 

House wren F F R F R R R 
Troglodytes aedon 

Winter wren R F R F F R F R F 
Troglodytes troglodytes 

Rock wren R F R F 
Salpincles obsoletus 

American robin F R F R F R F R F R F 
Turdus migratorius 

Varied thrush F R F R F R F R F 
Ixoreus naevius 

Hermit thrush F F R F R F 
Catharus guttatus 

Swainson's thrush R F R F R F R F R F 
Catharus ustulatus 

Western bluebird F F R R R 
Sialia mexicana 

Mountain bluebird F F R R R 
Sialia currucoides 

Golden-crowned kinglet F F R F R F R F 
Regulus satrapa 

Ruby-crowned kinglet F F R F R F 
Regulus calendula 

Solitary vireo R F R F R F R F 
Vireo solitarius 

Nashville warbler R F F F 
Vermivora ruficapilla 

Yellow-rumped warbler F R F R F R F 
Dendroica coronata 

Black-throated gray warbler R F R F R F R F R F 
Dendroica ni~rescens 

Townsend's warbler F R F R F 
Dendroica townsendi 

MacGillivray's warbler R F R F R F R F 
Oporornis tolmiei 

Wilson's warbler R F R F R F R F 
Wilsonia pusilla 

Northern waterthrush R F R F 
Seiurus noveboracensis 

Yellow-breasted chat R F R F R F R F F 
Icteria virens 
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Appendix 1.--Continued. 

Forest Successional Stage 

Grass- Shrub- Pole- Old-
Species forb seeding sapling Young Mature growth 

Northern oriole R F R F R F R F 
Icterus galbula 

Brewer's blackbird F R F R F R F R F· R F 
Euphagus cyanocephalus 

Brown-headed cowbird R F R F R F R F R F F 
Molothrlls ater 

Western tanager F F R F R F R F 
Piranga ludoviciana 

Black-headed grosbeak F F R F R F R F 
Pheucticus melanocephalus 

Evening grosbeak F F F R F R F 
Hesperiphona vespertina 

Purple finch F F R F R F R F R F 
Carpodacus purpureus 

Cassin's finch F F F R F R F R F 
Carpodacus cassinii 

House finch F R F R F R F R F F 
Carpodacus mexicanus 

Pine grosbeak F F R F R F 
Pinicola enucleator 

Pine siskin F F R F R F R F R F 
Carduelis pinus 

Red crossbill F R F R F 
Loxia curvirostra 

Dark-eyed junco R F R F R F R F R F R F 
Junco hyemalis 

Chipping sparrow F R F R F R F R F R F 
Spizella passerina 

Song sparrow R J.t· R F R F R F 
Melospiza melodia 
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ABSTRACT 

Communities of birds in lodgepole pine (Pinus contorta) are among 
the least studied of all major forest types. Research must get 
top priority before specific management is feasible. Goals have 
not been critically examined for birds in lodgepole pine (LPP). 
Only a few of the many parameters of bird communities in LPP have 
been recognized. Management practices which increase or maintain 
interspersion and variety of habitats in LPP associes should 
enhance characteristics of avifauna generally considered desirable 
in management of nongame birds. These include species richness, 
species diversity, abundance, and visibility of birds. No species 
of bird is dependent exclusively on LPP, and this forest type is 
unlikely to be greatly reduced in area in the near future. Judged 
by prevailing values of humans, bird communities will usually 
benefit from more intensive and extensive management of LPP 
forests. General guidelines for current management are discussed, 
and recommendations for improving future management of LPP for 
birds are presented. 

KEYWORDS: lodgepole pine, birds, nongame, habitat, wildlife 

LODGEPOLE PINE 

Lodgepole pine (LPP) dominates nearly 6 million hectares in the United States and 
over three times as much area in western Canada. In area, LPP is the third most 
important, and in ecologic amplitude, one of the most ubiquitous fbrest types in the 
western United States (Wellner 1975). 

LPP is a pioneer species, sometimes in mixed stands with other conifers, but 
often occurring, as in the upper montane zone of the central Rocky ~fountains, in vast 
forests of pure LPP that resulted from catastrophic fires. LPP may sometimes be a 
fire subclimax, and in a few places may represent an edaphic-topographic climax. 
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In the central Rocky Mountains, pole timber is the primary stocking class of LPP 
forests, often with little potential for saw timber because of over-mature trees, 
overly dense stands, and poor sites (Alexander.1974). Only 5 to 6 percent of the 
stands are seedlings and saplings. LPP often forms a dense, single-story canopy with 
virtually no understory and sparse lower strata. Ecology and characteristics of LPP 
were described in a number of papers included in Baumgartner (1975), especially 
Pfister and Daubenmire (1975). 

MANAGEMENT OF LODGEPOLE PINE 

Lodgepole pine (LPP) was virtually unmanaged and unharvested until the 1950's 
(Bernsten 1975). During the 1960's, clearcutting of LPP increased and so did public 
concern for environmental impacts of timber management. This stimulated research for 
management of LPP. A benchmark was reached in October 1973 with a symposiu~, Manage
ment of Lodgepole Pine Ecosystems (Baumgartner 1975). 

Management of LPP has focused on cutting practices, regeneration, disease and 
insect control, and occasionally on thinning. Recent research in fire management in 
LPP has scarcely been applied on a significant scale. Tackle (1954) recognized early 
that clearcutting was the most practical method of harvesting LPP forests. Lotan and 
Alexander (1973) stated that the choices were usually clearcut or uncut LPP because of 
problems of windthrow, spread of dwarf mistletoe, and slash management in various 
partial cutting alternatives. However, exceptions for partial cutting of LPP occur 
occasionally (Alexander 1972). Clearcuts can be patch, block, or strip, and there are 
no advantages to clearcuts larger than 16 hectares (Alexander 1974). Recommended 
stocking densities for multiple use management featuring timber production are above 
1500 seedlings or saplings per hectare (Alexander 1974). Optimum stocking levels for 
timber production can be calculated from average tree diameter and basal area on the 
site (Adams 1969), e.g., from.600 to 1000 per hectare for trees 20 centimeters in 
diameter. Insects and disease are sometimes controlled in LPP by sanitation and 
salvage clearcutting tailored to specific situations. Precommercial thinning at about 
20 years of age and commercial thinning of LPP can be successful cultural practices 
but are seldom done (Cole 1975). 

BIRDS IN LODGEPOLE 

There have been few extensive studies of avifauna in lodgepole pine (LPP) commun
ities; data are especially scarce for non-nesting seasons. Snyder (1950) and Salt 
(1957) provided the most detailed studies of birds in LPP. Wiens (1975) reviewed 
avian communities in coniferous forests using a data base of 130 censuses of breeding 
birds in the literature. Wiens (1978) used 29 of those censuses in a review of non
game birds in Pacific Northwest coniferous forests. From those useful reviews, I 
extracted data from eight studies which reported bird censuses in lodgepole forests; 
most were from mixed forest types and mainly from the central Rocky Mountains. Data 
from Roppe and Rein (1978) and unpublished data (on file with the author at Colorado 
State University, Fort Collins) were also used for the following discussion. Appar
ently, there are no other published studies of bird communities in LPP. 

The most abundant species nesting in lodgepole habitat in Colorado (Rappe and 
Rein 1978) include Yellow-rumped (Audubon's) Warbler, Ruby-crowned Kinglet, Gray
headed Junco, Hermit Thrush, Black-capped and Mountain Chickadees, Pine Siskin, Gray 
Jay, and Townsend's Solitaire (standard common names currently in use by American 
Ornithologists' Union). "Parus-Spinus" (Chickadee-Siskin) was a proposed name for 
this avian community (Snyder 1950). No species of bird is restricted to LPP. 

Birds in lodgepole habitat often occupy diverse, broad niches. The few species 
which use lodgepole for food rank low in abundance among species in this habitat. 
Blue grouse is the only important game bird and the only species feeding significantly 
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on LPP foliage in most lodgepole communities. Clark's Nutcracker and Pine Grosbeak 
eat lodgepole seeds and are more closely associated with LPP than are other birds; 
however, they are low in abundance in the community and are more common in types dom
inated by spruces and true firs. The most abundant guild of birds in LPP is comprised 
of species which feed on insects on live foliage and bark. This guild includes king
lets, warblers, chickadees, and nuthatches. Niches of these species may be more 
finely divided and specialized than are niches of birds in other guilds which use 
different parts of LPP habitat (Sabo and Whittaker 1979). 

Communities of birds nesting in LPP forests exhibit highly variable and inter
mediate densities (150-900 per square kilometer) and standing crop biomass (25-200 
grams per hectare) (Wiens 1975). Number of species is typically low (8-20) as is 
species diversity. Roppe and Rein (1978) calculated a value of 3.0 for Shannon
Wiener index of species diversity of breeding birds in LPP in Colorado. Species 
dominance is high, with one species often accounting for one-fourth of all birds, and 
the two most-abundant species including half of all birds. 

Diversity of vegetation in LPP communities appears to affect several parameters 
of the associated avifauna. Comparing four studies in LPP with five studies in LPP
mixed conifer communities, species richness, density and biomass were higher in the 
mixed communities, but species dominance was greater in the avifauna of the pure LPP 
(Table 1). 

Table I.--Comparison of parameters of bird communities in lodgepole pine and lodgepole 
pine-mixed coniferous forests; data are from Wiens (1975) and Roppe and Rein 
(1978), mainly from Rocky Mountains. 

Communities and Sta- Number Density Standing crop Dominance 
number of studies tis tic of species (birds/km2) biomass (g/ha) (2 species) 

Lodgepole pine (4) Range: 8-14 146-322 25-73 41-65% 
Mean: 11 238 54 53% 

Lodgepole pine- Range: 10-20 493-905 126-204 26-46% 
mixed conifer (5) Mean: 14.4 713 149 33% 

Effects of habitat disturbance on birds of LPP have seldom been studied. Roppe 
and Rein (1978) used standard techniques of spot-mapping territories to compare bird 
populations on a 8-year-old burn, ecotone, and unburned lodgepole forest in north
central Colorado. Breeding densities of birds per 100 hectares were 108 pairs in the 
burn, 110 pairs in the ecotone and 73 pairs in lodgepole. Standing crop biomass and 
consuming biomass were higher on the burn, but efficiency of food utilization by avi
fauna was higher in unburned lodgepole. The ecotone between the LPP and burn had more 
individuals and more species of birds than did either of the other habitats. There 
were 14 species in LPP, 13 in the burn, and 18 in the ecotone. The Shannon-Wiener 
index of species diversity was 3.3 for the burn and 3.0 for the LPP. Abundant species, 
such as Blue Grouse and Clark's Nutcracker, occurred on both sites. American Robin, 
Mountain Bluebird, Broad-tailed Hummingbird, Common Flicker, and Empidonax flycatchers, 
occurred mainly on the burn in place of Hermit Thrush, Ruby-crowned Kinglet, and 
chickade~s in LPP. Thus, the greatest differences between the two communities of 
birds were in species composition and relative abundance of some of the most common 
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species. Because most birds in LPP forests are euryoecious, noticeable changes in 
relative abundance can be expected to occur at lower levels of habitat change than is 
required to affect species composition. 

Apparently, no substantial studies have been publishe·d on bird populations in LPP 
in nonbreeding seasons. Unpublished data on file with the author at Colorado State 
University, were collected by Alan Dale to compare birds on a clearcut and adjacent 
mature LPP forest in Larimer County, Colorado, in late winter. The data are from area 
transect counts replicated five times on two 10-hectare plots, one in each community. 
Although the data are meager (Table 2), species richness, species diversity and 
abundance were higher in LPP than in the clearcut in winter. Mountain Chickadee was 
the only one of eight species recorded in both habitats. 

Table 2.--Comparison of late-winter birds during five area transect counts on two 10-
hectare plots, one in a clearcut and one in adjacent mature lodgepole pine 
forest, Larimer County, Colorado, March-April 1977. 

Goshawk 
Hairy Woodpecker 
Gray Jay 
Mountain Chickadee 
American Robin 
Bohemian Waxwing 
Pine Grosbeak 
Gray-headed Junco 

Clearcut 
Maximum 
number Frequency 

2 60% 

8 20% 

4 60% 

MANAGEMENT OF LODGEPOLE FOR BIRDS 

Perspectives and Discussion 

Lodgepole 
Maximum 
number Frequency 

1 60% 
2 40% 
2 60% 
7 80% 
1 40% 

4 20% 

The paucity of information concerning effects on wildlife of manipulation of 
lodgepole pine (LPP) is surprising. A few studies on responses of big game to manage
ment of LPP were reviewed by Dealy (1975), and there were a few reports of small 
mammal populations and LPP management, usually from the viewpoint of damage to LPP by 
mammals, e.g., Lindsey (1975). The only mention of birds in the 37 papers in the 1973 
symposium on LPP management (Baumgartner 1975) was to allude to their "damaging" 
(which could be called "utilizing") of LPP (Lindsey 1975). 

Foresters have attempted to develop management prescriptions for LPP in which 
effects on wildlife are considered. For example, one national forest in Colorado, in 
developing its timber management plan in 1977, predicted the impact on wildlife of up 
to four alternative treatments on six stand combinations of LPP. From a base index 
value of 100 for no effects of no treatment, the index was projected only as high as 
114 for thinnings followed by patch clearcuts and only as low as 94 for light shelter
wood cuts in sawtimber on poor sites. These were subjective predictions for numbers 
and distributions of five combined categories -of wildlife -big game, small game, non
game, fishes, and reptiles. Clearly, little can be inferred about forest management 
for nongame birds when such a broad, subjective approach is used, even by competent 
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forest-wildlife biologists. Negligible effects are almost certain on a combined wild
life index from almost any timber management; adverse and beneficial effects on 
different species often cancel each other out in the index, giving a misleading indi
cation of no effect. Forest managers are not to blame for using a crude method when 
nothing better is available. 

We are not ready to manage LPP for nongame birds. The data base is inadequate 
and goals are not established. Fortunately, we don't face critical situations for 
nongame birds in LPP. There are no birds restricted to LPP, no endangered species 
that depend primarily on LPP for habitat, and little likelihood that much of the vast 
area of LPP forest will be significantly altered in the 1980's. We have an unusual 
opportunity to "do it right" in LPP. 

First, we should describe the avifauna of LPP communities--not just annot~ted 
lists, but quantification of parameters of bird communities including species compo
sition, relative and absolute abundance, standing crop and consuming biomass, energy 
flow, trophic structure, species diversity, dominance, association, interdependence, 
periodicity, and productivity. Many parameters can be estimated from simple list
count data, if surveys are designed properly. More complex studies and models are 
needed to estimate characteristics such as productivity, resiliency, and energy flow. 
Detailed ecologic investigations of species are also needed to describe niches, 
define guilds, and identify key species for featured species management. 

Second, we should·document effects of LPP manipulation and succession on bird 
communities. Most effective and practical would be a series of well-designed surveys 
at all seasons before and after manipulation of LPP. Often, these studies could be 
adapted to concurrent timber management activities. Similar site comparisons (Roppe 
and Hein 1978) can also be used for faster but less precise assessment of effects of 
habitat change. Studies of bird population changes after forest changes in other 
community types (Bock and Lynch 1970, Franzreb 1977, Hagar 1960, and Kilgore 1971) 
provide only useful starting points for designing the needed research. 

Third, we need goals for management of nongame birds in LPP. A lack of defined 
goals and objectives is a general problem for wildlife management in western forests 
(Miller 1978). Do we have even tentative goals? Traditional emphasis of game 
managers on numbers has undoubtedly pervaded our thinking about nongame birds. 
Recently, there have been some healthy reservations about maximizing diversity. Odum 
(1969) described three components of diversity--variety, stratification and evenness-
and how these differ from species richness. From the preservationists, we have 
probably accepted an overemphasis on making stability of bird communities a goal. We 
need a broad perspective to think in terms of spatial and temporal mixes of succes
sional stages of LPP. For birds in LPP, regular and mild perturbation of habitat for 
"pulse stability" appears to be a less desirable alternative to creating a mosaic of 
successional stages over large areas by means of severe perturbations (Odum 1969). 

Maximizing numbers, distributions, diversity, species richness, or stability of 
birds may not be appropriate goals in management of many LPP situations. Perhaps vis
ibility of birds and access by humans to birds in LPP may be more important goals in 
some cases. Decisions on forest roads, campgrounds and trails may be more important 
than cutting or burning to enhance opportunities for persons to enjoy birds and there
by achieve personal objectives for use of birds in LPP. 

Relatively low value of LPP for timber, big game and livestock grazing in many 
cases, could help justify a top management priority for birds in LPP more frequently 
than in any other major forest type in western North America. Thus, the opportunity 
to manage LPP for birds may depend more on developing economical and effective tech
niques than on resolving conflicts with otherresource values. In this respect, fire 
may be preferred to cutting to achieve management goals for birds in LPP. 
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A practical approach to management of forest habitat for wildlife was described 
by Thomas et al. (1976), who argued that management decisions are being made now and 
that wildlife biologists must do their best now to predict effects of habitat changes 
on wildlife. Briefly, all species of vertebrates in an area were grouped into "life 
forms" based on required reproduction sites and feeding habitat. ~vildlife information 
was organized on four levels from gross responses of life forms to habitat changes to 
available biological information and literature references for individual species. 
Effects on wildlife, primarily changes in abundance of life forms, could then be 
predicted for changes in timber types, successional stages and temporal and spatial 
arrangements of stands. This approach is being applied now in better-studied forest 
communities and may be useful for nongame birds in LPP in the future. However, I 
contend that ecology of nongame birds is too poorly known to apply this approach with 
confidence in LPP at this time. Also, abundance of species or groups may be over
emphasized as a community parameter. I also favor more emphasis on traditional basis 
of grouping species into guilds according to ecologic function, instead of into life 
forms based on a few habitat uses. The approach of Thomas et al. (1976) is due for a 
detailed presentation in a book to be published soon. 

Some Guidelines 

Management options for lodgepole pine (LPP) usually reduce density of the canopy 
to varied degrees by various cutting practices or by burning. Thinning which retains 
uniformity of spacing has less influence on birds in LPP than does thinning based on a 
diameter limit, which results in a mosaic of habitat types similar to results of some 
fires that enhance many desirable features of bird communities. Optimum thinning 
densities are probably slightly lower for birds than for timber production. Research 
in progress and general observations indicate that thinning by diameter limit to 
fewer than 750 trees per hectare may be recommended where birds have top priority. 
This will permit ground cover to develop and facilitate stratification in the stand. 
Thinning old stands that won't respond to release cutting is still beneficial for 
wildlife. Blowdown in thinned stands can also benefit birds such as wrens that forage 
in dense, low cover. 

Fire suppression in this century, and to a lesser degree control of insects and 
dwarf mistletoe, has resulted in an unnatural preponderance of dense, stagnant stands 
of LPP--the "doghair," monotonous forests that challenge managers. Unnaturally high 
accumulations of fuel have made difficult a return to natural fire policy, and 
research on prescribed burning in LPP has not yet led to extensive application of fire. 
If "naturalness" is a goal for bird communities in LPP, then a general guideline is 
that fire will help restore natural bird communities in our LPP forests. Fire should 
be a welcome, natural phenomenon in most LPP communities, and not just small, cool 
fires, but the full gamut of fires with which birds of LPP ecosystems evolved. 

Conclusions of Dealy (1973) on management of LPP ecosystems for range and wild
life supported several important guidelines for cutting LPP that would be compatible 
with current traditional values of abundance and species richness of birds as well as 
beneficial for management of ungulates. Block or patch clearcuts should not exceed 
16 hectares. Alternate-strip clearcuts should not exceed 60 meters in width with 
equal leave strips. Leave patches and irregular margins are desirable to increase 
edge and habitat diversity (Thomas et al. 1978). 

Value and practicality of leaving snags during cutting of LPP is uncertain. Few 
suitable snags may exist in many even-aged stands, and isolated lodgepole pines are 
seldom windfirm. Bull (1978) showed that 40 to 180 snags per 40 hectares were needed 
for maximum population density of four species of woodpeckers characteristically 
inhabiting LPP forests in the Pacific Northwest. It was assumed that requirements of 
secondary cavity nesters would simultaneously be met if needs of excavators 
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(woodpeckers) for snags were satisfied. Leaving an average of five snags per hectare 
is a tentative guideline that needs to be evaluated with appropriate research. 

Special consideration should be given to raptors in LPP forests. Carnivores 
integrate information about lower trophic levels. Top carnivores represent dispro
portionately high investments of energy and information from the community, and they 
may have important regulatory roles. Requirements of raptors in LPP are little known. 
Shuster (1976) found one Goshawk nest per 1640 hectares in 81 square kilometers of 
mainly LPP habitat in Colorado. All nests were within 2 kilometers of main roads, but 
whether or not special protection was needed was unclear. Disruptive activity, such 
as cutting or burning, should be banned in any unusual case where a LPP stand is 
inhabited by a rare, endangered, or unique bird, such as an Osprey, Peregrine Falcon, 
or Goshawk. 

RECOMMENDATIONS 

(1) More research should be initiated on avifauna of lodgepole pine (LPP) and on 
the responses of bird communities to various habitat changes in LPP. Specific 
hypotheses should be tested with before-and-after surveys at all seasons on replicated 
pairs of treated and control plots. 

\ 

(2) Goals must be established for management of birds in LPP. Meaningful public 
involvement should occur in determining these goals for individual units, such as each 
national forest or ranger district. Many characteristics of bird communities should 
be considered, not just abundance and number of species. 

(3) Management prescriptions should be implemented with stated objectives on at 
least 1 to 2 percent of LPP on each national forest each year. 

(4) ~1anagement of LPP should be evaluated in relation to objectives for birds, 
and results should be published. 
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ABSTRACT 

The bird populations of three Colorado montane aspen (Populus 
tremuloides) stands are compared in an attempt to determine what 
factors are responsible for the high bird density and diversity 
found in aspen. The ecological factors considered in this study 
are: 

1. the effect of s~face water, soil moisture, and slope, 

2. the effect of the vegetation, including the aspen, the 
understory vegetation, and the "edge effect" in aspen stands, 

3. other biotic effects, including insect levels in the aspen 
understory, aspen fungal disease, and variation in the 
feeding habits of the birds. 

The results of this s~udy indicate that the insect fauna of aspen 
stands, and fungal infection of the trees, are the controlling 
agents governing bird density and diversity. 

KEYWORDS: aspen, montane, bird species density, bird species 
diversity, aspen understory, insects, Fomes, edge effect. 

Studies of montane bird populations have demonstrated that aspen forests 
(Populus tremuloides) are rich in both the number of bird species found there, and the 
number of individuals within each species. The deciduous aspen, and its relatively 
short life span clearly distinguish it from the surrounding conifers of the montane 
forest. These two characteristics, and several other differences, have been advanced 
to account for the great use of this forest type by a variety of birds. For conven
ience of discussion, I will separate these possible explanations into three categories: 

1. Topographic conditions favoring aspen growth, including surface water, ground 
moisture, and slope exposure. 
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2. Vegetation effects, such as its deciduous nature, its foliage characteristics, the 
resultant shaded floor and understory, and the "edge effect". 

3. Other biotic effects, including insect numbers living in the aspen understory, 
incidence of a certain fungal disease in aspen trees, and the feeding habits of 
the birds themselves. 

Ever since I first noted what appeared to be the birds' decided preference for 
aspen, I have been trying to test these several hypotheses, and to discover which 
among them may be primary in determining bird density and diversity. 

STUDY AREAS AND METHODS 

Three areas of Colorado montane forest have been studied in the followi~g ways: 

1. Crow Gulch, on Pikes Peak near Colorado Springs, elevation 2658 to 2762 meters. 
A 20 hectare study grid of balanced montane vegetation including Pseudotsuga 
menziesii, Pinus ponderosa, Picea spps., Pinus flexilis, and meadow grasses, as 
well as aspen stands. Bird species were censused for five breeding seasons and 
several winters with the spot-map method. Insects found in the aspen forest 
floor vegetation and meadow areas were collected by sweep-nets during three 
summers, and analyzed. Aspen stands were inspected for the incidence of bird 
drillings and heartrot fungus, Fornes igniarius, sometimes called Phellinus 
tremulae. Stands are changing in response to reduced use by elk or Wapiti 
(Cervus canadensis). 

2. Black Mountain, near Fairplay, Colorado, elevation 2926-3048 meters. A 24 hectare 
study grid of nearly pure aspen. Stands composed of all age groups indicate 
climax aspen, and have remained the same in known Colorado history. Study of the 
breeding bird populations by spot-map methods is now in its third year. Since no 
open water occurs there, and all slopes face west, the topographic conditions are 
somewhat controlled. There are definite edge effects between the aspen stands 
and the surrounding meadow. Bird drilling and Fornes infection of the trees has 
been intensively studied in one hectare. There is a large elk population, and 
some cattle use in the past. 

3. South Mueller Ranch, west of Pikes Peak near Divide, Colorado, elevation 2530-
2865 meters. A study area of 2,400 hectares of balanced montane vegetation is 
being inventoried for The Nature Conservancy. Almost 50% of the area is domi
nated by aspen vegetation. There are large stands of both "wet" and "dry" aspen 
where the relative influences of ground moisture can be investigated. Study is 
in its second year. The size of the area and its topography necessitated a 
difference in methods used. A combination of grid and transect bird census by 
six inventory workers was employed. There is a large elk population, and there 
has been some cattle grazing in the past. 

RESULTS AND DISCUSSION 

Bird Preference for Aspen 

It was found at Crow Gulch that many montane breeding birds prefer aspen vegeta
tion, and both the density and diversity of birds are greater there than in the 
coniferous stands. It was also shown that the birds in aspen exhibited a spread of 
breeding activity throughout the late spring and summer months that reflected a par
titioning of food resources and feeding methods (Winternitz 1973 and 1976). Why? To 
answer this question, study was begun in the Black Mountain area, and then on the 
Mueller Ranch. 
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While breeding bird studies at such elevations begin in early May and end in 
August, the monitoring of winter bird populations shows some interesting facts. 
During the fall and winter months, from October to February, you find a lot of birds, 
or you find none. The wintering species tend to travel together, and are found in 
sheltered spots, or ones of good food resource. Raptors are scarce, and most bird 
activity occurs in coniferous areas, not in aspen. Both density and diversity of 
birds are low in winter, unless you happen to be in the middle of a mixed feeding 
flock. 

Preliminary results of comparison of breeding bird species richness and densities 
for the three areas are shown in Table 1. Since the areas differ in length of study 
and method of study, a comparison of results within one area is more reliable than 
comparison between areas. Crow Gulch and Black Mountain have been studied longer, and 
with similar methods. The South Mueller Ranch study is both newer and used ~ew 
methods; but the figures presented here are very conservative. 

Table 1. Aspen breeding bird densities and diversity for three study areas. 

Area 

Crow Gulch 
(CG) 

Black Mountain 
(BM) 

low elevation 
high elevation 

South Mueller Ranch 
(SMR) 

TOPOGRAPHIC CONDITIONS 

Reasons for Bird Use of Aspen 

Aspen vegetation is strongly tied to moisture, though it is not limited to wet 
areas (Marr 1967). Hoff n957)discussed aspen and conifer soil moisture levels. Many 
linear aspen stands occur along streams (as at Crow Gulch), and canyon bottom or wet
site aspen is generally larger and more robust than its dry-site or steep-slope form. 
Because of this, a comparison of CG bird density and diversity with that of Black 
Mountain (BM), where no surface water is found, proves interesting (see Table 2). The 
BM study showed more species of breeding birds, so lack of surface water did not 
affect the diversity of birds; but it did show a reduced density of birds which may 
be an effect of surface water. Plotting diversity and density along a moisture gradi
ent for the three areas, a good density-moisture relationship is shown, particularly 
for the wet site-dry site comparisons on the South Mueller Ranch (SMR), and low vs. 
high elevations at BM. Species numbers show a similar relation to moisture within 
those two areas, but not between the study areas. 
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Table 2. Comparison of moisture with breeding bird richness and density in the three 
aspen areas. 

Moisture gradient Number of Bird Density 
species pairs/ha. 

Dry site s~ 5 3.0 
BM 14 3.7 

Moist ground s~ 10 7.5 
BM 24 6.0 

Surface water CG 16 io.o 

In comparing bird diversity and density to the relative amount of exposure or 
slope difference, no strong relationship is found. 

ASPEN VEGETATION 

The yearly growth cycle of deciduous aspen allows much sunlight to hit the 
forest floor from the time of leaf fall in September until full leafing out in late 
June. This in turn allows the growth of understory vegetation, in varying amounts in 
the different stands, which in turn has led to classification of stand types based 
upon the plant species therein (Young 1977, and Severson and Thilenius 1976). A 
great variety of shrub and herb species can be found. MorganU969)summarized 25 
understory types and other variations between stands near Gunnison, Colorado. 

During the heat of the summer months the aspen leaf canopy has a moderating 
effect on both temperature and moisture of the forest floor as compared to the neigh
boring meadows. Not only humans find the stands inviting them, so do cattle and elk. 
And if you spend much time there, you quickly learn that insects prefer it too. It 
becomes difficult to move about without an insect repellant. Nestling birds that are 
exposed are heavily parasitized by mosquitos, and flies. Conifer stands are poorer 
in insect fauna (von Haartman 1971). 

Because young birds are fed a high protein insect diet, regardless of the 
parents' food preference, and food supply has been said to govern the choice of breed
ing sites (Lack 1968, and Orians 1971), it seems possible that the varied understory 
plants provide food sources for varied insect species, which in turn serve as food 
for the breeding birds. To investigate this, I took sweep samples from aspen under
story paired with ones from the less diverse meadow vegetation, for three breeding 
seasons in Crow Gulch. Although the data need further analysis, insects from aspen 
understory show greater diversity, larger size, and greater numbers during the June 
bird breeding peaks than insects found in the meadows (see Figures 1 and 2). 
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(Three summers data) 
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Figure 2. AVERAGE BODY LENGTH OF CROW GULCH ARTHROPODS, 
BY ORDERS IN A CUMULATIVE LIST. 
(Three summers data) 

In order to demonstrate a clear relationship between the birds' feeding habits 
and the insects, we need to know much more fully what parents are actually feeding 
their young. I am convinced that food sources will prove to be of great importance 
in both bird density and diversity - it will take more information to prove it. 

Foliage development and its relative density at various heights above the forest 
floor, was said to have a direct relationship to bird diversity (MacArthur and 
MacArthur 1961). Tests of this thesis in Crow Gulch proved negative for both 
diversity and density, and indeed an inverse relationship appeared. Comparison of 
foliage leaf-out and the first bird breeding peak in aspen showed that it was not 
cover for nesting which attracted birds nesting in the open in early June. 
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Another aspect of aspen vegetation is the pronounced "edge effect" of the change 
from aspen stand into meadow. It is partly due to the clonal nature of aspen, and 
partially to cattle and elk utilization of young aspen shoots at the edge. The "edge" 
of forest was said to be richer in bird use than the forest interior (Johnston 1947). 
The Black Mountain stands have clear and distinct margins which can be used to weigh 
the possible importance of "edge". · 

Table 3 shows the division of bird density into edge and nonedge nesters, and 
the number of species in each category. While four species clearly use edge nesting 
locations, twelve species do not, and three more species use both edge and interior 
sites (I chose only the most common species to analyze here, with more than one nest
ing location known). While influence of "edge" on species diversity is not clear, it 
does appear that there is a higher density of breeding pairs at the edge in both the 
species limited to edge and those species which use both edge and interior. Thus 
edge does influence density. 

Table 3. Number and density of Black Mountain bird species with preference for 
nesting on edge or in int~rior of stand. 

Location 

Edge 
within 30 m. 

Some edge 
preference 

No edge 
preference 

Number of 
species 

4 

3 

12 

OTHER BIOTIC EFFECTS 

Breeding pairs/ha. 

0.75 
0.66 
0.5 
0.25 

edge 1.12 interior 0.25 
0.66 0.25 
0.5 0.17 

7 at 0.25 
1 at 0.5 
1 at 0.12 
2 at 0.06 
1 at 0.03 

Diversity 

low 

high 

Density 

.634 
for 
edge 
species 

.213 
for 
interior 
species 

Many of the montane birds require nestholes for breeding, and most of these 
species cannot drill their own hole. Therefore the activities of woodpeckers and 
sapsuckers directly affect the density, and perhaps the diversity, of the secondary 
holenesters who cannot drill nestholes (see Scott et al. 1977 for data on these 
spps). The influence of hole availability on breeding levels was discussed by 
von Haartman (1971); and Balda (1975) estimated that nearly three hole trees per acre 
were needed to maintain breeding populations in Arizona ponderosa pine stands. During 
a study of aspen nestbole trees in Crow Gtrlcb I found a strong correlation between 
bird density and such trees, as well as the incidence of heartrot fungus infection, 
as evidenced by conks of Fomes igniarius on the trees. Many authors have suggested 
that woodpecker species favor drilling in trees infected by heartrot (Conner 1977, 
Crockett and Hadow 1975, and Kilham 1971). In order to understand the influence of 
Fomes on bird density and diversity, one hectare of the Black MOuntain study area was 
chosen at random for analysis. All aspen within it were inspected for visible Fomes 
conks and/or bird drilling activity. Affected trees were measured and marked, and 
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will be watched for both spread of the infection and new bird drilling. Although it 
is still too early to tell much, a few interesting facts have appeared. Fornes in
fected about 13% of the aspen (high for Pike National Forest, see Juzwik et al. 
1978, who gave a 1.1% frequency). It was not a random infection, as groups of larger, 
older aspen were infected, such groups being separated by healthy trees, and not all 
old large aspen were diseased. A summary of nesthole-Fomes data is presented in 
Table 4. 

Table 4. Relationship between Fomes fungus infection and bird nestholes at Black 
Mountain. Diameter breast high given in em. 

Fomes conks 

Present 
n = 170 

Absent 
n = 13 

x DBH 

20.6 em. 

19.7 

Av. DBH nesthole 
trees 

25.6 em 

22.9 

Number 
nest hole 
trees 

9 

4 

Number 
nest holes 

15 

5 

MOrgan (1969) estimated most aspen fall into the 10 to 18 em. DBH class, with 
few individuals exceeding 25.4 em. These data show that Fornes infected tbe larger 
individuals, and the birds preferred the large infected trees for nestholes. It also 
shows they drill more holes per tree in the infected trees. It may be important to 
note that the ratio of live to dead trees in both categories was 2 to 1. There were 
aspen of all sizes and ages present in the study area. Young (1977) found the 
diversity of DBH measurements was predictive of bird species diversity, but not so 
much of bird density. She found that stands of many age groups of aspen, and there
fore containing the older trees, were richest in birds. 

In the Black Mountain area as a whole, 37.5% of the breeding species nested in 
holes. This agrees well with Balda (1975) who estimated 32 to 45% of the breeding 
species of montane birds were hole-nesters. In Hectare II, where the fungus 
infection/hole nesting relationship is being studied, a full 50% of the species found 
are hole-nesters, and the actual density figures should also prove close to 50%. 
Primary hole-nesters by species show up at 14%, but their density would be much less. 
This seems to indicate that Hectare II is very rich in secondary hole-nesting species. 
This relationship may be affected by ground moisture and edge, but how much it is so 
affected is as yet unknown. So far, it seems there is a definite species and number 
enrichment in Fomes infected areas. 

The other biotic effect that I would like to briefly discuss is the variability 
in breeding bird feeding habits. It was shown at Crow Gulch that aspen birds space 
their breeding activity throughout late spring and the summer months in a way that 
reflects a partitioning of the food resources available. They also showed a balance 
in the methods of food gathering used (Winternitz 1973). The nesting period puts a 
special strain upon the parent birds to find adequate food for themselves as well as 
feed their offspring. Since birds of the same species defend breeding territories, 
competition within the species is low once a territory is established. I speculate 
that the major competition during the breeding season is between species with similar 
feeding habits. If this is true, and we knew more about the actual food items being 
used by these species, we could then look at the fluctuations in insect samples such 
as were taken in Crow Gulch and understand the mechanics of food partitioning. 
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SUMMARY 

Both bird density and diversity in winter are very low in aspen. Mixed feeding 
flocks may give the appearance of high density or diversity, but the numbers of 
species and of birds per hectare are low. 

Breeding bird densities and diversity in aspen are higher than in other montane 
vegetations. Comparing the results gathered in three study areas where various 
factors are somewhat controlled, it appears that breeding bird density in aspen is 
related to: 

surface water and ground moisture levels 
large and numerous insects in the aspen understory 
edge effect 
nesthole availability, depending on primary hole-nester activity and 

Fornes infection. 

It is not as much related to: 

amount of slope exposure 
foliage height diversity 
foliage development. 

Breeding bird diversity, depicted by species numbers, is related to: 

and not to: 

levels of ground moisture 
large and numerous insects in aspen understory 
nesthole availability, and Fornes infection 

surface moisture 
foliage height diversity 
amount of slope exposure. 
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NONGAME BIRDS OF THE ROCKY MOUNTAIN SPRUCE-FIR FORESTS AND THEIR MANAGEMENT 
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ABSTRACT 

Spruce-fir forests in the Rocky Mountains consist mainly of 
Engelmann spruce and subalpine fir. The breeding avifaunas in 
these forests show remarkable consistency in composition along a 
latitudinal gradient from Montana to Arizona and New Mexico, and 
with avian communities in the Hudsonian life zone in Washington, 
Oregon, and California. Woodpeckers, corvids, and seed-eating 
finches are the most common components. Only the Golden Eagle 
and a few other raptors are threatened or endangered. Few species 
winter in these high mountain forests. 

The distribution of many species is controlled primarily by the 
vegetation physiognomy, a variable under the control of the 
forest manager. Fire control and snag management will generally 
benefit the avifauna, whereas most forest harvesting practices 
adversely affect, to differing degrees, the bird communities. 
It is suggested that the "life-form" approach to avian communities 
may be easily implemented in these forests. It is recommended 
that high elevation spruce-fir forests be minimally harvested 
and used as reservoirs for spruce-fir birds. Lower elevational 
stands should be managed for harvesting and bird diversity, with 
special attention given to relic stands. 

KEYWORDS: Engelmann spruce, forest management, life-form approach, 
logging, spruce-fir avifauna, subalpine fir. 

In the western United States, true spruce-fir forests which are found only at 
the high elevations in the Rocky Mountains and central Washington and Oregon are 
usually classified as climax forests. In the Rockies, these forests have generally 
changed little for many hundreds, if not thousands, of years, occurring where remote
ness, rough terrain, and relative+y low timber values have discouraged exploitation 
and where moist conditions have kept fires to a minimum (Marr 1967). The avifaunas 
associated with these forests are well-known and show remarkable consistency from 
one area to the next, but little ornithological research has been done in these 
forests, probably due to their remoteness. 
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Spruce-fir forests are some of the most extensive and most productive timber re
sources in the Central Rocky Mountains, as well as important watersheds, providing 
habitats for a wide variety of wildlife, forage for livestock, and recreational oppor
tunities and scenic beauty (Alexander 1977). As we approach the 21st century, these 
forests will come under increasing pressure for all these interests, so it is imper
ative that guidelines be established or reevaluated for management of both the 
forests and the associated nongame wildlife. In this report, I review the literature 
concerning the avifauna of western spruce-fir forests, discuss the relationships be
tween the avifauna and the spruce-fir forests~ and suggest some management options 
that may benefit the nongame bird species. 

THE SPRUCE-FIR FOREST 

Forest Description 

ROCKY MOUNTAINS 

The dominant tree species of the spruce-fir forest of the Rocky Mountains are 
Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa). Other tree 
species that are often associated with spruce-fir forests in the Rockies are aspen 
(Populus tremuloides), lodgepole pine (Pinus contorta), and Douglas~fir (Pseudotsuga 
menziesii). Spruce-fir forests generally occur in the coldest, wettest, and highest 
areas of the Mogollon Plateau, White and San Francisco Mountains, and Kaibab Plateau 
in Arizona (Merkle 1954); the higher mountains of northern New Mexico; the Rocky 
Mountains through Colorado ·(Marr 1967), Wyoming, Idaho and western Montana; and the 
Uinta and Wasatch Mountains in Utah (Hayward 1945)(Fig. 1). 

Typical old spruce-fir stands are homogeneous and simple. having a dominant 
spruce overstory with a fir understory (Whipple and Dix 1979), with few other tree 
species present since none can germinate in the shade of spruce and fir (Marr 1967). 
The shrub and herb layers are poorly developed (Merkle 1954, Marr 1967, Schimpf et 
al. 1980), but wind throw and fallen trees (both living and dead) are common (e.g., 
Rasmussen 1941, Loope and Gruell 1973), sometimes making passage through a spruce
fir forest a "tedious and tiresome activity" (Marr 1967). More specific information 
concerning vegetational characteristics of these spruce-fir forests may be found in 
Peet (1978), Whipple and Dix (1979), Schimpf et al. (1980), and references therein. 

CASCADES AND SIERRA NEVADA 

Engelmann spruce-subalpine fir forests occur on the east slope of the Cascades 
in Washington and Oregon, the Okanogan Highlands of northeastern Washington, and the 
Blue and Wallowa Mountains in northeastern Oregon and southeastern Washington (Fig. 
1). These forests are typically found in frost pockets and other habitats charac
terized by draining and accumulation of cold air, such as glaciated valley bottoms 
(Franklin and Dyrness 1973). Franklin and Dyrness (1973) concluded that subalpine 
fir is the major and often sole climax species in these forests. Many tree species 
are associated with subalpine fir forests in this region, and the ecological associ
ations and successional relationships of these areas are much more complex than in 
the spruce-fir forests of the Rockies. 

In the Sierra Nevada, white fir (Abies concolor) and California red fir (A. 
magnifica) predominate in Merriam's Hudsonian Life Zone (Fig. 1), which is analogous 
to the Abies lasiocarpa Zone of Washington and Oregon and the spruce-fir forests of 
the Rockies (Franklin and Dyrness 1973). No spruce species occurs in the Sierra 
Nevada. 
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Figure I.--Distribution of spruce and firs in the western United States. Dark areas 
depict the range of Engelmann spruce and subalpine fir in the Rocky Mountains 
(which is the emphasis of this paper) and in the Abies lasciocarpa Zone (Franklin 
and Dyrness 1973) of Washington and Oregon. Stippled areas in the Northwest show 
range of Sitka spruce (Picea sitchensis) and Pacific silver (Abies amabilis), 
grand (~ grandis), and noble (~ procera) firs where they occur outside of the 
Engelmann spruce-subalpine fir range. Stippled areas in the Sierra Nevada show 
the range of white and California red firs in the Hudsonian Life Zone. Stippled 
areas in the Southwest are patches of white fir. The range of blue spruce 
(~ pungens) is completely within the range of Engelmann spruce. Map adapted 
from Little (1971). 
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Forest Succession 

The climax spruce-fir forests are often complex mosaics of various seral stages 
(Habeck and Mutch 1973) due to effects of weather, fire, .infestations, etc. Whipple 
and Dix (1979) advise caution in using the term climax for spruce-fir forests, sug
gesting that a more appropriate statement would be that these forests are relatively 
unchanging and appear to be perpetuating themselves. Because of short growing seasons 
and low temperatures where these forests occur 1 natural processes are slow and it is 
possible that spruce-fir forests actually cycle every 500-1000 years, a scale too 
long for human perception (see, e.g., Bloomberg 1950). 

Since several pathways may be possible in the same region, depending on ~limatic 
and edaphic conditions, elevation, .and seed sources (see Schimpf et al. 1980),vege
tation recovery following a disturbance is difficult to predict in spruce-fir forests 
(Habeck and Mutch 1973). Where spruce-fir forests are destroyed at lower elevations, 
aspen or lodgepole pine usually invade first. The shade of these trees facilitates 
the germination of spruce and fir and both species are usually found in lodgepole 
stands within 60-105 years (Whipple and Dix 1979). Subalpine fir can replace a 
lodgepole pine stand in 250-400 years (Loope and Gruell 1973); Billings (1969) has 
estimated that it takes 6-7 centuries to obtain a pure spruce-fir stand with 300-500 
year old trees. Engelmann spruce tends to dominate such stands since it lives much 
longer than subalpine fir (Whipple and Dix 1979), although subalpine fir may, in cer
tain situations, be the true climax (see Franklin and Dyrness 1973). 

At high elevations, either subalpine fir or Engelmann spruce can replace a des
troyed spruce-fir forest (if no aspen roots are present to sucker) within several 
centuries (Billings 1969). However, subalpine fir does not grow or reproduce as 
well at high elevations (Whipple and Dix 1979). Billings (1969) points out another 
possibility: if the removal of a spruce-fir forest changes the snow drift pattern 
so that late-lying snowbanks form, coniferous seedling establishment becomes impos
sible and no reforestation will occur. 

THE SPRUCE-FIR AVIFAUNA 

Species Composition 

BREEDING AVIFAUNA 

In the Rocky Mountains, one generally is impressed with the consistency of the 
spruce-fir avifauna during the breeding season as one moves south from Montana to 
Arizona and New Mexico (Table 1). Twenty-one of 48 species were reported in 5 or 
more of the 10 studies listed in Table 1. Mountain Chickadee, Ruby-crowned Kinglet, 
Yellow-rumped (Audubon's) Warbler, Pine Siskin, and a junco occurred in all studies, 
Hermit Thrush, Clark's Nutcracker in 9, and Hairy Woodpecker, Red-breasted Nuthatch, 
and American Robin in 8 (see Table 2).· Based on this consistent pattern, Hubbard 
(1965) concluded that the spruce-fir avifauna of the Mogollon Mountains in New Mexico 
had Rocky Mountain affinities, and Carothers et al. (1973) concluded that the spruce
fir avifauna of the White Mountains in Arizona were more closely related to spruce
fir avifauna in Colorado and Wyoming than to the Chiricahua Mountains only 150 miles 
to the south. The similarity of the avifaunas indicated in Table 1 is undoubtably an 
underestimate since most studies did not report non-passerines (except woodpeckers), 
and studies were conducted for various lengths of time (e.g., 1 breeding season 
[Snyder 1950] to 30 consecutive months, 3 breeding seasons [Smith 1980]). (Only 
species recorded in 2 or more studies were included in Table 1, with 14 additional 
species that were recorded only once deleted.) 
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Table 1.--Bird species observed during the breeding season in spruce-fir forests in at 
least 2 studies along a latitudinal gradient in the Rocky Mountains. 
MT=Montana, WY=Wyoming, CO=Colorado, UT=Utah, AR=Arizona, NM=New Mexico. 
Montane birds of the Intermountain Region (IM) and the North American 
boreomontane forest (BF) are included for comparison. 

SPECIES SCIENTIFIC NM1E 

TURKEY VULTURE Cathartes aura 
GOSHAIVK Accipiter gentilis 
COOPER'S HAWK ~ cooperii 
SHARP-SHINNED HAWK A. striatus 
GOLDEN EAGLE Aquila chrysaetos 
AMERICAN KESTREL Falco sparverius 
BA~ID-TAILED PIGEON Columba fasciata 
GREAT HORNED OWL Bubo virginianus 
BROAD-TAILED HUMMINGBIRD Selasphorus platycercus 
COM.HON FLICKER Colaptes ~ 
WILLIAMSON'S SAPSUCKER Sphyrapicus thyroides 
l~IRY WOODPECKER Picoides villosus 
DOWNY WOODPECKER ~ pubescens 
NORTHERN 3-TOED WOODPECKER ~ tridactylus 
DUSKY FLYCATCHER Empidonax oberholseri 
\.)'ESTERN WOOD PEWEE Contopus sordidulus 
OLIVE-SIDED FLYCATCHER Nuttallornis borealis 
STELLER'S JAY Cyanocitta stelleri 
GRAY JAY Perisoreus canadensis 
BLACK-BILLED MAGPIE Pica pica 
CLARK'S NUTCRACKER Nucifraga columbiana 
COMMON RAVEN Corvus corax 
UOUNTAIN CHICKADEE Parus gambeli 
\.JHITE-BREASTED NUTHATCH Sitta carolinensis 
RED-BREASTED NUTHATCH 
BROWN CREEPER 
HOUSE WREN 
AMERICAN ROBIN 
TOWNSEND'S SOLITAIRE 
HERMIT THRUSH 
SHAINSON'S THRUSH 
MOUNTAIN BLUEBIRD 
GOLDEN-CROWNED KINGLET 
RUBY-CROWNED KINGLET 
WARBLING VIREO 
ORANGE-CROWNED WARBLER 
YELLOW-RUMPED WARBLER 
WESTERN TANAGER 
EVENING GROSBEAK 
CASSIN'S FINCH 
PINE GROSBEAK 
PINE SISKIN 
RED CROSSBILL 
GREEN-TAILED TOWHEE 
DARK-EYED JUNCO 
GRAY-HEADED JUNCO 
CHIPPING SPARROW 
\.JHITE-CROWNED SPARROW 

S. canadensis 
Certhia familiaris 
~ytes aedon 
Turdus migratorius 
Hyodestes townsend! 
Catharus guttata 
C. ustulata 
Sialia currucoides 
Regulus satrapa 
R. calendula 
Vireo gilvus 
Vermivora celata 
Dendroica ~ta 
Piranga ludoviviana 
Hesperiphona vesputina 
Carpodacus cassinii 
Pinicola enucleator 
Carduelis pinus 
Loxia curvirostra 
Pipilo chlorura 
Junco hyemalis 
~ caniceps 
Spizella passerina 
Zonotrichia leucophrys 

X 

X 
X 

X 

X 

X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 

X 

TOTAL SPECIES 21 

Thompson 1978; alpine forest and spruce-lodgepole. 
Salt 1957; spruce-fir. 

X 

X X 

X 

X 

X X 

X X 

X 
X 

X 

X 
X X 
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X 
X X 

X X 
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X 
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X 
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X X 
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X X 
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X 
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X 
X 
X 
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22 

7/ 
8! 
9! 

Rasmussen 1941; spruce-fir. 
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X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 
X 
X 

X 
X 

30 

X 

X X 
X 

X 

X X 
X X 

X 

X 
X 

X 
X X 

X 

X 
X 
X 

X 

X 
X X 

X 
X X 
X X 

X 
X 

X 
X 

13 19 

1/ 
2/ 
3/ 
4/ 
5! 
~I 

Snyder 1950; spruce-fir. 
Smith 1980; spruce-fir. (also in Schimpf et al. 
Winn 1976; spruce-lodgepole. 

1980) 101 
11/ 

Carothers et al. 1973; spruce-fir, aspen. 
Hubbard 1965; spruce-fir. 
Tatschl 1967; spruce-fir. 
Johnson 1975; Intermountain boreal birds. 
Udvardy 1963; North American boreomontane. Austin and Perry 1979; spruce-lodgepole. 12/ 
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For comparison, 13 species that Johnson (1975) termed the "western American bore
al birds" in his study of the Great Basin mountain top "island" avifaunas, and 19 pas
serine species that Udvardy (1963) suggested were part of the North American boreomon
tane avifauna, are included in Table 1. Carbyn (1971), Theberge (1976) and Erskine 
(1977) present comparable data from the spruce-fir forests of western Canada. 

Generally, the avifaunas in the Hudsonian Life Zone of the Sierra Nevada and the 
Cascade Mountains appear quite similar to those reported in Table 1 for the Rocky 
Mountains (see, e.g., Grinnell et al. 1930, Gabrielson and Jewett 1940, Jewett et al. 
1953). The major differences between the two regional avifaunas are a replacement of 
the Northern 3-toed Woodpecker by the Arctic 3-toed Woodpecker (Picoides arcticus) due 
to the lack of spruce in the Sierra Nevada (Bock and Bock 1973), and the addition of 
Varied Thrush (Ixoreus naevius),Hermit (Dendroica occidentalis) and Townsend ·(Q. town
sendi) warblers to the Hudsonian Life Zone forests of the Far West. 

In contrast to eastern spruce-fir forests where warblers (primarily the genus 
Dendroica) are the most common element of the avifauna (e.g., Sabo and Whittaker 1979, 
Titterington et al. 1979), western spruce-fir forests have few warblers (e.g., Wiens 
1975), but many woodpeckers, corvids, and finches (Table 1). This suggests that un
like eastern forest avifaunas which primarily key on foliage insects, western spruce
fir avifaunas are adapted to old-growth stands where "infaunal" insects are more 
plentiful (Haapanen 1965, Nilsson 1979). Foliage insects and ground invertebrates are 
relatively rare in western spruce-fir forests (e.g.,Havward 1945). Also, cone crops 
are larger in the west; Engelmann spruce usually produces large cone crops (>200 
cones/tree) at frequent intervals (Franklin 1968). 

The number of breeding species reported ranged from 12 (Snyder 1950) to 27 (Smith 
1980). Reported total densities ranged from 134 individuals/40ha in mature lodgepole
spruce (Austin and Perry 1979) to 170-187 pairs/40ha in spruce-fir and aspen(Carothers 
~ al. 1973) to 210 pairs/40ha in the spruce-fir of New Mexico (Tatschl 1967). As 
mentioned before, some of these discrepancies are due to the different ways in which 
the studies were conducted. Topography will influence the distribution of some spe
cies, such as Turkey Vulture, Golden Eagle, and White-throated Swift (Aeronautes 
saxatalis), which depend on cliffs for nesting, and, as will be discussed later, the 
physiognomy of the plots themselves will influence the distribution of certain species. 
World-wide, there are generally 20-30 species of birds present in any spruce forest 
(Schimpf et al. 1980). 

WINTER AVIFAUNA 

Few species spend the winter months in high-elevation climax coniferous forests 
in western North America, since these forests are located where winters are severe 
and food is scarce. For example, of the 250 avian species that breed in the conifer
ous forests of western Canada, only 45 species winter in that area (Erskine 1977). 
Not many species winter in the spruce forests in northern Europe (Hannson 1979) pre
sumably for the same reasons. 

Species that do spend the winter in spruce-fir forests usually travel in small, 
mixed-species flocks (e.g., chickadees, nuthatches, siskins), and occur in "pockets" 
(Wing 1950). Thus, one may walk (or ski) for several kilometers without hearing or 
seeing any birds, then find a small area of great bird activity. 

Haapanen (1965) concluded (as have others) that winter mortality due to food 
supply and/or severe weather is the most decisive factor limiting permanent resident 
populations in spruce-fir forests. Most species are adapted to withstand the severe 
weather, either behaviorally (e.g., via communal roosting) or physiologically 
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(e.g., hypothermia [Haftorn 1972, Chaplin 1974, Andreevan 1979]). There is relatively 
little forest managers can do to shield the birds from severe weather. 

However, managers can insure that forests contain maximum food resources. Wood
peckers are generally more dependent on dead trees in winter. Males and females of 
the same species may also use different tree species for obtaining food resources 
(e.g., Hogsta8 1976,1977). Some species, such as Mountain Chickadees (Haftorn 1974) 
and Red-breasted Nuthatches (personal observation), cache food (arthropods and seeds) 
in trees during late summer and fall for winter consumption, but most insectivores 
are dependent on spiders (Askenmo et al. 1977) and insect eggs. Seed-eating finches 
and jays search out large cone crops. All these feeding requirements suggest again 
the dependence of the avifauna on old-growth spruce-fir forests. 

HOLE-NESTING SPECIES 

The recent interest in hole-nesting species and snag management (reviewed in 
Raphael and White 1978) is pertinent to management of spruce-fir forests. Of all the 
woodpeckers found in spruce-fir forests, apparently only the Northern 3-toed Wood
pecker is capable of making holes in the dense wood of living spruce trees (Haapanen 
1965). Therefore, other hole-making species are dependent on either snags, aspen, 
or to some extent fir trees. Haapanen (1965) reported that in a stand composed of 
90% spruce, only 8 of 76 nesting holes occurred in spruce trees. Likewise, in a 
western larch (Larix occidentalis)-Douglas-fir forest in Montana, McClelland et al. 
(1975) found on~of 83 active snag nests in Engelmann spruce. 

Understandably, there are fewer secondary-cavity nesters (birds dependent on 
other species to excavate cavities) associated with spruce-fir forests than with, say, 
an aspen grove (see Smith 1980). Only 6 species of secondary-cavity nesters are 
listed in Table 1 - American Kestrel, Mountain Chickadee, White-breasted Nuthatch, 
Red-breasted Nuthatch, House Wren, and Mountain Bluebird. (Although not reported, I 
suspect that some of the western owls which are secondary-cavity nesters, e.g., 
Pygmy Owl [Glaucidium gnoma], Flammulated Owl [Otus flammeolus], also rarely occur 
in western spruce-fir forests.) Only the Mountain Chickadee and Red-breasted Nuthatch 
occur commonly and both are capable of excavating their own nesting cavities (Scott 
et al. 1977). Haapanen (1965,1966) concluded that in old forests the number of hole
-nesters decreases at the same rate as the forest changes into pu!e spruce. 

SEED-EATING SPECIES 

Seed-eating species, primarily carduellne finches and corvids, are common and 
wide-ranging in western spruce-fir forests. Cone crops may primarily determine the 
density of some of these species (Haapanen 1966). Most tend to be nomadic, appearing 
whenever large cone crops exist (e.g., Smith 1978). Godfrey (1966), discussing the 
Red Crossbill stated: "Nesting time is as erratic as its wanderings and may occur in 
any month of the year. The breeding range is not well known. Its presence in an area 
is no guarantee that it is breeding there. Its nesting in a given area is no indica
tion that it will nest there next year or in the next decade, or that it nested there 
last year". The male of many of these finches defends a territory around a female, so 
that the· abundance of females determines the breeding densities (along with cone 
crop), and not suitable habitat (Samson 1976, Smith 1978). Furthermore, in times of 
cone surfeit, species not normally associated with coniferous'cones, such as Common 
Redpolls (Carduelis flammea), may feed on them (Smith 1979). 

Most people associate the presence of these seed-eating species in the United 
States with periodic winter eruptions from the northern boreal forests of Canada. 
However. in analyzing the pattern of these eruptions, Bock and Lepthien (1976) cau
tioned that frequently populations of seed-eating birds in coniferous forests 
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of the western United States do not erupt in synchrony with those species occurring in 
the northern boreal forest. This is probably due to the several different options 
available to the seed-eating birds in the Rockies - they can move south, north, or 
elevationally in search of seed crops. Bock and Lepthien (1976) conclude that the 
appearance of unusual numbers of a species during winter in western areas usually does 
not represent an eruption, although this is not always the easel/. 

RARE AND ENDANGERED SPECIES 

The only endangered species associated with the western spruce-fir forests is the 
Golden Eagle. Although most eagle nests are placed on cliffs, some do occur in coni
fers, and eagles frequently hunt within the spruce-fir ecosystem. Forest harvesting 
and eagle nesting are probably incompatible; in the mountains of New Mexico and 
western Texas, 85% of nest failures were due to human disturbance (Boeker and Ray 
1971). However, the presence of small clear-cut openings may be beneficial for for
aging since more raptors tend to be observed around clear-cuts than in the forest 
(Winn 1976). These clear-cut areas would possibly benefit other rare raptors, such 
as Merlin (Falco columbarius) (reported in Thompson 1978), Cooper's, and Sharp
shinned hawks, all of which may be declining in western United States (Arbib 1978). 
I suspect that Peregrines (Falco peregrinus) may also occasionally use the spruce-fir 
clearing for feeding. 

Goshawks are rare in spruce-fir forests and their presence seems dependent on 
large aspen trees within the forest for nesting (personal observation) since spruce 
trees apparently cannot support the weight of their large nest (Haapanen 1966). As 
suggested earlier, several small owls may be rare in the western spruce-fir forests, 
but I found no abundance estimates. Proper snag management probably would be bene
ficial to small owls. 

With the possible exception of the Mountain Bluebird (Arbib 1978), all passer
ines (including those deleted from Table 1) found in spruce-fir forests of western 
United States are relatively common, although they may of course be locally rare in 
certain areas due to

1
such factors as zoogeography, elevation, and climate (see 

Johnson 1974, Smit~ ). 

FORAGING TYPE STRUCTURE 

Referring to the "western American boreal birds" of the Intermountain area, 
Johnson (1975) stated that each species within this group was fundamentally different 
in its place or style of feeding, and even in the simplest communities, there were 
fundamental foraging roles that were always performed, usually by the same species. 
Thompson (1978) reached the same conclusion concerning a standard set of montane spe
cies, and offered the explanation that the addition of a coniferous forest layer in
creases to near maximum the number of guilds (=foraging types), whereas adding more 
species of conifers results in expansion within these guilds. This pattern of funda
mental guilds is probably characteristic of the entire western spruce-fir ecosystem. 
Considering the 16 most common species from Table 1, few foraging type members show a 
similar preferred foraging substrate (Table 2). Almost all the other species (exclud
ing raptors) listed in Table 1 fall into the foraging types defined by these first 

1/ -Vander Wall, S. B., W. K. Potts, and S. Hoffman. Eruptive behavior of Clark's 
Nutcracker. Unpublished Manuscript. Utah State University 

1/Smith, K. G. The effects of an extreme drought on a temperate subalpine 
bird community. Unpublished manuscript. Utah State University. 
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16 species. For example, comparing the species reported in 5 studies from Table 1 
with those reported in more studies (Table 2), Red Crossbill is similar in foraging 
type and substrate to Pine Siskin, Western Tanager to Yellow-rumped Warbler, and 
Golden-crowned Kinglet to Mountain Chickadee. Steller's Jay is termed an omnivore, 
but probably overlaps greatly with Clark's Nutcracker, Hermit Thrush, and Pine Gros
beak. 

TABLE 2.--The 21 most commonly reported bird species in Rocky Mountain spruce-fir 
forests (fr0m 10 field studies listed in Table 1), their foraging type, and 
preferred foraging substrate. 

Species Number of Studies Foraging Type Foraging Substrate 

Mountain Chickadee 10 Foliage-Insect Fir 
Ruby-crowned Kinglet 10 Foliage-Insect Spruce 
Yellow-rumped Warbler 10 Foliage-Insect Forest 
Pine Siskin 10 Foliage-Seed Spruce 
Junco sp. 10 Ground-Insect/Seed Openings 

Clark's Nutcracker 9 Foliage-Seed Pines 
Hermit Thrush 9 Ground-Insect Forest 

American Robin 8 Ground-Insect Openings 
Red-breasted Nuthatch 8 Timber-Search Dead Trees 
Hairy Woodpecker 8 Timber-Drill Spruce-Fir 

Chipping Sparrow 7 Ground-Insect/Seed Forest 
Townsend Solitaire 7 Ground-Insect/Seed(?) (?) 
Brown Creeper 7 Timber-Search Live Trees 

Common Flicker 6 Ground-Insect Openings 
Northern 3-toed Woodpecker 6 Timber-Drill Spruce 
Pine Grosbeak 6 Ground-Insect/Seed Forest 

Red Crossbill 5 Foliage-Seed Spruce 
Steller's Jay 5 Omnivore Forest 
Western Tanager 5 Foliage-Insect Spruce-Fir 
Golden-crowned Kinglet 5 Foliage-Insect Fir 
Broad-tailed Hummingbird 5 Nectivore Openings 

An analysis of the foraging type structure (excluding raptors) of the spruce-fir 
avifauna on a latitudinal gradient from Montana to Arizona and New Mexico (Table 3) 
demonstrates again the relative consistency of these avifaunas, but reveals some in
teresting trends. Aerial feeders form a relatively small component of the spruce-fir 
avifauna, primarily because soaring species, e.g., White-throated Swift, Violet-
green Swallow (Tachycineta thalarina), do not ordinarily nest in spruce-fir forests, 
and sallying flycatchers do not often hunt from perches in the closed canopy of the 
spruce-fir forest (personal observation). Sallying flycatchers prefer forests with 
open understories (e.g., Smith 1977) or forest edges. The nectivorous Broad-tailed 
Hummingbird is rare due to the paucity of flowers in the spruce-fir forest (Schimpf 
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et al. 1980), and the omnivores (jays and crows) are also a minor component. 
Collectively, these 3 foraging types average less than 13% of the total number of 
species in the spruce-fir avifaunas. 

TABLE 3.--The foraging type structure (excluding raptors) observed in the 10 field 
studies listed in Table 1. Numbers of species in each category are listed 
with percent of total species in each category in parentheses. The 
Intermountain Region avian foraging type structure is presented for 
comparison. 

FORAGING TYPE MT_!/ WY co UT UT UT AR AR NM NM IM 

AIR - PERCH/SOAR 2 (11) 1 ( 5) 0( 0) 2 ( 7) 0( 0) 0( 0) 4(18) 1 ( 4) 0( 0) 2 ( 8) 2 Ci4) 
FOLIAGE - INSECT 4(21) 5(26) 4(33) 6(22) 3(21) 3 (17) 5(23) 5(22) 6(33) 5(20) 3(21) 
FOLIAGE - SEED 4(21) 2(21) 4 (33) 5(18) 3 (21) 4(22) 2 ( 9) 2 ( 9) 3(17) 3(12) 1(7) 
TIMBER - SEARCH 1 ( 5) 2 (11) 0 ( 0) 3(11) 2(14) 2 (11) 1 ( 5) 2 ( 9) 2(11) 3(12) 1( 7) 
TIHBER - DRILL 0( 0) 2(11) 1( 8) 3(11) 1 ( 7) 1 ( 6) 2 ( 9) 2 ( 9) 3(17) 3(12) 1 ( 7) 
GROUND - INSECT 3(16) 3(16) 1( 8) 3(11) 2(14) 3(17) 4(18) 3(13) 3 (17) 3(12) 3(21) 
GROUND - INSECT/SEED 3(16) 2 (11) 2 (17) 2 ( 7) 2(14) 3 (17) 3(14) 4 (17) 1 ( 6) 4 (16) 3(21) 
OMNIVORE 2 (11) 0( 0) 0( 0) 1 ( 4) 1( 7) 1( 6) 1( 5) 3(13) 1 ( 6) 1( 4) 0( 0) 
NECTIVORE _Q( 0) _Q( 0) _Q( 0) __!_( 4) _Q( 0) __!_( 6) _Q( 0) __!_( 4) __!_( 6) __!_( 4) _Q( 0) 

TOTAL BREEDING SPECIES 19 19 12 26 14 18 22 23 20 25 14 

l 1order and abbreviations as in Table 1. 

The other foraging types were also relatively consistent along the gradient 
(Table 3). A few timber-using species were found in each study area, averaging 
about 18% of the avifauna. Ground-feeders were common due to the open understory of 
spruce-fir forests. Gray-headed Juncos may be responsible for most Engelmann spruce 
first-year seedling mortality which had usually been attributed to rodents (Noble 
and Sheppard 1973). (Interestingly, the junco is also the only ground-nesting 
species associated with spruce-fir forests, the number of ground-nesters being low 
due to the lack of ground cover (Haapanen 1965).) 

The foliage-seed foraging type tended to be better represented in the nothern 
studies, with only 2 members of this foraging type present in each of the Arizona 
studies. Foliage insectivores consistently accounted for about 25% of the avifaunas. 

Referring to coniferous forests in general, Wiens (1975) hypothesized that most 
foraging opportunities exist in the outer zone of the canopies, where twigs and 
needles will support only small individuals or where food resources may be available 
only to small individuals. Most members of this foliage-insect foraging type in 
western spruce-fir forests are small. Wiens further suggested that foliage foraging 
types numerically dominate coniferous forest avifaunas, with ground-foraging, timber
foraging, and aerial feeders decreasing in importance in that order. This appears 
to be true for western spruce-fir forests. 

On theoretical grounds, Valiela (1971) argued that during the course of 
succession, a trend in increasing feeding specialization would be expected, primarily 
through addition of avian insectivores and carnivores. The climax spruce-fir forest 
supports this observation. A myriad of carnivores is associated with the spruce-fir 
forest, but not with the earlier successional stages (e. g., aspen) and most species 
in the spruce-fir forests belong to ~he insectivorous foraging type (Table 3). (A 
complete treatment of the avian successional relationships in a western spruce-fir 
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forest can be found in Smith and MacHahonl() 

SPRUCE-FIR PHYSIOGNOMY AND AVI&~ DISTRIBUTION 

The physiognomy of most spruce-fir forests is probably the most important factor 
determining both the number of bird species present and their density, and also is the 
factor that forest managers have most control over. Forests with Engelmann spruce 
support some of the least diverse avifaunas of all the coniferous forests in the 
western United States (e. g., Hayward 1945); the number of bird species and densities 
decrease as spruce invasion increases (e. g., Haapanen 1965, Austin and Perry 1979). 

Influence of Specific Vegetational Components 

TREE LAYER 

In discussing the role of habitat structure in avian community ·organization, 
Willson (1974) concluded (in part) that the mere presence of a tree layer is more 
closely associated with species addition than is the total amount of foliage or its 
distribution. Hany species of birds occur throughout coniferous forests in western 
North America regardless of the tree species that dominate the plant community 
(Erskine 1977). Equally important to some birds of western spruce-fir forests, 
however, is the species composition of the tree layer. In general, all climax 
forests in North America are characterized by comparatively few birds (and mammals) 
except where these forests come in contact with subclimax vegetation (Shelford and 
Olsen 1935), and the spruce-fir forests of western United States are an excellent 
example of this phenomenon. 

ASPEN 

The amount of aspen within the spruce-fir forest will influence the distribution 
of species that use aspen for nesting, e. g., Goshawk, Downy Woodpecker, Mountain 
Bluebird, Violet-green Swallow, and feeding, e. g., Yellow-bellied Sapsucker 
(Sphyrapicus varius), Warbling Vireo, Orange-crowned Warbler. Sallying flycatchers, 
e. g., Western Wood Pewee, Dusky Flycatcher, tend to be associated with aspen since 
aspens usually grow within forest openings and have open canopies which the 
flycatchers can either sally in or under. In general, a patch of deciduous forest· 
has an enriching effect on the avifauna of a coniferous forest (Winternitz 1976) and 
high avian species diversity is associated with an aspen-conifer overstory 
(Winn 1976}. 

SUBALPINE FIR 

Subalpine fir can also have an enriching effect on a forest. Johnson (1978) 
found an increase in number of avian species at both the east and west side of the 
Great Basin correlated with the appearance of fir. When subalpine fir forests 
occupy the successional stage between aspen and climax spruce-fir, the number of 
bird species (Fig. 2) and avian biomass (Fig. 3) is usually much greater in the fir 
forest since the forest is a conglomeration of spruce, fir, and aspen. In this 
situation, the fir forest is a transition from deciduous to coniferous forest and 
species charactersitic of both habitats are present. 

l 1smith, K. G., and J. A. MacMahon. Bird communities in a montane sere: 
Community structure and energetics. Unpublished manuscript. Utah State University. 
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Figures 2 and 3.--Species richness and total annual avian biomass present during the 
breeding season in 1976, 1977, and 1978 in the Bear River Mountains of northern 
Utah and southern Idaho on 4-10 ha plots, one in each s37a1 stage. ~f~meadow, 

A=aspen, F=fir, S=spruce. Data from Smith and MacMahon-. 

UNDERSTORY 

A second point made by Willson (1974) was that the presence of a particular 
layer of vegetation may be quite important biologically. In western spruce-fir 
forests, the understory is usually in need of management, as is ge~erally true of 
most coniferous forests (e. g., Dickson and Segelquist 1979). Winn (1976) found 
that on the North Slope of the Unita Mountains of Utah, the more diverse 
understories in coniferous forests supported the most diverse avian communities. 
Winternitz (1976) found bird species favored spruce mixed with aspen and suggested 
that it may be due to the increased understory. 

WIND THROW AND FALLEN TREES 

The amount of downed material in spruce-fir forests also influences the 
distribution of some species. Winn (1976) found a correlation between do~vned 
material and increased numbers of Yellow-rumped Warbler, Hermit Thrush, and Gray
headed Junco. The presence of House Wrens may be determined by the number of 
fallen logs (Hubbard 1965). 
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MANAGEMENT OF WESTERN SPRUCE-FIR FORESTS 

Forest Management Practices 

FIRE CONTROL 

Engelmann spruce and subalpine fir are easily killed by fire (Loope and Gruell 
1973), although in some areas the mesic nature of Engelmann spruce forests are such 
that they seldom burn (Weaver 1974). In the Front Range of Colorado, spruce-fir for
ests are entirely absent from areas where fires have occurred repeatedly over the last 
several hundred years (Marr 1967), and centuries old spruce-fir communities are hard 
to find in the northern Rockies due to fire (Habeck and Mutch 1973). Since the prac
tice of fire suppression started at the turn of the century, Engelmann spruce qnd sub
alpine fir stands have greatly increased in area at the expense of lodgepole and aspen 
in the Rockies (Houston 1973, Loope and Gruell 1973), and white fir has greatly in
creased in the Sierra Nevada (Parsons and DeBenedetti 1979). Because biological pro
cesses are usually quite slow in spruce-fir forests, frequent fires are not needed to 
maintain diversity and conversely fires in spruce-fir forests can have extremely long
lasting effects (Habeck and Mutch 1973). Thus, in general, fire control is good for 
perpetuating old-growth spruce-fir forests. In the long run, fire control has helped 
cavity-nesting species that depend on rotting trees (Loope and Gruell 1973). 

CUTTING 

In the Rocky Mountains, spruce-fir forests are presently harvested by clear
cutting, shelterwood, and selection systems and the choice of cutting method depends 
largely on management objectives and on resources, social, and economic values (see 
review by Alexander 1977). Generally, all cutting practices are detrimental (Fig. 4) 
to birds that forage on or in trees (Thomas et al. 1975), and clear-cutting of large 
tracts of spruce-fir forest can greatly disrupt the species composition (Titterington 
et al. 1979), population densities (Franzreb 1977), and guild structure (Franzreb and 
Ohmart 1978), with aerial and ground feeders being favored by harvesting. If large 
areas of spruce-fir must be cut, patches of old-growth forest should be left with 
corridors (MacClintoch et al. 1977) connecting the patches if possible. McClelland 
et al. (1979) recommend 50-100 acres (20-40 ha) of old forest be left for every 1000 
acres (400 ha) cut. 

Smaller clear-cuts are more desirable for nongame birds since small open areas 
will favor certain species, such as raptors (Winn 1976), American Robin, and juncos 
(Hubbard 1965), and will not be as detrimental to tree-using species as would be 
large cuts. Austin and Perry (1979) concluded that clear-cuts of less than 100 acres 
(40 ha), with irregular borders (to increase edge effect), probably benefit wildlife 
in general. Natural regeneration of spruce-fir is possible when clear-cuts are not 
more than 5-8 chains (about 100-180 m) in width at any point (Noble and Ronco 1978). 

Shelterwood and individual selection harvesting seem to hold promise for combin
ing elements of both open and closed forest avian species (Fig. 4), but I can find no 
studies of avian response to these harvesting techniques in western spruce-fir. Over
story removal logging adversely affects the nongame bird avifauna (Franzreb 1978). 

SHORT ROTATIONS 

As economic press~res upon the forests of the United States increase, not only 
for paper and lumber, but also for energy (Pimentel et al. 1979), the outlook for old
growth spruce-fir forests may become grim. Winn (1976) stated that any management 
scheme that speeds up the rotation of overstories eliminates avian communities assoc
iated with the final successional stage. Forestry harvesting models are now appearing 
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Figure 4.--Relative rankings of the effect of silvicultural systems on the open forest 

bird species (dotted line) and the closed forest bird species (solid line). Scale 
factor 1 signifies least favorable, 5 most favorable. BC=Block cutting over 10 
acres, PC=Patch clear-cutting 3-5 acres, US=Uniform shelterwood, MS=Modified shelter
wood, SS=Simulated shelterwood, GS=Group selection 2.0 acres, IS=Individual tree se
lection, NC=No cutting. Adapted from Alexander 1977. 

based on the accelerated liquidation of old-growth stands, rotations of 50 years with 
an emphasis on monocultures, and the harvesting of much smaller, uniform trees (e.g., 
Gedney et al. 1975, Tedder 1979). These practices are obviously not compatible with 
the concept of relic, old-growth forests and maintenance of wildlife populations. 

AERIAL SPRAYING 

Very little research has been conducted in western coniferous forests on the ef
fects of aerial spraying for the western budworm (Choristoneura occidentalis). DeWeese 
et al. (1979) detected a decline in bird populations after spraying of 2 insecticides 
in Montana coniferous forests that contained some spruce-fir. The results were not 
statistically significant. They found that canopy-feeding species came in contact 
with the insecticides more often than other guilds, and 79% of 202 birds examined 
showed traces of a dye that was mixed with the insecticides. 

Birds consume budworms in relation to budworm abundance, consuming large quanti
ties during outbreaks and few at other times (Mook 1963). The same is true for the 
relationship of birds and the spruce beetle (Dendroctonus rufipennis [Kirby]), espec
ially the Northern 3-toed Woodpecker (see review by Schmid and Frye[l977]). 
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Spraying of herbicides to remove deciduous undergrowth would also affect bird com
munities in spruce-fir forests. In a spruce plantation in Norway, Slagsvold (1977) 
found a 30% reduction in bird density the spring following application of a herbicide 
and the bird communities had not fully recovered 4 years later. He attributed much of 
the change in bird populations n6t only to the lack of understory, but also to a red~
tion in the invertebrate fauna which many species used for food. 

Wildlife Management Practices 

LIFE-FORM APPROACH 

The life-form approach, originally applied to spruce forest birds by Haapanen 
(1965,1966) and recently expanded for all vertebrates of the Blue Mountains of Oregon 
and Washington by Thomas and his colleagues (1975,1976,1978), would seem to hold great 
promise for the management of western spruce-fir forests. This approach links animals 
to specific vegetational communities based on where the animal reproduces and forages. 
Due to the consistency of both the avifaunas and the guild structure from one area to 
another, general management objectives may be possible for vast areas of spruce-fir 
forests in the western states. Also, the life-form approach might be useful in iden
tifying those species (or types of species) most dependent on old-growth spruce for
ests and those that would benefit from management of spruce-fir forests. 

KEY SPECIES 

Graul et al. (1976) suggested another technique whereby a single species (orsmall 
group of species) that is an ecological indicator of a particular ecosystem are man
aged for, rather than attempting to manage for all the nongame species within that 
ecosystem. If the species is truly an environmental indicator, then by managing for 
that species, the entire ecosystem will be preserved if that species is preserved. 
Bird populations are excellent choices as indicator species since they are quite sen
sitive to environmental changes (e.g., Jarvinen and Vaisanen 1979a). A prime candi
date for the spruce-fir ecosystem would be the Northern 3-toed Woodpecker, a species 
found throughout the world wherever spruce occurs (Bock and Bock 1974). The Northern 
3-toed Woodpecker also uses a variety of tree resources (both dead and alive) and ex
hibits sexual dimorphism in its foraging behavior (Rogstad 1976,1977). Although seed
eating finches and corvids are also certainly characteristic of western spruce-fir 
forests, it would be hard to propose specific management plans since these species 
have a tendency to wander widely throughout (and sometimes beyond) the spruce-fir eco
system. 

SNAG MANAGEMENT 

As noted earlier, snag management is extremely important in spruce forests, and 
is addressed elsewhere in this volume (paper by Eileen Miller). Thomas et al. (1976) 
recommend that snags should be created if they do not naturally occur, a situation 
which may obtain in spruce forests. They point out that species can be managed at 
some level below maximum population size and present guidelines for such management. 
In spruce forests in Finland, Haapanen (1965) found fewer hole-nesters in managed for
ests than in a natural forest. In southern Sweden, Nilsson (1979) found hole-nesters 
equally as common in managed and unmanaged spruce forests. 

A practice employed in northern Europe is the placement of nest boxes in forests 
where availability of cavities may influence breeding distribution and densities. Com
petition for nest holes has been documented in western forests (e.g., Franzreb 1976), 
but, to my knowledge, no studies have been conducted to examine the effects of supply
ing supplemental nest boxes in coniferous forests of the western United States. 
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A NORTHERN EUROPEAN EXAMPLE 

In northern Europe this century, there has been a great expansion of spruce for
ests for harvesting. For example, in the 1920's, spruce forests comprised 28% of the 
forests in southern Finland. By the early 1970's, 42% of the forests were primarily 
spruce (JHrvinen et al. 1977). Such silvicultural practices certainly have had long
term effects on the associated avifauna (e.g., J~rvinen and V~is~nen 1979b) and have 
benefitted species dependent on spruce (Haapanen 1965). In Finland bird species assoc
iated with spruce have roughly doubled in population density in the 30 years since 
World War II due in part to the increase in spruce (Jarvinen et al. 1977); 22 of 40 
species (55%) increased within the last 50 years, in part due to the increase in 
spruce (Jarvinen and Vais~nen 1978). One might thus conclude that managemeqt for 
spruce forests greatly benefits nongame birds, but this is not true--many species were 
adversely affected by spruce forest management. 

In the first place, almost all species that showed an increase were common spe
cies (Jarvinen et al. 1977). Not uncommonly avian densities may be high in managed 
spruce stands, but the number of bird species is comparatively low (e.g., Batten 1976). 
Second, most species dependent on old-growth stands declined. In southern Finland, 
there has been a 70% decrease in the number of birds which favor old forests (>140 
years)(Jarvinen et al. 1977). In southern Sweden, where s?ruce forests are intensive
ly managed for production and not for nongame birds, Nilsson (1979) reported that bird 
density and number of species were 3 times lower in managed spruce and 9 times lower 
in young planted spruce than in naturally occurring spruce forests. He further found 
that with intensive management, i.e., the elimination of all deciduous elements, 5 
species disappeared from the spruce forest. Haapanen (1965) found a 15-30% decrease 
in managed spruce avifaunas in Finland and Nilsson (1979) attributes the greater dif
ferences in Sweden to the more intense management for production in Sweden. Moss 
(1978a,b) documents similar declines in spruce plantations in Scotland. 

CONCLUSIONS AND RECO}illENDATIONS 

Two options facing forest managers concerning nongame birds in spruce-fir forests 
of the western United States are: manage for increased diversity or manage for old
aged stands. Managing for avian diversity would be compatible with some harvesting 
techniques which create openings in the forest or that open the canopy. Johnson (1975) 
found that habitat variety was most important in controlling the number of bird spe
cies on mountain tops in the Great Basin and Hansson (1979) has developed a model 
showing that landscape heterogeneity is important for the winter survival of cli1nax 
conifer birds. Since little food exists in climax coniferous forests in winter, he 
argues that most species have to use earlier successional stages or man-made distur
bances where food may be more abundant. However, managing for harvest and diversity 
is probably incompatible with managing for old-stand species in the same area. 

Clearly, one must attempt to manage for both diversity and conservation, with the 
emphasis on conserving endangered or rare species, not the common and abundant species 
(Jarvinen and Vaisanen 1978). The following might be a way in which both objectives 
could be accomplished. 

High elevation (over 3000 m) spruce-fir forests should be harvested only after 
much forethought has been given to the outcome and regeneration of the forest. These 
high elevation areas should be allowed to drift into "silvic senility" and serve as 
reservoirs for the spruce-fir forests that occur at lower elevations. 

Lower elevation spruce-fir forests should be managed for harvesting (e.g., small 
clear-cuts, selection harvest), with snag management practices implemented and some 
deciduous elements allowed to persist. Where large areas must be harvested, patches 
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of old-growth forest should be left. Winn (1976) recommends that the avoidance of rel
ic areas which represent the final stages of succession should be planned in any over
all drainage sale philosophy. 

Nongame bird population densities and species composition in western spruce-fir 
forests should be periodically estimated (i.e., every 5-10 years), and guidelines along 
the life-form concept should be implemented in as many areas as possible. No species 
intimately associated with these forests is threatened at this time, but as pressure 
for use of these forests increases in the near future, we must be careful that the 
common birds do not become even more common at the expense of the rarer species, a 
situation that has apparently transpired in northern Europe. 

Proper snag management is important to insure that nesting cavities are available. 
Fire suppression in general will benefit spruce-fir avifaunas, and caution should be 
used with aerial spraying until more research is done in this area. 
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ABSTRACT 

The avifauna of alpine regions of western North America is notably 
depauperate. Average community size is normally 3 to 4 although 5 
species may consistently breed and nest above treeline. Only 1 
species is a year around resident and totally dependent upon 
alpine habitats. Seasonal habitat preferences of the breeding 
avifauna are identified and the complexity of the processes and 
factors influencing alpine regions are reviewed. Management 
problems are discussed and research opportunities are identified. 

KEYWORDS: alpine ecosystem, habitat, avifauna, management, 
western North America. 

INTRODUCTION 

Alpine ecosystems occur in most of the high mountain cordilleras of western 
North America. Alpine, as used in this paper, refers to the area above treeline 
where habitats are characterized by short growing seasons, low temperatures and 
high winds. The term "tundra" is frequently used to describe these habitats but is 
more properly used in connection with arctic areas north of the limit of forest 
growth (Hoffmann and Taber 1967). While use of the terms "alpine tundra" and "arctic 
tundra" is common in designating above treeline (alpine) and northern lowland areas 
(arctic), the terminology of Billings (1979) is preferred. Likewise, lumping of 
alpine and arctic ecosystems into the "tundra biome" (see Kendeigh 1961) is not really 
feasible because of the extreme differences in radiation, moisture, topography, photo
period, presence or absence of permafrost, etc. (Billings 1979). 

Long term ecological studies of vertebrates breeding or resident in alpine 
ecosystems are lacking. Most studies have been done on a single species for a short 
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duration (usually 1 or 2 field seasons) at a single location. During a long term 
study (1966 to present) of the population ecology of white-tailed ptarmigan (Lagopus 
leucurus)at a number of sites~ opportunities were available for observations of other 
avian species seasonally dependent upon the alpine ecosystem. Through observation, 
the habitat requirements of the alpine avifauna became apparent. This paper identi
fies the important breeding birds of alpine habitats in western North America and 
their habitat preferences. 

GEOGRAPHICAL DISTRIBUTION OF ALPINE HABITATS 

In western North America alpine habitats occur from Alaska, Yukon Territory, 
British Columbia, and Alberta into the contiguous United States as far south as 
Arizona and New Mexico. The principal mountain ranges involved south of Canada are 
the Rocky Mountains on the east and the Sierra Nevada-Cescade Mountains on the west. 
Numerous small, isolated areas exist between these 2 great north-south systems with 
the east-west trending Uinta Mountains being the largest. Isolated outlying mountain 
ranges with small areas of alpine habitat occur east of the major cordillera in 
Montana and Wyoming. The 2 major mountain systems tend to merge in Canada but 
separate northward into Alaska. 

Treeline decreases from south to north from about 3,500 meters in New Mexico, 
Colorado and Arizona to about 2,000 meters in northern Montana. In Alaska, treeline 
occurs at less than 1,000 meters. The total expanse of this area is unknown but 
approximately 3 million hectares of alpine habitats are estimated to occur in the 
contiguous western United States (Brown et al. 1978). 

CHARACTERISTICS OF ALPINE HABITATS 

Land Forms 

The alpine landscape is rugged with steep mountains, cliffs and talus slopes 
being abundant. Gentle benches and slopes do occur along with many glaciated valleys 
originating from cirques. Frequently alpine areas are rocky, especially near 
morainal deposits, although large expanses of relatively smooth terrain with few 
apparent rocks are not uncommon. Patterned ground, rock streams and solifluction 
terraces caused by freezing and thawing and downslope movement of saturated soils 
frequently occur where moisture is sufficient. Soils on steeper slopes are shallow, 
weakly developed, coarse and well drained. Poorly drained bog soils occur on sites 
with gentle relief (Retzer 1956, Nimlos and McConnell 1962 and 1965). 

Climate 

The climate in alpine habitats is characterized by high winds, low temperatures, 
low effective moisture and short growing seasons (Marr 1961 and 1967, Judson 1977, 
Billings 1979). Wind is exceedingly important as it directly affects snow deposition 
and distribution of plant communities. Maximum wind speeds occur from November 
through April with occasional extremes in excess of 160 km/hr (Marr et al. 1968a and 
b, Judson 1977). Wind speed in summer is less with July being the calmest month 
(~ 10 km/hr) (Marr et al. 1968a and b). 

Temperatures inalpine habitats fluctuate widely from day to day and season to 
season resulting in short growing seasons of up to 60 to 90 days (Billings and Mooney 
1968). Some growing seasons do not exceed 45 days as night time temperatures may 
drop below 0°C inlate July and early August (Marr et al. 1968a and b). Mean daily 
temperatures are highest from mid-June to early September and lowest from late Novem
ber into March (Marr 1961). 
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In alpine habitats most annual precipitation occurs in late winter and early 
spring (January through June) and occurs mainly as snow (Marr 1961). Fall and early 
winter are the driest periods and annual droughts are not uncommon. While total 
annual moisture may vary from 63 to 120+ centimeters (Marr et al. 1968a and b, Brown 
et al. 1978), not all is effective since constant winds blow much of what falls as 
snow from exposed areas. Some alpine habitats may be up to 70% snowfree in winter 
(Osburn 1963). Consequently windswept alpine habitats receive little effective mois
ture while more protected sites may be seasonally irrigated from melting snowfields. 

Vegetation 

The vegetation of alpine habitats consists mostly of perennial grasses, sedges, 
forbs and low growing shrubs with prominent inclusions of lichens and mosses (Billings 
1979). Annuals are not common (Bliss 1971) but are somewhat more widespread i~ the 
Sierra Nevada-Cascade Mountains (Chabot and Billings 1972). Plant communities in 
alpine areas may be complex and extremely variable within limited distances. Moisture 
is a major factor affecting plant distribution with graminoids (Poaceae and Cypera
ceae) and low shrubs (Salicaceae and Ericaceae) being dominant in wetter sites and 
cushion plants and lichens being prominent in dry sites. 

Major plant communities at or above treeline vary depending upon location but 
can be generalized as Carex-Deschampsia meadow (Little 1941, Hanson 1953), Kobresia 
meadow (Marr 1961), Carex-Geum meadow, Carex-Trifolium turf, Geum turf, Salix-Carex 
wet meadow, cushion plant stand, Dryas stand and Krummholz (Picea-Pinus-Abies-Salix) 
(Daubenmire 1943, Marr 1961, and many others). 

AVIFAUNA 

Alpine habitats are unusually depauperate in numbers of breeding species. Typi
cally no more than 5 species regularly complete their breeding and nesting activities 
above treeline. These are: white-tailed ptarmigan, horned lark (Eremophila alpes
tris), water pipit (Anthus spinoletta), rosy finches (Leucosticte spp.) and white
crowned sparrow (Zonotrichia leucophrys). Other species which may nest above 
treeline given proper circumstances are: prairie falcon (Falco mexicanus) (cliffs), 
common raven (Corvus~) (cliffs), robin (Turdus migrat~) (Krummholz), and 
mountain bluebird (Sialia currucoides) (old buildings). Other species have been 
occasionally documented or suspected of nesting above treeline but these isolated 
occurrences are poorly documented and exceptional. 

Few alpine habitats have more than 3 or rarely 4 of the 5 typical breeding 
species (Hoffmann and Taber 1959). Water pipits, horned larks and white-crowned 
sparrows are most widespread with rosy finches a close 4th· Major gaps occur in the 
distribution of white-tailed ptarmigan especially in the southern Cascade-Sierra 
Nevada Mountains and in isolated mountain ranges between the 2 major north-south 
cordilleras (Aldrich 1963, Braun and Rogers 1971). None of the isolated mountain 
ranges east of the Rocky Mountains is occupied by this grouse. In recent years suc
cessful. transplants of white-tailed ptarmigan have occurred in the Sierra Nevadas 
(California), Wallowa Mountains (Oregon), Uinta Mountains (Utah) and Pike's Peak 
(Braun et al. 1978). The success of these transplants indicate that isolated alpine 
habitats are probably suitable for this species and that ecological barriers have 
been important in determining its present distribution. 

Habitat Preferences 

WHITE-TAILED PTARMIGAN 

Habitats seasonally used by white-tailed ptarmigan in Alberta, Montana and Colo
rado have been described (Herzog 1977, Choate 1963, Braun 1971, Braun and Schmidt 
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1971, Braun et al. 1976). Winter habitats may be at or above treeline or in riparian 
zones some distance from alpine regions. Areas used are typically dominated by 
species of willows (Salix), alder (Alnus), and birch (Betula) which are used for food 
(Weeden 1967, May and Braun 1972) and clumps of dwarf or scattered conifers (Picea 
engelmannii, Abies lasiocarpa, Pinus spp.). In high snowfall areas, some use is made 
of aspen (Populus spp.) for winter food. Sites preferred during winter are those on 
the leeward sides of ridges, in cirques and drainage basins. Snow quality is impor
tant for snow roosting (Braun and Schmidt 1971) and ptarmigan may move considerable 
distances to suitable winter habitats (Hoffman and Braun 1975). In spring (late 
April-May), white-tailed ptarmigan prefer areas for breeding which became snowfree 
early and which are adjacent to willows. Breeding territories are selected in sites 
which provide both food (willows) and cover (edge of the receding snowfields). As 
snow melt continues, territory shape and size changes as pairs move upslope to where 
abundant rock cover is present (Braun 1971). Nesting usually occurs on the periphery 
of territories where the ground is snowfree and where cover such as bushes of willows, 
dwarf conifers or low rocks is available. In summer, ptarmigan prefer rocky areas 
(talus, fellfields, patterned ground, rock streams, etc.) which provide cover. Most 
sites used are adjacent to late lying snowfields or wet seeps and springs. Plants 
at these sites are the last to phenologically develop and the last to desiccate in 
late summer. Habitats selected at this time are frequently near ridge tops or perma
nent snowfields. In late fall (September and early October) before the 1st major 
winter storms, the alpine environment is exceedingly dry and most plants are desic
cated. Ptarmigan distribution at this time is clumped around the few remaining snow
fields or wet sites close to abundant rock cover. 

HORNED LARK 

While usually considered a typical resident of short grass prairies (Kelso 1931, 
DuBois 1935 and 1936), horned·larks are seasonally resident in alpine habitats in 
many western mountain ranges (AOU 1957). Occurrence records of horned larks are 
available for most months in alpine habitats in Colorado (C. E. Braun, unpublished 
data) but typically they arrive in numbers above treeline in April and early May with 
most leaving by mid-October. Upon arriving above treeline in early spring, all 
but the most windswept sites are still snow covered. Territories are selected in 
sites dominated by cushion plants, sedges and frequently by abundant rocks. As snow 
melt advances, territory size increases and horned larks occupy most of the drier 
sites. Nests typically are in exposed areas adjacent to a small rock or tuffs of 
grasses or sedges. Placement of nests is usually in the lee of the sparse cover 
available (Pattie and Verbeek 1966, Verbeek 1967). While dry sites are preferred, 
Verbeek (1967) found 5 of 15 nests in moist alpine habitats. Conry .(1978) observed 
that horned larks avoided nesting in snow accumulation areas. 1 Foraging in spring is 
primarily associated with drier, windswept areas with little use of snowfields. Once 
hatching occurs (late May to mid-July depending upon area and year), adults noticeably 
forage more frequently on and along snowfields gleaning insects. This change is 
probably necessitated by the energy demands of nestlings (Verbeek 1967, Conry 1978). 
By late July, most seasonal snowfields have melted and visibility of horned larks de
creases. Both adults and newly fledged young associate with habitats only recently 
snow free. In late summer (mid-August), flocks of horned larks use dry sites along 
ridges,especially fellfields and dry meadows (Verbeek 1967). Use of these habitats 
continues until major snowstorms occur in mid- tolate October at which time most 
horned larks have migrated. From October until late April, the few horned larks 
observed in alpine habitats are associated only with windswept areas. 

WATER PIPIT 

This species is the most conspicuous and common breeding bird in many alpine 
areas (Johnson 1966, Pattie and Verbeek 1966, Verbeek 1970), occurring in most mountain 
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ranges of western North America (AOU 1957). It normally arrives in alpine habitats 
the last week of April or the 1st week of May. Upon arrival most preferred habitats 
are snow covered and presence of pipits above treeline is directly related to clima
tic conditions. During frequent spring snowstorms or when windy, pipits are absent 
from alpine areas and can be found on exposed slopes below treeline and in snowfree 
riparian habitats. With warming and receding of snowfields in mid-May, pipits esta
blish territories in wet alpine meadows along the snowline. Foraging pipits are most 
frequently observed on and along snowfields from time of arrival in spring until most 
snow has melted. Nesting may start in late May and early June but most nest records 
are from late June and early July (Pattie and Verbeek 1966, Verbeek 1970, Conry 1978, C. 
E. Braun, unpublished data). Nests are in alpine meadows dominated by a variety of 
sedges (Carex, Kobresia), grasses (Poa, Deschampsia, Festuca) and forbs (Geum, 
Trifoliumr:--They typically are underoverhanging rocks or tufts of vegetation and 
are sunk into the ground (Johnson 1966, Pattie and Verbeek 1966, Verbeek 1970). Once 
most seasonal snowfields have melted, pipits forage in sparsely vegetated, moist 
habitats associated with snow accumulation sites. Flocks form in mid-August at which 
time pipits can be found in almost all sparsely vegetated, moist sites that remain. 
Numbers of pipits observed markedly decrease in late August and this species may not 
be seen for several days at a time. This is especially true during and immediately 
after early fall storms. By late September few pipits remain in alpine habitats 
with almost no records after the 1st week in October. Those that do remain late 
are normally associated with wet sites near permanent water or snow. 

ROSY FINCH 

The nomenclature and taxonomic relationships of rosy finches are unclear 
although the American Ornithologists' Union (1957) recognizes 3 species. These are: 
Leucosticte atrata (black rosy finch), L. australis (brown-capped rosy finch) and L. 
tephrocotis (gray-crowned rosy finch). -Six races of L. tephrocotis have been iden~ 
tified (AOU 1957) but French (1959a) suggested that all present American species 
should be pooled into L. tephrocotis. Rosy finches are found in most of the larger 
mountain ranges with alpine summits in western North America but the distribution is 
not continuous. ~~ile racial or specific affinities may vary, habitat preference 
patterns are similar. 

Few rosy finches occur above treeline from early November through early April. 
By mid- ro late April small flocks of finches occur in alpine habitats foraging in 
windswept areas or where seed heads of grasses and sedges protrude above the snow. 
With warming in May, rosy finches are most fr·equently observed foraging on or along 
the edge of snowfields. This pattern continues throughout the summer until most 
snowfields are gone (Twining 1940, French 1959b~ Johnson 1965). Numbers of finches 
observed in alpine habitats markedly decrease in late June as prebreeding flocks 
disperse and nesting is initiated. In most alpine habitats, steep cliffs are pre
ferred for nesting (Johnson 1965) although nests in old buildings and on the ground 
have been reported (Hanna 1922, Cahn 1947, Kenyon 1961). Throughout the nesting 
period (July) and into fall, rosy finches associate with cirque headwalls, cliff 
faces, talus slopes, and permanent or late lying snowfields. Flocks of 30 to several 
hundred individuals form in late August. These flocks appear to be nomadic as they 
are not dependably seen. Those finches observed in late September and October are 
normally associated with new snowfields in areas where seed heads of Carex, Deschamp
sia and other grasses are abundant. By late October-early November, rosy finches are 
uncommon above treeline. 

WHITE-CROWNED SPARROW 

This species is widespread in the mountains of western North America (AOU 1957) 
and may be considered ecotonal as it is most abundant in the Krummholz at treeline. 
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However, these sparrows are seasonally resident and nest in shrub thickets (Salix, 
Betula, Potentilla) far above treeline. White-crowned sparrows are the latest breed
ing species to arrive in alpine regions, regularly appearing about mid-May. Habitats 
used are those dominated by shrubs, most frequently willows, and sedges. Most forag
ing throughout the spring, summer and fall occurs in shrub thickets, usually at ground 
level. Some foraging does occur on or along snowfields immediately adjacent to 
shrubs. Sites used for nesting are within the shrub thickets and nests may be placed 
in bushes or as a cup on the ground (Johnson 1966, Pattie and Verbeek 1966, C. E. 
Braun, unpublished data). Timing of nesting is variable depending upon area and snow 
conditions (Morton 1978), with most nests being found from mid~June to late July. 
Small aggregations of 10-15 individuals occur in shrub and Krummholz thickets after 
mid-August into late September. Large flocks are uncommon at any time and most white~ 
crowned sparrows are absent from alpine habitats by early to mid~October. 

MANAGEMENT OF ALPINE HABITATS 

The majority of alpine areas of western North America are in public ownership 
controlled by United States, State, Canadian, and Provincial governments. Histori
cally these lands have been used for grazing (Marr 1964), mining, and as a source of 
water. More recently recreation has become important with hiking, motorized travel, 
and skiing being major pastimes. The manipulation of alpine watersheds for increased 
downstream water flow has also increased in recent years (Marr 1964, M~rtinelli 1959, 
1965 and 1966). 

The intensity of grazing in alpine regions by domestic livestock, principally 
sheep, has decreased markedly (Wasser and Retzer 1966). Considerable damage to 
alpine habitats has been done by domestic livestock through trailing, overgrazing 
near permanent water sources and trampling in bedding areas (Paulsen 1960). Because 
of the importance of the alpine region for grazing of domestic sheep, herbicide 
application (2,4-D and 2,4,5-T) has been tested to reduce the abundance of alpine 
avens (Geum rossii), an important component of many alpine habitats (Johnson 1962, 
Johnson and Billings 1962). In a later study, Strasia et al. (1970) showed Geum 
rossii to be an important diet item of domestic sheep. Herbicide treatment (Smith 
and Alley 1966, Thilenius et al. 1974) almost completely eliminated alpine avens and 
seriously reduced the abundance of other forbs. These experiments did not consider 
the importance of forbs as food and cover for birds and other vertebrates even 
though forbs are as nutritious as grasses and sedges (Smith 1967 and 1969, Andersen 
and Armitage 1976). Wild ungulates also heavily graze alpine habitats and over
grazing by wapiti (Cervus elaphus), bighorn sheep (Ovis canadensis) and mountain 
goats (Oreamnos ameticanus) is not uncommon in localized areas (Thilenius 1975). 
Because of the grazing pressures on alpine habitats, Johnson and Smith (1966) 
evaluated the nutritive status of alpine soils while Bear (1978) experimented with 
herbicide and fertilizer application in alpine habitats. Bear found that herbicide 
treatments generally decreased the forb composition and herbage yield while nitrogen 
and phosphorous fertilizers had little effect on composition. Herbage yield was 
increased with phosphorous and low level~ of nitrogen, 

Mining historically was far more extensive but on a much smaller scale than at 
present. Active mines in alpine regions now tend to be large with vast disturbances 
of fragile habitats. Brown and Johnston (1978) estimated that nearly 12% of the 
alpine habitats in the western United States have been disturbed and need reclama
tion. The outlook is that the importance of mining in alpine regions will increase 
with area disturbed per mine also increasing. While interest in reclamation of 
disturbed alpine habitats is high (Bell and Bliss 1973, Berg et al. 1974, Zuck and 
Brown 1976, Brown and Johnston 1976 and 1979, Brown et al. 1978,: Kenny 1978), much 
of the actual reclamation is too recent to be adequately evaluated. Early work by 
Harrington (1946) was not highly successful in revegetating road cuts along road 
disturbances in an alpine area of Colorado. 

285 

j.. . 



Recreational uses of alpine habitats vary from hiking, hunting and fishing, 
technical mountain climbing, camping, nature viewing to use of all terrain vehicles. 
While skiing is not normally important in alpine areas, some ski areas have extended 
lifts and trails into alpine bowls. All human uses have an impact on alpine vege
tation with the greatest impacts along roads (Marr and Willard 1970, Willard and Marr 
1970 and 1971). While the impacts of casual, intermittent walking in alpine areas 
are slight, use of all terrain vehicles such as 4 wheel drive vehicles, dune buggies, 
motorbikes, etc. frequently result in long term or permanent damage to alpine habi
tats (Ives 1974). Data on the use of snowmobiles and their effects on snow compac
tion, soils, wildlife and people are slowly accumulating and were reviewed by Lodico 
(1973). Earlier papers (Doan 1970, Schmid 1971, Neumann and Merriam 1972), indicated 
snowmobiles had significant, measureable impacts on snow quality and wildlife 
mobility and distribution. 

Manipulation of alpine habitats to increase snowpack by use of snowfences and 
weather modification has increased in recent years with programs being operational in 
some areas (i.e. Colorado). While the hydrologic impacts of snowfences in alpine 
areas are well studied (Martinelli 1959, 1965 and 1966), impacts on vegetation and 
associated fauna are not. Likewise, broad studies have been conducted on the 
impacts of weather modification (Steinhoff and Ives 1976). Unfortunately, the im~ 
pact of increased snow in alpine areas is still poorly understood. 

SUMMARY AND CONCLUSIONS 

This review has identified the complexity of processes and factors affecting 
alpine ecosystems in western North America. The avian community is small with each 
particular species utilizing different habitat components. Much remains to be learned 
about the distribution of the alpine breeding birds within western North America and 
reasons for the absences of some species from seemingly suitable habitats. Both the 
white-tailed ptarmigan and horned lark are generalists, using a Yariety of habitats 
and foods while water pipits, white-crowned sparrows and especially rosy finches are 
more specialized in their preferences, Because of its year around occurrence and 
winter dependence on low shrubs, especially willows, the white-tailed ptarmigan is 
especially vulnerable to disturbances of alpine habitats. Conversely this species 
appears to be especially adaptable to introduction into suitable unoccupied habitats 
in western North America. Management of alpine habitats should emphasize light 
grazing by domestic and wild ungulates, education of outdoor enthusiasts to the 
fragile nature and importance of the alpine ecosystem, total exclusion of all ter
rain vehicles and snowmobiles except on maintained roads, proper environmental 
engineering of mine sites and careful evaluation of proposed development of addi
tional roads, water storage structures, ski facilities, electronic relay stations, 
and cabin sites. Important research needs include studies on the impacts of increased 
snowfall and snow storage on the flora and fauna, manipulation of vegetation with 
fertilizer and studies on the interrelationships within the avian community and the 
alpine ecosystem. Especially important are well designed, comparable studies on 
the structure and function of avian communities at a variety of sites within the 
alpine ecosystem of western North America. 
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ABSTRACT 

Western national forests will be expected to produce around 
11 billion board feet of timber annually by the year 2000, 
an increase of 2.5 billion board feet over current annual 
production. Adequate assessment of the impacts of timber 
harvesting on nongame bird habitats in the w·est and 
evaluations of the prospects for those habitats is 
dependent on e~tablishment of reasonable bird species, 
population, and distribution objectives supported by 
benefit/cost analyses, population and habitat inventories, 
and descriptions of the life-cycle habitat requirements of 
the respective species. 

KEYWORDS: timber harvesting, bird habitats, bird species 
adaptability, bird species diversity, and bird species 
distribution. 

Supplying the Nation's timber needs now and in the futu,re holds the pros
pect for significant impacts on bird habitats, particularly in western forests. 
The magnitude of those impacts -- their frequency, duration, and location, and 
whether they can be expected to have a beneficial or detrimental effect on bird 
populations -- pose questions of interest to all of us. 

This paper does not deal with the impacts, per se, of timber harvesting on 
bird habitats. Rather, it lays out, from the perspective of projected timber 
demands, the probable kind, location, and general distribution of harvesting 
and other timber management practices required to supply the timber to meet 
those demands. 

Most of the forest lands in the West are in public ownership, largely the 
National Forests. Multiple-use management law and policy require consideration 
of the interrelationships of managing for several resources on the National 
Forests. Since considerable timber resource data are available for those 
lands, the relatively large National Forest timber management program affords 
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a good vista from which to look at timber production vis-a-vis bird habitats. 
Therefore, the material and the explanatory remarks will concentrate on National 
Forest management activities. 

Total softwood timber demands are projected to be 73.2 billion board feet 
in the year 2000, assuming that the price trends from the late 1950's through 
the mid 1970's continue. Of the current softwood timber inventory of 1,963 
billion board feet, 1,546 billion feet is in western forests, with 967 billion, 
or nearly two-thirds of that, on National Forest System lands.!/ To help meet 
our timber needs, western National Forests will be expected to-produce around 
11 billion board feet annually by the year 2000, an annual increase of about 
2.5 billion board feet• 

Immediately obvious questions arise: Where the timber will come from? · 
Where will it be harvested or produced? How will it be produced? How will 
other forest resources, suchas non-game birds, be affected? A partial answer 
to the first question is that the timber produced by the National Forest must 
come from a continuously shrinking base of commercial forest land. The 
National Forest System base decreased 5.6 million acres between 1970 and 1977 
with nearly all of that decrease being in the West.2/ Note should be taken 
also of the fact that the timber producing base of other forest lands, partic
ularly prime forest land, also is shrinking at a significant rate. These 
changes in the commercial forest land base are due primarily to changes in 
classification and management objectives or conversion to other uses, such as 
agriculture and urban development. The end result is that the Nation's timber 
needs will have to be supplied from a smaller timber producing land base. 

Producing more timber on fewer acres translates into more intensive 
management for that purpose with the application of the whole array of 
silviculture practices necessary to maintain production at the desired levels. 
The prospects for bird habitats must then be considered from several stand
points: (1) the immediate areas heing managed for timber production, (2) the 
areas not being managed for timber production, and (3) interfacing or inter
mingled areas. Such considerations involve a host of factors and requisite 
decisions that are not the subject of this paper, but they should be mentioned 
to keep matters in perspective. Species adaptability to changing environments 
and associated habitat requirements, sustainable populations, and the manage
ment objectives associated with species diversity, population, and distribution 
are a few of those factors and decisions requisite to determining the prospects 
for bird habitats as they may be affected by supplying national timber needs. 

!/U.S. Department of Agriculture, Forest Service. An Assessment of the 
Forest and Rangeland Situation in the United States. Review RPA Draft, 
Washington, D.C., 556 p., 1979. 

2/U.S. Department of Agriculture, Forest Service. Forest Statistics of 
the U7S., 1977 (Review Draft). Washington, D.C., 133 p., 1978. 
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The new 5-year RPA program affords an indication of the National Forest 
timber production activities which may have impact on bird habitats. Generally, 
those activities will be a complex composite of timber harvesting (logging), 
regeneration, and cultural treatments of varying intensities, frequencies, 
durations, and distribution. 

Timber harvesting normally consists of regeneration and stand improvement 
(thinning, release, and sanitation or salvage) cutting. Of the regeneration 
cuts, only selection, seed tree, and shelterwood cuts involve partial cutting, 
and those cuts, at least the initial entries, remove trees of various sizes and 
ages from the timber stand. Clearcutting and group selection normally remove 
all the trees from areas ranging from less than an acre to several acres. 
Thinning, release, and sanitation or salvage cuts are all partial cuts removing 
dominant, co-dominant, or even understory trees from the stand. The frequerrcy 
of the cuts and the number of trees removed are dependent on stand density and 
condition class, site productivity, silvical requirements of the tree species 
involved, rotation, and specific timber resource management objectives none of 
which can be treated as a wholly independent factor. 

Within the concept of multiple use, National Forest lands have been 
variously classified or labeled. One of these classifications is commercial 
forest land. Most timber harvesting will take place on lands under this 
classification. It is helpful to look at the proportion of commercial to the 
whole of the National Forest land area. 

TABLE I.--Land classification in western National Forests.];/ 

Commercial Non-commer-cial Deferred or Total 
Region Forest Land & Non-Forest Reserved NFS 

Northern 12,836 6,968 4,053 23,857 

Rocky 
Mountain 10,089 7,501 2,212 19,802 

South-
western 5,504 14' 191 772 20,467 

Inter-
mountain 9,500 18,826 2,650 30,976 

Pacific 
Southwest 7,858 10,805 773 19,436 

Pacific 
Northwest];_/ 20,432 19,041 3,958 43,431 

TOTALS 66,219 77,332 14,418 157,969 

!/Figures reflect impact of the Administration's RARE II recommendations and 
resource conditions as of January 1, 1980. Commercial forest land acreages 
differ from totals in Table 3 with earlier source data. 

~/Includes Alaska (R-10). 
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For that portion of the National Forest System considered to be commercial 
forest land, we can look at the future vegetative methods. Assuming no changes in 
that base over the next 20 years, the approximate area to be cut over annually is 
estimated to be 116,000 acres of clearcutting, 578,000 acres of shelterwood and seed 
tree cuts, 91,000 acres of selection cutting, and 819,000 acres of intermediate and 
salvage cuts. Expressed in percentages of total forest land, 112,446,000 acres, this 
means that annually approximately 0.10 percent will be clearcut, 0.58 percent will 
receive shelterwood or seed tree cuts, 0.08 percent will be selection cut, and 0.73 
percent will receive an intermediate or salvage cut.3/ These figures represent some 
significant changes from the area reported to have b;en cut over in 1977 - 112,000 
acres of clearcutting, 457,000 acres of shelterwood and seed tree cuts, 82,000 acres 
of selection cutting, and 1,034,000 acres of salvage and intermediate cuts (Table 
2).!!._/ 

TABLE 2.--Estimated annual area harvested by the year 2000 by Region and by 
cutting method. Acres reported for FY 1977 are in parentheses. 

METHOD OF CUTTING 
Region Shelterwood Inter-

Northern 

Rocky 
Mtn. 

South
western 

Inter
Mtn. 

Pacific 
SW 

Pacific 
NW 

Totals 

:Clearcut: Seed Cut:Prep-Removal :Selection: mediate 

20 
(12.1) 

7 
( 4. 3) 

6 
(.4) 

10 
(5.2) 

28 
(19.6) 

45 
(70.5) 

30 
(18.9) 

25 
(25.1) 

14 
(12.0) 

9 
(.9) 

30 
(21.0) 

75 
(63.5) 

116 183 
(112.1) (141.4) 

(Thousands of Acres) 

45 
(26.5) 

so 

52 
(67.6) 

24 
(16.2) 

74 
(52.2) 

150 
(153.1) 

395 
(315.6) 

20 
(20.3) 

14 
(7. 1) 

33 
(31.9) 

20 
(22.8) 

4 
(.3) 

91 
(82.4) 

10 
(7. 9) 

125 
(123.7) 

180 
(30.2) 

7 
(4.5) 

so 
(52.1) 

40 
(61.6) 

412 
(280.0) 

Total 
All 

Salvage Methods 

10 
(5.8) 

15 
(16.8) 

18 
(24.2) 

14 
(24.9) 

100 
(164.6) 

250 
(517.6) 

407 
(753.9) 

135 
(91.5) 

222 
(169.9) 

284 
(141.5) 

97 
(83.6) 

302 
(332.2) 

564 
(866.6) 

1,604 
(1,685.4) 

3/Completion of the first round of land management plans for all National 
Forests by 1983 will obviously have some effect on the lands classified for timb.er 
production and on local timber production goals. 
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As National Forest land management planning progresses under the recently 
established National Forest Management Act (NFMA) guidelines, a more precise 
determination will be made of the commercial forest land in each forest type by stand 
condition and productivity class. From that information, plans will be made for 
managing the timber resource to meet the production goals established for each 
National Forest, including identification of the timber stands to be harvested in 
each type and size class during the ensuing period(s)(Table 3). Obviously, most of 
the timber harvested during the next 20 or 30 years will come from regeneration cuts 
in the old growth and other mature stands. As all the timber producing lands are 
brought under management (regulation), a larger proportion of the volume harvested 
will come from second growth stands and intermediate cuts with a corresponding 
increase in the area cutover in the younger age classes. 

TABLE 3.--Commercial forest land by size class in Western National Forests. 

Section 

Pacific 
Northwest 

Pacific 
Southwest 

Northern 
Rocky Mt. 

Southern 
Rocky Mt. 

All 
Sections 

Sawtimber 

17,833.8 

6,367.0 

13,851.5 

10,025.7 

48,078.0 

: Seedlings & : 
Poletimber Saplings Non-stocked Total 

(Thousands of Acres)!/ 

2,944.1 2,087.6 462.2 23,327.7 

993.0 491.0 317.0 8,168.0 

4,639.3 2,269.1 552.3 21,312.2 

2,638.5 1,143.5 1,316.0 15,123.7 

11,214.9 5,991.2 2,647.5 67,931.6 

1/ U.S. Department of Agriculture, Forest Service. Forest Statistics of the 
u.s., 1977(Review Draft). Washington, D.C. 

~/All figures rounded to nearest 1000 acres. Possibility of some duplication 
because of definition and methods for reporting field data should not affect the 
overall acreage spread between methods of cutting. 
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Far more important, from the standpoint of bird habitats, is the need to 
recognize that the regulation and intensive management required to meet timber 
needs from this land base means sustained long-term application of a set of 
sequential vegetation treatments to most of the area. The only exceptions or 
interruptions are likely to be those occasioned by fire, windstorm, and insects 
or diseases and by changes in management objectives for the lands involved. 

Within the set of treatments which constitute the management system for a 
type or stand, the regeneration cuts probably pose the single greatest 
potential for changing bird habitats. At the same time, the regeneration cuts 
usually produce the most timber per unit of area cut over, although, as 
indicated earlier, a larger portion of the total timber volume harvested from 
the National Forests will come from intermediate cuts. 

Recognizing again that management objectives change and that land use 
planning will generate such changes or be responsive to them, it may be appro
priate to make a general statement of the scope or range of regeneration 
cutting practices in the years to come. In the western Regions, clearcutting 
will be used in Englemann spruce, true firs, lodgepole pine, ponderosa pine and 
Douglas-fir. Shelterwood cuts will be used in Englemann spruce, ponderosa 
pine, Douglas-fir, and mixed conifers. Selection cutting will be used largely 
in stands in the special management component and some spruce-fir stands. In 
all Regions, local conditions and management objectives may require the use of 
either method of cutting in certain areas or stands. 

Concurrently or following the regeneration cuts, slash treatment and site 
preparation treatments will be needed and applied on most if not all of the 
cut-over areas. Later, at intervals ranging from 3 to 5 years to intervals, in 
some situations, of 30 to 40 years, treatments will be needed to release crop 
trees from competing vegetation and to control stocking levels. These 
treatments will utilize a wide range of hand, mechanical, and chemical methods 
or practices which leave the treated material in place, as in chemical spraying 
and precommercial thinning, or remove all or part of it as in yarding 
unutilized material, commercial thinnings, and salvage or sanitation 
cuts. 

Another point, that I believe to be critical, is that silvicultural 
systems can be modified or adapted to accomplish certain timber and non-timber 
resource (multiple use) objectives. In meeting specified management objectives 
however, those modifications must be compatible with the silvical and other 
characteristics of the tree and associated plant species. Forced modification 
or adaptation for a non-timber purpose may well result in unexpected and 
unwanted changes in the composition and condition of the plant species in the 
area with a concomitant change in the bird habitat. 

The foregoing is a summation of supply and demand, silvicult'ure, and 
multiple use consideration. These factors have been a part of planning and 
management for several years. Now, there is a new element about to become a 
part of the National Forest decisionmaking process. The National Forest 
Management Act, Section 6, reqires an economic evaluation of management alter
natives. The law does not require selection of a management strategy that 
maximizes present net worth or has the highest benefit/cost ratio. It does 
require that in the planning process each management proposal be accompanied by 
a "price tag." This new economic dimension will be another factor in arriving 
at a selected management strategy. Intuitive decisions, if they ever were a 
part of forest planning, will be replaced by full disclosure of biological, 
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environmental, social, and economic factors. As this process relates to 
non-game birds, the forest planners must deal with the questions of how many, 
what kind, on what area, for what purpose, and at what cost. 

Our management challenge is enhancement of the prospects for bird habitats 
on these lands without adversely affecting our ability to supply the nation's 
consumptive wood needs. A necessary and urgent step in this direction is 
establishment of bird species, population, and distribution management objectives 
that are reasonable and supported by good benefit/cost analyses, accurate 
population and habitat inventories, and description of the life-cycle habitat 
requirements essential to the perpetuation of the respective species. Until that 
is done, the impacts on western bird habitats of meeting the nation's timber 
needs cannot be adequately assessed. 

The National Forests as public property are managed for multiple use under 
numerous laws and regulations. The Administration, the Congress, and the public 
have a large influence on our management choices. In the end, it is up to Forest 
Service professional resource managers to use all the available guidance and 
direction and make the appropriate choices between resource demands. Some of our 
public will prefer more boards than birds; others will desire a totally natural 
forest. Since God created man as a part of nature, it seems in order that we 
direct resource decisions to the benefit of humans. The result will be a 
compromise and we call this multiple use. 
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BIRD MANAGEMENT - EFFECTS ON TIMBER MANAGEMENT 

Ted C. Stubblefield 

Timber Staff Officer 
USDA Forest Service, Pacific Northwest Region 

Siskiyou National Forest 

ABSTRACT 

Proper analysis of the reciprocal effects of bird management 
and timber management requires a basic understanding of the 
individual resource complexities and acknowledgement of in
dividual resource values. Effects should be estimated over 
time and on a site-specific basis to adequately reflect a most 
probable measure of their impact. In timber sale project 
planning, the timeliness of this input to the analysis process 
is generally critical to the quality of the end product. 

The birds identified on the Threatened and Endangered Species List (U.S. Fish 
and Wildlife Service 1976) did not achieve that distinction solely on their own 
merits. The thrust of development, and in particular, associated vegetation 
management manipulations, bears a heavy contributing responsibility and is a very 
important fulcrum to retarding the growth of species extinction. The issue before 
us of the effects of bird management upon timber management is not so much one of 
not knowing what to do, as it is one of knowing when, and how ,to achieve it. The 
challenge of the wildlife biologist and the forester is a highly professional one, 
requiring discipline, sophistication, objectivity, determination, excellent verbal 
and written communication skills, and good managerial style. The failure to 
possess these key ingredients will most assuredly hamper successful integration of 
wildlife and timber resource objectives in meeting the given management objectives. 

To successfully approach this subject, we need to reflect on the clarity of 
our direction, gain a common understanding of the timber management activities 
potentially affected, introspect bird management needs, and identify where best to 
integrate resource information and skills in recognition of effect probabilities. 

Direction 

American wildlife legislation, with emphasis particularly on birds, has a long 
history, dating back to the early part of the 1800's when the first law was passed to 
protect birds on a seasonal basis (Cruickshank and Cruickshank 1958). Since thattime 
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there have been many laws designed to provide protection, enhancement, or mitigation 
measures for plant and animal species. A few of these laws that have been highly 
instrumental in redirecting resource management planning are: 

National Environmental Policy Act of 1969 (NEPA) 
Environmental Quality Improvement Act of 1970 
Endangered Species Act of 1973 
Forest and Rangeland Renewable Resources Planning Act of 1973 

(RPA) 
National Forest Management Act of 1976 (NFMA) 
Federal Land Policy and Management Act of 1976 

(U.S. Laws, Statutes, etc. 1973, 
and USDA Forest Service 1978) 

These laws, their regulations, and agency policy that followed, all contributed in 
shaping our current direction in resource management. They are important to be 
aware of and pertinent to this subject, because from them we derive a true perspec
tive of our situation today. As an example, NEPA requires all Federal Government 
agencies to " ••• utilize a systematic, interdisciplinary approach which will insure 
the integrated use of the natural and social sciences and the environmental design 
arts in planning and in decisionmaking which may have an impact on man's environ
ment; ... " (ibid). This was most likely the first legislation of its kind, direct
ing the use of an interdisciplinary* analysis approach in forest planning. Tradi
tional planning techniques up to this point, commonly utilized a multidisciplinary 
approach in project planning. But perhaps the most important piece of legislation 
in forest management history is the National Forest Management Act of 1976. This 
statute, most commonly referred to as "NFMA," provided much new direction in many 
facets of resource management, with some passages being very specific concerning 
wildlife and timber management, as illustrated by the following: 

... (A) insure consideration of the economic and environmental aspects 
of various systems of renewable resource management, including the 
related systems of silviculture and protection of forest resources, to 
provide for outdoor recreation (including wilderness), range, timber, 
watershed, wildlife, and fish; 

(B) provide for diversity of plant and animal communities based on the 
suitability and capability of the specific land area in order to meet 
overall multiple-use objectives, ••. ; (NFMA, Sec. 6(g)(2)(A-B)) 

and in reference to even-aged management, " ... such cuts are carried out in a manner 
consistent with the protection of soil, watershed, fish, wildlife, recreation, and 
esthetic resources, and the regeneration of the timber resource." (NFMA, Sec. 
6(g)(2)(F)) So, by law, national forest direction to not only protect, but to 
provide for multiple resource values is quite clear. The challenge then in project 
planning is to identify resource-integrated solutions to site specific vegetation 
management proposals that not only address the unique resource values present, but 
also meet the management objectives for the area. 

*All italics used in this paper attributed to author. 

303 



Timber Management Activities 

As very simply stated by David Smith (1973) concerning forest fauna, " .•• Animal 
populations are ultimately controlled by the vegetation on which they most directly 
or indirectly feed." Disregarding for the moment unplanned events, such as wild
fires, storms, and floods, there are basically four primary activities that disturb 
habitat or rearrange vegetation in timber management: the application of silvicul
tural systems, the application of logging methods, transportation system develop
ment, and forest fuel management. 

The choice of siZviauZturaZ system, or combination thereof, plays perhaps the 
most critical role in determining effects upon both bird and timber management, 
and, ultimately, resource yields. In the planning process, interdisciplinary team 
members need to be mutually cognizant of the potential degree or intens.ity of 
impact upon the various resources by alternative choices in silviculture method
ology. For instance, in the choice of a salvage type cut in a stand, one needs to 
be aware that generally this implies the removal of dead or critically injured 
trees, as well as the utilization of sound material in down logs, unless specifi
cally excluded by timber sale contract terminology. And in the choice of a sanita
tion cut, this can mean removal of not only dead, down, and critically injured 
trees, but also trees of unusually high risk due to insects or disease, or perhaps 
inability to sustain a net growth increment. In the use of seZeation as the method 
of stand treatment, the common objective is to remove mature trees, usually singly, 
in order to maintain a stand of many age classes indefinitely. The shelterwood 
system is the removal of mature trees in a relatively short period, in a series of 
cuttings, leading to natural or in combination with artificial regeneration of a 
new even-aged stand. With alearautting, the objective is to remove the entire 
stand in one treatment. The latter method is prescribed for many different reasons, 
such as when: overall stand decadence is high; indigenous species tolerance is 
low; the economics of acceptable harvest methods are critical; the objective is 
even-aged management; it is needed to maintain commercial species site dominance; 
and when combinations of the above will produce other desired management results. 
The effect from each selected silvicultural system is not only related to the 
general objective of the cutting method, but perhaps more importantly, to the site
specific prescription given to a particular stand, combination of stands, or 
portions thereof. 

In collecting information leading to the silviculture prescription, a stand 
examination is usually conducted, which often yields the following types of infor
mation: Ecoclass; site index; trees per acre; basal area per acre; potential crop 
trees; excess trees; percent stocking by tree class; gross volume per acre; stand 
age for crop trees; number of trees and gross volume per acre by DBH class, species, 
and tree class; average DBH by total stand and selected stand parts; individual 
tree characteristics record; stand decadence (general health, insect, and disease 
situation); and growth characteristics (stand and individuals). In addition, other 
data is gathered to fit the needs of the vegetation characteristics unique to the 
area being analyzed, and as necessary to properly prescribe stand treatment. 

As appropriate as the silviculture prescription may appear, the results of the 
logging method selected may deny, or be the very mechanism that assures resource 
objective achievement. Through rapidly increasing technology, logging systems are 
available in many various potentials and economic comparisons. Ground systems 
include the conventional crawler tractor, the more recently developed low~ground 
pressure track layer, and the horse team. Perhaps the most rapidly expanding 
methods used in many parts of the western United States are facets of skyline 
logging, which are a segment of cable systems. In cable logging, many alternatives 
are available for consideration, such as: swing and fixed boom yarders; different 
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yarder strengths and capacities; multiple spar heights; carriage systems that 
provide lateral yarding up to several hundred feet; ground lead systems; config
urations yielding one-end and full log suspension; yarding distances of several 
hundred feet to over one mile; intermediate slope supports, commonly referred to as 
a "multi-span" system; and many other options and combinations of the above methods. 
In aerial methods of log removal, there are: helicopters, which come in various 
lifting capabilities and yarding costs; balloons, which realize limited use to 
date, but are economically feasible; and currently on the drafting board horizon is 
the "helistat," which is a combination of helicopters and air-bag, producing still 
greater lifting capabilities. This brief encounter with logging methods is simply 
to provide you with a land manager's perspective of the available alternatives. It 
is important to recognize that a wide range of variances in systems application can 
be implemented in any given situation or for site-specific needs. 

Intrinsic to the planning and ultimate selection of the most suitable mix of 
logging systems is the analysis adequacy for transportation system development. 
While many options are available in determining standards for most roading situa
tions, the options for road location can be highly limited. Several basic roading 
premises need clarification. The distance from the transportation system to the 
total available commercial timber resource is one of the critical limiting factors 
in availability of logging system alternatives. Generally speaking, the greater 
the distance between the road and the designated timber, the fewer are the 
logging systems capable of removing the timber while still meeting other resource 
objectives. Another important concern in this relationship is that greater yarding 
distances most normally indicate greater costs per volume removed, need for greater 
cable-holding capacities, which with conventional systemsll, means larger equip
ment, and in turn, that often requires slightly wider roads with somewhat less 
curvature. Thorough transportation analysis is synonymous with logging system 
analysis adequacy. 

The fourth of our major vegetation rearrangement activities upon which we need 
to perpend is forest fuel management. Taken in regard to a timber sale, fuel 
management can be shaded fuel breaks, prescribed burning, piling and burning wood 
residues, chipping of slash, lopping and scattering slash, yarding unutilized 
material to decking sites, hazard isolation with fireline construction, felling of 
snags, crushing brush and slash, windrowing logging debris, debris burial, or 
complete removal, to name but a few of the many methods of treating forest fuels. 
In response to energy conservation, more and more opportunities are being pursued 
in fuel wood utilization, as opposed to disposal. In some parts of the country, 
this demand for fuel wood has more than tripled in the past few years. The term 
"biomass" may soon become a household word. Other considerations with fuel manage
ment, not unlike logging systems, are the instruments of achieving fuel treatment 
in relation to their effect. Some of these tools are: tractors, cable systems, 
helicopters, handwork, and combinations of these methods, each with a different 
cost and effect. 

Bird Management Characteristics 

Two excellent works that pursue wildlife habitat and their relationships with 
other resources to great extent are "Wildlife Habitats in Managed Forests, in the 
Blue Mountains of Oregon and Washington" (U.S. Department of Agriculture 1979) and 
a draft program on "Wildlife-Habitat Relationships" (U.S. Forest Service 1979). 

1/ -The European Wyssen system is at least one exception to this. 
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Before delving into effects per se, let us develop a short, simplified reflec
tion on bird characteristics and habitat needs. In the study of wildlife, particu
larly birds, many key terms surface, such as niche, territory, life forms, voice
printing, emphasis species, associations, cavity-nesters, diversity, edge effect, 
seral stage, spatial arrangement, and relationships, to name but a very few. From 
our earlier review of the National Forest Management Act, we know that suitable 
habitat diversity must be provided in forest management. From the studies men
tioned above and others, we know that habitat diversity is vital to certain species' 
existence and their population levels; that seral stage needs by species, over 
time, must be determined early in planning to be effective; that certain habitat 
manipulations, while favoring one or more species, can be detrimental to others; 
that species are particularly suited to a unique niche (Hansen 1962); that species 
richness is generally a factor of edges; that species are highly territorial . 
(Welty 1962); that habitat spatial arrangement (vertical, horizontal, and time) 
are unique needs by species; that riparian zones are one of the richest in terms of 
species diversity, and are of the most sensitive to alteration; that primary 
cavity-nesters provide much habitat for other birds as well as themselves over 
multi-year periods; that cavity-nesters, as a whole, play an important role in 
checking the natural populations of forest insects (McQuire 1979); and that such 
new techniques as "voiceprinting" (Wood 1979) may help us further identify not 
only the species present in the forest environment, but also their particular needs 
in terms of survival. 

On the subject of primary and secondary cavity-nesters, perhaps it is best 
said by Lou Armijo (1979): 

"The master homebuilder of the woods is the woodpecker, whose joy, 
especially at mating time, is drilling neat, round holes in dead trees • 
.••.• Once a pair (of primary cavity-nesters) has selected its home, the 
holes left unused are free for the taking by less hard-nosed birds that 
cannot drill for themselves. Such species are the secondary cavity
nesters, ..•.• or as referred to by others, the cavity-dwellers." 

The aerial population of the forest can and most undoubtedly will be just as 
diverse as the ecosystem in which it prevails. 

Effects 

In analyzing the effects, or consequences, of integrated national forest bird 
and timber management, one must recall the direction by law and be aware of the 
policy as stated in the Forest Service Manual (FSM 2405.14, January 1975, Amendment 
89), which states, under Wildlife and Timber Management Coordinating Instructions: 
"A major objective is to identify, early in the planning process, areas where the 
order of timber management must be tempered for wildlife habitat requirements." A 
great deal can happen to alter a habitat significantly, both positively and nega
tively, in a relatively short period of time. We will not attempt here to deal 
with quantitative timber yield prediction~/ as a result of bird habitat needs, but 
rather examine our management activities to identify some specific areas where 
"effect-relationships" exist. 

2: . ./For an existing analysis, reference "Impacts on Wood Production," by Herbert 
L. Wick and Paul R. Canutt, pages 148-161 (USDA 1979). 
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In silvicultural practices, we might consider the following: 

1. If initial stand examinations were made to be more 
responsive to identification of bird habitat requirements, or 
key indicators, unique habitat values might be more easily 
recognized and provided for in establishing resource objectives 
for a given project area. Computer assisted data sorting could 
facilitate key information display. The resulting effect could 
be protection or enhancement of threatened or emphasis species 
habitat by planned silviculture prescription inclusion. 

2. Timber stands to be treated are often identified by 
silviculturists in terms of priority for increasing growth 
opportunities. This is particularly true of old-growth stands 
with a high rate of decadence. By the injection of special 
habitat needs for an area into this identification process, a 
mix of stand priorities can be analyzed in the environmental 
assessment to develop a set of alternatives equally responsive 
to all resource objectives. In other words, the ar~a under 
consideration as a possible timber sale could be enlarged to 
include wildlife (bird) enhancement opportunities, and not 
necessarily to the detriment of timber objectives. 

3. In developing the silviculture treatment alternatives 
for a given mix of stands, suitable response can be given to 
sensitive or critical habitats when the essential habitat 
information is known and integrated early in the planning 
process. The silviculture prescription can identify desirable 
habitat leave trees, such as for cavity-nesters, raptors, shade 
producers over riparian zones, roosting, foliage density 
maintenance for cover, and other "pre-prescription" indicated 
needs that meet agreed-to resource and management objectives. 
When this information is not timely, not factual, nor of 
professional quality (supportable), then the effect is that the 
alternatives generated for vegetation rearrangement may be 
unresponsive to critical wildlife needs, and a key opportunity 
is forgone. In draft Forest Service Manual direction.(FSM 
2431.2, 11/79), such information is important to be aware of 
several years prior to the selling of a timber sale. Prefer
ably, this should occur before initiating the environmental 
analysis process, and it is highly desirable before proposing a 
project for the Timber Sale Program. 

Let there be no misunderstanding. Critical habitat 
information can be vitally important to protecting a threatened 
or endangered species, just as can sensitive habitat for 
emphasis species. But the impacts to the timber resource can 
also be highly significant. As a simplified example, let us 
review a recommendation "to provide a five chain (330 feet) 
radius inviolate 'buffer' around a nesting site." We will also 
say that this proposal is on commercial forest land with a site 
index of 110, in Douglas-fir type, averqging 31.4 ·MBF per acre, 
with an average stumpage value of $52711 per MBF. The impact 

1/Actual calculated average during 1979 on the Siskiyou National Forest, 
Pacific Northwest Region, for 10 sales and 60 MMBF. 
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of such a recommendation on the timber resource roughly cal
culates out to a 7.9 acre withdrawal of approximately 248 MBF 
at a "stumpage value" of $130,695. This only serves to point 
out the potential magnitude of our recommendations. If the 
wildlife species is adaptable, we may have other options, such 
as a less intensive silviculture prescription or deferred stand 
selection. Computer programs are readily available to deter
mine timber yield differences for a rotation period based on 
modified stand composition projections. These alternatives 
need careful exploration in an interdisciplinary fashion. 

What might be the effects of site preparation following logging 
in a sensitive habitat area? Are certain fuels, or sizes of 
material, or blocks of cover, decayed logs or snags, needed for 
certain species to exist that are incapable of site adaptation? 
The identification of these needs, their relative values in 
meeting resource objectives, all need integration early in 
planning. 

4. Commercial thinnings will most likely increase in 
future years to meet present timber yield predictions. What 
effect might this have on bird life? We must look beyond the 
initial timber entry to gain a true effect perspective, so that 
additional basal area reductions, crown cover losses, edge 
additions, spatial rearrangements, and ecosystem alterations 
are accounted for. General timber stand health will probably 
improve with vigor. Habitat mosaics of entire planning areas, 
or other areas of resource influence, need to be compiled to 
determine trend indicators so cumulative effects can be as
sessed. 

5. While not related to silviculture practices alone, a 
very important resource opportunity now exists as a result of 
the National Forest Management Act (U.S. Laws, Statutes, etc. 
1976, Sec. 18) which amended the Knutson-Vandenberg Act (U.S. 
Laws, Statutes, etc. 1930, 46 Stat. 527; 16 U.S.C. 576b) and 
thus provided for other than timber resource enhancement to 
occur. While the intent of protection and improvement of all 
renewable resources is quite clear, the Act specifically 
mentions "wildlife habitat management." The avenue for achiev
ing this direction is via the Sale Area Improvement (S.A.I.) 
Plan (Forest Service Manual 2470). Where the accomplishment of 
one resource objective is at the partial impact of another, 
mitigation work can be included in the S.A.I. Plan and funds 
collected from timber receipts to enhance or protect other 
resources. 

In the selection and application of logging systems, many variables can be 
anticipated and planned on to mitigate or create the desired effect on bird hab
itat. A few of the logging considerations in assessing effects are: the choice of 
logging system; the layout of the yarding corridors; the use of "rub trees" to 
minimize corridor width in cable shows; proper snag locations to meet safety 
requirements (USDA Forest Service 1979 b); wildlife tree protection; landing 
location; and the timing and duration of high noise level impacts. On national 
forest timber sales, special contract provisions and area restrictions can be 
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provided to meet required wildlife needs as determined in the environmental assess
ment. Restrictions on timing and duration of logging by areas is another option 
for sensitive species protection, such as during critical nesting or breeding 
periods. 

The effects from a transportation development standpoint are quite different 
in nature. Most are permanent impacts, not temporary like silviculture and logging 
systems. Vegetative cover is removed and will most generally remain so. Replace
ment vegetation does occur on fill slopes and cut banks, and depending on the 
vegetation species utilized for slope stabilization, a positive food and shelter 
effect can be derived and planned to occur. Another "effect option" is to close 
system roads following their initial use, by temporarily gating or other mea~s, 
thus allowing a disturbed area to "settle down" more quickly. The point of initial 
road alternative location analysis, early in the planning process, is a very 
important time for critical habitat input to occur. Opportunities generally exist 
during route reconnaissance to deviate or relocate to some extent, to avoid or 
mitigate the impact on essential wildlife habitat. And, again, timing and duration 
of actual construction activities is also a variable that, where essential, can be 
limited in the project contract. 

In fuel management activities, a high degree of impact can occur which poten
tially can have a very positive effect or a highly negative one. We should con
sider the case of snags, or dead trees, briefly. Snags are known to be used for 
protection, communications, observation posts, roosting, nesting, food storage, and 
resting by many forms of wildlife. They are, without a doubt, vital to many 
wildlife species, both in their upright and down positions. The objective in fuel 
management, very basically, is to maintain fuel loading in its condition prior to 
an activity, or return it to a point of moderate resistance to control. It is 
important to recognize that this objective can be attained by many different 
methods, and each location, each different fuel loading situation, can be mitigated 
with significantly different resource impacts. It is just as important to under
stand that proper bird management means integration of critical input at the 
beginning of both the fuels and silvicultural analyses. 

Summary 

Working for the attainment of wildlife and timber resource objectives must be 
initiated simultaneously if they are both to be achieved with an optimal degree of 
success. Most ideally, these objectives should be developed, expanded, imple
mented, and monitored together for full realization to occur. In case it has not 
been made clear to this point: project environmental assessment alternatives need 
to be manifested in an interdisciplinary fashion to achieve optimal ecosystem 
management. Without such integration, there exists a tendency to be reactionary, 
and objective accomplishment becomes a highly difficult target. "Credibility is 
the currency of a professional; when it becomes devalued, so too does the pro
fession (Glascock 1979)." 

In consideration of the predicted future increased demands for goods and 
services, we can anticipate an increase in intensive management practices. This 
needs to be reconciled objectively and professionally, if it is to be achieved. 
There will be a gradual tendency toward younger stand age classes throughout the 
forest, an increase in clearcutting (although smaller in size), an increase in 
shelterwood cuttings, and a decrease in salvage cutting overall. The opportunities 
are before us and we have the tools to deal with the issues. 
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CAVITY-NESTING BIRDS AND FOREST MANAGEMENT 

Virgil E. Scott, Jill A. Whelan, and Peggy L. Svoboda1 

ABSTRACT 

The characteristics of dead trees (snags) used by cavity-nesting 
birds were examined in three timber types (aspen, ponderosa pine, 
and the subalpine zone). The number of snags with holes varied 
from less than 10 per 10 acres in the subalpine zone on the Fraser 
Experimental Forest in Colorado to 26 per 10 acres in ponderosa 
pine in Arizona. Size and species of snags used by cavity-nesting 
birds were examined and are discussed. Some management problems 
and suggestions are also discussed. 

KEYWORDS: Snags, cavity-nesting birds, ponderosa pine, subalpine, 
aspen. 

Dead trees (snags) serve a variety of purposes other than providing nest sites 
and dens for many cavity-nesting birds and mammals. Snags are used by raptors and 
fly-catching birds for hunting, feeding, loafing, and roosting. Snags are favorite 
loafing perches for band-tailed pigeons (Columba fasciata), and some birds and mam
mals use them for food storage. Bats roost under the loosened bark of dead trees, 
and the insects living in the dead wood provide food for several woodpecker species. 

There are 85 species of cavity-nesting birds in North America (excluding Mexico) 
and 72 of them occur in the western United States. Cavity-nesting birds usually 
account for about 30 to 45 percent of the bird population in forested a_reas (Table 
1), but can account for as much as 66 percent (Snyder 1970, 1971, 1972, 1973). 
Cavity-nesting birds are primarily insectivorous and may play an important role in 
the control of forest insect pests (Thomas et al. 1975, Massey and Wygant 1973, 
Bruns 1960). In addition to their economic benefits they should be considered in 
management practices because they are a natural part of ecosystems (Ehrenfeld 1976). 

Woodpeckers (primary cavity-nesters) usually excavate new holes each year and 
some may excavate several holes for nesting and roosting. They usually excavate 
cavities in dead wood or in live trees where heart-rot (Fornes sp.) is present 
(McClelland and Frissel 1975). Old and unused woodpecker holes are used by other 
cavity-nesting birds (secondary cavity-nesters) that are unable to excavate their 
own holes. The secondary cavity-nesters include swallows, bluebirds, some owls, 

1 Wildlife Research Biologist and Biological Technicians, respectively, 
Department of the Interior, Fish and Wildlife Service, Denver Wildlife Research 
Center, Denver, Colorado, stationed at the Fort Collins, Colorado, Field Station. 
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Table 1. Numbers of pairs of breeding birds/100 ac and percent cavity-nesters by 
timber type in the Rocky Mountain region. 

Number Number Percent Cavity-
Forest type State of breeding cavity- nesting References 

species pairs nesters species 

Ponderosa pine Colorado 20 96 32 6 Hering 1948 
II 13 270 44 4 Hering 1973 

Arizona 33 176 46 18 Scott 1978 
II 23 105 *45 *6 Balda 1975 
II 20 56 *42 *6 Balda 1915 
II 31 108 *32 *9 Balda 1975 

Ponderosa pine- Colorado 11 184 66 6 Snyder 1970, 1971, 
oak 1972, 1973 

Ponderosa pine- Colorado 13 102 12 2 Snyder 1950 
Douglas fir 

II 28 93 40 13 Winternitz 1976 
Montana 20 198 7 4 Manuwal 1968 

Lodgepole pine Colorado 13 59 15 1 Snyder 1950 
Wyoming 8 18 19 1 Salt 1957 
Oregon 15 125 36 4 Gashwil er 1977 

Lodgepole pine Colorado 11 65 40 4 Kingery 1970, 
with aspen 1971, 1973 
Lodgepole pine Wyoming 14 105 31 3 Webster 1967 
with spruce 
Lodgepole pine- Wyoming 14 49 28 4 Salt 1957 
spruce-fir 

Colorado 27 178 23 8 Scott (Fraser) 
(disturbed) 25 156 21 8 

Lodgepole pine- Montana 10 180 0 0 Frissell 1973 
Douglas fir 
(disturbed) 
Lodgepole pine- Montana 20 184 10 3 Manuwal 1968 
larch-Douglas fir 

Pine-spruce-fir Oregon 14 131 7 2 Archie and Hudson 
(mixed conifer) 1973 

Arizona 48 350 37 20 Franzreb 1977 
II 32 169 41 15 Scott 1978 

Spruce-fir Colorado 12 94 13 2 Snyder 1950 
Wyoming 19 54 17 5 Salt 1957 
Utah 23 562 24 7 Burr 1969 

Aspen Wyoming 19 523 60 5 Salt 1957 
Colorado 23 279 17 9 Scott (Stoner ... 

study) 
Aspen (disturbed) 38 328 20 12 

* Secondary cavity-nesters only. 
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kestrels, flycatchers, wrens, and others. Chickadees and nuthatches usually use 
existing holes but are capable of making their own holes in very soft wood. 

In recent years land managers have recognized the need for managing forest 
lands for nongame wildlife and have become concerned with snag management for 
snag-dependent wildlife. There has also been an increased interest in utilization 
of dead wood, as evidenced by a symposium held in Spokane, Washington, May 22-24, 
1978, on 11 The dead softwood timber resource ... This increased interest in utiliza
tion of dead wood could cause even more conflicts in snag management. 

Some snag management suggestions have been made for the forests of western 
larch (Larix occidentalis) and Douglas-fir (Pseudotsu~a menziesii) in Montana 
(McClelland and Frissell 1975, McClelland et al. 1979 . Bull and Meslow (1977) 
reported on habitat requirements for the pileated woodpecker (Dryocopus pileatus) 
and made some management recommendations. Scott (1978) described characteristics 
of ponderosa pine snags used by cavity-nesters in Arizona and Scott et al. (1978) 
described the snags used in the subalpine zone in Colorado. In the present report 
we summarize the characteristics of snags used by cavity-nesting birds in three 
timber types: subalpine spruce-fir, ponderosa pine, and aspen. 

STUDY LOCATIONS AND METHODS 

Ponderosa Pine 

The Rasey Creek study area is 5 miles west of Greer, Arizona, on the Apache
Sitgreaves National Forest. Elevation is about 8500 ft. At the time of our study, 
ponderosa pine (Pinus ponderosa) was the dominant tree species, accounting for 83 
percent of the stand. Limber pine (Pinus flexilis), Douglas-fir, and quaking aspen 
(Pohulus tremuloides) made up the remaining 17 percent. All ponderosa pine snags 7 
inc es or greater dbh within the 124-acre study area were inventoried. Density of 
ponderosa pine snags averaged 4.7 snags per acre. 

Subalpine Spruce-Fir 

This area was in the Fraser Experimental Forest, 5 miles southwest of Fraser, 
Colorado. Elevation was about 10,000 ft. Engelmann spruce (Picea engelmannii) and 
subalpine fir {Abies lasiocarpa) were the dominant tree species in valleys and on 
north-facing slopes; lodgepole pine (Pinus contorta) dominated southern exposures 
and ridges. All spruce, fir, and pine snags 4 inches dbh or greater on the two 
control plots (total 40 acres) and the two treatment plots (total 45 acres) were 
inventoried. Snag density was 17.7 snags per acre. Additional nest tree informa
tion was collected outside the study plots. 

Aspen 

This study area was on Stoner Mesa, 10 miles northeast of Stoner, Colorado, on 
the San Juan National Forest. Elevation was about 9500 ft. Quaking aspen was the 
dominant tree species; some ponderosa pine, Engelmann spruce, subalpine fir, and 
Douglas-fir were also present. All aspen snags 4 inches or greater dbh within the 
two control plots (total, 34.5 acres) were inventoried. Snag density averaged 13.8 
snags per acre. Additional information on snags with holes was collected on areas 
outside these control plots. 

Methods 

Information collected on snags and on live trees with holes indicating bird use 
included: tree species, tree height, dbh, tree exposure, percentage bark retention, 
tree condition (live or dead}, top condition (broken or intact), relative size of 
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branches, and condition of whitewood (rotten or solid). The presence or absence of 
conks on aspen snags was also noted. Other information recorded were the number of 
cavities present in each snag, height of the nest hole, cavity exposure, cavity 
type (i.e., woodpecker-made, fire scars, decayed knothole), and bird species using 
cavity, if known. Only those cavities that appeared to be nest holes were counted. 

CHARACTERISTICS OF NEST TREES 

Ponderosa Pine 

Ninety-six active nest cavities of 14 species of birds were found on the 
ponderosa pine study area. Seventy-three were found in ponderosa pine (63 in 
snags, 9 in dead tops, and 1 in dead wood from lightning strike). Bird species 
included American kestrel (Falco sparvarius), saw-whet owl (Aegolius acadicus}, 
coiTVllon flicker (Colaptes aura.ti:JS), Williamson•s sapsucker (Sphyrapicus thyroideus), 
hairy woodpecker (Picoides villosus), northern three-toed woodpecker (Picoides 
tridactylus), violet-green swallow (Tachycineta thalassina), mountain chickadee 
(Parus gambeli), white-breasted nuthatch (Sitta carol1nensis), pygmy nuthatch 
(Sitta pygmaea), brown creeper (Certhia familiaris), house wren (Troslodytes 
a~, western bluebird (Sialia mex1cana), and mountain bluebird (S1al1a 
eufrUcoides). Some nests of all species except hairy woodpecker and Williamson•s 
sapsucker were found in ponderosa pine snags. Nests of additional species of birds 
found nesting in ponderosa pine snags off the study area were purple martin (Progne 
subis), and acorn woodpecker (Melanerpes formicivorus). Pygmy owls (Glaucidium 
anoma), downy woodpeckers (Picoides pubescens), and western flycatchers (Empidonax 

cilus) were also observed on the study area but nests were not located. ----
Three characteristics of ponderosa pine snags appeared important to birds in 

nest selection (Scott 1978): diameter of snag, percentage of bark present (table 
2) and the length of time that' snags had been dead. Sixty-two percent of the 424 
snags dead more than 5 years had holes indicating bird use compared with 12 percent 
of 228 snags dead 5 years or less. Snags less than 19 inches dbh were used less 
frequently than larger snags (Fig. 1), and the larger snags also had more holes per 
snag than the smaller ones. The mean height of snags in which nests were found was 
64 feet and the average dbh was 23 inches. An additional 41 ponderosa pine 
snags used by cavity-nesting birds off the study area averaged 61 feet tall and 23 
inches dbh~ Only 4 of the 114 nests were found in snags smaller than 15 inches dbh 
and only 23 were smaller than 18 inches dbh. 

Birds made greatest use of snags that retained more than 40 percent of their 
bark. The bark retains moisture in the whitewood and probably improves conditions 
for those birds that make their own holes. Many of the holes in 11 hard 11 snags 
(without bark) were probably made before the bark was lost. Snags used by primary 
cavity-nesters averaged 90 percent bark cover (range 60 to 100) and averaged 76 
percent for secondary cavity-nesters (range 20 to 100). 

Subalpine Spruce-Fir 

A total of 1,728 lodgepole pine, subalpine fir, and Engelmann spruce were sur
veyed for cavity-nesting bird use on the Fraser Experimental Forest in Colorado. 
The greatest bird use, as measured by the presence of excavated holes, was in dead 
trees with broken tops and with a dbh greater than 11 inches. In live trees, holes 
were usually made in dead tops or in scars. 

Nests of common flickers, Williamson•s sapsuckers, yellow-bellied sapsuckers 
(Sphyrapicus varius), and mountain chickadees were found on the study area. Other 
cavity-nesting birds present during the breeding season included: western fly
catcher, red-breasted nuthatch (Sitta canadensis), hairy woodpecker, brown creeper, 
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pole pine snags by cavity
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northern three-toed woodpecker, white-breasted nuthatch, black-capped chickadee 
(Parus atricapillus), and house wren. 

Lodgepole pine snags had fewer than 1 percent use in the 4- to 11-inch diameter 
class, although 86 percent of the snags were in that class (Fig. 2). Eight percent 
of the snags with a dbh greater than 11 inches had been used. The diameter for 
snags used by birds averaged 13 inches (range 7-17). 
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Table 2. Presence of nest or roost holes in ponderosa pine snags that had been 
dead 6 or more years by dbh size classes and percentage bark retention. 

Tree size class Percent bark retention 
(inches dbh) 0-20 21-40 41-60 61-80 81-100 Total 

7-14 
No. ex ami ned 9 5 4 4 25 47 
% with holes 22 60 25 75 32 36 
Holes/used snag 1.0 2.3 3.0 2.7 3.1 2.7 

15-18 
No. ex ami ned 18 10 16 14 45 io3 
% with holes 39 50 50 57 49 49 
Holes/used snag 2.0 2.2 2.3 3.5 3.0 2.7 

19-22 
No. ex ami ned 25 2 25 11 25 88 
% with holes 68 100 68 91 72 73 
Holes/used snag 2.4 2.0 3.3 4.4 5.2 3.7 

23-26 
No. ex ami ned 23 8 31 18 9 89 
% with holes 52 38 84 78 78 70 
Holes/used snag 2.6 4.0 4.1 4.8 4.0 3.9 

27-30 
No. ex ami ned 12 9 16 11 10 58 
% with holes 58 67 88 64 80 72 
Holes/used snag 3.6 5.5 4.3 5.9 6.1 5.0 

31+ 
No. examined 9 4 12 5 9 39 
% with holes 56 100 67 60 78 69 
Holes/used snag 3.6 5.5 3.0 3.0 5.1 4.0 

Total 
No. examined 96 38 104 63 123 424 
% with holes 52 61 71 71 57 62 
Holes/used snag 2.6 3.9 3.6 4.4 4.2 3.7 

The characteristics of subalpine fir snags were similar to the lodgepole. Most 
(84 percent) of the fir snags available were in the 4- to 11-inch dbh class (Fig. 3) 
and only 1 percent were used by cavity-nesters. Eight percent of the snags larger 
than 11 inches dbh were used, especially those snags in the 16- to 19-inch and 20-
to 23-inch classes. The used fir snags averaged 14.6 inches dbh (range 10-21). 

Spruce snags were generally larger than lodgepole or fir. Forty-four percent 
of the spruce snags were in the 4- to 11-inch diameter class (Fig. 4) and only 2 
percent were used by cavity nesters. Eighteen percent of the snags larger than 11 
inches dbh contained cavities. Spruce snags with holes averaged 18.6 inches (range 
10.3-32.9) dbh. Spruce trees seemed to be preferred by cavity-nesters. Only 13 
percent of all the snags were spruce but 43 percent of those snags with holes were 
spruce. 
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Snags with broken tops of all three tree species were used more than snags with 
intact tops. Used snags had broken tops in 13 of 22 lodgepole pines, 10 of 10 firs, 
and 17 of 24 spruce trees. Three of nine live lodgepoles and both of the live 
spruce trees containing cavities had broken tops. 

Cavities were found in nine live lodgepole pines and two live spruce trees. 
All but one of the trees had a hole located either in a dead top or scar. One nest 
was in the live wood of a broken-top lodgepole pine. The average dbh of the live 
lodgepoles was 13.9 inches (range 9.3-17.3), and the live spruce diameters were 
13.9 and 20.0 inches. 

Aspen 

A total of 104 active nests of 12 species of cavity-nesting birds were. found on 
the aspen study area. Nests were nearly equally divided between aspen snags and 
live trees. The active nests were being used by the following bird species: common 
flicker, downy woodpecker, hairy woodpecker, house wren, mountain bluebird, mountain 
chickadee, purple martin, tree swallow (Iridioprocne bicolor), violet-green 
swallow, western bluebird, western flycatcher, and yellow-bellied sapsucker. Other 
cavity-nesting birds observed during breeding surveys included: black-capped chick
adee, red-breasted nuthatch, white-breasted nuthatch, and brown creeper. In addi
tion, two birds not considered cavity-nesters, hermit thrush (Catharus guttatus) 
and yellow-rumped warbler (Dendroica coronata), were found nesting in snags. The 
hermit thrush nest was in the top of a broken snag and the warbler nest was behind 
the loose bark of an aspen. 

Snags used by cavity-nesting birds averaged 50 feet tall (range 8-85) and 16 
inches dbh (range 5-25). Nearly 60 percent of the snags on the study area were in 
the 4- to 7-inch dbh class but less than 1 percent had holes present (Fig. 5). 
Generally birds selected snags and live trees larger than 11 inches dbh for nest 
sites. Nest heights ranged from 2 to 60 feet above ground and averaged 24.4 feet. 
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The types of cavities used included 
holes made by primary cavity-nesters (70 
percent), holes in bark scars (mostly 
fire scars) (22 percent), cavities in 
branch knotholes (5 percent), cavities 
formed by loose bark (2 percent), and 
cavities inside the tops of broken snags 
( 2 percent). 

There was not a preference for aspen 
snags with broken tops as there was for 
lodgepole pine, spruce, and fir. Broken 
tops were important for the pine and fir 
because they permitted heart rot fungi 
(Fornes spp.) to enter the wood, thus 
softening it for use by cavity-nesting 
birds. Because aspen has thin bark, 
relatively minor wounds permit the 
entrance of disease organisms into the 
wood (Anderson et al. 1977). Apparently, 
broken tops are not a significant factor 
in themselves for selection of aspen 
trees by birds, but disease seemed to be 
an important factor. Crockett and Hadow 
(1975) found that in Rocky Mountain 
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National Park, sapsuckers were attracted to Fornes infected trees. The authors 
believed that the presence of shelf fungus may have provided these birds with 
visual cues. Fifty-two percent of the aspen snags used for cavity nests on Stoner 
Mesa had fruiting conks indicating the presence of heart rot but only 2 percent of 
the unused snags sampled had conks. 

Exposure 

Other characteristics of snags which were examined but not found to be 
significant in tree selection by cavity-nesting birds include tree height, bark 
retention, branch condition. We did not find that tree exposure was important in 
nest selection, but previous studies indicated that birds tend to choose cavities 
with southern exposures. Lawrence (1966), studying woodpeckers in Ontario, found 
that 54 percent of the cavities faced southward, 43 percent eastward, 22 percent 
westward, and 10 percent northward (Southward includes nests with S, SE, and SW 
exposures, East= E, NE, SE, etc.). In a Colorado aspen forest, Inouye (1976) 
found the mean orientation of flicker and sapsucker nests to be almost due south. 
Crockett and Hadow (1975) in Colorado and Wyoming forests, found sapsucker nest 
holes facing mostly south (58 percent). 

At Stoner Mesa, woodpeckers selected holes nonrandomly, but the results dif
fered from those found in the above studies. Of 14 active woodpecker nests, 50 
percent faced northward, 43 percent westward, 29 percent southward, and 14 percent 
eastward. Fifty-one of the active secondary cavity-nester~· nests were in holes 
made by woodpeckers. Fifty-one percent of these nests were oriented southward, 33 
percent westward, 32 percent northward, and 18 percent eastward. Woodpeckers often 
excavate several cavities each year before settling on one for a nest and generally 
excavate new holes each year. Therefore, an excess of cavities is available for 
secondary cavity nesters. For all excavated cavities, whether active or not, 
exposures were 51 percent southward, 41 percent westward, 34 percent northward, and 
17 percent eastward. The orientation of cavities used by secondary cavity-nesters 
did not seem to vary from what was available. 

In the Arizona study, active nests in both ponderosa pine and aspen showed 42 
percent oriented south and 37 percent eastward. The woodpeckers chose 39 percent 
northward-facing holes, 35 percent southward, 35 percent westward, and 27 percent 
eastward. The secondary cavity-nesters' holes were mostly east and south (42 per
cent and 34 percent, respectively). At Manitou Springs, Colorado, most (38 percent) 
of the woodpeckers' nest holes faced east while most (39 percent) of the secondary 
cavity-nesters' holes faced south (Richard Pillmore, unpublished data). 

Lawrence (1966) thought that birds preferred to excavate holes with southern 
exposures for maximum light and warmth. Crockett and Hadow (1965) found no sig
nificant difference in the number of eastward and westward facing holes. They 
suggested that warming was no more important in morning than in afternoon. They 
believed that nest entrance orientation is probably affected by topography and 
position of the nest tree relative to tree stand. The nests they observed gen
erally faced the open edges of stands rather than the centers. Inouye (1976) found 
that a tendency to nest along the edges of aspen forests or the edges of clearings 
increased the amount of incidental solar radiation. On Stoner Mesa we found that 
nests often faced openings such as clearcuts, beaver ponds, or logging roads. 

Paul Peterson (unpublished report). found that all the active cavity nests in 
oak faced either downhill or horizontally to the predominant tree exposure in 
Madeira Canyon, Arizona. At both Stoner Mesa and R~sey Creek, we found that 71 
percent of the active nests were oriented in the direction of the tree exposure or 
within 90° of either side of it. We believe that there is a greater tendency for 
birds to locate nests facing downhill or horizontally to the slope than southward. 
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Therefore, topography may be a more important factor for nest building than maxi
mizing solar radiation. 

Snag Selection by Bird Species 

Nests of 289 cavity-nesting birds representing 21 species were located (Table 
3). Many of the species were opportunists in locating their nests and used 
available nest sites. Some of the primary cavity nesters indicated a preference 
for tree species. On the ponderosa pine study area, where most of the snags 
available were ponderosa pine, Williamson's sapsuckers nested only in dead aspen or 
dead portions of living aspen. On the subalpine study area where aspens were not 
available, they nested in dead conifers. 

One yellow-bellied sapsucker was found nesting in the dead portion of a live 
lodgepole pine but most used living aspen trees. Only two downy woodpecker nests 
were found and both were in dead aspen but hairy woodpeckers seemed to prefer living 
aspens. Flickers used both living and dead aspen and dead ponderosa pine. Flickers 
are probably an important primary cavity-nester in that they provide holes for 
secondary nesters in both conifers and deciduous trees. The flicker is also the 
largest of the woodpeckers in much of the Rocky Mountain area and provide holes for 
the larger secondary nesters such as some of the owls and kestrels. 

Acorn woodpeckers are usually associated with pine-oak woodlands and provide 
many holes for secondary cavity-nesters. We have only recorded three nests of 
acorn woodpeckers and two were in ponderosa pine snags. Before we started keeping 
nest records, many acorn woodpeckers were observed nesting in large ponderosa pine 
snags on the Apache Indian Reservation in Arizona. Since they are communal nesting 
birds, they provide nest sites for birds like purple martins, which are also com
munal nesting birds. We have observed as many as 12 pairs of purple martins nesting 
in one ponderosa pine snag. 

Secondary cavity-nesting birds are dependent on primary cavity-nesters for 
cavities. This group of birds is probably not tree specific but use those holes 
that meet certain specifications. The swallows (violet-greens, tree, and purple 
martins) nest in areas where they can fly to and from their nests without much 
obstruction. They usually nest in relatively open wooded areas or in holes that 
face an opening. Bluebirds like to nest near an opening or meadow, whereas pygmy 
nuthatches nest in the snags closely associated with other trees. Nest sites are 
provided for all these birds in natural conditions but must be considered in managed 
forests. 

Management Suggestions 

Snag management for cavity-nesting is complex. The density of nesting sites 
needed, tree species, and size of snags differ with timber type and geographic 
location. Needs of cavity-nesting birds vary from undisturbed old growth timber 
required by the spotted owl (Karalus and Eckert 1974) to rather open timber stands 
with openings to provide feeding areas for birds that feed in flight. 

Balda (1975), Thomas et al. (1975), and Bull and Meslow (1977) have suggested 
methods by which the number of snags needed for cavity-nesting birds can be deter
mined. Management for snags alone is not sufficient. Managers must be aware of the 
species of birds inhabiting the forest and have some knowledge of their requirements 
if they are to consider this unique group of birds in timber management programs. 
Scott (1978) found that 2.6 snags per acre had cavities made by birds in an uncut 
ponderosa pine forest in Arizona. In the subalpine zone of Colorado, less than one 
snag per acre had holes made by birds (Scott et al. 1978). 
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Snags eventually fall (Keen 1955) and are subject to windfall, especially in 
clearcut areas, and allowances must be made for snag losses in management plans. 
Bull and Meslow (1977) estimated that 90 sound snags greater than 20 inches dbh are 
needed per square mile to provide habitat for pileated woodpeckers in the Blue 
Mountains of Oregon. Because there is an annual loss and recruitment of snags, the 
number of snags needed can be calculated by their formula S = T (L - R) + 90 where 

S = total number of snags needed per square mile 
T = years to next silvicultural entry 
L = annual snag loss per square mile 
R = annual snag recruitment per square mile 

This formula should be applicable to other areas for other birds. Many species 
of cavity-nesting birds will use dead portions of living trees for nesting ·and 
these can be substituted for snags. Lone trees or snags left standing alone in 
clearcut areas are subject to windthrow. Groups of cull trees and snags within 
clearcut areas would probably withstand winds better than lone trees and still 
provide habitat for cavity-nesting birds. Snags with broken tops were found to be 
important in nest selections and should be given priority when selecting snags to 
·leave; with less wind resistance they tend to stand longer. 

The number of snags used by cavity-nesting birds is usually shown as number of 
snags per acre. This density figure does not imply that snags should be evenly 
distributed over every acre. Many species of birds prefer areas near meadows or 
around beaver ponds and even manmade livestock watering tanks. Snags could be 
concentrated around such areas and fulfill the nesting requirements for 
cavity-nesting birds. 

Increased demands for dead wood as fuel wood in recent years and utilization of 
dead standing trees for wood fiber has reduced the number of snags available for 
cavity-nesting birds in some areas. M. L. (Huck) Gaylord, Forester with Edward 
Hines Lumber Company, Denver, CO, estimates that in 1978, 80 million board feet or 
800,000 snags were used as firewood in the Front Range of the Rockies from Denver 
north to the Wyoming border (pers. comm.). Some areas of national forests near 
metropolitan areas are now void of snags because of fuel woodcutters. Personnel 
from the Red Feather District of the Arapaho-Roosevelt Forest (pers. comm.) reported 
that about 7,000 permits were issued to fuel woodcutters on the district in 1979. 
They estimate that 20,000 cords of wood were cut by the permit holders. Nearly 
five trees 12 inches dbh and 50 feet tall are required to make a cord of wood 
(Forbes 1956), indicating that nearly 100,000 snags were removed from the Red 
Feather District in 1979. 

During winter 1977-78 The Forest Service placed signs on 10 snags designating 
them as wildlife snags in the vicinity of Red Feather Lakes, Colorado. All 10 were 
cut by woodcutters by October 1979. Signs were also placed on 100 snags in the 
Boulder District of the Arapaho-Roosevelt National Forest in 1977 and 97 had been 
removed by woodcutters by fall 1979. 

Snags resulting from the recent bark beetle (Dendroctonus sp.) outbreak on the 
Front Range of the Rocky Mountains are still present 1n unaccessible areas but most 
have been removed either by woodcutters or as salvage cuts in the more accessible 
areas. In areas where natural nesting sites cannot be maintained, it may be neces
sary to provide artificial structures. Wooden nest boxes are being put up by local 
groups, and bluebird trails are being established. Wooden boxes will need constant 
maintenance because of damage by woodpeckers, squirrels, and other rodents. If 
artificial structures are to be provided, they should be of more durable material 
than wood. Nest boxes made with a mixture of sawdust and cement have been manufac
tured in Germany for several years (Bruns 1960) and have proven satisfactory. They 
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were well accepted by birds, had better insulation against low and high tempera
tures, harbored fewer parasites, and were more durable than wooden boxes. Artifi
cial nesting structures, however, should never be considered replacements for 
natural sites. In areas where snags have already been removed, nest boxes could 
help in fulfilling requirements of a group of birds that might otherwise be 
eliminated. 
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ABSTRACT 

Both quality and quantity of snags must be considered when 
managing cavity nesters. Large snags with evidence of decay, 
existing cavities, or both are most frequently used as nest 
trees. To maintain woodpecker populations at 70 percent of 
their potential, 3.91 snags per ha (1.58 per acre) are 
required. Such numbers can be maintained throughout a 
rotation by leaving enough live trees that die or are killed 
to provide snags when, where, and in needed numbers. 

KEYWORDS: snag, cavity nester, forest management. 

INTRODUCTION 

Much of National Forest Land in the Blue Mountains, although under multiple 
use management, is designated to be managed for timber production. Silvicultural 
activities influence wildlife beneficially or detrimentally depending on the 
species' habitat requirements. 

Woodpecker populations are beneficial in two principal ways--they are 
insectivorous; they excavate nest and roost cavities. These cavities, when 
abandoned by the woodpeckers, provide nest sites for other birds and mammals 
(secondary cavity nesters) which require cavities for reproduction but cannot 
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excavate themselves. Cavity nesters exert pressure on "normal" population levels 
of insects thereby reducing the probability of these populations becoming epidemic 
(Thomas et al. 1979). 

Woodpeckers generally nest in dead, standing trees (snags); foraging is more 
general (Lawrence 1967, Williams 1975) and includes live trees, dead and downed 
woody material, and snags. Therefore, management for woodpeckers involves 
providing snags for use as their nest trees as well as nest sites for secondary 
cavity nesters. 

The land manager can: (1) provide no snags, (2) leave snags, or (3) 
construct bird boxes. Bird boxes provide habitat for only secondary cavity 
nesters as most woodpeckers rarely nest in them. There are types and densi~ies 
of snags which best meet woodpecker needs. These conditions and the maintenance 
of appropriate snag densities through time are discussed below. 

NEST TREE CHARACTERISTICS 

Seven woodpecker species coexist in mixed coniferous forests of the Blue 
Mountains. Each species uses characteristic trees and forest types for nesting 
thereby reducing interspecific competition. The size and placement of the nest 
cavity determines the minimum d.b.h. (diameter at breast height) and height of 
suitable snags (Table 1). For example, pileated woodpeckers excavate cavities 
20 em (8 in) wide by 50 em (20 in) deep (vertical distance), and at least 10m 
(32.5 ft) above the ground. It requires a tree of at least 51-cm (20-in) d.b.h. 
to contain this size cavity at that height (Thomas et al. 1979). 

The minimums in Table 1 are diameters of dead trees and do not include bark 
thickness. Not all snags meeting the minimum d.b.h. will be used as nest trees. 
Woodpeckers are also selective as to decay condition and nesting height. Larger 
snags have two advantages--more species can use the snag, and the snag will stand 
longer (Keen 1955, Lyon 1977, VanSickle and Benson 1978). It is best to provide 
snags larger than minimum size (Conner 1979). 

Most woodpeckers place their nest cavities in decayed wood (Shigo and Kilham 
1968, Conner et al. 1976, McClelland 1977). Miller et al. (1979) found that 
all woodpeckers except the pileated, which nested in sound wood 64 percent of 
the time, selected decayed wood for excavation. Some large snags without decay 
would enhance nesting opportunities for the pileated woodpecker. Woodpecker 
species vary in their degree of anatomical adaptation for excavation (Spring 
1965). The better the adaptation, the harder the wood that can be excavated. 
Sapsuckers, for example, are weak excavators and select soft and decayed wood; 
while the pileated woodpecker is the strongest excavator (Jackman 1974) and 
creates cavities in sound wood. 

Snags showing signs of decay are the best candidates for use as nest trees 
by cavity excavators. Broken-topped trees usually have decay present (McClelland 
and Frissell 1975). Fungal fruiting bodies (conks) also indicate decay at an 
advanced stage (Partridge and Miller 1974). 

Snags with cavities are good candidates for nest sites. Woodpeckers will 
often excavate new cavities in such snags, and 53 species of secondary cavity 
users occupied vacated woodpecker holes in the Blue Mountains (Thomas et al. 
1979). 
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Table 1--Snag and nest habitat characteristics of woodpeckers in mixed coniferous forests, Blue 
Mountains, Oregon (Thomas et al. 1979) 

Common Flicker· 
Colaptes auratus 

Minimum 
d.b.h. in 
em (in) 

Minimum 
height 
in m (ft) 

30.5(12) 1.8(6) 

Territory 
size in ha 

(acre) 

16.2(40) 

Pileated Woodpecker 
Dryocopus pileatus 50.8(20) 9.5(31) 121(300) 

Lewis' Woodpecker 
Melanerpes lewis 

Williamson's Sapsucker 
Sphyrapicus thyroideus 

Hairy Woodpecker 

30.5(12) 9.1(30) 

30.5(12) 4.6(15) 

Picoides villosus 25.4( 10) 4.6( 15) 

White-headed Woodpecker 
Picoides albolarvatus 25.4( 10) 1.8(6) 

Black-backed Three-toed Woodpecker 
Picoides arcticus 30.5( 12) 1.8(6) 

6 .1( 15) 

4( 10) 

10.1(25) 

8 .1(20) 

30.4(75) 

No. 
cavities 

3 

3 

3 

3 

Snags 2/ 
per ha 

(per acre) 

0.93(0.38) 

0.32(0.14) 

2.49( 1.01) 

3.71(1.5) 

4.46( 1.8) 

5.58(2.25) 

1.45(0.59) 

~/ Number of snags required to meet nest tree requirements at the maximum potential woodpecker 
population. 

Tree species selected for nest sites vary with locality, availability, tree 
characteristics, and decay condition. In the Blue Mountains, woodpeckers nest 
in ponderosa pine (Pinus ponderosa) snags 67 percent of the time (Fig. 1). 
Because of this preference and for simplicity this discussion is restricted to 
ponderosa pine. 

DENSITY OF NEST SNAGS 

Thomas et al. (1979) developed a model for calculating the density and sizes 
of snags needed to support different woodpecker populations. The maximum 
potential population (100 percent) is obtained when all woodpecker territories 
are occupied. Different population levels are related to different numbers of 
snags (Table 2). A linear relationship between snag and woodpecker numbers was 
assumed. 

The density and distribution of snags influences their use by woodpeckers. 
Evenly distributed snags should accommodate more nesting pairs than clustered 
snags. 

The environment surrounding the snag influences use by woodpeckers. Snags 
in large openings are used by common flickers (Conner 1973). Other woodpeckers 
prefer forested stands with a canopy above the nest. Pileated woodpeckers and 
Williamson's sapsuckers prefer more dense forest stands than do other species. 
Live trees adjacent to snags provide protection from weather and avian predators. 
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AVAILABILITY NEST USE 

Figure 1.--Percent of available snags by tree species and percent of nest snags 
by species on the Starkey Experimental Forest in northeastern Oregon. PP = 
ponderosa pine, LP = lodgepole pine, DF = Douglas-fir, WL = western larch, GF = 
grand fir. 

PERPETUATING DENSITIES OF SNAGS 

How can appropriate size, condition, and density of snags be maintained 
through time? Factors affecting snag perpetuation are tree mortality rate, rate 
of fall of snags, and the time period. 

Tree mortality varies with species and size. In the Pacific Northwest a 
51-cm (20-in) d~b.h. lodgepole pine (Pinus contorta) has 10 times the probability 
of dying than a ponderosa pine of the same diameter •. Grand fir (Abies 
grandis), western larch (Larix'occidentalis), and DouglaS-fir (Pseudotsuga 
menziesii) trees have slightly higher probabilities of dying· than ponderosa pines 
(Dave Hamilton, Intermountain Forest and Range Experiment Station, Moscow, Idaho, 
pers. comm.). 

The time a snag stands depends on cause of death, environment, tree size, 
species, and decay (Cline 1977). Large snags stand longer than small ones. 

The period over which snags are maintained affects management. If several 
years are considered, few snags will fall and the management is fairly simple. 
In contrast, a silvicultural rotation will include several generations of snags 
and a more complicated management picture. 
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Table 2--Nest snags required per hectare by d.b.~. ~lass at 10-percent 
increment levels of maximim potenti~l woodpecker populations 
(Thomas et al. 1979) 

Snags per ha (per acre) 

-------- ---------tf.b~:-Tn"dm(in > -----·-·-- ----

Woodpecker 
population level 
(percent of 
potential) 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

~25(10) 

1.87(0.75) 

1.69(0.68) 

1.50(0.60) 

1. 32(0 .53) 

1. 13 (0. 45) 

0.94(0.38) 

0.75(0.30) 

0.56(0.23) 

0. 38 ( 0. 15) 

0. 19 (0 .08) 

_:_31(12) _: 51 ( 20) Total 

3. 39 ( 1. 36) 0.32(0.14) 5.58(2.25) 

3.05( 1.23) 0. 28 ( 0. 12) 5.02(2.03) 

2. 71( 1 • 09) 0. 25 ( 0. 11) 4.46(1.80) 

2.37(0.96) 0.22(0.09) 3 .91( 1. 58) 

2.03(0.82) 0.19(0.08) 3. 35 ( 1. 35) 

1.69(0 .68) 0. 16( 0.07) 2.79(1.13) 

1. 35 (0 .55) 0.13(0.05) 2.23(0.90) 

1.02(0.41) 0.09(0.04) 1.67(0.68) 

0.68(0.27) 0.06(0.03) 1.12(0.45) 

0. 34 ( 0. 14) 0.03(0.01) 0.56(0.23) 

The density of snags at any given year is a function of the initial 
conditions of the stand, fall rate, and the annual tree mortality. The initial 
stand conditions necessary include the density of live trees and snags. The 
functional relationship is given as: 

n 
S = (1 - F)n S + (T )(M) L (1 - F)n-i (1 - M)i- 1 

n o o i = 
Where: S = density of 

0 

s 
n 

T 
0 

n 
F 

M 

= 

= 

= 
= 

= 

snags at year o, 
density of 
snags at year n, 
density of 
trees at year O, 
year, 
annual fall 
rate of snags, and 
annual tree mortality. 
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The initial density of trees (T ) necessary to provide, through natural 
mortality, the desired snag density ~t year n (S ) can be determined for a stand 
where the tree mortality, snag fall rate, and in~tial snag density are known. 
The number of steps involved in the calculation necessitates the application of 
computer techniques. 

This formula can be used for any area given the rate of fall of snags and 
tree mortality. It is essential to use data on rate of snag fall that is specific 
to the area and tree species being considered. 

An Example 

The following is a hypothetical example of how to maintain a designated. snag 
density throughout a rotation. The manager desires to maintain 70 percent of 
the maximum potential population of woodpeckers (Table 2) over the entire forested 
area in a ponderosa pine - Douglas-fir - ninebark (Physocarpus malvaceus) plant 
community as described by Hall (1973). This common plant community supports seven 
woodpecker species. To accommodate all woodpecker species, 3.91 snags per ha 
(1.58 snags per acre) are required (Table 2). The minimum d.b.h. of these snags 
is: 1.32 snags per ha (0.53 per acre) greater than 25-cm (10-in) d.b.h., 2.37 
snags per ha (0.96 per acre) greater than 31-cm (12-in) d.b.h., and 0.22 snags 
per ha (0.09 per acre) greater than 51-cm (20-in) d.b.h. (Table 2). For 
simplicity, the 25- and 31-cm d.b.h. snags are combined into one 31-cm d.b.h. 
class. 

Managing at the 70-percent level on all forested lands all of the time 
throughout a rotation is just one option available to managers. It was selected 
in this example for the sake of simplicity. Different population levels can be 
managed on only a portion of an area for only a portion of a rotation. Such 
options give land managers more flexibility in maintaining snags than the option 
presented here. 

The stand is mature, unmanaged, predominantly ponderosa pine overstory with 
a Douglas-fir understory. The stand has not been previously harvested and 
contains more than 3.91 snags per ha (1.58 per acre). Most mature unmanaged 
stands produce snags in excess of that required to support the 100-percent 
population level of woodpeckers, because the numbers of trees dying exceed the 
snags falling. 

The stand is to be harvested, but 3.91 snags per ha (1.58 per acre) of the 
proper diameters are left along with enough live trees to replace the snags that 
fall, thus maintaining the 70-percent level throughout the rotation. A rotation 
of 130 years is planned for managed stands in public ownership. 

Annual ponderosa pine mortality of trees 31-cm (12-in) and 51-cm (20-in) 
d.b.h. is 0.40 and 0.41 percent, respectively. Annual ingrowth within these 
d.b.h. categories of trees for 80 years is assumed to be 0. The rate of fall 
of ponderosa pine snags 25-to 51-cm (10- to 20-in) d.b.h. is 23.3 percent and 
of snags greater than 51-cm is 3.2 percent. These figures are the average annual 
percent of ponderosa pine snags used as nest trees which fell each year over a 
5-year period on the Starkey Experimental Forest and Range in northeastern 
Oregon. 

One way to maintain snags is to allow natural mortality to replace snags 
that fall. Because such a small percent of live trees die, a large number of 
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live trees must be maintained to ensure that enough snags are produced. The 
majority of live trees will not die and may become crop trees at some later time. 

Using the formula, we find that maintaining required numbers of snags in 
the two diameter classes requires 291 trees per ha (117.81 per acre) greater than 
31-cm (12-in) d.b.h. and 2.58 per ha (1.04 per acre) greater than 51-cm (20-in) 
d.b.h. to have at least 3.91 snags per ha (1.58 per acre) (70 percent level) 
throughout a 130-year rotation (Table 3). Snags greater than 31-cm d.b.h. need 
only be considered for 80 years of the rotation. At 80 years of age, a stand 
should have trees large enough in diameter to provide snags of the desired size 
and may provide them through natural mortality. Because smaller snags have a 
high rate of fall, more 31-cm trees are required. 

Table 3--Maintaining snags over a 130-year rotation with naturally dying trees replacing 
snags which fall 

D.b.h. in 
em (in) 

70% snag level No. snags falling/ha/yr 
snags/ha (snags/acre) (No./acre/yr) 

When all snags are in one diameter class: 

~ 51(20) 3.91( 1.58) 0.13(0.05) 

When snags are in two diameter classes: 

~ 31(12) 3.69(1.49) 0.86(0.35) 

~ 51(20) 0.22(0.09) 0.01(0.004) 

Total 3.91 ( 1.58) 0.87(0.354) 

Percent live Live trees/l/ 
tree mortality ha (/acre) 

0.41 45.77 (18.53) 

0.40 291 ( 117 .81) 

0.41 2.58 (1.04) 

293.58(118.86) 

ll Number of live trees per hectare needed that will naturally die to replace snags at the 
70-percent snag level throughout the 130-year rotation. 

Snags greater than 51-cm d.b.h. remain standing more than seven times longer 
than the smaller ones. Therefore, if all snags that remain (3.91 per ha, 1.58 
per acre) are at least this diameter, 45.77 live trees per ha (18.53 per acre) 
with mortality at the observed rate will provide the required snag level 
throughout the rotation. 

ARTIFICIALLY CREATING SNAGS 

Letting natural tree mortality replace snags which fall is the safest way 
of maintaining snags for nest trees. Woodpeckers use such snags. Creating snags 
by killing live trees may be an alternative. Although there is no proof that 
woodpeckers will use such snags, we see no reason why they should not. 

To maintain 3.91 snags per ha (1.58 per acre) in two diameter classes for 
130 years, 68.78 trees per ha (27.85 per acre) greater than 31-cm (12-in) d.b.h. 
and 0.92 trees per ha (0.37 per acre) greater than 51-cm (20-in) d.b.h. will 
be killed at a rate of 0.86 trees per ha (0.35 per acre) (>31-cm d.b.h.) yearly 
for 80 years and 0.01 per ha (0.004 per acre) (>51-cm d.b.h.) yearly for 130 years 
(Table 4). -
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Table 4--Maintaining snags over a 130-year rotation by creating snags to replace 
those falling 

D.b.h. in 
ern (in) 

70% snag level 
snags/ha 

(snags/acre) 

Snags falling/ha/yr 
(No.lacre/yr·) 

When all snags are in one diameter class: 

::.. 51 ( 20) 3. 91( 1 .58) 0. 13 ( 0. 05) 

When snags are in two diameter classes: 

.:::_31(12) 3.69(1.49) 0.86(0.35) 

.:::. 51 (20) 0.22(0.09) 0. 0 1( 0. 004) 

Total 3. 91( 1. 58) 0.87(0.354) 

Live trees/hal/ 
(trees/acre) 

16.27(6.59) 

68.78(27.85) 

0.92(0.37) 

69.70(28.22) 

!1 Number of live trees/hectare needed tJ create snags for 130 years 
to maintain the 70 percent snag level. 

When all snags are greater than 51-cm (20-in) d.b.h., only 16.27 live trees 
per ha (6.59 per acre) need to be left and killed at a rate of 0.13 per ha (0.05 
per acre) yearly for 130 years. 

Four methods of killing trees are being examined: 
inoculation, and silvicide treatment. It is too early 
will nest in these snags. It appears that topped trees 
provide an immediate entry for decay through the broken 
likely nest trees. 

SILVICULTURAL SYSTEMS 

topping, girdling, fungal 
to tell if woodpeckers 
create snags the soonest, 
top, and are the most 

The number of trees required to provide snags to support a selected 
woodpecker population level can be achieved under either even- or uneven-aged 
silvicultural systems. Uneven-aged silvicultural systems exist where a selected 
number of trees are planned to occur over an extensive area in an array of size 
classes without regard to age. Number of trees decreases as size class 
increases. This is a difficult management system to use in western conifers as 
larger trees are dominant and usually grow faster than smaller trees. This 
continuously increases differences in diameter between the larger and smaller 
size classes and creates an uneven array of trees to cut or leave at harvest 
time. 

Management of uneven-aged stands at low densities may permit the smaller 
or understory trees to grow at satisfactory rates with a low probability of 
mortality related to stress on individual trees. This system does, however, 
provide a wide array of tree sizes from which to create snags. · 

332 



The even-aged silvicultural system consists of managing stands that have 
identified periods of establishment occurring after the removal of all or part 
of an older stand which has occupied the site. The stand has an identifiable 
beginning and end which establishes its age. Two-storied stand structure can 
be defined and produced under this system with each story having a different but 
relatively similar age. 

Clearcut, seedtree, and shelterwood are different methods of achieving tree 
regeneration in the even-aged system. The "irregular shelterwood" (Hawley and 
Smith 1954) is a refinement of the even-aged system in which all or part of the 
shelter trees are retained beyond the regeneration period producing two-storied 
stands. The irregular shelterwood method is well suited to providing trees of 
a size and arrangement that can be made into snags to provide habitat for.a 
selected density of woodpeckers. When a significant amount of shelter trees are 
retained, the growth rate of the established understory trees will be suppressed 
until released by snag creation or harvest. In appearance, it is somewhat similar 
to the uneven-aged system. The use of shelterwood or irregular shelterwood is 
generally an acceptable silvicultural treatment in the ponderosa pine or pine
associated species groups of the Blue Mountains of eastern Oregon and Washington. 

The use of a clearcut method of regeneration is only partially acceptable 
to management for identified snag densities. A number of snags can be retained 
at the time of clearcutting but they will serve for only a short time. Other 
snag requirements must be achieved in adjacent stands which complicates the 
scheduling of silvicultural treatments of those units because snag numbers are 
more difficult to achieve over the long run. 

ECONOMICS 

Economics are important in decisions involving resource allocations. Snag 
management is no exception. Economics can help resolve several questions. Should 
the forest be managed to maintain snags? At what level? What are the tradeoffs 
among resources? What is the cost? Do the benefits outweigh costs? Which 
technique is least expensive? 

The economist has tools available to assist in answering these questions. 
These include benefit/cost, present net worth, internal rate of return, least 
cost, and tradeoff analyses to mention a few. Most of these analyses necessitate 
determination of benefits in dollars. This presents problems when the resources 
involved are not traded in the marketplace or the price or value of the resource 
is not known. In such cases, two techniques which provide useful economic 
information are least cost and tradeoff analyses; they are briefly discussed 
here. 

Inherent in economic analyses are assumptions. In least cost analysis, it 
is assumed that considered alternatives have equal or nearly equal benefits. 
Only costs are examined. Three categories of costs associated with snag 
management must be determined for least cost comparisons. 

1. The costs associated with timber harvests forgone as a result of snag 
management must be determined. This includes the reduction in planned harvest 
which is a result of snag management. These reductions must be listed for the 
entire stand rotation, not for just the initial silvicultural treatment. 
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2. The costs associated with increased harvest expense due to snag 
management must be included. Thus, if the density of trees left is great enough 
to impede equipment or dictates the need for modified equipment, the costs are 
charged to snag management. 

3. The costs associated with creating snags must also be included. These 
include the treatment costs as well as costs associated with planning and 
administering the treatments. Where snag density is provided through natural 
mortality these costs would be small. 

The quantity and timing of costs and volume changes are important to an 
economic analysis. By specifying quantity changes for each year, the proper 
discounting factor can be applied and the present value of the costs determined. 
Thus, a comparison of the present value of the costs associated with each 
alternative can be accomplished and the least expensive alternative selected. 

Tradeoff analysis can be used to demonstrate the actual changes in resource 
products and flows which result from alternative manangement situations. Managers 
can be shown the number of species which utilize an area for each alternative 
or the change in recreation visitor days as a result of management. These 
quantitative figures can be used in conjunction with the cost information 
described above to outline costs and impacts of management. 

A technique relating these quantities with costs on a common basis (e.g., 
dollars) is not presently available. Research will continue into the economics 
of nonmarket resources and how their values can be quantified. 

No comparison of timber management techniques to accomplish a given 
woodpecker population level will be accomplished here. As discussed, snag 
densities important to woodpecker population maintenance can be maintained through 
even- and uneven-aged timber management. 

Economic comparisons still need to be made involving the methods to create 
snags as well as the timber management techniques employed to achieve snag 
densities over time. 

CONCLUSIONS 

Snags with known characteristics and density are .essential to maintain 
woodpecker populations over time. In unmanaged mature stands, the number of trees 
dying exceeds the number of snags falling, and snag densities usually exceed those 
required to support the 100-percent level of woodpecker populations. In a managed 
stand, snags can be perpetuated by leaving trees to die or killing them. 
Maintaining snags to sustain a selected woodpecker population can be achieved 
through either even-aged or uneven-aged silvicultural systems. 

Although large snags take more time to grow, they stand longer than small 
snags. Over a 130-year rotation, fewer live trees need to be allocated to snags 
if the trees left at the initial regeneration are greater than 51-cm (20-in) 
d.b.h. 
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Primary cavity nesters select decayed places in trees for 
excavation. Decay incidence varies between areas and even 
between stands and is related to many factors both natural 
and man-caused. Some characteristics of nest sites used by 
a cavity nesting species vary with locality. These differences 
frequently reflect variations in decay incidence. Management 
plans for cavity nesters can be constructed using available 
information on stand and area history and decay. Creation of 
cavity nest trees cannot be facilitated by girdling. Size of 
nest trees, characteristics of decay and availability of 
suitable trees all affect cavity nesters. Dead and partly 
dead trees are important in many other ways. They are used 
for foraging, drumming, singing posts, food caching, nesting 
on, nesting under bark, hunting perches, loafing, lookouts, 
anvils, plucking posts, landing and roosting. Dead, dying, 
deformed and down trees play a vital role in a complex system. 

KEYWORDS: cavity-nesting birds, decay, snags, forest 
management, forest residues, wildlife management, sn~g uses. 

CAVITY NESTING 

Decay 

In 1978 forty-four nest trees with cavities excavated that year were examined 
(Miller et al. 1979). Trees were cut down, horizontal cuts were made above and 
below the cavity and a vertical cut was made through it. Cross-sectional cuts were 
made at intervals along the length of the tree. The extent and position of decay 
in relation to the cavity was determined. Nest holes of 8 species of excavators 
were examined. The 2 pileated woodpecker cavities examined had been excavated in 
sound wood. The other 42, excavated by 7 different species, were in decayed wood. 
The bird might go through sound wood in the horizontal entrance but the vertical 
part of the cavity was formed by excavating in decayed wood. In 7 nests some sound 
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wood was also removed. Birds were able to locate a decayed portion in a tree even 
when it comprised a small percentage of the length. For example, a 28 m flat-top 
ponderosa pine contained a 2.6 m long decay column in the heartwood near the top 
where a black-backed three-toed woodpecker excavated. A 20 m lodgepole pine was 
sound except for a decay column of less than a meter long where a northern three
toed woodpecker excavated. In all cases the vertical part of the cavity was placed 
in the decay column. If the decay was on the outside working in, the cavity was in 
that area. If the core of the tree was decayed, surrounded by solid wood, the 
entrance went through solid wood and the vertical part extended down the decay 
column. Three nest cavities with entrances a meter or less from the ground could 
not have been placed any higher and still be excavated in decayed wood. Three 
cavities had an unusual shape which was called "wrap-around". All were in a narrow 
band of decay. The birds apparently excavated this shape following the decay rather 
than excavating in sound wood. One of these was a low nest 1 meter above ground. 
Another was a nest in sapwood in an old wolf Douglas-fir. Wood next to the bark was 
removed by the bird. This cavity and two others in decayed sapwood just fit between 
sound wood and bark. A tree with saprot needs to be much more extensively rotted 
and a larger diameter to accommodate a cavity than one which has decayed heartwood. 
It was concluded that except for pileated woodpeckers, the woodpecker species 
studied preferred to (1) excavate in decayed wood, (2) were able to locate decayed 
portions along the stem, (3) preferred decayed wood for excavation of the main 
chamber and (4) in cases where there wasn't enough decay, the bird either excavated 
in some sound wood or altered the shape of the nest. Decay has been frequently 
mentioned by many investigators in relation to cavity nesters (Bent 1964, Shiga and 
Kilham 1968, Dennis 1969, Ligon 1970, Kilhaml97la, McLaren 1975, Conner et al. 
1976, McClelland 1977 and others). 

Decay in trees is frequently referred to as saprot or heartrot. Heartrot 
organisms cause decay in heartwood of living trees. Entrance of organisms occurs 
in a number of ways such as through (1) roots, (2) wounds in the bole from fire or 
accidents which expose heartwood or (3) exposed heartwood in broken branches or 
broken tops. Exposure can be caused by insects, diseases and/or wind. Butt rots 
are heartrots generally confined to roots and lower parts of the bole. Trunk rots 
may occur anyplace in heartwood on the bole or larger branches. When a tree dies, 
heartrots will usually continue to spread vertically and move into sapwood. 
Saprot usually will not develop until the tree or branch is dead. The tree then 
decays from the outside in. Different species of fungi cause decay with varying 
characteristics such as differences in texture, rate of spread, places of entrance 
into trees and incidence in various locations and ecological conditions. Conks are 
fruiting bodies of decay fungi (Boyce 1948, Wagener and Davidson 1954). 

Decay varies widely between trees of a given species, age, site quality and 
stand history (Browne 1956). For example, a rapid rate of decay is associated with 
fire wounds in the southeast while similar wounds in Maine show virtually no decay 
beyond wounds (Hepting and Shiga 1972). In the Lake states aspen stands older than 
about 40 years are subject to breakup due to Phettinuo ~gnianiuo decay. In many 
other places such early breakup is rare (Anderson and Schipper 1978). Incidence 
in Colorado was reported lower than in Utah and higher than California (Hinds and 
Wengert 1977, Wagener 1963). 

If we think in terms of birds using decay, reported characteristics of nest 
trees and placement of cavities start making sense. The high incidence of use of 
broken top trees (Bull 1975, Miller and Miller 1976, McClelland 1977, Raphael 1978 
and others) reflects either breakage of tops because of presence of decay or broken 
tops providing a good entrance court for decay organisms. Lawrence (1967) and other~ 
who did not specifically mention decay have speculated on the significance of 
placement of cavities under branch stubs, a conk, swollen knot or crook of the stem. 
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These can all be indicators of decay as are frost cracks, multiple tops, broken 
branches, dead tops, lightning strikes, trunk wounds--all reported as characteristics 
of nest trees (Miller and Miller 1976). 

Variation in nest sites of a species can be seen in different localities. How 
much of this is a reflection of differences in decay incidence in those places which 
are a product of weathers, disease, fire insect and human activities? 

Dennis (1969) studied flicker nesting on Nantucket Island for 11 years. In the 
beginning of the study pitch pine, affected by fire and the Nantucket pine tip moth 
(Rhyacionia6~~~ana) was well used. At that time many pitch pine trees were in 
later stages of decay and falling. White pine, planted 46 years before the study 
started, was just becoming important as a nesting site. Many trees were developing 
butt rot. One nest the first year of the study was the first ever reported·in white 
pine on the island. Black oaks, mostly sprouts from old stumps with a high incidence 
of butt rot, were important trunk nest sites in live trees. The mean nest height in 
these trees was approximately 1 m. On the other hand black turpentine beetles 
(Vendnocton~te~eb~ano) had recently caused heavy mortality in older Japanese black 
pine. Trunks were heavily used, apparently trees were breaking off and becoming 
stubs. Mean height of nests was about 2 m. In Montana (McClelland 1977) the mean 
height of flicker nests was 12 m. In some places a typical flicker nest is near the 
top of a stub which is a good place for decay to develop (Lawrence 1967). In some 
places this is less common. 

In many areas yellow-bellied sapsuckers frequently nest in aspen infected with 
Pheltin~ igniani~. In Montana (McClelland 1977) the most common nest site is in 
western larch especially broken top live trees. McClelland found conks of Fomitop~~ 
o66ician~ within fire scars. Twenty-nine percent of the larch nest trees showed 
evidence of fire. Pheltin~ pini also is an important decay organism in larch trees 
there. 

Most woodpeckers have been reported excavating through sound sapwood (Kilham 
1971a,Conner 1977 and others). Why do they seek decayed wood if they can excavate 
sound sapwood? Most of these birds are adapted for pecking from a vertical position 
which is used for food seeking and drumming. This position is also used for 
excavating the entrance to the cavity. Force in the blows comes from head momentum 
in the sapsucker, from body momentum in the black-backed three-toed woodpecker and 
a combination in the hairy woodpecker (Spring 1965). Excavation of the vertical 
chamber requires different positions. There is very little room for pecking motion 
when the vertical part of the cavity is started (Dennis 1964). The entrance holes 
of hairy woodpeckers and black-backed three-toed woodpeckers are about 4.6 em in 
diameter (Miller and Miller 1976). The distance from the bill tip to the back of 
the head is about 7 em. During pecking from a vertical position the distance of the 
bill tip from the tree before the thrust is 4-5 em. In other words, normal pecking 
operations are not possible and therefore decayed wood for the vertical chamber is 
important. 

Is a solid exterior important for a cavity? Even the boreal chickadee has 
been reported excavating holes where exterior wood and bark were hard (McLaren 1975). 
Sound wood gives more protection against predators. Raccoons have been reported 
ripping open nests with rotten sapwood and being unsuccessful where solid sapwood 
was present (Kilham 197la). A flicker nest in a live aspen was reported ripped into 
by a black bear in Colorado (DeWeese and Fillmore 1972). The tree was only 25 em 
d.b.h. so the nest had only a thin wall surrounding it. Large aspens containing 
cavities in that area frequently showed evidence of repeated climbing and scars 
around the nest entrance. Bear attempts and success were reported in California 
and Canada (Dixon 1927, Erskine and McLaren 1972). Dennis (1969) reported house 
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cats ripping through soft sapwood into flicker nests. Woodpeckers make entrances 
which fit their bodies. This size opening is easier to defend from inside (Kilham 
1968). A solid exterior helps maintain nest structure and the tree is less likely 
to break off. Competitors for cavities have more difficulty enlarging the hole 
(Jackson 1978). 

If most woodpeckers prefer sound sapwood and decayed heartwood, whether a tree 
will be a good potential nest tree is actually determined before the tree dies 
because that's when heartrot develops. When a tree is girdled, water continues to 
move up but nutrients don't move down to the roots. There are variations depending 
on time of year girdled, but essentially the roots cease functioning, then the water 
supply is cut off and the top dies also (Noel 1970). Beetle-killed ~~ndhoeton~) 
trees are really girdled trees. A look at reports of some of these trees can.give 
an idea of results of girdling. Beetle-killed Douglas~fir in the Cascades decayed 
from the outside in. After 3 years almost two-thirds of the sapwood was decayed 
and decay of heartwood had begun (Wright and Harvey 1967). Beetle-killed Engelmann 
spruce in Utah, still standing after 25 years, was found perfectly sound except for 
an occasional individual with basal sapwood decay rarely higher than 0.7 m above 
ground. The wood became too dry for decay (Mielke 1950). Beetle-killed spruce in 
Colorado did show some decay. Heartrot had been present in some trees before they 
died. Some saprot developed. About 67 percent of windthrown trees fell because of 
saprots at the base or butt rots and 30 percent because of decayed roots. The 
greatest decay volume was from heartrots which continued to develop in dead trees 
(Hinds et al. 1965). 

Forty per~ent of 670 woodpecker cavity nest trees were live (Table 1). 

TABLE L. h_~rcent of woodpecker nests trees which were live. 

Location Reference It of nest trees % nest trees live 

California Raphael and \Vhite 1978_!_/ 156 29 
Arizona and Colorado Scott 1980 76 43 
Montana McClelland 1977 186 53 
Virginia Conner et al. 1975 69 42 
Oregon Miller.~./ 71 27 
Massachusetts Dennis 1969 112 38 

Total 670 40 

l/Avianutilization of snags in a northern California coniferous forest. Phase 
III. Unpublished report filed at Department of Forestry and Conservation. Univ. 
of Cal., Berkeley. 

~/Unpublished data and/or manuscripts in preparation by Eileen Miller or Eileen 
Miller and Donald R. Miller. 

To talk about girdling trees for cavity nesters is to miss the point. Trees are 
excavated because of what is going on inside them not because they are dead. They 
are trees with problems. 

If we can assume that decay plays a large role in nest site selection, how can 
we use this knowledge in management plans? Several plans for calculating number of 
leave trees for cavity nester's present ~.nd future needs have emerged in 
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recent years (Thomas et al. 1976, Bull and Meslow 1977). Evans and Conner (1979) 
pointed out the difficulty is in determining the percent of snags in a forest that 
are suitable for cavity excavation. For some time now forest pathologists have been 
studying incidence and amount of decay in live trees by cutting up trees. The 
following information for some species of trees and areas is available: 

mean incidence of decay at different age or diameter classes broken down to 
fungi species 

mean volume of decay/infected tree broken down to fungi species 
probability of dying 
rate of fall of dead trees 

With these figures it is possible to get an estimate of trees needed to produce a 
potential cavity tree. As trees get older, incidence of decay increases. Therefore, 
although some leave trees will fall with time, a higher proportion of the ones still 
standing will develop decay. For example predictions for aspen in Colorado (Hinds 
and Wengert 1977) are: 

80 years 
120 years 
160 years 

32% trees with decay 
62% II II II 

91% II II II 

In areas where incidence of decay is high less trees need to be left and vice 
versa. Ground checks of stands could help with modifications for local conditions 
and help in the decision of whether the lower or higher range of a predictive value 
should be used. 

In planning for nest trees certain decays would be better than others. 

1. Slow-growing decays would allow the tree to last longer. 
2. Trees with rapid growing saprots or butt rots would tend to fall soon. 
3. Top rots would provide sites for higher nests. 
4. Some decays are better for excavation and maintenance of cavity structure. 

For example, very crumbly or slimy decays are probably not as useful. 

Other Management Considerations 

DIAMETER OF TREE 

Mean d. b. h. of trees used var.i:es from place to place, however studies show that 
selection is for larger size trees (Gale 1973, Bull 1975, McClelland and Frissel 
1975 , Miller and Miller 1976, Raphael and White 1978). Why? Some possible reasons 
are as follows: 

A. More places to excavate 
B. Older trees more likely to be decayed 
C. Cavity can have thicker walls 

1. tree less likely to break off at cavity (Truslow 1967) 
2. thermal advantage 

a. less fluctuation of temperature (Stains 1961) 
b. easier to maintain temperature (Kendeigh 1961) 

(1) Temperature regulation of nestlings isn't established for 
week or more (Davison and Evans 1960, Ricklefs and 
Hainsworth 1968). 
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(2) During incubation and brooding stages parent(s) stay in cavity more 
during cold weather (Breckenridge 1956, Lawrence 1967, Jackson 
1976b). With thermal advantage of thicker walls, less time is 
needed to spend inside, more forage time is available. 

HEIGHT OF TREE 

Higher nests provide more freedom from ground predators. They are less easily 
found and reached. Woodpeckers and other cavity nesters will attack and dislodge 
predators climbing a tree. A longer expanse of bole provides more time for discovery 
and attack. Sometimes it takes multiple dives to dislodge or discourage a climber 
(Kilham 197la, Pettingill 1976, Crockett and Hansley 1977). 

When taller trees are available nest means are generally higher (Conner et al. 
1975, Bull 1975, McClelland 1977). Means of heights can be deceiving. Hairy 
woodpeckers in Oregon tended to nest either fairly low (2-5 m) in boles of live trees 
or high in dead tops of live trees. Mean nesting height did not reflect a height 
generally used (Miller op. cit.). McClelland's (1977) 111 yellow-bellied sapsucker 
nest heights ranged widely with fairly equal numbers nesting at many different 
heights. The heights did not cluster near the mean (Evans and Conner 1979). 

EFFECT OF NOT ENOUGH SUITABLE TREES 

Lawrence (1967) in Ontario reported no interspecific strife between woodpeckers 
even when nesting very close. However, others have reported interspecific 
interactions which Miller and Bock (1972) suggested may reflect a lack of suitable 
trees. When other birds are trying to take over a cavity, parents with nestlings 
forage much closer to the nest and spend more time at it (Kilham 1968), 
Intraspecific strife also occurs and is reflected by frequent drumming into the 
nesting season and also by interactions. High amounts of interference from other 
birds appear to cause tension between members of a pair (Kilham 1959, 1962, 1966, 
1973, Reller 1972, Kilham and O'Brien 1979). 

Black-capped chickadees in Utah (Stefanski 1967) set up territories during their 
p~6£testing stage. Conflicts with other chickadees took up an average of 42 percent 
of a bird's time. If a female did not find a suitable nest site within the 
territory, the female selected one outside it. As a result the male would enlarge 
the territory to include the nest. "This encroachment caused a marked increase in 
frequency of territorial skirmishes between the pairs concerned." 

All these factors cut into the parents' time and energy budget. Competition 
between cavity nesters also causes physical disruption of nests (Franzreb 1976, 
Zelenyl976). If there aren't enough suitable trees, substandard trees may be used 
which are more susceptible to predation and other hazards. Acorn woodpeckers left 
the area when starlings took up all available sites (Troetschler 1976). 

Possible indications of scarcity of cavities or suitable excavation trees are 
as follows: 

A. Agressive interactions 
1. intraspecific 
2. interspecific 
3. between members of a pair 

B. Reuse of same holes, same season (Miller op.cit.) 
C. High percent of reuse of holes by secondary nesters the following season. 
D. Unusually shaped nests 
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1. "wrap-around nests" mentioned earlier 
2. Kilham (197la) found an exceptionally long skinny cavity in a 12 em 

aspen which was narrower and twice as long as usual. Birds didn't 
nest. 

E. Exceptionally low nests 
F. Reuse of same holes by woodpeckers the following year. 

In Colorado Crockett and Hadow (1975) found reuse of 2 nests 3 years 
in a row by Williamson's and yellow-bellied sapsuckers. The mean d.b.h. 
of 40 nest trees in aspen found by them in the area was 23 em. 

OTHER USES OF SNAGS 

Although information for manag~ment for cavity nest trees is accumulating, 
management plans for other uses of dead or partly dead tr2es have, in general, 
received much less attention. 

Drumming 

Drumming (loud rhythmic series of sounds produced by a woodpecker's bill 
hammering on a resounding object) serves various purposes especially advertisement 
of dominance within a territory, attraction of a mate and communication between mates 
(Lawrence 1967). For example pileated woodpeckers register agreement on nest 
location by means of drumming (Kilham 1959). Individuals show a particular 
preference for certain sites (Jackman 1975) which are located at strategic places in 
a bird's range (Lawrence 1967). Kilham (1960) reported that a female hairy wood
pecker had 3 drumming trees she visited many times and 5 she used less frequently. 
The male used different trees. 

Dead or dead-top trees with sound intact tops are frequently used, especially 
western larch (Bull 1975, McClelland 1977, Miller op. cit.). Sites such as half-loose 
bark, hollow trees and other places which reverberate loudly are also used (Kilham 
1958b, Lawrence 1967). Yellow-bellied sapsuckers prefer dead pines or larch with 
sound short (7-25 em) stubs on the trunk. The sound from these stubs are at 
different pitches (Kilham 1962, McClelland 1977, Miller op. cit.). 

Roosting 

Cavity nesters and some other birds spend the night in cavities or behind bark 
at any time of the year, use them during inclement weather and sometimes during day 
in good weather (Sherman 1910, Brewer 1963, Kilham 1971b, Reller 1972, Finlay 1976, 
Jackson 1976a). Cavities provide protection from some predators, precipitation, wind 
and extreme fluctuations of temperature. Less energy is required to maintain body 
temperature if the bird is in an enclosed space. During cold weather when food
gathering time and food may be in short supply, saving energy may mean survival 
(Zeleny 1976). Temperatures measured 7 em into a vertical log in the sun on 28 Oct 
peaked about 1700, approximately roosting time, while temperature at 1 em depth 
peaked about 1500 and cooled down much more rapidly than in at the deeper site. Most 
of the night there was approximately 60 C difference (Derby and Gates 1966). Balda 
(1975) estimated 63-73 percent of winter residents in ponderosa pine in Arizona are 
cavity nesters. Some cavities provide better protection than others. For example, 
large openings or thin walls allow more heat transfer to outside (Stains 1961). Some 
birds roost singly and some in groups (Frazier and Nolan 1959, Skutch 1976). They do 
not necessarily use the same cavity every night which may help minimize vulnerability 
to predators (Kilham 1971b, Pitts 1976). 
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Nest boxes used for roosting in winter may become traps. Bluebirds were found 
dead in 6 different nest boxes used as roosts in Tennessee during cold snaps two 
different years (Pitts 1978). Construction of nest boxes is not usually planned for 
holding heat (Zeleny 1976). 

Many permanent resident birds roost in cavities. Roosting hole needs of resident 
primary cavity nesters have been built into some formulas for predicting the number 
of cavity trees needed (Thomas et al. 1976, Bull and Meslow 1977, Evans and Conner 
1979). However migratory cavity nesters also need roost holes where they winter or 
wander (Skutch 1976). Migration may mean moving a considerable distance or just 
changing elevation (Dixon and Gilbert 1964, Bock and Lepthien 1975). Some species 
concentrate in winter (Kilham 1959, Koplin 1969). Has anyone built a plan to provide 
for roosting trees for migratory winter residents? Interest has mostly focused on 
the breeding population. 

Some migrating birds also need roosting places. Swifts use hollow trees during 
migration (Skutch 1976). A large cluster (over 1m long, 3m wide and 3 birds deep) 
of migratory Vaux swifts was found roosting on a trunk. Several on the ground were 
dead. The exposed location apparently did not provide sufficient thermal cover. 
Stager (1965) commented on the increasing tendency of swifts to use chimneys. 
Migrating species can be easy to overlook while planning since they may be present 
for a very short time. Lack of suitable food and cover may be critical during 

'migration. 

Hunting Perches 

A number of birds fly from a perch to catch insects in the air (flycatching or 
hawking) or drop from a perch to catch prey. Many but not all of these species 
select a dead tree or bare branch for this perch instead of a foliated one. Some 
examples are bluebirds, many woodpeckers, some hummingbirds, Townsend's solitaires, 
flycatchers such as the western wood pewee, Hammond's and olive-sided flycatcher 
(Jackman 1975, Verbeek 1975, MacRobextsand MacRoberts 1976, Jackson 1976b, Pinkowski 
1979, Via 1979, Miller op. cit.). 

Kestrels and bluebirds hunt more often by dropping from a perch, generally a 
dead branch, which offers a clear view and flying space. In the absence of a perch 
they will hunt from a hover (Cruz 1976, Pinkowski 1979, Miller op. cit.). Hovering 
requires a much higher expenditure of energy (King 1974). Kestrels hunting in 
California were successful in capturing prey 23 percent of attempts from hovers and 
52 percent from perches (Collopy 1973). 

Intact top western larch snags left in clearcuts were frequently used as perch 
sites by kestrels in Montana (McClelland 1977). Intact top whips left in clearcuts 
were used for hunting perches in Oregon by kestrels and Cooper's hawks (Miller o~cic). 

Lookout and Loafing Perches 

Many raptors use perches with a good view and open for flying as lookout and 
loafing perches (Hensel and Troyer 1964, Raphael and White 1978). Dead trees were 
preferred as daytime perches by wintering bald eagles in northwestern Washington 
(Stalmaster and Newman 1979). Band-tailed pigeons andmourning doves use dead limbs 
for perching (Scott 1978, Miller op. cit.). 
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Nest Material and Plucking Posts 

Osprey get nest building sticks by grabbing dead branches with their feet while 
flying. Raptors have plucking posts. 

Food Caches 

Birds store or cache food which enables them to remain in an area when the food 
supply is low and also to stockpile rapidly when a food source is abundant and easy 
to obtain. Lewis' and acorn woodpeckers with nestlings cache insects during periods 
of high insect availability enabling them to take advantage of an insect flight. 
They store prey in cracks and crevices in dead branches near their flycatching perch. 
Several species of birds try to raid these caches (Bock 1970, MacRoberts 1970, 
MacRoberts and MacRoberts 1976, Miller op. cit.). 

Colonies of acorn woodpeckers use large old decadent or dead prominent trees for 
storage. They may drill individual holes in bark for each acorn, place them in 
narrow deep channels in bark of old valley oaks, or in dessication cracks of dead dry 
limbs or trunks, or cavities. Holes are generally drilled only in dry bark or dead 
wood (Ritter 1938, MacRoberts and MacRoberts '1976, Gutierrez and Koenig 1978). 

Cracks, crevices, loose bark, flaky bark, splintered wood, decayed wood, natural 
cavities, broken ends of branches, nest cavities and holes excavated during food 
gathering, provi4e places for woodpeckers and nuthatches, kestrels and other birds to 
store food. They frequently have to defend these stores from other birds and mammals 
and may re-store if caches are in danger (Ritter 1938, Kilham 1958a, 1963, 1974, Bock 
1970, Constantz 1974, Balgooyen 1976, Pinkowski 1977b, Stacey and Jansma 1977, Miller 
op. cit.). Red-headed woodpeckers and nuthatches have been observed covering stores. 
They use slivers of damp wood from rotten stubs or limbs to seal-in acorns in 
various cavities (Kilham 1958c, 1974). 

Nesting 

Birds other than cavity nesters use dead trees for nesting. Johnson and 
Melquist (1973) concluded that the ideal nesting site for ospreys is a tall snag near 
water which permits an unrestricted view of the surrounding area. Snags were 
reported important for nesting ospreys in Oregon and Montana (Renny et al. 1978, 
Mac Carter and MacCarter 1979). 

Geese, ducks, owls, and a hermit thrush have been reported' nesting on top of 
broken-top snags(Cowardin et al. 1967, Hornocker 1969, Forsman 1975, Thomas 1979, 
Scott 1980). 

Brown creepers typically nest where bark has pulled away from dead or dying 
trees on the trunk. Some species of trees have bark which tends to be better than 
others. Western larch does not leave good areas for nesting and aspen tends to 
shred. Nests are built where cracks and holes in bark permit birds to enter and 
where rain is less likely to enter. The way a tree dies also influences what the 
bark will do (Franzreb 1977, McClelland 1977, Davis 1978). Wrens nested under loose 
bark which developed after a broadcast burn in a salvage cut area in which some large 
live grand fir and western larch had been left (Miller op. cit.). Scott (1980) 
reported a yellow-rumped warbler nesting behind loose bark of aspen. 
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Anvils 

Anvils are places where a bird can wedge an acorn or other nut so it can be 
broken open. Relatively horizontal surfaces with a notch or crack such as broken top 
trees and horizontal dead branches with dessication cracks serve this purpose well. A 
bird has certain spots near storage places for this purpose (Ritter 1938, Kilham 
1958a, Bock 1970, MacRoberts and MacRoberts 1976, Moskovits 1978). 

Singing 

Some species of birds sing from an exposed position usually on the top of a dead 
tree, dead branch or dead-top tree or at a lower position but still on a dead portion. 
Some examples are olive-backed thrush, lazuli bunting, Townsend's solitaire and 
hermit thrush (Miller op. cit.). 

Landing On 

Some species of birds land more frequently on dead trees or branches than on 
live trees. Birds recorded as landing on dead trees or branches more than 75 percent 
of the time in northeast Oregon included kestrels, broad-tailed hummingbirds, 
calliope hummingbirds, common flickers, yellow-bellied sapsuckers, hairy woodpeckers, 
olive-sided flycatchers, Townsend's solitaires and lazuli buntings. Mountain and 
western bluebirds did so more than 90 percent of the time. If there are dead trees 
extending above the canopy, flickers tend to land on these when moving from place to 
place. When Townsend's solitaires land on a live tree with 1 dead branch they will 
generally land on that branch. There is often another dead tree near a mountain 
bluebird nest tree which is used for landing before approaching the nest. It is 
easier to make an inconspicuous entry into a nest (Miller and Miller 1976, Miller 
op. cit.). 

Some individual trees receive large amounts of use by a number of species. Many 
of these trees are dead, partly dead and/or with unusual configurations. Sometimes 
location is important such as the crest of a ridge (Miller and Miller 1976, Miller 
op.cit.). 

Feeding 

Woodpecker feeding sites have been recorded in many studies. Use of dead, 
dying and partly dead trees varies according to insect populations, seasons, species 
and sex of woodpeckers. Results of studies show that these trees play an important 
role in woodpecker foraging for insects (Koplin 1969, Stallcup 1969, Jackson 1970, 
Willson 1970, Kisiel 1972, Williams and Batzli 1979 and others). 

Carpenter ants (Camponotuo spp.) are fed on heavily by pileated woodpeckers. 
Williamson's sapsuckers feed huge numbers of them to nestlings. Carpenter ants were 
located in areas with large diameter logs, stumps, standing dead trees and live trees 
with basal wounds (Sanders 1970) in Ontario. 

Shortly before and several years after dying,trees probably contain the heaviest 
concentration of prey. 

Yellow-bellied and Williamson's sapsuckers are especially attracted for their 
sap-drilling activities to trees with bole wounds (Kilham 1964, Lawrence 1967, 
Oliver 1970). 
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Fallen Trees, Stumps and Slash 

When a tree falls it is still useful. The exposed roots and disturbed ground 
provide nesting places for Townsend's solitaires, wrens and dark-eyed juncos. 
Branches and roots extending above ground provide singing posts and feeding areas 
for wrens, vireos, flycatchers, mountain chickadees and green-tailed towhees with 
overhead protection from avian predators. Upright branches are used as hunting posts 
by raptors, bluebirds, black phoebes and others (Orians and Willson 1964, Verbeek 
1975, Miller op.cit.). Branches on or near ground provide cover for ground feeding 
birds while large logs and stumps provide feeding sites for woodpeckers, red-breasted 
nuthatches, yellow-rumped warblers and wrens (Hagar 1960, Kilham 1966, Bull 1975, 
Wily and Guampa 1978, McClelland 1979, Thomas 1979, '.Jilliams and Batzli 1979, Miller 
op. c~t.). Brush piles become centers of activity especially for house wrens , 
Bewick's wrens and dark-eyed juncos (Franzreb 1977, Miller op. cit.). Large hollow 
stumps and logs are used by black and turkey vultures for nesting (Bent 1964). 

Interrelations of Uses 

Many uses are interrelated. For example, the combination of locations and 
quality of flycatching posts, storage places and nest cavities influences the 
time-energy budget of a Lewis' woodpecker pair. In the latter part of the nestling 
period parent birds can start showing signs of running out of time by ragged-looking 
feathers and later than normal roosting times (Miller op.cit.). Animals under stress 
are more vulnerable to predation, parasites and disease (Flook 1970, Ligon and-Ligon 
1978). 

If more studies of habitat variables and behavior would include recording and 
and assessing dead tree, dead branch and down tree use, it should become possible to 
build all these uses into a management plan. 

Nest Boxes - No Substitute for Snag Management 

While nest boxes may alleviate a special local problem temporarily, they 
cannot be considered a substitute for snag management because: 

1. they only partially provide for one of the many uses of snags, 
2. they may be death traps in winter. 
3. predators learn to look for nest boxes (Llewellyn and Webster 1960, Strange 

et al. 1971. McCluskey et al. 1977). 
4. of high maintenance costs (Thomas 1979). 
5. their shape may lead to blowfly parasitism (Pinkowski 1977a). 

CONCLUSIONS 

Short rotations, timber stand improvement, slash treatment, landscapers, fire 
control, and firewood collectors are all programming dead, dying, deformed and 
downed trees out of existence. With the ecosystem approach now coming into 
recognition, we need to recognize that these trees play an important role in a 
complex system. Stubbs(l977) , writing about wildlife and dying and dead trees in 
Great Britain, stated that "dead wood is now a scarce biological resource." We 
haven't reached that stage in many places but we're certainly working on it. 
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Common Name 

Turkey vulture 
Black vulture 
Cooper's hawk 
Bald eagle 
Osprey 
American kestrel 
Band-tailed pigeon 
Mourning dove 
Vaux's swift 
Broad-tailed hummingbird 
Calliope hummingbird 
Common flicker 
Pileated woodpecker 
Red-headed woodpecker 
Acorn woodpecker 
Lewis's woodpecker 
Yellow-bellied sapsucker 
Williamson's sapsucker 
Hairy woodpecker 
Black-backed three-toed woodpecker 
Northern three-toed woodpecker 
Black phoebe 
Hammond's flycatcher 
Western wood pewee 
Olive-sided flycatcher 
Black-capped chickadee 
Mountain chickadee 
Boreal chickadee 
White-breasted nuthatch 
Red-breasted nuthatch 
Brown creeper 
House wren 
Bewick's wren 
Hermit thrush 
Olive-backed thrush 
Western bluebird 
Mountain bluebird 
Townsend's solitaire 
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Scientific Name 

Cathartes aura 
Coragyps atratus 
Accipiter cooperii 
Haliaeetus leucocephalus 
Pandion haliaetus 
Falco sparverius 
Columba fasciata 
Zenaida macroura 
Ch,aetura vauxi 
Selasphorus platycercus 
Stellula calliope 
Colaptes auratus 
Dryocopus pileatus 
Melanerpes erythrocephalus 
Melanerpes formicivorus 
Melanerpes lewis 
Sphyrapicus varius 
Sphyrapicus thyroideus 
Picoides villosus 
Picoides arcticus 
Picoides tridactylus 
Sayornis n~gr~cans 
Empidonas hammondii 
Contopus sordidulus 
Nuttallornis borealis 
Parus atricapillus 
Parus gambeli 
Parus hudsonicus 
Sitta carolinensis 
Sitta canadensis 
Certhia familiaris 
Troglodytes aedon 
Thryomanes bewickii 
Catharus guttatus 
Catharus ustulatus 
Sialia mexicana 
Sialia currucoides 
Myadestes townsendi 
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Starling 
Yellow-rumped warbler 
Lazuli bunting 
Green-tailed towhee 
Dark-eyed junco 

Raccoon 
Black bear 

Engelmann spruce 
Western larch 
Ponderosa pine 
Lodgepole pine 
White pine 
Pitch pine 
Japanese black pine 
Douglas-fir 
Aspen 
Valley oak 
Black oak 
Grand fir 
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Sturnus vulgaris 
Dendroiaa aoronata 
Passerina amoena 
Pipilo ahlorurus 
Junao hyemalis 

Proayon Zotor 
Ursus ameriaanus 

Piaea engelmannii 
Larix oaaidentalis 
Pinus ponderosa 
Pinus aontorta 
Pinus strobus 
Pinus rigida 
Pinus thunbergii 
Pseudotsuga menziesii 
Populus tremuloides 
Queraus Zobata 
Queraus velutina 
Abies grandis 
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ABSTRACT 

A review of available literature revealed that bird species rich
ness and total bird density varied considerably among assemblages 
of bird species in various forest types of old-growth timber. 
However, proportions of species and individuals in foraging and 
nesting guilds were similar. Among foraging guilds, the number of 
species and individuals in the "tree-foliage-searching" and 
"ground-brush-foraging" categories were most abundant. Among 
nesting guilds, coniferous-tree-nesting birds and hole-nesting 
birds comprised the greatest proportions of species and individ
uals. Changes in vegetation structure caused by timber manage
ment have a tremendous potential impact on assemblages of bird 
species. One change that may have a particularly strong impact 
is the elimination of older forest age classes. Several bird 
species appear to be negatively impacted by the reduction of old
growth forests. Effects of altering natural assemblages of bird 
species upon forest systems are unknown, but it is conjectured 
that a reduction in the number of insectivorous birds may result 
in reduced stability. Management for high species richness or 
diversity, with little regard for natural species composition is 
questioned. Intensive efforts directed at gaining information on 
wildlife in old-growth forests are advocated. 

KEY WORDS: birds, western coniferous forests, old-growth forests, 
timber management, hole-nesting birds. 
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outgrowth of a problem analysis conducted on "The habitat requirements of wildlife in 
old-growth forests." The U.S.D.A. Forest Service, Pacific Northwest Forest and Range 
Experiment Station, LaGrande, Oregon funded the work (Range and Wildlife Habitat 
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The primary goal of forest management on much of the commercial forest land in 
the western United States, particularly in the Pacific Northwest, is to maintain a 
high yield of timber. Although rotation schedules and harvest techniques vary among 
areas, current silvicultural practices employed to attain this goal often include (1) 
seeding or planting of one or a few preferred timber species following harvest, (2) 
precommercial and commercial thinnings to maintain high growth rates of trees and 
eliminate undesirable trees, and (3) harvesting at optimum tree size. These prac
tices produce trees that are evenly spaced and approximately equal in size and age. 
Managed forests that will result from a full implementation of these practices will be 
structurally different from natural forests in that they generally will have fewer 
tree species, reduced structural complexity, and a lower mean age of trees. Timber 
management thus tends to simplify natural forest systems. 

Changes in vegetation structure caused by timber management have a tremendous 
potential impact on the assemblages of bird species that inhabit forest systems. One 
change that may have a particularly strong impact is the reduction or elimination of 
older forest age classes. Predicted age of trees at harvest in the Pacific Northwest 
now varies from 45 to 140 years depending primarily on productivity of the site. When 
one considers that coniferous trees often live for well over 200 years, it becomes 
apparent that predicted harvest schedules will truncate the potential life span of 
natural forest stands. Old stands of timber now being rapidly liquidated from forest 
systems (e.g. in Oregon, Beuter et al. 1976) will not be allowed to redevelop under 
intensive management regimes. Any bird species or group of species closely associated 
with these older forest age classes may be negatively impacted if such forests are 
greatly reduced or eliminated (Meslow and Wight 1975). 

In the Pacific Northwest, the U.S. Forest Service and Bureau of Land Management 
are currently developing plans to retain a small portion of commercial lands in old
growth timber. Whether these plans will be successful in the face of increasing de
mands for timber products remains to be seen. 

The purposes of this paper are to examine available information on assemblages of 
bird species in older forest age classes, and discuss how timber management may affect 
these species assemblages. 

CHARACTERISTICS OF BIRD SPECIES ASSEMBLAGES IN OLD-GROHTH FORESTS 

The following examination of birds in old-growth forests is based on the results 
of 11 breeding bird censuses in various forest types in western North America; most 
are from the Pacific Northwest. Selection of the censuses was difficult because the 
term "old-grmvth" has not been clearly defined. A forest is often considered "old
growth" when it acquires a set of characteristic structural components. Franklin 
et al. (in press) suggested that 4 primary structural elements characterize old-growth 
stands of Douglas-fir (Pseudotsuga menziesii) in western Oregon. These elements are 
(1) large, individualistic Douglas-fir trees with coarse branch systems and deep 
crowns, (2) large standing dead trees, or "snags," (3) large logs in various stages of 
decay on the ground, and (4) large logs in streams. Other characteristics mentioned 
were high coefficients of variation in tree sizes (i.e. a multi-layered canopy), and 
patchiness of the understory. Franklin et al. (in press) stated that these components 
begin to appear in a Douglas-fir stand in western Oregon after 200 to 250 years. 
Undoubtedly, the length of time required to attain old-growth characteristics, and the 
characteristic components themselves change among forest types and growth sites. 
Therefore, different definitions based on general structural components and specific 
needs of old-growth-dependent wildlife may be needed for different forest types in 
different areas. 

Due to the lack of a suitable general definition of "old-growth," the 11 censuses 
were selected simply on the basis that they were conducted in old (usually 200+ years), 
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generally undisturbed stands of trees. The sample of censuses is admittedly small, 
and by no means represents all old-growth forests in western North America. Data for 
such a complete analysis are not available. What I hope to gain by an examination of 
these censuses is some suggestion of the differences and similarities among assem
blages of bird species in old-growth timber. 

Species Richness and Total Bird Density 

Results of the selected censuses showed substantial differences in species rich
ness (total number of species) and total bird density (Table 1). Some (much) of these 
variations may be attributed to differences in the type of census method employed, the 
size of the study area examined, and identification skills of the observers (Table 1). 
Variability in these factors probably invalidates any close comparison of community 
parameters among the censuses. Nevertheless, the data appear to suggest (as ·might be 
expected) that bird species richness and total bird density are not necessarily uni
form in older age classes of various forest types in western coniferous forests. If 
this is so, any assessment of the relative magnitude of these parameters in an old
growth forest may best be based on a comparison with the results of bird censuses con
ducted in younger forest age classes of the same forest type, in the same area, using 
the same census technique and observer. 

Foraging and Nesting Guilds 

Despite the wide range of values of bird species richness and total bird density 
among the selected old-growth forests, there were similarities among proportions of 
species and individuals occupying various foraging and nesting "guilds" (Root 1967). 
Grouping species into categories based on ecological and behavioral patterns (i.e. 
guilds) may provide some insight into the importance of various forest components. 
Among the foraging guilds (Bock and Lynch 1970), the number of species and individuals 
in the "tree-foliage-searching" and "ground-brush-foraging" categories were most abun
dant (Table 2). Species and individuals in the "timber-gleaning" and "timber-drilling" 
categories were less abundant, while birds in the "aerial-searching" and "hawking" 
guilds comprised only small proportions of the selected censuses (Table 2). A similar 
distribution of birds among foraging guilds was noted by Wiens (1975) for western con
iferous forests in general. 

An examination of nesting guilds (Mannan 1977) revealed that coniferous-tree
nesting birds and hole-nesting birds (i.e. birds that nest primarily in dead trees) 
comprised, on the average, 37.6 and 29.7 percent of the species, and 42 and 30 percent 
of the total number of individuals, respectively, in the selected censuses (Table 3). 
Smaller proportions (less than 16 percent) were occupied by ground- and bush-nesting 
birds, and other tree-nesting birds (Table 3). 

If foraging and nesting guilds are good indicators of the relative importance of 
various forest components to birds, then, not surprisingly, it appears that coniferous 
trees are one of the more important structural components to birds in old-growth 
forests. Snags, or standing dead trees, also appear to support a large porportion of 
the bird populations in old-growth forests (Meslow and Wight 1975, Mannan et al. in 
press). Other components, such as the understory tree and brush layers may not support 
a large number of species or individuals, but nevertheless contribute to the structure 
of bird species assemblages (see Kilgore 1971). 

Questions that arise upon examination of these very general conclusions are (1) 
how do forest components that are important to birds differ between old-growth stands 
and younger stands? (2) how does timber management affect these important components? 
and (3) are there any bird species or groups of species that depend upon structural 
components found only in old-growth forests? 
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TABLE 1.--Bird species richness and total density in assemblages of bird species in 11 
old-growth coniferous forests in western North America. 

Dominant tree species!/ 
location 

TSHE/THPL - British Columbia 
(Webster 1969) 

TSHE - Oregon 
(Wiens and Nussbaum 1975)~/ 

TSHE - Oregon 3/ 
(Anderson 1972)-

THPL/TSHE/PSME - Oregon 21 (Wiens and Nussbaum 1975)-

PSME/TSHE - Oregon 
(Wiens and Nussbaum 1975)~/ 

PSME - Oregon 
(Wiens and Nussbaum 1975)~/ 

PSME - Oregon 
(Mannan 1977) 

PSME - Califo~nia 
(Hagar 1960)if 

PIJE-ABCO - California 
(Bock and Lynch 1970)~/ 

ABMA/PICO - California 
(Robert 1966) 

PSME/PIPO - Arizona 
(Franzreb 1977)~/ 

Census technique 
(area covered) 

spot-map 
(8.1 ha) 

variable 
circular plot 
(undefined) 

sample count 
(3.2 ha) 

variable 
circular plot 
(undefined) 

variable 
circular plot 
(undefined) 

variable 
circular plot 
(undefined) 

sample count 
(5.0 ha) 

spot-map 
(10.1 ha) 

spot-map 
(8.5 ha) 

spot-map 
(10.1 ha) 

spot-map 
(15.5 ha) 

Total number of 
bird species 

19 

12 

25 

15 

12 

12 

33 

13 

24 

14 

36 

Density 
birds/40.5 hectares 

435 

1060 

819 

1170 

572 

720 

667 

238 

184 

304 

750 

1/ - ABCO - Abies concolor; ABMA - Abies magnifica; PICO - Pinus contorta; PIJE -
Pinus jeffrey!; PIPO - Pinus ponderosa; PSME - Pseudotsuga menziesii; THPL - Thuja 
plicata; TSHE - Tsuga heterophylla. 

~/Raptors were excluded from census results. 
3/ -Stand selectively cut in 1960s (Anderson 1970). 
4/ -Results expressed are means of 2 breeding seasons. 

i 1stand selectively cut in early 1800s (pers. comm. Carl E. Bock). Results 
expressed are means of 3 breeding seasons. 
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TABLE 2.--Foraging 7uilds of birds in the 11 selected old-growth coniferous 
forests • .! 

Foraging guild~/ 

Hawking 
Tree-foliage-searching 
Aerial-searching 
Timber-gleaning 
Timber-drilling 
Ground-brush-foraging 

.!/See Table 1. 

Mean percent of total 
species (range) 

10.0 (6-17) 
35.8 (26-43) 
0.5 (0-3) 

10.4 (5-17) 
10.8 (0-22) 
32.3 (25-42) 

~/After Bock and Lynch (1970). 

Mean percent of total 
density (range) 

10.6 (1-16) 
44.7 (36-56) 
0.1 (0-1) 

13.8 (8-25) 
3.9 (0-11) 

26.7 (17.:.35) 

TABLE 3.--Nesting guilds of birds in the 11 selected old-growth coniferous forests • .!/ 

Nesting guild~/ 

Ground-nesting 
Bush-nesting 
Tree-nesting (either 

conifers or deciduous) 
Coniferous-tree-nesting 
Deciduous-tree-nesting 
Hole-nesting 

.!1see Table 1. 

~/After Mannan (1977). 

Mean percent of total 
species (range) 

11.9 (5-17) 
11.3 (0-26) 

8.8 (1-18) 
37.6 (27-50) 
0.4 (0-3) 

29.7 (17-41) 

Mean percent of total 
density (range) 

15.2 (8-26) 
7.2 (0-13) 

5.5 (0-14) 
42.0 (29-54) 
0.2 (0-2) 

30.0 (21-46) 

TIMBER MANAGEMENT, OLD-GROWTH FORESTS , AND BIRDS 

The effects of complete, or nearly complete overstory removal on the structure of 
bird species assemblages in old-growth forests has been investigated by Hagar (1960) 
and Franzreb (1977). Disturbances of this magnitude obviously alter the availability 
of food sources, nest sites, and shelter; all of which are important factors in habitat 
selection in birds (Klopfer and Hailman 1965, Hilden 1965, Verner 1975). As might be 
expected, both Hagar (1960) and Franzreb (1977) noted differences between the cut and 
uncut areas in total bird density, species richness, and species composition. Hagar 
(1960) found that in the third year following harvest, total bird density in a cut-over 
area was greater than in an old-growth stand of Douglas-fir. The high density in the 
cut-over area was due primarily to a greater number of dark-eyed juncos (Junco 
hyemalis) and mountain quail (Oreortyx pictus); both species nest and forage on the 
ground. However, species richness in the cut-over area (9 species) was lower than in 
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the old-growth stand (13 species). The difference was due primarily to a lower number 
of birds that nested and foraged in coniferous trees and snags. 

Franzreb (1977) found that total bird density was greater in a mixed-conifer 
growth stand than in a similar area where most of the overstory had been removed. 
the 13 species Franzreb (1977) listed as being adversely affected by the logging, 
percent were species that nested in snags, and 33 percent were species that nested 
foraged in coniferous trees. One species, the hermit thrush (Catharus guttatus), 
nested in dense brush or small trees, and foraged on the ground. 

old
Of 

42 
and 

Conversely, of the 10 species Franzreb (1977) listed as being beneficially 
affected by the logging, 50 percent were also birds that nested in snags. These 
species included the American kestrel (Falco sparverius), yellow-bellied sapsucker 
(Sphvrapicus varius), violet-green swallow (Tachycineta thalassina), house wren 
(Troglodytes aedon), and western bluebird (Sialia mexicana); all of which generally 
prefer open areas for nesting and foraging. A more complete harvest (i.e. removal of 
most snags) would probably have reduced the numbers of these species as well. 

Hagar (1960) and Franzreb (1977) studied the effects of one aspect of timber 
management on bird communities - harvesting. Another pertinent avenue of study is a 
comparison of species assemblages in old-growth stands and managed stands near or at 
rotation age. Because old-growth stands may eventually be replaced by managed stands, 
this comparison should suggest some of the differences that will exist between assem
blages of bird species in natural forest systems (i.e. those with old-growth forests) 
and managed forest systems. This sort of information will also indicate what com
ponents of old-growth forests need to be actively maintained in managed forest systems. 

Unfortunately, few comparisons have been made between assemblages of bird species 
in managed and old-growth forests; possibly because few older-aged managed stands 
exist. Mannan (1977) found that bird species richness during the breeding period was 
greater in a stand of old-growth Douglas-fir (31 species) than in 4 thinned and un
thinned stands of Douglas-fir 33 to 70 years of age (18-27 species). Total bird den
sity was also greater in the old-growth stand than in all but one of the 4 younger 
stands. These differences were due primarily to the absence of several hole-nesting 
birds in the younger stands. Manuwal and Munger (1978)l/ also found a low number of 
hole-nesting bird species (0-3) in managed Douglas-fir stands 34 to 64 years of age. 

The studies by Mannan (1977) and Manuwal and Munger (1978) suggest that in 
Douglas-fir forests, species richness and total bird density are greater in old-growth 
stands than in younger, managed stands. Some evidence supporting this conclusion can 
be found in the results of studies of avian communities and plant succession (mostly 
from eastern forests). General trends in birds species richness and total bird.density 
through succession suggest that the replacement of old stands of timber with medium
aged stands (usually dense, pole stands) may result in decreased numbers of species and 
individuals (Johnston and Odum 1956, Martin 1960, Haapanen 1965, Conner and Adkisson 
1975). However, a note of caution must be issued. With the possible exception of the 
study by Manuwal and Munger (1978), none of the above studies examined intensively 
managed forest stands. Therefore, any general conclusions about total bird density and 
species richness in unmanaged old-growth stands compared to younger, intensively 
managed stands would be speculative at best. 

The foregoing discussion has concentrated on inter-stand differences in 2 para
meters that characterize species assemblages. Perhaps more important than these compari
sons is a consideration of how these inter-stand differences may affect the avifauna in 

l 1unpublished report submitted to the U.S.D.A. Forest Service, Pacific Northwest 
Forest and Range Experiment Station, LaGrande, Oregon 97850. 
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an entire managed forest system (i.e. all forest age classes). This consideration in
volves examination of individual population densities and should seek to determine if 
any species will be eliminated (or greatly reduced) by the complete liquidation of old
growth forests. The term "elimination" as it is used here can be thought of in two 
ways (1) complete absence, or (2) a reduction in density to the point where a species 
is unable to fulfill its functional role in the system. 

One example of a species that apparently depends heavily upon old-growth conifer
ous forests for its habitat requirements is the northern spotted owl (Strix 
occidentalis caurina). Based on a roadside call count, Forsman et al. (1977) esti
mated that spotted owls were 12 times more abundant in old-growth Douglas-fir forests 
than in second growth stands 40 to 50 years of age. Two of the 5 owls detected in 
second-growth stands were associated with small patches of old-growth habitat. These 
results supported Forsman's (1976) earlier conclusion that spotted owls depend on old
growth forests for preferred nest and roost sites. 

Several other species, or groups of species, while not dependent on old-growth 
forests for their existence, do reach maximum densities in old-growth habitat. In 
many of the studies mentioned above, differences between bird species assemblages in 
young stands and old-growth stands were due to differences in population levels of 
hole-nesting birds. In Douglas-fir forests in the Oregon Coast Range, Mannan et al. 
(in press) found that hole-nesting birds preferred large snags with broken tops as 
nest sites. McClelland and Frissell (1975) noted similar preferences by hole-nesting 
birds in Douglas-fir and western larch (Larix occidentalis) forests in Montana. 
Mannan et al. (in press) also found that breeding densities of hole-nesting birds 
increased with stand age. They attributed these results to the greater number of 
large, decayed snags in older forest age classes (Cline et al. in press). One hole
nesting bird that is especially dependent on large snags is the pileated woodpecker 
(Dryocopus pileatus) (Bull and Meslow 1977). 

Lists of other species that may reach maximum breeding densities in old-growth 
forests have been developed (Meslow and Wight 1975, Franklin et al. in press). 
Included on these lists, in addition to the spotted owl and pileated woodpecker, are 
the goshawk (Accipiter gentilis), Vaux's swift (Chaetura vauxi), Townsend's warbler 
(Dendroica townsend~), and hermit thrush. These species, and many others, require 
further examination before conclusions can be drawn about their relationships with old
growth forest habitat. 

Effects of Simplifying Forest Systems 

The well-known idea (dogma) that complexity begets stability is no longer accepted 
as a generalization for ecological systems (if indeed it ever was) (May 1976, Ricklefs 
1979). However, several investigations have suggested that simplification of natural 
systems often results in reduced stability (see Ricklefs 1979) ("stability" is used 
here to indicate low population fluctuations) . Several theories have been put forth to 
explain the reduction in stability following simplification. For example, May (1976) 
stated that although simple, stable systems exist naturally (e.g. the marsh grass, 
Spartina), many man-made monocultures may be unstable due to the lack of coevolution 
between pests and pathogens. A reduction in species richness combined with the absence 
of predators has also been suggested as a condition that leads to instability (Pimintel 
1961). 

Timber management certainly simplifies forest systems by eliminating older forest 
age classes, reducing the structural complexity and tree species richness in existing 
age classes, and potentially reducing the number and density of predators (e.g. insec
tivorous birds). At what point these manipulations affect the stability of the system 
is not known. However, the occasional (and sometimes frequent) outbreaks of insects 
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in managed forests may evidence instability. Ricklefs (1979) stated that large in
creases in herbivorous species are characteristic of simplified systems. 

Whether the elimination of old-growth coniferous forests will markedly reduce the 
total number of bird species in managed forest systems is a question that at present 
can not be answered. Certainly densities of some species will be greatly reduced. 
What will be the effects of these changes and potential changes on the forest system 
as a whole? How much perturbation can a system absorb and still exhibit the composi
tional and organizational characteristics of its undisturbed state? 

The role of birds in regulating forest insects has been reviewed by Bruns (1960), 
Franz (1961), Thomas et al. (1975), and Wiens (1975). The conclusion of these reviews 
is that insectivorous birds in general, and perhaps hole-nesting birds in particular, 
play an important role in the reduction of insect populations at endemic levels. 
Birds are probably important, therefore, in damping the number and size of ins~ct out
breaks. The reduction of hole-nesting birds and other insectivorous species via elim
ination of older forest age classes may thus reduce the stability of managed forest 
systems. Potential effects of reducing or eliminating forest raptors such as the 
spotted owl and goshm.;rk are unknown. 

MANAGEMENT CONSIDERATIONS 

Given that complexity does not necessarily lead to stability, it seems evident 
that management for high species richness or diversity, with little regard for natural 
species composition, is unwarranted. A particular density, or species richness, or 
diversity value is not, in and of itself, "good." A managed stand could conceivably 
have an exceptionally high species richness or total bird density and still lack an 
entire group of specie~ that plays an important role in the natural system. 

One alternative course of action, as suggested by Balda (1975), is to attempt to 
maintain a forest system in a condition that is as close as possible to the natural 
state (at least as close as possible to our conception of the natural state). 
Similarly, Wiens (1978) advocated managing for "suites" of species that occur together 
naturally. 

Included in the generalized management schemes suggested above should be the 
retention of a certain percentage of land in old-growth timber. Practical questions 
that immediately confront timber management agencies and wildlife managers are (1) how 
much old-growth habitat is needed? (2) what are the required sizes and distribution 
of patches of old-growth habitat? (3) is there a need for concern regarding the age 
of trees in stands adjacent to patches of old-growth? and (4) how should the distri
bution of old-growth patches be managed over time? Our lack of knowledge about the 
abundances and interrelationships among most species in old-growth forests, as indi
cated by the low number of bird censuses in old-growth stands, leaves little alterna
tive but to attempt to answer these questions on an individual species basis. The 
current management plan for old-growth timber in western Oregon was initiated by con
cern for the habitat requirements of the spotted owl. This plan has come under criti
cism because it does not approach old-growth management from a community perspective. 
Ideally, management plans for old-growth forests should be more holistic, but the lack 
of information on "community interactions" renders the community approach difficult to 
defend and implement at this time. 

In areas for which few data exist on the abundances of species in various forest 
age classes, justification for retaining old-growth habitat must be based on reasons 
other than habitat management for wildlife. Such reasons could include maintenance of 
the natural level of habitat diversity, maintenance of water and soil quality, preser
vation for recreational and aesthetic purposes, and retention to allow study of the 
ecology and structure of these old forest stands. The latter point is especially 

364 



important when one considers the lack of information on these topics. Answers to the 
above questions about "how much, where, and of what size" must then be based on eco
nomic and political considerations. Hopefully, both approaches will retain enough old
growth habitat so that options will remain open for alternative, and perhaps more 
biologically-based plans in the future. 

For the present, an intensive effort should be made to gather information about 
wildlife in old-growth forests. Initially, a general inventory should be conducted. 
The wide range of bird species richness and total bird density in the 11 old-growth 
forests (Table 1) indicates that the inventories should be conducted regionally by 
forest type. Ideally, the inventories should be conducted in a series of age classes 
extending from recently established stands to old-growth forests. However, given time 
and fiscal constraints, it is unlikely that this type of intensive program can be 
initiated in all forest types. One alternative is to conduct the inventories in old
growth stands and managed stands that represent what will be the oldest age class of 
intensively managed forests of the future. 

Development of an ecological information base on species that inhabit old-growth 
forests also seems to be of critical importance. Initial efforts should be on those 
species that are closely associated with the older stands (as determined by the 
inventories). Emphasis should be placed on examination of nest site selection, pro
ductivity, foraging behavior and ecology, territory and home range size, and dispersal 
capabilities of the young. In addition, some assessment of the lower limits of viable 
population size must be made. All of these factors are important in the development 
of sound management programs for old-growth forests and their associated fauna. 
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ABSTRACT 

The California Wildlife Habitat Relationships (WHR) Program is 
developing new tools to assist field biologists assess habitat 
conditions for forest and rangeland wildlife. The systematic 
organization of existing knowledge on the life histories and 
habitat relationships of these animals is the core of the Pro
gram. lfHR is needed to meet the requirements of many laws, 
policies, and regulations as well as to foster a land ethic in 
wildland resource management. Major land and wildlife manage
ment agencies in California and Nevada, many universities, and 
one public utility company are cooperating in the Program. 
WHR is based on the premises that wildlife are products of the 
environmental features that they use as habitat; that wildland 
resource management affects those habitats and is subsequently 
an indirect form of wildlife management; that wildlife habitat 
requirements must be an integral part of wildland resource 
planning and management; and that a comprehensive information 
system covering all species habitat relationships is necessary 
to facilitate multi-species wildlife planning and management. 
The Program is consequently structured to develop such an in
formation system, apply it to management processes, and provide 
for continual improvement in both the system and its applica
tion. WHR is administered by a statewide coordinator and 
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leaders from each of four working zones in the state. 

KEYWORDS: habitat, wildlife, land use planning, ecosystem, 
management, California. 

INTRODUCTION 

Program Goal 

The California Wildlife Habitat Relationships Program is being developed to pro
vide natural resource managers with a system for obtaining information on the responses 
of wildlife species and their habitats to land management alternatives. The P4ogram 
emphasizes the practical application of knowledge and experience about wildlife and 
their habitat requisites to the tasks of identifying wildlife habitat improvement 
opportunities and of predicting the wildlife consequences of habitat change. The 
change can be either natural or man induced. 

The core of ~~R is the systematic organization of information on the life history 
characteristics of each species, and on the relative capability of different environ
ments to support them. All species of amphibians, reptiles, birds, and mammals in
habiting California's wildland forests and ranges are included (some sub-species are 
also covered). Environments are classified as wildlife habitats, and described in 
terms of the habitat elements that provide different arrangements of food, cover, 
space, and water for wildlife. 

The Program of itself will not make nor constrain land management decisions. It 
will eventually provide an ecologically sound and practical method for integrating 
wildlife habitat resource data with data on other natural resources for the purpose of 
assisting decision making administrators understand the wildlife opportunities and 
consequences of their decisions. We are developing tools to improve the wildlife 
aspects of the environmental assessment process. Application of these tools hopefully 
will lead to improved wildlife conservation. 

Program Need 

The WHR Program is needed to effectively meet the requirements of numerous laws, 
regulations, and public demands, and to facilitatethe evolution of a "land ethic" in 
natural resources management. The principal national laws affecting public land 
management agencies are the National Environmental Policy Act of 1969 (NEPA), the 
Endangered Species Act of 1973 (ESA), the Forest and Rangelands Renewable Resources 
Planning Act of 1974 (RPA), the Sikes Act of 1974, the National Forest Management Act 
of 1976 (NFMA), and the Federal Land Policy Management Act of 1976 (FLPMA). Various 
state laws also affect management decisions. 

The central features of these national laws for wildlife resources are indicated 
by Section 6 of NFMA, "provide for diversity of plant and animal communities based on 
the suitability and capability of the specific land area in order to meet overall 
multiple-use objectives ... ", and by Section 2 of ESA, " ... provide a means whereby the 
ecosystems upon which endangered species and threatened species depend may be con
served ... ". By law, we must prevent the man-caused extinction of any species, and we 
must maintain animal community diversity on Federal lands. 

Federal agencies prepare regulations to implement these laws. Regulations pro
vide direction for the preparation of Environmental Impact Statements, Environmental 
Assessments, and various other reports and plans. The regulations for National Forest 
System Land and Resources Management Planning (36 CFR 219) require that on each 
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National Forest, "Fish and wildlife habitats will be managed to maintain viable popu
lations of all existing native vertebrate species ... " and the "population trends of 
management indicator species will be monitored and relationships to habitat changes 
determined." In addition to the legal mandates previously mentioned, we must deal 
quantitatively with habitats for all species, and with populations of species selected 
for management attention. This is very difficult to do, and the WHR Program is pro
viding a "first step" on these tasks. 

Public demands for wildlife resources range from local to national in scope. 
They come from individuals, ad hoc coalitions, sportsmen's groups, national conserva
tion organizations and their regional and state affiliates, and from educational 
institutions. Public interests vary from population levels of single species, such as 
deer for harvest, to populations and habitats of several species as indicators of 
ecosystem vitality. These concerns can result in litigation over land and r~source 
management decisions. Often the litigation arises because resource tradeoffs and the 
consequences of management alternatives are not adequately displayed. The \VHR Program 
will not halt legal action against resource administrators, but it will provide a cre
dible mechanism for portraying the wildlife consequences of their decisions. 

Finally, as society's land stewards we have an obligation to promote conservation 
as " ..• a state of harmony between man and the land" (Leopold 1966). This can be done 
only through an ecosystem, or holistic, philosophy about natural resources management. 
"Living organisms and their nonliving (abiotic) environment are inseparably interre
lated and interact upon each other" (Odum 1971), or as Commoner (1971) puts it, 
"everything is connected to everything else." Our land management actions have multi
ple effects, many of which cannot be clearly identified. In timber harvest, we affect 
not only a stand of trees, but also the wildlife depending on that stand as habitat, 
and the wildlife dependent on those animals as foods. The action causes "ripples" 
through the entire ecosystem. That is not inherently bad. It merely indicates that 
we need to better understand the nature of the linkages in our natural resource eco
systems in order to minimize the probability of unintentional ecological catastroph
ies, such as species extinction, wildlife starvation die-offs, and disease epidemics, 
and the extent to which we constrain future resource production options. 

In summary of why a Wildlife Habitat Relationships Program is needed we have 
only to look at society's increased concern and sensitivity about environmental 
quality. It is expressed through laws, regulations, and political pressures, and 
is founded in a conservation land ethic. Our natural resource ecosystems will be 
managed to produce high levels of goods and amenities, while maintaining their eco~ 
logical integrity and vitality. The WHR Program will evolve to provide us with 
increasingly better mechanisms to meet wildlife resource objectives for all species 
by utilizing an ecosystem approach to organizing, refining, and applying wildlife 
knowledge to resource management decisions. 

Interagency Involvement 

The USDA Forest Service, Pacific Southwest Region, is the lead agency in the 
Program. Other Federal, State, and private agencies and organizations with respon
sibilities for wildland resources are involved in providing Program direction and in 
sharing developmental work. Our mutual concern is for the development of a common 
philosophy and methodology for organizing wildlife life history and habitat informa
tion. The continued evolution and success of the Program is a result of the combined 
commitments, insights, and hard work of individual line officers, biologists, and 
others in the USDA Forest Service, Pacific Southwest Forest and Range Experiment 
Station, California Department of Fish and Game, Southern California Edison Company, 
USDI Bureau of Land Hanagement, USDI Fish and \-Jildlife Service, California Department 
of Forestry, California Universities, and Nevada Department of Fish and Game. 
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BASIC PRINCIPLES 

The Program's underlying principles are adapted from Thomas (1979). 

Wildlife as a Product of Habitat 

The distribution and abundance of each wildlife species are greatly influenced by 
the nature, amounts, shapes, location, and juxtaposition of the food, cover, space, 
and water resources upon which it depends--its habitat. Many other factors as well 
affect wildlife abundance, such as predation, competition (both resource exploitation 
and interference types), parasitism, disease, and weather. These latter factors, 
singly and in combination, act to suppress a species' numbers below the support capa
bility of its habitat. Thus habitat sets the ultimate capability of an area ~o sup
port any species, and other environmental factors often function to hold populations 
below that capacity. The WHR Program deals with the basic habitat capability. 

Habitat as a Set of Environmental Elements 

In a conceptual sense, habitat is a function of the species' needs for food, 
cover, space, and water throughout its life history. In reality, food, cover, space, 
and water are the result of stands of vegetation, bodies of water, physical features 
such as soils, cliffs, slopes, and aspects, and items like snags, rotting logs, and 
rock outcrops. The different characteristics and arrangements of these factors are 
what make one area a habitat for deer and another a habitat for goshawks. Of course, 
the presence of deer is an important element of mountain lion habitat. Our ability to 
identify wildlife habitat improvement opportunities or to predict wildlife responses 
to management activities depends upon our understanding of how each species is related 
to the environmental elements that comprise its habitats, the current conditions of 
those elements, and how they will change as a result of our activity or inactivity. 

In order to define and distinguish the different kinds of wildlife habitat we use 
a classification system. In the WHR Program, the vegetation elements of habitat are 
described by broad scale identifiers of vegetation type (e.g., Chaparral, Mixed Coni
fer Forest, Wet Meadow), by stand classes of size and age of dominant plants (e.g., 
grass/forb stand, seedling tree/shrub stand, large tree stand), and by canopy cover 
classes of dominant plants (e.g., less than 40% canopy cover, 40-70% cover, and 70% 
or more cover). Other habitat elements are also included in the system; e.g., snags, 
decaying downed logs, seeps, perches, rimrocks. 

Wildland Resource Management is Wildlife Management 

All land and resource management activities affect at least some of the environ
mental elements that constitute habitat for some wildlife. It may be timber harvest 
as a negative effect on spotted owl habitat in dense forest, but a positive effect on 
shrub dependent deer. Or, it could be livestock grazing as a negative effect on mal
lard nesting cover around ponds, yet beneficial to forb dependent pronghorn. Every 
activity alters habitat elements to the extent that some wildlife are benefitted while 
others suffer. In this regard, wildland resource management is wildlife management. 

Wildlife Needs in Land Use Planning 

In many areas of the West, wildland management activities other than those 
directly considered to be wildlife management have a much greater impact on wildlife 
than do wildlife projects. Timber management, livestock grazing and fire management 
are prime examples. These activities are in effect the wildlife manager's primary and 
most feasible habitat management tools. To get desired wildlife habitat benefits from 
these activities wildlife managers must be involved in the planning and assessment 
processes; they must know how each species of concern is related to its key habitat 
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elements; and they must have a mechanism for applying that knowledge to the decision 
process. Wildlife habitat needs must be an important consideration in wildland re
source planning and management. 

A Wildlife Habitat Relationships Information System 

A systematic approach to information organization and application is needed to 
deal with all wildlife in all habitats in the increasingly complex and intensive field 
of resource management. The system must incorporate the best of existing information, 
and provide for continual refinement as new data are acquired. In developing such a 
system for the WHR Program we are concerned with the following criteria: 

1. The system should be based on well accepted ecological principles. 

2. The system should be practical and comprehensible by professional field 
biologists and other resource professionals. 

3. The system should eventually incorporate all important aspects of species' 
life histories and habitat relationships relevant to resource management. 

4. The system should be structured to be compatible with resource classifica
tions used by other disciplines; e.g., timber typing, vegetation classifca
tion. 

5. The system should facilitate integration of wildlife habitat assessments 
with on going management processes; e.g., land use planning, project planning 
and assessment. 

6. The system should be dynamic in the sense that refinements and improvements 
of the information base are a planned feature of the system. 

7. The system should provide a common terminology for all professionals 
working in wildlife habitat management. 

In brief, the WHR Information System .is being designed to be an integral part of 
the total resource management process, not to be a separate, single resource system. 

PROGRAM STRUCTURE 

There are three basic parts to the California WHR Program; Information System, 
Applications, and Program Improvement. They are highly interdependent. 

The Information System 

The Information System is a synthesis of existing knowledge. It therefore 
mirrors the present strengths and weaknesses in that knowledge. Two things have 
come to light in this regard; we know something about the habitat needs of every 
species, and most of what we know is very difficult to express as a quantitative 
relationship between population dynamics and habitat conditions. In developing 
the Information System we have constructed an organizational framework for making 
what is known easily accessible to field biologists. 

\~e fully recognize that precision is the weakest aspect of our model. At this 
time, we are more concerned with generality and realism; precision will come as our 
understanding of wildlife habitat relationships becomes relevant to actual sites. 
The model is designed to encompass the best understood life history attributes of each 
species and their habitat needs. \~at we have now is a general model of wildlife 
habitat relationships for use in broad scale assessments of wildlife habitat resources. 
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The Information System is currently composed of three products; Species Notes, 
Species Habitat Relationships Information File, and Specific Management Documents. 
Each Species Note is typically a one page description of key life history information, 
the habitat element requirements of the species, selected references, and a geographic 

.distribution map. The notes are synthesized from literature and personal experience 
by specialists working on contract for the Program. The notes are designed to bridge 
the gap between the scant information in a typical field guide, and the detail of an 
exhaustive literature review. 

The Species Habitat Relationships Information File is currently both operational 
and undergoing rapid development. It was initially designed as a matrix of species 
relationships with vegetation types, stand classes, and cover classes, and with spe
cial habitat elements. The relationships are indicated by an index of relati~e capa
bility to support breeding, feeding, and resting activities of each species over a 
many year period. Capabilities are currently classed as optimum - the vegetation 
conditions are capable of supporting relatively high densities of the species; suit
able - capable of supporting intermediate densities; marginal - not capable of sup
porting a self-sustaining population; and not a habitat for the species. Recent 
evaluation of this capability classification has lead us to propose future improvement 
by rating capability in relation to the role of specific vegetation conditions in 
population dynamics. Under the new system (Table 1) high capability vegetation con
ditions would potentially support positive recruitment (an increasing population or a 
stable population that produces a dispersal excess); moderate would support neutral 
recruitment (a stable population with no dispersal excess), and low capability would 
not support a self-sustaining population {inhabited primarily by colonizing individ
uals). 

Table 1. Proposed system for rating the habitat capability of vegetation types in the 
California Wildlife ·Habitat Relationships Program. 

Relative Habitat Capability 

High 

Moderate 

Low 

Recruitment* 
Mortality 

G.T. 1 

,....,1 

L.T. 1 

or 

Emigration 
Immigration 

G.T. 1 

L.T. 1 

* Recruitment is here considered to be the addition of reproductive age 
individuals from within the population. 

The original habitat relationships matrix is currently being augmented by placing 
life history and niche information into each species' information file. lihile the 
exact details of the information file are still evolving, it is intended that future 
versions will contain information on the following for each species: 

1. Species identifiers (codes, numbers, names). 

2. Geographic distribution. 

3. Life history attributes. 

4. Niche parameters. 
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5. Habitat capability of vegetation stand conditions. 

6. Relationships to other environmental elements as habitat. 

7. Relative abundance. 

8. Legal and management status. 

Information files for portions of the sirte are currently accessible through two 
computer programs; QWICK QWERY (CACI 1973) - for batch mode at the USDA Fort Collins 
Computer Center, and WHIMP (Marcot pers. comm.) for interactive processing on mini
computers. 

Specific Management Documents are still in the developmental phase. They will be 
patterned after the chapters in Thomas (1979), and will likely be localized modifica
tions of that seminal work. These documents will be designed to provide additional 
detail on habitat management alternatives for selected species such as mule deer, 
goshawks, pronghorn, and others, and for special habitat elements such as snags, ri
parian areas, and old-growth forest. Current efforts concern the development of 
habitat models for mule deer as a corollary to California's deer management planning 
effort. 

Applications 

The development and implementation of procedures for using the information System 
in wildlife habitat assessments are now underway in many areas of California. A key 
point in this work is the recognition that the Information System is not a planning or 
assessment process. Planning and assessment should follow the logical process of: 
1) identifying issues, questions, or goals, 2) establishing rules or criteria for 
gathering information to evaluate conditions relative to those issues, 3) gathering 
the data and information needed, 4) performing the evaluation, and 5) establishing 
the management prescriptions needed to meet stated objectives. Wildlife biologists 
should function at each of these steps as members of the management team. 

The Information System is intended to greatly strengthen the biologist's ability 
to deal with all wildlife at steps 3 and 4. The System is thus both a potential in
formation source and a tool for evaluating habitat capabilities. It does not replace 
a professionally competent biologist who is capable of integrating site specific wild
life habitat conditions with the general information contained in the system, and who 
is able to write management prescriptions to meet wildlife objectives. 

The WHR Information System is being used both manually and through computer 
access on projects such as timber sales and in land and resource management planning. 
As this work proceeds, new methods of making wildlife habitat assessments and habitat 
capability predictions will be tested and refined. It is our intent to publish these 
as ~VHR Applications Notes and to make these new techniques available through periodic 
training sessions. 

1/"The use of a trade, firm, or corporation name does not constitute an official 
endorsement of or approval by the U.S. Department of Agriculture of any product of 
service to the exclusion of others which may be suitable." 
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Program Improvement 

Program Improvement is currently focused on the Information System. The initial 
information in the System includes many subjective evaluations; best guesses of wild
life specialists. Many, if not all, of these evaluations still need to be field veri
fied, and modified when appropriate. 

We are currently supporting investigations of bird community relationships with 
forest seral stages (Verner 1980), wildlife relationships to hardwoods, wildlife com
munity characteristics of old-growth forest ecosystems, and single species studies on 
bighorn sheep, pine marten, and other wildlife. The results of these studies will in 
part be used to improve the resolution of the Information System. It is hoped that 
improved models for assessing wildlife habitat capability will also result from the 
studies. 

Program Improvement will be a continuing part of the WHR Program. Feedback from 
field biologists using Program products will be crucial. Field application and eval
uation is the most important aspect of Program Improvement. 

PROGRAM ADHINISTRATION 

Working Zones 

The WHR Program was initially guided by a Steering Committee chaired by a Forest 
Supervisor. In order to complete an initial Information System for a large portion of 
the state in a short time the committee assigned responsibilities to four working 
zones; Western Sierra, Southern California, North Coast Cascades, and Northeast 
Interior (Figure 1). Each zone includes 3-6 National Forests, and is mandated to 
produce a Zone Specific Information System. Eventually, these four Systems will be 
incorporated into a standardized statewide system. Progress in each zone is listed 
in Table 2. 

North Coast 
Cascades 

Hestern Sierra 

Northeastern Interior 

Southern California 

Figure 1. Working Zones of the California Wildlife Habitat Relationships Program. 
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Table 2. Progress of the working zones of the California Wildlife Habitat Relation
ships Program. An "x" denotes completion. A year denotes anticipated completion. 

Working 
Zone 

Western 
Sierra 

Southern 
California 

North 
Coast 
Cascades 

Northeast 
Interior 

Species 
Notes 

X 

'80 

X 

'81 

Habitat 
Relationships 
Hatrix 

X 

'80 

X 

'81 

Expanded 
Information 
File 

'81 

'81 

X 

'81 

Statewide Coordination 

Computer 
Access 

X 

'80 

X 

'81 

Training 
Program 

X 

'80 

X 

'81 

Coordination and direction for developing the Program in each zone and for the 
state as a whole is lead by the Program Coordinator, a Zone Leader from each zone, 
and cooperating agency representatives (Table 3). Technical aspects of the Program 
are handled by the Technical Group, which is composed of individuals working on all 
aspects of the Program in each zone. The Steering Committee now composed of the 
Program Coordinator, the USDA Forest Service, Pacific Southwest Region, Fish and 
Wildlife Staff Director, and one Forest Supervisor from each zone, provides policy 
direction and administrative support. As the Program expands to cover other portions 
of the state, appropriate agency line officers will be added to the Steering Committee. 
We hope to eventually have a Wildlife Habitat Relationships Program that covers all 
species in all environments of California, and that provides wildlife biologists with 
an improved ability to insure that California's wildlife habitat resources are pru
dently managed. 

Table 3. Administrative structure of the California Wildlife Habitat Relationships 
Program. 

Working Group 

Steering Committee 

Zone Leaders Group 

Technical Group 

Composition 

Program Coordinator-currently PSW Regional Wildlife Ecologist 
PSW Region F&WL Staff Director 
Zone Forest Supervisors-currently 4 

Program Coordinator 
Zone Leaders-currently 6; 2 are co-leaders 
Agency Representatives-currently 3 non-FS representatives 

Program Coordinator 
Technical Assistant 
Zone Technicians 
Research Cooperators 
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WILDLIFE RELATIONSHIPS AND FOREST PLANNING 

Steve Egeline 

Biological Sciences Planner 
Sierra National Forest 

1130 11 0 11 Street 
Fresno, California 93721 

ABSTRACT 

The complexity of the 11 Wildlife resource 11 is vastly 
greater than any other resource area that the public or 
private sector manages. To address this complexity, 
knowledge of all the species has been collected in a single 
reference (the Wildlife Habitat Relationships Program or 
WHR) in such a manner that both analysis and decisions can 
be intelligently made. 

The issue in wildlife resources planning is not which 
habitats are to be retained or even which are more important. 
The primary issue is what distribution of relative abundances 
among all the habitats will provide the most desirable mix of 
wildlife within the demands for individual species and within 
ecological considerations for wildlife diversity. The WHR 
program has begun to enable land managers and biologists to 
evaluate effects in a manner meaningful to address the issues 
and concerns. 

The question of 11 0ld growth 11 habitat, what it is and how 
much might be desirable is discussed as an example of WHR 
application in forest planning. Evidence from past descriptions 
ecological theory and species adaption patterns obtained from 
WHR data indicate that 11 0ld growth 11 consists of distinct habitats 
and the relative abundances of these habitats are currently much 
different than those existing prior to the influence of modern 
man. The implications of this analysis to forest planning are 
discussed. 

KEYWORDS: Habitat, wildlife, land use planning, ecosystem, old 
growth, mana_gement, diversity. 
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A species' habitat consists of all the environmental features that provide the 
food, cover, space and water necessary for population survival. This Huchinsonian 
concept of habitat and ecological concept of species survival is the basis for the 
wildlife-habitat relationships currently being developed (Thomas 1979, Salwasser 1980). 

Pressure to ensure all species' survival has been manifested in leqal action by 
various groups ultimately resulting in a plethora of laws and regulations (Salwasser 
et al. 1980). These legislations and interpretations contain such words and phrases 
as 11 

••• untrammeled by man's ... , ....... maintain viable populations ... , ....... diversity 
of plant and animal communities ... , 11 11 

••• natural forest ... , 11 11 ... wildlife resour-
ce(s),11 and 11 public .. l/. Few, if any, of these terms or concepts have been formally 
defined in relationships to land management planning. In reality, the lack of formal, 
written declaration of meaning for these terms is a problem only to lawyers and 
planners since the legality of a forest land management plan is ultimately decided 
by interpretation of the letter of these laws (i.e., the above phrases) in a court
room. The writing of these and many other regulations on human behavior is an 
attempt to legislate morality, in this case an ecological morality, and I believe it 
can be readily demonstrated throughout history that moral legislation fails miserably 
as soon as the moral atmosphere changes. Unfortunately, moral atmospheres change 
more rapidly than laws can be promulgated and infinitely more rapidly than ecosystems 
can react. 

These problems of moral, ecological, legal interplays impact directly on the 
wildlife planner since the forest land management plan is written according to law 
in response to public needs and demands (i.e., morals) within the context of the 
forest's ecosystems. 

In the absence of direct definitions, I have made some interpretations and 
formulated conceptional frameworks that will be used in wildlife planning on the 
Sierra National Forest. The first concept is that there is no "wildlife resource." 
In reality, each species is a resource in itself, therefore, the term is 11Wildlife 
resources ... This may seem somewhat simplistic but it is not. A very great majority 
of people concerned about 11 Wildlife, .. both professional biologists and pressure 
groups, do not have the conception of all wildlife species when they address the 
wildlife resource. Generally, concern about the 11Wildlife resource 11 and planning for 
wildlife is done in the conceptual framework of a few, relatively important species 
that are defined in each person's mind based on his experience, training, and overall 
background (Warren et al. 1979). However, the legislated morality states "all 
species'' and therefore it must be made abundantly clear to all people (individuals 
and groups) that the wildlife resources being planned for are indeed each and every 
species individually. 

A second important concept, closely related to the first, is that there is no 
11 public." If the wildlife planner can internalize the fact that every person is an 
individual and possesses a unique conceptual framework it is less difficult to deal 
with 11 public" issues and the wildlife resources. That is, there are 285 million 
special interest groups which have some, but not all, concerns in common. An analogy 
might be the "hunters ... This group has in common the concern for maintaining high 
populations of huntable wildlife species. However, some of these hunters are more 
concerned about bear than deer. This can lead to conflicting viewpoints about road 
closure policies. Further, some bear hunters may use hounds in their sport and some 
may not, again splitting the 11 group. 11 Obviously this can be carried to the logical 
extreme that I have stated above, but should nevertheless be a part of the wildlife 
planners• concept of the 11 public 11 if he is to deal with conflicting demands for species 
and/or habitats. 
1/ An excellent reference containing the legislation using these terms is "The Prin
- ciple Laws Relating to Forest Service Activities, .. Agric. Handbook No. 453. 
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The third set of concepts, dealing with such terms as diversity, viability, nat
ural forest, etc., are based in theoretical ecology but must be applied to practical 
management. Many biologists are currently concerned over the interpretation of these 
theoretical concepts as applied to the planning job, particularly in light of the 
likely legal interpretation to be made of forest planning efforts. The remainder of 
this paper deals with these concerns and is a result of my interpretation of the 
laws, public issues and concepts of theoretical ecology and should not be construed 
as nationwide Forest Service policy or direction. 

I believe there will be some commonality in wildlife issues on a large majority 
of western U.S. forests,if not throughout the nation. The major items concern 
uncommon species (i.e., Endangered, Threatened, Rare, etc.), riparian habitat, the 
effects of roads on wildlife, the influence of vegetation manipulation (i.e., timber 
management, fuels management, etc.) on diversity and the question of how much "old 
growth" is necessary for dependent species survival. These concerns, along with 
nearly any others concerning wildlife and fish, are inextricably intertwined in the 
fabric of the ecosystems. To illustrate this point let's consider the "old growth" 
issue in the context of theoretical ecology and such things as "viability" and 
"diversity." 

The overall objective for any forest plan dealing with wildlife should be to 
determine what proportion of each plant community containing what proportion of each 
seral stage in what proximities and sizes will yield the best mix of wildlife species 
and populations levels that meet the "overall multiple-use objectives" as constrained 
by the ecosystems' abilities. This illustrates the complexity of wildlife planning 
in that many things other than plant community and/or successional stage determine 
"habitat." 

In approaching this objective it is useful to apply some principles from gaming 
theory. The first principle is that of uncertainty. Particularly in the area of 
ecosystems and habitats, it is generally true that there are fewer incorrect 
decisions than correct decisions. This is often a function of knowledge deficiency, 
that is, the only reason that there are fewer wrong answers than right answers is 
that we know, through experience, what the wrong answers are but only know what the 
right answers are through theory, which has rather nebulous confidence limits, 
leading to a range of correct answers but no single correct answer. The second 
precept of gaming that applies and is directly related is that of risk avoidance. 
This principle states that as the amount at risk increases, the odds must increase 
in favor of a correct decision or the bet will not be placed. 

The application of these principles to wildlife planning should be apparent. 
Decisions should be as conservative as possible and should be based on the values of 
the habitats at risk. This is particularly true in decisions concerning vegetative 
structure. It is relatively easy to correct a wrong decision concerning shrubs for 
example, since it is relatively easy and quick to "grow" shrubs. However, if an 
incorrect decision on the amount of old growth needed is made (on the low side) it 
may be many hundreds of years before it can be corrected, which is obviously too 
long with respect to the survival of dependent wildlife species. 

The approach I've used in dealing with these problems is to assume that viable 
populations of all wildlife species could be insured if the forest structure (plant 
communities, seral stages, energy-flow patterns, etc.) mimics the conditions under 
which the various wildlife species have evolved. The first problem is to determine 
what the structure was. 

In western forests it seems reasonable to assume that no plant community or seral 
stage has been totally eliminated by modern man. It should therefore be reasonable to 
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assume that all plant communities and seral stages now present on a forest were also 
present during the evolution of wildlife species. Thus, our first criteria is to in
sure in the forest planning process that no extant plant community or seral stage 
thereof can potentially be eliminated by prescribed activities. While this seems an 
intuitively obvious decision I believe that each step in the planning process needs to 
be made visible and apparent, and this in fact is called for by law. 

Our second criteria deals with the question of the relative abundances of the 
various plant communities and seral stages prior to the influence of modern man. 
Various studies have pointed out that many plant communities were subject to periodic 
fires (Kilgore 1973; Thomas 1979; Thompson and Taylor 1979) which maintained them in 
a particular structural arrangement. And that structure differs considerably from 
the climatic climax structure. In that modern man began effectively controlling 
these low-intensity fires around the turn of the century, it should also be obvious 
that few if any people now alive are personally familiar with the pre- modern-man 
forest. This is apparent when 11 old growth 11 forest is considered. This habitat is 
generally thought of as a large tree, multistoried, dense canopy forest with small 
openings, a high degree of decadence, and many logs and other debris on the ground. 
Photographic evidence (Gibbens and Heady 1964; Progulske and Sowell 1974) and the 
written descriptions by many early explorers including John Muir, John C. Fremont, and 
various land surveyors does not paint the same picture. The forests described prior 
to fire control were indeed characterized by large trees, but there the similarity 
ends. The "natural forest•• old growth also had a relatively sparse canopy closure, 
few but young and vigorous shrubs and little accumulation of litter or logs. 

While the evidence for a larqe-tree, open-canopy forest is fairly apparent, the 
sample size is fairly limited. Also, in that we are dealing with a "high risk" 
decision, it would seem desirable to gather as much evidence as possible (i.e., 
increase the odds of a correct decision) prior to committing a particular ecosystem 
to an essentially irreversible decision. The Western Sierra Wildlife Habitat Rela
tionships (Verner et al. 1980) has arranged data for each wildlife species in such a 
manner that the quality (optimum, suitable, etc.) of a particular plant community and 
seral stage can be determined with some degree of confidence for each species. By 
examining these data, certain patterns of adaptation can be discerned. Figure 1 
illustrates the number of wildlife species that find optimum or suitable living 
conditions in each of the 70 defined plant community/seral stage combinations. Figure 
2 is simply.a refinement of Fig. 1 by considering only those species that show strong 
reaction to canopy closure and tree size. This second group excludes the reptiles, 
amphibians, and bird and mammal species that depend on such things as water, cliffs, 
caves, etc. Figure 3 shows how many of these tree/canopy dependent species are most 
influenced by large trees with closed canopies, large trees with open canopies and 
smaller trees with similar canopy closures. It is readily apparent that large trees 
with open canopies (less than 70 percent canopy closure) are an important structure 
to more species than any other arrangement. 

The ecological theories that apply are those of speciation and partitioning. 
The more abundant and stable a resource is, the more advantageous it is to become 
specialized on a portion of that resource since specialization reduces resource com
petition; that is, the resource can be more finely divided without consequence to the 
species. This leads to the conclusion, supported by the mentioned written and photo
graphic evidence, that "old growth 11 habitat in fact was primarily the large-tree, 
open-canopy type with the closed-canopy type being secondary in abundance and stabi
lity. However, if one then examines the particular species that require the closed 
old growth type9 one can see that these species are of equal concern with those 
adapted to open old growth (Table 1). 

The conclusion to be drawn is that there are at least two 11 0ld growth 11 habitats; 
one being large trees with less than 70 percent canopy closure, single layer tree 
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Table 1. Species of the western Sierras whose distribution is influenced 
by tree size and canopy closure in old growth stands. 

Open Old Growth 

Yuma myotis 
(Myotis yumanensis) 

Little brown myotis 
(Myotis lucifugus) 

Ruby-crowned kinglet 
(Regulus calendula) 

Mountain chickadee 
(Pa:t'US gambeli) 

Steller 1 s jay 
(Cyanocitta stelleri) 

Olive-side flycatcher 
(Nuttallornis borealis) 

Western wood pewee 
(Contopus sordidulus) 

Black-backed three-toed woodpecker 
(Picoides a:t'cticus) 

White-headed woodpecker 
(Picoides albolarvatus) 

Hairy woodpecker 
(Picoides villosus) 

Williamson 1 s sapsucker 
(Sphyrapicus thyroideus) 

Yellow-bellied sapsucker 
(Sphyrapicus varius) 

Common flicker 
(Colaptes auratus) 

Band-tailed pigeon 
(Columba fasciata) 

Blue grouse 
(Dendragapus obscurus) 

American kestrel 
(Falco sparverius) 

Goshawk 
(Accipiter gentilis) 

Pine grosbeak 
(Pinicola enucleator) 

Cassin 1 s finch 
(Carpodacus cassinii) 

Evening grosbeak 
(Hesperiphona vespertina) 

Western tanager 
(Piranga ludoviciana) 

Hermit warbler 
(Dendroica occidentalis) 
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Closed Old Growth 

Wolverine (?) 
( Gu lo luscus) 

Fisher 
(Martes pennanti) 

Marten 
(Martes americana) 

Black bear 
(Ursus americanus) 

Northern flying squirrel 
(Glaucomys sabrinus) 

Western qray squirrel 
(Sciurus griseus) 

Douglas 1 squirrel 
(Tamiasciurus douglasi) 

Golden-crowned kinglet 
(Regulus satrapa) 

Brown creeper 
(Certhia familiaris) 

Red-breasted nuthatch 
(Sitta canadensis) 

Chestnut-backed chickadee 
(Parus rufescens) 

Pileated woodpecker 
(Dryocopus pileatus) 

Great gray owl 
(Strix nebulosa) 



canopy, few logs and debris,and sparse, vigorous shrubs; the second characterized by 
large trees with dense, multilayered canopy and high fuel loadings. The relative 
proportions of these two types on any given National Forest can best be determined by 
close consultation with fuels management specialists to determine which areas on the 
forest were likely not subject to periodic fire due to local topography and soil/mois
ture regimes. A general conclusion is that the closed old growth likely was associated 
with high elevation, north slope, riparian areas and that open old growth was assoc
iated with hotter, drier sites. 

A secondary conclusion to be drawn is that the ponderosa pine and mixed conifer 
plant communities are not in the same proportion as existed previous to modern man's 
influence, since many timber stands identified as mixed conifer are, in fact, large 
ponderosa pine trees with an understory of fire sensitive species such as whjte fir 
and incense cedar. This is further supported by the adaptive patterns shown in Fig. 
2. More species find optimum habitat in the ponderosa pine type than in mixed conifer. 

The management conclusions and recommendations to be made concerning "old 
growth" might be to manage north-facing mixed conifer communities within one-quarter 
mile of water as closed old growth in the amount determined as existed naturally 
(within that l/4 mile band) by consultation with fuels management specialists. The 
open old growth might best be managed on poorer timber-producing sites in ponderosa 
pine and mixed conifer since these sites generally have poor stocking and exhibit 
the open crown closure characteristic. These open old growth stands can be main
tained by periodic individual tree selection cutting and regular prescribed fire. 

This will likely result in substantial reduction of closed old growth habitat 
acreages but it has been argued here that the "natural forest" probably contained 
substantially fewer acres of this habitat than now exist on most national forests and 
that those dependent species should be adapted to that situation. 

A final note on "old growth" is that species requiring this habitat structure 
tend to also require rather large patches, therefore old growth of either type should 
be managed in a minimum patch size of 300 acres and an average of about 600 acres. 
It should also be apparent that blanket statements of ''leave x percent of each timber 
compartment, capability area, etc., in old growth" are entirely inadequate since the 
land varies in its ability to produce large trees and the "natural" placement of these 
habitats should be determined by terrain, surrounding vegetation, etc. 

Using these analytical techniques it is also possible to display "diversity." 
The ecological characteristics of diversity such as richness, equitibility and pattern 
can all be displayed if acres are substituted for number of species and the size sta
tistics of mean, mode, range and standard deviation are included in the histogram for 
each community/seral stage. Figure 4 is an example of how this might be done. By 
displaying components of diversity in this manner and relating the species to the 
components through a wildlife-habitat relationships concept, it should be relatively 
easy to address many wildlife concerns by alternative. This can be done by displaying 
a Figure 2, Figure 3 and Figure 4 for the "natural forest," the "existing forest" and 
the "future forest" under each of the alternatives and including a wildlife species 
list for each of the community/seral stage combinations. In this manner, anyone with 
a concern for an individual species or group of species can determine the effects of 
the various alternatives. Also, these characteristics of habitat richness, equability 
and size are measurable, enabling numeric goals to be set and monitored. 

A final concept in planning is to consider only those species that depend on a 
habitat feature that will be reduced by management activities. That is, eliminate 
species for planning consideration that depend on habitat structures that will 
increase as a result of some management activity. Also, only consider those plant 

387 

I. 

r 
I 

I. 
I 



communities that will be impacted and finally only consider those management activi
ties that have major, widespread impact in relation to the habitat or species being 
impacted. This process should result in the 11 bettering of the odds 11 in those 11 high 
risk11 areas and investigation into which decisions are incorrect rather than which are 
correct. Management direction can then be written to constrain 11 Wrong 11 decisions 
rather than to attempt creating 11 right 11 decisions. The optimum decision in land 
management is that which maintains the maximum range of future options within the 
constraints of current needs. 

10000 

Fig. 4. An example of the acreages (numeric goals) of each plant 
community/seral stage combination that might be desirable 
for wildlife habitat--see text. 
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USE OF A HABITAT/NICHE MODEL FOR OLD GROWTH MANAGEMENT: 

A PRELIMINARY DISCUSSION 

Bruce G. Marcot 

Oregon State University 
Corvallis, Oregon 

Cautious analyses of ecological interrelationships and 
extent of behavioral stereotypyare necessary requirements 
within any forest management program for avian species. 

(McEllin 1979) 

ABSTRACT 

The basic tenets of a life history approach to a wildlife habitat 
relationships information base are explored. The life history 
approach involves detailing habitat, niche, and general descriptors 
of each wildlife species, and sifting by a computer program to 
generate groups of functionally-related species. An example of 
the model to assess stand conditions for obligate old-growth 
wildlife species is provided. 

INTRODUCTION 

With recent legislations guiding multiple-resource management on National Forest 
lands (see Salwasser et al. 1980), the need is great for a multi-species approach for 
the assessment of habitat conditions for forest and rangeland wildlife, including 
nongame birds. Such a multi-species approach should be effectively incorporated into 
the management system in regard to specialist input and planning needs. The approach 
also should be user-oriented and theoretically sound, and should deal with terres
trial vertebrate species of both emphasis and nonemphasis statuses. 

This paper explores some of the basic tenets underlying a habitat and niche 
based multi-species model, and an example of how the model may be used to aid manage
ment of older age stands of timber for wildlife. 

Model Axioms 

The model to be explored is a product of the California Wildlife Habitat Rela
tionships (WHR) Program of the U. S. Forest Service (Salwasser et al. 1980). The WHR 
involves a compilation of information on the life histories and habitat relationships 
of species of amphibians, reptiles, birds, and mammals. The goal of the program is to 
develop new tools to assist biologists and planners to assess occurrence of and change 
in wildlife species in relation to existing and potential land managemen~ activities. 
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Conceptual Framework 

Warren et al. (1979) define a conceptual framework as a set of axioms character
ized by low verifiability and high explanatory power, existing at the "most encompas
sing level amenable to reasonably complete and adequate verbal articulation." Using 
this notion, the conceptual framework of the habitat/niche model involves the follow
ing tenets. 

1. Wildlife habitat is a product of forest and wildland management. 
Thus, wildland management is wildlife habitat management, de
sirable or undesirable (Thomas 1979). 

2. The degree to which wildlife habitat is managed desirably is de
pendent on a) the accuracy of prediation and simulation models 
of wildlife habitat relationships, and b) how well a WHR program 
can be integrated into multi-resource management schema. 

3. All habitat types and their seral stages provide suitable con
ditions for some groups of wildlife species (Thomas 1979). 

The Blue Mountain tome of Thomas et al. (1979) goes a long way in establishing 
an ecological, interdisciplinary and even socio-political conceptual framework under 
which a WHR program and subservient models may be subsumed. "Species have niches 
and habitats" is but one of the numerous tenets of the ecological facet of this con
ceptual framework. Another and a more general tenet is that "the concepts of species 
and viable populations are meaningful and are a useful base for conducting wildlife 
resource management." The mandates of the National Forest Management Act of 1976 
(NFMA) specifically addresses management for retaining viable populations. The con
ceptual framework provides a foundation on which a habitat/niche model may arise. 

Theoretical Generalizations 

On a logical level down from the conceptual framework, the theoretical general
izations of the approach to be considered here involves a detailing of the life 
history characteristics of each wildlife species in terms of their environmental 
needs. The environmental needs of species can be specified along the lines of niche 
theory and macrohabitat (vegetation type) affiliation. 

At the base of this detailing of species' environmental needs is the fundamental 
tenet that only species' life histories and ecological performances define such 
(theoretical) terms as (suitable) habitat, viability, facultative and obligate asso
ciations with habitat elements, and niche. That is, in contradistinction to an 
agglomerative approach which may ~ priori assign species to ecological categories or 
roles, the proposed life history approach allows such categorization~ posteriori in 
a nonfixed manner. Such ecological categories as life forms, guilds, species types, 
habitat use, and levels of response to habitat change, are generated in the divisive 
approach from initial life history details. To be sure, certain categories are ini
tially given, such as the species/habitat matrix, but these are still subsumed in an 
interacting life history information base and are generative of categories, indices, 
etc. in a functional and fundamental way. The agglomerative approach, on the other 
hand, may begin with a particular category or index as "fixed" and from this say 
things about species' viability or response to habitat shifts. 

The enumeration of a species' environmental needs as a theoretical generaliza
tion may be regarded in light of the species' habitat ("address") and niche ("occu
pation"). The WHR information base allows the description of species' habitats (the 

391 

I 



species/habitat matrix) and niches (the life history narratives) in a categorical and 
codifiable fashion. (Emphasis species guidelines and special habitat narratives can 
serve to deepen these descriptions.) 

A guiding tenet of the division of species into such detailed life history 
categories, at the level of theoretical generalizations, is that specific life history 
information can be used to develop predictive capabilities and simulation models, to 
help assess (i) effects on the wildlife resource from habitat manipulation and (ii) 
spatia-temporal arrangement of habitats (macro and micro) necessary to optimize a 
particular fauna, to meet particular goals for wildlife management. The question of 
whether this habitat-and-niche approach is either adequate or necessary will not be 
addressed here. 

The life history approach seeks to describe species in details of their.behavior 
and their ecological and geographical distribution. This description may be aided, 
in part, by adopting a multiple-category niche model. As well, distributions may be 
described by a combination of habitat descriptors {specifically, vegetation types and 
their seral or structural stages) and political geographic locators. Additionally, 
political and social categories, such as legal statuses, taxon/species i.d. numbers, 
and some indication of social concern or desirability, may further describe each spe
cies. 

Another theoretical generalization is that the divisive approach may be based 
on, and feed back into, habitat management as contrasted against single-species popu
lation management. From a multi-species approach, planning scales may widen to en
compass as large a land base as necessary. 

Theorems and Models 

Following the life history approach, a number of more specific theorems and 
models may be informally deduced. 

Species can be grouped according to functional (habitat and/or niche) relations 
into species groups or guilds. The grouping of species in the model used below is 
based on a computerized data storage and access system, the Wildlife Habitat Infor
mation Matrix Program (WHIMP), of the WHR. WHIMP uses multi-level boolean algebra 
to allow sorting (delineation of habitat or niche parameters) and sifting (grouping 
of species having the specified characteristics) through the WHR information base, 
which is set up to represent various categories of each species' habitat, niche, and 
other general descriptions (Table 1). 

Table 1. Species-specific categories of information coded for computer access by the 
Wildlife Habitat Information Matrix Program. 

GENERAL DESCRIPTORS 

Species common name 
Species scientific name 
Taxon/species i.d. no. 
Legal status 
Abundance, by geographic 

landbase 

NICHE DESCRIPTORS 

Nesting substrate 
Diet items 
Residency 
Foraging substrate 
Foraging methods 
Time of diel activity 
Breeding season, range and peak 
Territory size, range and mean 
Breeding home range, range and mean 
Wintering home range, range and mean 
Nest height 
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HABITAT DESCRIPTORS 

Vegetation types {by 
seral or structural 
stages) 

13 zonal types 
5 azonal types 

Life functions, 
by levels of use 

Breeding 
Feeding 
Resting 
Season of use 



Guilds or groups can be a set of species bracketed by management activities as 
such activities affect the species' habitats and/or niches. 

A guild-generating model can make (testable) predictions of species occurrence 
and changes given a description of a habitat and its manipulations. 

A guild-based model can generate indicator species based on detailed functional 
relations and fealties to micro- and macro-habitat elements. 

Several levels of models may be used in the life history approach: (1) simple 
storage and sifting access of WHR information for a generalized predictive tool; (2) 
statistical treatment of particular, sifted information; and (3) higher-level ecologi~ 
cal or mathematical assessments of within- and between-group parameters, e.g. indices 
of niche/habitat breadth and overlap, for more site-specific predictions. 

Further, each species needs to be described in detail (niche, habitat, and 
general descriptors) in order to effectively combine species management needs, such 
as by optimizing habitat diversity for particular groups of species. 

Wildlife management may be thought of, in part, as the descriptions of a range 
of manipulations in a given space, over time, for particular groups of species, that 
balance or optimize species' needs. This range of management options to·attain a 
particular optimum ·for wildlife may then be narrowed down according to the needs of 
other resources. Other resources may similarly identify the range of options that 
would still meet· ~their management goals and objectives. The overlap of options among 
different resources' management is the range of total management options, over time, 
that will meet needs of most or all resources in a given management area. (This 
overlap may also be derived through linear programming, n-person games, iterative 
solutions of effects on land base suitabilities from different resources' management 
options, graphic multi-resource assessment of mini-max or saddle points, etc. While 
such multi-resource management and planning goes beyond the domain of the present 
discussion, the life history approach nonetheless may provide deductively-derived 
models to fit into this schema.) 

DEFINITION OF "OLD GROWTH" -- A Brief Discussion 

The term "old grm:vth" literally refers to a mature age class of vegetation, a 
seral descriptor, but stand age is only one variable of a forest habitat. Because 
various types of land modification - especially timber harvesting - can cause such 
a wide spectrum of changes, the specific component or structural descriptors of 
"old growth" that the wildlife manager is most interested in must be clearly defined. 

Among the components of "old growth" that may be of importance to wildlife 
species and that may be affected by land management practices are: 

1. large-sized trees 
2. old-aged trees 
3. decadence of standing vegetation 
4. much dead and down woody material 
5. uneven-aged vegetation 
6. multi-layered vegetation 
7. moderate foliar height diversity 
8. mesic microhabitats afforded by high canopy closure. 

Many components that are associated with old growth can be differentiated and 
defined according to different wildlife species' needs. Indeed, to arrive at a 
singular definition of old growth is a dubious goal. What is therefore recommended 
is to define old growth in terms of any combination of these or other attributes, as 
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delimited by the needs of species that are to be managed in a particular area. Not 
all the attributes of old growth as listed above may be met on every site. Managing 
old growth areas for wildlife therefore may involve knowing the specific requirements 
of the species to be managed and relating these requirements to the special compo
nents outlined above. In this way, old growth can be more efficiently managed on a 
species-specific basis. 

"OLD GROWTH" SPECIES -- Meeting Their Needs 

In light of the model axioms developed above, the following theorems may be 
outlined that guide the use of a life history approach in regard to management of 
old growth areas for wildlife. 

1) "Old growth" -- a la its components -- may be defined not by a 
priori definitions and categories, but rather by the environmental 
(macro- and micro-habitat) needs of the wildlife species that live 
there. 

2) Wildlife species may be identified that use older age classes of 
forests facultatively and obligately, based on the species' life 
history patterns that involve macro-habitat components of general 
seral (age-class) stages of forest stands. 

3) Such a facultative or obligate set of species may be further 
represented by their needs for particular microhabitat components. 

4) "Old growth" - using species can be ordinated according to their 
life history (microhabitat and niche) characteristics to show 
functional relations. 

The wildlife habitat relationships information file was queried using WHIMP to 
extract species that are associated with old growth habitats as defined above. 
Specifically, the following queries were made. 

}fucrohabitat Associations 

The habitat descriptors in the wildlife habitat information file was queried to 
determine which wildlife species are associated with mature or over-mature stages 
of coniferous vegetation types on the Six Rivers National Forest in northwestern 
California. 

Two classes of associations were defined: facultative and obligate (Table 2). 

Table 2. Definitions of facultative and obligate associations of wildlife species 
with mature seral stages of coniferous vegetation types. 

Seral Stage Use 

Association Mature Early 

Facultative 

Breeding 0 or S and 0 or S 
or 

Feeding 0 or S and 0 or S 
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Table 2 (cont'd). 

Association 

Obligate 

or 
Breeding 

Feeding 

Use levels: 0 
? = unknown. 

optional, S 

Mature Early 

0 or S and M, N, or? 

0 or S and M, N, or? 

suboptional, M = marginal, N no occurrence, 

Many species (12 amphibians, 16 reptiles, 86 birds, and 42 mammals species) were 
found to be facultatively associated with mature forests for breeding or feeding. 
However a key interest for managers lies in those 14 bird and mammal species that 
were identified as obligate associates. The remainder of this discussion will deal 
with these less flexible species. 

Microhabitat Associations and Functional Relations 

Table 3 presents selected microhabitat and niche characteristics of the 14 
obligate old growth species on the Six Rivers National Forest. Based on this table, 
a similarity matrix (Table 4) was calculated by using S~rensen's (1948) similarity 
index. Finally, Figure 1 presents a cluster analysis of the obligate old growth 
species. The clustering methods followed the two-axis, Euclidean distance method 
in Mueller- Dombois and Ellenberg (1974). 
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Table 3. Selected microhabitat and niche characteristics of obligate users of 
mature forest stands on the Six Rivers National Forest, California. 
(Information summarized from Marcot 1979). 

sa ~ 
1. Spotted OWl MKC MKC JQ-100 X "large" 300 X X X X 

2. Pilt."atcd MOC MKC 15-70 X 20 100 X X X 
WooCpecker 

3. BrO\'i':l Creeper M M 2-20 ? 10 20? X X X. 

4. Little Brown Bat MKC n/a X 12 none X X X 

5. :Lort;J-leqged MKC n/a X ? none X X X 
M)Otis 

6. Wolverine MKC MKC n/a ? n/a 512,000 ? ? ? ? ? 

7. Red-backai z.blse MKC MKC n/a X n/a "small" X X 

8. t'lhi tc-'headed KC c 5-15 X 24 100 X X X 
i'b:x!pecker 

9. Goshawk K 2Q-BO X 12 300 X X X 

10. Marten K K -n/a, X 15 ? ? X ? ? X 

11. Vaux 's SWift c n/a 20 "snail" X 

12. \"uma Myotis MKC n/a X n/a none X 

13. Ialg-eared MKC n/a 12 ? X X 
~l,iotis 

14. Northem Flyinq MK 2 X 12 7-10 X X X X 
Squirrel 
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aB = use for breeding. 
bF = use for· feeding. 
CKuchler vegetation types: M = Mixed Evergreen Forest with Chinquapin or 

Rhododendron; K = Klamath Montane Forest; C = Coast Range Montaine Forest. 
(Source: A. W. Kuchler. 1977. A map of the potential natural vegetation 
of California. 
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Table 4. Similarity (lower left) and diss:imilarity (upper right) matrix of the 
species characteristics presented in Table 3, as calculated with 5¢rensen 's 
(1948) s:imilarity imex. a:Ms and oolumns are n\lll'bered acoonli.nq to the 
species' rumbers in Table 3. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 - 17 55 33 30 33 28 33 39 33 67 45 45 38 

2 83 - 65 44 42 36 23 44 42 45 68 37 37 30 

3 45 35 - 44 53 60 68 44 41 47 67 73 47 47 

4 67 56 56 5 53 33 30 26 29 43 18 6 5 
t· . 
'. 

5 70 58 47 95 - 50 30 26 33 37 38 12 0 10 

6 67 64 40 47 50 - 33 65 87 71 82 57 57 67 
f. 

'· 
7 72 77 32 67 70 67 - 52 40 44 73 33 44 27 1 .· .. 

8 67 56 56 70 74 35 48 - 47 53 57 65 65 52 

9 61 58 59 74 67 13 60 53 - 37 85 75 50 30 

10 67 55 53 71 63 29 56 47 63 - 64 57 43 44 

11 33 32 33 57 62 18 27 43 15 36 82 64 60 

12 55 63 27 82 88 43 67 35 25 43 18 - 14 22 

13 55 63 53 94 100 43 56 35 so 57 36 86 - 22 

14 62 70 53 95 90 33 73 48 70 56 40 78 78. 
_ ... 
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Figure 1. Cluster analysis of old-growth obligate species on the Six Rivers 
National Forest, nort.hwestem California. Analysis was made based on the 
EUclidean distance metrod in Mueller-Ik:mbois and Ellenberg (1974), using 
the similarity matrix data fran Table 4. Numbers on the graph refer to 
species as numberoo in Table 3. * = bird species; + = mamna1 species. 
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What are the implications of this clustering of obligate old growth species 
based on their microhabitat and niche characteristics? First, the uneven dispersion 
of the species throughout the ordination plane suggests that some species are more 
closely related functionally than others. Therefore, by inference a particular 
management prescription that would provide for some obligate old growth species may 
not suffice for all such species. 

Second, four species are distinctly different in life histories than the remain
ing ten, which occupy a central cluster in the graph. Three of these one-species 
"clusters" may not be considered in the development of old growth descriptions. These 
are: wolverine (Gulo gulo), which ranges widely, and of which little is known about 
its distribution and ecology in Six Rivers National Forest; Yuma myotis (Myotis 
yumanensis), which uses buildings, caves, or mines as well as snags, as hi9ernacula 
or nurseries; and Vaux's swift (Chaetura vauxi), which uses hollow trees that may be 
found in other than old growth stands. 

The remaining clusters include spotted owl (Strix occidentalis), goshawk 
(Accipiter gentilis), and the central cluster of ten species. The large distance 
between spotted owl and goshawk on the graph suggests different prescriptions for 
their concomitant management, although managing for one or the other may as well 
manage for other species in the central cluster. 

Thus, two clusters of "old growth obligates" fall out, guided by spotted owl 
and goshawk as focal species. The stand characteristics necessary for meeting these 
species' needs are as follows: 

CLUSTER 1 - Multistoried Unevenage Stands - these stands are of a multistoried nature 
usually of pure conifer or mixed hardwood - conifer vegetative composition. The 
average DBH of both live and dead (snag) trees of the overstory exceeds 20" with a 
high degree of decadence including heart rot and natural occurring cavities. The 
canopy is closed (>60%) helping to create a mesic microhabitat at ground level. Dead 
and down material is present. Close proximity to riparian areas is essential. 

Wildlife species associated with this habitat type are: 

*1. Spotted Owl 
2. Pileated Woodpecker 
3. Brown Creeper 
4. Little Brown Bat 
5. Long-legged Myotis 
6. Red-backed Mouse 
7. Marten 
8. Northern Flying Squirrel 
9. Long-eared Hyotis 

*Not in Cluster II, below. 

Other habitat requirements are: 

Area Size: 

Location: 

To include the territory and/or home range of all species 
listed requires contiguous habitat >300 acres in size. This 
may be irregular in shape but long linear strips are unsuitable. 

The area needs to be tightly adjoining or incorporating perennial 
streams or other water bodies. 
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CLUSTER II - Evenage Stands - these stands are of a single storied, park-like, nature 
usually of pure conifer or conifer/hardwood mix. Trees are greater than 18" DBH. 
The prime user of such stands, the goshawk, does not require a high degree of de
cadence or snags for its needs. Therefore, such stands may better be termed as an 
evenage mature forest. However, if such stands are to be used by other "old growth" 
obligate species decadence and snag requirements must be met. Microhabitats are 
usually drier but mesic situations are optimal. Crown closure is >60%. Close proxi
mity to riparian areas is essential. 

Wildlife species associated with this habitat are: 

*1. Goshawk 
2. Pileated Woodpecker 
3. Brown Creeper 
4. Little Brown Bat 
5. Long-legged Myotis 
6. Red-backed Mouse (?) 
7. Marten 
8. Long-eared Myotis 
9. Northern Flying Squirrel 

*Not in Cluster I, above. 

The more specific habitat requirements are: 

Area Size: 

Location: 

To include the territory and/or home range of all species 
listed requires contiguous habitat >100 acres in size. 
As with Cluster I, this may be irregular in shape but 
long linear strips are unsuitable. 

Loosely adjoining or incorporating perennial streams or 
other water bodies. 

In addition to these two clusters, a third might be es
tablished to account for more open canopy users such as 
the white-headed woodpecker. It was not considered a 
major management concern in this discussion. 

DISCUSSION 

The above clustering is based on gross, nominal data, and such assessment should 
be considered with caution. Functional relationships between species inferred from 
such a model could vary with more refined information on species' microhabitats and 
niches. 

Other ecological factors not presently included in this approach may limit the 
degree of both general and site-specific predictability that resultant models may 
offer. These factors include: (1) "diversity" of the habitat, including juxtaposi
tion and configuration of different habitat patches (Marcot 1979); (2) species-area 
and habitat "island" effects (Whitcomb 1977, MacClintock et al. 1977, Johnson 1975, 
Diamond et al. 1976, Simberloff 1976, and others); (3) interspecific interactions, 
especially competition and predation; (4) density-independent effects such as weather, 
which may greatly affect wintering bird populations (Anderson and Ohmart 1976, 
Fretwell 1972); (5) edge effects (Thomas et al. 1979); and (6) the timing of habitat 
perturbations. 
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In general, a multi-species model and information base, using a life history and 
habitat approach, must be usablf> by field personnel such as biological technicians 
and by resource planners, who may or may not have greater training in computerese and 
ecological theory. The system- to be used in management on a project level (i.e., 
on a day-by-day level) - must approach a cookbook formula, or at least present access 
to information on a fundamentally simple level, or else it will not be used. 

In conclusion, a life history approach utilizing the model axioms developed 
above may be useful for assessing habitat conditions on a multiple species basis. 
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FACTORS INFLUENCING BIRD POPULATIONS 

IN SOUTHWESTERN RIPARIAN FORESTS 

Robert C. Szaro 
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Range Experiment Station, Tempe, Arizona 85281 

ABSTRACT 

Riparian forests comprise only a minor portion of the avail
able habitat in the arid Southwest, but support extremely high 
bird populations. Most birds show a remarkable dependency on 
water related habitat for breeding areas, wintering areas, and 
migratory corridors. Bird communities in riparian forests are 
affected by vegetation type, structure, density, temporal 
fluctuations, adjacent habitat, recreational use, grazing, and 
location. 

KEYWORDS: riparian forest, bird populations, vegetation type. 

Riparian bird populations in the Southwest are affected by a multitude of complex 
and interacting factors. Riparian habitats range from low desert to high alpine 
meadows (Pase and Layser 1977). Bird densities, species numbers, and diversity vary 
with changes in vegetation type, structure, density, temporal fluctuations, adjacent 
habitat, recreational use,· grazing and location (Aitchison 1977, Anderson and Ohmart 
1977a and b, Carothers et al. 1974, Stevens et al. 1977). 

Riparian habitats are comparatively rare (e.g., less than 1/2 percent of the land 
area in Arizona), but the breeding avifauna of the Southwest lowlands shows a remark
able dependency on these water related habitats (Johnson et al. 1977). Of 166 breed
ing species examined from southern Arizona, southern New Mexico, and west Texas, 77 
percent were in some manner dependent on these areas and 51 percent are completely 
dependent on this habitat (Johnson et al. 1977). Carothers and Johnson (1975) found 
that over 50 percent of the species breeding in homogeneous Fremont cottonwood stands 
along the Verde River, Arizona, are exclusively dependent on this habitat for repro
duction. Their studies showed no other habitat in North America as important to non
colonial nesting birds. 

Riparian areas are important not only to breeding bird populations but to winter 
residents and migrants as well. Riparian habitats act as concentrators of birds 
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(Goldberg et al.l/, Stevens et al. 1977). The value of a given riparian habitat 
varies from species to species and seasonally for the same species (Anderson and 
Ohmart 1976). 

This paper examines many of the factors influencing riparian bird populations in 
the Southwest and offers some management recommendations. The discussion follows 
Lowe's (1964) definition of a riparian association as "in or adjacent to drainageways 
and/or their floodplains and which is further characterized by species and/or life 
forms different from that of the immediately surrounding non-riparian climax." This 
includes vegetation along both perennial and ephemeral stream courses. The area under 
consideration ranges from western Texas through New Mexico and Arizona to southern 
California, and includes the southern portions of Nevada, Utah, and Colorado. 

VEGETATION 

Southwestern riparian habitats include a diverse mixture of trees and shrubs 
(Hubbard 1977). Communities at the lower elevations consist primarily of mesquite 
(Prosopis juliflora) and saltcedar (Tamarix chinensis) changing through a continuum of 
vegetative associations to high elevation woodlands of alder (Alnus spp.) and willow 
(Salix spp.) (Pase and Layser 1977). Perhaps because of the relatively small amount 
of riparian habitat in the Southwest and its extreme complexity,little information is 
available on the range of vegetative types found in this region. 

Although there is no site-based classification system for riparian vegetation, 
Brown et al. (1979) have developed a digitized nomenclature for southwestern wetland 
biotic communities. This system indicates the potential array of riparian associa
tions in the region (Table 1). Their listing of communities is tentative, and will be 
modified as more data become available. Yet with only the beginnings of a classi
fication it becomes clear that managing riparian habitats for nongame bird populations 
will ultimately depend on bird community information from each association. 

1/ -Goldberg, Nancy H., N. Joseph Sharber, Laurence E. Stevens and Steven W. 
Carothers. 1979. Distribution and abundance of nongame birds in riparian vegetation 
in Arizona. Museum of Northern Arizona, Flagstaff, Arizona and Rocky Mt. For. and 
Range Exp. Stn., Tempe, Ariz. Unpublished manuscript. 

TABLE 1.--Tentative classification of riparian forest and scrub associations in the 
Southwest (modified from Brown et al. 1979). 

Nearctic Wetland Vegetation 
Forest Formation 

Cold Temperate Swamp and Riparian Forests 
Plains and Great Basin Riparian Deciduous Forest 

Cottonwood-Willow Series 
1. Populus sargenti Association 
2. Populus sargenti-Salix amygdaloides Association 
3. Populus wislizenii Association 
4. Populus spp.-Salix spp. Association 
5. Salix exigua Association 
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TABLE 1. 
(cont' d.) 

Rocky Mountain Riparian Deciduous Forest 
Cottonwood-Willow Series 

6. Populus angustifolia-Salix spp. Association 
7. Populus angustifolia Association 

Mixed Broadleaf Series 
8. Acer negundo-Populus angustifolia-mixed 

deciduous Association 
9. ~ulus angustifolia-mixed deciduous 

Association 
10. Acer negundo Association 
11. Acer glabrum Association 
12. Acer grandidentatum Association 

Warm Temperate Swamp and Riparian Forests 
Interior Southwestern Riparian Deciduous Forest and Woodland 

Cottonwood-Willow Series 
13. Populus fremontii-Salix spp. Association 
14. Populus fremontii Association 
15. ~opulus fremontii-mixed deciduous Association 
16. Populus wislizenii Association 
17. Populus acuminata Association 

Mixed Broadleaf Series 
18. Platanus wrightii-Fraxinus velutina-Populus 

fremondi-mixed deciduous Association 
19. Platanus wrightii-Quercu.s spp.-Juniperus 

spp. Association 
20. Plantanus wrightii Association 
21. Fraxinus velutina Association 
22. Alnus oblongifolia Association 
23. Juglans major Association 

Californian Riparian Deciduous Forest and Woodland 
Cottonwood-Willow Series 

24. Populus fremon~Salix spp. Association 
25. Salix spp.-Populus fremontii Association 
26. Platanus racemosa-mixed deciduous Association 
27. Platanus racemosa-Quercus agrifolia Association 
28. Alnus rhombifolia Association 

Tropical-Subtropical Swamp, Riparian and Oasis Forests 
Sonoran Riparian and Oasis Forests 

Palm Series 
29. Washingtonia filifera Association 
30. Washingtonia filifera-Populus fremonti Association 

Mesquite Series 
31. Prosopis juliflora Association 
32. Prosopis juliflora-mixed short tree Association 
33. Prosopis pubescens Association 

Cottonwood-Willow Series 
34. Populus fremon~-Salix gooddingi Association 
35. Populus fremontii A::Eociation 
36. Salix gooddingi Association 
37. Salix bonplandiana Association 
38. Salix spp.-mixed deciduous Association 

Swampscrub Formation 
Arctic-Boreal Swampscrubs 

Rocky Mountain Alpine and Subalpine Swamp and Riparian Scrub 
Willow Series 

39. Salix bebbiana Association 
40. Salix spp.-Alnus spp. Association 
41. Salix spp. Association 
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TABLE 1. Alder Series 
(cont'd.) 42. Alnus tenuifolia Association 

43. Alnus tenuifolia-Salix spp. Association 
Cold Temperate Swamp and Riparian Scrubs 

Plains and Great Basin Swamp and Riparian Scrub 
Willow Series 

44. Salix spp.-mixed scrub Assocation 
Saltcedar Disclimax Series 

45. Tamarix chinensis Association 
Rocky Mountain Riparian Scrub 

Willow-Dogwood Series 
46. Salix spp.-mixed deciduous Association 

Willow Series 
47. Salix spp. Association 

Warm Temperate Swamp and Riparian Scrubs 
Interior Southwestern Swamp and Riparian Scrub 

Mixed Narrowleaf Series 
48. Cephalanthus Occidentalis-Baccharis glutinosa

mixed scrub Association 
Saltcedar Disclimax Series 

49. Tamarix chinensis-mixed deciduous Association 
Californian Deciduous Swamp and Riparian Scrub 

Mixed Narrowleaf Series 
SO. Salix lasiolepis Association 
51. Salix spp. Association 

Tropical-Subtropical Swamp and Riparian Scrub 
Sonoran Deciduous Swamp and Riparian Scrub 

Mixed Scrub Series 
52. Prosopis pubescerurProsopis juliflora torreyana

Pluchea sericea Association 
Saltcedar Disclimax Series 

53. Tamarix chinensis Association 
54. Tamarix chinensis-mixed scrub Association 

Bird community structure is known only from a fraction of these associations 
and in many of them where data are available, the information is from only a single 
location and year ~able 2). Breeding bird densities in riparian communities are 
dependent on vegetation type and generally are much higher in it than in the surround
ing habitat (Anderson and Ohmart 1977a, Goldberg et al. 1979). Reported densities 
range from a high of 1059 pairs/40 ha in a cottonwood area in central Arizona 
(Carothers and Johnson 1975) to a low of 11 pairs/40 ha in a mesquite area in Nevada 
(Austin 1970) and a saltcedar area in California (Weinstein and Berry 1978). 

Even within the same vegetative association, breeding bird densities, diversity 
and species richness differ from location to location. For example, density in five 
Fremont cottonwood plots varied from 425 to 847 pairs/40 ha, species richness from 
20 to 28, and diversity from 2.68 to 3.15 (Table 2). Similar differences are found 
in willow, mesquite, and saltcedar habitats. 
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TABLE 2.--Breeding bird community parameters: species richness (SR), bird species 
diversity (BSD) and density (DEN) of selected riparian forests in the 
Southwest. 

Association SR BSD DEN
2 

Plains cottonwood (1)
1 

25 
Plains cottonwood (1) 20 
Cottonwood-willow-pine (6) 33 
Cottonwood-willow (13) 27 
Fremont cottonwood (14) 26 
Fremont cottonwood (14) 22 
Fremont cottonwood (14) 20 
Fremont cottonwood (14) 22 
Fremont cottonwood (14) 28 
Cottonwood-ash (15) 13 
Cottonwood-ash-willow (15) 19 
Mixed deciduous (18) 17 
Mixed deciduous (18) 19 
Mixed deciduous (18) 22 
Mixed deciduous (18) 21 
Sycamore-live oak-juniper (19) 36 
Ash-walnut-willow (21) 20 
Ash-mesquite-hackberry (21) 19 
Alder-ash-sycamore (22) 10 
Walnut-mesquite-sycamore (23) 24 
Cottonwood-willow (24) 32 
Cottonwood-willow (24) 21 
Cottonwood-willow-mesquite(24) 37 
Willow-cottonwood (25) 20 
Willow-cottonwood (25) 20 
Sycamore-coast live oak (27) 21 
Sycamore-coast live oak (27) 32 
Sycamore-coast live oak (27) 22 
Palm oasis (29) 5 
Mesquite (31) 31 
Mesquite (31) 13 
Mesquite (31) 12 
Mesquite (31) 19 
Mesquite (31) 14 
Mesquite-willow (32) 21 
Mesquite-saltcedar (32) 10 
Bebb's willow (39) 7 
Willow (41) 4 
Saltcedar-saltbush (49) 5 
Saltcedar-marsh (49) 23 
Arroyo willow (50) 13 
Willow-mesquite (51) 8 
Saltcedar (54) 28 

2.30 748 
2.08 137 
3.02 348 
2.67 354 
2.98 847 
2.53 512 
2.68 425 
2.71 612 
3.15 684 
2.46 639 
2.42 510 
2.78 193 
2.61 332 
2.85 312 
2.87 359 
3.29 609 
2.16 352 
2.70 310 
2.17 326 
2.90 503 
3.55 456 
2.92 394 
3.15 197 
2.76 197 
2.38 740 
2.77 348 
3.09 607 
2.84 258 
1. 33 97 
2.74 190 
2.35 11 
2.33 49 
2.60 244 
2. 04 151 
2.33 186 
1.47 167 
1. 89 286 
1.47 826 
1. 33 11 
2.32 43 
2.21 597 
1. 62 520 
2.16 243 

;Numbers in parentheses refer to Table 1 
Pairs per 40 hectares 
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State 

co 
co 
NM 
TX 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
AZ 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
AZ 
NV 
NV 
AZ 
CA 
CA 
CA 
AZ 
AZ 
CA 
CA 
CA 
CA 
TX 

Source 

Justice et al. 1979 
Hanka 1979 
McCallum 1979 
Engel-Wilson & Ohmart 1978 
Carothers et al. 1974 
Carothers et al. 1974 
Carothers et al. 1974 
Carothers et al. 1974 
Stamp 1978 
Goldberg et al. 1979 
Goldberg et al. 1979 
Carothers et al. 1974 
Carothers et al. 1974 
Carothers et al. 1974 
Goldberg et al. 1979 
Barker 1979 
Goldberg et al. 1979 
Goldberg et al. 1979 
Goldberg et al. 1979 
Goldberg et al. 1979 
Manolis 1973 
Gaines 1973 
Goldwasser 1978 
Ingles 1950 
Woodman 1978 
Gundy & Flanagan 1978 
Loveless & Loveless 1978 
McKinnie 1974 
Koopman 1979 
Anderson & Ohmart 1977a 
Austin 1970 
Austin 1970 
Stamp 1978 
Evens 1979a 
Evens 1979b 
Jehl 1978 
Goldberg et al. 1979 
Goldberg et al. 1979 
Weinstein & Berry 1978 
Cardiff et al. 1978 
Atwood 1978 
McKernan 1978 
Engel-Wilson & Ohmart 1978 

I· 

I 
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VEGETATION STRUCTURE AND DENSITY 

Bird community differences within vegetative associations partially reflect 
differences in vegetation structure and density. Carothers and Johnson (1975) 
found a direct correlation between breeding bird density and tree density in cotton
wood areas of central Arizona (Table 3). 

TABLE 3.--Average breeding bird densities found on manipulated vs. unmanipulated 
homogenoous Fremont cottonwood study plots (Carothers and Johnson 1975). 

Study plot Trees/Hectare Bird Density (Prs/40 ha) 

Control 113 1059 

Area 2 63 758 

Area 3 25 484 

They suggest that population densities decline even more rapidly when tree density 
falls below 25 trees/hectare. Vegetation structure, that is the proportion of 
foliage present in horizontal strata above the ground, indicates resource distri
bution in the habitat and thereby affects bird populations (Szaro and Balda 1979). 
Al0ng the lower Colorado River, foliage density in height intervals of 0.15-0.6 m, 
0.6- 1.5 m, 1.5- 3.0 m, 3.0- 4.6andgreater than 4.6 m was used in computing a 
matrix of overlap values. From these values a dendrogram was constructed showing 
study sites with greatest affinities between foliage density and structure. This 
analysis indicated six distinct structural types in cottonwood-willow, mesquite, 
and saltcedar communities along the Colorado (Anderson et al. 1977a). In the six 
structural types of saltcedar communities, bird density, diversity, and species 
richness varied from 131 to 503 birds/40 ha, 1.85 to 2.53, and 18 to 25 species. 
respectively (Table 4) (Anderson et al. 1977b). 

TABLE 4.--Densities, diversities and species richness in six saltcedar structural 
types, lower Colorado River Valley, May through July (Anderson et al. 1977b). 

Structural type 1 Species Richness Diversity Density (Birds/40 ha) 

I 25 2.50 290 
II 20 2.04 503 

III 19 1.85 316 
IV 18 1.93 241 
v 20 2.44 131 

VI 24 2.53 226 

1
structural types differentiated by foliage distribution with foliage volume shifting 

from a predominance at greater than 9.0 m in type I to a predominance at less than 
3.0 min type VI (See Anderson et al. 1977a for a complete description). 
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YEARLY AND SEASONAL FLUCTUATIONS 

Bird community organization is known to fluctuate yearly (Szaro and Balda 1979), 
and seasonally (Fretwell 1972) in a wide variety of habitat types including riparian 
types (Anderson and Ohmart 1977a). Community organization during the spring breeding 
season may reflect resource-based interspecific competition, while wintering assem
blages of birds are probably regulated by harsh and variable climate (Rotenberry et 
al. 1979). Species diversity, richness, and diversities in riparian plant communities 
typically show summer maxima and winter minima (Tables 5 and 6)(Anderson and Ohmart 
1977a, Rotenberry et al. 1979). Community structure also fluctuates from year to 
year, probably reflecting climatic events during the nonbreeding season (Fretwell 
1972). For example, in a plains cottonwood community over a 7-year period, breeding 
bird density ranged from 544 to 748 pairs/40 ha, species richness from 23 to.29 species, 
and diversity from 2.30 to 2.86 (Table 7). Similar fluctuations have been observed in 
cottonwood-willow, mesquite, and saltcedar along the lower Colorado River (Table 5) 
(Anderson and Ohmart 1976). 

Habitat requirements shift seasonally with changes in community organization 
because winter requirements of birds are different from breeding requirements (Anderson 
and Ohmart 1977a). Correlations between population parameters and vegetation structure 
varied seasonally in the lower Colorado, with habitat breadth being narrowest in 
winter and broadest in summer. Most species showed some consistency in habitat 
preference between seasons but only a minority of species showed close associations 
(Anderson and Ohmart 1977a). Models that predict a high degree of habitat consistency 
over an entire year must be used with care because many species may not fit the pattern 
(Anderson and Ohmart 1977a). 

Bird community composition changes from season to season as winter and summer 
residents come and go. Anderson and Ohmart (1976) indicate that ruby-crowned king
lets (Regulus calendula), white-crowned sparrows (Zonotrichia leucophrys), and 
yellow-rumped warblers (Dendroica coronata) are prevalent members of winter bird 
assemblages in cottonwood-willow areas along the lower Colorado. However the same 
species are absent during the breeding season (Table 8). Conversely, ash-throated 
flycatchers (Myiarchus cinerascens), verdins (Auriparus flaviceps) and brown-headed 
cowbirds (Molothrus ater) are important summer breeders but of minor importance 
or entirely absent during the winter. Permanent resident species such as mourning 
doves (Zenaida macroura), Abert's towhees (Pipilo aberti), and Gambel's quail 
(Lophortyx gambelii), are major components in all seasons but greatly increase in 
density during the spring, summer, and late summer periods. Other permanent resi
dents such as the black-tailed gnatcatcher (Polioptila melanuta) maintain relatively 
stable populations throughout the year. 

Additional variation during the spring and fall is due to the value of riparian 
areas as migratory corridors (Rappole and Warner 1976, Stevens et al. 1977, Wauer 
1977). Species preferences for riparian areas are shown by differing migrant den
sities and species diversities in various habitats (Stevens et al. 1977). 
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TABLE 5.--Seasonal and yearly flux in density and species richness in four vegetation 
types along the lower Colorado River Valley (Anderson and Ohmart 1976). 

Year 

1975 
1976 

1975 
1976 

1975 
1976 

1975 
1976 

Bird density per 40 hectares by season (species richness) 

Winter 1 Spring Summer Late Summer Fall 

119(13) 
149(34) 

195 (19) 
258(23) 

28 (11) 
24 (12) 

58(13) 
40 (15) 

Cottonwood-Willow 

128(29) 
194(37) 

260(20) 
341(31) 

Honey-Mesquite 

176(28) 
192(28) 

239(19) 
354(20) 

Saltcedar 

105(17) 
49(12) 

126(19) 
237(16) 

Saltcedar-Honey Mesquite 

68 (19) 
115(21) 

137(19) 
292(19) 

273(20) 
296(35) 

164(20) 
208(25) 

85(12) 
188(22) 

213(19) 
181(19) 

157 (16) 
166(31) 

261(24) 
163(25) 

76 (14) 
106(21) 

137(22) 
176(21) 

1
Winter =December, January, February; Spring = March and April; Summer =May, 

June, and July; Late Summer =August and September; Fall = October and November 

TABLE 6.--Seasonal changes in bird community structure in a mesquite bosque 
(Gavin and Sowls 1975). 

Density Species Additional Bird Bird Species 
Month and Year (Birds/40 ha) Richness Species Recorded Diversity 

January 1972 104.4 4 11 1.24 
February 112.2 4 19 1.18 
March 290.8 11 17 2.11 
April 539.4 12 19 1. 78 
May 412.5 11 20 1. 90 
June 370.8 10 20 1. 91 
July 241.6 13 17 1.63 
August 146.8 8 19 1. 78 
September 98.0 5 27 1.43 
October 77.6 4 17 1.19 
November 48.4 4 14 1.20 
December 20.2 2 14 0.68 
January 1973 45.0 4 15 1.08 
February 85.4 4 19 1.13 
March 116.0 3 16 1.05 
April 360.5 9 29 1.57 
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TABLE 7.--Yearly fluctuations in breeding bird density, species richnes~ and diversity 
in a Plains Cottonwood community, Jefferson County, Colorado. 

Year 

1978 
1977 
1976 
1975 
1974 
1973 
1972 
1971 

X 

Density 
(Prs/40 ha) 

748 
544 
581 
579 
633 
571 
604 
683 

618 

Species 
Richness 

25 
29 
25 
23 
24 
25 
25 
24 

25 

Bird Species 
Diversity 

2.30 
2.70 
2.55 
2.78 
2.86 
2.71 
2:72 
2.86 

2.69 

1compiled from Botorff et al. 1973, 1974; Hurley et al. 1971, 1975, 1977; 
Justice et al. 1978, 1979; Kingery and Botorff 1972. 

TABLE 8.--Seasonal flux in bird densities (Birds/40 ha) for 10 species in cottonwood
willow habitats along the lower Colorado River (Anderson and Ohmart 1976). 

Season 
Species Winter Spring Summer Late Summer Autumn 

Ruby-crowned kinglet 12.0 3.5 0 0 18.5 
White-crowned sparrow 12.0 1.0 0 4.0 13.5 
Mourning dove 18.5 25.0 86.5 48.5 27.0 
Abert's towhee 5.5 11.5 25.5 24.0 14.0 
Verdin 3.0 8.5 11.5 12.5 12.0 
Ash-throated flycatcher 0.5 8.0 12.0 8.0 1.0 
Yellow-rumped warbler 32.5 19.0 1.0 0.5 31.0 
Brown-headed cowbird 0 11.0 22.5 2.0 0 
Black-tailed gnatcatcher 6.0 4.5 4.0 3.5 3.0 
Gambel's quail 1.5 9.0 24.0 20.5 4.0 

ADJACENT HABITATS 

Areas adjacent to riparian habitats play a major role in determining the compo
sition of riparian bird communities (Stevens et al. 1977). In their study, riparian 
plots in central Arizona contained up to 10.6 times the number of migrants per 
hectare as adjacent nonriparian plots. Adjacent habitats that were of low value to 
birds promoted a higher concentration of migrants in riparian habitats. 

Breeding bird communities in riparian habitats are typically more diverse and 
with higher densities than their adjacent nonriparian areas (Table 9). However, 
there is considerable use of adjacent habitats by riparian birds (Goldberg et al. 
1979). Pleasants (unpublished manuscript, as cited in Goldberg et al. 1979) studying 
foraging behavior in northern orioles breeding in sycamore and cottonwood habitats 
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bounded by sage and chaparral type vegetation, found that the orioles spent 19 to 84% 
of their time foraging in adjacent habitats. Of the number of breeding bird species 
reported from the four riparian sites in Table 9, 16 out of 19 (84%), 9 out of 22(41%), 
13 out of 24 (54%), and 11 out of 21 (52%) were censused regularly in the adjacent 
habitats. 

The relative productivity of areas adjacent to riparian habitats may account for 
part of the difference between the bird communities on mixed deciduous and cottonwood 
areas (Carothers et al. 1974, Goldberg et al. 1979). Birds breeding in the cotton
wood areas spend a greater proportion of their time foraging outside the nesting 
habitat than did breeding birds in mixed deciduous types. The cottonwood areas 
studied were adjacent to agricultural or second growth fields;and pastures that are 
highly productive in terms of insect biomass but not in breeding birds. Mixed decid
uous woodlands are bounded by mesquite bosques, pinyon-juniper-oak, chaparral and 
desert scrub-grassland. Insect biomass is lower in these areas than in cultivated 
fields; each area is inhabited by its own complement of nesting species (Carothers et 
al. 1974). Thus breeding bird density is higher in the cottonwood sites probably 
because of(l) an increased food supply and 0) lack of intra- and interspecific 
competition in the adjacent agricultural areas. 

Agricultural use of riparian areas and adjacent habitats is commonplace in the 
Southwest. Agriculture and the clearing of the riparian strip reduced the total 
number of birds per hectare per year near Knights Landing, California from 1566 to 
106. In contrast there were 2262 birds/hectare-year in combination riparian and 
agriculture areas (Hehnke and Stone 1978). Agricultural encroachment typically 
increases seasonal densities of riparian species in the agricultural riparian edge; 
however 22 riparian species were lost with agricultural encroachment of riparian 
habitats along the lower Colorado River (Table 10) (Conine et al. 1978). 

TABLE 9.--Breeding bird community parameters of four riparian woodlands and their 
adjacent areas in Arizona (Goldberg et al. 1979) 

Habitat1 Standing Bird 
Location Species 

D . 3 4 Crop 5 Species 
Type Richness ens1ty Visitors Biomass Diversity 

Ash Creek 21 19(84)
2 

310 25 21,022 2.70 
Ash Creek (E) 8 52 25 1,666 1.89 
Ash Creek (W) 5 24 27 2,243 1.56 
Rucker Canyon 19 22 (41) 328 17 16,320 2.95 
Rucker Canyon Adj. 4 34 19 1,089 1.33 
Turkey Creek 23 24(54) 503 21 39,646 2.90 
Turkey Creek (E) 7 99 19 3,529 1. 75 
Turkey Creek (W) 6 57 15 3,166 1.58 
Wet Beaver Creek 18 21(52) 359 14 29,370 2.87 
Wet Beaver Adj. 5 80 16 2,338 1.56 

1 
2see Table 1. 
Numbers in parenthesis are ~he percentage of bird species censused regularly in 

the a~jacent habitats. 

4
Pairs per 40 hectares. 

5Number of irregular summer species. 
Grams per 40 hectares. 
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TABLE 10.--Riparian species lost with agricultural encroachment (Conine et al. 1978). 

Yellow-billed Cuckoo ·(coccyzus americanus) 
Black-chinned Hummingbird (Archilochus alexandri) 
Anna Hummingbird (Calypte anna) 
Yellow-bellied Sapsucker (Sphyrapicus varius) 
Brown Creeper (Certhia familiaris) 
Hermit Thrush (Catharus guttatus) 
Western Bluebird (Sialia mexicana) 
Blue-gray Gnatcatcher (Polioptila caerulea) 
Cedar Waxwing (Bombycilla cedrorum) 
Phainopepla (Phainopepla nitens) 
Bell Vireo (Vireo bellii) 
Lucy Warbler~mivora luciae) 
Yellow-breasted Chat (Icteria virens) 
Indigo Bunting (Passerina cyanea) 
Evening Grosbeak (Hesperiphona vespertina) 
Pine Siskin (Carduelis pinus) 
Lawrence Goldfinch (Car~s lawrence!) 
Green-tailed Towhee (Pipilo chlorurus) 
Rufous-sided Towhee (Pipilo erythropthalmus) 
Black-throated Sparrow (Amphispiza bilineata) 

RECREATIONAL USE 

Riparian zones are important to wildlife because they(!) have increased floral 
diversity and structure,(2) contrast dramatically with the surrounding upland vege
tation, and (3) have a large amount of edge (Thomas et al. 1979). People are also 
attracted to these areas by the hydrological and vegetational characteristics, and by 
the high densities and diversities of wildlife. 

Recreational use negatively affects riparian bird populations directly through 
disturbance and indirectly by trampling, gathering of firewood, soil compaction, etc. 
(Aitchison 1977, Thomas et al. 1979). Steve Loe (personal communication) of the 
Coronado National Forest, Arizona expressed deep concern for the impact of birders 
using tape recorders to attract coppery-tailed trogons at the south fork of Cave 
Creek. This activity was banned in hopes of increasing trogon p~oductivity. Breed
ing bird density and diversity decreased relative to a control site after the opening 
of a campground in Oak Creek Canyon, Arizona (Table 11)(Aitchison 1977). 

TABLE 11.--Effects of a campground before and after opening on the breeding birds 
of a ponderosa pine-mixed deciduous riparian habitat (Aitchison 1977). 

Bird Species 
Diversity 

Year 

1973 
1974 
1975 

Campground 
Before After 

2.19 
2.62 
2.19 
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1.15 
2.42 
2.34 

Control 
Before After 

2.08 
2.08 
1.83 

2.34 
2.43 
2.71 
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TABLE 11 (cont'd.) 

Density 1973 297 178 326 366 
(Prs/40 ha) 1974 297 223 158 297 

1975 178 257 178 445 

Species Richness 1973 12 8 9 12 
1974 16 13 8 12 
1975 10 12 7 17 

OVERGRAZING 

Overgrazing is almost universally thought to have a severe negative impact on 
riparian vegetation (Brown et al. 1977, Ames 1977). The effects of overgrazing on 
riparian habitats are twofold. First, overgrazing in the adjacent watersheds in
creases the likelihood of torrential flooding; and second, overgrazing eliminates the 
understory herbaceous layer and stand reproduction (Brown et al. 1977, Davis 1977). 
On segments of Sonoita Creek, Arizona, where cattle have grazed for at least 50 
years, the combination of decreased establishment and normal mortality of the mature 
trees would eventually either severely reduce in number or eliminate cottonwoods from 
this forest (Glinski 1977). Bird densities, diversities and species numbers will 
undoubtedly be negatively affected by these long term changes in habitat structure. 
Songbird/raptor use and diversity increased 350% within an enclosure along Big Creek, 
Utah as c0mpared to outside grazed areas after four years (Duff 1979). Stevens et 
al.(1977) found that adjacent, nonriparian habitats which were not heavily grazed 
supported a higher migrant passerine density and migrant passerine species diversity 
than those areas which were more heavily grazed. To date, no grazing plan short of 
complete removal of livestock by fencing has had any significant effect on riparian 
habitat (Ames 1977, Davis 1977, Dahlem 1979). 

HABITAT ISLANDS 

Riparian habitat types usually are linear, lying along water courses and blend
ing into one another along an elevational gradient. However, clearing of many ripar
ian areas has left islands of riparian habitat. There are also riparian islands 
around localized water sources such as springs and wells. The stze of bird popula
tions within a given riparian island depends on both the size of the island and its 
distance from areas of similar habitat (Johnson et al. 1977). For example, in 
homogeneous Fremont cottonwood stands along the Verde River, Arizona, breeding bird 
densities ranged from 425 to 847 pairs/40 ha and include 20 to 26 species (Table 2) 
(Carothers 1974); while a similar but isolated riparian habitat (1.6h~at Indian 
Gardens, Grand Canyon National Park, supported only 10 breeding species with a total 
density of 198 pairs/40 ha (Stevens et al 1977). 

CONCLUSIONS AND RECOMMENDATIONS 

Within the southwestern United States there is an impressive variety of riparian 
vegetative associations. Within each association there is a unique avian community 
influenced by type of vegetation, structure, density, temporal fluctuations, adjacent 
habitats, recreational use, grazing, location and other factors. In such a multi
dimensional system it is difficult to develop any generalized management guidelines. 
Compounding the problem is the fact that our current level of knowledge of bird 
communities is only at the inventory level for many vegetative associations. 
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Factors that should be considered when implementing any riparian management plan 
include: (1) base plans on bird populationsoccurring in all seasons, not merely on 
breeding bird populations; (2) manage riparian and adjacent areas as a unit; (3) elim
inate or greatly decrease grazing; (4) grazing and timber management practices on 
adjacent watersheds should be conducted in such a ways as to avoid torrential flooding 
(Brown et al. 1977); (5) provide for controlled recreational use. 

Additional specific information is needed to develop management guidelines for 
the bird communities of each vegetative association, in order to reasonably predict 
the impact of varying degrees of habitat manipulation and use on the riparian birds 
of the southwest. Riparian habitats should be managed as the most sensitive and 
productive North American habitat because of their high value to avian populations. 
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ABSTRACT 

One hundred thirty-six birds utililizing riparian communities 
in the Great Plains are identified and categorized. Breeding 
birds restricted to riparian vegetation may outnumber obligates 
of other grassland communities sevenfold. Sensitive and other 
decreasing species are discussed. Grazing, water diversion, 
and land conversion are the most destructive impacts in the 
region. Wood-harvesting in riparian habitat is an increasing 
and potentially disastrous practice. Research needs and 
management approaches are suggested. 

KEYWORDS: birds, riparian habitat, grasslands, management 

INTRODUCTION 

Riparian ecosystems have been found to be among the most productive and valuable 
wildlife habitats wherever they occur (Hubbard 1977, Sands and Howe 1977, Fitzgerald 
1978, Schrupp 1978). Their importance for birds in the western United States has been 
well established (Carothers and Johnson 1975, Gaines 1977, Wauer 1977, Bull 1978). 
Riparian habitat is most critical in arid and semi-arid environments of the region. 
Coincidentally, these areas are under the greatest pressure from human activity, which 
unfortunately is rarely favorable to conserving such habitat and its avifauna. The 
riparian ecosystems of the Southwest have been particularly affected due to a large 
increase in the human population and its demands for water and other resources in the 
immediate environment and have received some recent ornithological attention (Johnson 
1972, Carothers et al. 1974, Johnson and Jones 1977, Anderson and Ohmart 1979). 
Riparian bird communities of the Great Basin Desert and Great Plains have been less 
extensively studied (Beidleman 1954, Crouch 1961, Kindschy 1978). The intent of this 
paper is to examine the riparian portion of the Great Plains, identify and categorize 
its dependent avifauna, survey negative impacts on such habitat, and suggest ways to 
help manage these areas for birds. 
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Definition of Riparian 

Riparian habitat could be broadly defined to include all vegetation adjacent to 
water, however the scope of this consideration will concentrate on woody vegetation 
along drainage systems, flood plains, and on the banks of lakes and reservoirs of the 
interior grasslands. Marshes and potholes prevalent in the northern prairies are an 
integral part of those communities and should be more appropriately discussed in their 
management. 

Description of Area 

The Great Plains extends from southcentral Canada southward through the Dakotas, 
eastern Montana and Wyoming, Nebraska, Kansas, eastern Colorado, western Oklahoma, 
the panhandle of Texas, and northeastern New Mexico. The area covered by Johnsgard 
(1979) from 49° latitude south to the Red River separating Oklahoma and Texas, then 
west from the 95th meridian to the 104th will be treated here. This major portion 
of the extant plains encompasses 502,000 square miles, of which about 13 percent is 
deciduous hardwood forest (Johnsgard 1979). The bulk of this forest occurs as 
extensions of the eastern deciduous forest into the plains states. The quantity of 
riparian habitat in this vast expanse of grassland (much converted to agriculture) is 
hard to ascertain. Perhaps an indirect assumption of 1-3% based on Johnsgard's (1979) 
figure of 1% surface water and the known riparian vegetation of other western states 
would be a reasonable estimate. Exclusive of impoundments, Kuchler (1964) termed the 
hardwood dominated communities of a riparian nature across the Great Plains, the 
Northern Floodplain Forest. The rivers and streams of the western plains are 
bordered and dominated by cottonwood-willow (Populus-Salix) communities, while the 
eastern portions also support elm (Ulmus), oak (Quercus), hackberry (Celtis), green 
ash (Fraxinus), Kentucky coffee (Gy~adus), box elder (Acer), and other tree 
species. Avian communities of the cottonwood-willow river bottoms in eastern 
Colorado are among the few riparian ecosystems of the plains that have been studied 
from a conservation or management perspective (Beidleman 1954, Botorff 1974, 
Fitzgerald 1978). Other information generally must be gleaned from single species 
accounts, surveys, and breeding or winter bird counts. 

IDENTIFICATION AND ECOLOGICAL ANALYSIS OF GRASSLAND RIPARIAN BIRDS 

One must know what species populations breed, migrate or winter in a particular 
avian community to manage it. The identification of grassland riparian birds is 
complicated by the fact most authors (Johnston 1964, Rising 1974, Johnsgard 1979) 
classify birds of the Great Plains states as woodland, limnic, or xeric (Table 1) and 
emphasize only breeding birds. 

Table 1. An ecological analysis of the breeding birds of the Great Plains. 

Woodland Limnic Grassland Xeric Misc. Total 

No. % No. % No. % No. % No. % 

Western Kansas 63 46 31 22 32 23 ---- 12 9 138 
(Rising 1974) (combined) 

State of Kansas 101 58 36 21 23 13 3 2 11 6 174 
(Johnston 1964) 

Great Plains 164 51 72 22 36 11 15 4 38 12 325 
(Johnsgard 1979) 
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Breeding Birds 

Only woodland and limnic groups contain species that could be considered 
riprian. Birds of these two ecological affinities constitute 73% (236 sp.) of the 
325 birds which have bred in the Great Plains at least once (Johnsgard 1979). Eleven 
per cent (36 sp.) are restricted to grassland per se, 4% (15 sp.) to xeric communi
ties, and 12% (38 sp.) of a miscelleneous category. Many woodland species are not 
restricted to riparian habitat, e.g., American Kestrel, Bobwhite, Mourning Dove, 
Eastern Kingbird, Blue Grosbeak, whereas a few of the limnic types are obligate 
riparian nesters, e.g., herons, egrets, and Belted Kingfisher. Table 2 lists birds 
that commonly reside, breed, or winter in riparian vegetation in the Great Plains. 

Table 2. Riparian Birds of the Great Plains (Peterson 1947, Robbins et al. 1966, 
Johnsgard 1979) 

Year-round Residents 

Great Blue Heron 
Wood Duck 
Common Merganser 
Hooded Merganser 

*Cooper's Hawk 
*Sharp-shinned Hawk 
Red-tailed Hawk 
Golden Eagle 
Peregrine Falcon 

*Merlin 
*American Kestrel 

Bobwhite 
Turkey 
Ring-necked Pheasant 
Hourning Dove 

*Barn Owl 
Screech Owl 
Great-Horned Owl 
Barred Owl 
Long-eared Owl 
Saw-whet. Owl 
Belted Kingfisher 
Common Flicker 
Pileated Woodpecker 
Red-bellied Woodpecker 
Golden-fronted Woodpecker 
Ladder-backed Woodpecker 

*Red-headed Woodpecker 
*Lewis' Woodpecker 
Yellow-bellied Sapsucker 

*Hairy Woodpecker 
Downy Woodpecker 
Blue Jay 
Black-billed Magpie 
Common Crow 
Black-capped Chickadee 
Carolina Chickadee 
Tufted Titmouse 
White-breasted Nuthatch 

Breeding only 

*Double-crested Cormorant 
Great Egret 
Snowy Egret 
Cattle Egret 
Little Blue Heron 
Green Heron 

*Black-crowned Night Heron 
Yellow-crowned Night Heron 
Turkey Vulture 

*Black Vulture 
Mississippi Kite 
American Woodcock 
Spotted Sandpiper 

*Yellow-billed Cuckoo 
*Black-billed Cuckoo 
Chuck-will's Widow 
Whip-poor-will 

*Ruby-throated Hummingbird 
Scissor-tailed Flycatcher 
Eastern Kingbird 
Western Kingbird 
Great-crested Flycatcher 
Ash-throated Flycatcher 
Eastern Phoebe 
Willow Flycatcher 
Acadian Flycatcher 
Least Flycatcher 
Eastern Wood Pewee 
Western Wood Pewee 
Tree Swallow 

*Purple Martin 
House Wren 
Gray Catbird 
Wood Thrush 
Veery 
Blue-gray Gnatcatcher 
Black-capped Vireo 
White-eyed Vireo 

*Bell's Vireo 
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Winter only 

Goshawk 
Bald Eagle 
MOuntain Chickadee 
Red-breasted Nuthatch 
Brown Creeper 
Winter Wren 
Townsend's Solitaire 
Golden-crowned Kinglet 
Ruby-crowned Kinglet 
Rusty Blackbird 
Purple Finch 
Dark-eyed Junco 
Tree Sparrow 
Harris' Sparrow 
White-crowned Sparrow 
White-throated Sparrow 
Fox Sparrow 
Lincoln's Sparrow 
Swamp Sparrow 

Total - 19 



\· 

*Bewick' s Wren 
Carolina Wren 
Northern Mockingbird 
Brown Thrasher 
American Robin 

*Eastern Bluebird 
Cedar Waxwing 
European Starling 
House Sparrow 
Red-winged Blackbird 
Common Grackle 
Brown-headed Cowbird 
Cardinal 
Pine Siskin 
American Goldfinch 
Rufous-sided Towhee 
Song Sparrow 

'Dotal - 56 

*Blue List (Arbib 1978) 

Yellow-throated Vireo 
Red-eyed Vireo 

*Warbling Vireo 
Black and White Warbler 
Prothonotary Warbler 

*Yellow Warbler 
Ovenbird 
Louisiana Waterthrush 
Common Yellowthroat 

*Yellow-breasted Chat 
Hooded Warbler 
Kentucky Warbler 
American Redstart 
Orchard Oriole 
Northern Oriole 
Scarlet Tanager 
Rose-breasted Grosbeak 
Black-headed Grosbeak 
Blue Grosbeak 
Indigo Bunting 
Lazuli Bunting 
Painted Bunting 

Total - 61 

The 117 species listed as year-round or breeding only, account for 45% of the 
260 regular breeders Johnsgard (1979) documented for the region. Eastern deciduous 
forest species that normally don't venture out onto the plains, even via the flood
plain corridors, or only rarely breed in the region (e.g., Red-shouldered Hawk, 
Golden-winged warbler, Evening Grosbeak) are not included in this compilation. It 
should be noted that 51% of the birds occupying the primarily grassland communities 
(which cover over 80% of the land area) are woodland or forest species (Table 1). 
This is an impressive statistic as woodlands and forests account for only about 15% 
of the Great Plains surface area. Johnston (1964) reported 58% of the birds of 
Kansas to be of a woodland habitat affinity and listed 21 species of eastern decid
uous forest birds which occur in western Kansas only along river drainages. Rising 
(1974) stated "the majority of birds that breed or probably breed in western Kansas 
could be ecologically classified as woodland". The presence of these woodland birds 
in the plains is almost completely due to the existence of riparian habitat and 
points out the need for its conservation. 

Although none of the Great Plains riparian birds is endemic, they greatly out
number any nonriparian grouping. This is especially evident in the western portions 
of the grasslands. Ports (1979) in an ecological study of the birds of Morton 
County, Kansas, found 58 species in one or more of four communities. Forty of these 
inhabited riparian vegetation with lesser numbers in each of the other three non
riparian study plots (Table 3). Of the 25 restricted species, 17 were riparian. 
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Table 3. A habitat analysis of the birds of Morton County, Kansas, summer 1979 

Community Species Restricted 
No. % No. % 

Riparian 40 69 17 68 

Short grass 33 57 2 8 

Sagebrush 31 53 3 12 

Agricultural 21 36 3 12 

Totals 58 = N 25 100 . 

*raw data from Ports 1979 

In a comparison of breeding bird census results, Ports (1979) reported that 
breeding bird density, species diversity, species richness, and number of individuals 
all were much higher in a riparian cottonwood-salt cedar plot than in nearby 
nonriparian plots (Table 4). 

Table 4. Avian results for four study plots, Morton County, Kansas. (Ports 1979) 

Results 
Breeding 
Bird Census 
Results 

Density, 
Breeding 
Birds/40 ha. 

Total Number 
of Species 

Number of 
Breeding 
Species 

Species 
Diversity H 

Richness 
s-1 

ION 
Evenness 

H 
lo S 

Number of 
Individuals 

Census 
Dates 

Riparian 
Study Plot 
Cottonwood
Salt Cedar 
Woodland 

274 

22 

14 

2.39 

8.5 

1.78 

299 

May 23, 30 
June 9, 10, 
14 

Shortgrass 
Prairie 
Buffalo 
Grass-Blue 
Grama 

150 

10 

5 

1.63 

4.09 

1. 63 

161 

May 29, June 
5' 11' 12' 
13, 19 
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Burned 
Sagebrush
Sand drop
seed 
Pasture 

28 

11 

4 

2.15 

5.95 

2-06 

48 

May 26, June 
4' 14, 18' 20 

Sagebrush
Weedy Forb 
Pasture 

38 

13 

5 

2.19 

7.1 

1.47 

50 

May 27, June 
3, 9, 10, 13 



Other breeding bird densities for Great Plains riparian communities range from 
137 to 748 individuals per 40 hectares (Table 5). Almost all riparian censuses are 
higher than other grassland communities and are similar to or greater than breeding 
bird densities of the eastern deciduous forest. 

Table 5. Breeding Bird Densities for Great Plains Riparian Communities 

Connnunity 
(reference) 

Cottonwood-willow 
(Sawver and Sawyer 1977 

:82) 
Black Walnut, Hackberry 
Green Ash (Sawyer and 
Sawyer 1977:81) 

Cottonwood-salt cedar 
(Ports 1979) 

Cottonwood-willow 
Beidleman 1978) 

Cottonwood-willow 
(Sawyer and Sawyer 
1977:81-82) 

Open Cottonwood 
(Fitzgerald 1978) 

Mixed willow-cottonwood 
(Fitzgerald 1978) 

Location No. Species 

Weld Co., co 20 

Lyon Co., KS 31 

Morton Co. , KS 22 

Logan Co., CO 187 
(year-round) 

Jefferson Co., co 25 

Weld/Morgan Co., co 81 

Weld/Morgan Co., CO 89 

Winter Birds 

Breeding Birds/40 ha. 

137 

254 

274 

341-432 
(year-round} 

469-748 
(incl. colonial-

herons) 

525 

589 

Aside from Christmas counts and Bald Eagle surveys, there is a dearth of infor
mation on birds wintering in riparian ecosystems of the Great Plains. At least 
nineteen species are known to occur in riparian habitat of the area of consideration 
only during the winter (Table 2). These added to the 56 year round residents gives 
a winter total of 75 possible species. Winter densities are still high with up to 
232/40 ha. reported (Sawyer 1974). Many of these birds would perish without ' 
riparian vegetation for cover and food during the severe winters of the northern 
plains. 

The Bald Eagle is the only endangered bird utilizing grassland riparian habitat 
to any significant extent. A Bureau of Reclamation survey in Kansas and Nebraska 
(Busch 1979) showed Bald Eagles to be wintering in increasing numbers on several 
reservoirs. These riparian habitats provide a waterfowl prey-base and roost trees, 
and are possibly tied to higher Bald Eagle counts. 

Dickson (1978) reported higher numbers of wintering birds in east Texas bottom
land hardwoods than in adjacent stands. Other authors (Anderson and Ohmart 1979) 
found birds reacted less to habitat structure in summer than other times, indicating 
winter and migrating birds may need more management. 
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Migration, Dispersal, and Gene Flow 

Many investigators have noted the value of riparian habitat as hospitable 
avenues for the migration or dispersal of birds across grasslands and deserts 
(Johnston 1964, Gaines 1977, Stevens et al. 1977, Bull 1978). The percentage of 
eastern birds (about 50% of Table 2) breeding in the Great Plains attests to the 
importance of th~ floodplain forests which allows for their westward expansion. 
Rising (1974) identified the eastern component "moving into" Kansas as woodland and 
edge species, while those entering from the west were dry woodland types. Black
billed Magpies and Scrub Jays are examples of birds previously isolated from Great 
Plains grassland communities which have entered the region via riparian vegetation 
(Johnston 1964). 

Riparian corridors have been shown to be of great importance for gene flow and 
hybridization between eastern and western relatives, e.g., flickers, orioles, 
grosbeaks, and buntings (West 1962, Johnston 1964, Sibley and Short 1964). 

Numbers of migrants appear to be very high in riparian communities. Stevens 
et al. (1977) reported riparian plots to contain over ten times the number of 
migrant passerine species as adjacent nonriparian plots and identified several para
meters which influence migrant use of riparian habitats. Although not a riparian 
species as defined here, the Lesser Sandhill Crane and its endangered relative, the 
Whooping Crane, utilize various riparian sites across the Great Plains in their 
annual migrations. The large staging area in the vicinity of Kearney, Nebraska, has 
received much publicity and may be threatened by water demands on the upper forks of 
the Platte River (Frith 1974, Aronson and Ellis 1979). The value of riparian habitat 
to migrants and dispersers should be incorporated into management plans for flood
plain forests. 

Sensitive Species 

All grassland riparian birds occur outside the plains region, however, they are 
all "sensitive" in that they would rarely breed in the area without riparian habitat. 
It also must be remembered that many have been permanently pushed from portions of 
their original range as that habitat was decimated. 

Cavity-nesters due to their rather specific nest-site selection and territo
riality are sensitive in almost all habitats. The harvesting of older trees and 
clearing .of snags have severely reduced the populations of some birds (Scott et al. 
1977). Thirty-five cavity-nesters reside in the Great Plains primarily in riparian 
habitat (Table 6). 

Table 6. Cavity-nesting Birds of the Great Plains (Scott et al. 1977, Harrison 1978) 

Primary Nesters 

*Common Flicker 
Pileated Woodpecker 

*Red-bellied Woodpecker 
Golden-fronted Woodpecker 

*Red-headed Woodpecker 
Lewis' Woodpecker 
Yellow-bellied Sapsucker 
Hairy Woodpecker 

*Downy Woodpecker 

Secondary or Natural Nesters 

Wood Duck 
Hooded Merganser 
American Kestrel 
Screech Owl 
Saw-whet Owl 
Great-crested FlycatthE:!t. 
Ash-throated Flycatcher 
Tree Swallow 
Purple Martin 

*Black-capped Chickadee 
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Occasional Nesters 

Common Merganser 
Turkey Vulture 
Merlin 
Great-horned Owl 
Barn Owl 
Barred Owl 

*House Wren 
Bewick's Wren 
Carolina Wren 

*Starling 



Carolina Chickadee 
Tufted Titmouse 
White-breasted Nuthatch 
Eastern Bluebird 
Prothonotary Warbler 

House Sparrow 

*indicates low tolerance to preferred habitat alteration (Stauffer and Best 1980) 

Eight of these are on the 1979 Blue List (Arbib 1978) of birds decreasing across 
the country. The primary excavators would seem to be an obvious choice for featured 
species management. Their demise would deprive many obligate secondary nesters of 
homes, increase competition for the few available sites, and promote declines. or 
extirpation of some species. The inclusion of three woodpeckers on the latest Blue 
List suggests imminent danger and the need for immediate research. Stauffer and Best 
(1980) found the Red-headed Woodpecker, Common Flicker, Red-bellied Woodpecker, and 
Downy Woodpecker to have a low tolerance to habitat alteration. There are indi
cations that migratory cavity-nesters are less easily managed than year-round 
residents (von Haartman 1968). 

Twelve riparian birds nesting in other than cavities are also on the 1979 Blue 
List (Table 2). Riparian birds of Kansas definitely decreasing are the Eastern Wood 
Pee Wee, Carolina Wren, and Orchard Oriole; those possibly decreasing are the Amer
ican Kestrel, Scissor-tailed Flycatcher, Eastern Bluebird, and Blue Grosbeak 
(Zimmerman 1979). Three peripheral species breeding in grassland riparian habitat 
have been listed by the Kansas Fish and Game Commission as in need of conservation; 
the Tree Swallow, Black-capped Vireo, and Prairie Warbler. Studies in Iowan riparian 
communities classify the Wood Thrush, Blue-gray Gnatcatcher, Ovenbird, Scarlet 
Tanager, and Rufous-sided Towhee as intolerant to habitat alteration (Stauffer and 
Best 1980). The same authors described the Warbling Vireo and Yellow Warbler as 
having a low tolerance. There is a definite need to identify and study sensitive 
species in the riparian areas of the grasslands. 

IMPACTS ON RIPARIAN VEGETATION AND BIRDS 

Recent symposia have dealt with the various impacts of human activity on 
riparian habitat (Johnson and Jones 1977, Graul and Bissell 1978, U.S.D.A. Forest 
Service 1978). Impacts on Great Plains riparian communities are similar to those in 
other regions. Two hundred fifty thousand acres of riparian habitat are lost annu
ally in the United States (McCormick 1978). Grazing, water use practices, and land 
conversion are the most widespread and destructive activities in the plains area. 

Grazing 

When done properly, the grazing of domestic livestock on grasslands is generally 
compatible with birdlife and may even increase the numbers of some species, although 
some of these birds may be detrimental to others (e.g., cowbirds and starlings). The 
effects of overgrazing are obvious in the American west and usually quite harmful to 
all wildlife. The attractiveness of water in the grasslands to cattle causes major 
damage to riparian understory vegetation. The tendancy for livestock to congregate 
and linger around ponds and stream banks results in the elimination of food and 
cover plants, reduces nest-sites and habitat diversity, and increases soil erosion 
(Buttery and Shields 1975, Behnke 1978, Crouch 1978, Kindschy 1978). Crouch (1978) 
reported a 50% loss of cottonwoods over 18 years in a grazed northeastern Colorado 
bottomland. No grazing system has been shown to be effective in protecting riparian 
vegetation (Behnke 1979). Kindschy (1978) recommended the removal of livestock 
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grazing from riparian communities. Overgrazing of grasslands supplying riparian 
systems can modify runoff patterns and significantly reduce stream volumes or ground
water supplies (Johnson et al. 1977). Fencing, reduction of numbers in an area, and 
temporal separations can all reduce the severity of damage where cattle must have 
access to water. In the western Great Plains, riparian vegetation can recover in 
5-7 years when protected from livestock (Crouch 1978, Behnke 1979). 

Water Use Practices 

Two practices stand out which reduce water flow and hence, riparian vegetation 
in the Great Plains. The first is the intensive pumping of ground water for irri
gation in western Nebraska, Kansas, and Oklahoma. The second is the channelization 
and ~ammingof streams for flood control. Some habitat is created by reserv~irs which 
benefits certain birds, but dams are ecologically short-lived and disruptive even
tually silting in while reducing water flow downstream. Channelization can be used 
as a management tool to increase or optimize meandering in some revegetation projects 
(Kochman 1979) but is usually harmful to wildlife. Channelization on the Missouri 
River, for example, has reduced island acreage from 24,000 acres in 1879 to only 400 
acres in 1954 in the lower 500 miles of the river (Mathews 1980). Most land adjacent 
to water is privately owned with legal rights to a certain amount of that water. 
This coupled with the economics of irrigation usually necessitates litigation to 
protect critical riparian habitats and their wildlife. 

Land Conversion 

Land conversion generally accompani~s water diversion. Dickson (1978) believed 
the main threat to birds inhabiting bottomland hardwoods was the conversion of these 
forests to farms and reservoirs. In eastern Colorado agriculture is the primary user 
of riparian areas, converting and using floodplains right up to the river in some 
areas (Mustard 1978). About 82% of the channelized portion of the Missouri River has 
been put into agricultural cropland (Mathews 1980). This encroachment is occurring 
on both private and public lands. Kochenderfer (1970) recommended that buffer zones 
be retained between harvest operations in the Appalachiansto maintain water temper
ature, water quality, stream channel integrity, and the associated riparian vege
tation. This practice should be promoted in the plains region also. A 20 foot 
buffer zone has been suggested as minimal in Colorado stream relocation projects 
(Kochman 1979). 

Wood-cutting 

The great increase in the cost of petroleum fuels has brought the haphazard 
cutting of trees to epidemic proportions everywhere. The floodplain forest of the 
Great Plains is one of the communities that can least tolerate this assault. Thou
sands of acres of the very important cottonwood stands along the Arkansas and Platte 
River drainage systems have recently been butchered to supply southern pulp mills 
(Borden 1978). This destruction can result in a significant or total loss of avian 
species from cottonwood-willow woodland. Beidleman (1978) reported a fourfold 
decrease in spring species, a threefold decrease in wintering birds, a 50-65% 
decrease in Mourning Doves, Black-billed Magpies, and House Wrens, and the total 
elimination of Dark-eyed Juncos and Black-capped Chickadees in a highly productive 
eastern Colorado cottonwood-willow community that was destroyed to a fringe only. 
Stevens (1980) has located 3009 Great Blue Heron nests in 76 colonies in Kansas 
which are in cottonwoods in the western part of the state, sycamores in the eastern 
portion. When nest and surrounding trees were progressively ctit over a three year 
period in Butler County, Kansas, there was a corresponding decrease in the number of 
heron nests. The colony eventually disappeared. Cavity-nesters are especially 
vulnerable to mature tree or snag removal. 
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Tree density and diversity must also be maintained. In an Arizona study, when 
tree density was reduced 44%, breeding bird pairs dropped 28%. When tree density was 
decreased to 78%, bird pairs decreased to 54% of normal (Carothers et al. 1974). 
Stauffer and Best (1980) found sapling/tree species richness and size, snag size, and 
vertical stratification vegetation to be most related to bird species abundance in 
riparian c.ommunities of Western Iowa. This suggests very selective cutting of tree 
species and sizes in the nearby plains counterparts to maintain avian populations. 
Borden (1978) suggested forest-type management through state agencies with federal 
assistance as the only reasonable way to help landowners and maintain these extremely 
valuable trees and their associated wildlife. Unregulated tree-harvesting must be 
curtailed.· 

Recreational Activities 

In general recreational use is not as destructive and irreversible in grass
land riparian communities as it is in other biomes. It'smore a matter of too little 
public land concentrating too many users to a few small areas. Of course the problem 
is more severe nearer urban and suburban locales. Many recreational activities such 
as hiking, jogging, or bird watching are quite amenable to riparian management. 
Fishing and hunting in themselves are not greatly harmful, but the vehicles, 
especially four-wheel drive, that carry the sportsmen can and do cause substantial 
damage in some areas. Solutions are to restrict vehicle access and to acquire more 
public land, perhaps partially by way of a public use fee. 

Sand and Gravel Mining, Road-building, and Fire 

Good discussions of the effects of sand and gravel mining and subsequent 
reclamation attempts in cotton~ood-willow riparian communities can be found in Graul 
and Bissel (1978). This activity is usually associated with road-building and/or the 
expansion of suburbs into the grasslands. Because road construction generally 
parallels streams and rivers, riparian vegetation is often destroyed or deprived of 
water. Once roads are well established there is little additional impact with the 
exceptions of "improvements" and human traffic. 

Fire can be a positive or negative factor in the maintenance of quality riparian 
habitat. Grass fires today are usually controlled operations aimed at maintaining 
high quality forage and rarely destroy large portions of riparian vegetation. The 
irregular burn patterns into riparian communities may increase avian diversity by 
creating a maximum "edge effect" (Kindschy 1978). On the other hand extensive fires 
can reduce nest-sites for middle and low shrub nesters, resulting in a decrease in 
bird species diversity (Buttery and Shields 1975). 

The impacts of sand and gravel m1n1ng, road-building, and fire can be severe in 
some locales and may have t~ be considered in management procedures, but usually are 
minor in comparison to grazing, water diversion, land conversion, wood-cutting, and 
to a lesser extent, recreational activities. 

MANAGEMENT RECOMMENDATIONS 

1. Riparian habitat in the Great Plains must be identified and classified in a 
manner similar to Pase and Layser (1977) so managers will know what they have 
to work with. 

2. There is a real need for ecological tolerance studies for breeding, wintering, 
and migrating birds in riparian habitat of the plains region. Studies along the 
lines of Stauffer and Best (1980) would be appropriate and valuable for managers. 
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Some parameters to consider are: minimum width of vegetational belts; tree 
density, species diversity, and age class; horizontal {topography) structure; 
and vertical (vegetative) structure. 

3. A determination of sensitive species (rare birds, isolated populations, or 
colonial nesters) and their requirements (old trees, snags) must be made. These 
birds may require special treatment, sometimes at the expense of other species, 
but if the other birds are ubiquitous, consequences may be negligible. 

4. In general the enhancement of habitat patchiness and edge will create more 
species diversity and contribute to ecosystem integrity which the manager should 
strive for. 

5. Migratory corridors and islands should be maintained to prevent the interruption 
of gene flow, dispersal, and migratory patterns. The retention of buffer zones 
to human activity will help to achieve this desirable goal. 

6. Livestock grazing must be more closely regulated and even eliminated in some 
areas if riparian vegetation and its dependent birds are to be preserved. 
Complete protection may be necessary for some years to allow badly abused 
habitat to recover. 

7. Channelization and other flood control or water salvage practices which decrease 
riparian vegetation must be discouraged or stopped. Litigation may be necessary 
in many situations. 

8. Landowners must be given incentives (tax benefits or state/federal aid, etc.) 
to encourage the retention of riparian vegetation and slow its conversion to 
agricultural uses. A landowner-manager cooperative program may be feasible. 

9. Recreation in critical or sensitive areas should be limited to nonconsumptive 
or low-impact type activities. More public land is needed in the plains states 
but costs are high as most floodplain is rich farmland. 

10. Landowners must be educated to the future consequences of extensive tree removal 
and haphazard tree-cutting. Wood-harvesting should be prohibited in public 
areas. 

11. The effects of m~n~ng and road-building should be mitigated to prevent a 
negative change in riparian communities. 
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A REVEGETATED RIPARIAN COMMUNITY FOR SOUTHWESTERN BIRDS 
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ABSTRACT 

Avian and vegetation data are summarized for 23 vegetational 
types found in the lower Colorado River Valley. Each type 
differed from the others in predominant vegetation present 
and/or in vertical foliage configuration. Principal compon
ents analysis was used to indicate which of the 16 vegetation 
variables used, including measures of volume, patchiness and 
foliage height diversity, were truly independent variables. 
None of the original variables was independent; instead there 
were 3 or 4 independent variable complexes. Among the 7 avian 
variables for 4 summers and 4 winters, none was independent. 
In this case there were 2 independent avian variable complexes. 
Another principal components analysis was conducted using both 
the avian and vegetation variables, with the intent of showing 
independent variable complexes, which would reveal relationships 
between the avian variables and vegetation variables, if any 
existed. This analysis suggested stronger ties between bird use 
of the vegetation in harsher winters than in mild winters and 
in winter relative to summer. It also indicated greater over
lap between avian components in summer than in winter. Models 
developed from these data were used in designing plans for 
revegetating areas to enhance wildlife. The designs were imple
mented on a 30-ha dredge-spoil site devoid of vegetation for at 
least 15 years. Two years after the initial revegetation the 
area was tested to see if, given the plant species and vegeta
tion structure, the avian densities and diversities conformed 
to predicted values. Empirical data for summer and fall 1979 
revealed avian densities and diversities close to predicted 
values. 

KEYWORDS: Revegetation, riparian, bird, populations. 

INTRODUCTION 

In June 1972 we began studying the natural vegetation and associated wildlife 
in the lower 225 km of the Colorado River (Davis Dam, Nevada-Arizona border to the 
Mexican boundary). The study was divided into two phases. In the first phase, the 
vegetation was classified and the densities and diversities of wildlife associated 
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with each vegetation type were determined. These data were used to develop vegeta
tion-wildlife models of various plant communities which theoretically would support 
large densities and diversities of wildlife. The second phase was the testing of 
revegetated communities for their wildlife use values. The major focus of the 
funding agency (Water and Power Resources Service, formerly the Bureau of Reclamation) 
was to examine the possibility of enhancing existing plant communities for wildlife 
and reducing water lost through evapotranspiration. Many of our study efforts 
revolved around the exotic and spreading salt cedar (Tamarix chinensis), which uses 
large amounts of water through evapotranspiration. It also blocks high water or 
flood flows, and has been found to support relatively small wildlife populations 
(Anderson et al. 1977, Cohan et al. 1978) relative to many native plant communities. 

The second phase, begun in January 1977, was divided into two parts. Initial 
efforts determined the likelihood of success of reintroducing native vegetation. 
This involved estimating growth rates and length of time irrigation was required. 
We also began assessing the costs of community revegetation (Anderson and Ohmart 
1979). These efforts were on a 30-ha dredge-spoil site devoid of vegetation; thus 
even if our efforts were totally unsuccessful, we would not have destroyed wildlife 
habitat. Part twowas begun in January 1978 and determined the difficulties 
associated with clearing salt cedar (not discussed in this report). 

This report is a mixture of theoretical and applied ecology. The first part 
will be devoted to determining which vegetational variables appear to be important 
if an area is to support relatively large avian densities and diversities. We will 
discuss this in relation to wintering and summering bird populations. The purpose 
of comparison is to gain insight into whether avian responses to the vegetation are 
stronger during winter, as contended by Fretwell (1972), or during the breeding 
season (Cody 1974). We will discuss vegetation use in winter and summer for the 
sake of brevity, but if habitats are to be managed properly for birds, it is 
imperative that relationships between bird communities and vegetation be studied 
during all seasons. Finally, we compared bird use of the habitat in the same 
season over a period of years in order to determine effects of climate on avian 
habitat use. 

Our study of the vegetation in the lower Colorado River Valley led us to 
recognize 23 vegetation types. In recognizing 23 types, we considered several 
things. First, although we wanted to recognize all major vegetation types, we 
also wanted to develop a system which could be easily committed to memory and which 
would, therefore, have greater utility in the field. We also wanted the vegetation 
in each category to be sufficiently common to permit adequate study. In this report 
we present analyses based on data from the 23 vegetation types. This can be 
considered a fairly coarse-grained approach. A finer-grained approach, within 
vegetation types, could reveal subtle details obscured by our more coarse-grained 
approach. Some of these analyses have been completed, but space limitations 
preclude an in-depth presentation in this report. Judging from preliminary 
analysis of finer-grained data sets, we do not feel that completed analysis of 
these data will seriously alter any of the general conclusions made in this paper 
relative to management. 

METHODS 

Communities were classified according to dominant vegetation and vertical 
configuration. This led to the recognition of 23 vegetational-structural types 
(for details see Anderson et al. 1977). From 2 to 11 avian census lines, each one 
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either 800 m or 1600 m long, were established in each type. Birds were censused 
(Emlen 1971) along these lines 2 to 3 times each month. 

The annual cycle was divided into seasons based on changes within the bird 
communities. Winter included December through February, and summer included May 
through July. 

Foliage height diven:dty(FHD) was determined using the Shannon-Wiener equation 
(Shannon and Weaver 1949) after obtaining relative volume estimates along each 
transect using the board technique (MacArthur and MacArthur 1961). Patchiness in 
the horizontal dimension (PI) was obtained by considering patchiness of the 
vegetation at 4 vertical layers (0.15-0.6 m, 1.5-3.0 m, 4.5-6 m, and >7.5 m) in 
0.2-ha subplots in areas encompassing 20 or 40 ha. The 0.2-ha plots were located 
along the census lines within these larger areas (for more details, see Anderson 
et al. 1978). 

All species of trees and shrubs within 15 m of either side of the census line, 
for its entire length, were individually counted to obtain densities of each species 
in the census area. Totals for each census line were averaged to obtain a value for 
a given vegetation type. 

The vegetation analysis, usually done in May and June, was used for all seasons. 
In winter, the volume estimates refer not to actual volume, but to the volume of 
twigs and limbs with potential leaf-producing capability. FHD and PI in winter 
refer to the vertical and horizontal diversity in leaf-producing stems. 

Principal components analyses (PCA) were employed to evaluate the vegetational 
and bird population data (Nie et al. 1975). The vegetation variables were analyzed 
initially with the PCA to determine the number of truly independent vegetation trends 
(principal components) represented in the data. Each principal component (PC) 
includes highly intercorrelated variables from the original set. The extent to 
which the original variables are correlated with a given PC can be used to give that 
PC a verbal description. Each PC accounts for a particular proportion of the between
vegetation type variance. The sum of the variance accounted for by the PC's is the 
total variance between vegetation types which could be accounted for with the 
analysis. It is possible to give each vegetation type a score on each PC reflecting 
its place on the gradient represented by the component. These scores then replace 
the original variables and can be used in other analyses, such as regression analysis, 
analysis of variance, and so on. 

The bird variables were subjected to a similar analysis in order to determine 
the independent avian trends. Each vegetation type was then given a score for each 
of the avian components. 

Finally, in order to determine the bird variable-vegetation variable relation
ships, a PCA was conducted using both sets of variables. By examining the relation
ships between the bird and vegetation variables on this new set of PC's, it was 
possible to obtain meaningful information about vegetation PC-bird PC relationships. 
We then regressed the scores of particular vegetation PC's with the bird PC's to 
which a relationship was indicated, using product-moment regressions. The level of 
statistical significance was determined through an analysis of variance (ANOVA). 
Where appropriate, data were transformed in order to conform to assumptions regarding 
distribution normality. 
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RESULTS AND DISCUSSION 

Climate 

During the tenure of this study, the winter climatic situation varied from very 
mild to relatively cold (Table 1). This is important because of its effect on bird 
community structure. The winter of 1978-79 was the most severe and was preceded by 
the mildest winter. Winter 1976-77 was relatively cold and dry, while winter 1978-79 
was cold and moist. The two mildest winters (1975-76 and 1977-78) were both rela
tively wet. All summers were similar in that they were hot and dry. 

Table 1. Climatological data for five winters in the lower Colorado River Valley. 

Lowest Solar 
Mean tem~erature (C0

) temperature (Co) Days of Wind radiation 
Year Hish Low recorded frost (Km/da~) (Lingle!'s) Preci~itation (em) 

1975-76 21.6 1.4 -7.8 32 152 270 5.8 

1976-77 21.0 -0.4 -5.6 52 66 280 1.0 

1977-78 20.1 3.9 -1.7 10 64 255 7.8 

1978-79 17.3 0.0 -8.9 50 61 271 6.3 

Vegetation Principal Components 

We used a total of 16 vegetation variables in the PCA of the vegetation (Table 
2). The vegetation was anlyzed separately for each year because vegetation types 
were added in some years, and in all years new census areas were added and/or old 
ones were lost to burning or land clearing activities. It all 4 years the first PC 
(VGPCI) represented a complex axis on which Volume, FHD, PI, and the number of 
cottonwood (Populus fremontii~willow (Salix gooddi1~ii) trees (CW) all had high 
loadings and accounted for between 36 percent and 40 percent of the variance (Fig. 1). 
In all 4 years the second factor had high loadings for the number and proportion of 
salt cedar trees and negative loadings for honey mesquite (Prosopis glandulosa) and 
shrubs and accounted for between 22 percent and 26 percent of the variance. In all 
4 years PI 0-2 and Volume 0-2 had high loadings and FHD had an intermediate negative 
loading on the third PC. PC III accounted for an additional 14 percent to 18 per
cent of the variance. In 3 of the years there was a fourth factor. In the first 
year, Volume and PI at intermediate levels had high positive loadings on this axis. 
In the second and last years, shrubs and honey mesquite had high positive contribu
tions and cottonwood-willow trees had a moderately high negative loading (Fig. 1). 
In 1978, the third year, there were only 3 PC's. 

Avian Principal Components 

The 7 avian variables considered each season included total species, number of 
species and densities of permanent resident and visiting insectivores (breeding and 
wintering) and densities of seedeaters and fruiteaters in winter, and densities of 
Gambel's quail (Lophortyx gambelii) and doves in summer. The number of species of 
seedeaters and fruiteaters was basically the same from place to place, so species 
numbers were not included as variables for these groups. 
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Table 2. The 16 vegetation variables used in analysis of the vegetation. 

Variables 

Volume and Patchiness 

0.0 - 0.6 m 

1.5 - 3.0 m 

4.5 - 6.0 m 

~ 7.5 m 

Total Volume and Patchiness 

Tree Counts (N/ha) 

Number of 
Variables 

2 

2 

2 

2 

2 

Cottonwood (Populus fremontii)-wi11ow (Salix gooddtngii) 1 

Honey mesquite (Prosopis glandulosa) with mistletoe 
(Phoradendron californicum) 1 

Salt cedar (Tamarix chinensis) 1 

Proportion of total trees which are salt cedar 1 

Shrubs (N/ha) 1 

Quail bush (Atriplex 1entiformis), Inkweed (~ 
torreyana), Russian thistle (Salsola kali), and 
Smotherweed (Bassia hyssopifo1ia) 

Foliage height diversity (FHD) _.!. 

16 

In winter, the first bird principal component (BDPC I) accounted for between 
46 and 56 percent of the variance (Table 3). In all years, total species loaded 
high on this component. The number of visiting species loaded high on the first 
component in 3 of 4 winters. Visiting species loaded highest on this component 
when permanent residents were lowest. Densities of visiting insectivores loaded 
high in 3 of 4 winters, while those of permanent residents loaded high, or moder
ately high, each winter on BDPC I. PC loadings for visiting and permanent resident 
insectivores were most similar during mild winters (1975-76 and 1977-78) and were 
farthest apart in the 2 harsher winters, suggesting reduced overlap in the 2 groups 
of insectivores when harsher winter conditions prevailed. Seedeater densities scored 
high on the first component twice and fruiteater densities once (Table 3). 

BDPC II in winter accounted for between 23 and 30 percent of the variance 
(Table 3). The number of permanent resident species and densities of permanent 
residents, fruiteaters and seedeaters, usually loaded high or moderately high on 
this component in three of the four winters. In cold winters, the insectivore 
group scoring high on BDPC I scored low on BDPC II. This tells us something of how 
the birds partition the environment when coexistence may be more difficult because 
of the harsher conditions and, pr~sumably, food is relatively scarce. 

In summer, BDPC I accounted for between 56 and 63 percent of the variance 
(Table 3). Number of permanent resident and visiting insectivore species and 
densities usually both loaded high or moderately high on this component; doves 
loaded moderately high. BDPC II accounted for between 17 and 22 percent of the 
variance. Densities of permanent residents and doves consistently loaded high 
or moderately high on this component. 
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For permanent resident and visiting insectivores, both the number of species and 
densities had a stronger tendency to load high on the same axis in summer than in 
winter. BDPC I also tended to account for more of the variance in summer than in 
winter (Table 3). These points suggest a stronger tendency for potential competitors 
(for example visiting and permanent resident insectivores) to be in the same place at 
the same time in summer than in winter, as well as in milder winters relative to 
harsher winters. 
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ABILITY TO DISCRIMINATE BETWEEN 

VEGETATION TYPES 

Figure 1. Principal components for each of 4 years among the 23 
vegetational types found in the lower Colorado River 
Valley. Each of the squares in the multidimensional 
graphs represents a PC. The variance accounted for by 
each PC lies to the right of the square. The total 
variance accounted for by the PC's is the sum of the 
individual PC's. An arrow pointing up from the hori
zontal axis indicates a positive loading and an arrow 
pointed toward the horizontal axis indicates a negative 
loading. 
Key: CW (cottonwood-willow), FHD (foliage height 
diversity), HM (honey mesquite with mistletoe), PI 
(patchiness index), PSC (proportion salt cedar), SC 
(salt cedar), Sh (shrubs), Vol. (volume). 

Avian-Vegetation Principal Components 

A simultaneous analysis of the avian and vegetation data was conducted to 
obtain the avian-vegetation principal components (BDVGPC's) because it yields in
sight into avian vegetation preferences. The first step in such an analysis was to 
determine the relationship between the vegetation variable loadings on the BDVGPC's 
and the original VGPC's. Such analysis revealed that Volume, PI, and FHD (VGPC I) 
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loaded high on BDVGPC II the first winter, on BDVGPC III the second winter, and on 
BDVGPC I the last two winters (Table 4). More than 60 percent of the variance in PI, 
Volume, and FHD (VGPC I) was accounted for with a single BDVGPC the first three win
ters, but in the final winter BDVGPC I accounted for only 50 percent of the variance, 
while BDVGPC III accounted for an additional 19 percent. The gradient of increasing 
amounts of salt cedar and decreasing amounts of honey mesquite and shrubs (VGPC II) 
was accounted for by BDVGPC III the first winter and by BDVGPC II the last three 
winters. In the third winter, BDVGPC's II and V were required to account for two
thirds or more of the variance in VGPC II; VGPC III (PI and Volume 0-2) was accounted 
for by BDVGPC IV in the first and third winters, by BDVGPC V the second winter, and 
by BDVGPC III the final winter (Table 4). 

More than 80 percent of VGPC IV (patchiness and volume at intermediate levels and 
shrubs and honey mesquite the second winter) was accounted for by BDVGPC V the first 
winter and by BDVGPC IV the second winter. There were only 3 VGPC's the third winter. 
In the final winter, BDVGPC's I, II and IV, collectively, accounted for about 83 
percent of the variance in shrubs and honey mesquite (VGPC IV). 

In summer, PI, Volume and FHD (VGPC I) were best accounted for by BDVGPC I 
(Table 4). VGPC II (the shrub and honey mesquite to salt cedar gradient) loaded 
highest on BDVGPC IV each summer except 1976. In the first summer, Volume and PI at 
low levels (VGPC III) loaded similarly on BDVGPC III and V. In the last three sum
mers, they loaded on BDVGPC III twice and on BDVGPC II once. VGPC IV (PI and Volume 
at intermediate levels) loaded on BDVGPC III the first summer. VGPC IV (shrubs and 
honey mesquite) loaded on BDVGPC V the second and fourth summers. It was not present 
the third summer. 

The relationship between BDVGPC's and VGPC's was closer (mean high loading 
larger) in winter than in summer for 3 of the 4 VGPC's. Only salt cedar (VGPC II) 
loaded as high, on the average, on a single BDVGPC during both seasons. This sug
gests that birds are more clos~ly associated with the independent elements found in 
the vegetation in winter than in summer. Most studies reported in the literature 
summarize relationships between summer (breeding) populations and their response to 
the vegetation. Our vegetation-bird species data indicate that vegetation-bird 
species relationships in winter may be as important, or even more important, as in 
the breeding season. This can be investigated further by examining the relationship 
between the independent trend in the bird community (the original BDPC's) and the 
components when the bird and vegetation variables are combined. 

In winter, total species, visiting insectivore species, and insectivore densi
ties (BDPC I) were accounted for best by BDVGPC I (Table 5). The other gradient in 
the bird community structure (BDPC II) were considerably divided among the BDVGPC's. 
In summer, insectivores (BDPC I) loaded highest on BDVGPC II for the first three 
summers and on BDVGPC III for the final summer (Table 6). Quail and doves (BDPC II) 
loaded high on BDVGPC I during the first summer, but in subsequent years were 
conside~ably divided among the BDVGPC's (Table 6). 

The mean high loading was similar in both summer and winter. This means that 
the BDPC's were accounted for to similar extents by the BDVGPC's in winter and 
summer. As shown above, the vegetation was well represented by BDVGPC's in winter 
but to a markedly reduced degree in summer, again suggesting that it is winter, not 
summer, when birds respond most to vegetation structure. 

BDPC I included more of the insectivore density and diversity variables in 
mild winters (first and third winters) than in cold winters (second and fourth) 
(Table 3). In colder winters there was a tendancy for permanent residents and 
visiting species to be more separated; in mild winters, the reverse was true. 
Statistical significance of this assertion was determined by using regression 
analysis and analysis of variance to reveal the relationship between the bird 
community structure (BDPC's) and the independent vegetation gradients (VGPC's). 
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Table 4. Relationship between vegetation principal components (PC) and the vegetation on 
vegetation-avian principal component axes. 

Percent of variance of 
original vegetation PC's 

Season accounted for 
and Percent of total BDVGPC 
vear BDVGPC I II III IV variance accounted for 

Winter 
1975-76 I 6.6 2.9 0.3 0.4 35 

II 63.8 5.2 1.8 1.7 19 
III 0.9 70.6 1.1 0.7 13 

IV 6.3 0.4 82.1 0.0 ll 
v 10.7 ~ --':..:.!:. 90.8 __§. 

Total 88.3 79.4 89.7 93.6 86 

1976-77 I 5.8 7.3 0.2 1.3 34 
II 2..0 67.0 4.4 0.1 27 

III 65.8 4.6 3.7 2.3 12 
IV 6.5 5.7 1.2 83.7 8 
v __2d _ll 76.6 .JL:.i __]_ 

Total 89.6 86.5 86.1 87.8 88 

1977-78 I 64.0 4.3 0.2 35 
II 2.0 51.0 0.6 26 

III 7.3 3.8 1.2 13 
IV 10.6 0.9 84.5 8 
v _g 28.5 ~ _§. 

Total 90.0 88.5 87.5 88 

1978-79 I 50.4 0.6 4.7 13.9 37 
II 1.4 81.7 2.3 18.4 19 

Ill 19.2 0.4 82.5 0.4 16 
IV ~ _bQ __!_:_i 50.3 _..2. 

Total 73~1 84.7 91.1 83.0 81 

Mean high loading 61.0 67.6 81.4 74.9 

Summer 
1975 I 63.8 5.3 0.2 0.5 43 

II 3.6 1.4 11.6 13.2 16 
III u.s 2.1 33.9 74.3 13 

IV 1.0 70.3 2.4 2.3 9 
v __.§.:.Q __!_:_i 38.8 .JL:.i _§ 

Total 87.9 80.7 86.9 90.7 87 

1976 37.7 1.8 5.1 8.6 42 
II 19.2 2.4 3.3 9.3 15 

III 1.0 5.5 62.5 6.1 11 
IV 28.8 2.5 1.3 8.1 9 
v 0.6 62.2 6.3 48.2 7 

VI 12.4 __2..:.§. _hl ~ 2 
Total 99.7 84.2 82.6 80.4 89 

1977 I 54.8 2.8 3.5 47 
II 13.6 3.5 0.4 15 

III 9.1 1.4 79.3 13 
IV 6.2 54.3 1.1 8 
v ...hl 18.9 __2_:_Q 2 

Total 88.6 80.9 84.3 88 

1978 I 51.7 0.8 19.4 0.9 46 
II 11.2 1.1 !)6. 3 1.6 15 

III ll.n 0.0 0.3 3.9 11 
IV 3.1 84.0 1.4 10.1 8 
v ~ ~ __h.§. 65.0 __]_ 

Total 86.2 86.1 91.0 81.5 87 

~·lean high loading 52.0 67.7 61.7 62.5 
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Table 5. Relationships between principal components for Table 6. Relationships between principal components for 
birds, vegetation and bird and vegetation birds, vegetation, and bird and vegetation 
variables combined in winter. variables combined in summer. 

Percent of variance Percent of variance 
in original BDPC '8 VGPC most in original BDPC' 8 VGPC most 

accounted for sia:ilar accounted for similar 
Year BDVGPC I II to BDVGPC Year BDVGPC I II to BDVGPC 

1975-76 I 65 15 I 1975 I 8 63 I 
II 13 19 I II 63 15 IV 

III 4 44 II III 3 1 IV 
IV 2 1 III IV 3 2 II 
v 3 2 IV v 10 7 III 

Total 87 dl Total 87 88 

1976-77 I 45 30 I 1976 I 9 25 I 
II 17 21 II II 59 9 I 

III 5 28 I III 2 22 III 
IV 21 5 IV IV 7 10 I 
v 1 2 III v 3 5 II 

Total 89 86 VI 13 12 I 
Total 93 83 

1977-78 I 64 3 I 
II 5 20 II 1977 I 11 35 I 

III 20 41 I II 75 16 II 
IV 1 3 III III 3 21 III 
v 2 16 II IV 2 5 II 

Total 92 83 v 0 ll II 
Total 9T 87 

1978-79 I 77 19 I 
II 4 14 II 1978 I 8 21 I 

III 1 5 III II 2 31 HI 
IV 4 33 IV III 74 11 I 

Total 86 71 IV 1 8 II 
v 5 18 IV 

Mean high loading 62.8 37.0 Total 90 89 

Mean high loading 67.8 38.4 

Table 7. Correlations between independent avian variables (BDPC's) and independent vegeta-
tion variables (BGPC's). Key: SPPRI - species of permanent resident insectivores; 
DPRI - density of permanent resident insectivores; SPVI - species of visiting in-
sectivores; DVI - density of visiting insectivores. 

Season 
and Correlation 

R2~r2) xear BDPC Associated insectivore variables with VGPC R~r) p 

Winter 
1975-76 I All insectivore variables I 0.52 0.27 <0.05 
1976-77 I Total species, SPPRI, DPRI (26%) I +II 0. 72 0.51 <0.005 

II SPVI,DVI,DPRI (43%) I 0.57 0.32 <0.02 
1977-78 I Total species, SPVI, DVI, DPRI(41%) I 0.74 0.54 <0.005 

II DPRI (40%), SPP.RI II 0.69 0.48 <0.005 
1978-79 I SPVI, DVI I 0.66 0.44 <0.005 

II SPPRI, DPRI II +IV 0.59 0.35 <0.025 
... 

Summer 
1975 I SPPRI, DPRI III 0.57 0.32 <0.02 

II SPVI, DVI I 0.84 0. 71 <0.001 
1976 I Total species, SPPRI, SPVI, DVI I 0.46 0.21 <o.o5 

II DPRI I +III 0. 70 0.49 <0.005 
1977 I Total species, SPPRI, SPVI, DVI, 

DPRI (37%) I +III 0.42 0.16 NS ·. 
II DPRI (46%) I +II o. 75 0.56 <o.oo5 

1978 I Total species, SPPRI (3&%), SPVI, 
DPRI I 0.50 0.25 <0.05 

II SPPRI I +II 0.68 0.47 <o.oo5 
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Both BDPC's were significantly correlated with VGPC's each winter. Insectivores 
(BDPC I) were positively associated with volume, patchiness and FHD (VGPC I) the 
first winter. In the second winter, the addition of VGPC II (high salt cedar, 
low honey mesquite), which was negatively associated with the variables associated 
with insectivores (BDPC I, Table 7), improved the correlation and retained 
statistical significance (P< 0.005). Permanent resident insectivores (BDPC II) were 
correlated with vegetation (VGPC II) during the third winter and with VGPC II and 
IV the fourth winter. In these cases it indicated that they were lower in 
densities and diversities where £ottonwood-willow were present and were higher 
where shrubs and honey mesquite were present. 

In winter, seedeaters and fruiteaters were associated negatively with VGPC II 
(abundant salt cedar, few shrubs, and little honey mesquite) every year (Table 8), 
indicating that these groups avoid salt cedar and are found in areas with shrubs 
and/or honey mesquite. In the case of fruiteaters, the attraction is mistletoe, but 
mistletoe in the lower Colorado River ·Valley parasitizes honey mesquite far more 
extensively than other plant species (Anderson and Ohmart 1978). 

Table 8. Correlations between fruiteaters and seedeaters in winter and doves 
and quail in summer with the vegetation principal components. 

Princi2a1 com2onents Correlation 

Year Birds Vegetation R(r) R2(r2) p 

Winter 

1975-76 II I + II 0.70 0.49 <0.01 

1976-77 I I + II 0.72 0.57 <o.oo5 

1977-78 II II -0.69 0.48 <o.oo5 

1978-79 II II + IV 0.59 0.35 <o.o25 

Summer 

1975 I I 0.57 0.32 <0.01 
1976 II* I + III 0.70 0.49 <0.005 

1977 I* I + II 0.75 0.56 <0.005 
1978 I I 0.50 0.25 <0.05 

*Doves positive, quail negative. 

In summer 1975, permanent resident densities and diversities (BDPC I) were 
correlated with patchiness and volume at low levels (VGPC III) (Table 7). In 
subsequent years, BDPC I was more complex in that visitors were also represented on 
it. In these years Volume, PI and FHD (VGPC I) were the most important 
vegetation factors, but in the third year, even though salt cedar added positively 
to the correlation, the 2 VGPC's combined did not correlate significantly (P > 0.05) 
with insectivore densities and diversities (BDPC I). BDPC II varied considerably 
from year to year. In the first summer it included densities and diversities of 
visiting species and correlated signigicantly with VGPC I. The next two summers it 
included densities of permanent residents and was associated with Volume, PI and 
FHD (VGPC I), plus either VGPC III (volume and patchiness at low levels) negatively, 
or VGPC II (salt cedar) negatively. It should be noted that permanent residents 
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were associated with salt cedar (VGPC II) five times and the contribution was negative 
four times. This supports findings presented by Cohan et al. (1978) that salt cedar 
has low use values for permanent residents. Visiting insectivores were not assoc
iated in any significant correlation with salt cedar, either positively or negatively. 

In summer, BDPC I included densities of Gambel's Quail and doves and was 
correlated with VGPC I (volume, patchiness, FHD) (Table 8). In the second summer, 
doves were on BDPC II, which was correlated with VGPC I and III (volume and patch
iness at low levels, respectively); Gambel's Quail were negatively associated with 
these vegetation parameters. The third summer, doves (on BDPC I) were significantly 
correlated with Volume, PI and FHD, and salt cedar (VGPC I and II, respectively), 
and in the final summer, they were exclusively correlated with VGPC I. In both years, 
quail were negatively associated with these factors. It appears then, at least in 
summer, that quail apparently avoid the vegetationally denser areas. 

These analyses demonstrate that birds used the vegetation differently in summer 
and winter and that they were more strictly associated with vegetation structure in 
winter. Furthermore, permanent resident and visiting species tended to be more 
separated in winter than in summer. Although there were significant correlations 
in summer, they averaged lower and more vegetation variables were required. If 
habitat improvement plans are designed on the basis of data relative to bird-vege~ 
tation relationships collected only in summer, the plans might fail because the area 
might not be adequate for permanent residents or visitors, or both, in winter. This 
could lead to lower than expected use in summer. It is also clear that total 
foliage volume, horizontal patchiness, number of cottonwood-willow trees, and FHD 
(VGPC I) are all potentially important variables, because they were implicated in 
17 of 23 cases (Tables7 and 8). In our coarse-grained analysis, we were not able 
to separate these factors. We are presently engaged in a finer-grained analysis 
designed to yield more information about the relative importance of these variables. 

Seedeaters seemed to be associated with low, dense, shrubby vegetation (negative 
score on VGPC II and/or positive score on VGPC IV in the second and fourth winter), 
at least in winter. Permanent residents were also associated with this type of 
vegetation fairly consistently. Doves in summer were associated with dense, verti
cally and horizontally diverse vegetation, and quail with sparser vegetation. 

With this information, predictions relative to avian use of areas can be made. 
With our data set we developed a predictive model and community revegetation designs 
which should possess high avian use values. Details of the designs have been 
presented elsewhere (Anderson et al. 1978, Anderson and Ohmart 1979) .. We began 
implementing the revegetation plans in 1977. Avian censusing has been conducted 
on a plot of approximately 40 ha since our initial work began. Trees and shrubs 
were planted (1977 and 1978) or have invaded, and the horizontal and vertical 
diversity of the vegetation has changed considerably in the past two years. Whether 
the bird densities and diversities have changed in 'response to changes in the 
vegetative makeup, in ways close to predictions, is of critical importance. 

Test of the Predictions 

We include data for summer and fall 1979 in our check of predictions. Charact
eristics of the vegetation in summer and early winter were quite different, with 
increases in volume and patchiness, and in the number of trees taller than 3 m 
(Table 9). Clearly, avian use of the area also changed, but these changes are not 
as important as whether the avian community responded according to predictions based 
on our model. To make this determination, we converted the avian and vegetation 
data from the revegetation plot to factor scores on the avian and vegetation PC's 
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Table 9. Changes in the vegetation and bird variables on the revegetation plot 
from summer to fall 1979. 

Variables 

Vegetation 

Vol. 0.0 - 0.6 m 
1.5 - 3.0 
4.5 - 6.0 

Total 

PI 0.0 - 0.6 m 
1.5 - 3.0 

Total 

FHD 

Cottonwood-willow >3 m/ha 

Salt cedar >3 m/ha 

Shrubs/ha 

Honey mesquite with mistletoe 

Proportion salt cedar (%) 

~ 
Total species/40 ha 

Number of species/40 ha 

Visiting insectivores 
Permanent resident insectivores 

Density/40 ha 

Visiting insectivores 
Permanent resident insectivores 
Seedeaters 

Summer 

0.522 
o. 704 
0.006 
1.232 

0.045 
0.008 
0.053 

0.278 

o.o 
0.6 

190.0 

0.0 

41.0 

17.0 

6.0 
12.0 

15.0 
9.0 

21.0 

Table 10. Predicted and observed factor scores for avian 
principal components on a revegetation site. 

Factor scores 

BDPC I BDPC II 

Fall 

0.717 
1.058 
0.006 
1.403 

0.063 
0.013 
0.112 

0.272 

12.1 

0.6 

160.0 

0.0 

5.0 

33.0 

12.0 
8.0 

23.0 
45.0 

512.0 

Season Predicted Observed Predicted Observed 

Summer 1979 -0.79 -0.10 -0.40 -2.45 

Fall 1979 -0.89 -0.56 1.02 1.04 
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using 1978 vegetation data and summer 1978 and winter 1978-79 avian data. Regression 
equations using PC factor score coefficents were used to make predictions (Table 9) 
of what the factor scores should be on the revegetation plot. The analysis revealed 
that for visiting insectivores (BDPC I) the observed factor scores were larger than 
expected (Table 10). In summer, the score on BDPC II was much lower than expected; 
this is due primarily to low densities and diversities of permanent resident insec
tivores. The fact that there was intensive revegetation activity on the site may 
have been a significant factor, but if so, the reason that birds on BDPC I were not 
affected is not clear. From a biological viewpoint, however, it seems reasonable to 
expect the more mobile transient population to find a new area first. Permanent 
residents are busy nesting in more preferred areas at this time. In the post-breed
ing season the young disperse and should occupy the new area. Our observations were 
in accord with this. In fall, seedeaters and permanent resident insectiv9res (BDPC 
II) were almost exactly the same as the expected value. Thus for 3 of the 4 pre
dictions, the observed values did not differ significantly from predicted. 

In fall, the revegetation site ranked below average (relative to other vegeta
tion types along the lower Colorado River) for visiting insectivores (BDPC I), but 
was near the top in value (Fig. 2) to birds associated with BDPC II (primarily 
seedeaters). In summer, the revegetation plot ranked last for BDPC II but somewhat 
higher for BDPC I. 

We stated that we were unable to separate total Volume, FHD, PT, and CW and so we 
were unable to determine if all 4 of these variables were important or whether a 
single one among them was the most important variable. The revegetation plot pro
vides some clues. For example, the mean Volume (1.6 + 0.1) and mean FHD (0.88 + 
0.05) for the 23 vegetation types were substantially larger than the Volume (1.4) 
and FHD (0.27) on the revegetation site in fall. But the mean PI for the 23 vegeta
tion types (0.09) was 22 percent smaller than that found on the revegetation site 
(0.11). Log10 of the mean number of CW/0.4 ha (0.5) was smaller than for that of 

CW on the revegetation site (0.7). Although PI and CW are still not separated, the 
early indications are that one or both of these two variables are more important 
than Volume or FHD in determining the number of species occurring in an area for 
fall since total species observed (33) was larger than average (29) for the 23 
vegetation types in fall. If Volume and FHD were the most important variables, the 
number of species on the revegetation plot would be expected to be lower than 
average. 

SUMMARY 

Preliminary efforts (2 years along) to develop high-quality riparian habitats 
for birds indicate that it is feasible. Considerations in habitat design should be 
given to the needs of both wintering and breeding species. Our data demonstrate 
that birds used the vegetation differently in summer than in winter and that they 
were more strictly associated with vegetation structure in winter, and even more so 
in harsh winters. 

Predictions of avian use in the newly developed community were not significantly 
different from empirical values. Subsequent monitoring of bird use on the revegeta
tion site will reveal the full potential of the effort. Continued monitoring and 
additional data should allow the resolution of the importance of foliage volume, 
foliage height diversity, patchiness and cottonwood-willow to birds in southwestern 
riparian habitat revegetation efforts. 
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ABSTRACT 

A review of the literature on the effects of off-road vehicles 
(ORVs) on birds revealed five papers, only one of which covered 
the subject in depth. There are several additional papers on 
impacts of ORVs on fishes, amphibians, reptiles and mammals, 
most of which deal with species of the arid Southwest. Almost 
without exception, analyses of the data reveal that ORV use has 
significant negative impacts and can reduce numbers, diversity, 
and biomass of vertebrates. The degree of impact depends upon 
amount and intensity of ORV use, habitat type, and sensitivity 
of the species. The literature on effects of ORVs on soils and 
vegetation--major wildlife habitat components--and on related 
topics such as erodibility of soils, rates of erosion, and 
revegetation, is much more extensive. Information from such 
studies infer the kinds of impacts that can occur to birds and 
other vertebrates. 

INTRODUCTION 

During the last fifteen years, there has been considerable growth of off-road 
vehicle (ORV) activity, particularly of 4-wheel vehicles, motorcycles, and snow
mobiles on both public and private lands. The Council on Environmental Quality 
(1979) views the off-road vehicle problem as one of the most serious public land
use problems today. Several review papers have covered a number of ORV topics 
(Baldwin and Stoddard 1973, Luckenbach 1975). There are also several bibliogra
phies (Bury 1976, Bury et al. 1976, Lime and Leatherberry 1974, Lodico 1973, Webb 
and Wilshire 1978). 

Much of the latest research concerning ORV impacts on animals is not in the 
open literature; it exists in the form of contract reports to agencies, agency 
technical or "draft" reports, undergraduate or graduate student papers, or papers 
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"in preparation" or "in press." Many of those involved in research on ORV-related 
effects on biological or physical resources circulate unpublished reports or papers 
among themselves and interested parties. Eventually many manuscripts will be pub
lished in the open literature; unfortunately some will not and for others the time 
until publication is two to four years hence. 

The purpose of this review paper is to summarize the available information for 
ORV impacts on birds and to review briefly the kinds of existing information on 
other vertebrate species and their habitats. The review is by no means exhaustive; 
recently completed and relatively inaccessible documents are ~mphasized intentionally. 
Sources for all unpublished papers and reports are provided in the Literature Cited 
section. 

This paper is subdivided into three parts: effects of ORVs on birds, effects 
of ORVs on other vertebrates, and effects of ORVs on wildlife habitats. 

EFFECTS OF OFF-ROAD VEHICLES ON BIRDS 

Studies and Observations in Four General Habitats 

Studies of impacts of ORVs on birds have been limited primarily to desert scrub, 
washes and microphyll woodlands, and riparian habitats in the Mojave and Colorado 
Deserts of California (Bury et al. 1977, Luckenbach 1978, Weinstein 1978). There 
are a few observations of ORV impacts on turkeys in an oak-hickory hardwood forest 
(McEwen 1978) and Prairie Falcons in desert scrub (Harmata et al. 1978). 

DESERT SCRUB HABITATS 

The first published study on ORV effects on birds (Bury et al. 1977) dealt with 
impacts of motorcycle and 4-wheel vehicles on vertebrates creosote bush (Larrea 
tridentata) communities at seven study sites in the central Mojave Desert. Study 
plots consisted of controls (relatively free of ORV tracks), moderately used, heav
ily used, and pit areas (camping and ORV staging areas with most shrubs and ground 
cover absent or pulverized). At one site (4 ha plots), the control plot had five 
times the number of breeding pairs and ten times the biomass compared with the 
moderately used plots. The pit area had no birds. In 1975 on larger 40 ha plots 
at new locations, the differences in breeding birds were not as marked: two times 
the number of pairs and species and 1.7 times the biomass on the controls compared 
with moderately used sites. 

Desert scrub communities, such as creosote, saltbush (Atriplex spp.), and shad
scale(!. confertifolia, Grayia spinosa, Eurotia lanata and numerous others), 
generally have low structural diversity and cover of vegetation. They support 
limited numbers of breeding bird species, with pairs widely spaced. Recent breed
ing bird studies on four desert scrub plots in the same general area as the Bury 
et al. (1977) study averaged 31 (range 18 to 56) breeding and 74 (range 26 to 178) 
wintering birds per 40 hectares (ha)(Dock 1978, 1979; Landry 1978a, 1978b. 1979a, 
1979b, 1979c, 1979d). There were an average of four breeding and nine winter spe
cies for the sites. 

Typical species living and nesting in desert scrub communities are: Roadrunner 
(Geococcyx californianus); Burrowing Owl (Athene cunicularia); Lesser Nighthawk 
(Chordeiles acutipennis); Horned Lark (Eremophila alpestris); LeConte's Thrasher 
(Toxostoma lecontei); Loggerhead Shrike (Lanius ludovicianus); House Finch (Carpo
dacus mexicanus) and Black-throated (Amphispiza bilineata), Sage (Amphispiza belli), 
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and Brewer's Sparrows (Spizella breweri). The plot sizes in the Bury et al. (1977), 
Dock (1978, 1979), and Landry (1978a, 1978b, 1979a, 1979b, 1979c, 1979d) studies 
were about 40 ha or less and appeared to be too small to adequately census all 
breeding or wintering species found in the habitats. However, the trends ahown by 
the Bury et al. (1977) studies for ORV impacts on birds are none the less valid. 

In addition to the more typical species, there are "raptors," such as Turkey 
Vultures (Cathartes aura), Red-tailed Hawks (Buteo jamaicensis), Golden Eagles 
(Aquila chrysaetos), Prairie Falcons (Falco mexicanus), Great Horned Owls (Bubo 
virginianus), and Ravens (Corvus corax~hese species nest in nearby cliffs and 
rock outcrops, and forage in the valleys and slopes with low scrub vegetation. 
They can be affected by ORV use through: disturbance to nest sites; loss of such 
prey species as lizards, desert tortoises, small birds, and mammals; and disturbance 
to foraging behavior. Disturbance at nest sites by ORVs and to foraging behavior 
has been documented for Prairie Falcons (Harmata et al. 1978). There are several 
accounts of declines for prey species in the MOjave Desert due to ORV impacts. 
Busack and Bury (1974) studied five species of lizards in heavy, moderate, and no 
use areas (relatively free of ORV tracks) in Dove Springs Canyon. They found re
ductions in both numbers and biomass in the plots with moderate and heavy ORV use 
(one species in the heavy use vs. five in the no use; 6.4 g/ha biomass in the heavy 
use vs. 509.9 g/ha biomass in the no use). Findings for lizards were similar in 
the Bury et al. (1977) report. Bury (1978a) and Berry and Nicholson (1979) also 
noted declines of desert tortoises in several ORV use areas in the western Mojave 
Desert. 

Several species of small mammals showed reductions in numbers, biomass, and 
diversity in ORV use areas. Byrne (1973), using sites in Dove Springs Canyon 
similar to those in the Busack and Bury (1974) study, reported that density and 
diversity of small mammals was significantly lower on ORV-disturbed sites. Bury 
et. al. (1977) had similar findings. 

The Bury et al. (1977) study, in summar1z1ng impacts on all species of small 
vertebrates examined, found that numbers of individuals in heavily used and pit 
areas were 55 and 20 percent, respectively, of those present in undisturbed sites. 
Biomass estimates were even lower (23 and 17 percent, respectively). 

These significant reductions in small animals easily could have measurable im
pacts on raptor foraging success and, ultimately, on productivity. Garrett and 
Mitchell (1973) and Boyce (1977) reported declining Prairie Falcon populations in 
the California deserts. Harmata et al. (1978), after examin'ing productivity in ten 
pairs of Prairie Falcons in the western Mojave Desert, suggested their findings of 
productivity (1.2 young per nesting attempt) were low and indicative of declines. 

DESERT WASHES 

Luckenbach (1978) examined the effects of ORV use on richer and more diverse 
bird habitats in two ironwood (Olneva tesota) washes in the Colorado Desert, Cali
fornia. In a preliminary analysis, he reported that: 1) the control plot had 23 
times the breeding bird density of the ORV-used plot, and 2) there was a 90 percent 
reduction of breeding species in the ORV-used wash. 

The ironwood wash habitat is one of several kinds of microphyll woodland washes. 
Microphyll woodlands contain desert trees such as ironwood, smoke tree (Dalea spinosa), 
palo verde (Cercidium floridum), desert willow (Chilopsis linearis); large shrubs 
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like catclaw (Acacia greggii), mesquite (Prosopis spp.), desert lavender (Hyptis 
emoryi), and chuparosa (Beloperone californica); and many smaller shrubs. These 
washes are highly productive for birds and other species. The large shrubs and 
trees provide added perching nesting, foraging, and cover sites that are not present 
in the low scrub habitat types. 

Several recent breeding and winter bird surveys verified that microphyll wood
lands support much higher numbers and kinds of birds than do surrounding desert scrub 
habitats. Breeding bird numbers for seven wash study sites in the Colorado Desert 
had seven times the numbers of species and over 45 times the total number of indivi
duals than did a similar number of plots in surrounding low scrub habitat with no 
overstory (U.S. Bureau of Land Management field notes; Daniels and Boyd 1979a, 1979b; 
Foster and Johnston 1979a; Franzreb 1978; Johnston and Foster 1979a; Tomoff 1977). 
Winter bird populations were over eight times as high in washes than in surr9unding 
low desert scrub (Daniels 1979a, 1979b; Foster and Johnston 1979b; Henderson 1979; 
Johnston and Foster 1979b; Tomoff 1979a, 1979b, 1979c; Tomoff and Hecker 1979; 
Jones 1979, Jones and Clark 1979, Jones and Garrett 1979, Jones et al. 1979). 

Findings were similar for washes in the Mojave Desert versus adjacent open 
desert communities. Winter bird densities were 50 to 60 times higher and numbers 
of species eight times higher in a catclaw-rabbitbrush (Chrysothamnum paniculatus) 
wash than in surrounding open desert (Remsen et al. 1976a, 1976b). Breeding bird 
densities were 15 times higher with six times the number of species (Kubik and 
Remsen 1977a, 1977b). 

The higher densities and diversities of bird populations in washes is highly 
significant in terms of ORV activity. Washes are very limited in terms of overall 
acreage in the Southwest as compared with many other habitat types; in the California 
deserts, many are open to unrestricted ORV activity. 

RIPARIAN 

Weinstein (1978) undertook the most intensive and detailed study of ORV impacts 
on birds to date. He examined the effects of ORVs and general recreation on the 
avifauna of riparian habitats in Afton Canyon, which is part of the Mojave River 
in the central Mojave Desert, California. Afton Canyon has a number of distinct 
bird habitats: marshes, open water, meadows of salt grass and Yerba Mansa, willows, 
tamarisk groves, and mesquite. A campground established in 1968 gradually became 
the focus for ORV-oriented recreationists with 4-wheel vehicles, trail bikes, and 
dune buggies. The campground and surrounding areas have received heavy impacts. 

Weinstein (1978) established two 41.3 ha plots, each with a similar mix of 
riparian habitats; one was in the area frequented by ORVs, the other in a low-use 
area. Each was sampled 105 times during the course of a year, both during periods 
when ORVs were in high and low concentrations and when there was no use. Data re
corded included the number and locations of each species, behavior for each bird 
(i.e. perched in a particular species of shrub, in flight, on the ground, etc.), 
numbers of ORV groups, and numbers and types of vehicles in operation in the high
use plot. 

Data analyses revealed statistically significant differences in abundance and 
variety of birds between the two study plots, the low-use plot having greater abun
dance and diversity (Weinstein 1978). Within each plot there also were statistically 
significant differences in variety and abundance when ORVs were present and when 
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they were not. On days with heavy ORV visitor use, the high-use plot had signifi
cantly fewer and the low-use plot significantly more birds. 

Ten species were selected for more detailed discriminate analyses (Weinstein 
1978). These were the American Kestrel (Falco sparverius), Mourning Dove (Zenaida 
macroura), Common Flicker (Colaptes auratus), Say's Phoebe (Sayornis saya), Western 
Meadowlark (Sturnella neglecta), Verdin (Auripatus flaviceps), House Finch, White 
crowned Sparrow (Zonotrichia leucophrys), and Cedar Waxwing (Bombycilla cedrorum). 
Canonical correlations showed marked tendencies for most of the ten species to move 
away from ORV use areas, as much as 0.8 to 3.2 km, to flush more readily, or to 
perch in dense thorny bushes. Of all species tested, Mourning Doves showed the 
strongest response to ORVs and people and moved far away. 

Off-road Vehicle-related Problems 

The Weinstein (1978) study documented a number of related ORV problems suspected 
or described for other classes of vertebrates. Off-road recreationists broke camp
ground regulations, vehicle use regulations, and federal and state wildlife protection 
laws. vJeinstein (1978) states: 

Although shooting is prohibited within one-half mile of the campground, 
the vast majority occurs within a hundred yards of it, or actually within 
it •.. The sight of a person sitting in a dune buggy, rifle in one hand, 
can of beer in the other, is a common sight •.. The litter of spent shells 
can be seen nearly everywhere, and many nongame species can be found 
dead, shot after a weekend of "target" shooting. 

In violation of state laws visitors cut down mesquite trees sKading picnic tables 
for firewood. They often leave litter. Weinstein (1978) noted the importance of 
mesquite for cover and suspected it was being removed at higher than replacement 
rates. Campfires were established outside the campground, and during the summer 
portion of the study period, there were four brush fires, three from campfires. 

Signs specifying vehicle use only on established roads were ignored (Weinstein 
1978). New roads and trails were continually formed through meadows and willow 
groves, along streamside vegetation, and in washes. One of Weinstein's closing re
marks is thought provoking: 

The impression one gets after a year of almost daily contact is not that 
of a "few bad apples" constituting a "small fraction" of ORV users, but 
rather of a sizable majority, who are steadily, knowingly, and belliger
ently running roughshod over the area. Discussions with rockhounds, birders, 
botanists, biology classes, and similar visitors have pointed up the basic 
incompatability of ORV use with nearly any other type of activity ... On the 
weekend, few animals and few people, other than off-roaders, can stand to 
be in the camps. 

At Land Between The Lakes, an outdoor recreation and environmental education area 
operated by the Tennessee Valley Authority, there have been a few observations of 
ORV effects on wild turkeys (Meleagris gallopavo) in an oak-hickory hardwood forest 
(}fcEwen 1978). Two observations on harassment are of note. A radio-tagged gobbler, 
deliberately pursued by a motorcyclist in a controlled experiment, successfully 
eluded the cyclist in heavy brush. It did not abandon its summer range. However 
a group of motorcyclists illegally harassed and chased a flock of three hens and 
24 poults. This group abandoned their regular breeding site and moved five miles 
away. 
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Noise 

There are few papers on the effects of ORV noise on birds. Marler et al. (1973) 
demonstrated that loud continuous sounds could permanently damage the hearing of 
birds. They studied canaries hatched and raised under 95 to 100 decibels (db) noise 
and found partial deafness, with longer exposure causing greater deficits. Hearing 
losses were greatest to the high frequency sensitivities. The authors suggested 
further research on potential retardation of reproductive development from noise, 
effects of noise on song development, and effects of partial deafness on the fine 
structure of song. 

Luckenbach (1975, 1978) and Weinstein (1978) have suggested that high levels 
of ORV noise could interfere with bird communication. Birds are generally highly 
vocal and communicate through songs and calls. During the breeding season, males 
maintain territories through song and at the same time court females. Calls serve 
a number of functions: recognition between mates and young, warnings, recognition 
signals, maintaining flocks, etc. 

Weinstein (1978), in the study described earlier on ORV impacts on birds of 
desert riparian habitats, related that "birds were observed ••• to fly at the sound 
of the approach of vehicles, even if vehicles were at a considerable distance, and 
if they were out of sight." Birds were induced to abandon concealing vegetation 
and fly an estimated 0.8 to 3.2 km or more from the noise. The increased suscep
tibility to flushing and to flee the area could result in disruption of territories, 
decreased ability to feed young or defend the nest from predators, and increased 
vulnerability to predation on the adults. 

Harmata et al. (1978) studied several pairs of breeding Prairie Falcons in 
the western Mojave Desert, a region regularly used by ORV recreationists. Their 
findings on impacts of ORV noise are intermingled with other human-related noise 
sources. The researchers reported that "sudden loud noises generally disturb 
Prairie Falcons" and that "extended periods of loudness near the eyrie may totally 
disrupt breeding behavior." An incubating female responded to the sound of motor
cycles 800 m away. The falcon stood up as the noise reached a maximum and settled 
down as noise faded away. Falcons were flushed or moved in the eyrie when doors 
were slammed on a vehicle 100 to 150 m from the eyrie. In one case, incubation 
was disrupted when people camped and fired guns 50 m below one of the study eyries. 
Although the incident was not observed, the researchers saw normal incubation on 
April 12 and returned two days later to find the eyrie abandoned with a new camp
fire ring and several spent rounds of ammunition. The female of this pair, after 
abandoning her eggs, spent weekends when vehicular traffic was heavy in a mountain
ous "primitive area away from any vehicles and away from some of her usual week-day 
flight a:t;"eas. 

McEwen (1978) cited several instances in which grazing turkey flocks in an 
oak-hickory hardwood forest were flushed by motorcycles traveling on a road 460 m 
away. 

Noises other than from the vehicle itself often are associated with the ORV 
user and can be deleterious to birds. Gunshots can be a source of disturbance. 
An incubating female Prairie Falcon abruptly left her eyrie and remained about 1 
km away in flight for 21 minutes when gunshots were fired on the opposite side of 
the rock pile supporting the eyrie (Harmata et al. 1978). The individuals doing 
the shooting were not visible to the falcon from the eyrie. 
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Although gunshots and ORVs were disruptive to Prairie Falcons, the high level 
noise and sonic booms of low flying jet aircraft and bombers caused no reaction 
(Harmata et al. 1978). Similarly Weinstein (1978) noted that trains did not disturb 
some birds but ORVs did. A pair of Say's Phoebes nesting under the tracks of a 
railroad trestle adjusted to the passage of 15 to 20 trains per day and were able 
to fledge two clutches. However, the phoebes flew at the approach of ORVs. 

EFFECTS OF OFF-ROAD VEHICLES ON OTHER VERTEBRATES 

Fishes and Amphibians 

Adams (1975) found that hydrocarbons from snowmobile exhaust contaminated a 
Maine Lake through snow melts. The polluted water decreased stamina in brook trout 
fingerlings. Luckenbach (1978) pointed out the potential pollution problems for 
amphibians and other inhabitants of desert water sources from recreation vehicles. 

Reptiles 

Two studies on the effects of ORVs on lizards in the Mojave Desert revealed 
that moderate and heavy ORV use results in decreases in numbers, biomass, and diver
sity (Bury et al. 1977, Busack and Bury 1974). The reductions were greater in 
heavily used and pit or camping areas. In a study of the impacts of ORVs on lizards 
of the Imperial Dunes, Bury (1978b) found a twenty-fold reduction in the Colorado 
fringe-toed lizard on the ORV use plot compared with the control (no ORV use). 
Vollmer et al. (1976), in a short-term controlled experiment on the effects of light 
use of 4-wheel vehicles on desert scrub habitat, had no conclusive evidence of im
pacts on lizard populations. 

There is information for ORV impacts on desert tortoises from several study 
sites in the MOjave and Colorado Desert (Bury 1978a, Berry and Nicholson 1979). 
Bury (1978b) reported marked reductions in heavily used ORV areas for both tor
toises and actively used burrows. Berry and Nicholson (1978) have observed direct 
kills, degradation to habitat, and decline in numbers in lightly, moderately, and 
heavily-used ORV areas. Such impacts occur in both authorized and unauthorized ORV 
use areas. 

Mammals 

Several studies have been undertaken on the effects of ORVs on small mammals 
in the western MOjave Desert (Byrne 1973; Bury et al. 1977; Hicks et al. 1977; U.S. 
Bureau of Land Management 1975). These researchers reported declines in numbers 
and reductions in biomass and diversity under moderate to heavy ORV use or distur
bance. In one project, study plots were established on the Barstow-Las Vegas motor
cycle race course immediately after the race (U.S. Bureau of Land Management 1975). 
Evaluations of plots on the course versus the controls indicated a 90 percent decline 
in small mammals. One year later at the same area, Hicks et al. (1977) found eight 
times the density of rodents in the control plot compared with the plot on the course. 
There had been no races in the intervening period. The results of one study on the 
effects of light 4-wheel vehicle use on small mammals under a controlled situation 
were inconclusive (Vollmer et al. 1974). 

There are three papers and one note with observations of ORV impacts on large 
game animals. Jorgensen (1974) found a 50 percent reduction of peninsular bighorn 
sheep use at a watering site when ORVs were in the vicinity. Hoover (1973) reported 
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instances of harassment of elk by ORVs and related declines. During a five-year 
monitoring study of ORV impacts at the Turkey Bay Off-Road Vehicle Area and else
where in the Land Between The Lakes recreation area, McEwen (1978) noted that there 
were no differences in the numbers of deer killed by hunters in the ORV use area 
compared with the rest of the recreation area. The habitat both inside the ORV area 
and elsewhere within the recreation area is oak-hickory hardwood forest. The ORV 
Monitor (1979) described how two coyotes were killed and a third injured by snow
mobilers in the Potholes section of Grand Teton National Park, the one area in the 
National Park system open to cross-country snowmobiling. Two men pleaded guilty to 
"reckless" driving. 

Noise 

Recent research by Bondello et al. (1979) and Bondello and Brattstrom (1979a, 
1979b) reveals the high sensitivity of wild animals other than birds to ORV sounds. 
Their studies are worthy of description here. Bondello and Brattstrom (1978a, 1978b) 
first reviewed the literature on the effects of noise on nonhuman vertebrates, then 
measured levels of natural and mechanized sounds in the California deserts. They 
selected three species of desert animals for studies on potential ORV noise impacts 
(Bondello et al. 1979), Bondello and Brattstrom (1979a, 1979b). The species--
Couch's spadefoof toad (Scaphiopus couchi), the Mojave fringe-toed lizard (Uma 
Scoparia), and the desert kangaroo rat (Dipodomys deserti)--all live in quiet environ
ments and are remarkably sensitive to certain frequencies of sounds. All suffered 
deleterious effects from exposure to ORV sounds. 

The first study on Couch's spadefoot toad summarized life history and behav
ioral characteristics which made the species susceptible to ORV noise (Bondello and 
Brattstrom 1979a). There are a few relict populations of Couch's spadefoot toad in 
the deserts of southeastern California; populations exist in and adjacent to ORV use 
areas. This species is highly adapted for living in arid environments. Individuals 
spend most of the year 50 em or more below ground, normally emerging only with summer 
thunderstorms to breed in temporary ponds. Normal emergence may be due to one or 
more acoustical stimuli associated with summer thundershowers, such as intense epi
sodes of thunder and electric activity, high barometric pressures, high temperatures, 
and high vapor pressure. However, when the toads are subjected to motorcycle sounds 
of 95 dBA (100 dBL), they respond by moving out of burrows to the surface. By misin
terpreting ORV sounds as natural environmental cues, toad populations could be jeo
pardized. Off-road vehicle sounds induced the toads to emerge at the wrong season, 
in the absence of water. Under normal conditions, recently emerged toads are severely 
stressed from depletion of fat reserves and dehydration. They may be unable to rebury 
themselves and survive in the weakened state until the appropriate environmental cues 
occur. 

The second study was on the effects of dune buggy sounds on the Mojave fringe
toed lizard (Bondello et al. 1979). This species has a limited geographic range and 
lives only in wind-blown sands or dunes. It has a number of special adaptations for 
sand dwelling. Huch of its habitat is used by ORVs. Bondello et al. (1979) surgi
cally implanted electrodes in the telencephalic auditory region to monitor the audi
tory evoked response to known stimuli before and after exposure to dune buggy sounds 
of 95dBA (100 dBL). Actual hearing loss was recorded after only 500 seconds of 
exposure time. Even buried lizards could be exposed to high sound levels. 
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The importance of hearing in this species is probably related to food acquisi
tion and predator avoidance (Bondello et al. 1979). Fringe-toed lizards feed on 
insects and are preyed upon by snakes and owls. Their prey and predators produce 
low intensity sounds, such as the movement of insects through debris, sliding of 
snake scales on sand, and the swooping of owls. Predator and prey sounds coincide 
with the maximum acoustical sensitivities of the lizards. 

The extreme vulnerability of fringe-toed lizards to short durations of sounds 
is not typical of humans (Bondello et al. 1979). The Occupational Safety and Health 
Administration (OSHA) recommends that cumulative exposure of 95 dBA not exceed four 
hours. The loss of hearing in lizards with 500 seconds exposure indicates there 
may be profound differences in noise levels tolerable to wild animals as compared 
with the human ear. 

In a third experiment, Bondello and Brattstrom (1979b) examined the effects 
of dune buggy sounds on desert kangaroo rats. Desert kangaroo rats, the most speci
alized of 13 species of kangaroo rats in California, are residents of wind-blown 
sands and dune systems. The genus of kangaroo rats, Dipodomys, has both highly 
specialized ears and central auditory system. Earlier experiments have demonstrated 
the abilities of kangaroo rats to detect low frequency, low intensity sounds of 
predators, such as the movements of sidewinders and screech owls. Bondello and 
Brattstrom (1979b) sought to determine the effects of dune buggy sounds on hearing 
of the rats through behavioral means. They noted that desert kangaroo rats exhi
bited a stereotypic response, sand kicking, to faint sounds of crawling sidewinders. 
The rats were able to detect the presence of the snake through acoustical means and 
were able to avoid coming within the striking range of the rattlesnake. When sub
jected to 500 seconds of dune buggy sounds at 95 dBA (100 dBL), hearing sensitivity 
was reduced to the point where the kangaroo rat came within striking range of the 
rattlesnake. Hearing sensitivity gradually recovered after 21 days. 

EFFECTS OF OFF-ROAD VEHICLES ON HILDLIFE HABITATS 

There are several components to wildlife habitat, the more important of which 
include soil, vegetation, moisture, air quality, and noise levels. Habitat provides 
cover, forage, nest sites, burrow sites, perches, roosts, water, and other features 
essential for the existence of all kinds of animal species. 

While there is a paucity of reports on ORV effects on animals, there are numer
ous papers on ORV impacts on soils and vegetation in many different habitat types 
ranging .from deserts to forests. The reader may wish to explore the many refer
ences on ORV impacts to soils and vegetation, as well as such related subjects as 
trampling, soil erodibility, and predictions on erosion rates and revegetation in 
the annotated bibliography of Hebb and Wilshire (1978). Sparrow et al. (1978) 
reviewed the literature on short- and long-term impacts of ORVs in arctic and sub
arctic alpine tundra and other northern habitats. Such papers are useful in draw
ing inferences on potential ORV impacts to habitats of birds and other vertebrates. 
The following is a very abbreviated summary of some studies on soils and vegetation. 

Soils 

There are several studies of ORV impacts on soils in playas, salt marshes, sand 
dunes, desert scrub, grassland, chaparral, oak-grassland, oak-chaparral, and tundra 
(Davidson and Fox 1974; Gillette et al. 1980; Sparrow et al. 1978; Snyder et al. 
1976; Webb 1978; Webb et al. 1978; Wilshire 1977; Wilshire and Nakata 1976, 1977; 
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Wilshire, Shipley, and Nakata 1978; Wilshire et al. 1978). General finding for 
one or more of these studies reveal that ORV use (motorcycles or 4-wheel use): 
1) increases bulk density of soils to depths of 90 em or more, 2) substantially 
increases surface strength for most soil types, 3) reduces soil moisture for most 
soil types, 4) greatly reduces infiltration rates, 5) reduces porosity and permea
bility of soils, 6) changes the insulating characteristics of soils, i.e., extend
ing the diurnal temperature range, 7) reduces organic carbon content, 8) increases 
runoff, and 9) increases rates of erosion. Some authors have noted the spread of 
impacts to adjacent areas and postulated extended periods for recovery of soil and 
vegetation. 

In most cases the extent and degree of impact depended on such factors as: 
type of vehicle, amount of use, type of soils, degree of slope, topography, and 
vegetation. The degree of impact was closely related to the amount of use. Damage 
in many areas of repeated use has been extensive (Snyder et al. 1976, Webb 1978, 
Wilshire 1977, Wilshire et al. 1978). Erosion rates calculated at one study site 
in Chabot Park in the San Francisco Bay region exceeded tolerance values set by 
the U.S. Department of Interior, U.S. Soil Conservation Service, and U.S. Department 
of Agriculture by factors of 30; 46, and 17, respectively (Wilshire et al. 1978). 

Changes in soil characteristics in turn influence biological productivity. 
Webb et al. (1978) and Wilshire et al. (1978) dhscuss and summarize ORV impacts 
on productivity. They reported that growth of plants and germination of seeds can 
be affected by temperature changes. Webb et al. (1978) found that diurnal temper
ature fluctuations become more extreme to a depth of 12 em. In summarizing the 
literature on the topic, Wilshire et al. (1978) noted that root extension and pene
tration could be impeded by changes in bulk density and compaction. Webb et al. 
(1978) also cited lower nutrient contents in soils exposed to vehicle impacts and 
suggested that changes in soil organic material and nutrient content could have an 
effect on revegetation and soil physical properties. 

Vegetation 

Studies of ORV effects on vegetation have been done in several habitat types, 
such as dunes (Brodhead and Godfrey 1977), grassland (Foresman et al. 1976, Webb 
et al. 1978, Wilshire et al. 1978), desert scrub (Davidson and Fox 1974, Bury et al. 
1977, Lathrop 1978, Vollmer et al. 1976) tundra (Wooding and Sparrow 1978), oak
woodland and chaparral O<Tebb et al. 1978; Wilshire, Shipley and Nakata, 1978; 
Wilshire et al. 1978). 

There are direct and indirect impacts to vegetation from the wheels as well as 
the vehicle itself from: crushing of stems, foliage root systems and seedlings; 
and uprooting of small plants. Through erosion, root systems can be undermined and 
trees toppled (Wilshire, Shipley and Nakata 1978). Vegetation can be buried by de
bris from eroded slopes and hillsides. Wilshire, Shipley and Nakata (1978) and 
Wilshire et al. (1978) noted that "four wheel vehicles are capable of opening 
trails through dense chaparral 4 m tall •.• and that ..• juniper and joshua trees more 
than 3 m tall have been destroyed by the direct impact of 4-wheel vehicles. 

In summarizing general impacts to habitats, the authors noted above documented 
one or more of the following findings: 1) reduction in density of perennial plants, 
2) reductions in cover of perennial shrubs, 3) reduction in diversity of perennials, 
4) reduction in biomass, and 5) changes in annual plant production. As with soils, 
the degree of impact is dependent on the amount and intensity of ORV use, vegetation 
type, topography, etc. 

460 



SUMHARY 

1. Off-road vehicle use has been identified by the Council on Environmental 
Quality as one of the most serious public land-use problems today. 

2. Although there are few papers on the effects of ORVs on birds, existing data 
indicate that ORVs can have profound and highly significant negative impacts 
by reducing abundance, variety, and biomass. Species typical of desert scrub, 
microphyll woodland wash, riparian, and oak-hickory hardwood forest habitats 
were affected in one way or another. The riparian study by Weinstein (1978) 
was the most intensive. 

3. Similar results were obtained in studies of other vertebrate species, parti
cularly reptiles and small mammals. Numbers, diversity, and biomass were 
markedly reduced in most species exposed to moderate and intensive ORV use. 

4. There are few observations on the effects of ORV noise on birds. Weinstein 
(1978) reported that ORV noise induced birds to abandon concealing vegetation 
and fly from 0.8 to 3.2 km away from the sound of approaching vehicles. Wild 
turkeys also fled at the approach of vehicles (McEwen 1978), and Prairie Fal
cons stood up in nest or flew from vehicles on occasion (Harmata et al. 1978). 

Intensive studies on the effects of ORV sounds on three species of verte
brates by Bondello et al. (1979) and Bondello and Brattstrom (1979a, 1979b) 
indicated high sensitivities to ORV noise. The hearing abilities of the desert 
kangaroo rat and MOjave fringe-toed lizard were damaged by ORV noise, and mal
adaptive behaviors were induced in Couch's spadefoot toad. If such studies were 
undertaken on wild birds~ similar findings might be expected. 

5. Other impacts to animal communities are associated with ORV users, such as il
legal shooting, vandalism, and harassment. 

6. There are far more papers on the effects of ORVs on two major habitat compo
nents of wildlife habitat--soils and vegetation. Studies of ORV use on soils 
indicate: substantially increased bulk densities and surface strengths; re
ductions in moisture, infiltration rates, porosity, and permeability of most 
soil types; changes insulating characteristics; decreased nutrient values; and 
increased runoff. Erosion rates can increase markedly, with mass wasting of 
soils far in excess of tolerance levels set by federal agencies. 

Changes in soil characteristics in turn influence biological productivity 
and ability of soils to support vegetation. Vegetation was also affected by 
ORV use. Density, cover, diversity, and biomass of perennial shrubs were re
duced. 

7. The extent of ORV impact depends on types of vehicle, amount and intensity of 
use, soil and vegetation type, degree of slope, and type of topography. Soil 
and vegetation types studied to date cannot withstand the mechanical abilities 
of the vehicles. 

8. With information existing today, biologists and land-use managers should ex
hibit stringent precautions and restrictions in selection of areas for ORV use 
and in managing that use. Data gathered to date indicate that most wildlife 
species and habitats are highly sensitive to light, moderate, and heavy vehicle 
use and that major deleterious impacts can occur to ecosystems. 
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ABSTRACT 

The techniques of raptor management underwent a decade of 
intensive research during the 1970s. Raptor conservation, 
including species protection and management, as well as habitat 
protection and management, now receives unprecedented attention 
stemming generally from the increasing interest in nongame 
wildlife. Highlights of the 1970s include: 1) captive breeding 
{which is now routine) of 726 Peregrine Falcons at three major 
facilities in North America, plus smaller successes at other 
facilities and with dozens of other species worldwide; 2) proof 
of the value of egg manipulations (such as artificial incuba
tion of thin-shelled eggs and double-clutching) in creating 
extra birds for management purposes; 3) the testin~ and evalua
tion of several methods of introducing extra birds to the wild, 
including clutch augmentation, fostering, cross-fostering, and 
hacking (controlled release of nestlings); 4) the establishment 
of numerous special areas to provide direct protection of key 
raptor habitats; and 5) the proliferation of raptor habitat 
management projects, including artificial feeding programs for 
raptors, provision of artificial perches and nesting struc
tures, and the development of new natural nest sites. Success 
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with many techniques during the 1970s exceeded most expecta
tions. The 1980s should bring greater use of these techniques 
--when and if (!) they are needed. 

KEYWORDS: raptor management, raptor protection, captive 
breeding, egg manipulations, brood augmentation, fostering, 
cross-fostering, hacking, environmental assessment, special 
areas, habitat protection, land conversion, artificial feeding, 
artificial nest structures. 

INTRODUCTION 

Earlier in this conference reference was made to Aldo Leopold's statement 
dbout saving all of the pieces being prerequisite to intelligent tinkering. Until 
recently, raptor biologists have in fact been trying merely to save all the pieces, 
so that they could someday have the opportunity to do some intelligent tinkering. 
We are happy to report that most of the pieces with hooked beaks and sharp talons 
have been saved, at least for the foreseeable future, and that a fair amount of 
tinkering is already underway. 

This paper is an update on the state of the art of raptor management at the 
beginning of the 1980s. It also gives credit to those raptor biologists, conser
vationists, falconers, and other interested persons both on this continent and 
abroad who have collaborated in a diverse yet organized manner. We are given 
reason for optimism about the future of most raptor populations because of 1) the 
individual initiatives of the persons cited herein, 2) the organization provided by 
the International Council for Bird Preservation, Raptor Research Foundation, Hawk 
Mountain Sanctuary Association, and the National Wildlife Federation's Raptor 
Infornmtion Center, and 3) the specialized group efforts of the Peregrine Fund, 
North American Falconers' Association, canadian Wildlife Service, Chihuahuan Desert 
Research Institute, Santa Cruz Predatory Bird Research Group, Hawk Trust, Southwest 
Hawk watch, National Audubon Society, Eagle Valley Environmentalists, numerous 
federal, state, and provincial agencies, and many others. 

Because of the interest of these groups and the recent information explosion 
concerning nongame wildlife (Murphy 1978), the concept of raptor management grew 
tremendously during the decade of the 1970s. This is indicated by the numbers and 
dates of publications reviewed for the present paper (Figure 1)~ When the pertin
ent literature was first reviewed in early 1973 (Olendorff and Stoddart 1974), fewer 
than 140 titles were available. During the last seven years about 435 titles 
have been added for a total approaching 600. 

To review this literature, a thorough raptor management data base was created 
consisting of annotated bibliography cards, notecards in about 40 different subject 
categories, and the original papers. It includes primarily literature on 1) the 
impacts of man on raptor populations (except for pesticides and falconry, which may 
be added later) and 2) the management of wild populations (both habitat and species 
management, including such topics as captive breeding and rehabilitation, but 
only as they relate to release of birds to the wild). This data base is available 
for limited indirect use (brief phone and written inquiries), as well as direct use 
by appointment in Sacramento, California. Plans are being made for a computerized 
retrieval system to facilitate its use on a broader scale. 
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Figure 1.-The number of papers with direct raptor management 
implications published during each five-year period 1925-1979. 
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The potential for management of raptor populations in western grasslands, 
which conceptually is much the same as in other habitats, has been summarized 
elsewhere (Olendorff and Stoddart 1974). This potential includes such things as 
the fact that different raptors use available nesting habitats differently; clump
ing of raptor nests where nest sites are abundant; use of man-made structures by 
raptors as nest substrates; the often low utilization of available prey resources; 
and the exploitation of large-scale, man-created changes in several key North 
American habitats. To this we can now add the success of recent raptor management 
research discussed elsewhere in this paper. 

The exploitation by raptors of large-scale land conversions points out the 
opportunistic nature of some birds of prey and reminds us that far more raptor 
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management in this cotmtry has occurred inadvertently than has occurred purp:>se
fu1ly--at least through the decade of the 1970s. Of particular note is the concen
tration around and extensive use of newly created reservoirs and dam outflows by 
Ospreys (Pandion haliaetus) and Bald Eagles (Haliaeetus leucocephalus) (e.g., 
Berger and Mueller 1969, Roberts 1969, Spencer 1976, Kennedy l977b, StLnnpf and 
Creighton 1977, Steenhof 1977, Henny 1977b, Henny et al. 1978a,.l978b). These 
species have reacted favorably to these changes and have pioneered the new habitats 
for nesting, feeding, and wintering. kcording to Lehman (1979), 70 percent of 95 
Bald Eaqle nest sites in California are associated with reservoirs. 

Likewise with .F'errucJinous Ua~vks (Buteo regalis) and S'wainson' s Hawks (Buteo 
swainsoni) in the shortgrass prairie of northeastern Colorado (Olendorff and 
Stoddart 1974). In grasslands that were historically unbroken except by gallery 
forests and isolated springs, in 1970-1972, 44 of 45 Swainson's Hawk nest s~tes, 98 
percent, were at abandoned fannsteads, ditches, windmills, or man-made };-Onds. 
Sixty-eight percent of the Ferruginous Hawks in historically unbroken grasslands 
were in man-created situations. A similar situation exists in parts of south-cen
tral Washington for S'wainson' s Hawks (Olendorff 1973), in the Frairie provinces of 
Canada for Merlins (Falco columbarius) (Hodson 1976), and in the central United 
States for Mississippi Kites (Ictinia misisippiensis) (Parker 1975, Cranson 1975). 
fv1aser et al. ( 1979) discuss the value of man-made habitats to wildlife in yeneral. 

These examples do not mean that such large-scale, man-made changes were all 
good. To the contrary, what raptors gained, the ecosystem probably lost ten times 
over in ten different ways. 'Ihese situations do hint, however, that pur1--:oseful 
management of these species may be possible. 

Actually, "may be {X)Ssible" is an understatement. The remainder of this r.:ar.:er 
deals with several major categories of the larger topic of raptor conservation. 
These include species and habitat protection (what we have learned from our efforts 
to save the pieces) and species and habitat management (what we have learned thus 
far by tinkering) • Protection or "hands-off conservation" has been separated froh1 
management or "hands-on conservation," and species conservation is considered ar.art 
from habitat conservation. 'Ihe most recent reviews of these topics are by Olen
dorff and Stoddart (1974), Cade (1974b), white (1974), and Snyder and Snyder 
(1975). Several conference proceedings are also germane: International Council 
on Bird Preservation (1964), Hickey (1969), Madsen (1973), Clement (1974), Harner
stram et al. (1974), Ingram (1974, 1975, 1976), Q:Jden (1977), Temple (1978b), 
Chancellor (1977), Schaeffer and Ehlers (1978), Geer (1978), and Howard and Gore 
(1980). 

SPECIES PRffi'EC'l'ION 

Species protection includes the enactment of 1eyislation, the promulgation of 
regulations, enforcement of these laW'S and regulations (including nest-site sur
veillance), and public education. '!be general legal status of raptors has been 
reviewed recently by Bond (1974), Hilton (1977), Conder (1977b), and Galushin 
(1977). 

Three lecjislative or regulatory actions of the 1970s overshadow all others in 
im,PJrtance to raptor J:jrotection. Co JVIarch 10, 1972, the "Convention between the 
United States of America and the United Mexican States for the Protection of 
Migratory Birds and Game Animals" was expanded. 'll1is gave federal protection to 
all ra}:Jtors under the Migratory Bird Treaty Act. Also in 1972, the use of DIJI' was 
banned in the United States, an action that was absolutely necessary to the surviv
al of the Peregrine Falcon (Falco peregrinus) , Bald Eagle, and Osprey. Almost two 
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years later, on I:Jecember 28, 1973, Cor"Bress f.BSsed the Lndan·~erL">(] Si.iecies Act of 
1973, which has iJrov idee] irnt---etus--le.Jal status as well as fund iny--to the endangered 
species conservation effort. The reunifications of these vital laws and requlations 
are felt almost daily by ener'.='Y producers, land developers, the agricultural indus
try, and even individuals who interact v1i th raptors in any 'v-Jay. 

The enforcf!!ltent of these laWf3 and regulations, while there is room for ira
provement, is better than it has ever been. 'The National v~ildlife Federation 
reward systehl ($500) for those who rer.ort Bald Eagle shootinys, has been used 13 
times between 1971 and January, 1980. In 1976 alone, 33 ea<:J les were shot and 
then reJ.X>rted to the u.s. Fist1 and ~'Vildlife Service. Nine f€ople were convicted, 
fined up to $5,000, and given up to six months in jail (Schreiner and Senecal 
1978). 

cne outgrowth of stepi.:.ed up law enforcement is the Peregrine Falcon nest 
surveillance proyram in California, which has been directed by D3vid L. Harlow 
(1977, 1978) and Douglas A. Boyce (1979) of the u.s. Fish and \Aiildlife Service. An 
eyrie warden program has been operating in Europ:; since about 1967 (Lindberg 1975, 
1977). F'rat"l 1967-1974, 19 Swedish eyries were given 24-hour surveillance. 'l'welve 
of these fledged young. In five eyries no eggs hatched; and t'WO eyries were 
subjected to predation by mink or Eagle ONls (Bubo bubo). 

In the United States, surveillance also started, though on a sualler scale, 
in 1967 and 1968 when f\'1orro Rock, a prominent and well-publicized Peregrine eyrie 
on the california coast, was given 24-hour protection during the nesting season 
(McNulty 1972, Asrow 1977, 'fhelander 1978). '!his program was intermittent until 
Harlow took it over for the u.s. Fish and Wildlife Service in 1977. From 1977-
1979 watches were maintained at 22 sites; 17 of these fledged young. Because of 
this comparatively high success rate at guarded eyries, the surveillance !Jro..)rcun 
is slated to continue into the 1980s. 

SPECIES l"lANAGEMEN'l' 

Separate. fror.1 sr:;ecies protection are two cateqories of species mana<:Jernent: 
creating extra raptors for manaqement puqx:>ses and introduction of extra birds to 
the wild. 'n1e nunerous species management options involving captive breeding of 
raptors, introduction to the wild of eggs, youny, and older birds, manipulation of 
wild populations, and the various combinations of these procedures are sLUruuarized in 
F'igure 2. Processes shown nearest the center of the figure represent the captive 
regimen, while those around the periphery are natural (optimal) IJrocesses. At each 
major event in the life cycle (courtship, egg laying, hatching, fledging, and 
maturation) three major options are shmvn. Designs of nearly all IJioneering and 
on-going raptor management research projects, as well as rnost conceivable avenues of 
future research on raptor species management, can be derived from this figure. 

For example, in a hypothetical pair of captive adults, courtship (I--see Fig. 
2) may be nonnal, but fertilization of eggs may be a problem. 'Ibis can be solved 
by artificial insemination (IC) to get the laying of fertile eggs (II). It is nmv' 
known that a period of incubation by either wild or captive adults (liB) increases 
hatchability of artificially incubated (IIC) eggs. Artificial incubation rnay be 
desirable in order to double-clutch (recycle) the original pair. Cnce the SJ9S 
hatch (III) in the incubator, they might be hand reared (IIIC) until they are 
large downies at which time they could be fostered to a nest and reared by vdld 
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Figure 2.--Species management options involving captive breeding 
of raptors, introduction of birds to the wild, and manipulation 
of wild populations. See text. 
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adults (IliA). Once fledged naturally in the wild (IVA) they would probably be 
allowed to mature in the wild (VA) and, hopefully, establish a wild pair that WDuld 
court, lay eggs, and perform all the other processes of their life cycle in the 
wild. (Note the movement out from the center of the diagram to the outside toward 
more natural processes.) 

Creating Extra Birds for Management Purposes 

CAPriVE BREEDING (IB or C->IIB or C, etc.) 

Captive breeding is of paramount importance in producing birds for managanent 
purposes. Admittedly, captive breeding is an expensive, labor intensive effort 
which can be justified on a large scale only for endangered species. In fact, only 
two raptors--the Peregrine Falcon and the American Kestrel (Falco sparverius)~-are 
now bred in captivity in sufficient nillnbers to allow introductions to the wild with 
a reasonable expectation of subsequent breeding at or near the release sites. The 
emphasis on Peregrines is more a matter of priority and necessity than a lack of 
capability to do it with other species --given time and proper funding. 

There are currently three major centers of Peregrine Falcon captive breeding in 
North America. The largest, at Cornell University, is run by Tom J. Cade, James D. 
Weaver, and Phyllis R. Dague, and is now producing about 100 Peregrines a year (Cade 
et al. 1977, Cade and Dague 1979). A total of 434 Peregrines have been raised since 
1973 at this one facility (Cade and Dague 1978, 1979). A sister establishment, also 
part of the Cornell Program, which is financed through donations and grants to the 
Peregrine Fund, is at Fort Collins, Colorado. It is directed by William A. Burnham 
(1978, 1979). Another 111 Peregrines, mostly the rarest subspecies (Falco~
grinus anatum) have been produced there since 1975. The third facility, at Fort 
Wainright near Edmonton, Alberta, Canada, is run by Richard W. Fyfe for the Canadian 
Wildlife Service (Fyfe 1975, 1976). An additional 181 Peregrines have been captive 
bred at Fort Wainright through the 1979 season (Fyfe 1980 pers. comm.). 

Two other large facilities are being developed. One is in Colorado Springs, 
Colorado, run by Richard A. Graham and the United Peregrine Society (Graham 1979). 
The other is in Santa Cruz, California, and is directed by Brian J. Walton through 
the University of California at Santa Cruz (Walton 1979a). Both of these facilities 
have shown initial successes in recent years and should produce even more birds in 
the future. 

Those who operate these five facilities deserve a great deal of credit for the 
slowly improving status of the Peregrine in the continental United States, but much 
of their success is owed to many collaborators, especially many falconers who have 
donated birds, time, money, and expertise to the overall effort--the so called "back 
yard" raptor breeders. 

The success with captive breeding of Peregrine Falcons, Gyrfalcons (Falco 
rusticolus), Prairie Falcons (Falco mexicanus), Merlins, and several species of 
hawks, eagles, kestrels, and owls has certainly provided the impetus to proceed with 
captive breeding of North America's most endangered raptor--the California Condor 
(Gymnogyps californianus) (Ricklefs 1978, Kiff 1979). About the only argument left 
for the purist who would have the California Condor "die on the vine" is the "death 
with dignity" scenario. However, it is apparent that the "right to life" group-
including in this case the u.s. Fish and Wildlife Service, u.s. Forest Service, 
California Department of Fish and Game, U.S. Bureau of Land Management, American 
Ornithologists' Union, National Audubon Society, Raptor Research Foundation, and 
certainly others--have won out. Condors will be trapped for research and captive 
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breeding efforts be..) inniny in 1980 or 19(.31 provided the necessary f:A2nti ts and 
other clearances can be obtained. 

In summary, raptors can be bred in captivity; captive bred birds will breed 
with each other to produce F2 progeny--and surely f'3 or .r·4 by now; and when two 
Perecj rines are bred in captivity, they apparently are not inferior to wild birds. 
They are, more often than not, healthy, viable, young PerecJrines, prime for intro
duction into the wild by one of several methods. 

EGG MANIPULATIONS 

Artificial Incubation of Damayed or Thin-shelled &:Jgs (IA-->IIC-->IIIA) 

One symptom of f.BSticide-laden raptors is the layi.ng of thin-shelled eggs. 
Perhaps the best example of "clinical ornitholcxJy," a concept set forth by bavid H. 
Zimmerman (1975) in his book "To Save a Bird in Peril," is if thin-shelled eggs can 
be rer1oved from nests before they break, many of the embryos can be saved through 
extraordinary repair \york and artificial incubation. This was first tried with 
f\1ontagu' s Harriers (Circus pygargus) in Britain (see discussion followiny Conder 
(1964)). Fyfe and Armbruster (1977) also have used this technique on a s.nall scale 
with PereCJ rines. 

Since 1977, Williar.1 A. Burnhaw, in cooperation with Gerald R. Craig of the 
Colorado Division of Wildlife and James H. Enderson of Colorado College in Colorado 
Springs, has been been rehabilitating thin-shelled Peregrine eggs brouyht in from 
the Rocky Mountain population (Burnham 1979, Burnham et al. 1978). Thus far, 87 
fertile wild eggs have been patched, glued, partially covered with r;arafin, sanded, 
or just handled carefully before being placed in an incubator for hatching. Fifty
nine of these eggs have resulted in surviving young. A much smaller percentage would 
have hatched in the wild. In addition, many of these hatchlings have been returned 
to wild parents. In 1977 the productivity of the Rocky Mountain }:X)pulation was 
doubled (if not quadrupled) in this way (Cade 1978). 

Ibuble-clutching (IA-->IIC-->IIA or IIIA) 

Some of the eggs which have been artificially incubated by Burnham (1979) were 
obtained through the convenient natural backup system now called double-clutchiny. 
It has been long and widely known that if eggs are removed early enough (optirm..nn 
about seven to ten days with large falcons) , adult raptors will recycle and lay a 
second clutch of eggs in about 14 days. Lejeune (1971) suggested that this mech
anism be used as a raptor managanent tool. 

lliuble-clutcbing has had an cdded benefit during the pesticide era. 'IWo 
studies, one of Ospreys (Kennedy 1977a) in this country and another of Peregrines 
(Monneret 1974, 1978) in Europe, show that second clutches are more productive-
presumably thicker shelled and with lower residue levels than first clutches. 

r::ouble-clutching can also be used to delay wild pairs 20 to 28 days to put them 
in synchrony vJi th captive pairs from which foster young I;tight come (Fyfe et al. 
1978), or it can be used just to acquire birds for other management purroses (Walton 
1979b) • Problems include the fact that second clutches often have one less eg':.i 
(Armbruster 1978, I·yfe et al. 1978); occasionally (10 to 15 percent of the time) the 
adults ([;articularly youn·~ adults) do not recycle (Armbruster 1978, Fyfe et al. 
1978); and, where summer temf.eratures are high, a four-week delay in hatching may 
result in heat stress of young birds (Herbert and Herbert 1965, Boyce 1979). 
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Introduction of t;x tr a Birds to tbe \'·Jilc.i 

Ten years ayo, critics were saying that Pere:Jrine Falcons could not be bn:.->0. in 
captivity in numbers sufficient to successfully introduce them into the \Jild. 'lhat 
cri ticisn proved to be unfow1ded. Five years ago, critics \v'ere still saying that 
introduction to the wild would not work, particularly with any "inferior" PerecJrines 
bred in captivity. Science has again deitlonstrated the lindted vision of the critics. 
As with captive breeding, breakthroughs \vi th introductions have involved Perey r ine 
Falcons, but each proof of a roint \vi th Pere.:J rines adds yet another fX>Ssiblt: tool to 
our management repertoire for other raptor st-:ecies. 

'Ihe techniques which are now being used to introduce raptors to the wild 
include clutch auqmentation (adding eggs to wild nests) , brood dU<.Jmentation (more 
specifically fostering and cross-fostering additional young to wild parents), emu 
hacking or controlled release of nestlings. cade (1978) gives a brief review··of 
introduction techniques as they have been used for endangered birds in general. 
Temple (1978c) elaborates SI~Cifically for uirds of prey. 

AUGI\1ENTATION 

'Ihe concept of augmentation is self-ex~lanatory. If extra e:jgs or yourKJ 
birds are available, one can just place them in nests \vi th other eggs or nestlings, 
provided they are at about the same stage of incubation or ~rowth. 'll1is technique 
is r;:articularly useful whenever clutch sizes or brood sizes are belmJ nonaal in wild 
or captive r.opulations. 

Clutch Augmentation (IIA, G, or C-->IIIA) 

The ease with which raptor eggs can be switched from one nest to another is 
perhaps best illustrated by Spitzer's (1978) work with Ospreys, although on-going 
efforts to save the Rocky Mountain Peregrine Falcon population (Burnham 1979) are 
also noteworthy. Recent studies of the timing and the extent to which clutch 
augmentation can be implemented have met with yreat success. For exam't-'le, Fyfe et 
al. (1978) re[X)rted an estimated 100 egg swaps among their captive raptors with only 
two rejections. 

In the wild, augmentation has been attempted even in excess of nonnal sizes of 
clutches and broods. 'Ihis may be advisable under some circumstances (i.e. where 
food is not limiting). 'll1e Canadians (Armbruster 1978) have added €(J9S to wild 
Prairie Falcon an¢1 Peregrine nests to make clutches of six with total success, 
except for one infertile Prairie Falcon egg. ~valton (1977) added extra Prairie 
Falcon eggs to two nests with complete success. Bennett (1974) ref'<)rts on the 
switch of Bald Eagle esgs from fvlinnesota to Maine. 

'Ihe usefulness of clutch aug1uentation has beEm f.Jroved. It is an easy, natural 
way to ensure that all nests in a rX)pulation fledge an optimLIDI nLnnl>er of young each 
year or to introduce captive-produced eggs into nests where wild parents \-Jill be 
available to feed and defend the young that hatch from them. 

Brood Auymentation (IIIA, B, or C-->IIIA-->IVA) 

Fostering. I:ata are available on the direct fostering of fourteen sr.->ecies of 
raptors ('rable 1). The objectives of fostering have varied from case to case. bald 
Eagles, Golden Eagles, Red-shouldered Hawks, Hed-tailed Hawks, Ferruginous Hawks, 
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Table I.--Species of raptors that have been fostered. 

Species 

Osprey 

Bald Eagle 

w'hite-tai1ed Sea Eagle 
(Haliaeetus albicilla) 

Hed-shouldered Hawk 
{Buteo 1 ineatus) 

Swainson' s Hawk 

Red-tailed Hawk 
(Buteo jamaicensis) 

Ferruginous Hawk 
{Buteo regalis) 

Imperial Eagle 
(~quila heliaca) 

Golden Eagle 
(Aquila chrysaetos) 

Booted Eagle 
(Hieraaetus pennatus) 

American Kestrel 

Prairie Falcon 

Peregrine Falcon 

Eagle ONl 
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P.eference 

Fernandez (in Hamer strom 1977) 
Postupalsky {in Meyburg 1978) 
Postupalsky 1978a 
Spitzer 1978 

Fbstupalsky and 1-iol t 1975 

~~ntzloff 1977, 1978 
Helander 1976 

JVJartin and F<uos 1976 

Discussion following 
Hamerstrom 1974 

Postupalsky and Holt 1975 

Olendorff and Stoddart 1974 

Heyburg 1978 
Meyburg and Heydt 1973 

Olendorff and Stoddart 1974 

l"leybur<J 1978 
Iv.teyburg and Heydt 1973 

Jones (in Byers 1980) 

cade 1974a 
Cade and Temple 1977 
Fyfe 1976, 1978 
Granger 1977 
\val ton 1977 

Armbruster 1978 
Burnham 1979 
Cade 1978 
Cade and Dague 1977 
Fyfe 1976, 1978 
Walton 1979b 

Broo 1977, 1978 
Magnusson 1957 
Wayre 1975 



and l-it1erican Kestrels have been fostered to other t-Jarents to save individual birds 
or broods after some calamity hacJ befallen their orig inol nest or else one of 
several in a brood bad develo,t::ed into a runt. Postut-alsky (in J:-.'leyburq 1978) rou
tinely rescued w1Usually stunted Osprey nestlin<:JS by switching them or their larger 
nest mates to other nests with success in 24 out of 25 instances. In testing the 
adequacy of Osprey food resources Spitzer (1978) moved 53 nestling Osf-Teys (3 to 30 
days of age) from iVJaryland to Connecticut to create norr.tal broods of tvvo and three 
young. :Fbrty-five of these young fledged successfully. In bvo cases adult J:.Oirs 
with two young 3 to 4 weeks old were given three new yoLmg only 1 week old vJi thout 
rejection problems. Fernandez (in Hamerstr.om 1977) placed a chicken egg and later a 
young Osprey in the nest of a pair of Ospreys that failed to lay eggs. 'll1e egq was 
incubated, and the fostered nestling \vas reared. 

LDss of young Spanish Ir11~rial Eagles (an endangered st;:ecies) from broods·of 
four in which the last chicks to hatch do not survive has also been alleviated by 
fostering (Meyburg and Heydt 1973, Meyburg 1978). Fourteen chicks \vere trans
ferred in one experiment, resulting in the saving of 30 percent of the eaglets 
hatched by nine pairs. TI1e ultimate measure of success was a 43 percent increase in 
the nurnber of young fledged by those pairs. 

'Ihe fosterin<J of Prairie Falcons has been done more as surrogate species 
manager:1ent research than to bolster Prairie Falcon r:orulations. 'lhe largest of 
these r;rojects was conducted in Colorado by the Cornell ·:;;roup (Cade 1974a, cade and 
Temple 1977). Fourteen young falcons were fostered to v;ild parents in 1974. Cne 
brood was augmented up to a total of seven nestlings. As far as is knov.m, all of 
the 14 young fledged. walton (1977) and Fyfe (1978) have fostered smaller numbers 
of Prairie Falcons in California and Alberta, resr:ectively. 

The most extensive fostering programs currently involve the Peregrine Falcon. 
Fostering Peregrines into the ~v~ild began in earnest in 1974 when the Canadian 
Wildlife Service began double-clutching and augmenting a declining Peregrine 
t=epulation in northern Alberta (Fyfe et al. 1978) and the Cornell group began doing 
the same in the Rocky 11/fountains (Burnham 1979). 'lhe Alberta f:Opulation had been 
studied since 1970. It dropped to a low of three pairs in 1975, but increased to 
seven in 1977, including the reoccupancy of an eyrie that had not been used since 
1966 (Fyfe et al. 1978). CUrrently the number of breeding pairs is about six or 
seven, but there are two or three new pairs with young adults \·.hich should breed in 
1980 (Fyfe 1980 pers. conun.) • 

'l11e first real breakthrough with any managed Peregrine r;opulation came in 1977 
when a ca~tive-bred bird from Fort Wainright, that had been fostered to wild parents 
on the Alberta study area in 1975, returned near its foster home to breed (Fyfe et 
al. 1978). To illustrate the comtounding beneficial effects of these techniques, 
this bird was double-clutched in 1977. Six of her seven eggs were fertile, three of 
which she raised in the wild herself. In 1979 four marked birds were breeding in 
this population (Fyfe 1980 pers. comm.). 

In the Rocky Mountain Region, 84 Peregrines have been introduced into the wild 
by direct fostering since 1974. Fifty-seven of these reached independence (Burnham 
1979). Only one returnee has been verified (careful searches for bands were not 
made) , but other one-year-old birds present at eyries in 1979 may prove to be the 
fostered young. 
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In swmrtary 1 exp::r iences with fostering allow considert:lble optimism. It is a 
relatively safe technique that has the invaluat.Jle advantage of the young beiny 
reared and fledged naturally by con::;r...ecific parents. 

Cross-fostering. Fostering the young of one species to wild parents of another 
is one of tvJO methods of introducing birds vlhen no consr"Bcific remnant r..opulation 
r:ersists. 'Ihe other is controlled release or hacking (see below) • Ten different 
cross-fostering combinations are documented in Table 2. Three of these illustrate 
the current state of the art. 

Table 2.--cross-fostering combinations. 

Fostered Species 

Harris' Hawk 
(Parabuteo unicinctus) 

Common Buzzard 

Fern.JJ inous Hawk 

Lesser Spotted Eagle 
(Aquila pomarina) 

Lesser Spotted Eagle 

Prairie Falcon 

Prairie Falcon 

Prairie Falcon 

Prairie Falcon 

Peregrine Falcon 

Parent Species 

Red-tailed Hawk 

Northern Goshawk 
(Accipiter gentilis) 

Prairie Falcon 

Black Kite 
(Milvus migrans) 

Common Buzzard 
(Buteo buteo) 

SWainson' s Hawk 

Red-tailed Hawk 

Ferruginous Hawk 

Peregrine Falcon 

Prairie Falcon 
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Reference 

Stewart 197Sl 

Stohn 1974 

Fyfe et al. 1978 

Meyburg 1971 1 
19771 1978 

1'1eyburg 1971 1 

19771 1978 

Fyfe 1976 
fi'yfe et al. 1978 

Fyfe 1976 
Fyfe et al. 1978 

J:oyfe 1976 
f'yfe et al. 1978 

cade and Dague 1977 

Burnham 1979 
Fyfe et al. 1978 
Graham 1979 
Konkel 1977 
Spomer 1979 



First, Meyburg (1971, 1977, 1978) has r .. ioneered the technique of cross-fos
tering Lesser Spotted Eagles to Common Buzzard and Black Kite nests to circumvent 
the fratricide ("Cainism") that inevitably befalls the weaker eaglet in each nest. 
By cross-fostering one bird from each nest for several weeks until the Cain and /\bel 
instincts diminish, and then returning the fostered bird to its original nest, 
fvleyburg has nearly doubled the productivity at the manipulated nests (between 15 and 
20 instances since 1968) (Meyburg 1978). 

Second, Fyfe (1976) and Fyfe et al. (1978) have experimented extensively wi tb 
cross-fostering Prairie Falcons to tl1ree Sfecies of buteos and, in one reverse case, 
Ferruginous Hawks to Prairie Falcons. In 1972 four of five captive bred Prairie 
Falcons \lere raised successfully by cliff nesting F'ern.lC)inous Hawks. In 1974, 16 
young Prairie Falcons were put in three Red-tailed Hawk tree nests and one SWain
son's Hawk tree nest in an area 130 km north of the normal range of Prairie Falcons. 
Two of these cross-fostered young were lost (one to a predator and one to a storm); 
the remainder fledged and dispersed at about the same time as wild Prairie Falcon 
young in tl1e general area. Also of interest is the 1977 cross-fostering of 5 young 
Ferruginous Hawks to Prairie Falcons. All five hawks fell from the falcon eyrie at 
different ages. 

'Ihe followup to this "WOrk is interesting, but it was still circumstantial in 
1977 (Fyfe et al. 197B) \\hen two new Prairie Falcon eyries were found on cliffs 
aloi¥J the North Saskatchewan River, well north of the normal Prairie Falcon range 
and within 30 km of the area Where the young were fostered to Red-tailed and Swain
son's Hawks in 1974. Also of interest is the tv.u-year occupancy of a F'erruginous 
hawk cliff nest by Prairie Falcons (the only such record known to the researchers) 
within 13 km of one cliff nest \vhere Prairie Falcons were cross-fostered to Ferru
ginous Hawks in 1972. 

'Ihe third type of cross-fostering ex_periment is tart of the Peregrine Falcon 
recovery effort. Many historical Peregrine eyries are.now occupied by Prairie 
Falcons (Nelson 1969b, Enderson 1969, Porter and \~lite 1973). n1is provides ~l 
excellent oprx>rtuni ty for congeneric cross-fostering \\here Pere:Jrines no longer 
exist. 

'Ihe first serious cross-fostering of Peregrines to Prairie Falcons began 
in 1977 at the Snake River Birds of Prey Natural Area (Konkel 1977, Burnham 1977, 
Cade and Dague 1978). 'Ihree anatum Peregrines were cross-fostered that year with 
complete success. il1 1978 five Peregrines were crosb-fostered into two separate 
eyries. 'IWo fledged successfuly fran one eyrie, but a combination of a bed bt.KJ 
infestation and owl predation caused complete failure at the other. In 1979 there 
was no success with cross-fostering at the Snake Hiver Birds of Prey Natural Area 
(Burnham 1979). 'Ihree Peregrines v1ere put in one Prairie Falcon eyrie: two were 
lost in a nighttime wind stonn; the other was struck by a neighboring Prairie 
Falcon. 

Other att~1pts to cross-foster Peregrines to Prairie Falcons were Iaade by the 
Cornell group in 1979 in South Dakota (3 birds) (Spomer 1979), Nebraska (3 birds), 
and Colorado (6 birds) (Burnham 1979). An additional attanpt by Graham (1979) in 
Colorado involved two birds. Of these 14 birds, only six reached independence due 
to avian predation (Golden Eagles and, perhaps, Great Horned ONls (Bubo virgini
anus)) and diseases (pneumonia and a sporozoan disease similar to malaria). 

'Ihus, the optimisn \\hich followed the successful cross-fostering in Idaho in 
1977 has given way to a more cautious approach of using this technique only v.here 
other methods are unavailable. Even controlled release (i.e. hacking) in the 
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absence of protective parents has been more successful than cross-fostering (see 
below). As a result, cross-fostering of Peregrines to Prairie Falcons apparently 
will be deemphasized during the next few years (Burnham 1979), not so much because 
it will not work, but, again, as a matter of priority. It is a better investment of 
young Peregrines to augment existing populations rather than step out into areas of 
historical occupancy. It is a simple nunbers game. An estimated 60 young Pere
grines released over a two- or three-year period would be needed to establish a 
marginally viable isolated population of three pairs (Burnham 1979). When more 
young Peregrines are available, perhaps cross-fostering in unoccupied historical 
habitat will be more cost effective--in dollars and in falcons. 

HACKING 

The technique of removing young raptors from their nests and fledging·them from 
some artificial structure or nest was developed by falconers to provide their birds 
with a degree of natural experience before being taken into captivity for falconry 
training (Michell 1900, Blaine 1936, Mavrogordato 1966). By supplying food to the 
birds for a longer period of time--until they are capable of killing for themselves-
they can gradually be returned completely to the wild in a predetermined place. 

The hacking of raptors as a species management technique is limited almost 
exclusively to the 1970s. A few exceptions follow. Wayre (1970, 1975) released 
young Barn Owls (~alba) and Little Owls (Athene noctua) by feeding tl~m each 
night on top of their parents' aviaries during the late 1960s. SWedish ornitholo
gists have been breeding Eagle Owls in captivity and releasing the young by several 
hacking techniques since the mid-1950s (Magnusson 1957; Wayre 1970, 1975; Broo 
1977, 1978). An unsuccessful attempt to hack White-tailed Sea Eagles on the Isle of 
Rhum occurred in 1968 (Everetc 1978), although Love and Ball (1979) are having 
better luck with the same species in the same area. TWenty-four eagles have been 
released successfully since 1975. 

Bald Eagles were hacked successfully in 1976 and 1977 (Milburn 1977; Cade and 
Dague 1976, 1977} at the Montezuma National Wildlife Refuge in New York. One of the 
two birds released the first year returned to the refuge in August of 1977, thirteen 
months after being released and ten months after dispersing. Five more eaglets were 
hacked successfully in 1977. 

During the spring and fall of 1979, an attempt to hack fourteen Harris' Hawks 
of varying ages and captive histories was made along the Lower Colorado River where 
this species had been extirpated (Stewart 1979, Gallagher 1980). There has been an 
apparent increase in the number of Harris' Hawk sightings in the general area 
(several in September 1979) (Conrad 1979b, Gallagher 1980). This work continued 
during the spring of 1980 with the release of a pair that had previously bred in 
captivity (Walton 1980 pers. comm.). Within one month the pair built a nest and 
laid eggs. Two aspects of this release are particularly noteworthy. First, the 
birds were taken from the wild as eyasses. n1ey had no previous experience in the 
wild. Second, they nested within 100 yards of the point of release. Mature 
birds released into the wild generally dissappear and are never seen again. 

All other hacking projects mentioned in the literature reviewed for this paper 
involve the Peregrine Falcon recovery effort. This includes preliminary work 
with Prairie Falcons as a surrogate species. Three Prairie Falcons were hacked in 
New Mexico in 1974 (Cade 1974a), and six more were hacked at the Colorado State 
Prison at Canon City in 1975. All nine birds fledged successfully. 

481 



rlne largest hacking program bas been conducted with Pere<.J r ine Falcons by tl1e 
Cornell group in the eastern United States where the Peregrine was extiq...c:ttecl during 
the early 1960s. 'Ihe pioneering atteinpt was made by Heinz Meng from atop the 
10-story high r·acul ty Tower on the New York State University Collt.>ye Caffi[JLlS in Ne1..; 
Paltz {rlleng 1974, Meng and Kaufman 1975, Y.aufman and J'Vleng 1975, cade 1974a). 'IWo 
birds bred in captivity at Cornell were placed at the hacking site in New Paltz one 
week before being able to fly. Both fledged successfully. lbwever, one was killed 
a short time later, apparently by someone who did not care to have f;igeon-killiny 
birds in an urban environment. 'Ihe second bird was never seen after it dis~rsed. 

In 1975 sixteen Peregrines were hacked at five sites in r'laryland, New 'York, 
M.assachussets, and New Jersey (see Cade 1978 or Sherrod and cade 197U for details 
about tedmiques) • Twelve of these birds fledged, and five ( 42 percent) returned to 
hack sites in 1976 (Cade and Dague 1976). '!he first _r.;air fonnation occurred in 
1978 at Sedge Island, New Jersey (Cade and Dague 1978), t,t~here a male released in 
1975 had been returning every year since 1976. Ten or 11 adult or sut)adul t Pere
grines returned to eight different hack sites in 1978. 

By 1979 success began interfering with further introductions at some l1ack sites 
(cade and Dague 1979). A total of 211 PereCJrines 1.vere hacked into the wild in the 
eastern States behveen 1974 and 1979. Of these, 150 (or 71 percent) reached inde
£=€ndence. Returnees in 1979 included: 1) a single female that laid infertile eggs 
(the first in 20 years in the East) on a building in Baltimore and subseyuently 
raised two foster yoilllg by herself; 2) ~ at all three tk'1Cking tm1ers in New 
Jersey (one of which produced fertile e<]gs that were later destroyed by crows); and 
3) eight individuals at other sites in the east for a total of 15 (i.e. 10 percent 
of those successfully hacked and 14 percent of those that dispersed from the hacking 
stations between 1974 and 1978). Successful breeding should occur in 1980. 

Hacking of Peregrines began in the Rocky f'.'iountains in 1978 (Burnham 1978). At 
one site in New J'Vlexico four birds were hacked into a terri tory of a vv-ild f,Bir that 
had failed. \'vhen the young birds flew, they v~ere attacked by the resident adults 
and therefore were removed from the site. '!he other 1978 attempt was in Rocky 
rJiountain National Park. Five birds were backed; all reached independence. cne 
returned to the site in 1979 (Burnham 1979) while five more young were beL1g re
leased there. In all, 24 Peregrines have been hacked in the Rocky Mountains (New 
Iv1exico, Colorado, and Utah) • Nineteen of these (79 percent) have reached indepen
dence. 

It is difficult to portray the excitement of these successes in VJords. Again, 
the techniques are working, and the birds apparently are not inferior to non-intro
duced Peregrines. One male returnee called the "Red Baron" is exemplary. 1:-.le was 
observed chasing prey 93 times in 1979, and he was successful 90 of them (Cade and 
Dague 1979). At one stretch he made 60 consecutive kills. Tom Cade f.>Ut it nicely 
in the 1979 Peregrine Fund Newsletter, and he rr.ore than any other r..erson should be 
the judge: 

V'Jhen I watch this magnificent tiercel hunt, I am reminded of another 
time and [;lace, 5, 000 miles away on the Yukon River where I have 
seen the wild relatives of this very falcon make similar hilllts after 
winnowing snipe high over the boreal forest. lt.hat bas been said of 
the California condor may have meaning in some poetical sense; but 
for these falcons, I tell you truly, I cannot see a difference with 
my eyes, nor do I feel a difference in my hear~ which p:>unds 
against my chest with the same vicarious excitement when the Red 
Baron stoops over the Ne\'1 Jersey salt marshes, as it did in 1951 
when I first saw this high flying style of hunting perfonned by the 
wilderness inhabiting _t:€regrines of Alaska. 
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HABITA'1' PHUI'ECTION 

Habitat protection is accomplished primarily by makiny land mana<Jers and the 
general public more aware of raptor habitats and by controlling the use and develop
ment of raftor habitats wherever necessary and r-ossible. 'Ihis can be done in many 
ways, including: 1) enacbnent of legislation and enforcement of related rerjulations 
(many of which are for other purr.:oses, e.g., wilderness legislation, air and water 
quality standards, etc.); 2) land-use planning, 3) envirorunental assessr.1ent; 4) 
creation and desiynation of special areas; and 5) };;ublic education. 

'Ibe ultimate in habitat protection would be "to set aside as nature reserves at 
least one big area of each ••• self-supr.orting or closed ecosystem vJhere birds of prey 
occur in large I1l..lf[tbers and SfX!Cies and to intensify the conservation of these birds 
because they are still plentiful" (Voous 1977). ~ve may see b~is happen in .the 
decade of the EiCJhties or .Nineties, but it is not now politically feasible. We 
must, therefore rely on a combination of the other available technic:ues. 

Legislation 

'I11e r~1ost imJ:X,>rtant legislation concernins habitat protection and rnanagewent on 
federally administered lands was reviewed briefly by Olendorff and Zeedyk (1978). 
The Critical Habitat provisions of the Endangered Species Act of 1973 (as amended) 
are particularly noteworthy (Porter and Marshall 1977, Wilbur 1978). rille current 
regulations concerning Critical Habitat are published in Parts 17, 402, and 424 of 
Chapter IV of Title 50 of the u.s. Code of Federal Hegulations (see Federal Register 
45(40): 13010-13026, February 27, 1980, for the most recent release). 

D:!signation of Critical Habitats is a controversial issue i.n that it discloses 
sensitive eyrie infonnation, an act in itself which could jeo}:XIrdize the continued 
existence of particular pairs of endanS3ered birds. 1lws, in California where five 
Critical Habitats have been officially designated for the Perer-J rine Falcon, the 
active, published eyrie sites are watched throughout tbe nestin'j season on a 
24-hour, 7-day-r:er-week basis (Harlow 1977, 1978; Boyce 1979). 'lhe nine California 
Condor Critical Habitat Zones are not watched as closely, but all land management 
actions which may adversely impact these areas are reviewed through the Endangered 
Species Act consultation processes. 

The only other federally detennined Critical Habitat for an endangered raf)tor 
is for the L'verglade Kite (Rostrhamus sociabilis) in Florida. Hovv>ever, the State 
of Alaska has implemented its own Critical Ilabi tiat legislation on a smaller seal€, 
principally to frotect a stretch of the Chilkat :kiver which in SOftle winters supfX)rts 
3, 000-3,500 Bald Ea<jles (Snow 1973). 

Less st=-ecific but still very germane to raptor conservation are the ,,iul tii~le
use, sustained-yield mandates under which the major land r.~ana(J iny a<:Jencies ore rat~ 
(e.q., u.s. Bureau of Land JVJanage.ment and u.s. Forest Service) (Olendorff amJ Zeedyk 
1978). 'lhese laws establish broad guidelines for inventory, research, land-use 
planning, and environmental assessment, all of which have aided raptor conservation. 
M analysis of Federal Government involveiTtent (United States and Canaua) in tilE: 

subject r.~atter anJ/or authorship of the rapers cited herein indicates ti.1at ~u-60 
percent of the raptor prcxJrair~s in North America are federally supfX)rted, f:Jrirc1arilj 
as a result of new lav·IS rassed in the 1S70s. Some of the more significant of tile 
land-use laws it1clucle the Sikes l\ct as a1.1ended in 1974, J:-(esources Plannin~ Act of 
1Y74, l~a tional Forest Jv!anaqernent Act of 197G, and the i:\:~deral Lar!o Pol icy cdh..'. 

l•JanaCJt:!!tlent 1\ct of 1076. 
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Land-use Plannins 

'I11e most intensive land-use planning to benefit raptors must certainly be for 
the 100 nesting pairs of Bald Eaijlcs on or near the ChipP=vJa National .r·orest in 
north-central Minnesota (Mathisen et al. 1977, fvlathisen 1978). Each territory is 
described in a management plan based on a field examination of the nest location, 
nest tree characteristics, special threats to the territory, and surrounding 
habitat. Photographs and maps add to the visual record of the territory. A narra
tive is then prepared consisting of six elements: description of the territory, 
nest site characteristics, pair behavior, nesting history, additional research data, 
and management constraints. 

'Ihe management constraints apply to several concentric buffer zones around the 
nests including the following: 330-foot zone (100 meters)--no activity; 660..:.foot 
zone (200 meters)--no activity from February 15 to October 1, and very little 
activity the rest of the year; and 1,320-foot zone (400 meters)--no activity from 
February 15 to October 1, but no restrictions on activities the rest of the year. 
'Ihe 1,320-foot zone can be extended an additional 1,320 feet if justified in the 
manag6nent plan. 

Buffer zones to protect raptors have been prescribed in u.s. Porest Service 
land-use plans since 1963 (Mathisen 1968). The most common approach in tl1e western 
United States has been to designate circular primary and secondary management zones, 
activities being more restricted in the primary zones (U.S. Forest Service 1977, 
u.s. Fish and Wildlife Service 1977). Now, however, more information is allowing 
the delineation of irregular zones based on tofX)graphy, foraging pcltterns, the 
limits of territoriality or defense behavior, and even the distribution of trees 
which themselves can buffer the birds from disturbance. The work by Stalmaster 
{1976) and Stalmaster and NeV\man {1978) on Bald Eagle habitat utilization and 
recommended buffer zones is particularly useful. other Bald Eagle buffer zones are 
recommended by Coffey (1977) and Steenhof {1977), and Helander {1977) gives recom
mendations for the closely related White-tailed Sea Eagle. 

Buffer zone reconunendations are also available for other species: Osprey-
Roberts (1969, 1970), Kahl {1972b), Kahl and Garber (1971), Radtke (1973), Garber et 
al. {1974), Gale and Forkis {1974), Zarn (1974a); California Condor-~ilbur (1978a), 
Sibley (1969); Peregrine Falcon--Haugh and Halperin (1976), Monk (1979), Ellis 
(1978), and Enderson and Kirven {1979); Accipiters--Tankersley {1976), Luckett 
(1977), and Jor.~. (~979); and Spotted Owl (Strix occidentalis)--Zarn {1974b) and 
Gould {1974). 

A similar nest territory plan program is currently in effect for all Bald Eagle 
territories in California. Seventy plans are in various stages of developnent and 
approval, an effort which is coordinated by the California Bald EaglA ~·:~rking '!'earn. 
The prototype Peregrine Falcon nest territory plan is currently being developed by 
the California PeraJrine Falcon WOrking Team. 

land-use planning on a broader scale can also protect raptor habitats. 'Ihe 
U.S. Bureau of Land Managanent planning system provides a useful example (Olendorff 
and Kochert 1977). The Bureau has divided its land into about 650 geographic units 
on which land-use plans are made. Haptor habitats are routinely identified during 
the planning process in most units, particularly in the preparation of a docunent 
called the Management Situation Analysis (formerly the Unit Resource Analysis). 
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This analysis also contains data on general wildlife habitat conditions and land 
management potentials, as well as on all other resources. These data are correlated 
in the final document using tables, map overlays, and narratives explaining each 
resource. Habitat inventories for birds of prey yield input into these planning 
analyses. 

The results of u.s. Bureau of I~nd Management surveys of raptor habitats often 
include maps of important raptor areas, base-line data for establishing raptor 
population trend studies, and detailed narratives concerning the biological as well 
as the aesthetic values of raptors. Such information is later used to develop a 
second document called the Resource Management Plan. This long-range plan provides 
a framework of multipe-use coordination among the various resource program activ
ities. It establishes objectives and constraints for each resource, including 
wildlife. For example, in Idaho much of the management of the Snake River Birds of 
Prey Natural Area is supported by Resource Management Plan recommendations. 

Another planning mechanism provides a firm basis for short-term, on-the-ground 
enhancement of wildlife habitat. Tb ensure proper planning of enhancenent projects, 
Habitat Management Plans are written by the Bureau of Land Management wildlife 
staff. The Bureau currently has nearly 200 of these site-specific plans in various 
stages of preparation and implementation in the contiguous Western States. Several 
of the 200 have direct raptor habitat management implications. 

Most other federal and state agencies also have planning systems that benefit 
raptors, at least to the extent that other wildlife resources are benefitted. This 
aspect of wildlife conservation is too frequently overlooked by non-agency wildlife 
advocates, when, in fact, it may be the only way to effect meaningful protection. 

Environmental Assessment 

Knowledge of many raptor populations increased exponentially during the 1970s 
due, in large part, to the r~]uirements of the National Environmental Policy Act of 
1969 and the Endangered Species Act of 1973. Virtually every Federal action 
requires at least an environmental assessment. Hundreds of these documents are 
prepared each year, and many require raptor inventory data. Some larger or more 
controversial actions require a full environmental impact statement (Olendorff and 
Kochert 1977; Fyfe and Armbruster 1977). The value of raptor data gathered for 
these statements is grossly underrated because it usually is not published. Public 
input is an important component of this process that should be used to the fullest 
extent possible. 

Designation of Special Areas 

The need for designation of special areas where raptors can breed and winter 
relatively free of disturbance was reflected in resolutions passed at the 1975 World 
Conference on Birds of Prey in Vienna, Austria (Chancellor 1977). The conferees 
urged "national conservation bodies and gover~nents to set aside sufficient repre
sentative nature reserves where birds of prey live in large variety and abundance 
and to conserve these birds while they are still plentiful." We are making progress 
in the United States toward such a goal by setting aside National Wildlife Refuges, 
natural areas, raptor management areas, and sanctuaries. In addition, wilderness 
areas, wild and scenic rivers, National Parks, and National Monuments provide de 
facto protection for many raptors (Murphy 1978). 
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NATIONAL WILDLIFE REFUGES 

Several National Wildlife Refuges were newly created in the 1970s specifically 
for endangered raptors, includin9 four for the Bald Eagle in Maine, california, 
Virginia (Deane 1966, 1967, 1968), and South Dakota (Graham 1976, Anonymous 1974, 
Nesbitt 1975); one for the California Condor; and one for the Peregine Falcon in Ne~~ 
Hampshire (a bit late!). Certain other refuges have active raptor management 
progr~ns, including the Glen L. Martin near Chesapeake Bay with its Osprey nesting 
platforms (Rhodes 1972, 1977); Brigantine, one of the Peregrine Falcon hacking sites 
(Cade and Dague 1976); and Montezuma, a hack site for Bald Eagles (Milburn 1977, 
Cade and Dague 1976, 1977). 

N/>.TURAL AREAS 

TWo areas called natural areas were established in the 1970s. The Skagit River 
Bald Eagle Natural Area was dedicated by washington Governor Daniel Evans on Febru
ary 6, 1976 (Margolis 1974, Beebe 1976, Davis 1976). The effort and cost expended 
by the Nature Conservancy and other cooperators to get this and similar areas set up 
provides detailed lessons in the use of techniques such as land acquisitions, con
servation easements, land exchanges, and land withdrawals to promote raptor habitat 
protection. The result in this case is a continuous seven-mile corridor of vital 
eagle habitat (Servheen 1975) along the Skagit River which is now controlled by the 
Nature Conservancy and the Washington Department of Game. 

The largest and most publicized natural area designed for raptor habitat 
protection is the Snake River Birds of Prey Natural Area administered by the u.s. 
Bureau of Land Management (Chaney 1979; Meiners 1971; u.s. Bureau of Land Management 
1975, 1976, 1977; Zwinger 1977; Haley 1978). Through the early initiative of u.s. 
Bureau of Land Management employees, such as Bill Meiners and Edward Booker, and 
raptor expert Morlan Nelson, this 26,300-acre natural area was created in 1971 
(Dunstan 1979b). Since then, under the principal leadership of Michael Kochert and 
with excellent support from the Bureau of Land Management Boise District Manager 
Dean Bibles, an extensive research program has justified the creation of a larger 
515,000-acre National Conservation Area (U.S. Bureau of Land Mangement 1979), 
including the foraging habitat of the birds. The proposal is now in the hands of 
the Secretary of the Interior and is awaiting introduction to Congress. In this one 
case Voous' (1977) objective of setting aside self-supporting ecosystans vmere birds 
of prey are still abundant is being met. 

MANAGEMENT AREAS 

Designation of important raptor habitat as management areas seems to carry less 
legal backing than the other special areas discussed above, but the management area 
concept is still a valuable tool. Three such management areas were designated--all 
by the u.s. Forest Service--during the late 1960s and early 1970s. 

The Seymour Eagle Management Area for Bald Eagles in Southeastern Alaska 
includes several small islands in Seymour Canal on Admiralty Island (Robards and 
Taylor no date; Robards and Hodges 1977). Fishing and camping are still allowed 
in the area, but coli1mercial developnent is severely limited. About 85 Bald Eagle 
nesting territories are found within the boundaries of the area. 

The other two management areas are for Ospreys--at Crane Prairie Reservoir in 
Oregon (Roberts 1969, 1970) and at Eagle Lake in northern California (Kahl 1971; 
Kahl and Garber 1971; Kahl 1972a, 1972b; Garber et al. 1974). Crane Prairie Reser
voir was created in 1922 on the Upper Deschutes River for irrigation purposes. The 
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reservoir was flooded without clearing the timber. 'Ihus, in a few years the }:X)n-
derosa pine snags became prime habitat for about 35 pairs of nesting Ospreys. A few 
of the restrictions in effect at this reservoir include no cutting in a 200--foot-
wide strip immediately adjacent to the reservoir; restricted cutting for the next 
1,120 feet away from the reservoir where at least tvJO dominant trees per acre must 
be left; a 132--foot--wide "no-cut" buffer zone around each nest; a "restricted 
activity" zone 660 feet on all sides of the nest; and no hunting from April 1 to 
September 30 each year. Management f:Jrcx:Jrams include signing of nest trees and 
erection of artificial nest sites as needed to replace downed snags. 

SANCTUAHIES 

Today the term "sanctuary" is more often applied to special areas privately 
owned by individuals or organizations. TWo exceptions are the California Condor 
sanctuaries on the Los Padres National Forest just north of Los Angeles (Wilbur 
1978a, Mallette and Schlorff 1978) which have existed for several decades. '!he 
1,200-acre Sisquoc Condor Sanctuary was established in 1937, while the 53,000--acre 
Sespe Condor Sanctuary was designated in 194 7. Both are essentially closed to 
public use. 

'Ihe most famous raptor sanctuary in North .America is Hawk Mountain Sanctuary 
established in the mid-l930s near Drehersville, Pennsylvania, where thousands of 
people enjoy hawk watching each fall during the eastern migration (Collins 1935, 
Edge 1936, Broun 1949, Brett and Nagy 1973, Harwood 1973, Heintzelman 1975, Nagy 
1978a). Another example is the Children's Bald Ea(jle Nesting Area in Minnesota, 
bought by Hunt and Wesson after children turned in about a million and a half bean 
can labels. TI1e four sites purchased, totaling about 114 acres, were later turned 
over to the Chippewa National Forest for management (Mathisen 1973). 

In a similar case, the Illinois Audubon Society's "Dimes for Eagles" program in 
the public schools helped the Nature Conservancy purchase 580 acres of Bald Eagle 
winter habitat along the Mississippi River which housed 454 Bald Eagles during the 
National ~~ildlife Federation's 1979 mid-winter Bald Eagle survey (Dunstan l979a). 
Part of this area is known as the Children's Eagle Refuge. An excellent symposium 
on preservation and acquisition of Bald Eagle habitat was conducted in 1975 (Ingram 
1975). 

'Ihe National Audubon Society has three sanctuaries which emphasize raptor 
habitat protection (Graham 1978). tihe Okeechobee and Observation Shoal Sanctuaries 
(28,250 acres combined) contain the best breeding habitat for the endangered E.ver-
glade Kite. Some of the finest shortgrass prairie raptor habitats occur on the 
14,800--acre Eagle Rock Audubon Sanctuary in northeastern Colorado which is private 
land leased from Mark T. Cox III of Cheyenne, \\Yoming. 

HABITAT MANAGEMENT 

Habitat management generally involves some r:*lysical change or developnent of an 
area to make it more suited to the needs of one or more species (Call 1979). 
Protection of raptor populations in naturally diverse ~1d relatively undisturbed 
habitats (discussed in the previous section) does not as a rule require habitat 
management. However, habitat management is frequently necessary and justifiable l) 
in developing larger raptor populations where some crucial habitat requirement is 
lacking (e.g., where prey resources are adequate, but no nest sites exist); 2) in 
mitigating the impacts of agricultural, industrial, urban, recreational, and other 
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land uses on raptor habitats; and 3) in reclaimin<.J habitats following extensive 
degradation caused by mining, off-road vehicle abuse, livestock grazing (especially 
in riparian areas), or any other surface disturbing activity. 

Nearly all past and present raptor habitat management projects can be categor
ized as follows: 1) manipulation of prey populations; 2) manipulation of vegeta
tion; 3) artificial feeding; 4) management of perches; and 5) provision of arti
ficial nests and nesting structures. The decade of the 1970s was a period of 
considerable uncoordinated "small-time" experimentation with raptor habitat manage
ment, but very little research with sound experimental design was conducted. 
Only the development of artificial nestboxes for kestrels and small owls and of 
artificial platforms for Ospreys now produce predictable desired results. 

Management of Prey Resources 

Management of prey resources includes direct manipulation of prey populations; 
manipulations of plant composition, density, and structure (and thereby prey num
bers) to benefit raptors; artificial feeding of raptors; and management of perches 
to facilitate raptor feeding. 

MANIPULATION OF PREY POPULATIONS 

The state of the art of managing prey populations to benefit raptors is not 
well advanced, although we have learned a great deal inadvertently or as a by-pro
duct of other management. For example, on the Shasta-Trinity National Forest, 
Bogener (1979) found that Ospreys which nest within 1.5 miles of fish stocking sites 
produce more young that those that nest further away. Also, there is considerable 
literature on the opportunistic nature of birds of prey in taking advantage of abun
dant prey resources--both short-term and long-term--no matter how the excesses 1nay 
have developed. The converse is also true; a long-term decrease in prey resources 
usually causes a long-term decrease in raptor populations. Hodson {1976), for 
example, attributes the decrease of nesting Merlins in parts of Canada to a decrease 
in prey availability caused by the conversion of native grassland (which supported 
adequate passerine populations) to agriculture {which supports far fewer passerines). 

M:>st recoffil!lendations concerning direct management of raptor prey populations 
are for Bald Eagles (Radtke 1973, Beebe 1976, Steenhof 1977, Conrad 1979a). These 
include 1) maintenance and restoration of natural runs of anadromous fish; 2) 
stocking of fish where they would be vulnerable to Bald Eagle predation {sloughs, 
backwaters, small impoundments); 3) allowing commercial and recreational fishing 
only to the extent that it does not interfere with effective predation by Bald 
Eagles; 4) manipulating water levels in reservoirs to facilitate eagle predation; 5) 
discouraging stream channelization; and 6) promoting habitat improvement projects 
for upland game and waterfowl. 

Some of these recommendations follow fran field observations. Spencer (1976) 
reports an increase in wintering Bald Eagles on the Monte Vista National Wildlife 
Refuge in Colorado to over 200 birds following waterfowl habitat improvements. 
McClelland (1973) documented tremendous increase3 in Bald Eagle use of Glacier 
National Park following the establishment of a Kokanee salmon run in the park. 
Spencer (1976) cites similar examples in Colorado, Oregon, california, Idaho, and 
New Mexico. 

Schnell (1979) recommends the installation of low cross dams along streams in 
Common Black Hawk (Buteogallus anthracinus) habitat to concentrate fish and frogs 
near nest sites. 
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JVIA/:HPULATION OF VEGETATION 

In general, it is not financially feasible to manipulate vegetation on a large 
scale solely to increase raptor prey populations. It is more realistic to gain 
concessions for raptors as p3rt of other orr:Joing management. For example, range 
management practices that maintain ranges in yood condition will provide an adequate 
prey base for many raptorial species (Craighead and Craighead 1956). Olendorff and 
Stoddart (1974) indicate that the largest, most closely controlled private ranches 
in northeastern Colorado are the best habitat for most resident raptors. While this 
relates to rrtinimizing human disturbance at nests, it also indicates an adequate prey 
base. 

'111e primary effect of livestock grazing on raptors is an indirect influence 
produced by changes in vegetation comr:osi tion, density, and structure. These 
changes in cover and shelter for wildlife produce concurrent changes in snall 
marrunal, bird, reptile, and amphibian fX>pulations. wwer vegetation with lesser 
density tends to make snall rodents and lagomorphs more vulnerable to predation. 
'llius, moderate to heavy livestock grazing of sagebrush (outside of riparian areas!) 
for several consecutive years in winter may cause the ~eath of many of the vlants, 
open up the area, and thereby facilitate raptor predation during the ensuing 
summers. 

By ~lowing the specific prey requirements of the various raptors, land managers 
can benefit particular species of raptors through different kinds of vegetation 
conversion projects. W1ere possible, brushland habitats and grasslands should be 
retained in a random arrangement--a mosaic--within the planned vegetation treatment 
area. Another alternative is the scatter pattern of exclosures suggested by Hamer
strom et al. (1957) for Praitie Chickens (Tympanuchus cupido). The concept of 
"edges" and their beneficial effects on animal species diversity (see Thomas et al. 
1979 for a recent review) should also be incorporated into any land conversion 
project designed to increase prey populations for raptors. Large monocul tures of 
crested wheatgrass, for example, should be broken into smaller units interspersed 
with at least 20 percent native plant cooununities (Howard 1975, Howard and Wolfe 
1976). 

Removal of juniper from native sagebrush/grassland habitats followed by effec
tive reseeding has been shown to increase snall rodent (primarily mouse) p::>pulations 
for at least two years following treatment (Baker and Frischnecht 1973). In addi
tion, Westoby and Wagner (1973) found that jackrabbit numbers are generally higher 
in desert shrub vegetation near edges with grassland. Howard and Wolfe (1976) infer 
that these findings could be applied in future land conversion projects to benefit 
Ferruginous Hawks. 

Everett (1978) suggests that habitat management for the Marsh Harrier (Circus 
aeruginosus) could be extremely beneficial. This would involve purposeful reintro
duction of reed beds on a large scale. 

ARTIFICIAL FEEDING 

Artificial feeding of raptors at winter concentration areas is done for 
several reasons: 1) to ensure ti1at food sources are available at all times, especi
ally during bad weather, 2) to offer a pesticide-free diet to cont~ninated raptor 
populations exhibiting poor reproductive success; 3) to reduce the probability that 
vultures will feed on poisoned baits; and 4) to augment food supply during the 
breeding season. Such programs are recommended only for endangered raptors and only 
when food resources are inadequate or contaminated (Archibald 1978). 
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The major artificial feeding programs are for Wl1ite-tailed Sea Eagles (Helander 
1978), various Old World vultures (Biljeveld 1974, Zimmerman 1~75, Archibald 1~78, 
Iribarren 1977, Schenk 1977), and the California Condor (Wilbur et al. 1974; Wilbur 
1978a, 1978b) • Artificial feeding of Ospreys was conducted from 1966-1972 in 
southern New Jersey by Herbert H. fvlills (Graham 1973, Mills 1977). ~ad menhaden 
(up to three per day) were placed near frequently used perches and were usually 
taken by the birds as soon as Mills left the perch area. Beebe (1976), Steeriliof 
(1977), and Detrich (1978a) recommend artificial feeding for Bald Eagles, but to 
date no such programs have been implemented for this species. Bergman (1~77) 

rer~rts artificial feeding of Golden Eagles in Finland. 

8\veden' s white-tailed Sea Eagle artificial feeding program is the largest of 
its type (Helander 1978). OVer 100 tons of food are put out each year at nearly 
100 stations. The objective is to supply the eagles with pesticide-free foody 
including primarily slaughterhouse offal and whole animals obtained on an opportlll
istic basis (e.g., roadkills and dead domestic stock) • While the m.nnber of immature 
White-tailed Sea Eagles at feeding stations has increased since 1971 (r:ossibly 
through a learned behavior) , an increase in productivity on the nesting grounds has 
not been no ted. 

The California Condor artificial feeding program has shown similar results; 
condors use the stations, but no increase in breeding has occurred since the pro
gram's inception in 1971. However, artificial feeding of condors rnay be serving 
another purp:>se. In recent years, the remaining birds have been congregating 
further and furtl1er away from nesting areas. The feeding stations are near the 
breeding areas and may be functioning to preserve traditional ties to nesting areas 
on the Sisquoc and Sespe Condor Sanctuaries. i'bnetheless, this program is not 
without critics (e.g., McMillan 1965). 

The problems of European and Middle Eastern Griffon Vultures (Gyps fulvus) 
involve an overall shortage of food and the widespread use of pesticides. A breed
ing colony of three pairs established itself about 1 ~n fran a Griffon Vulture 
feeding station in Isreal (Mendelssohn in Archibald 1978). Other vulture restau
rants include two in Sardinia and six in Spain. 

The feasibility of artificial feeding programs for non-carrion-eating raptors 
has been shown in many vJays. Raptors are easily trapped using live baits for 
research and falconry purposes. A large portion of the Spanish Peregrine Falcon 
population exists on artificial food provided by the hundreds of dovecotes scattered 
across the country. Artificial feeding of young Peregrines is an integral part of 
the Peregrine introduction efforts (e.g., Sherrod and cade 1978). Felton (in 
Thelander 1978) provided live pheasants and pigeons to a female Per~rine Falcon 
that was rearing a single fostered young after the death of the male. 'Ihe yoilllg 
bird eventually fledged. 

MANAGEMENT OF PERCHES 

The use of artificial structures by perching raptors is as commonplace as the 
utility pole. Telephone poles, electric transnission towers, and electric distribu
tion poles have altered the hunting stategies of dozens of species of raptors by 
Ofening up millions of acres of habitat to huntirr.;J from a stationary perch. The 
extent to which a new line is used was shovm by Stahlecker (1978) in a "before-and 
after" study along an electric transmission line in east-central Colorado. Use of 
pre-existing perches decreased and raptor densities increased significantly after 
the new line was built. Marion and Ryder (1975) found that Rough-legged Hawks 
(Buteo la~opus) and Prairie Falcons preferred high man-made perches, particularly 
electric istribution poles. 
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This preference for perching on power poles has also had negative effects on 
raptors, particularly the Golden Eagle, through electrocution, a problem which has 
been knovm for at least 40 years (Marshall 1940, Dickinson 1957). In the same area 
of northeastern Colorado that was studied by Marion and Ryder (1975), Olendorff 
(1972) reported that 17 Golden Eagles were found dead under 3 1/2 miles of power-
lines. Other similar reports follo~d, both in North America (Smith and Murphy 1972, 
Laycock 1973, Boeker and Nickerson 1975) and abroad (Markus 1972, Garzon 1977). 

This increased interest in raptor electrocutions stimulated a cooperative 
effort coordinated by Richard s. Thorsell of the Edison Electric Institute to 
address the problem. As a result, numerous federal agencies, conservation organiza
tions, and private electric companies sup[X)rted the developnent of "Suggested Pract
ices for Raptor Protection on Powerlines" (Miller et al. 1975). This booklet 
includes numerous detailed specifications for eagle-safe powerlines, many of which 
were researched and developed by Morlan Nelson (Nelson and Nelson 1976, 1977; Nelson 
1978). A recent symposium on raptors and energy development will update the 
status of this issue (Howard and Gore 1980). 

The use of perches erected specifically for raptors has not been particularly 
successful. Steenhof (1977) reports that the u.s. Army Corps of Engineers erected 
four perch poles for Bald Eagles below Ft. Randall Dam, South Dakota. Bald Eagles 
were seen on them only two times in two years. Similar poor results have occurred 
in Oregon (Opp in Steenhof 1977). Biologists from the u.s. Bureau of Reclamation 
noted that the small nesting population of Bald Eagles in central Arizona was 
without hunting perches along extensive stretches of river. TWelve 40- to 60-foot 
poles were erected along the river in December 1976 (Stumpf 1977), but no followup 
is available. 

Use of raptor perches to control rodent populations has receive1 recent 
attention in California. Hall et al. (1978, 1979) proved that raptors would 
use their artificial perches, but could not relate perch use to decreases in rodent 
populations. 

The u.s. Bureau of Land Management has funded two experimental perch-pole 
projects. TWo poles erected near Saguache, Colorado, in large prairie dog towns 
have been used by Ferruginous Hawks, Red-tailed Ha't-Tks, Marsh Hawks (Circus cyaneus), 
and Golden Eagles (Snow 1974). Warburton (1972) erected eight artificial nesting/ 
perching structures for large raptors in Puddle Valley, Utah, in 1972. The struc
tures were frequently used as perches, and at least one unsuccessful nesting attempt 
by Golden Eagles occurred during the first two years, but long-term followup is 
unavailable. 

Provision of Artificial Nests and Nesting Structures 

Documentation of raptor nesting on man-made structures which were not intended 
for such purposes is beyond the scope of this paper. A general familiarity with 
this topic, which indicates the potential for raptors to use artificial structures 
erected specifically for them, can be gained from Herbert and Herbert (1965) and 
Hickey (1969) for Peregrine Falcons; Henny (1977b) for Ospreys; Gilmer and Wiehe 
(1977) for Ferruginous Hawks; and Olendorff and Stoddart (1974), Newton (1976), and 
Call (1979) for a variety of species. 

Interest in artificial nests and nest structures specifically designed for 
raptors as a raptor habitat management technique was very high at the end of the 
1970s (Table 3). Of 95 references to successes with artificial nests and nesting 
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Table 3.--Species of raptors that have used artificial nesting structures (i.e. 
structures designed and erected specifically for raptors) and artificial nests 
(nests built by rnan to look like natural nests). 

Species 

Osprey 

Honey-Buzzard 
(Pernis apivorus) 

Everglade Kite 

Bald Eagle 

~hite-tailed Sea Eagle 

European Sparro~hawk 

Northern Goshawk 

Reference 

hnes and Mersereau 1964 
Bergman 1977 
Bogener 1979 
r:etr ich 1978b 
Garber et al. 1974 
Henny et al. 1978a 
Jacobs 1977 
Kahl 1972a, 1972b 
Kennedy 1977b 
Lee 1980 
Nelson 1978 
Persson (in Saurola 1978) 
Postupalsky 1978a 
Postupalsky and Stackpole 

1974 
Reese 1965, 1970, 1977a, 

1977b 
Rhodes 1972, 1977 
Saurola 1976, 1978 
Schey (in Saurola 1978) 
Sietke (in Saurola 1978) 
Valentine 1967 

Rouhiainen et al. 
(in Saurola 1978) 

Graham 1978 
Kern 1978 
Sykes and Chandler 1974 

Dunstan and Borth 1970 
Grubb (in Call 1979) 
Lamb and Barager 1978 
Nelson 1978 
Fostupalsky 1978a, 1978b 

Helander 1975, 1977 
Kulves (in Saurola 1978) 

Saurola 1978 

Bijleveld 1974 
Persson (in Saurola 1978) 
Rouhiainen et al. 

(in Saurola 1978) 
Saurola 1978 

492 

Nest Type 

Platforms 
Artificial Nests 
Platforms 
Platfonns 
Platforms 
Platfonns 
Platforms 
Platfonns 
Platforms 
Platfonns 
Platfonns 
Artificial Nests 
Platforms 
Platforms 

Platforms 

Platforms 
Artificial Nests 
Artificial Nests 
Platforms 
Platforms 

Artificial Nests 

Wire Baskets 
Wire Baskets 
Wire Baskets 

Artificial Nests 
Platforms 
Platfonns 
Platforms 
Platforms 

Artificial Nests 
Platforms 

Artificial Nests 

Artificial Nests 
Artificial Nests 
Artificial Nests 

Artificial Nests 



Table 3.--continued. 

---·--------
Species 

--------·--·----
Swainson's Hawk 

Red-tailed Hawk 

Common Buzzard 

Rough-legged Buzzard 

Ferruginous Hawk 

Golden Eagle 

American Kestrel 

Reference 

Fitzner 1980 pers. comm. 
(see text) 

Fitzner 1980 pers. comrn. 
(see text) 

Dunstan and Harrell 1973 
Henny et al. 1978a 
Lee 1980 
Nelson 1978 
Nero et al. 1974 
Scott 1970, 1978 

Berggren 1975 
Persson (in Saurola 1978) 
Rouhiainen et al. 

(in Saurola 1978) 
Saurola 1978 

Berggren 1975 
Saurola 1978 

Anderson (in Call 1979) 
call 1979 
Fyfe and Armbruster 1977 
Howard and Hilliard 1980 

Berggren 1975 
call 1979 
Craig and Anderson 

(in Call 1979) 
Kellomaki (in Bergman 1977) 
Nelson 1978 
Nelson and Nelson 1977 
Saurola 1978 
warburton 1972 

Bloom 1977, 1978 
Clausager (in Saurola 1978) 
Craig et al. 1979 
Fitzner 1980 pers. comm. 

(see text) 
Hamerstrom 1974 
Hamerstrom et al. 1973 
Heintzelman 1964, 1971 
Heintzelman and Nagy 1968 
Henderson and Holt 1962 
Henny 1977a 
Jones (in Byers 1980) 
Nagy 1963 
Stahlecker 1979 
Stahlecker and Griese 1977 
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Nest Type 

Platforms 

Artificial Nests 

Artificial Nests 
Platforms 
Platforms 
Platfonns 
Artificial Nests 
Platforms 

Artificial Nests 
Artificial Nests 
Artificial Nests 

Artificial Nests 

Artificial Nests 
Artificial Nests 

Platforms 
Wire Baskets 
Wire Baskets 
Platfonns 

Artificial Nests 
Wire Baskets 
Platforms 

Artificial Nests 
Platforms 
Platforms 
Artificial Nests 
Platforms 

Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 

Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 



Table 3.--continued. 

Species 

Common Kestrel 
(Falco tinnunculus) 

European Hobby 
(Falco subbuteo) 

Prairie Falcon 

Gyrfalcon 

Peregrine Falcon 

Barn O.Vl 

Screech O.Vl 
(Otus asio) 

Flanunulated ONl 
(Otus flanuneolus) 

Great Horned O.Vl 

Burrowing Owl 
(Athene cunniculari~) 

Tawny Owl 
(Strix aluco) 

Reference 

Bijleveld 1974 
cav~ 1959, 1968 
Hauri 1960 
Kaeser 1957 
Koning 1965 
Krambrich 1968 
Krambrich and Friess 1968 
Saurola 1978 
Schmidt 1948 

Krambrich 1968 
Saurola 1978 

Boyce et al. 1980 
Fyfe and Armbruster 1977 

Schey (in Saurola 1978) 

cade and Dague 1979 
Fyfe (in White 1974) 
Hall 1955 
Mebs 1969 

Lenton 1978 
Marti et al. 1979 
Millsap (in Call 1979) 

Henderson and Holt 1962 
VanCamp and Henny 1975 
\-Jilson 1925 

Bloom 1978 

Berger 1956 
Bohrn 1977, 1980 
I:oty 1974 
Dunstan and Harrell 1973 
Fostupalsky 1978a 
Scott 1970, 1976 

Cbllins and Landry 1977 
Fitzner 1980 pers. con1m. 

(see text) 
Orde (in Call 1979) 

Delrnee et al. 1978 
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Nest Type 

Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Nestboxes 
Wicker (?) Baskets 
Nestboxes 
Nestboxes 

Wicker ( ?) Baskets 
Artificial Nests 

Artificial Nests 
Artificial Nests 

Artificial Nests 

Artificial Nests 
Artificial Nests 
Artificial Nests 
Wicker Baskets 

Nestboxes 
Nestboxes 
Nestboxes 

Nestboxes 
Nestboxes 
Nestboxes 

Nestboxes 

Artificial Nests 
Wire Baskets 
Baskets 
Artificial Nests 
Platforms 
Platforms 

Nestboxes 
Artificial Nests 

Nestboxes 

Nestboxes 



Table 3.--continued. 

Species 

Great Gray Owl 
(Stri~ .!1ebulosa) 

Ural Owl 
(Strix uralensis) 

Saw-whet Owl 
(Aegolius acadicus) 

Little Owl 

Reference 

Berggren 1975 
Nero 1977 
Nero et al. 1974 
Persson (in Saurola 1978) 

Persson (in Saurola 1978) 
Rouhiainen et al. 

(in Saurola 1978) 

Rever and Miller 1973 

Herren 1977 
Knotzsch 1978 

Nest Type 

Artificial Nests 
Artificial Nests 
Artificial Nests 
Artificial Nests 

Artificial Nests 
Artificial Nests 

Nestboxes 

Nestboxes 
Nestboxes 

structures, about 80 (i.e. 84 percent) report on separate projects. Seventy-six of 
the 95 references (80 percent) are from 1970 or later. Four main categories of 
artificial structures are discussed here: nestboxes, platforms, baskets, and 
artificial nests (i.e. nests carefully built by man to resemble natural nests). 

NESTBOXES 

The use of artificial nesting structures as research tools for studying the 
life histories, population dynamics, and contaminant loads of raptors is most 
refined with nestboxes. The most extensive study of this type was VanCamp's and 
Benny's (1975) work with Screech Owls in northern Ohio between 1944 and 1973. More 
than 4,249 nestboxes (as many as 985 in a single year) were checked during that 
30-year period. As a result, the status, population dynamics, migration and 
dispersal patterns, breeding and wintering behavior, food habits, and pesticide 
loads of Screech Owls in that area are quite well-known. 

The advantages of knowing the locations of nestboxes, the ease of checking 
them, and the long-tenn stability they provide to raptor populations have also been 
exploited by other researchers. Delmee et al. (1978) conducted a 15-year study of 
the population dynamics and breeding biology of Tawny Owls using artificial nest 
boxes. Some findings are difficult to obtain in any other way. For example, nest 
site and mate fidelity of Tawny Owls is nearly absolute (Delmee et al. 1978). The 
same is true of Screech Owls; one was banded at a box in 1945, retrapped there eight 
times through the years, and was killed within one-quarter mile of the box in 1958, 
thirteen years after being banded (VanCamp and Henny 1975). 

Henny (1977a) set out about 300 nestboxes to attract nesting American Kestrels 
to an area sprayed with DDT, to an adjacent area, and to an unsprayed area during a 
controlled study of the effects of DDI' and its residues on kestrel productivity. 
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Eggs were collected for pesticide analyses from 21 boxes in 1975 and from 51 boxes 
in 1976. (These figures also indicate the level of nestbox use.) It \VOUld have 
been very difficult to locate and monitor that many natural nests in the time 
available to Benny. 

Using a similar research strategy, personnel of the Ecological Services 
Department of Battelle Pacific Northwest Laboratories (Battelle Boulevard, Richland, 
Washington 99352) put out 100 nestboxes in 1979 for snall owls in coniferous forests 
as part of a long-term ecological monitoring program (Fitzner 1980 pers. comm.). 
Each nestbox is constructed so that when the ov;ls are perched in the nest holes, all 
regurgitated pellets will fall onto a veranda to facilitate collection. Pellets 
will be collected and monitored for environmental contaminants. Craig et al. {1979) 
used 5 nestboxes to attract American Kestrels for the study of radionuclide concen
trations in nestling raptors. 

Other studies made possible by raptor use of nestb~xes include the follmving. 
Nagy (1963) reported that six of nine nestboxes for American Kestrels were active in 
1961 in an eastern Pennsylvania study area consisting of one-half square mile of 
farmland. Heintzelman {1964) reported on the summer food habits of this population. 
Heintzelman and Nagy (1968) reported on clutch sizes, egg hatchability, and sex 
ratios in 14 American Kestrel nesting attempts in nestboxes in the same area between 
1959 and 1966 {the number of boxes available each year is not stated). Heintzelman 
(1971) also presented followup work suggesting that nestbox sanitation is not an 
important factor causing embryo mortality. 

Hamerstrom et al. {1973) suspected that nest site availability was the limiting 
factor on American Kestrel populations in their harrier study areas in central 
Wisconsin where virtually no kestrel nesting had occurred prior to 1967. Of t\VO 
nestboxes put up in 1967, one was used in 1967, and the other was used in 1968. 
Forty-eight more boxes were put up in 1968 and were maintained through 1972 {252 
nestbox-years total). Kestrel activity was noted in 77 instances (31 percent) and 
51 successful nests {20 percent) fledged 204 young. 

In 1975 Stahlecker (1979) erected 25 nestboxes on wooden H-frame towers 
supporting a new electric transmission line crossing east-central Colorado. 
During 1975, 1976, and 1977 American Kestrel activity was noted at 12, 19, and 24 
nestboxes, respectively (74 percent occupancy over 3 years), resulting in 172 young. 
Since only six natural kestrel nests occurred along the powerline route, this study 
clearly demonstrated the potential of nestbox construction as a mitigation measure 
along new powerlines. Henderson and Holt (1962) used nestboxes to facilitate their 
handing studies of Screech Owls and American Kestrels. Over a three-year period, 
137 Screech OWls and 155 American Kestrels were banded in 200 nestboxes erectei near 
Andover, Massachusetts. 

The potential for use of nestboxes as a reclamation tool was shown by Cave 
(1968) who in 1959 introduced 246 nestboxes into an area recently reclaimed from the 
sea in the Netherlands. 'Ihe next year 109 pairs of Common 1\estrels nested in the 
area. The same potential exists where strip mines or other areas with severe 
surface disturbance are reclaimed. 

The frequent use of nestboxes in European countries to bolster Common Kestrel 
populations was reviewed by Saurola (1978). Denmark, SWitzerland, Great Britain, 
the Netherlands, Germany, and many other countries have kestrel nestbox programs-
some have been operating for up to 30 years! While most raptor nestbox programs in 
North America have been conducted to meet various research goals, nestboxes could be 
installed on a large scale with significant results whenever desirable. Bloom 
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(1977, 1978) lists as goals of a nestbox progran the ex~nsion of nesting habitat 
where no habitat presently exists and the reestablisrunent of such l~bitat where it 
has been eliminated. Curing the fall of 1976, Bloom erected 100 nestboxes in 
several habitat types in northeastern California. Of 67 useable boxes in 1977, 
fourteen (21 percent) were used by American Kestrels. 01ly 54 boxes were useable in 
1978, but 18 of these (33 percent) were used by .American Kestrels, and another 
housed a pair of Flammulated Owls. 

Nestboxes have also been the standard nesting situation offered to captive 
kestrels to stimulate breeding (e.g., Willoughby and Cade 1964, Koehler 1969, 
Porter and Wierneyer 1970, and Bird et al. 1976). ~tails concerning kestrel 
nestbox dimensions and construction can be found in Ross (1969} and Byers (1980}. 

Besides ~lmee et al. (1978} on Tawny Owls and VanCamp and Henny (19~5) on 
Screech Owls, three other nestbox studies involving owls are noteworthy. Lenton 
(1978} reports considerable initial success with conditioning Barn OWls to use large 
artificial nest boxes atop 24-foot wooden rx>les. Although this program was only one 
or two years old at the time, 7 of 30 boxes were in use. Marti et al. (1979} in
stalled eight large nestboxes in 1977 and an additional 22 in 1978 in abandoned 
grain silos in northern Utah where Barn Owls had been roosting. Four of the eight 
available boxes were used by nesting Barn ONls in 1977. 'lwenty-four of the 30 boxes 
available in 1978 were used. Out of a total of 38 nestbox-years, 28 (74 percent} 
were occupied. 

Artificial nestboxes buried in the ground are also readily adopted by Burrowing 
Owls. Cbllins and Landry (1977} built 30 nest chambers and burrows connectir~ to 
the outside and covered them with at least 6 inches of dirt in Orange County, Cali
fornia. rihe easily opened chmnber provided ready access for growth and life history 
studies. '1\venty of the 30 chambers (67 percent) were in use in 1975. Orde (in Call 
1979) is experimenting with similar structures on the Pawnee National Grassland in 
northeastern Colorado. Since destruction of burrows is a primary cause of Burrowing 
Owl declines, and because these owls can live in concert with roan if left alone, 
this technique indicates great potential 1) for promoting Burrowing Owl nesting in 
and adjacent to urban areas and 2} as a reclamation tool wherever neerlPCl. 

Artificial Platforms 

The rnost successful artificial platform prograns are for Ospreys. Hundreds of 
structures have been erected for this species, often as a logical extension of the 
Osprey's ready acceptance of man-made nest substrates }?laced in their habitats for 
other purposes (e.g., channel markers, duck blinds, piles of crab traps, utility 
poles, docks, and pilings). 

The earliest available reference to erecting artificial nesting platforms for 
Ospreys is Ames and Mersereau (1964}. They erected three platforms in 1961 in 
southern Connecticut after most pairs had already chosen nest sites. Nonetheless, 
all three sites were immediately occupied, and in two cases eggs were laid within 72 
hours. TWenty-one nesting platforms were erected in the same area in 1962 with the 
aid of a grant from the National Geographic Society (Peterson 1969). Nine of these 
were active in 1962, and 11 were active in 1963 for a total of 45 platfonn-years in 
the area and a 51 percent occupancy rate. Ames and f"lersereau (1964} concluded that 
the platforms effectively protected the birds from predation and tidal flooding, but 
productivity of the entire population ranained extremely low due to pesticide 
contamination (0.29 young per nesting for 157 nestings over four years). 
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In 1964 Reese (1965, 1970, 1977a, 1977b) began erecting artificial platfonns 
for Ospreys along the coast of Chesaf!E=ake Bay in IVtaryland. Between 1964 and 1974 a 
total of 285 platforrn-years (mean = 26 platfonns .f?er year) were available to Ospreys. 
Birds used 164 (58 r~rcent) of these (Reese 1977b), an occupancy rate close to that 
obtained by Ames and Mersereau (1964). 

Another successful artificial platfonn program for Ospreys in Michigan began in 
1967 (Postupalsky 1978a, Postupalsky and Stackpole 1974). Between 1967 and 1977, 425 
platform-years were available. The rate of occupancy was 55 percent (233 out of 
425). The eleven-year means for productivity in natural nests versus artificial 
platfonns were 0. 6 and 1. 2 large or fledged young per occupied nest, respectively. 
At one site, Fletcher Pond, the Osprey population was decreasing due to deteriora
tion of existing nest sites, primarily snags resulting from the original man-created 
flooding. From a low of 11 pairs in 1966 this r~pulation increased to and st~bil
ized at about 17 pairs by 1972, after 20 platfonns were constructed in 1967. 1ne 
platforms not only reversed a declining p::>pulation trend, but also rnaximized pro
ductivity by reducing nestling loss due to nest blowdowns. 

Equally encouraging results were obtained by Rhodes (1972, 1977) on tl1e 
Glen L. IVJartin National Wildlife RefLKJe in Maryland between 1968 and 1972. 'Ihe 
Osprey population on the refuge increased from four to six pairs before 1968 to 18 
to 20 pairs in 1971 and 1972. The occupancy rate of artificial structures over the 
five-year period was 78 percent (75 nestings out of 96 platform-years) , but produc
tivity was less on the platforms (1.4 young per active nest) than at "natural" nest 
sites (2.0 young per active nest). 

Two other large and long-term Osprey platform projects have been very success
ful but await quantitative analysis of results. In 1971 at the Eagle Lake Osprey 
Management Area (California) 15 live pine trees were topped. Spikes driven in 
around the circumference of the cuts provided stability for prospective nests. 
In addition, 20 artificial platforms supported by huge cedar poles were erected in 
the management area (Kahl 1972a, 1972b; Garber et al. 1974). Che year later Ospreys 
used 12 of the 20 artificial structures (69 percent occupancy) , but only one of the 
15 topped trees. Henny et al. (1978a) reported 13 pairs of Ospreys usi~J platforms 
at the Crane Prairie Osprey Management Area in Oregon, but no other follow-up on 
this project, which began in 1969 (Roberts 1969, 1970), was available for this 
review. '!he u.s •. Fbrest Service could make a significant contribution to the raptor 
management 1 i terature by analyzing and publishing the data from their tV\Q Osprey 
Management Areas. 

Kennedy (1977b) erected 20 platfonns on the eastern and western shores of 
Chesapeake Bay in Virginia. Ten (50 percent) were active the year after they were 
erected. Sietke (in Saurola 1978) reported that nearly all of 25-30 platforms 
erected on powerline poles in Germany are used by Ospreys each year. 

Fifteen platforms on Shasta Lake (California) had an occupancy rate of only 11 
percent from 1977-1979 (five nestings in 45 platfonn-years) (Bogener 1979). In 1979 
most of the limbs near these platforms were trimmed away at the sucjgestion of 
Detrich (1978b) in an effort to increase the occupancy rate. References to other 
smaller or unguantifiable Osprey artificial nesting platform projects are listed 
in Table 3. 

Nesting on man-made structures by Bald Eagles is extremely rare. Abbott 
(1978) rep:>rted that tvvo pairs of Bald Eagles nested on 100-foot high V\Qoden 
observation towers at the U.S. Army Proving Grounds at Aberdeen, Hartford Cow1ty, 
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Maryland, during the late 1950s and early 1960s. Postupalsky (1978a) cited tVK> other 
such instances in the northeastern United States (Langille 1884) and in Alaska 
(Sherrod et al. 1976). 

Similarly, only a few Bald Eagles have used artificial nest structures. 
Postupalsky (1978a, 1978b, 1980 pers. comrn.) has witnessed nine nesting attempts on 
three different artificial structures through the 1979 nesting season. 'Ihe first 
and only successes were in Michigan in 1977. Cne p3ir nesting on an Osprey platform 
in the Upper Peninsula fledged two young. Another pair fledged three young from 
a makeshift wooden pallet platfonn erected near Fletcher Pond to replace a fallen 
nest in 1969. Nelson (1978) rep:Jrts a pair of Bald Eagles at one of his Golden 
Eagle platfonns (see below) in 1977, but a nest was not built. 'Ihe u.s. Forest 
Service has erected several platforms for Bald Eagles at Ruth Lake, Trinity County, 
California, according to specifications developed by Lamb and Barager (1978}, but it 
is too early to evaluate the success of this project. Grubb (in Call 1979) built 
two tripod-type structures for Bald Eagles in Arizona. One was used the first 
spring that it was available, but the nesting attempt was unsuccessful. 

Kulves (in Saurola 1978) refOrted that 20 platforms were erected for White
tailed Sea Eagles in Finland during the mid-1970s, but none had been used by 1977. 
Use of artificial nests (i.e. those carefully built to resemble natural nests) by 
Bald Eagles and the closely related \-vhi te-tailed Sea Eagle is discussed elsewhere. 

Another species that frequently nests on man-made structures not designed for 
that pur:rx>se (e.g., power p:>les, windmills, haystacks, stone chimneys of abandoned 
buildings, sheepherder monuments, etc.) is the Ferruginous I-iawk. Perhaps the best 
designed raptor management research project involves the installation in late 1975 
of 12 pairs of platfonns for this species in an area near the Snake River Birds of 
Prey Natural Area in Idaho where no Ferruginous Hawks nested previously (Howard and 
Hilliard 1980). Each pair of structures consisted of one with a sun shade and 
one without about 150 yards from each other. 'Ihus, 12 territories with artificial 
platforms were available from 1976 through 1979 (48 platfonn-years) • Seven nesti~s 
by Ferruginous Hawks occurred during that time (15 percent occupancy), five of 
which were successful. In addition, ten nestings of Ravens (Corvus corax) occurred, 
eight of which were successful. 'Ihe occupancy rate for Ferruginous Hawks and Ravens 
combined was 35 percent. No Ferruginous Hawks nested on the shaded structures, 
although r~vens did so readily. 

Probably the most experience with Ferruginous Hawk artificial structures 
of various types has been gathered since 1968 by William Anderson of La Junta, 
Colorado, and Gerald R. Craig of the Colorado Division of Wildlife. Several arti
ficial platfonns have been erected on the Pawnee and Comanche National Grasslands, 
and many artificial nests (see below) have been installed both in new territories 
and where lo~J-standing nest sites have fallen naturally. At the 1978 annual 
meeting of the Raptor Research Foundation, Anderson reported that on the southern 
nalf of the Comanche National Grassland the number of nesting Ferruginous Hawks had 
increased from 7 to 15 pairs, and productivity had increased from 1.8 to 3.1 young 
per nesting attempt. A definitive publication of the results of this program would 
be a welcome addition to the literature on raptor management. 

'TWo other buteos have been known to use artificial platforms. Fitzner (1980 
pers. cornm.) re:rx>rted that a fanner northeast of Connell, Washington, placed several 
telephone poles with shallow vegetable crates on top into dryland wheat fields 
hoping to attract nesting raptors. No nesting occurred on these structures for at 
least a decade. However, one crate put up on a defunct windmill has been used for 
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several years by a pair of SWainson's Hawks. In 1975 Stahlecker (1979) erected 12 
platforms on a new double crossbar H-design fOWerline in Colorado expecting use by 
prairie buteos. No ra~tors used the platforms during 1975, 1976, or 1977, but one 
pair of Ferruginous Hawks and one pair of Swainson' s Hawks nested on the double 
crossbars. 

Red-tailed Hawks have used artificial platforms installed for Golden Eagles in 
Idaho and Oregon by Nelson (1978) and Lee (1980) and for Ospreys at the Crane 
Prairie Osprey Management Area in OraJon (Henny et al. 1978a). 

Artificial platfonn use by Golden Eagles is uncommon, but several instances are 
noteworthy. Call (1979) reports a successful nesting by Golden Eagles on the PaM1ee 
National Grassland in northeastern Colorado, and Warburton (1972) refX>rts at least 
one unsuccessful attempt on a platform in Puddle Valley, Utah. 

The most significant developmental work on Golden Eagle nest structures has 
been done by Morlan Nelson of Boise, Idaho, as rart of his consultant work with the 
electric industry (Nelson 1978, Nelson and Nelson 1977). He began testing the use 
of artificial nesting platforms for Golden Eagles in 1975. Noting that several 
species of birds, including Golden Eagles, Ospreys, Red-tailed Hawks, Ferruginous 
Hawks, and Ravens, were using steel and wooden transmission line towers for nesting, 
he reasoned that well-constructed nesting platfonns on the towers would provide the 
needed nesting sites and lessen the chance of p:>wer outages that could result from 
nesting materials. 

WOrking with the Bonneville Power Aillninistration and the Idaho Power Company, 
Nelson erected six platforms prior to the 1977 nesting season on lines carrying up 
to 720,000 volts. All platforms were between 75 and 175 feet above the ground. Ch 
the six nesting platforms installed, five nesting attempts were made. Three were 
successful (for a Red-tailed Hawk, Golden Eagle, and Osprey), while two were unsuc
cessful (for and Osprey and a oald Eagle). 

Nelson (1978) emphasized the importance of shade and protection from the wind 
in exposed sites. In hot desert areas, young Golden Eagles, Red-tailed Hawks, and 
Prairie Falcons may die from overheating if shade is not available for at least the 
head and shoulders. Shelter from the wind also appears to be beneficial to Golden 
Eagles and Red-tailed Hawks, but Ferruginous Hawks and Ospreys seem to have no re
quirement for protection from either the sun or the wind. This work is discussed 
further by Lee (1980). It has recently reached the implementation stage in Idaho 
and Oregon where 40 platforms are being erected on a new electric transmission line 
as an enhancement measure (Nelson 1980 pers. carun.). 

The only other raptor for which use of artificial platfonns is docUinented is 
the Great Horned Owl. Postupalsky (1978a) reports two nestings of Great Horned Owls 
on his tripod-type Osprey platfonns in Michigan. Scott (1970, 1976) has attracted 
several pairs of Great Horned Owls to artificial platforms (actually shallow boxes). 

BA..SKETS 

Occasionally the distinction between artificial platforms and nesting baskets 
is difficult to make. For example, the duck nesting baskets monitored by Doty 
(1974), which have been used at least twice by Great Horned Owls, appear much like 
low platforms. Bot~ (1977, 1980) had good acceptance of nest baskets by Great 
Horned O.Vls in central Minnesota. The nests were made of one-inch mesh chicken wire 
formed into a shallow cone. The cone was then lined with tar paper and provided 
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with a drainage hole at the base. An artificial nest consisting of twigs, leaves, 
and branches, with finer material near the top where the eggs \\OUld be laid, was 
built in each basket. Once the entire nest was complete, it was attached in a 
suitable crotch of a tree. Of 27 such nests available in 1977, 14 were used by 
Great Horned OWls and one was used by Red-tailed Hawks (combined occupancy rate of 
56 percent). Productivity was slightly lower in baskets compared to natural nests. 

A similar technique has worked well for Ferruginous Hawks. call (1979) in
stalled three wire baskets for Ferruginous Hawks in 1979 on the Pawnee National 
Grassland. Two of the three were used the same year. Fyfe and Armbruster (1977) 
reported that a major limiting factor for some raptors in Alberta appeared to be the 
lack of nest trees. Thus, in 1971 the Canadian Wildlife Service constructed and 
erected artificial wire baskets for Ferruginous Hawks in five areas where old sites 
had been destroyed (Fyfe 1975). Four of these were occupied in 1972. By 19-75, 37 
~askets had been erected, of which 22 were erected in former raptor territories 
and 15 were placed in grassland areas with adequate prey but no previous record of 
occupancy. Of the 37 baskets, a total of 16 (43 percent) had been occupied by 1975, 
indicating the effectiveness of this technique. The majority of the occupancy was 
in former territories, indicating that these should receive first priority for 
artificial nest structures (Fyfe and Armbruster 1977). 

Wire baskets are also used to stabilize the rather flimsy nests of Everglade 
Kites in Florida (Sykes and Chandler 1974, Graham 1978, Kern 1978). It is inter
esting that most attempts to get this species to use the baskets are accomplished 
after natural nests are built and eggs are laid or young are present. Nests and 
eggs or young are simply moved from their original settings short distances into 
the baskets with near total success. 

Wicker baskets have been used in at least two areas in Europe with success 
reporterl for three species. The most significant project was the placement of 15 
willow baskets mostly in old pine trees in northern Germany for tree nesting Pere
grine Falcons during the 1950s. Five or six of the baskets were used, as were at 
least four deer shooting platforms built in trees in the smne general area. Kr~n
brich and Friess (1968) report that pairs of European Hobbies and Common Kestrels 
have used baskets (presumably wicker) placed in trees for crows. 

ARTIFICIAL NESTS 

Nest sites developed by man to closely resemble natural nest sites are termed 
artificial nests in this review paper. The construction of artificial nests is much 
more common in Europe than in North America. Americans seem especially willing to 
place unnatural nestboxes, platforms, and baskets in the environment, a tendency 
that is arguable philosophically and worthy of full consideration as raptor manage
ment projects become less research oriented and designed more for widespread 
implementation. 

Many artificial nests have been constructed as emergency measures after nests 
have blown down, either to save nestlings from the same year or to keep a territory 
active in subsequent years. For example, Dunstan and Borth (1970) reconstructed an 
active Bald Eagle nest that had blown down, thereby allowing two nestlings to fledge 
naturally. During the fall of 1969 a broken Red-tailed Hawk nest was rebuilt by 
Dunstan and Harrell (1973). Red-tailed Hawks used it in 1970, and Great Horned Owls 
fledged young from it in 1971. In 1976 Fitzner (1980 pers. camm.) fabricated stable 
bases for two Swainson's Hawk nests which frequently blew down. In each case a 
three-pronged crotch of a downed tree was supplemented with other sticks by tying 

501 



them on with bailing wire. The crotch was then wired into the nest tree. One of 
the two sites was used in 1978 and 1979. Craig and Anderson {in Call 1979) recon
structed a Golden Eagle nest that was blown down one year and was idle the following 
summer. Nesting resumed the year after the artificial nest was built. 

Although some artificial nests Iuight also be classified as nesting platfonns, 
the intent in each of the following cases was to construct as natural a situation 
as possible. Haugh and Halperin (1976) report that artificial wooden ledges placed 
along the sloping banks of the Sagavanirktok River in Alaska have not been used by 
Peregrines or Gyrfalcons. Schey (in Saurola 1978}_described the construction of an 
artificial nest for Gyrfalcons which was in use the summer after it was built. Hall 
(1955) and Cade and Dague (1979) provided shallow boxes filled with sand and gravel 
to Peregrine Falcons nesting on large buildings, primarily to provide the proper 
substrate for nest scraping. Boyce et al. (1980) replaced an abandoned Peregrine 
Falcon nesting ledge in northern California after it had fallen from the cliff. The 
steel ledge took 4 days to fabricate and install, but the natural-looking result was 
utilized the following sun~er by a pair of Prairie Falcons ~ich fledged two young. 
In December 1979 William E. Lehman and Douglas A. Boyce excavated a ledge on a cliff 
in Humboldt County, california, which had been rated as a potential Peregrine site. 
A female Peregrine was observed incubating eggs on the new ledge in April 1980, four 
months after its excavation (Boyce 1980 pers. comm.). 

One of the largest artificial nest construction programs involves Prairie 
Falcons along several rivers in Alberta. Fyfe and Armbruster (1977) describe the 
digging of nesting cavities for Prairie Falcons into cliffs that previously had few 
or no suitable nesting holes. This problem has also been noted in Colorado (Olen
dorff and Stoddart 1974) and in Washington State (Olendorff 1973). 

In 1970 four of five nest holes dug for Prairie Falcons in Alberta were occu
pied by pairs; the fifth was used by a lone male (Fyfe and Armbruster 1977). The 
next year 8 of 12 holes were used by either Prairie Falcons or Canada Geese (Branta 
canadensis), the other target species of the program. Between 1971 and 1975 field 
crews from the Canadian Wildlife Service and the Saskatchewan Falconry Association 
dug over 200 nesting holes, about one-quarter of which were occupied during that 
period, occasionally even by Peregrine Falcons (White 1974). This program has been 
so extensive that systematic follow-up has been impractical. 

In 1976 Fitzner (1980 pers. comm.) accomplished a similar result (though on a 
smaller scale) with Burrowing Owls in south-central Washington State. He dug seven 
burrows into sandy loam banks along intennittent streams. Each hole was dug 3 l/2 
to 4 feet deep with a shovel, about halfway up 10- to 15-foot banks. Four of the 
seven burrows were utilized by owls the first year, but there has been no follow-up 
since that time. 

A large-scale and long-term artificial nest program for Great Gray Owls has 
been conducted since 1970 in southern Manitoba and northern Minnesota (Nero et al. 
1974, Nero 1977). About 60 artificial nests, which are barely discernable from 
natural ones, are currently checked and maintained each year. Unfortunately, 
neither of the papers cited above indicates how many of these nests are active each 
year, but Great Gray Owls and an occasional pair of Red-tailed Hawks have used 
them. 

The Great Gray Owl has also received considerable attention in Europe. Persson 
(in Saurola 1978) has the most extensive program with approximately 100 artificial 
nests built since about 1972 in SWeden. Another 50 to 100 such nests have been 
built by others in the same area. Several raptors besides Great Gray OWls have also 
used these nests, including Common Buzzards, Goshawks, Ospreys, and Ural OWls. 
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Berggren (1975) documented the nesting of Rough-le<Jged Hawks and Golden Eagles on 
artificial nests in Sweden. Also in SWeden, Helander (1975) documents three such 
nestings of White-tailed Sea Eagles. 

Finnish ornithologists are also very active in building artificial nests of t~t.D 
types. Artificial Osprey nests (120 are now in place) closely resemble platfonns, 
but they are built atop trees and are made to look 1 ike natural nests (Saurola 
1978). Nests for Cornman Buzzards, Honey Buzzards, Goshawks, and Ural OWls are 
usually constructed of small sticks woven into the existing structure of branches to 
form a stable base. No wire, nails, or other man-made materials are used. The base 
is then topped with a nest built of naturally occurring vegetation (Rouhiainen et 
al. in Saurola 1978). Between 1975 and 1977, 239 artificial nests were available in 
the Paijat-Hame, Finland, study area. Sixty-five of these (i.e. 27 percent) were 
used by four species of large raptors (see above) • 

CLOSING REMARKS 

Time constraints have prevented discussion in this r-aper of the ap!Jropriateness 
of each raptor conservation method. A number of publications do discuss the theo
retical and philosophical aspects of raptor managanent. The more important of these 
found in tl1e raptor literature or closely allied publications are mentioned below. 
However, an exhaustive search of the total ornithological and wildlife management 
literature for theories and philosophies which may apply to raptor management was 
not r:ossible. 

The general approaches to raptor management have been discussed by Nelson 
(1969a), Cade (1971, 1974b), Olendorff and Stoddart (1974), M1ite (1974), H~nerstrom 
(1974), and Mallette and Gould (1976). Ratcliffe (1977) divides these approaches 
into three classifications. 

The first involves controlling people and, of course, minintizing impacts. Fyfe 
and Olendorff (1976) discuss ways to minimize the direct impacts of man's individual 
activities on raptors. Newton (1979) gives an excellent review of the effects of 
human persecution on raptors. Others have begun direct research on thresholds of 
disturbance tolerated by raptors (\tvhi te et al. 1979). These thresholds must be 
known before serious behavior modification programs (as discussed by Temple 1978c) 
can be researched and implemented for raptors. These thresholds also affect the 
choice between active ~d passive conservation of raptors (i.e. protection versus 
management) (see King 1978). Related discussion of the philosophies of total 
protection versus management of Peregrine Falcons is offered by Cade (1971, 1974b). 

Ratcliffe's second classification of the approaches to raptor management is 
similar to the concept of habitat management set forth in the present paper. 
Habitat destruction is one of the "ultimate" causes of raptor declines, as opposed 
to "proximate" causes, such as shooting and electrocutions (see Temple 1978a) • 
Ultimate causes of declines often affect factors that already may be limiting to 
raptor populations, primarily food supply and nest site availability. Snyder ~d 
Snyder (1975) and Newton (1976, 1978) discuss the importance of knowing the limiting 
factors prior to conducting raptor managanent programs. Others have discussed in 
more general terms the information needed to manage raptor fX>pulations (e.g., 
Fuller et al. 1974, Olendorff and Stoddart 1974, Ratcliffe 1977). 

Ratcliffe's third category of management is controlling the birds themselves 
(i.e. species management as presented in this paper). It is imr:ortant to answer the 

503 



question, "W1at species do we want to manage for?" It is too easy to make fundamen
tal errors, because what is good for one species may be devastating to another. We 
could easily promote the abundance of a certain raptor and thereby depress the 
faunal diversity of an area (see Snyder and Snyder 1975) • 'Ihus we must make plans 
and set goals (Ratcliffe 1977), not unlike those in many of the recovery plans for 
endangered species (Marshall 1978) or in California's statewide plan for raptor 
conservation (Mallette and Schlorff 1978), an approach that other States and coun
tries should anulate. 

It is only through complete, integrated approaches as discussed by Plunkett 
(1978) that we will achieve the best results. This has been said in many ways 
before. Olendorff and Stoddart (1974) call for a multi-faceted, penetrating 
research effort to synthesize quantitative data concerning raptor population dynam
ics, ecological impacts, management, and conservation. Galushin (1977) put ·it 
this way: "if man's influence on birds of prey is rnulti-factoral, a [.x>licy to 
protect them from extinction should also be multi-directional." 

Examples of integrated management for birds of prey are becoming more comr.1on
place as raptor conservation becomes more popular. 'Ihe endangered species of the 
world are the greatest benefactors of such management (Plunkett 1978). Currently 
in the United States there are recovery teams for the California Condor, Bald Eagle 
(5 regional teams), Peregrine Falcon (4 regional teams), and Everglade Kite. 
Recovery plans are approved for the California Condor and two Peregrine Falcon 
populations (Eastern and Rocky Mountain (Southwest)). Draft plans from most other 
recovery teams for endangered raptors are in various stages of review. 

Less formal but still excellent examples of integrated raptor managanent 
programs can be found as follows: for the Osprey--Gale and Forkis 1974, Garber et 
al. 1974, Henny 1977, Kahl 1971, Roberts 1969; for the Bald Eagle--Beebe 1976, 
Robards and Taylor No Date; for the White-tailed Sea Eagle--Helander 1975, 1977; 
for the Mauritius Kestrel--Temple 1977; for the Peregrine F'alcon--Armbruster 1978, 
Burnham 1979, Cade and Temple 1977, .F'yfe and Armbruster 1977, Lindberg 1975, 1977, 
Monneret 1978, Walton 1979a, 1979b; for the Eagle Owl--Broo 1977, 1978, Wayre 1970, 
1975; and for various species--chaney 1979, Mallette and Schlorff 1978, Olendorff 
and Rochert 1977, Olendorff and Zeedyk 1978, U.S. Bureau of Land Management 1979. 
Nearly all other projects involve narrower, single-method approaches to raptor 
conservation which collectively contribute significantly to the more integrated 
manag em en t programs. 

It is readily apparent from the raptor management literature of the 1970s that 
the next decade will be another of.tranendous progress. 1bree lines of thought 
outlined by Voous (1977) at the 1975 World Conference on Birds of Prey are still 
appropriate for action in the 1980s. First, birds of prey are naturally-provided 
and cheap biometers--indeed computers! --of the collective impacts, both :p.Jsi tive and 
negative, of ecologically disruptive activities. 'Ihis concept was fJresented very 
succinctly by Curry-Lindahl (1977). He stated that " ••• raptorial birds as the last 
links of food chains become important as indicators of well-balanced ecosystems, of 
landscape health and of environmental quality." Unfortunately, we have not quanti
tatively illustrated through basic research the practical applications (other than 
pesticide monitoring) of the concept of using birds of prey as indicators of the 
long-tenns collective impacts of the many other major degrading environmental 
factors. This concept has both species and habitat management aspects that should 
be researched during the 1980s. 
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This will require the establishment of baseline population data, even where 
raptors are abundant. Voous (1977) suggests, as his second i tern for eventual 
action, that we should not just preserve the tabitats of rare, threatened, or 
endangered raptors. An ecosystem approach is recommended, including the protection 
of at least one nature reserve in each ecosystem where raptors still occur in large 
numbers and diversity. A common thread in the raptor conservation literature is 
that habitat protection may be the best way to save raptors in perpetuity, a concept 
that must be woven into the very fabric of raptor management during the 1980s. 
There are many exemplary habitats which, like the Snake River Birds of Prey Natural 
Area, need protection and management. 

Finally, there are smaller areas where birds of prey should be kept in and man 
should be kept out (Voous 1977). Such places may not harbor all of the components 
of a representative ecosystem, but they have unusually high raptor populat~ons. 
Management areas, sanctuaries, and buffer zones strengthened by land acquisitions, 
arnninistrative closures, and other available techniques should become the hallmark 
of integrated raptor conservation programs during the 1980s. Perhaps in this way we 
can minimize the use of captive breeding, artificial structures, artificial feeding, 
behavior modificiation, hacking, cross-fostering, egg manipulations, and surveil
lance to keep raptor :p:>pulations at levels necessary to prevent their further endan
germent and subsequent extinction. Nonetheless, we must stand ready with a complete 
repertoire of fully researched management techniques with which to tinker and save 
species. 
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ABSTRACT 

The indicator species concept needs considerable attention both by 

research and management, as implied in the National Forest 

Management Act of 1976. A national policy dealing with nongame 

birds is sorely needed; economic values, as they pertain to nongame 

birds, must be addressed in the 1980's. Intensified interagency 

cooperative relations is required for synchronization of data storage 

and retrieval efforts to help reduce the amount of duplication in 

these efforts. We also need stepped-up information and education 

efforts to highlight success stories and a definition of what the 

essential habitat components actually are-- either by life form 

groups and/or by species of birds. A hardback-bound book containing 

the findings expressed in the first symposium and the four national 

nongame bird workshops would be very useful to managers. 

KEYWORDS: research needs, economic values, indicator species, 
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Good morning, ladies and gentlemen. I am pleased to be here to share the next 
few minutes with you covering some aspects of management and research needs for 
nongame wildlife habitat. 

Before delving into the subject at hand, I would like to take this opportunity 
to compliment the other speakers on the program. They certainly represent a very 
distinguished group of experts in the Western United States dealing with nongame 
birds. My compliments also to Dick DeGraaf for his efforts in organizing the 
previous workshops in his capacity as Chairman of the Nongame Steering Committee. 

In preparation for this discussion, many individuals were contacted, repre
senting both management and research, to capture their thoughts on what the needs 
are for nongame birds. Interestingly enough, the one common denominator they all 
expressed was dollars. There is no doubt that additional funds are an essential 
part of any continuing program. I think the subject of funds would form the basis 
of an interesting panel in itself. Be that as it may, the attendance at this 
meeting is indicative of the fact that priorities are changing and that when you 
have to operate within existing budgets, there are ways and means in which jobs 
can be accomplished. 

And while we are on the subject of economics, one area of need concerns the 
economic values of nongame animals. Many projects and plans utilize various 
approaches to economics, whether it is benefit/cost ratios, cost effectiveness, 
or other methods. One of the problems that biologists and managers are often 
confronted with is expressing wildlife values. Whether we like it or not, in 
this day and age, it is necessary to address the economics of various proposals. 

Probably the other most consistent item mentioned dealt with the requirements 
contained in the National Forest Management Act of 1976. In some respects, the 
requirements are almost terrifying when one looks at the final Regulations 
published in the Federal Register of September 1979. For the first time, Forest 
land managers must look at the relationship of animals to their vegetative 
communities and indicate changes that will take place over time. Herein lies the 
biggest management need and, hence, a major research topic and this deals with 
the indicator species concept. A part and parcel of this is the diversity 
questions that must be dealt with. 

The efforts that Jack Thomas and his co-workers made into the development of 
the managed forests in the Blue Mountains is one of the highlights of the 70's. 
It has certainly illustrated the knowledge to date of the relationships of many 
animals and furthered the concept of life forms. Much of the philosophies and 
postulated relationships need additional research for many habitats throughout 
the Western United States. Management is now asking for, and it behooves research 
to provide, the answers to questions being raised about - What if this type of 
vegetation is treated and what can be the expected animal response 20, 40, 100, 
and even 200 years from the present? 

One question that needs to be answered is how we can actually improve habitat 
for various species. Interestingly enough, we recently contacted some people to 
request information on designing an ideal habitat mosaic or complex for certain 
species. We were informed that this information is not really known. Rather, 
what is known is that they occur in certain types. But how much, where, and in 
what arrangement is largely unknown. One exception that comes to mind is Ohmart 
and Anderson's work, largely in Arizona, in creating both vertical and horizontal 
mosaics. Efforts of the type of work they have done on the Colorado River is 
needed for the ponderosa pine type. 
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Dave Winn's work here in the Intermountain Region is certainly noteworthy. 
Projects underway on the North Slope Uinta Mountains, Sawtooth National Forest, 
Curlew National Grassland, and on the Bridger-Teton National Forest in Wyoming 
will help in our understanding complexities of the relationships between "critters" 
and their habitats. The results will be available in the near future. The program 
will be contained in WILD RAM (Wildlife Resources Analysis Model). 

An additional component of this question concerns the m1n1mum size of habitat 
essential to support a viable population of a species. This is necessary if we are 
to adequately address the indicator species concept. We suspect that true indicator 
species need additional study for various habitats in the country. Monitoring, as 
required by the National Forest Management Act, is needed. What type of monitoring, 
how and what frequency is needed? Is monitoring of vegetation in itself adequate? 
If not, what other avenues are there? 

Another management need deals with the impacts associated with increased energy 
utilization. I am referring here to the dramatic, almost staggering increases in 
fuelwood utilization throughout the West as a supplement to heating fuels. What 
impact will this have on the cavity nesting birds and other species that utilize 
snags as an important component of their habitat? 

I recently saw the figures relating to an estimate that 3.3 million cords of 
firewood were removed from the National Forests in fiscal year 1979. This is 
through free-use permits only and does not include commercial firewood utilization. 
This is roughly equal to seven million barrels of oil, or about a 12-hour supply of 
oil for the entire nation. Nearly one-half million free permits were issued and 
the Forest Service has noticed a dramatic increase the past several years in fire
wood consumption. 

Quite naturally, the most accessible areas are the ones utilized the most. 
Certainly, we cannot advocate that all of the snag-dependent species must be 
relegated to inaccessible areas only. We may be forced to adopt some of the 
European practices on a major scale such as installation of nesting boxes. While 
this is not the most appealing to certain people, it may be the only recourse in 
those areas adjacent to urban areas heavily utilizing firewood. What the overall 
effects of moving toward more artificial nesting structures are is certainly 
deserving of research when one begins to wonder about the ramifications in terms 
of dependent species, i.e., kestrels, bats, etc. 

One of the charges for managers is to integrate intensive snag management 
on at least the same scale as timber management. You have already heard that 
more intensive timber management is going to happen. It then behooves us to get 
on with the job of actually managing for snags. And, as much as I enjoy a fire
place, can we afford the true costs of this energy source? We are reminded of 
the statement that there is no free lunch! 

Related to this is the fact that substantial efforts must be made on a 
national basis to inform the general public about the value of nongame birds 
as a part of the total ecosystem. I would suggest that more public information 
documents such as the publication, "Birds of the Upper Wind River Valley," are 
needed. The value of this type of a document is twofold: (1) It exemplifies 
cooperative efforts between the Audubon Society, university system, and National 
Forest managers; (2) It relates bird species to certain habitats and identifies 
locales within the area of where birders can go to see species at what time of year. 
We are looking forward to developing more of these. Major interpretive efforts 
on a national scale could be developed. 
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Other important components that need to be addressed are the use of a central 
computer storage file or data bank that contains up-to-date information on various 
studies and surveys completed. Many agencies currently have programs underway, but 
a better effort needs to be made nationally or regionally for coordination so that 
information is available to managers. 

A national policy for federal agencies for nongame birds is sorely needed. 
How does this nation feel about nongame birds and, more specifically, what are the 
broad, long-range goals? I understand that an overall wildlife policy will be 
proposed by both the Agriculture and Interior Departments in March at the North 
American Wildlife Conference. While this is certainly applaudable, the Congress of 
the United States should enact legislation designed to enhance the recognition of 
nongame species. National nongame legislation has not been passed. However, I 
do believe it is forthcoming. Yet, all in all, the many agencies need to reach 
agreement on a basic policy dealing with nongame animala. 

More positive information and education efforts need to be placed on habitat 
improvement programs designed for nongame birds. 

Interestingly enough, some progress is being made at the state level to improve 
nongame programs. The Colorado program is definitely a model in this respect, 
much like Senate Bill No. 15 just passed in this session of the Utah Legislature. 
Th;lsBill provides for an income tax checkoff and donation for a nongame program 
whichshould help provide additional impetus to the nongame program here in Utah. 

Most of us are familiar with the Kirtland warbler-jack pine burning program. 
This is a good, positive nongame habitat management effort and, as additional ones 
are developed, we need to get the information out to the public. If we can develop 
an appreciation and understanding of the contribution these small critters play 
in the ecosystem and, at the same time, what we are doing about it, much support 
will follow. Management indicator species need to be identified and their popu
lation needs determined. 

Lastly, a publication that would summarize the first symposium and subsequent 
four workshops is one of the biggest current needs. Some people have heard of one 
of the workshops or perhaps another one, but unless you were associated with the 
other workshops, you are probably not aware of them. For this session, we in the 
Intermountain Region prepared a resume' of the previous sessions. I would suggest 
that a hard-bound book compiling the information contained in the previous pro
ceedings would be a tremendous asset, not only for the profession, but would be 
a welcome addition to the wildlife management curriculum at the college and 
university level. This, then, could form the basis for a course dealing with 
nongame birds. 

Much of the discussion so far has centered on nongame birds, and I am 
reminded of a recent publication dealing with voles and their role in the management 
of coniferous forests. You probably have seen this or other ones talking about 
the functions that small mammals contribute to the functioning of an ecosystem. 

I think this just touches the tip of the iceberg and would suggest that a 
followup conference to this workshop be held that would deal with small mammal 
habitat relationships. 

As you can detect from the previous discussion, much work remains to be done 
in both management and research. 
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In closing, I am reminded of these words of Aldo Leopold: 

"Conservation is a state of harmony between men and land. By land is meant 
all of the things on, over, or in the earth. Harmony with land is like 
harmony with a friend: You cannot cherish his right hand and chop off his 
left. That is to say, you cannot love game and hate predators: You 
cannot conserve the waters and waste the ranges: You cannot build the 
Forest and mine the farm. The land is one organism. Its parts. like our 
own parts. compete with each other and co-operate with each other. The 
competitions are as much a part of the inner workings as the co-operations. 
You can regulate them--cautiously--but not abolish them." 
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Washington, D.C. 

Fellow Resource Managers: 

I am pleased to be here at this last of the regional workshops designed 
as a follow-through on the 1975 Tucson symposium on the management of forest 
and range habitats for nongame birds. 

My purpose today is to examine, through an overview, the trail of these 
workshops, and focus on significant items laid along the way to satisfy the 
objective of this series of four regional workshops. That objective was to 
ensure that nongame bird habitat requirements are considered in forest and 
range management, and that a diversity of natural biological communities are 
maintained. 

Those generating facts on species, populations and habitat requirements 
of birds have learned that the information must be woven into the resource or 
land management plan of resource managers to yield positive on-the-ground 
results. 

That several laws--including the Multiple Use, Sustained Yield Act of 
1960--have called for effective planning to assure multiple benefits from 
forest lands and rangelands is obvious. Only relatively recently have the 
responses of resource managers, biologists and other scientists broadened to 
ensure sustained yields of all forms of wildlife while planning and carrying 
out economic and recreational activities. This is because perspectives on 
planning for uses of forest lands and rangelands have been evolving slowly. 
The time frame, objectives and achievements are revealing, and help us under
stand the current transitional stage of management. 

Prior to 1910. Emphasis was on selection of high-altitude 
vantage points for fire detection and prevention 
purposes. 

1910-1940+. Functional resource "development plans" were 
framed, with.emphasis on timber and domestic 
livestock. Coordination among individual 
functional plans left much to be desired at the 
field level. 
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After 1960. 

After 1970. 

The Multiple Use, Sustained Yield Act of 1960 
called for shifting from a single, functional, 
planning mold to a multifunctional frame that 
included water, timber, recreation, wildlife 
and forage resources. Conservation and management 
of the named resources was called for. Planning 
generally was done by one man with the information 
readily available. Plans largely were prepared 
from a forester's viewpoint, as only a few other 
resource professionals were employed then. 

The 1969 National Environmental Policy Act, the 
1974 Forest and Rangeland Renewable Resources 
Planning Act, the 1976 National Forest Management 
Act and the recent implementing regulations covering 
forest lands and rangelands all call for inter
disciplinary analyses of all "federal actions." 
The overall thrust is to identify in advance how 
the lands and waters in the National Forest System 
will be allocated and managed for a variety of uses. 
Natural values are to be given equal consideration 
with economic values in plans and actions. 

In 1973, the U.S. changed from a one-objective 
system of national economic development (NED) to a two
objective system by adding the environmental quality 
(EQ) objective. This action was prompted by rec
ognition that there are values important to society 
beyond dollar expression. Those values were given 
equal status with economic values. This was not 
completely new. For example, the U.S. Department of 
Agriculture never has calculated costs and benefits 
on soil and water management practices recommended 
in farm and ranch management plans. The two-objective 
system recognized this procedure and also was designed 
to help avoid the adverse impacts of strictly economic 
developments and costs to taxpayers of needed corrective 
and restoration actions. Such costs were highlighted 
when some Great Lakes fishes were removed from the 
markets due to chemical contaminants, when residents 
were forced to leave their homes along New York's Love 
Canal--an area where buried chemical wastes resurfaced-
and in other cases as well. In all situations, economic 
benefit-cost analyses were misleading and incomplete; 
they ignored externalities and public views. 

Now, within the framework of the EQ objective, both 
the biotic community and the ecosystem are to be accounted 
for in planning and carrying out proposed actions. In 
forests and rangelands, this means the status of birds 
and other living resources are to be used as barometers 
to reflect the integrity and health of those natural 
functional systems. This new demand provides biologists, 
foresters, and other resource managers with unique oppor
tunities to broaden the scope of forest and range manage
ment, improve land management plans, and help assure 
multiple benefits on a sustained, yield basis. 
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1974. 

1975. 

1979. 

1980. 

The first final environmental impact statements for unit plans 
on forest and rangelands were filed with the Council on 
Environmental Quality. Examination of those reports shows 
a general lack of information on adequate predictions of 
consequences of different land-use alternatives for living 
resources, such as fish and wildlife. None of these early 
plans offered concrete allocation of habitats or management 
direction specifically to meet the needs of nongame b{rds 
and other living resources. 

In May at the Tucson, Arizona symposium, a strong call was 
registered to recognize fully nongame bird habitat needs, 
as well as needs for other living resources, in land planning 
and management decisions. A bridge had to pe built to 
connect the accumulating knowledge on birds and their 
life requirements to land-use planning and management 
procedures and actions. This bridge still is being worked on 
today. Important elements gradually being defined are 
quantified objectives and an accountability system for wildlife 
habitat in terms used easily by practical resource managers 
at the field level. 

The helpful landmark publication entitled Wildlife Habitats 
in Managed Forests was recently released. It provides the 
framework for information and procedures to help ensure input 
of wildlife needs into land-use planning and management 
decisions. Although the biological information is specific 
to the Blue Mountains of Washington and Oregon, the concepts, 
principles and procedures have universal application. That 
report is a substantial contribution resulting from research, 
management experiences and planning efforts during the 
"planning decade of the 1970s." 

The 1980s have been labeled the "action decade." This 
declaration is most appropriate for the topic being considered 
here. The identified c~ncepts, principles and procedures for 
nongame birds and other living resources must be incorporated 
in every compartment and unit management plan for all forests 
and rangelands. During the opening session, Max Peterson 
stated that such action would be the central focus during his 
term as Chief Forester. Since his term is undefined, a target 
year of 1985--when all land management plans are to be completed 
on the National Forest System--is the time frame for registering 
accomplishments. But remember, the acid test will be the 
effectiveness of management applied on the ground. 

This concentrated effort will require a high degree of co
ordinated teamwork among professionals and citizens--a process 
that we have seen previously only infrequently. Foresters, wild
lifers and fishery specialists are urged to pool their knowledge 
and judgments to advance improved management of forests and range
lands for multiple outputs and benefits. 

The concepts, principles and procedures for incorporating 
living resource needs into land-use plans, decisions and actions 
have been defined. Case histories on individual forests and range
lands reported at this and previous workshops provide clear 
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testimony of practical, workable approaches. Plans for 
individual national forests illustrate clearly the two general 
concepts in planning and managing wildlife habitats. They are: 

1. Species richness; and 
2. Featured species habitat maintenance and management. 

Species richness allocations have been designated "Resource 
Production-Basic." Areas assigned to this category emphasize 
wood fiber and domestic livestock, with wildlife habitat at 
a prescribed level, such as sufficient habitat to maintain 
SO percent of optimum wildlife population levels. By focusing 
on habitats required for feeding and reproduction, the land 
manager can reduce his considerations for hundreds of species 
to a relatively small number of life forms. For example, 379 
species of land vertebrates were combined to 16 life forms 
in Oregon. 

This is a critical simplifying approach that avoids over
loading a resource manager with excessive demands in planning, 
decision making and implementing actions. Indicator species-
those most sensitive to habitat manipulations--can serve as 
barometers for other species with similar but less-restrictive 
habitat needs. By using this life form-habitat requirement 
concept, a manager can make a decision with respect to wildlife, 
with the wildlife-commodity relationships identified clearly. 
The overall objective should be to maintain the maximum number 
of species at densities most closely reflecting established 
baseline community conditions. 

In proceeding on this basis, each participant in the interdisciplinary 
planning team will face some difficult questions. 

1. What was the "pristine" vegetative community? When? What was or is 
the "natural" condition? When? 

Answers to these questions hinge on identifying the vegetative 
community and the disturbances subsequent to that specific time of reference. 
Several speakers emphasized difficulties in defining and reestablishing 
pristine or natural conditions of forests and rangelands. The problem 
is that such written records--usually fragmentary--span less than two 
centuries and photography less than 150 years. In-depth evaluations of 
landscape areas and plant communities are needed to piece together a 
firmer understanding of historic conditions. 

2. A related second specific question is, how much old growth is needed? 
Where? 

Here we may need to consider ecoregions or states as fundamental 
landscape units within which to identify all existing old-growth stands 
of each different plant community. How many of each are there now? 
Where do they exist? How many will not be subject to timber harvest and 
other conversions, such as those in national parks, wilderness areas, 
natural areas, monuments, wildlife refuges and other similarly designated 
areas? These communities should serve as some of the reference study 
areas where research is conducted to help define more precisely what is 
"pristine" and "natural," and to provide information needed to improve 
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the quality of data used in the planning-decision making-management 
matrix employed to manage forests and rangelands. 

Management plans for forests and rangelands should show how points 
of concern for birds are accommodated. For example, in the Douglas fir 
forest type, there are four concerns for birds in stands managed 
for timber: 

1. Shortening of the grass-forb and shrub stages; 
2. Effects of an even-aged Douglas fir monoculture; 
3. Drastic reduction or elimination of snags; and 
4. Drastic reduction or elimination of old-growth (120+ years) 

forest. 

Managers should address these and other similar concerns in 
management plans and environmental impact as.sessments and 
statements. They should clearly spell out why each concern is 
unwarranted. That preventative approach would be helpful in 
gaining citizen support for proposed management plans and in 
avoiding court reviews. 

Quantity and quality of the contents of management plans rest on the 
basic data generated for each forest and range type or biotic community. That 
more or better data are needed for some communities was emphasized by a number 
of speakers. 

Two items need constant attentio~ to make the matrix system for land 
management planning, decision making and implementation function effectively. 

1. The vegetative community classification and inventory systems must 
identify successional stages. Any system that fails to do this will 
severely limit capabilities to predict consequences of alternative management 
prescriptions. Current and future successional stages must be understood 
thoroughly. 

2. Feeding and reproduction needs of individual species and groups of species 
must be identified. Using the best available information now should be 
acceptable in completing forest and range management plans. This approach 
is used elsewhere, such as in water pollution prevention and control 
programs. 

The management plans developed using a matrix system must be monitored by 
law. Both quality control and research are needed to improve this relatively 
new system. Quality control is required to check on procedures and results. 
Research results are needed to evaluate predicted responses called for in 
management plans. Segregating cause-and-effect relationships in this feedback 
of information will aid in improving the effectiveness of the total planning
action matrix system. Research also should supply any added basic information 
needed on plant communities, wildlife species or groups, and their inter
relationships. Inputs on these items will strengthen the overall system. But 
keep in mind, the system functions continuously on the best information available. 

Evaluating the vegetative stands within a community implies that the 
forester, range specialist, biologist or other resource manager reads the 
landscape and prescribes silvicultural or other management measures that will 
yield multiple benefits on a sustained basis. This means that the manager 
must have a firm understanding of each biotic community within the geographic 
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area(s) of his or her responsibility. This demand will stretch the expertise 
of many resource managers, especially when they rotate stations on a short
term basis. The vehicle providing continuity in management efforts for a 
given compartment, unit, forest or range, as individual managers rotate stations, 
is the resource or land management plan. Its importance cannot be overstated. 

That management prescriptions must 
was emphasized by a number of speakers. 
importance of this refined approach for 
benefit management. 

be tailored to specific communities 
One example illustrates the cardinal 

intensive, integrated, multiple-

Fire, both wild and prescribed, should be encouraged in lodgepole pine 
stands. On the other hand, fire protection seems essential to help assure old
age, long-cycling (500-1000 years) stands of spruce-fir. Fire by prescription 
for specified vegetative communities and stands is required in 1980, not a 
broad prohibition on use of fire for management purposes. 

Throughout these workshops, we have learned about several different 
approaches being developed or used to meet legal demands for integrated multiple
benefiting resource management. Except for wetlands, there is no uniform 
national classification system and inventory procedure based on vegetative 
communities, that provides information in sufficient detail to link silviculture, 
range, wildlife and fisheries in a matrix system. This statement does not 
slight the continuous survey of timber resources initiated in the late 1920s 
and repeated at decade intervals. It has focused almost solely on timber and 
wood products. 

The need for establishing a national landscape classification system and 
inventory procedure is emphasized by the signing of an interagency agreement 
by five federal agencies to work toward developing such a system. Last year, 
some states joined in that exploration. I invite you, with your practical 
experiences, to help develop that system and procedure. Bailey's ecoregions 
provide the frame. But within each ecoregion, we must be able to step down to 
local sites. A common data base is needed for many purposes. You can help 
fill that void. Having such a national classification system and inventory 
procedure in place would help strengthen capabilities to make improved resource 
management decisions. Whether those common procedures will be developed and in 
place to help meet the 1985 deadline is questionable. But that does not 
soften the pressing need for the national approaches. They hold promise for 
avoiding costly duplicative efforts. 

We who have been privileged to be trained to develop knowledge through 
observation, research and management experience have heavy responsibilities to 
improve the management of resources, such as forests and rangelands. The 
public trust doctrine of law, as well as more-recent, specific, legal author
ities, mandate that living resources be perpetuated for use and enjoyment by 
citizens. There is no choice, it must be done. 

The question of how to proceed to incorporate more effectively the needs 
of living resources in resource and land management plans, decisions and 
actions is answered now. Proceedings from the 1975 Tucson symposium and its 
subsequent, closely associated four implementing workshops provide much of the 
critical information. The pressing task is to have the information applied to 
forest and rangeland management units throughout this country and others. 
Birds do not recognize political boundaries. They may breed in Canada and the 
United States, and winter in other countries. 
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Our challenge is to have the habitat management approaches for (1) wild
life species richness and (2) featured species applied broadly to assure 
sustained wildlife populations. Species richness measures should be pre
ventative. Featured species measures also can be preventative for those 
animals having unique habitat requirements, and can help rescue threatened and 
endangered species and eventually remove them from legal critical lists. 

The common ground for resource professionals and citizens is an effective 
program for management of living resources in forests and rangelands on the 
basis of different types of forest and range communities. That common base of 
understanding holds promise for launching combined efforts to seek funds and 
personnel to register accomplishments. Biological expertise must be available 
in adequate·volume to ensure required inputs to interdisciplinary forest 
management teams and to forest and rangeland decision makers. 

Finally, on behalf of the Steering Committee, let me express deep appre
ciation to the U.S. Forest Service, especially Dick DeGraaf and his associates, 
for accepting the recommendation to hold these regional workshops. Numbers of 
attendees at each workshop and subsequent requests for copies of the pro
ceedings show clearly the interest in forest, range and wildlife management. 

One further challenge and opportunity can be identified now, especially 
since the supplies of some regional proceedings are exhausted. One or more 
individuals should evaluate the merits of preparing and issuing a single 
volume on the concept, principles and procedures for carrying out an inte
grated forest-range-wildlife-fisheries planning and management system. It 
should be oriented to types of vegetative communities at the field level. 
Such a single volume assembled through the eyes of the field resource manager, 
and worded in his terms, would be most helpful. 

~ U. S. GOVERNMENT PRINTING OFFICE 1980 - 679-810/46 Reg. 8 
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