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ABSTRACT
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FOREWORD

In 1982 the Wortheastern Forest Experiment
Station and the Wortheastern Area State and Private
Forestry set aside a portion of their Civil Rights
budget to fund a number of special projects. Tt had
been a high priority geal of the Forest Service to
promotes enhance, and endorse Civil Rights
activities, and the Special Project Fund was an
ianovative addition to the existipg Civil Rights
Affirmative Action Planm.

On September 24, 1982, the staff of the
Burlington Laboratory of the Northeastern Yorest
Experiment Station responded to the call for special
project proposals and submitted, in cooperationm with
the faculty of the School of Natural Resources of
the University of Vermont. a request to support a
seminar fovr women natural-resource professionsls.
Although there are wore wowen in forestry than ever
before. the numbers of women who are primcipal
reseavrchers, forestry professors, and forest
managers are still small compared to the numbers of
men in these jobs. Furthermore, because they have
entered fogestry in significant numbers only
recently. women forest researchers have not been
highly vwisible. Therefore, a proposal was drafted
te organize 2 sywposium which weuld rerve as a forum
for women foresters to share their work and set up
professional communications among women in the
varicus forestry agencies. It was further intended
te provide an cutlet for recent research findings.

Admittedly, the ratio of women to men in
forestry is small, but when we began ocur search for
qualified women researchers, we fownd many
candidates in federal, state and private
employment. It was diffieult to choose among the
very capable and highly recommended professionals.

The final agenda covered a2 full day and a half.
with a mix of formal presentations, panel
discussions, and sudience gquestions. It is our
intention, in publishing these proceedings. to meke
available to the public the research work of a few
of the women natural-rTesource scigntists in the
United States. Perhaps this publication will also
serve to attract others o any future symposia of
this kind and encourage the interest of students in
environmental curricula.

The program committee thanks the many people who
contributed their time snd efforts to the success of
the symposium. Particular thanks go to Moe Douglas
at the University of Vermont School of Natural
Resources and Elizabeth Crosbys, U.8. Forest Service,
Burlington. for cditorial and secretarial work and
te the personnel from the V.8, Porest Service office
in Washingtons D.C., for their support of our
endeavors. Finally, we wish to thenk all the
speakers. panel sembers. and guests who made it all
happene.

DERVER P. BURNS
Director
Northeastern Forest
Experiment Statiocn

MARGARET M. HARRIA
Resesrch 501l Scilentist
Horthenstern Forest
Experiment Station
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PREDICTING RESPONSE COF
FOREST DEFOLIATORS TO INSECTICIDES?

Molly W. Stock® and Jacgueline L. Robertson®

Abstract.~-This report describes an approach we are unsing to
understand differences in response of forest insects to control
efforts with dpsecticides. Why, for example, does spraying kill
some insects but not others? Why does a certain chemical work
sometimes but not other times? To help apmswer these questions, we
are integrating results of basic research on insect biology,
toxicology, ecology, and genetics. A computer model has been
developed that incorporastes information on extrinsic variables
{chemical, dose, rainfall) and features of the insects themselves
(species, developmental stage, genetic level of susceptibility).
Using this model, cumulative effects of key wvariables can he
simulated and predictions of population respounse made. We have
found, for example, that for the Douglas~fir tussock moth, timing
of spray application is crucial when acephate is used. For car-
baryl, it is particularly important to know the genetic makeup of
the population to be sprayed. For the western spruce budworm,
timing of spray is not as critical as dose. This model is per-
mitting more accurate forecasts of insecticide efficacy and will
enable forest managers to use chemical control more judiciocusly.

INTRODUCTION

Biological systems are enormcusly complex.
To deal with them effectively, as scientists
and as humap beings, we must first simplify
them, trying to understand one small part at a
time, then putting these pieces of knowledge
together, bit by bit, to build a solid edifice
of understanding. At the same time, we must
continually seek ways to view our ideas and our
perceived understanding in pew ways, from
different perspectives. We wmust continually
rearrange our knowledge, as we add to it, su
that it more closely approximates reality.
Ultimately, what we seek is to be able to
predict, to take our understanding of a limited

iPaper presented at the symposium, Research
in Forest Productivity, Use, and Pest Control,
Burlington, Vermont, 16-17 September 1983.

ZAssociate Professor, Department of Forest
Resources, University of Idahe, Moscow, Idaho
B3843.

$Supervisory Research Entomologist, USDA
Forest Service, Pacific Southwest Forest and
Range Experiment Station, Box 245, Berkeley,
California 94701.

area of ithe universe and to extrapolate accu-
rately to other areas of the universe.

The history of forest entomology and
approaches used to study forest insects today
reflect all of these aims, Forest entomolo~
gists began, about 100 vears ago, by describ-
ing and categorizing the insects they discov-
ered. Little consideration was given to Lheir
relationships to the forest and teo each other.
However, as the necessity for more intensive
management of forests resulted in the practical
science of forestry, so has forest entomology
become more practical in orientation. Other
factors have alse influenced the development
of modern approaches in forest entomology and
have opened up new areas of study. Important
discoveries, such as that of chemical communi-
cation, and technical advances, such as
computer-aided data processing, have revelu-
tionized the ways that we study insects and
the perspectives with which we view them.
Perhaps most significant has been the evolu-
tion of integrated approaches to problew-
solving. Interdisciplinary research efforts
are now more the rule than the exception; we
work less and less productively in isolation
from each other. There is also a much greater
awareness of interactions among the various
facets of the ecosystem.
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We are asking, How can we kill more of Lhem?,
when we should he asking more relevant gues
tions, such as, Whal aduptations allow them to
evade extinction? And we have paid for our
resulting ignorasce every tiwme & conventional
pest control program has failed.

Because iL is being recognized that our
view of ipsect centrel is rather one-sided,
there has been an increasing abttention to the
attributes that promote species survival, on
population variation--the "other half” of the

life system. Tn our research., we get out to
understand relationships between genetic and

toxicological variaticn among forest insect
populations. Our work focused on two of the
quentions posed above: Why do insecticides
kill some insccts and not others, and why are
chemicals effective sometimes but not other
times? Our aim has been to develop a realistic
scheme for accurately predicting results of
insecticide application in field situations.

From the toxicological perspective, labo-
ratory experiments--because they are less
expensive and inherently more coutrolled than
fictd trials--have traditiomally been used to
gstimate results of field application of
ingsecticides. FXarly laboratory studies empha-
sized testing of chemicals by directly zpplying
them to fully exposed insects, then exirapolat-
ing results to suggest field application
rates.  This procedure is inherently inaccurate
because measurement umits in topical applica-
tion bear little, if any, relationship to
those actually reaching insects in the field.
Fartors such as shielding of insects by foli-
age, difution of chemicals by rainfall, differ-

ential rvesponse within and among populations,
and ingestion of the chemical by feeding on
sprayed foliage must also be considered. Over
time, laboratoery biosssays have become increas-
ingly sophisticated, incorporating evaluation
of the effects of all these variables. At the
RBerkeley USDA Forest Seyvice laboratory, a
comprehensive data base on the toxicological
response of two important forest defoliatorg--.
the Douglas~fir tussock moth {Orgyia
pscudotsugatas McDunnough) and the western

te budworm {Choristoneura occidentalis
Freeman) has been systematically accumulated
over the past 15 vears.

It is now clear, from these and related
studies, that gemetic variation in population
response should be considered when chemical
costrol is used. In these two gpecies, we
found not only differences in tolerance {(a
general term used to describe the natural
variation in response occurring among popula-
tioas of a species) but also apparent resist-



ance (8 tarm conveationally used to descride
the response of insect sirainsg actually modi-
fied by insecticide usage). Tests on Douglas~
fir tussock woth populations revealed a two-
fold difference in respopse Lo csybary)
{expressed as ratios of LD..8) when just four
populations wexe examined {(Stock and Robertson
1879). To determine whethwr these diffevences
had an underlying genetic basis, we tested
sibling groups {offsprinmg from siugle-pair
matings in the laboratory) and fouund significant

variastion amony groups {im one case, a 1i-fold
difference). Similar work with the western

spruce budworm revealed a three-fold difference
in tolerance to¢ acephate between a field popu-
lation from Idabo and a laboratory colony
{Stock and Robertson 1980). Response of budworm
sibling groups alse varied unearly three-fold.
Hore recent studies {see Robertson and Stock,
these proceedings) have showns that some western
spruce budworm populations are 18 times more
telerant of carbaryl than others.

Further research has been aimed at under-
standing the specific genelic and physiological
wmechanisms underlving differential population
response.  Once an insecticide enters an insect's
body, it is subject to degvadation by a variety
of enzymes. VWhether or not death occurs is
dirvectly related to the efficiency of key
enzymes in the detoxification process. The
role of esterases in the hydrolysis of organo-
phosphate toxicants, such as acephate, result-
ing ia formation of nontoxic products, is well
known. Yosect estevases are highly polymorphic
in some groups, as many as 20 alleles have been
ohserved at one ssterase locus. Variastion ia
these enzvmes has been linked to variation in
respouse to organophosphates in a number of
insect species (e.g., Beranek 1974, Pasteur and
Sinegre 1975, Sudderuddin 1973). Commonly
present among the esterases are silent {pall)
alleles which vode for inactive epzymes or no
proteins and which may also be associated with
differences in tolerance among groups. Differ~
ential response of at least two insect groups,
including the western spruce budworm, has heen
related to freguencies of pull all Plﬁ“ at an
esterase locus (Stock and Robertson 1982,
Tsakas and Krimbas 1970). Insect esterases
have thus provided a rich source of experi-
mental material for the study of insecticide
effects.

The technique we used to identify differ-
ences in estevases within and among populations
is electrophoresis, the separation of charged
molecules in an electric field. Proteins
produced by different gene forms at a chromo-
some locus commonly differ slightly in overall
charge. Thus, when they are put iuto an elec-
tric field, they will migrate in one direction
or other at a speed yelated, in part, to their
charge, and the different gene products will
separate gut {Fig. 2). In practice, homogenate
of individual insects is absocrbed onto small

paper wicks and ipserted into a
medium. Then sn electric curreut
foy & few hours and the ﬂrogezaﬁ move twr;~g&
the stzrch gel wedium. parate slices of the
gel are then stsined wi“h subqtrdtanxpe”eé1r
stains which color those avess of the gel
where the different products of a nartlcusar
gene type have localized. One can then see
bands on the gel, a direct visuslization of
genetic similavities and differences among
individuals in a population, and quantitative
information is obtained for compavison of
groups. Such data arve particularly useful for
evaluating overall population or species
relationships in taxonomic and evolutionary
studies, or for comparisons of sp gene
types, such as the esterases in Loxicoelogical

work.
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Figure 2~-Schematic diagram of the technique
g El
of gel electrophoresis.

Un the basis of combined genetic snd
toxicological work of this type, we were able
to categorize Dougles-fir tussock moth and
western spruce budworm populations as inher-
eptly susceptible {(l.e., most die), Loler aﬂﬁ
{many don't die), or resistant {few die) %
acephate and carbaryl. However, while ir ?ﬁf'
esthg and potentially useful, all this earlierx
work was a far cry from being able to say how
effective an actual spray program was going to
be; further integration of the toxicological
and genetic information wus needed.

In collabovation with Dr. Jo Ellen Force
at the University of Idaho, and Dr. Carroll
Williams at the USDA Forest Service, Berkeley,
we recently developert probability mode
integrate informatior op variables known
affect amsecticide efficacy in field appl

tions and to simulate their cumulative effects.
Model input includes insect species {(Douglas-fir
tussock woth or western spruce budwormi,

chemical {acephate or carbaryl), dese applied,
genetic response level (susceptible, tolerant,



or resistant),
distribution),

age of insects {larval instar
and foliage moisture condition
{(dry or wer from rain at various intervals just
prior to ur after spray).

4 few exasmples of model ocutput are shown
heve. Ffor a carbaryi-tolerant Douglas-fir
tussock moth population sprayed under dry
conditions, low doses {70-140 g/ha) are most
effective during the first & davs after the
caterpillars sre first seen, and then after
about 4 weeks (Fig. 3). Higher doses of car~
baryl are effective any time. For carbaryl-
susceptible Douglas-fir tussock moth popula-
tions, lower doses result in much higher mor~
rality (Fig. 4).
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Figure 3.--8imulated mortality of carbacyl-
tolerant Douglas-fir tussock moth treated
with 3 dose levels of carbaryl in relation
Lo duys after egg hatch.
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Figure 4.--8imulated mortality of carbaryl-
susceptible Douglas~fir tussock moth treated
with J dose levels of carbarvl in relation
to days after egg hatch.

For acephste~tulerant western spruce
budworm {the most common population type), low
doses are nearly as effective as high deses
during the 5th week after emergence {Fig, 5).
When western spruce budworm axe sprayed with
carbaryl under dry conditioms, wmortality showed
a consistent pattern regardless of dose (¥ig. 6).

Hortality fell steadily over development.
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Figure 5.--Simulated mortality of acephate-
tolerant western spruce budworm treated with
6 doses of acephate in relation to days after
emergence of second-stage larvae from hiber-
nacula.
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Figure 6.--Simulated mortality of carbaryl-
tolerant western spruce budworm treated with
3 different doses of carbaryl im relation to
days after emergence of second-stage larvae
from hibernscula.

When acephate applicatiom to wet foliage
was simulated, predicted mortality of insects
of either species was drastically reduced for
both tolerant and susceptible populations
(Figs. 7 and 8).
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Figure 7.~-5imulated mortality of acephate-
tolerant Douglas-fir tussock moth on wet
foliage to 3 different doses of acephate
in relaticu to days after egg hatch.
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Figure 8.-~Simulated mortality of acephate-
tolerant western spruce budworm on wet
foliage to 3 different doses of acephate
(in relation to days after emergence of
second~stage larvae from hibernacula).

Several generalizations can be drawn from
these simulations. For example, for the
Douglas-fir tusscck moth, timing of spray
application is crucial, especially when ace-
phate is used. When carbaryl is used on the
Douglas~fir tussock moth, it is particularly
important to kuow the genetic makeup of the
population to be sprayed. If the population is
carbaryl-tolerant, spraving neay the end of
population development will give highest morta-
lity. For the western spruce budworm, timing
of sprey is not as critical as dose. Aad if
the foliage is wet at the time of spray, or if
rain is expected soon after spray applicatios,
very low effectiveness will be obtained.

In terms of basic science, the model
provides ideas and hypotheses for future
research and testing. For example, we now
recognize the need to evaluate the effects of
host plant foliage on insecticide response.
We also realize that the existing information
used to predict and stimulate effects of
rainfall must be expanded and refined. The
model is also helping us provide afteg-the-
fact explanation of why successful or unsuc-
cessful results were cobtained by a chemical
control effort and, perhaps most important, is
permitting more accurate forecasts of insecti-
cide efficacy. Williams and Robertson (1983)
found that the model predicts results of

actual field applications with 73-95% accuracy.

We have just completed development of a gener-
alized, interactive ("user-friendly") model
expanded to simulate efficacy of any chemical
over time during seasonal development of a
western spruce budworm or Douglas-fir tussock
moth population. It is written in BASIC and
can be operated on a minicomputer. This
second-stage model will permit comparison of
the effectiveness of a diversity of chemicals
when decisions are being made in a control
program. Next, the program will be adapted
for use with other forest defoliators.

Information obtained with models such as
these will enable forest managers to use
chemical control more judiciously--choosing to
use it when it will be most effective, choos-
ing alternative methods when model output
suggests that chemical control will be inef-
fective. Ultimately, time and effort can be
saved, and envirommental contamination by
toxic chemicals reduced.
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DIFFERENTIAL POPULATION CHARACTERISTICS OF WESTERN SPRUCE BUDWORMI

Jacqueline L. Robertsons and Molly W. Stock?

Abstract.—~Western spruce budworm populations differ
significantly in thelr responges to carbaryl, an insecticide
currently registered for their control. Although we interpret
these differences in population response to be the result of

cross—resistance between DDT and carbaryl, the pessibility
exists that the wide range of tolerance levels repregents
only natural variation. In either case, the underlying
assumption of the insecticide registration process~—that
population responses are equal or vary only within relatively
narrow limits——does not appear to be valid for carbaryl. We
exanine the evolution of this realization from the general
assumptions that guided forest pest control practices begin-

ning with the use of DDT in 1947.

INTRODUCTION

Spruce budworms (Choristoneura species) are
among the most destructive defoliators in North
America. In the eastern United States and Can-—
ada, the spruce budworm, C. fumiferapa (Cle~
mens), feeds primarily on balsam fir. White
spruce, rved spruce, black spruce, larch, hem-—
lock and pines may also be defoliated (Baker
1972). The western spruce budworm, (. occiden—
talis Freeman, feeds primarily on Douglas-fir
and wvhite £ir throughout the Pacific Coast
States and British Columbia. Other hosts in-
cluded grand fir, subalpine fir, western laxch,
Englemann spruce, white spruce, and blue spruce
(Furniss and Carolin 1977).

Western spruce budworm larvae feed on buds
and new foliage. Sustained heavy feeding may
cause almost complete defoliation in 4-5 years.
Epidemics may result in decreased tree growth,
tree deformation, top-killing, and tree death
over extensive areas.

1Paper presented at the Research in Forest
Productivity, Use, and Pest Control Symposium,
Burlington, Vermont, September 16~17, 1983.

ZSupervisory Research Entomologist, USDA
Forest Service, Pacific Southwest Forest and
Range Experiment Station, P.0. Box 245,
Berkeley, CA 94701

3passociate Professor, Department of Forest
Resources, University of Idaho, Moscow, ID
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Prior to 1963, when its use was banuned, DDT
was heavily used for control of both eastern
and western spruce budworm. For example,
between 1952 and 1963, over 3,300,000 acres of
forests in the northeen Rocky Mountsins were
spraved with DDT (Fellin 1983). The reasons
for the frequent use were simple:r DDT was
readily availabley it was cheap; it could be
applied from aircraft; and it dags effective.

Without DDT, and with the growth of inte-
grated pest management practices for forest
insects in recent years, the use of chemical
control has decreased dramatically. However,
several chemicals are still available for use
against the spruce budworm and western spruce
budworm- At present, carbaryl ls ome of the
most commonly used insecticides in the United
States. It is the active ingredient in such
products ag Sevin garden dust and flea powder.
One reason for this widespread use is carbaryi’s
low toxicity to mammals and birds. The Sevin~
4~0il formulation is registered by the Emviron~
mental Protection Agency for use as a forest
spray for contrel of bhoth spruce budworm and
western spruce budworm (Hamel 1982).

The basic premise of the current insecti-
cide registration process is that a chemical
can be recommended for use at one rate for a
given ingect gpecies because respouses for
populations of one species are egual ov vary
within relatively narrow limits. We have
examined this premise in the case of western
spruce budworm populations treated with
carbaryl and have concluded that it is not
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INSECT SYSTEMATICS AND PEST MANAGEMENT:

PAST ASSUMPTIONS

Biological classification 1s a familiar sub-
ject. Living things are divided into two king-
doms, plant and animal. Kingdons ave divided

into phyla, for exawmple, the phylum Arthropoda.

A phylum is divided

into class

ag, for example,

the class lussetas. A class, such as the Insec-
ta, i divided into numerous orders. The order

with which we
Ag urder,
divided {nro f
in the family
fomitive with respes
ymaptrd ldaa, incind
Douglag~fir tussouk moth
commoen Ly
Fami

AT

ami lies.
Toryricidae.

the Coonmetridac,
o measuring
Eitta !

divid

WOTHIS -
gy Che genus
Ted fnto speu

FONerd,
zenug Fs

coocerand
such as the Lepldoptera,
The spruse
te forest
ing such insects

called
Hen

aund gypsy moth,
»Th hworms

t e

is the Lepldoptera.
is turther

hudworms
Other important
Lrees

aye

are the
a8 the
annd

are dis

sompased of populations.
From the time ODT began to be umed routinely

to control
than any chemical toxlc
any family would he
specios in that family.
abiy

to wirtuslly cvery lnsect

Table 1

forest defoliators
entomelogliars assuned {on the
o an
equally toxic to the other
Thia assumption prob=-
that
et Tyom

vesulted from the fact

o Dee

in 1947,

hasis
fave

2 g i ng

oy

furest
of no data)
species in

wys toxic
the body

e v was first used and
gofo; ippear.  We were the
se when we compared
orest geomeirids {(Tahle
A)e We concluded that
the large differences In LDSU values, some
times pver L00-fold, clearly showed the risk

Tnvelved in psredicting insecticide toxicity to
the basis of data obtained for g

one species on
the same [amily.

dilfferent genus 1n

We newt examined another
ig, that species iIn the same genus would have
equal responses to any chemical. In 1978, we
tested species in the genus Chariqtoneura
(Robectson et al. 1978). Table 2 is & sample
of our results. These data are for carbaryl,
and show almost a thirty-fold difference in
between the most and least susceptible

presumption, that

YeSPOnse
species. Our overall results are shown in
Table 3. Since the hypothesis of equality

(Savin et al. 1977) was not accepted among
species for any of the 22 chemicals tested,

occ1dentalls (O), ambertlan
viridis (V) to carbaryl

Species LDgp(95%CL)a
¢ 3.65(2.92-4.35)
0 19.9(14.5-26.5)
L 30.6(11.5~44.5)
v 109(6.90-323)

Aug/g body weight. 95% CL are 95% confi-

dence limitsg.
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Insecticide Moxt susceptible 1.3-12 30-60 128~
Bloethanome thrin E - P(50)b C(167)

DYy L E(1.-3) A(32) C(142)
Malathion L E{7.0) P{>29) A(152), C(>417)
Mexacarbate E A{2.0) A(30), C(47) P(128)

Fhosmet i - C{34) —

Phoxin i c{12) P(38) —
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Table 3.~-Summary of tests of the hypothesis

Table S.--Rasulte of tests uf the hypothesgie
of equal responses awong Jouglas—lir tuseock
moth populations

Type of Humber  MNumber of Hypothesis Hypothesis
insecticide rasted speclies accepted for Insectinide Populations accepted for
compared  any chemical? tegted any chemical?
Carbamate 4 26 No Bioethanomethrlin W,0-1,C, N No
Carbaryl C,0-1,0-2,4, Ho
Chlovinated i 6 Ng DT W,0,0-1,0-2,M, 8 No
hydrocarbon Mexacarbate W,0,0-1,0~2,M, N o
Phoxim W,0, 02, NN No
Organophoa~ 11 2-& No Pyrethirins W,0,0~1,0~2,M,N Ho
phorous Trichlorfon G2, M, NM o
Pyrethroid & 2-5 No

we concluded that the genus was not the taxonomic
level at which to generalize.

The next level we considered wasg the species.
In 1978, we exanined the responses of Douglas-—
fir tussock moth populations to Insecticides.
Respouses of these populatlons to carbaryl pro-
vide an example of our findings (Table 4).

Table &.--Responses of California (L),
Montana (M), New Mexico (NM), and Oregon
(0~1 and 0-2) Douglas-fir tussock moth
populations to carbaryl

groups, the genetic products of 3 single pair
mating {Stock and Robertson 1979). We also
related genetic characteristics to response.
The results of the population tests are shown
in Table 6. Once again, population responses
were not generally equal. The sibling group
responses were very revealing {(Table 7). Sib-
ling group responses are highly variable and
appear to be the ultimate unit of variation of
population response. These respounses are re~
lated to variation in frequency of an esterase
isozyme detectible by electrophoresis.

Table 6.—Responses of Douglas~fir tussock
moth populations to acephate and carbaryl

Paopulation LDs5p{95%CL)2 Population® LD50(95%CL)b
§ 25(21-30) 1. Acephate
o-1 56(38-120)
0-2 51{30-170) NM 52.4(46.7~57.6)
M 30 b LFB 51.8(46.2~57.4}
juivh 160 b ED 54 . 4(48.1~59.6)
LAB 55.5(45.0~65.7)
ays/g hody weight. 95% CL are 95% confi~ 2. Carbaryl
dence limits.
‘ N 32.5(15.8-62.6
bData too heterogeneous to provide useful LFB 25.3 (7.4-48.2)C
95% CL. ED 22.4(12.8~32.5}
LAB 41.8(25.0~87.4)

Table 5 shows the overall results of our experi-
ments. Clearly, equal responges were rare.

This was our firgt indication that the generali-
zation that population responses are very simi-
iar and usually equal was not valid. However,
further work was necessary before we were abso~
lutely certain of this conclusion.

Our next investigation aleo concerned
Douglas—fir tussock moth populations. This
time, we considered populations and sibling

AAbbreviations for populations are: MM =
Medio Dia Canyon, Cibola National Forest, New
Mexico; LFB = Lowry Air Force Base, Denver,
Colorado; ED = east Denver, Colorado; LAB =
laboratory colony, Berkeley, Ch.

Yhosage expressed as ugly body weights
95% CL are 95% confidence limits.

“Data toc heterogemecus to compute 95%
CL. 90% CL listed.



Table 7.--Toxic v ot acephate and Carbaryl
to sibling groups of o Douglas—fir tussock moth

popuiation

Sibling
group no.

LD (95%CL) 5

L« Acephate

3 5.1 (k)
A 36.6(1)
5 47.2{39.2~56.4)
9 75.8(63.0-101)
8 147.7(b)
11 54.4(48.1-61.1)
13 76.0(57.9-93.6)
ih 54.9(39.4-75.2)
15 $9.2{46.7~066.8)
2. Carbaryl
2 21.3{10.9-31.8)
4 4B 8(3L. 2~168)
& 14.1(hb}
7 20.7(b)
1 2eh{h)
12 {71 (k)
14 85.1(h?
5 172.0(h)

"Dosagy expressod in 1878 body weight.
95% CL are 9%% confidence Limies.

, . .
Hata tos heterogepeaus to provide useful
451 QL.

M the hasts of the sacond Douglag~fir
Lannock moth population study, we concluded
that, from o proetical aspect, adoption of
routine penetic assays as part of population
aurveys prior to Implementation of control
aperations could provide cut imates of popula—
tion response to various insecticides,  Indim=
tintiy, joint ﬂﬁnut{n{thicwiogiaml asgesaments
wight be performed ag part of each population
urver.  larvae from many vandomly selected epg

ms could be veared to rhe fourth instar in
the laborstory, thelr Tesponse to a particular

taseerivide determined, and survivors and con~
trol larvas {rom each sibling group subjected
to electropharet i analysis. Once sufficient
data from concurrent genetic and toxicological
evaliuat lpns woyrs ohtalned, divect extrapolation
from a Pra~apray genet (o survey to a dosage re~
quived Yor desired lovel of mortality in the
fleld could be achieved. Ultimately, such
watehing could miniglze overdosing and environ—
mental coutunination on one hand, and inguffi-
clant levein of control on the other.

,ﬂ.
<

DIFFERENIIAL POPULATION RESPONSES op
WESTERN SPRUCE BUDWORN

Over the past three years, we have examinad
11 widely distributed population samples of
western spruce budworm (Robertson and Stock
1983). The general results of thesge experi~
ments are shown in Table 8. We have identifieg
five distinct response levels among thege popu~

lations.

Table 8.——Relative responses of western
gpruce budworm population samples
to carbaryl

Tolerance
Ratio®

Population
{State-year)

Idaho-1981a
Washington—198la
Washington—1980a
Idaho-1980
Washington-1981b
New Mexico-1981
Arizona-1981
Tdaho-1981b
Montana-1981a
Washington-1980b
Montana-1981b
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=

3LC50 population + LCs5p Idaho 198la.

The Idaho~1980, Idaho-1981a, Washington-—
19802, Washington-1981a, and Washington—-1981b
constituted the first group at the level of
highest susceptibili ty.

At the next level, the Arizona-1981 and New
Mexico=-198] populations composed the group of
second to the highest susceptibility. The next
level was occupiled by one population sample,
Idaho-1981h.

At the level of second mosgt tolerance, re—
sponses of the Montana-198l1a and Washington-—
1980b samples well equal to one another but not
to those of the Idaho-1981b group. Finally, the
Montana~1981g sample was most tolerant.

How can thig kind of variation be explained?
Estimates of natural variation within western
Spruce budworm populations suggest that 2-fold
variation in responses is about as high as one
night expect. The 18-fold difference we see,
therefore, doeg not seem toc be natural.

We have eXamined a number of variables among
the treatwment sites, and have concluded that the
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Table 9.~~Relationship of response to carbaryl
and previous treatoent history ac
collection sites

Population Insecticide usead 1
{State-Year) in area {mg/m1)
Idzho~-8la Hone 2.2
Washington-8la Fenitrothion 1975; 2.7
Malathion 1976;
Carbaryl 1977
Washington-80a Fenltrothion 1975; 3.5
Malathion 1967;
Carbaryl 1877
Iduho~80 None 4.0
Waghington-81lb None 5.8
New Mexico-8{ BoT 1963, 8.7
Mailathlon 19866
Arizona—8l DUt 18:8 5.3
Idaho~81b Carharyl 1979 10.0
Montana—-8la LoT 1857 15.0
Carbaryl 1975
Washington—B0% Maiathien 1967 19.4
Carbaryl
Montana~-81h BDT 18957 39.4

With one exception, all of the population
samples which were significantly more tolerant
than the most susceptible group were collected
from areas previously spraved with DDT. Over—
laid on this general pattern iz the use of
other chemicals on some of the sites. None of
the Idaho samples originated from an area
gprayed with DUT. Idahe insects from an srea
sprayed with carbaryl In 1979 were alunst five
times more tolerant than the samplile ¢ol ed
in an unsprayed area Iin 1981 and 2.5 times more
tolerant than a sample collected {rom the same
unspraved area in 1980. Apong the Washington

aples, which wer @ also from sfptes not sprayed
with DDT, the sampie collected from an area
treated in spcesss LVE vears wit“n three differ~
ent chemicals and the sampie from an untreated
site varisd by 9’2‘*{01”1. However, the samph:)
from the WashingboT 5i:te sprayed with malathion
and carbaryl was 3.3 times more tolerant than
the sample from the wuntreated site, and 7.2 and
5.5 t'im;s nove rolerant than the sample from
the triple atment site that wag sampled in
1980 and 1983, respectively. Based on rthese
differennes, ong CE:ITE hyPGthéSiz& that the high
level of tolerance Emn the Idaho 1881b popula~
tion is related to The previous use of carbaryl
in that area. The response of the appavently
resistant Washington population sample from the
double treatment site might reflect cross-
resistance betweers malathion and carbaryl, a
phenomenon which was negated at the triple
freatmont sites by the prior use of fenitro-

thion.

The general pattern of greater tolerance in
samples frow DDT—treated sites may also be a
result of cross—resistance. Cross-resistance
hetween DT and carbaryl has been described in
the housefly {(e.Z <, Plapp et al. 19738). The
gene regponsible fox cross-resistance confers
high levels of microsomal mixed function oxi~
dase sctivity to resistant individuals {Plapp
1976). These enzvmes are known to be primarily
regsponsible for car baryl metabolism. In other
worde, the resistamnt individuals have more
anzyme by which to detoxify the insecticide.

We postulate that & siwmilar genetic mechanism
ovcurg in the wes tern spruce budworm. If this
is the case, the tolerance level of the New
Mexico and Arizona populations represents an
intermediate shhift betweeo the natural, ua—
treated, population responses and the more ex—
treme tolerance le-wels attained by the Montana
population. The difference in response of the
two Montana popula tions is slightly greater

than we would expect from natural variationm
alone. In additiomn, the greater tolerance of
the group collected in an area only sprayed

with DUT compared o the group from an area
gprayed both with DT apd carbaryl is somewhat
puzzling. However . the two collection sites
are quite ¢lose €o omne snother and interbreeding
may have been eXtemsive. Our hypothesis is that
exposurehm‘bgth DDT ang carbaryl has shifted
the population response ag a whole into a higher

tolerance level than that of the Arizona and
Hew Mexico populsm tions.

CONCLUSION
More research g4 needed in this area, not
2rn gpruce budworm but with
> Gypey moth, and Douglas~fir
aryl has been applied vear
i, for example, and to ocur

juer with the wewg ¢
the spruce budwo oy
tusgock moth. O o
after year in Mag



knowledge no one Is mopitoring the extenl to
which spruce budworm population responses might
be changing ag a result.

Finally, the insecticide registration proc-
ess could be improved by incorporating consider-
ation of the range of responses of insect popu-
lations to a chemical and not simply by making
a generalization for an entire species.

LITERATURE CITED

Baker, W.L. 1972. Eastern forest insects.
USDA For. Serv. Migc. Publ. 1175, 642 p.

Fellin, DG« 1983. Chemical insecticides vs.
the western spruce budworm: after three
decades, what's the score? Western Wild-
lande 9:8-12.

Farniss, R.L. and V.M. Carolin. 1977. Western
forest insects. USDA For. Serv. Misc. Publ.
1339, 654 p.

Hamel, D.R. 1982. Forest management chemicals.
USDA ¥or. Serv. Agr. Hndbk. 585, 512 p.

Plapp, F.W. 1976. Biochemical genetics of
insecticide resistance. Ann. Rev. Entomol.
21:179~197.

vlapp, ¥.W., Jr., G.R. Browning, and P.J.H.
Sharpe. 1979. Analysis of rate of devel-
opment of insecticide resistance hased on
simulation of a genetic model. Environ.

Ent. B:495-500.

pom
[N

Robertson, J.L. and M.W. Stock. 1983. Toxi-
cological and electrophoretic character—
istics of western spruce budworm, Choris-
toneura occidentalis (Lepidoptera:Tortei-
cidae) populations. Submitted te Can.
Entomol .

Robertson, J.L., L.M. Boelter, R.M. Rugsell,
and N.F. Savin. 1978. VYariation in
response to insecticides by Douglas-fir
tussock moth, Orgyia pseudotsugata (Lepi-
dopteva:lymantriidae) Can. Entomol. 110:
325-328.

Rohertson, JuL., N.L. Gillette, B.A. Lucas,

R.M. Russell, and N.E. Savin. 1978. Com~
parative toxiclity of inmsecticlides to Chorig-
toneura specles. Cans Entomol. 110:399~
406.

REobertson, J.L., M, Page, and N.L. Gillette.
1974. Calocalpe undulata: contact toxicity
of ten insecticides to the larvae. J. Econ-
Entomol. 67:706~708.

S8avin, N.E., J.L. Robertson, and R.M. Russell.
1977 A critical evaluation of bicassay in
insecticide research; likeliheod ratic tests
of dose-mortality regression. Bull. Entomsl.
Soc. Amer. 23:257-266.

Stock, M.W. and J.L. Robertson. 1979. Varia-
tion in response to insecticides by Douglas~
fir tussock moth, Orgyia pseudotsugata
(Lepidoptera:Lymantriidae) populations-

Can. Entomol. 110:325-328.




NUCLEOPOLYHEDROSIS VIRUS TRANSMISSION IN THE GYPSY MOTH,

LYMANTRIA DISPAR

(LEP: LYMANTRIIDAE) Y

Kathleen 5. Shield32

Abstract.——The gypsy moth (Lymantria dispar L.), the most
important defoliating insect of hardwood trees in the eastern United
States, is susceptible to a naturally occurring nuleopolyhedrosis
virus {NPV). The Forest Service registered the NPV product GYPCHEK
fog use as a biologicel control agent against the gypsy moth, but
effective use of GYPCHEK in pest management depends on a better
urderstanding of the many factors involved in NPV infection,
transmission, and initiation of epizootics. Recent research in these

areas is discussed.

If you have not already met, 1 would li%e to
introduce you to the gypsy meth, Lymantria dispar
r. The insect's life cycle starts with hatching
of the egy masses in late April or early May.
Male larvae go through five stages, females go
through siz, and then pupate. The moths emerge
about the middle of July and mate; then the
female lays an egg mass contining up to 1,000
eggs. The egys embryonate and lst -stage larvae
overwinter in a diapause state within the egg.
There is only one generation each year.

The gypsy moth is not a native species. It
was imported into the United States {rom France
by Professor Leopold Trouvelot, an astronomer and
naturalist who envisioned utilizing the insect
for silk production (Medford Mercury Press 1906).
In 1869, some larvae escaped from a window of
Trouvelot's laboratory in Medford, Massachusetts
{(Forbush and Pernald 1896), and 10 years later an
established gypsy moth population was completely
stripping the leaves from large shade trees in
residential areas surrounding the release site
{Medford Mercury Press 1906). The gypsy moth is
now considered the most important defoliating
insect of hardwood trees in the eastern United
States (McManus et al. 1979).  In 1981, nearly 13
nmillicn acres of woodland were defoliated by the
gyspy moth, compared with 5 million acres
defcliated in 1980, and the infestation is still
spreading south and west (McManus and Riddle
1982).

1Paper vresented at Research in Forest
productivity, Use and Pest Control: Contributions
by Women Scientists. University of Vermont,
Burlington. September 16-17, 1983.

In addition to being a forest pest, the
gypsy moth is also a public nuisance. The larvae
are endowed with an abundance of setae that are a
type of pruritic dermatitis in exposed
individuals (Shama et al. 1982), and in heavily
infested areas it is difficult to avoid exposure
o gypsy moth larvae., Young larvae hang from
thin silk threads and are dispersed by the wind;
older larvae and their droppings make backyards,
parks and recreational aress inhospitable.

Since the first major gypsy moth cutbreak in
1889 {Forbush and Fernald 1896), attempts have
been made to eradicate the insect with various
pesticides. But many problems resulted from the
use of synthetic pesticides, and after the 1572
Environmental Protection Agency (EPA; ban on the
use of DDT in the United States, more emphasis
was placed on control of the gypsy moth through
+he use of natural agents.

The gypsy moth is susceptible to a muber of
natural disease agents (Lewis and Etter 1978},
including a specific nucleopolyhedrosis virus
(NPV). The virus disease was first reported as
"wilt disease" by Reiff in 1911 and by Glaser in
1915, but the causative agent was not
Aemonstrated until 1947 (Bergold 1947}, Since
rhat time, extensive world-wide research has been
directed toward using this virus as a biclogical
control agent for the gypsy moth.

2research Entomologist, USDA Forest Service,
Centar for Biclogical Control of Northeastern

Forest Insects & Diseases, Hamden, Connecticut
06514,
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Gypsy morh NPV is in the ganus B culovirus,
family Baculoviridae (Wildy
range of ¥PVs is restricted to v@ftﬂé~dt and
OV1nLLpa113 to the inscots (Tinsley 1979). Most
NPYs have been isolated from species of

Ty id but some have been isolated from

ra, Neurcptera, Trichoptera, Coleoptera,
ﬂyman@nbwva and Diptera {(David 1975} and an NPV
has heen found in the pink shrimp, Penaeus
gorarum {(Couch 1974). NPV host speciiicity

" The Lenidoptera varies. For example, the
NPV originally isolated from the alfalfa looper,
Autographa californice, is one of the least
host~specific NPVs and is knowm o infect many
species of Lepidoptera (Vail et al. 1971), while
gvpsy moth NPV seems to be selective for only the
gypsy moth {Lewis 1981}, The NPVs found in the
Lepidoptera do not seem to infect other orders,
and vice versa (Tinsley 1979).

Sy

The physical and biochemical characteristics
of NPWs are quite different from those of viruses

that infect vertebrates and plants (Tinsley 1979).

The Lerm nnc}aonolyhe@ﬁosis refers to the
replication of these viruses in host cell nuclei,
and the formation there of large numbers of
chatacteristic polyhedral inclusion bodies. The
inclusion bodies of gypsy moth NPV are irrvegular
in shape and range from ! to 1 ywm in diameter.
They contain many rod-shaped, enveloped viral
particles (virions) surrounded by a
paracrystalline matrix of protein. The genome is
a large, circular, doublo-stranded DNA (Mazzone
and McCarthy 1981). The polyhedral inclusion
body protects the infectivity of the virions and
vurified inclusion body preparations can be
wxd, over a wide tempersture range, elther as
ry powders or as suspensions {Lewis and
rRollingson 1978).  #However, the inclusion body
paracrystalline matrix protein can be readily
dissolved in alkaline solutions, and virions
released (Bergold 1963).

The characteristics of baculoviruses in
general, anﬁ sf fhl“ NPV in particular, suggest

: _,alogicai control agent:
{1} it has an extremely limited host range and is
unrelated to viruses that infect vertebrates and
plants; {2) it occours natorally and has been
jwplicated as & cause of epizootics; (3) its
polyhedral inclusion bodies can be produced in
large quantities, stored for long periods, and
easily formulated for serial or ground
anplication.

Iin 1974, the U.S. Department of Agriculture
astablis an accelerated gypsy moth research,
development, and application program, Within
this program the Forest Service ﬂhi@v 3 gypsy
moth NPV for development as o vizal pesticide,
and in 1978 obtainsd ERPA registration of the NDV
product Gypohek. Tt was the first NPV product
reﬁ;%tnrcﬁ by t ae EPA for use on deciduous
hardwood troos he Northeast--the most heavily
populated ares of the United States.

14

1 are
necessary to Gp%, 1ne1L eifeb ts.  And
ultimately the effective use of Gypot ) gypsy
moth control depends on an wderstanding of the
epizootiology of the virus disease, both natural
and artificiaally induced {Lewis 1981).
Information on the many factors involved in the
course of NPV infection and in WPV tcansmission
within and between geﬂutatiﬁnf of the gypsy moth
ig needed to construct an epizootiological model
to predict population fluctuations and to better
assess the role of natural NPV and of applied
Gypchek in integrated pest management schemes,

Any epizooticlogical model has to start with
infection of the host. Although viruses can be
acquired transovarially, through parasitism, or
as a result of injury, oral infection of larvae
seems te be the most comon route of entry of an
NPV into an insect host (Granados 1980). Wwhen
gypsy moth larvae consume NPV-contamninated
foliage, the polyhedral inclusion bodies slowly
dissolve in their alkaline digestive fluids,
liberating virions in the digestive tract, The
dissolution process is believed to be initiated
by pH and possibly by some enzymatic degradation
{(Tinsley 197%). The liberated virions then
prasumably pass through the peritrophic mambrane,
which lines the midgut, and come into contact
with the midgut epithelium, Passage of virions
through gypsy moth midgut has not been documented,
but sinee virions have been detected in the
hemocoele within 2 hours of NPV ingestion
(Shields 1983), it ssews likely that they either
traverse the intercellular spaces or enter the
hemocoele by direct passage through epithelial
cell cytoplasm

Once within the hemocoele, virions enter
hemocytes and replicate, Five hemocyte types are
present in gypsy moth larvae: prohemocytes,
plasmatocytes, coagulocytes, spherulocytes, and
granulocytes; conly the first three types seem
susceptible to NPV infection. Virions apparently
gain entry into hemocytes by viropexis, an
engulfment process similar to phagocytosis, How
the viral particles are released from phagocytic
vesicles into the cytoplasm has not been
determined, hut it may be through simultaneous
lysis or rupture of vesicle membrane and viral
envelope.

Viral particles have often been found
closely associated with cytoplasmic microtubles,
which may be involved in their vectorial movement
to the cell nucleus where the virus replicates.
After the viral genome is uncoated, there is an
eclipse period during which no virzal units can be
detected. During the eclipse period, the
virogenic stroma {an accunulation of
electron-dense chromatin-like material) appears
and progeny viral particles are assembled in this
region.



Once asserbled, vi 1
acguire envelopes by iety of means.
are enveloped in the cell nucleus by newly
gynthesized viral envelope material. These
virionsg are apparently restricted to the cell
mucleus and seen destined for occlusion within
polyhedral inclusion bodies, These virions
probably have no role in secondsry infections
within the host. Other viral particles bud from
the nucleus in long tubules of nuclear membrane
which extend to the plasma membrane of the cell,
$till other viral particles bud through the
miclear wembrane into the cytoplasm, enclosed in
a vesicle of ocuter nuclear membrane., Release of
viral particles from these vesicles has not been
ohserved, but it has been suggested that they may
escape through breaks in the membranes (Cranados
1978, 1980). The released viral particles bud
through the plasma mewbrane into the hemocoele.
The part of the plasma membrane initially
contacted by the viral particle develops a
peplomer worphology (surface spikes of viral
glycoproteins) which is retained on that end of
the newly acquired plasma mewbrane-derived viral
envelope. Peplomers have not been observed on
viral envelopes in host cell nuclei or on nuclear
membrane~derived envelopes of viral particles in
vesicles in the cytoplasm (Adams et al, 1977).

It has been suggested that virions exhibiting a
peplomer structure on the viral envelope are
responsible for secondary and succeeding
infections within the hemocoele (Adams et al. 1977,
Granados 1980, Granados and Lawler 1981),

Some

Although polyhedral inclusion bodies are
produced in the nuclei of gypsy moth hemocytes,
they are produced in much greater numbers in the
nuclel of cells of the fat body, tracheae, and
epidermis, with the fat body probably producing
the greatest mumbers, Viral particles produced
in these tissues apparently are routinely
enveloped in the nucleus and occluded.
Non—enveloped viral particles do not seem to be
occluded by polymerizing protein, even though
they maybe present in the nucleus when inclusion
bodies are forming. Polymerizing protein with a
regular crystalline lattice structure is
deposited around and between virions. Increasing
nuvbers of virions become occluded, and the
ultimate size of the polyvhedral inclusion bodies
may be determined by depletion of virus
polyhedral protein monomer (Harrap 1972, Tinsley
1976) .

In late stages of infection, cell nuclei of
susceptible tissues become greatly enlarged and
are filled with polyhedral inclusion bodies. The
nuclear membrane and plasma merbrane may rupture,
liberating inclusion bodies and not-vet~occluded
virions into the hemocoele. Eventually, all
susceptible tissues are infected. The lethal
infection period for NPV in the gypsy moth is 10
to 14 days, but infected larvae often show no
symptoms of the disease for much of this period.

In very late stages of infection, larvae will
stop feeding and becove sluggish, and their
integument often takes on an oily appearance. At
death, larvae often hang by a proleg in an
inverted position. Ag a result of cell lysis,
the body contents are now liquified and are
contained only by the very fragile integument,
which easily ruptures, liberating masses of
polvhedral inclusion bodies.

The body fluids of the host insect seem to
proyide some degree of protection to the virus
against inactivation by sclar radiation {Tinsley
1979). Gypsy moth NPV remains infectious at high
levels for at least 1 year on envirornmentsl
environmental surfaces (Doane 1975, Podgwaite et
al. 1979). But exactly how the disease is spread
among individuals and how NPV epizootics occur
are not well understood.

Obviously, larvae can become infected by
ingesting NPV-contaminated foliage, and this
presunably happens in natural populations.
Laboratory studies indicate that gypsy moth
larvae can transport NPV from contaminated
envirommental surfaces to a food source
{(Podgwaite et al. 198l). Parasites and predators
may also have a role in NPV transmission. Some
entomophagous parasites can transmit NPV from
infected to healthy gypsy larvae (Raimo et al.
1977), and positive correlations have been found
between NPV mortality and the prevalence of
various entomophagous parasites (Reardon and
Podgwaite 1976; Godwin and Shields 1983).
Several species of birds and mammals that are
predators of the gypsy moth have been shown to
pass and disperse active gypsy moth NPV within
the enviromment (Lautenschiager and Podgwaite
1979). Much evidence suggests that this NPV can
be transmitted from generation to generation of
the gypsy moth by surface contamination of egg
masses (Doane 1969, 1970), but it is not known
whether NPV is deposited on the eggs by the
fermale during oviposition or whether NPV in the
environment is transported by wind cr rain onto
egg masses to infect emerging larvae. Although
all of these types of NPV transmission
undoubtedly occur in natural gypsy moth
populations, to what extent they occur and their
relative significance in NPV epizootiology remain
to be determined. Much of this work is ongoing.
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THE SHORT- AND LONG-~TERM EFFECTS

OF INSECT ATTACKS ON TREES

Barbara (. Weber”

Abstract.--Many people view all insects, except perhaps

for honeybees und butterflies, as harmful pests.

This view

extends to those insects occurring and feeding on trees. It

is true, however, only if

effects of insect atracks.

one coneiders the ghort-term
Neverthelegs,

the effects on the

forest "as a whole must be considered over the long as well

as the short term.

An example 15 presented of the effects

of ambrosia beetle attack on black walnut trees inm which the
long~term biologlcal and economic effects are minimal.

About 737 of all the different kinds of
animals alive today are insects: approxi-
mately 1 million specles of insects have beeu
described with an equal or larger number yer
to be described. One estimate of the total
number of insect species alive in the world is
30 million (Erwin 1982), although most esti-
mates are between 1.3 and 3 million. Compare
this figure to the 9,000 specieas of birds or
4,200 species of mammale. Ingects are an
important part of the snvironment in which we
live because of sheer numbers and because of
the economic dmpact they have oun human society.
The economic or destructive aspects of insects’
presence in our soclety veceive major emphasis
because of the staggering dollav values
attributed to insect-caused losses, The total
annual value of insect damage to food and
household products and to insect-transmitted
diseases was estimated at £3.5 billion in
1957 (latest available figures) in the U.S5.
alone (Metcalf er al. 1962). The damage to
forest trees and forest products was estimated
at $2.5 billion in 19537 dollars (Metcalf et
al. 1962).

Beneficial insects receive less attention
and, therefore, thelr contributions to society
usually remain unquantified. OUnc exceptilon is
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insect pollinators. Theilr value for producing
fruit and seed crops was estimated at $4.5
billion in 1958 (Metcalfl et al. 1962).

The numbey of destructive insects is
gmall compared to the total number of species.
Baker (1972) reported that 154 different
insect pests reached outbreak status in easu—
ern forests during a 10-year period. In
southern Illinols, at least 300 speciles of
insects occur on the black walnut (Juglans
nigra L.) trees but only about 10% cccur com-
wonly (Nixon and McPherson 1977). These come
men specles may ot may not be potential pests,
however., That they occur commonly and may
feed on the trees doazs not necessarily mean
they are harmful insects,

This paper is divided into two parts.
The first briefly describes the short- and
long-term effects of insect attacks on trees
in general. The second gives a specific,
although hypothetical, example concerning an
insect pest of black walnut trees and the
economic and bielogical effects of attack.

INSECT ATTACK ON TREES
Short-term effects

Insects that use trees as a food source
or for habitat cause both direct and indirect
short~term effects., Immediate and direct
effects of insect attacks on trees occur
because of chewing, boring, or sucking activi-
ties of the insects. These result in loss of
tree blomass in the form of leaves, sap, seed,
or wood; reduced helght or diameter growth:
reduced resistance to diseases or other imsect
pests; or death. Indirect eoffects of insect
attacks cccur because the forest environment

-
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and those organlsms using the forest are
affected. The immediate indirect effects
include raduced vecreational and esthetic
values, increased fire hagzards, altered habi-
tat for wildlife, altered forest management
goals and costs, degrade of forest products,
and stress and anxiety in humans.

Immediate, direct effects of insect
attacks on trees are the most easily and com-
monly studied by entomologiste and by foresters
and, therefore, receive the most cwphasis. The
short—term dirvect effecks are ofter used by
entomologists and pest contreol decision-makers
to justify the need for control of forest pests
causing recurving or widespread damage. The
indirect effects, however, are acknowledged by
researchers and forest managers but much less
commonly studied because of lesser interest
and because of greaver difficulties involved
in studying them. Therefore, little data are
available on the importance of the indirect
affects.

Long~term effects

The long-~term effects of insect attacks on
trees are less easily classified as direct orv
indirect because both individual trees and the
entire forest are affeccted. These effects may
include dncreased tree biomass, increased
height and diameter growth, reduced competi-
tion, improved nutrient cycling, altered stand
composition and plant diversity, and altered
management goals.

Long~term effects of insect attacks also
have received little inquiry, primarily because
of the long time rhat must be deveted to studies
of this type. fwvidence 1s available, however,
that some apparently destructive Insects are
actually benaficilal to trees in the long term
as opposed to the evidence that insacts are
harmful to trees in the short term. Fox
example, insects such as the Douglas-fir
sock moth or the forest tent caterpillar
leaf-feeders that defeliate thousands of acres
of trees when in outbreak status. Yet research-
ers have found that a few vearg after defolia-
tion trecs actually showed greater height and
dismeter growth than they did before defolia~
tion (e.g., Brookes ct al. 1978). This has
been shown to be a result of increesed nutri-
ent cyceling due to high concentrations of
nutrients in dead insects, insect frass, and
unused food parts (Mattson and Addy 1975).
Another reason for improved tree growth is
that defeliation causes an increase in the
amount of light entering the forest stand and
apparently causes new leaves to be larger;
these new leaves have greater photosynthetic
areas and a covresponding presrer efficiency
in the photosynthetic process.

tus—
are

Both short- and long-term effects of
insect attacks must be considered in the proc-
ess of deciding hov serious a potential pest
may be. Other considerations iuclude the age
of the trees {(how near to harvesting and how
much time the trees have to recover before har-
vesting) and the long-teym wmanagement goal for
the trees.

Following is a hypotherical example of an
insect prublem on black walnur trees growling
in managed plantations and the implications of
this insect over both the short and long terms.

AN EXAMPLE FROM BLACK WALNUT

The trezes: Black walnut is the most val-
uable hardwood species in the U.S. because of
its color, durabilitvy, and excellent worka-
bility for furnipure-making. It occurs through-
out most of the eastern U,S5. except for the
extreme northern and southern parts. Because
of its popularity and desirability as a furni-
rure wood, not many high quality trees remain
in natural forest stands. Therefore, many
persons are planting black walput in managed
plantations for investment purposes and to
maintain a lasting supply of this beautiful
woad.

A walnut grower must Iinvest considerable
time and money into establishing his or her
plantation. Establishing a plantation includes
preparing a site for planting, buying and
planting the trees, and caring for the trees
for at least the first 3 years after planting.
These costs do not include the cost of the
land itself, taxes on the land, or any other
expenses incidental to the plantation (i.e.,
purchasing & tractor or other equipment for
gite preparation).

Assume a walnut grower wants to estab-
lish a S-acre black walnut plantation with
nursery-run seedlings planted at a 10~ x 10-
foot spacing, equivalent to 436 trees per
acre. The totral cost for planting 5 acres or
2,180 waluut trees is $1,301.75 (Table 1).
The investment of $1,301.75 is one that must
be carried until harvest time or until some
income can be realized from the trees. Tor
black walnur the time period to harvest is
estimated to be from 60 to 80 years.

The management goal for the plantation
is to grow trees to about 20 inches in diameter
and harvest at about age 60. Based on tLhe
expected future value of black walnut at
present-day prices, the income from the plan-~
tation is ewpected to be about 8§Z,600 after
48 vyears and $30,500 at the end of 60 years
{Table 2.



Table 1.--Costs of establishing a S-acre black walnut plantation during the

first 3 years®sD

Cost of trees:
Site preparation costs:
Planting costs:
Weed control costs:

$0.28/tree x 2,180 trees

$27.06/acre x 5 acres
$45.48/acre x 5 acres

$21.91/acrefyear x 5 acres x 3 vears

$ 610.40
§ 135.30
§ 227.40
§ 328.65
$

TOTAL 1,301.75

aAssuming that standard nursery stock was planted at a 10- x 10-ft.
spacing, which is equivalent to 436 trees per acre or 2,180 trees on 5 acres.

bCosts are taken from Marty and Kurtz (1981) and are the average costs

in each category.

Table 2.--Expected income from a S~acre black
walnut plantation?

No. trees Expected
Age removed incomeb
15 1,090 -
30 359 -
40 531 -
48 65 $ 2,600
60 135 $30,510

aAssuming the trees are allowed to grow to
20 inches in diameter before final harvest at
age 60, and the plantation is thinned at ages
15, 30, 40, and 48 (after Marty and Kurtz 1981).

bExpected income figures represent 1981
stumpage price estimates projected forward at
s 1.5% annual inflation rate (the inflatiom
rate of walnut lumber prices is higher than the
general inflation rate).

The insect problem: Now coungider an in-
sect problem that affects the trees at age 4.
The ambrosia beetle Xylosandrus germanus
appears in May and June of the 4th year after
planting. In this hypothetical example, assume
the beetle attacks 20% of the trees, causing
dieback and apparent death of the trees.

X. germanus is an ambrosia beetle that
attacks many species of trees, including black
walnut, It attacks dying trees, recently cut
tree stumps, and young trees that are apparently
healthy. In this latter situation, it attacks
plantation trees between the ages of 3 and 8.
X. germanus attacks trees in this age group
because it seems to prefer trees between about
1 and 2 m tall. The beetles attack at the
base of the tree in mid-spring, causing rapid
wilting and dieback (Weber 1982).

An important point is that the tops of
trees die back but the roots are usually still
alive. Attacked trees often sprout back from
below the attacked points and seldom do whole
trees die. In southern Illinois, none of
almost 400 trees had died 3 years after attack
by the beetle although most of them appeared
to be dead immediately after attack (Weber
1982). Because of the dieback, attacked trees
showed significantly reduced helght and diameter
growth in the vear of attack. Two vears later,
however, new sprouts from the root systems of
the attacked trees were actually growing faster
than unattacked trees. The attacked trees
recovered well, with the sprouts replacing the
original trees (Weber and McPherson, in press).

Yurthermore, X. germavusg does not usually
attack sprout trees and, although it may be
present in a plantation for several years, it
iz a serious problem for only 1 or 2 vears.

An initial estimate of the losses the
beetle caused in this hypothetical example is
about $6,400 (Teble 3). The 5275 immediate
loss ig based on the assumption that the trees
must be replanted. But generally the trees do
not die and thus do not need to be replanted.
Therefore, the loss of $275 is not real. One
potential cost, however, is the necessary prun—
ing to remove excess sprouts from the attacked
trees. This cost is about $13 for 436 trees
(after Marty and Kurtz 1981).

The loss of $6,102 represents the assumed
loss of merchantable trees at harvest time
(Table 3). Again, the trees were not actually
lost. Moreover, looking more closely at the
final harvest figures, only 135 out of 2,180
(or 6%) trees planted wlll actually be har-
vested at age 60. This means that 94% of the
trees will be vemoved earlier in various thin-
nings because they are too small, too poor
quality for prime walnut grades, or too close
to a more desirable tree nearby. The point is



Table 3.--Logses due o ambrosia beetéefattack
on black walwut trees at age &4%:°

Replacement costs for 436 trees 5 275.36

20% of expected income at havvest $6,102.00
¢ {me

Toral losses due to beerle attack $6,377.36

Apssuming a 20% attack vate in a S-acre
plantation.

B . .
lHased on average management costs optain~
ed hy Marty and Kurtz {1981).

that only a few trees are selected as final
¢rop trees and many are culled out along the
way. Because of the rapid recovery potential
of most black walnut trees after beetle attack,
they probably will have rhe same chance as
those not attacked to become final crop trees.
If the recovery potential is Jower, the selec~
vion opportunitics will be reduced somewhat.
The legs, however, will be much less than
infrially astimated,

CONCLUSYON

From the evidence, therefore, I conclude
thar the long-term ol fects of ambrosia attack
on black wolnut rrees ave minfmal, both bio-
logically and eronomically.  This fs so because
the ambrosla beetle attacks trees when they are
voung sad have time o recover,

Tasects do cause problems on trees and
gome ingects on some speafes of trees may have
serious effeets. However, researchers and
tree growers must balonce the shorr-term effects
and losges against the less serious long-term
oned befove vecoumendliog potentially exbensive
contyel meanures.,
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PANFL, QUESTIONS

LON:  Biological Aspects of
Pest Control

M. Hanson): Under optimal
conditions there are points
relatively low dosapges causcd
high mortality depending on the
compound you used or the insect age.
1 was wondering what practical or
Laboratory work has been done

to investigate use of the model

when joint applications of pesticides
are a possibility. In other words,
would the model be at all helpful

or sophisticated enough to give a
compronise?

RESPONSE (M.W. Stock): What do you mean
by joint application:

QUESTION (P.M. Hanson): Two chemicals.

RESPONSE (M.W. Stock): Yes, we could
do it. We've just completed six
years of testing on wixtures of
chemicals; we now have a dara base
that we could use. Tt's just that
some more work needs to be done to
see if using mixtures would actually
have an cconomic benefit. We are
doubcful that ir would be useful. But
basically with the model, all you need
is the right data base.

OUESTION (P.M, Hanson): You didn't
mention it today, but in your paper
vou said that the accuracy of the
model was 73~95%, and I was wond-
ering if you have any suspicions of
what might have caused the variations
from 100%. In other worda, where
would vou Took to find additiomal
variables to make the model stronger?

RESPONSE (J.L. Robertsoun): Let me
start. First of all 1'd say the
field test data was wrong -
obviously. Mollie can take it.

{M.W. Stock): In any model like
ouxrs, you start with very simplistic

assumptions and you put in only certain
things to see how accurate it is. Then

you say maybe if we add something it
will be more accurate. This is just
a beginning.

. . R P £
QUESTION (P.M. Hanson): What sort of
variables do vou think you might add?

RESPONSYE (M.W. Stock): Some examples are
better informatlon about rainfall, the
amount of cover protection of the
foliage. We don't have these. I
mention them as possible variables.
Canopy cover is something to be
considered, but we don't have any in-
formation on that in the model.

There are all kinds of variables re-
lated to the spraylng techoology itself.
S0 there are many more things that
could be put into this to make it more
accurate. 8o what we have right now

15 very rudimentary sort of model. But
that is the wav you start these things.
1f vou put everything in to start with
and it wasn't accurate you wouldn't
even know where to start looking for
the problem.

QUESTION (T.M. Hanson}: T was wondering
1f elither of vou have heen interested
in expanding the model to account for
subseguent changes the following years?

RESPONSE (M.W. Stock): It's something we
can do cventually, but we don't have
the data yet to be aldle to put the parts
together. In other words when you spray,
some of the insects are killed but some
of them live, and you need to look at the
F-1s amd what happens to them: and we
haven't becn able to collect that kind
of data yet. Also the very understanding
that the populations vary at all and that
the spraying might affect them from
generation to generation is relatively
new for forest insects, although, it cer—
tainly dsn't for azricultural insects.
But forest insects -~ a lot of the things
that are old hat in agriculture are just
begioning to be recognized as true possibly
for forest insects.

QUESTION (J.M. Herbers): TI'd like to
ask first a couple of very general quest—
ions, for those of us who are not up on
insect toxicology. Can you tell us a little
bit about the compound carbaryl iself ~—
how does it work is it = neurotoxin, is it a
clorinated methane derivitive or 7
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: 1t is une of

GESTONSE {J.L. Robertson)
is a nenrotoxin.

the carbamates. (U

QUESTION (J.M, Herbers): Theo why isn't
i¢ toxic to vertebratves? If dt 1s a
ze ave generally

neruotoxin, tho

byoad specirum.
wESPONSE (J.1. Robertsem): Well, it is,

but you have TO ...
QUESTION (J.M. Herbers): Relatdve to
anT it's noct

RESPONSE (J.L. Robertson): Well relative
ro DT ir ds toxic to mammals.
Relative to other chemicals
avallable 4r 18 not. Its got a
methol group in Lt which somehow or
anothey makes it safer.

QUESTION {J.M. Herbars): [Is much koown
shout how the insects actually do
detoxify i0?

RESPONSY {J.L. Robergson): A lot
in known about some insects, like
houseflvs,

QUESTION (J.M. Herhers): But experience
shows that insects in different orders
and In Jifferent families can have
very different mechanisms.

RESPONSE (J.1. Rohertson): Right and
nebody has looked st the de-~
towification, for example, in the
Biad T i

QUESTION (J.M. Herbeva): 1f you don't
mimnd o 1 would like to ask you quite
a fow gquestions about the genetics
beogusge [ am a population geneticist
myself, You've shown quite clearly
that there ls 2n enormous amount of
variat ion among spruce hudworm
wpwe fen, especially in the western
rt of the eountry: and also
warfation butwoen mpecies with
respect to LDSs for carbacyl,
wud T owag wondering 1 vou've yet
rat enough data to start to partition
che variance into batween gpecies,
within specles, between populations,
within populations, and se forth.
fecause that T think is a really
crivical question —- where is the
variance?  Is most of ft between
opoulations, is most of it within
populations and se forch,

EESPONSE {J. L. Roberteon): 1 think
e

ie

ow gout basis to say most of
ig withiu pepulavions,

QUESTION {J.M, Herbers): But the point of
your talk is that there is a lot of
variance between population, as well.

RESPONSE (J.L. BRobertson): Right, we
think most of the variance occurs within
a population.

QUESTION (J.M. Herbers): Doesn't that
present problems, though, for your
implication that resistence is
related to previous spraying with
something like DDT? If most of
the variance is within populations,
presumably individuals within
a population have had similar
histories, genomes have had similar
histories, and so most of the
variance should therefore be
between populations rather than
within., If the pesticide cross
linkage is really important.

RESPONSE (M.W. Srock): Very good questions.
A11 T can say is there is a lot we don't
know yet. And the other thing is what
constitutes a population. It is very
ill-defined. Also, how much deo these
insects move from one place to another?
Dispersal 1s a whole topic that is
being researched for budworms and
tussock moths and we don't really
know how far they move. So even
talking about what is a population is
very nebulous rightnow., We've done...
one of my graduate students ..., com~
parative genetic study of all the
species of Choristoneura and they are
extremely homogenious, genetically at
least, by isozyme work. They vary a lot
in their response to chemicals, buf in
their general genetic relationship they
are all very similar.

QUESTION (J.M. Herbers): Well along the
same line, you mention in your paper
that you've done quite a bit of lab work
ag well, which I think is really impor-
tant as well as the field work —- and
these bugs are reasonably easy to
culture, is that righe?

RESPONSE {J.L. Robertson}:
good.

No, we're just
They are not easy to culture.

QUESTION (J.M. Herbers): That blows the
next question. T was just going to ask
if you have yet started to perform
selection experiments in the laboratory.

RESPONSE {J.L. Hobertson): Okay, what we
have done ... I should give a rundown
on the lab colonies that we have. In
1967 we established a huge western



sley vervy clearly per more geneblc diversity.
ise without it was a vszfj/ interesting discussion,

it wag evorybody sot talking about why this
Able yen ng, rs“ﬁ,ui of would be so. We way try to test the

having to put in the refriger— hark b“mﬂ— by stressing them and cvy-
aror {or Jour months.  We have thom ing to differentinsre In rhat way. Trying

fable continuouslvy, We have to riguuy sut why, whan you select and
ically the baoseline vou kill off Llots of them, when you put
o

ast year we establishod them under zr atress you get greater
GUr O lonics form som: of diversity because the remainder hasa't
the population sires that 1 was much of a greater chance to diversify.
discussing:; and what we are rﬂtmﬁing’, Tt was a very bip rovelation, at first
to do whon we pet the colonies to T thousht if must be an avtifact of
sufficient size is to work on these collection. We did it wrong —— that's
problems more. Unfortunatelv, it takes your {irst reaction, buat then you re~
about a year and a half (o two alize that it is so consistent that
years to get the colony built up to you can't just say., because it doesn'
that level,  Becsuse we aro ool fit with what vou thought, that you did
talking about t that use 10-~13 it wrong. So that in a thing we are
animals, we're talliing about 500-1000 vesting now.

for each experiment,
QUESTION (J.M. Herbers): Well that work is

QUESTION (H.M. lHerbers}: T can really very interesting and T applaud
appreciate the di r”l”ic ulty bocause you for doing the hard work, I know
I work with an orgavisw that has to it is hard work. My fipal guestion rel-
zo through a six month dispauvse and it ates more to policy Ilssues. Your work
is really a drag. Okay, well ['d like clearly shows that since theore is
juat one move guestion aboutr the varlation within populatlions and
sonetles, f you don't mind, It between populatjons, that EPA registra-
scems Lo me veally eritical in tion procedures ave just plain wrong,
undersranding reslstance ioa natural Mow, can you suggest whav the real
populations, to understand whether implications are golnp to be for
that resistancea comes aboub ag an registering pesticides gnd testing
evolut lonary response Lo a sclection thew from your work?
pregssura, or whether that resistance
i a result of zome genes being RESPONSE (J.L. Robertson): You get caught
turned on ia the popuiation. My between the bureauvceracy you work for and
understanding is that so far the science. 1 don't know what we're going

available Hiterat Just cannot to do besic

diligentlvy publishing our

differentiate bctgw u those Lwo. information. We prasent it whenever we
Can yoo suggest any way to approach can, and T guess basically we are trying
thias issue, obvicusly you have to to make enouph people pavy attention to
do selection oxperiments in che what we are sayving sc that, hopefully,

lahoratory and e,tj.n ate heritabilicy eventually the message will ger through
and so for:h; but the whoele issue of the to people making the policies.
physiological bzmi-\ of resisvancn is

that big black box still for many, wmany QUESTION (J.M. Herbers): Presumably your
speclies. work is being funded by those same

people who make policies.

1ES ("\“}r {(J.L. Pobertsony: T don't know

have to wait and sece whar RESPONSBE (J.L. Robertson): to. I might
fyom the selection experiwments relate a little story that sort of explains
this whole thing has just been a ;tep this. In 1971, I had spent T guess 5
by step process. vears testing 25-30 chemicals against
Douglas fir tuesock moth ag alternatives
(11.W. Stock): Interesting that you to DDT. When it came down to the issue
should bring that subject up. Last of the emcrgency, the alleged
week T talked on bark beetles at a emergency in Ovepon, that year -- our
cring in Ranff and what we found Is project suppested five altorpatives Lo
that when you spress the pepulation, DT, Cuess which chomical zot spraved?
vou get greater genetic diversity. 0pTr ALl you can do 1s prasent your data.
There if a certain asount of rheory
that says if wvou stress a population QUESTION (J.M. Herbers): Well, good luck
vou pet less genetic diversity. We to you. Thank you.
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Your slides make
en o ogypsy moth

< lar in & couple of years -
turng out they ave even uglier when vyou
took at tham under a wiloresoppe,

have to meet them face to fare. So,

T'm glad about that, but a couple of vears

Tike evervone else in Vermont, we
Sl have o real pypsy wmoth problem and 1
wsn about half the osk stands in this
ata were defoilaved.  (nme thing that
smys gtyusek me that about this virus
W wWe gol to an area where the
popularion wag ¢ apsing and all
the fnliage had been chewed, the bugs
wiare halfway through their development
and the lavvao that were left all had
the wilt discase. I would report that
hev dled from starvation and wilt., My
aquastion L, which are they dying from?
Povhaps {6 fs the same cthing -~ the
stavvation feads to wilt discges.  But
there o way to say the caterpillars
are dylng from one or dying from the

ot her?

(K 5, shields): Well, a few
e we dld o study mnalyzing
caraed s collapse in natural
pepulaticas and the mportont disease
abs iy natural populiations,

Foaent bally we did necropsies on the
tevmined thiat the
nucleopolyhedronis virug was the most
important wicvoblological agent
rating In wvarious kindg of gypsy
Bopepulavions, sparse and dense.
ool cenrae . tnat dacsn 't accoust
tor factors 1lke atarvat fon.  There
really dan't uny wav to determlne

lasprta amnd we de

ctLhere arve many factors
enived, which one 18 the most
bapartant after the inseer in dead.
This all poes (nte the whole disease
complen amd fhe epizoot tnlogy medel
Mollde
»omodels stary out with

very wlaplist Lo kindas of aschomes and
then vose test them. Well, wa're
Fealiy fu the very, very dinfancy of

2 fig o

stul pepalaton predics fon,
g i

HINTRIN FYTIFIN

Yoo We are in the progess
caelding ane, and starvation
beone factor,

. We veallv don't oven
u e

(H.5. Burnsy: If You are poing

waing wvirus though 1t scems as

YOIt wariv in the hadld up
SCL -~ ke BT (ehe bacterial
3 At best to use it
fnnects are oo DUMPrOus,

ar o de {4 horpeyp te use ir |

£l

ater when
ad by the

BEARseCT e already stre

S De mesh
effective in terms of the population
builld up if it were appliad as an
insecticide?

RESPONSE (K.8. Shields): Well, it
depends on how you are going Lo in-
troduce it inte the population. If
you are talking about aerial spray, the
recommended application now is two
doses, and you spray first when they
are second instars. The veason for
that is, if vou spray too early when the
insects are first hatching, they are not
up in the capopy, they don’t eat enough,
80 even though you can cover the foliage
with inclusion bodics the odds of one
very emall first instar larvae ingesting
a lethal dose of inclusion body are
not great enough to justify spraving.
If you wait too long, the virus still
kills them, but the dosage goes up
with the insect's body weight. The
larger the insect the more it takes to
kill d1t. So it's a compromise -~
second instars are probably the best
stage to hit in an aerial applicatiom,
but in alternate application methods
that is a whole different sLoOTyY.

QUESTION (B.S. Burms): Another quesbion ==
we always say a virus would be a great
pestictde if it affected only
EYypsy moths and not the other
insecta, not the other creatures around ]
but I have a feeling if we ever got to
doing this operation, if we were spraving
it over houses, people would get con-
cerned and think it was going tov matate,
and what about the next andromeda strain,
and all this. Are we rea 1y sure this
thing can't mutate and become a bug
that is a little more infective?

RESPUNSE (¥.3. Shields): No, of course not,
You are never really sure. CYPUHIK was
in safety testing fer mony years before
EPA registered it. It has been tested
against many, many species of invertebrates
and vertebrates; it has heen injected into
brains of mammals, it has been through
all sorts of extensive testing. But the
most that we can say is that all evidence
indicates that it is environmentally safe,
that it is not infectious in any other
species, and it is monitored. But that
is something that will have to be
looked at over the years as the organism
is produced, if a commercial producer
is making {t. Tt will be important to
monitor any microorganism to make sure
that it has not mutated. This really
isn't being done now.
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RESPONSE (K.35. Shields): 1 really can't
answoy that bee
with the pruaedtre:
Parhaps Jackic coi

uot Fawilior
for chemicals.

(J.L. Robertson): 1 think that
they are dbout L SEWE .

(M.W. Stock): 1 would like ro
make just one point — and that is,
from a genetic point of view and from
just a biologi point of view,
insects cycle paturally and deciding
what is killing them is very difficulr
as we have heen discussing here. At
some point in time, the populations
will decline naturallv; Boueglas fir
tussock moth is very predictable in
that way. So, if you spray at the
right time you get very high mortality,
whether it 1s caused by the spray or
whether thev were goinyg to die
anyway. So, causal relationships
are very diffieule to fdentify.

—t

QUESTION (B.S Burnsy: Tf wa have to
give comeunities and landowners, and so
forth, advice on whether to spray and
make that rather substantial Investment
on a piece of real estate, it would be
nice not to ask people to spray if
their population is golng to collapse
this year.

RESPONSE (M.W. Stock): Right. On the
ohter hand if you tell them to spray
then they say you gave them such
wonderful advice because they all
died. That is the politics of it, you
see.

QUESTION (B.S. Burms}: Okay, thig is
just a curiosity more than anything.
1 haven't been keeping up with ny
Mother Farth News or whatever it is,
But 1 know they probably all say
that you can macerate gypsy moth
larvae and spray them on the trees and
you can make your own virus insecticide
yourself. Would that work: 1 mean if
2 homeowner asked me can I take a
bunch of dead gypsy moth cater-
pillars and mash them up and spray
them on the trees?

RESPONSE {X.&. Shieldsy: Well, I bate fo
tell vou what GYPCHEK is made of.
That is what it is. Now, viruses
coursé have to be grown om living ¢

QUESTION (K.Carter)y:  Ba

RESPONSE (B,

bieoyn any
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productive
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inclusion boadles.
tested for prosenc?
Organ g and Lhis [s the uutﬂr p“mb;@m
with growing vivusos in vive,  Vou

have allergunic material {rom the lnsect
parts and yvou have contaminated i
organisms. We further purliy ]
laboratory use, sivtures that T
showed you of tho . hodles ware
highly pnrifi@d; But it inoma jtess
expensive Lo /PTAY
voegistarad

it would

aperation.
as groumd up
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T can
a lot of eager people out the who want
to ask their own guestions, s ['n not
going to toke teoo long. But thero are
a couple of things that came to mind
whlhe YOu werse spes that T just
can't pass up the epportunity Lo talk
about. I think that your study with
the black walnut and the ambrosia beetles
was an excellent example of the need to
study the blologleal system, both of
the insect and of the host over a long
pericd of time in order Lo be sure
that you have got all the impi:catian"
before formulating a strategy. just
wonder Lf vou feel that the bielogy of
the trees has been followed sufficiently
long to be able to pred
sprouts from the stumps
game quality as the seadlir
1 koow frequently it is the
espacially with sprouts
stumps, that you expert poOLTREY form or
he

K
Tir

more suseptibiiity to

@2LC, ,
from stump Sprouts as appo to secdling

for black
we haven't
bonow if



future for rhese trees. I also don't
wnow if that very fast growth rate
going to continue over the life of
tress; they may slow down again
tater on and in fact maybe go back to
the slower growth rate or hecoms
susceptible again. But for a short
period of time, within a few years
afrer attack, the trases are

hetter and the sprouts that do come up
are usually vary straight and very
fast growing —~ so they look good
initially.

(UESTION (K. Carter): When you speak
about them dbeing faster growing -— that
would be an annual growth rate. They
do eventually c¢ateh up to where they
would have been had they not been killed
back to the ground at some point?

RESPONSE (B.4. Weber): I would say it would
deverdd on the age at which the trees
wore attacked. If the trees are at

sge 4 in the example that 1 gave,

T would say that the sprouts would

cateh up, becauge the sprouts are

wruwing at the rate of mavbe

5 feet a vear and the trees would

mavhe be 7 feet tall for the

average of the plantation. 8o,

within 2-3 vears the sprouts are geling

to he as tall or mavbe even a little

bit taller thas the average tree.

GUESTION (W, Carter):s T can tell
chere are o lot of genevlcists on the
panel this merning, hecasse [ am
I just have to give you oy
waybe vne of the other spenkers, too,
would like to comwmant on khe very long
rerm effpcts of interactions between
ingects and forest trees on the
gonatics of the tree populations -
and maybe talk a lictle bit abour
v co-ovolution of the
s and thelr hosts., Would vou
to do that?

e o,

it

tike

REAPONSE (B.€. Weher): I am not a
geneticist, se I am going to beg off
a Litrie bir on chat one; except to
wav that with my study on the
ambrosin bectle, the bhlack walnut
trees that T studied were from different
seed sogrces - which means they
had Jifferent genetic backgrounds. So
T looked at this particular factor to
see 1f the ambrosia beetles were
affecting particular trees and then looked
at the long term response of the

afcer aveack., What I found was

that ves, there s differences among
the different seed sources In which trees

were attacked. 1 also found that the
seed sources which were most

heavily attacked were also the seed
gsources that recovered the best. Now,
another thing, and this may be a
coincidence, but the seed sources that
were most heavily attacked and that re-
covered the best were also seed
sources in areas where the ambrosia
peetle occurs now, The seed sources
rhat were attacked but did not

recover very well are in places

wvhere the beetle is not presently
found. This insect is an introduced
insect into the country. It was
i{ntroduced in the early 1930's. Now L
don't think the insect has been arvound
long enough to put any kind of
evolutionary pressure on the trees to
affect the fact that some trees are
resistant and not resistant. I

think it may be just an artifact

of the population, but some of the
differences were significant. If
somebody else wants to talk about the
co~evolutionary aspects, I defer to them.

RESPONSE ( M.W. Stock): At this meeting
that T recently attended, another
thing they found was that if you take
~ say~ Douglas fir and you put spruce
budworms from the same area on it there
is less damage than if you mix them
from different areas say, from 100 miles
apart. So that the adaptation certainly
goes both ways. You get most
damage if you take a pepulation of budworm
and a population of Douglas fir from
two different areas. So, there are
really very high levels of co-evolution.
That was the whole subject of that
meeting -- it was quite fascinating.
The other thing is that in bark
beetles, some of the controversy -~ there
is a fair amount of controversy about
how to manage bark beetles, you
can't spray very effectively since they
whip out of one tree and whip into
another one so fast they aren't
exposed —— but one of the management
techniques involves cutting dowm
vigorous trees that the beetles
might be 1ikely to attack. This is,
over a period of time, not really
terrific for the stand. That is a
very interesting subject for discussion,
and as I say we recently spent two
days on it and just barely scratched
the surface of some of these gquestions.
Mostly we raised questions -~ like herve,
You don't answer a whole lot but you
Tecognize the questions exist.

QUESTIONS FROM THE AUDIENCE:
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3 Secondly, vou huave

in mind that foresiry uses of
are considered by ELPLAL
nor use compared o rhe

::r‘zﬂ uses,  The Forest Service
a very good service by
cn‘miawtum the additional work to
shis particular ‘?md af

T to be repistered for foresrry
usaes because 1L ois veally not worth
it for a chemlcal company who
anewer o stockholders oo go
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QUESTION (5.V.Kossuth): 1 have a question
for Mollie, What I would like to know
is have vou lowked at the stages of
evelopment ol ",hf’ ‘sc::t in rvelation

wn they are t susceptable to

the varicus apra

RESPONSE {M.W. Stoe “): ‘hat's a question
that was brought up during coffee hreak.
The instars, the different larval
stages, vary in their susceptibiliry to
different chemical° and not just a
ligear fashion. Thore are no gross
changes in the esterases during larval
develosment. Ve'we seen changes, great
gwitches, betwecn, say, when pupation
cocurs, That is reainly something that
would he worth locking W have
not compared bhe stars in grea
detail. BPut with the instars thal we
have compared, say second, €

fpurth and Fifrh insrars, theye are

no ¢ hanyg
hui there are other
at. That

~ially with
hate, which is div y related;
rhe esterascs are directly related to
metabollse of acervate.

requency ot d
things tnat need o bo
a good possibilivy

QUESTION { C.J. Wang): Do microblals
nsrociated with insects affect their
response o chemicale?

RESPONSE ( J.L. Robarrson): Certainly a
posaibilicy but, unfortunately, when

passay for a chemical

vou run oa bi
all vou have got are your controls, and
the guestion is did tbey live or did they
7 8o, we don't know.

sl

RESTONSE {M.W. Stock): Back to bark
beeties, When a bark beetle attacks,
there is a very close relatcionship
hetween the funpus, the various
fungi, that are carvied by a
bark beetlce, and whether or not it
kills the tree 'l"ncrv is a wvery
close relationshiy which is essential
in vuderstanding L,»c tree mortality and
the relationships hetween them. 1
think that'
something we don't know a whole lot
about, but more Iz being learned all
the time. I rhink we know more
about it -— maybe ['m wrong, but I
think we know more about Lt in the
bark heetle--tree relaticanship, than we
do in budworwms and the defoliators.

a vory good question --

sed

QUESTION (R.S. Xelley): A question for
Kathy. Ts there any evidence to suggest
direct carry-over of sub=-lerhal
dose of virus within the insect from one
generation to the next?

RESPONSE {(K.S. Shields): There is no
cvidence at present.  BSome of this
work is belpg done now -- working with
sublerhal doses, looking for chronic
infectious ~ evidence vl chronic
infections, frauvsiviral transmission
-— all this area. To my knowledge no
one has produced any positive evidence
of this occurring. There is a lot of
egative eviden but the fact that
you can't find it doesn't mean its not
there. There s another whole
area that really hasn't been investigated
and that is the area of wi ral latency.
For many, many years a lot of
prople have ausp
meth virus may be
some kiod of a
could be tri

Al eypsy
erating in
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ane viral pacticle to

i
toan insect and LY that one
viral particle invades the cell
and replicates that insect is a

. The dose responso

the odds of getting that
one viral pavticle in an infectiocus
form lnto a cell. Now this is just a
theoary, but evidence is being
accumisiarod that supports this

Ty,

GUESTION { .8, Relley): My second

i

L

quest fon re toe the break-down

of vivus by ultraviolet radiation.

Whnt o kpow about sarvivability of
the virus on the egg mass?

Shieldn): Well, the

ity provrams that are bhecing done
now wiidd spray esg masses shortly

Lf this fs going to
beopmd i o home owner kind of
techmigue, people wonld be advised to
gor oyt do the middic of Aprii

amd apray theie epy manses, Just

before hareh.

dhort e before the jusects gre due to
Bateh so that i wouldn't be exposed
tor that loma griod of rime, Also.
there s difforence In virus propara-
thome. The virus that 1s 1iberared
from a dead X i dncorporsted
whtiv all ot the {usecr body parts

= oall this proteipsscous mattopr —-—

and phils virng secme to be more
pratocted Trom wittavioler radiarion
than parificd proparations. We did
vitas persisteace studies aw part of
the BORL AL ronistratfon mackage.  We
weat ont fnto natural populations that
s never bheen treated with virus, but
that lad bed watural virue incidence
the past vears We want out in
spriag befurs the inscors hatehed

gl enliectod hark samples, soil

3

]

viess s Hirrer ramples and some

fothal doses of virus in these
samplos, ax tested by bloassay. fo

. Lot
wWnep il

wetected from UV eirher
By o Tormulat fom or by the insecr
bosdy Chadda, o the faer that ir is
wel g o Hipht be
sodown in the eppud

CHLINe

rives of the

slant. Fgg

QUESTION (M.Morselli):

RESPONSE (K.s. Shields):

masses are covered with many, many
layers of setae that the female deposits
on the eggs., If you take an eg;
to a laboratory and just squirt
virus - just plaster it and put it
under the scanning scope, the First
time I did that T was positively
horrified because T put it under there
and I couldn't find any virus. Yet

I knew I had just loaded this thing up
with 1t. Well, it socaks down in to the
layers of the setae, and when vou spray
an agg mass you can find inclusion
bodies right on the surface of the
eggs, below many, many layers of the
setae. 8o they probably would bz more
protected in that fashion and may go
from one generation to the next.

QUESTION (R.S, Kelley): Where do you find
your greatest number of Jethal doses?

RESPONSE (X.S.Shields): There were
differences in samples -~ I really
can't remember the specifice of
the dara. The bark was very variable
and we assumed that it probably
depended on whether an insect
had died on that particular
picce of bark or not. We had ane
little sample that was half the size
of a dime, scraped off the crotch
of a maple tree, from one plot thar had
never been sprayed with virus; this was
supposed to be the pre~spray sample.

It wiped out every imsect. You

know, LDI00 on everything. We couldn't
dilute it down enough. There were
probably a half a dozen larvae that
died right in that little spot. So
that was really high, other

samples were minimum or none at all.

Is there any
indication of the virus having an
effect on the tree?

No, we have

no indication of that. In the environment,
if viral particles are present they
will not be viable for very long.
particles are wiped out very, very
readily by ultraviolet Light - or
by desication, or many other things.

They are not very stable at all. The
inclusion body is much mere stable, but
the inclusion body has to be dissolved

in order for virus to gain entry

into any tissue. The inclusion

bodies are very, very stable; except

at high pH; the reasson that inclusion
bodies dissolve in lepidoptera

larvae is primarily because of the gut pH.
Once the inclusion hodies dissolve,

Viral



HYPARY
wow what
viYus;

SUHTe ™

opvelops

s a tock and
mechanisw o galn entry into a
cell. You can diss : .
bodies, but that doesn't mosn avvihi
The virus has to 3 :

ain ent
iv has o gaiu entry into o
it has he able to unco:
vreplication pre

wo e lens,

toits DNA and

starty it

Cots .

So the fack is that baculovireses have
rhe most rYesty icred hosy range of any

of the viruses. They are the only
virus group that has no counterpart at
21l in either plants o wwatos,
is wvery, very unlikely that a
aculovirus could have o
action in something as dif
from & gypsy moth ag an o

1

B el

do of

QUESTTON:
how the
the trea
measures.

\(" -
and

HESPONSE (B.C. Weber): Yy
is an ambrosia heetle; )
related to bark beetles and therefore
it carrvies a fungus that jt
ity nour |

tmennt when 1t is
inside the free. My bypothesis i
that it is cavrving other Tungl Inte the
rree that cause the wilting and the
dieback of the tree. So it i« an
interaction between the heotle, some
fungus or Ffungi or other wmicrovrganiswm,

and the tree itsell that actually causing

To speculate on some

the dieback.
preventive measure - rhat one

difficult becauss you would have to figure

out which of the three agents is
more Important cause and then work
on that one to prevent it. Right
now we don't know enough abiout rthem
all to speculate very far; so I'm
going tp hedge on that one.

QUESTION: s it a bark infection in the
lower part of the rree?

RESPONSE (8.C. Wweber): 1t oncurs
lower part of the tree and the
runnels il the way intu Lhe wond,

411 the way into the

not just in the bark

sometimes
pith; so its
area.,

Lave A Juestion

she

QUESTION [B.C,
for Katby, i
telked asbhout the T
parasivized by the [1y
beling affected by 2
question has to do wit
affocts on the fly populations. Aren't
rhe paras o killed in the

virug-inferted larvas?

Wab were
and then ilater

5
virus also. My
 the Long ternm

RESTONSE (K.5. Shields: Yes, that’s
exactly true, We're looking at it
wmore from the pect of population
prediction. It is true that if you
wera going to use Blephapipo as &

veotor of vivas, ¢
will increase aod the Bleph
population will decroase.
depends on whether vou are interested in
parasloes oy gypsy moths; and wost
people just want gypsy moths dead, they
don't really care how il gets killed.
But,t aspect that is interesting about
it is 4if you are trying to assass
populations from one year to the next -—
if Blepharipa is opevating in the

Q woth pepulaticn , 18 a pretty
good bet that g woth population is
wolng to B pa. We are not
sure of that but the laboratory
evidonce exists.
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DISPLACEMENT: ONE CONSEQUENCE OF NOT MEETING PEOPLE'S NEADS

Dorothy H. Anderson<

Abstract.~-Defines displacemant from a recreating
researcher’s viewpolnt and illustrates 1v with findlngs from
a study of use within the Boundary Waters Lance Aren
Wilderness. Findings show that displacement is likely to be
caused by litter, noise, overuse, and encounters with
others. In many cases, the cavses of displacement can be

managerially controlled,

Forest managers seek to manage recreation
resources to provide people with oppor—
tunitles to meet their recreation needs. But
because recreation use continues to change,
some people's needs are not mer. Failuve,
for whatever reasons, to meet people's tneads
often increases visitor conflicts, visitor
digplacement, and visitor diesatisfaction,

The purpose of this paper i{s to help
nonrecreation natural resource professionals
understand what happens when some people fail
o have thelr recreation needs met. The
paper will focus on visitor displacement, one
consequence of falling to meet recreation
users' needs. Specific inrents of the paper
are to define and briefly discuss displace~
ment and to provide a context for exanining
the displacement phenomenon in recreation
environments., Selected findings and nanage-
ment implications from a study of recreation
displacement are preseanted to i{llustrate the
PhEnomenen .,

1paper presented at the Research in
Foregt Productivity, Use and Pest Comtrol:
Contributions by Women Sclentists;
Burlington, Vermont; Sept. 16-17, 1983.

ZDorothy H. Anderson is Research Social
Scientist, USDA Forest Service, North Central
Forest Experiment Station, 1992 Folwell Aves,
St Paul, Minnesota 55108,

DEFINING DISPLACEMENT

In the social sclences, geographers and
sociologlste often refar Lo displacement g
free—conpelled uvr {orced miyration brought
about by political fovces or goverament
actiong {(Burdge and Ludtke 1973, Mullar
1976}, Displacement, then, refers to involw
untary movenent from oane place to another
and generally precludes a rebure to the
original location (Shields, M, 19745}, To
illusgtrate this meaning, suppese an individ-
ual lives in the path of a proposed voadway.
If plans for the roadway are approved, the
fodividual s forced to move but fg free Lo
choose whare Lo aove.

In recreatvion ressarch ws have taken the
geographer’s and soclologist’s definicion of
displacement and have extended it to inolude
the social psychologist's wlewpoint. Addiag
thisg wiewpolat allows us to exsmine movemaent
as specific kinds of changes In an
individual’s behavior. We recreation
regegvchers define displacement as the out~
come of a declsion toe change behavlior--an
outcome caused by advevse chavnges in the
recreation envirepment, In addition, dis-
placement «¢an be elther on-site or off-gite
and 1t can refer to elther spatial or Lem-
poral changes people make in their recreation
behavior (Andargon 19870). On-site displace-
ment is the osutcome of a decision to change
behavior within a recreatinng sraa; nff-aive
disp ment is the outeame of a decision o
teave a racreatioan srea altopethey. (OFf-pige
displacement always reflescts a spacial change




in behaviwr’ but on-gite displacement may
reflect s spatial as well as temporal change
in an individual's behavior. For example,
pecple who have heen displaced on-site may
hike d4ifferent trails, camp at different
sltes, and entar a recreation area through
different access poinls. Any of these bahav~
iors refleect gparial changes. Aa example of
a temporal change could be people who decide
Lo enter a verreation area through the same
access poinr hut at a different time of the
day, weelk, month, or year. Once in the area
they use the grea in the game way ag they
have in the paste

According to our definition, displacement
iz caused by advevse changes in the
recreat ion enviromment. An adverse change Is
simply a change the recreation user does not

ike, These changes ave classifled as

soclal, envirommental, ov managerial. An
example ¢f an adverse social chauge mipght be
an increagse {n the number aund kind of users
to a recreation area. Increases in use often
lead o greater pressures and competition for
space among recreation users (Lucas 1964,
Knopp and Tygaer 1973, Schreyer and Nielson
1978).

Favirommental changes can be vegetation
or tandscape changes broought about by natural
or human fTorces, Flres, floods, insect
infasrations, and mining and timber practices
can alter the landscape slgnificantly and
some timan make it lesg desirable for
recreatfon use. For exsmple, in some parts
of Pennsylvania, recreation use hae decreasod
as pupulations of gypay moths have increased.
Many recreation users, not deslring to
regreate in aroas heavily infested with these
insects, have beea forced to recreate in
sther aveag where gypsy moths have not yet
invaded {(Shields, K. 1983).

Digplacement can also result from manage-
rial changes stemming from new divectives,
policles, and lepislation, ¥or instance,
increases in the number of ugers to some
federal lands have prompred land managers to
atlocate use through various rationing
schemes . Some Yecreation users are displaced
from thesce areas because they do not want the
bother of applying for admittance to the
ares, Other u§ers are more directly
displaced when thelr applicatlons for admit-
tance arge denied because entry quotas are
filled.

MODELING DISPLACEMENT

Because displacement {s defined as a
change in an individual's behavior, {t can be
modeled in an attitude-behavior context. An
individual's# intent to behave a particular

way depends on the individual's artitude
toward behaving that way. Symbolically we
can show that attitudes are composed of
beliefs and evaluations of heliefs {Fishbein
and Ajzen 1975):

M=

Ag = bieg

i
iy

i

Ap is an attitude toward performing
a behavior,

whers,

b is a belief about the consequences
of performing a behavior, and

e is an evaluation of the favorable-

ness or unfavorableness of
performing a behavior,

Combined, beliefg and evaluations wmeasure an
individual's attitude toward performing a
behavior. Thus two people in the same
environment may behave differently because
their beliefs differ, their evaluations
differ, or their beliefs and evaluations
differ.

The following example uses this model to
illustrate displacement in a4 recreation con-
text. Two anglevs who have fished a par-
ticular river in the past are considering
fishing it again., Since the time of their
last fishing trip on the river, a canoe
rental husiness has begun operating about a
mile upstream of their favorite fishing spot.
The first angler believes that the canoce
traffic genmersted by the rental buginess will
markedly decrease the opportunity to catch
fish. Because catching fish is this angler's
most impertant reason for using the river,
not catching fish will strongly diminish the
first angler's recreation experience. Based
on this belief and evaluation, the first
angler decides not to return to the river and
fish. Catching fish is also the second
angler's most important reason for ueing the
river and not catching fish would strongly
diminish this angler's recreation experience.
However, unlike the first angler, the second
angler does not believe that the canoe traf-
fic will decrease the chance to catch fish
and decides to return to the river to fish.
Although both anglers share the same evalua—~
tion for catching fish, their beliefs differ.
Therefore, their attitudes and consequently
their intentions differ toward fishing from
that particular place along the river. The
first angler has been displaced because the
decision to fish elsewhere {ie. change
behavior) was made in response to an adverse
change in the recreation enviromment (ie.,
canoe traffic). In contrast the second
angler has not been digplaced.



SELECTED FINDINGS FROM A STUDY OF
DISPLACEMENTY

We conducted a study in the Boundary
Waters Cance Area Wilderness of northeastern
Minnesota's Superior National Forest to find
out if evidence of displacement exists, and
1f so, to identify the likely causes of
displacement, The Boundary Waters, euncom-
passing more than one miliion acres of land
and water, is the only lake-land wilderuess
in the United States.

Methods

Every group entering the Boundary Waters
is required to have a permit, and copies of
the permics are retained at the Supervisor's
Office of the Superior National Forest., We
drew a sample of 1,016 names from permits
issued between Memorial Day and Labor Day in
1978 and in 1979. A questionnaire was mailed
to each permittee included in the sample.
Nearly 85 percent of the users surveyed
returned the questiounaires.

Because we were interested only in on—
site displacement within the Boundary Waters,
we needed to look at people who had used the
Boundary Waters several times. Therefore,
people whoe had made fewer than five trips to
the area were excluded from our study. After
eliminating these people, 619 questionnaires
remained.

We neasured changes in behavior with the
following questions:

a) On your recent visits to the Boundary
Waters did you enter through different
entry points than you did on your
early visits?

b) On your recent visits to the Boundary
Waters did you select campsites dif-
ferently than you did on your early
visits? and,

¢) On your vecent visits to the Boundary
Waters did you enter on a different
day of the week than vou did on early
visits?

We defined early visits as the first half of
the total number of visits made to the
Boundary Waters and vecent visits as the last
half of the total number of visits made,

3Much of the material in this section has
been excerpted from an eavlier paper. See
Anderson, De H, and Brown, P, J, forthcoming
issue of Journal of Leisure Research.

Regpondents could angwer sither “yes, at
least some of the time” or "no, never” to
each question. For those answering yes, we
measured their attitudes toward selected out~
comes of the use changeséa

Beliefs about the outcomes of each use
change were measured by asking respondents
how likely each outcome would be if they did
not change behavior. For example, those
users who changed entry points were asked to:

Think back to vour early visits to the
Boundary Waters. Plck an entry point
that you used on early visite but not on
raecent visits. Write the name of that
entry point Lo the space provided. If
you were to use that entry point now, how
1ikely do you think each of the following
would be?

Users who selected campsites differently or
entered on a different day were asked similar
appropriately worded questiong. A 7-point
Likert scale, ranging from "not at all
likely" (scale wvalue = () to "very likely"
{scale value = 6), was used to measure the
strength of the users’' beliefs about each
outcome. Evaluations of outcomes were
measured by asking users how much each out-
come, assoclated with a use change, added to
or detracted from the users’ recreation
experience. A 7-point Likert scale, ranging
from strongly detracts {scale value = -3} to
strongly adds (scale value = +3), was used to
assess the strength of user evaluations.
Belief scores and evaluation scores for each
outcome were multiplisd to develop attitude
SCOTES .

By our definition, digplacement occcurs
when users change their behavior in response
to adverse changes in the recreatlon setting.
Users’ perceptions of adverse social changes
were identified through negative attitude
scores. For example, a user may no longer
uge an entry point that was used fregquently
in the past because the user believes that if
this entry point were-used, contacts with
noisy people would be 'very likely'.
Moreover, these contacts 'strongly detract'
from the user's recreation experience. This
uger’s belief score would be 6 and the eval-
uvation scove would be ~3, yielding an atti-
tude score of ~18,

Behavior changes

Hore than 70 percent of the 6$1% raspon-
dents surveyed changed their use of the

4ptritude measurements were not made for
those answering “no, never.”
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Boundary Waters over time. Highty-four par—
cent {n=513) of these people used different
entry points on recent trips compared to ear~
ly trips, Seventy-five perceunt {n=454) of
the vespondents selected campsites differ—
ently and 73 percent {n=438) entered the
Boundary Waters ou a different day of the
week o

Beliefs and evaluations of beliefs

Belief and evaluation scores are shown in
Table 1 for outcomes assoclated with
selecting entry poiuts, campsites, and a day
to enter the Boundary Waters. The scores
were averaged across regpondents. Belief
scoreg greater than 3.00 ave evidence that
respondents believed the outcomes associated
with one of the three changes were likely,
Scores less than 3,00 indicate that outcomes
assoclated with a behavior change were un-—
likely to occur, Evaluation scores greater
than zero represent ocutcomes that are per-—
ceived as adding to the respondents’
recreation experiences. And, outcomes per-
ceived as detracting from experiences have
score values of less than zero, None of the
outcomes we report here added to the users’
experience.

Changes that respondents made in entry
points and entry day show that raspondents
believed that L1f they behaved as in the past,
then the outceomes ligted weve likely and
would detract from their experiences.
According to means for ovtcomes related to
campsite selection, respoudents believed that
if early hehaviors were followed most of
these outcomes would be gomewhat unlikely but
any one of these outcomes would detract from
their recreation experiences.

Attitudes

We combined belief and evaluation scores
to determine respondents’ attitudes toward
each outcome associated with a behavior
change (Table 2). Individuszl attitude scores
were averaged across respondents to produce
aggregate attitude scores.

Litter, nolse, and overuse (i.z., seeing
worn-out campsites and portages, camping at
heavily used sites) were perceived more negar~
tively than seeing other people. This
finding was true for all three kinds of be-
havior changes coansidered. Also, fewer usets
percelved visual encounters with others as
negative outcomes, than those who perceived
litter, noise, and overuse as negative out~
comes. The most striking implication of
these findings is that displacement is likely
to be caused by more than visual encounters
with others. An additional implication is
that encounters with others may not be 28

important in displacing users as other

TRABONS w

MANAGEMENT TMPLICATIONS

We helieve that the cutcomes we iden—
tified as related to displacement can be
mansgerially manipulated. Our study docu-
ments that change, and possibly displacement,
is taking place within the Boundary Waters
and thar this change is at least partly due
to adverse enviroumental and social con~
ditions. Being awave of the conditions and
the resulting changes In use patterns is use—
ful Iin planning and can lead toe specific
management objectives and practices. For
example, stronger messages could be issued to
inform the recreating public that litter,
noise, and resource vandalism are uol accept-
able. Clean—up patrols could be directed to
spend move time in areas where litter is a
problem. Managers could close worn~ouf camp-
sites and portages to allow these areas time
to recover. Campsites in good condition
could be monitored and corrective actions
taken before overuse causes deterioration.

During 1983 Boundary Waters resource
administrators will develop a new multi-year
managenent plan. Thelr management strategy
will be hased on guidelines outlined in the
Recreation Opportunity Spactrum (ROS) system,
For management purposes the Boundary Waters
hag been divided into three of the six zones
included under ROS: primitive, semi-
primitive nommotorized, and semi~primitive
motorized. Managers there seek to provide
different kinds and levels of recreation
opportunicies for each zone. Information
from our study about vesource couditions that
might influence displacement is one input
these administrators will use as thev develop
carryiog capacities for these zones {Sober
1983) . For example, campsites might be
spaced farther apart in primitive zones than
in semi-primitive zones. This action, while
controlling the total number of users allowed
in primirive zones, would also decrease the
chance of hearing or seeing other users from
2 campsite, Although the study data have
limitarions, we are encouraged by the
response of Lhe resource administrators in
the Boundary Waters and what we might learn
as they implement new management actions.

Our findings also have implications
beyond the Boundary Waters. 0Other recreation
areas across the country have experienced use
increases similar to the Roundary Warers, and
some people using these areas are probably
also being displaced within these areas. In
addition off-site displacement is probably
a%SQAOCQurringe That is, people ave being
displaced from one resource arsa Lo another.

[N
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naging purposes, reacurce
Ly to look ar vecreation
areas within reglon and wnderstand how
chatge in ¢ 22 afTects another areas. For
example, does chaoge in an area signal that
new users are coming into the area? If so,
should management objectives be written to
promote or discourage this kind of change?

If objectives ars developed to promote sue~
cegsion or new users coming into an area,
what happens to the users who were there
before? ra they displaced? 1f they are
digplaced, where do they go and how do they
impact othey recreation resources in the
reglon? For those people who are displaced,
what kiods of recreation areas and recreation
activities do they substitute for the ones
they have lost? The answers to these and
other similar questions ave mobt known. To
answer these kinds of questions, resource
administrators at all levels need to know
people’s prefersnces for different vecreation
envirpmments. Equipped with this kind of
ianformation administraters can identify
recreation areas that are suivtable for and
capable of sustaining different kinds of
users and a variety of uses and, thus, lessen
the likelihood of visitor displacement.
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THE HANDICAPPED USER IN OUTDOOR RECREATION RESOURCE

ENVIRUNMENTS :

IMPLICATIONS FOR RESOURCE PLANNERS!

Tou G. Powell, Ph.D.?

Abstract.-~In recent years recreation and resource plan—
ners have given increased attention to the provision of out-
door recreation opportunities For individuals with handicap-

ping conditions.

Planners are faced with the challenge of

designing accessible environments which meet the needs and
interests of all users while maintaining the integrity of

surrounding natural resources.

Current literature provides

the plannetr with valuable information that can guide environ~
mental design and program decisions concerning the handicapped

users.

This paper presents principles for planning outdoor

recreation experiences that are compatible with the expressed

needs and interests of many handicapped individuals.

Ty is

important that further study be conducted so that planners
will have access to a greater knowledge base frowm which to

derive decisions.
provided.

Recommendations for future research are

INTRODUCTION

Handicapped Americans are idncreasingly
voicing a need for independence, dignity, risk,
and adventure. In response to this need, out-
door recreation and resource planners must fo-
cus upon the design of environments that are
suited to the needs and interests of all users.
In recent years, engineevs have embraced the
study of ergonomics to comstruct living and
work spaces that are highly compatible with
the potential users, The application of this
science requires a strong technical knowledge
of the needs of the consumer, the characteris~—
tics or qualities of the environment, and the
dynamics of the relationship between the con-
sumer and his or her surroundings. Similarly,
the outdoor recreation and resource planner
who wishes to design an ergonomic environment
which meets the needs and interests of all
users while maintaining the integrity of the
surrounding natural resources, must have ac~
cess to technical knowledge concerning the

lpaper presented at the Symposium on Re-
search in Forest Productivity, Use and Pest
Contrel: Contributions by Women Scientists,
September 16-17, 1983, Burliugtom, Vermont.

psgistant Professor, Recreation & Parks
Program, University of New Hampshire, Durham,
New Hampshire 03824.

needs of potential users as well as the recre-
ation resource environment. Ouly then can de-
sign principles evolve which offer the great-
est compatibility.

This paper presents the planmer with in-
formation which can have application to de-

cigions effecting environmentsl design for han-

dicapped users. Questions to be addressed

through future research efforts are also posed.

The literature currently available to recrea-
tlon resource planners focuses primarily upon
information concerning the ocutdoo¥ recreation
interests and physical accessibility needs of
handicapped people. While further resesrch
must be conducted in order that plammers have
an adequate knowledge base from which to base
decisions, currvent literature does reveal some
guidelines for planning. A discussion of se-
lected principles follows.

PRINCIPLES FOR PLANNING

intepgrated recreatiopal settings

Handicapped individuals have strongly
articulated the need for, and an jthﬁtest”in’
recreation facilities and activities espec—
ially in informal, integrated., ocutdooy —
ational settings (Peterson et al. 1977y,
the early 1960s the U.S. Forest

In
g - '
»RfTvice began
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L1

v specialized recreational fa-
ersons, such as the
Mammoth
Troutr Pond
that many

\dnJ;rApuvdS
raille Trail in Colorado,
Lakes Camﬁbround in Californla, and
in Florida. User feedback indicated
hamﬁinappud individuals
avolding these segregate
strugegle fn rhe inaccessible facilities so
they could be with their familiecs and/or the
majority of arhe Thus 1t was learned
that sowme handlcapped individuals wished to be
included jn the mainsrream of life, without an
ivordinate amount of special or separate facil~
ities and programs (Carroll 1673 AAHPER 1877;
Fay et al. 1976). Consequently the Forest
Service hag revised its service philosophy for
handlﬁapped {ndividuals. Current practice
within the Forest Service i1z to discontinue
development of sepregated recreational areas
and instead focys upon the elimination of phy-
sical barricrs which prevent the use and enjoy-
ment of exisging forest lands and recreational
areas {(U8SDA 1983; Fay et al. 1976).

Roarin@ Fork

were specifically
areas, preferving to

Y OUBeTS.

While this apparent responsiveness of the
Forest Service is a positive sign, and will
better address the necds of many handicapped
individuals, there are still important and
relevant questions wvhich go inanswered and may
have lmplicvations for the curvent planning ap-
proach.  Are there suh-groups obf potential
handicapped users that would prefer and/or need
spocial facilities {e.p. multiply handicapped
or geverely handicapped individuals)?  If so,
are there suificient numbers of potential users
within these sub-groups and/or federal legis-—
lative mandates which wonld support at least
gome hiphly spocialized areas

Tangential to this plauning principle is
the coucern of handicapped individuals that
planmers might generalize the {indings of a
aample of dndividuals who have one disability
to represent or imply the preference of indi-
viduals with different disahilivies. As there
are a myvyriad of loterests and abilities among
£he ponhandicappod population, so are there
arng hand Leapped individuals.

nts and activities

Handicapped individuals indicate a pre-
forence for aetiv apportunities and facil-
ities much like those preferved by nonhandi-~
capped peers. Beechel (1973) found that while
Govme spevidl accemmodations are necessary to

fagilitate wnr%uit of certain ontdour recrea-
tion opportunitiey, handicapped individuals
prefer wutdopr onvironment s that are as close
te normal as possible.  Tn addition, Carroll
(1973) found that the types of outdeor recre-
ation prelerred by 4 sample of by mdicapped lo-

dividusls were hiking, water sporrs,
s experiences that ave common
nhandicaoped peers

Threshold for adaptation

There is evidence that a threshold level
of adaptation appears to exist, bevond which
further design changes are likely to be per-
ceived as stigmatizing (West 1981). There are
several case study examples in which planpers,
designers, and programmers have invested dol-
lars, time, and sincere concern in projects
that have altered outdoor areas and facilities
for the presumed benefit of the handicapped
user. Yet., in spite of this investment in im-
proved service capability, it was found that
there was no subsequent increase in use of
these areas and facilities by handicapped con-
sumers. Contrary teo this no increase in use
pattern, handicapped consumers, counsumer ad-
vocates, federal legislative mandates, as well
as numerous descriptive research studies vali-
date that design and accessibility improvements
in outdoor recreation facilities and programs
continues to be a major desire expressed by the
potential handicapped user., Thus to what can
we attribute this inconsistency between use
patterns and interests?

There iy some evidence that a threshold
level of adaptation appears to exist, bevond
which further design changes are likely to be
perceived as stigmatizing and as a result,
discourage use. A personal experience which
occurred during a research gtudy of the ac-
cessibility features of New Hampshire State
Parks (Powell 1982} tends to further support
this claim, Throughout rhe New Hampshire
study, it was noted that most accessible camp~
sites were designated by large, two— by three-
foot blue signs displaying the intermational
access symbol. These signs were clearly vis-
ible to all passersby. During an interview
of a handicapped user who had selected an in-
accessible site, the following comments were
recorded:

"I come here to get away from the press-
ures of my job and my handicap. Those signs
are like a flashing red light. A man stopped
by my campsite today and didn't realize one
of my legs was missing until thirty minutes
later when he asked me if I would help him
put his boat in the water, I reached for my
crutches under the picnic table and stood up.
He gasped. I don't think he would have ever
stoppad by if I had camped at a site that had
one of those signs. As it happened, I was
able to help him relax around me and we're
off on a fishing trip in the morning. Viable
alternatives to thls more stigamtizing prac-



tice of ohtrusively posting access ns might
include disgemination of information on acc—
essible campsites at tiwe of check-in and/or
identification of such sites on camp maps and
other literature.

This handlicapped user’s story suggests
additional unanswered questions, e.g. Is this
handicapped individual's feelings character-
istic of many other individuals? Are there
particular types of adaptations that handi-
cappad individuals find especially stigma-
tizing? Are there alternative means to fa-
cilitate use that are less stigmatizing?

Continuum of opportunities

Not all persons with handicapping condi-
tions desire the zame level of outdoor adven-
ture experiences. As with the general popu-
lation, adventure 1s a personally defined ex-
perience. "Just as some able-bodied persons
prefer more challenging primitive wilderness
areas while others want campgrounds with all
the comforts of home, some individuals with
handicapping conditions want longer and more
difficult hiking trails than other handicap-
ped persons." (AAHPER 1977, p.67). Impli-
cations for planning that may be derived from
this principle are numerous. For example, it
becomes important to offer a continuum of out-~
door recreation opportunities and settings for
handicapped individuals due to the consequent
diversity of needs and preferences which must
be met -- a planning principle which is al~
ready applied to the nonhandicapped popula-
tion.

Trail design and information.--Consistent
with this thinking is the practice of placing
signs at the entrance of outdoor trails that
inform potential users of the trail length,
the level of difficulty (using a national rat-
ing scale much like those used for ski slopes)
and a map indicating the location of rest
stops and accessible toilet facilities. This
informatrion will allow each potential user
{whether handicapped, nonhandicapped, elderly,
or small child) to make personal choices about
taking the trail based upon individual abil-
ity. Other alternatives that should be con-
sidered for hiking trail accessibility are the
all-terrain vehicle, snowmobiles, gondolas, or
horseback riding, all of which can be real-
istic means of mobility over natural terrain
for many handicapped individuals. Provigion
of trails with varied gradations and 3/8ths
minus crushed rock can also offer opportunity
for all users without being costly or aesthe-
tically damaging (Helbig 1978). The cries and
concerns of some rvesource planners that all
natural areas will soon be covered with black~

top in order to accomumodate the handicapped con

be alleviated.
Lvidi ~~The trails
Biind persons those that
have been left in as natural a state as poss-—
ible {as long as they are safe). Such a state
affords a more challenging experience (Beschel
1973: Fay et al. 1976; AFB 1972). Research by
the U.5. Forest Serviece and the National Park
Service indicates, while braille trails arve
popular with sighted visitors. they are uvsu-
ally useless to the blind individual” (Fay et
al. 1976), This conclusion is based upon the
following facts: L) less than teu percent of
blind individuals can read braille; in additionm,
there are several 'languages’® of braille; and
2) braille signs are highly subject to vandal-
ism. Alternative sclutions to accessibility
have included the use of audio interpretive
devices such as tape recorders in lieu of
signs, use of 'diffevential’ trail surfaces
which by feel and/or sound distinguishes the
trail from its surrvoundings maklng trails
safe from obstacles, and making trails inter-
esting to all the seuses {Beechel 1975: AAHPER
1977 Fay et al. L976). An example of such a
trail Is in the New Jersey Pine Barrens which
stresses pond ecology, forest wanagewment, and
plant and animal relationships.

enjoyed most

Benefits to all users

Physically handicapped individuals are
not the only persons who benefit from barrier-
free access designs. Reports have shown that
there are fewer tripping and falling hazards
and therefore fewer public liabiiity claims
and worker velated accidents in barriev-free
settings. Ramps and wider door construction
meet with the highest fire prevention stan-
dards, so buildings with barrtier—~free design
generally have lower insurance rates {(Harris
et al. 1977). A survey at the University of
Kansas c¢oncerning new curb cuts installed on
campus found that people interpreted the rea-
sons for the improvement in terms of their own
1life situation, not as improvements for the
handicapped. Ninety percent of the respondents
felt the curb cuts were made to help bicycle
riders. and those respondents who were service
emplovees felt the curb cuts were made to fa~
cilitate deliveries (Harris et al. 1977).

Finally, it should be noted that while
plans to make new and existing facilities and
areas accessible may incur additional costs,
surveys conducted by the Genaral Accounting
Department of HEW indicate that "in new con-
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than one—half of one percent

struction, the anditional cost for accessi-
— 4
ty q

existing facilities, no more

and x .1.,111;{ -
than three percent” (AAHPER 1977). In addi-
tion theye are 'low cost’ or 'no cost' appro-

establishing accessible envirconments
are frequently overlooked. FExamples in~
elude: placing cup dispensers beside watexr
fountains For wheeslchalr users; tilting bath—
room wmirrors when they cannot be loweved; pro-
viding an accessible unisex bsthroom so that
companions can assist their handicapped part-
ner: askinyg the tolephone company to lower a
telephone; using taped messages when possible;
and changing door weights so they may be open-
ed with less elfort.

DIREBCTIONS FOR FUTURE RESEARCH

isting vutdoor recreaticn

indicates the following:

review of ex

¥ ‘oh literature

1Y There is
studies that have
handicapped user.

little evidence of empiri-
cal apecifically examined

the

23 Few existing studies pertaining to
nonhandicapped user character 4§ and be-
hawior have becen valldated with reference to
the hundicapped Rescarch theory that
bas heen applicd to nonhandicapped user be-
havior patterns and preferences may Indicate
aspprogches vor expanding the relevant know-
ledge ba of plapners. For example, the Op-
portunity Theery has been tested using a pop-
wlation of difi gocicevononic groups,

HEer

ereut

but the literature appears to be vold of such
hypothenls vtesting with handicapped individu-
alen, Thy Taer ghat handicapped people in the

U.r, have on the averagoe significantly lower
carnings fhan the nonhandicapped suggests the

pnrfwzalal relevatce of studv in this arca.

Beeveat bon researchers bave also investi-
ot odd the copflict among users of
et dony recreation with regnrd to the concept
interference,  "Lifestyle tolerance",

cmnes of

of  poad

the tendiney of accept or yejeet lifestyles
ifferent from one's own, waz derived by
(1980) as one of the major

1 produce conflict dn
on. The nature and extent of
usoer interaction anong handicapped and non-
frand i cappud viduals may have serlous im-
plications wding the success with which
hand feappoed ‘l"H’niIA are integrated and
raditionally nenhandicapped
Thia author could not identi-
research which SUPPOTLS OF
user LPH?JL(L/kUJI interference us-
independont variable of

vnbdoer

intue

acvcepted

fyoany «
refunbes

1

ing the noticeable

handicapping conditicons.

3} Much of the research to date with
respect to outdoor recreation participation
of handicapped individuals has focused upon
physical design barriers. It has been hypo-
thesized that physical removal of architectural
barriers will result in a significant increase
in participation of handicapped individuals.
While there is little argument that barrier-free
design presents increased opportunity there is
evidence that removal of barriers in and of it~
self will not guarantee use. Resgearchers have
only just begun 'to scratch the surface' in
terms of studies which focus upon intervening
variables that may have an impact upon the use
of physically accessible facilities.

4} Most of the research that has examined
the benefits of oputdeor recreation for handicap-
ped individuals has taken place in segregated
camp settings. More research is needed in areas
that are used by the general public such as na-
tional and state parks, national forests, nature
centers, and backcountry and wilderness sreas.

Yurther, it appears that existing research
which has potential application to the handi-
capped user in the resource environment appears
to be dichotomous in nature, There is a body
of deseriptive research which focuses upon the
expressed outdoor recreation needs and interests
of handicapped persons. This research has been
conducted primarily by professionals in Thera-
peutic Recreation and the allied health fields.
Another body of empirical and descriptive re-
gearch exists which explores the behavior of
the nonhandicapped user as well as the envir-
onmental Impact of these users. This research
has resulted in recreation resource planning and
management .

A greater convergence of these research
efforts is needed. Our research knowledge base
concerning the handicapped recreation resource
consumer can be greatly enhanced if our inves-
tigations are expanded to include study of use
patterns, participant behavior and environmen-—
tal impacts of these users. Further study of
variables that potentially inhibit or faecili-
tate use of resource environments by handicap-
ped users is imperative. The author encourages
researchers who investigate recreation resource
user hehavior to include the handicapped user
as a variable when feasible. Collaboration of
those researchers who are kpnowledgeable about
issues concerning handicapped persons with re-
searchers who have expertise in recreation re-
source planning can potentially result in new
planping principles which will lead us toward
a more ergonomic environment for all natural
resource ugers.
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DEER DENSITIES AND FOREST REGENERATIONT

by Nancy G. Tilghman

2

Bhstract.--Preliminary results of a study of the effects
of five deer densities and three cutting treatments on
development of tree seedling reproduction on the Allegheny
Plateau of northwestern Pennsylvania show that higher deer
densities reduce the height growth made by seedlings in

clearcut and thinned stands.

Moreover, there are fewer iree

seedling species, less Rubuz, and more fern at higher deer

densities.

INTRODUCTION

The Allegheny hardwood forest type
covers nearly 12 million acres in
Pennsylvania, New York, Maryland, and West
Virginia (Fig. 1), The major tree species
nf these forests are black cherry (Prunus
serotina Ehrh.), red maple (Acer rubrum L.),
sugar maple {(Acer saccharum Marsh), and white
ash (Fraxinug americana L.). Most of the
world s supply of cherry lumber and veneer
for furniture and paneling comes from these
forests. The maples are used for furniture,
flooring, and specialty products, and the
white ash are used for baseball bats and tool
handles (Marguis 197%). The cverall value of
timber in the cherry-maple forests of
rorthwestern Pennsylvania averages about
$2%00 per acre. Timber receipis on the
Bllegheny National Forest alone run_between
54 million and §6 million per vyear,”

The Allegheny hardwood forests of
northpestern Pennsylvania are valuable for
other reasons as well. Over 100 million
people live within a day's drive of these
forests and many of them take advantage of
the recreaticnal opportunities for camping,
hiking, and boating there (U.5. Forest

1 .

‘Paper presented at the 3ymposium on
Research in Forest Productivity, Use, and
pest Control: Contributions by Women

Scientists, Burlington, Vermont, September
16-17, 1923,

“hesearch Wildlife Biologist, UZDA
Ferest Service, Northeastern Forest
Experiment Statien, 2.0, DBox 923, HWarren,
Pernsylvania 16385,

“F 1 communication from
Z. Hock mher Staff Officer, Alliegheny
Naticnal USDE Forest Service, Warren,
Pennsvl 83.

Figure 1.--Distribution of the Allegheny
nardwood forest type.

Service 197%). The beautiful scenery,
especially the spectacular fall foliage,
attracts many city-dwellers fe the
cherry-maple forests. These forests are the
home of numercus species of wildlife. Manv
visitors to these forests eniovy the chance to
observe animals in the wild; others come to
hunt deer, turkey. grouse, and bear. Over
1.2% million pecple buy hunting licenses in
Permsylvania, more then in any other state in
the naticn.
ure of these forests iz
re are® not enough young
iace the owerstory trees
re are several
2, Dbrowsing of
er [(Ddocoileus

g &
tree seedii
after harve
interrelate
seedlings b
virginianug!
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Blthough it ig difficulf to separate the
higtory of white-tailed deer populations in
northwestern Penngvivania from that of the
rest of the stste, o statewide review of deer
population trends suggests what happenad in
the Allegheny bardwood forests. In the late
1B00s, shite-talled deer pepulations were
suliert Lo intense hunting pressure. Deer
were hunted for market and sold to the many
logging camps arcund the state. There were
ny lave resbricting the number or sex of deer
that could be taken or the season when they
could be hunted. Togs and baits were
commonly used in the pursuit of deer, By the
turn of the century, deer had nearly been
eliminated from Pennsylvania (Forbes st
s1. 1971). Then several steps were taken to
protect the remaining deer, including the
institution of & "bucks only"” hunting season.
Deer were brought in from other states and
introdured to areas from which they had been
extirpated. At the sawe time. extensive
Clearcutiing provided an abundant food soyrce
for the deer. The combination of vrotection
from overhunting, aburdant focd, and the lack
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Figure 3.--Deer population trends in
Pennasylvania. After Marguis (197%),
adapted from Leopold (1943}, Bennett
(1957), and records of Pennsylvania deer
harvests.

By the early 13%20s, deer damage to
forest reproduction was evident (Frontz
133C). BAs the new forests grew out of the
reach of the deer, deer food became scarce.
The loss of previously abundant food
resources and lack of overstory cover caused
widespread winter starvation by the late
18208, In 1928, the taking of does was
legalized throughout Pennsylvania in an
attempt to curb population growth.
Nevertheless, deer numbers in Pennsvivania
probably reached a peak of about a million
deer by the late 1930s {Forbes et al. 1971).
But the doe seasons, increases in the total
harvest, and large winter losses reduced the
deer herd to about half its peak by 1950
(Bennett 19%7), Since that time, statewide
deer populations have gradually increased to
about 790,000 deer (Fig. 3).

The problem of high deer populations
browsing on tree seedlings to the point of
greatly altering or even eliminating the new
generation is not unique to northwestern
Pennsylvania. Foresters and biologists have
noted this conflict between forest and
wildlife resources in other areas of the

Qﬁamparison of population estimates of
the statewide deer herd is confounded by
changes that have occurred in the method of
estimating deer populations. ®hile the
actual numbers may not have been accurate in
rast years, the general population trends
indicated by these estimates are useful.
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ALTERNATIVES

Over the vears, several technigues have
neen developed to alleviate the overbrowsing
of tree seedlings. On the Blleghenv plateau,
numerous repellents have been tested, from
thoge that taste terrible to those that smell
rotten. Nome of these have proven effective
in reducing browsing at high deer densities.
At low deer densities, some repellente have
neen effective, but they _require freguent and
expensive respplication.” BRerial application
of nitrogen and phosphorous fertilizers to
induce rapid height growth of existing
geedlings beyond the reach of the deer has
peen tried, but this, too, is expensive
tAuchmoody 1982). Fencing regeneration cuts
has also proven effective, but again a
gizable expense must be borne by the
landowner. Electric ferces can cost from $17
to $160 per acre {(Brenneman 19823, while
8-foot woven wire fences cost from $100 to
5350 per acre.

Rithough these techniques may provide
short-term protection of small aress from
deer browsing, they are only bandaid
solutions. Those who manzge the deer herd
and its habitat have been working together to
come up with a long-term compromise that will
amelicrate the economic and ecologic impact
of high deer populations on forest resources.
The first step in the process 1s to bring the
deer herd down to level at which the forests
can be regenerated.

MANAGING THE DEER HERD

The Pennsylvanis Geme Commission (PGC)
manages the state deer herd on a
county-by-~county basis., They have developed
deer population estimates for each county.
For example, their overwintering deer density
estimates for the four counties in which the
Allegheny National Forest is located range
from 15 to 30 deer per sgquare mile,’ Using
forest age-class information, the PGC has

SOffice report {Study 98) by R. Ernst,
USDA Forest Service, Northeastern Forest
Experiment Station, Harren, Pennsylvanis,
1280,

Spersonal communication from
J. Hockingson, Timber Staff Officer, Allegheny
National Forest, USDR Forest Service, Harren,
?ennszlvania, 1981.

Personal communication from W. Shope,

Wildlife Biologist, Pennsylvania Game
Commission, Millerstown, Pennsylvania, 1982,

Sts 3
t ounties mentioned above, the
PG has 59L gdais that call for a decreas
the county-wide deer populatiocn, while in the
fourth they want to maintain the population

at nearly the same level.’ Although these
goals are based on the best information
presently available, they come primarily from
studies of deer wonditicn and survival. They
are not goals for deer populaticn levels that
will allew adeguate tree reproduction. We
need better information on which to base our
management strategies. Just what iz the
optimum deer density that will allow hikers
and hunters to enjoy deer in the forest, but
s5till allow encugh tree seedlings to survive
to perpetuate the forest?

ENCLOSURE ETUIN

The U, 5. Forest Service s Northeastern
Forest Experiment Station at Warren,
Pennsylvania, has initiated a l0-year study
of the effects of gseveral decr dengities on
tree regeneration in Allegheny hardwoend
forests. B second objective of this ztudy is
to examine the prafarences of desr for browse
among the numerous zpecies of woody and
nonwoody understory plante,

-+

Methods

Four 160-acre enclosures have been
eatablished in Allegheny hardwood stands of
northuwestern Pennsylvanis., Tuo of these
sites are located on the Allegheny National
Forest, one is located on State Game Land 30,
and one on Flk State Forest and National Fuel
Gas forest land {Fig. 4). Each of these
enclosures has been constructed of B-foot
woven wire fencing and hag been subdivided
into four subenclosures. Different deer
dengities have been established in each of
the subenclosures with one deer in 64 acres
and one, tuo, and four deer in each of the
3Z2-acre areas, simulsting 10, 20, 40, and 80
deer per square mile (Fig. 5). 3mall
exclosures {(1/250 acre) were randomly placed
in each subenclosure to represeni zero deer
per sguare mile. Each subencleosure was also
subjected to three different cutting
treatmente~- 10 percent waz clearcut, 30
percent vwas thinned, and the rest was left
uncut.

B mystem of permanent wilacre zampling
plots was established in each subenclosure,
with 25 plots in the clearcut, 1% plots in
the thinning, and 20 in the uncut portion,
The height and number of sach species of tree
seedlings on these plots were tallisd before
deer were installed: they will be remessured
avery other vear over the 10-yesr pericd.
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Figure 4.--Location of
study areas.

The percentage cover of various herbaceous
plant spacies hag alsc been recorded and will
be monitored throughout the study,

Preliminary results

This past summer we took the first
remeasurements of vegetation on two of the
four study areas and already we can see
differences in the vegetation. Some
differences are the result of cutting
treatments, but others can be atiributed to
the dengity of deer. In the clearcuts,
differences in the height of tree seedlings
are readily visible. For example, in the
10-deer/square-mile clearcut, the average
height of the tallest tree seedlings is
nearly 7 feet (Fig. 6al). In the
80-deer/square-mile clearcut, however, the
dominant seedlings are not yet 4 feet tall
(Fig. 6b}. Most of the tallest seedlings in
the high-deer-density enclosures were located
in slash piles where they escaped browsing.
The average height of seedlings outside the
slash piles in the 80-deer/square-mile
clearcut was lesg than 2 feet,

Unprotected seedlings in our highest
deer density enclcosures were significantly
shorter than seedlings in any of the cther

1) The protectlor offered by slash in the
two highest deer density treatments allowed
seedlings to grow as tall s those found in
unprotected areas of the lower deer density
enclosures. At low deer dengsities, seedlings
located in slash piles were as tall as those
found in our control aress inside the
exclosures. Thus, slash left on the ground
after a clearcut can provide protection for
the new seedlings and result in a shorter
rotation far the new stand.



> i
! Height orowth of tree seedlings
in the 10-deer/szquare-mile clearcyt.

Table 1.--Comparison of effects of slash on the height of tree
seedlings in different deer denmities.

Height of dominant stemy

[ 3 -5 > 7

¢ desr - no slagh
0 deer - slash
10 deer - slash
20 deer ~ glash

80 deer - slash
4Q deer - no slash
40 deer - slash
Z0 deer - no slash
10 deer - no slash

80 deerd - no glash

Pdeer = duer per sguare mile,

We ars also beginning to see evidence of
changes in the species composition of the
regeneration from different deer densities.
In the 10-deer/square-mile treatment, a wide
variety of tree seedling speciesg can be
found--black cherry, red maple, sugar maple,
white ash, vellow-poplar (Liriodendron
tulipifera L.V}, American beech (Fagus
grandifolis Enhrh.:, zweet bilrch {(Betuls lenta

L.}, yellow birch (Betuls elleghaniensis
Britton), aspen (Pgpulus spp.), cucumbertree
(Magnolia acuminata L.), pin cherry {Prunus
pengylvanica L), striped maple (BAger
spicatum Lam,), serviceberry (Amelanchier
spp. ), devils-walkingstick (Aralia spincsa
L.}, and staghorn sumac {(Rhus typhinez L.).
Black cherry and pin cherry seem to dominate.
In the clearcut, many of these young black
cherries are stump sprouts. The diversities
of tree seedling species in the
B0-desr/square-mile treatments at the two
study areas were different, At one site
where the regeneration potential was high,
the number of tree seedling species was
nearly the same ay that found in the
low-deer-density subenclosures (Table 2).
The sbundance of seedlings and more rapid
height growth on this good site allowed a

Figure &b. Height growth of tree sesdlings
in the 80-deer/square-mile treatment.

wider variety of tres seedlings to grow out
of the reach of deer., At the cther study
area, however, there were significantly fower
tres seedling species in all cutting
treatments of the hiqhwdeermdensity“
subenclosures (Table 2). Fecause thev are
preferred browse, species such as p‘n(cherry
are zignificantly less common in the
80-deer/squars-mile treatment. Onlv the less
palatab species are left, and there ig a
tendency for black cherry io dominate.
Although black cherry is our most valuable
timber species, this shift toward a
monoculiure of black cherry is considered
undesirable from both timber and wildlife
management viewpolnts. B monotypic forest
runs the risk of complete destruction by
insects or disease and decreases the
diverzity of wildlife habitats avsilable.

Table Z.~~Humber of seedling tree mpecies by deer density and
cutting treatment for two pindy sress, ome of high
reproguctive potential znd one of lower reproductive
potential.

Sumber of deer per sgusre mile

Cutting Reproductive
trestment potential 0 10 20 P 5
High 9 8 & 7 -]
Uneut
Low 13 iz 8 15 7
High w0 8 0 10 2
Thinrning
Low 13 12 i3 g 3
High 1o 10 1% 13 10
Llemrout
Low 12 iz 10 11 10

o



anges are also apparent in the
relative abundance of certain herbaceous
species. Ferns cover nearly four times as
much area in the high deer density clearcuts
ag they do in the lower deer densities (Table

Y. These ferns, primarily hayscented fern
{Dennstaedtia punctilobula (Michr.) Moore)
and Wew York fern (Brachvelvirum erectum
Schreb.), produce chemicals that interfere
with the germination, growth, and survival of
young black cherry seedlings. Blackberries
(Rubus spp.) are also affected by high deer
dengities. In the high deer density
thinnings, deer have reduced the amount of
biackberry cover by 50 te 75 percent as
compared with the low deer density thinnings
{Takle 3). Blackberries, a favorite food of
deer, are not abundant where deer browsing is
heavy. Just as ferns have been shown to
interfere with tree seedlings, so
blackberries have been shown to interfere
with ferng and grasses. Thus deer browsing
not only has a direct effect on the growth
and survival of tree seedlings, but can
indirectly affect them as well by eliminating
the blackberries that would ordinarily limit
the spread of ferns and grasses.

-

Table 3.--Percent ground cover by ferns and
Rubus at different deer densities.

Number deer per square mile

Ground . Cutting
cover  treatment

) ¢ 10 20 40 80
Ferss  Clearcut 5 3010 24 1%
Hubusz  Thinning 0864 70 5010

RECOMMENDATIONS 7

HWith only two of the four areas
vemeasured, our tresults are in no wav
conclusive. It is =till too early to come up

th any recommendations For desired deer
#itizs to benefif both wildlife and
try resources. But even after 2 years,
2 witnessing changes in the vegetation,

that affect not only the future

of the region, but hapitat for other
fpecies as well, Rhen deer
populations are oo high, the natural
understaory of the forest may be eliminated.

hd - 2 PR Y 3
i ostme instances, deer may compete directly
foyr fond items with cother wildiife, such as

Cover,

v be 2liminated
uch as ruffegd
i

attribute changes in the aburdance of other
wildlife species to the deer. For those
species whose territories or home ranges are
small enough, we will be looking for
population differences amony the various
deer-density treatments. To date, a study of
songbird diversity and abundances has been
initiated in these enclosures. High deer
populations can also have an effect on the
deer themselves. GSeveral studies have shoun
that deer raised on poor nubrition will
generally be in poorer physical condition,
Bucks tend to have smaller racks, and does
tend to produce twins less often. Thus,
reducing deer densities to levels compatible
with existing range conditions can improve
the outlook for both forests and wildlife.

As efforts are being made to bring the
deer herd more in line with the habitat
available, other efforts are underway to
provide better deer habitat. The Allegheny
National Forest has developed a cooperative
agreement with the Pennsvlvania Game
Commission which not onlv calls for a
reduction in the local deer herd, but
requires that the Naticnal Forest make
regeneration cuts totalling at least 2000
acres per year and at least 7000 acres of
thinnings or initial shelterwood cuts, These
measures are designed to provide additiomal
food for deer and to spread the deer out over
a wider area. These efforts to manage hoth
the deer and its habitat will benefit the
entire forest ecosystem including the deer,
other wildlife species, and the new forest
regeneration.
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PATTERNS OF WOLF PREDATION

AND EFFECTS ON MOOSE FPEEDING HABITA’S‘Sl

Joan Edwardsz

mbstract.--Observations of moose (Alces alces andersoni}
were made at the northeastern end of Isle Royale Wilderness
National Park, Michigan, to determine the food preferences, dis—

tributions and diets of moose. Moose show strong food pref-
erences which correlate with nutrient content. Adult bulls.
solitary cows and yearlings shift distribution so that they +rack
these high preference, high nutrient food items. In May and

June, they feed on the ridges of the main island vhere high nu—
trient food items are first available; only in July and August do
they move to the small outer islands where high quality foods are
available later. Cows with calves deviate significantly from
this pattern by going to the small islands in May prior to the
leafing of high putrient foods and remaining there throughout the
growing season.

These distributions of moose suggest that wolf predation may
significantly alter the feeding patterns of cows with calves, the
age class most vulnerable to wolf predation. Cows may protect
their calves from wolves by remaining on the wolf-free outex is-—
lands and avoiding the main islands where wolves are present.

These data suggest that wolves not only affect moose population
dynamics directly through kills but also indivectly by altering
the diet of reproductive cows, those individuals that most direct-
1y contribute to population growth.

INTRODUCTION

The wolf (Canis lupus) and moose {plces
alces andersoni) populations on Isle Royale,
Michigan have been carefully monitored since
1959 and historical records as well as intexr—
mittent studies are available for 1804-1958
{Mech 1966, Peterson 1977). The population
trends suggest a classic example of a pred-
ator stabilizing the population dynamics of
their major prey species. Prior to the
wolves' arrival on Isle Royale, the moose
showed oscillating population size; after

1Paper presented at a symposium on
Research in Forest Productivity, Use and
pest Control: Contributions by Women
Scientists, Burlington, Vermont, 16-17
September 1983.

ZAssistant pProfessor of Biology,
Biology Department, Williams College,
Williamstown, MA 01267,

the wolves' arrival, moose population size we
relatively stable.

Although the wolf and moose population
dynamics on Isle Royale are among the most
well documented for a large mammal predator-
prey system (Frenzel 1974}, the moose-plant
interaction on Isle Rovale is less well unde:
stood. The purpose of this paper is to repol
pehavioral evidence that the moose-plant inte
action is, in part, mediated by wolves. Thit
study suggests that wolwes not only affect
the moose population directly through kills
but also indirectly by altering the diet of
cows with calves, these individuals that are
most important in contributing to population
growth. First I use behawvioral evidence to
egtablish the location ana types of high qua
ity foods. Then I examine whether the prese
of wolves deters moose from feeding on the h
guality plants and in the best feeding areas



STUNY SYSTEM

General Information

This study was carried cut on Isle Royale
National Park in Lake Superior, Keweenaw CO.,
Michigan (48° 10' N, 88° 30" W) from May
through September 1974-1976. The land area of
the park covers 210 square miles and consists

of a main island (72kn long and 14km wide at its

widest point) and approximately 200 smallex
islands. The closest shore to Isle Royale is
the Canadian north shore which is 21km to the
northwest. The study site is located at the
northeastern tip of Isle Royale and includes
the northeastern tip of the main island and 44
peripheral islands. The topography is charac-
terized by parallel ridges and valleys (eleva-
tion on the main island sites in the study area
vary from 183m at Lake Superior level to 32%km
at Mt. Franklin; the small islands are all
fairly low-lying with none exceeding 24w above
lake level). The primary forest type at the
northeastern end of Isle Royale is boreal
White spruce (Plcea gluqu)”“ balaam fir {Ables

Isle Royale is a pavticularly good nate
ural laboratory for several reasons.
it is an slated and bounded system.
There is little interaction between animal
populations on Isle Royale and those in
Canada (Mech 1966, Peterson 1977), emmigration

POPULATION OYNAMICS OF WOLVES AND MOOSE

3000

2500~

ation do not have to he
is a lderness nation,
therefore no huﬂt¢nq ig allowed,
particularly important for behavige 3
of mocse since it is easier to gar
servations of moose in non~hunted
{Geist 1971, Goddard 1970} . Finag
Royzale has a relatively simple
Islancs traditionally have fewex .
mainland sites (MacRArthur and Wilson
For example, bears, white-tailed deer
coyotes which are all found on ¢
north shore are absent from Isle kovale.
Therefore there is one dominant Foos
wolves which eat moose which, in tur
eat plants.”

Population dynamics of moose and wolves

The population trends of both mnoo
and wolves, based on data {rom Mech {I1966)
and Peterson (1877), are summarized below

and in Figure 1.

“There is some varxriation in
chain. For example, wolves also
beaver, hare, birds and plants ﬂﬂ t}tJT
see Peterson (1977) for a detalled analy
of wolf dicts on Isle Rovale.

ON ISLE ROYALE 1B08-T0
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Figure 1.--Population trends of moose (€ ) and
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To determine the food preferernces,

iets of moose, I used two
servations and vegetation

see, © followed regular routes,
in non-motorized boats. When
they were observed for as
roy each cobservation the

and class of moocse {(adult bulls,
5, cows with calves, and
recorded. Then I recorded their
sf the number of bites of each
{June-August) . During May, I was
-3 the number of bites of three
; fwinter foods, herbs and
since the leaves of deciduous herbs and
anty were btoo small te be easily iden—
Clantzs were identifed while the

mocse were feeding or immediately after the
animal had left the feeding site. Binoculars
{(8x24) were used as visual alds., Shannon-Weinex
indices of diversity (H') and eveness (J') (see
pialow, 1974, for discussions of H' and J°) wvere
cial ted for ench detailed feeding observation
(from the heginning of the observation to the
hoginning of rumination).

MOOEE Were
»

long as
diate,

oo

»in
pLant ‘p{%,le“
only able o
cate w\t |

lability of food items.~~ To
debermin val avallabilivy of food
ltems, plant leafing patterns were determined
from a 790m lonyg permanent transect perpendic-
ular £o the main ridge of the main island ex-
tending from the south wre at the base of

Tobing Harhor (slevation 183m) to the top of the
Grosnstong vidge (elevation 26Z2m). Permanent

sampl erq sites wors marked at 20m intervals. At
eacn site, the number and type of plant species
within a wme distance of the sampling point
were noted. At time intervals of 4 {1974) ox
10 (1975 and 1976) days, each site was checked,
and Eor each plant species present, initial

bud break wasg notad and the length of  the
longest leaf was measured.

Food preferences. -« To determine food pref-

erences ameng herb species, I sampled Minong
Island {3.%ha) for eaten and uneaten herbs.

There were 12 parallel transects at 1~50m inter-
vais perpendicular to \_ge ridge of the island.
Along each transect 1-m guadrats were cen-
suged at 1-10m interwvals {(Fig.2). & total of
262 gquadrate were censused by recording all
herbaceous shoots and scoring them as eaten or
ungaten. bPreference rankings were based on both
the proportion of shoots eaten (nurber of eaten
shoots ; species Af/total shoots sampled
of gpecies A) ind on pairwise comparisons. For
each palrwisze comparlison only guadrats which
1) had a nimum of one eaten shoot (indicating
that a moose had been to the site) and 2) were
comprised of at least 80% of the two species
being compared were used in the analysis.

The foud preferences among species of de-

w
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Figure 2.~-Sampling sites on Minong Island.
Each line of dots represents a transgct;
each dot a sampling site where a 1-m
quadrat was censused for eaten and un-—
eaten herbs.

ciduous trees and shrubs are based on studies
by Belowvsky and Jordan {1978) and Edwards {1978) .

RESULTS

Food preferences of moose

Moose show clear preferences in food choice.
Their seasonal shifts in diet delineate three
broad categories {Fig.3). During the

1976
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Figure 3j.~-Comparisons of diets of moose at
shoreline and ridgetop sites, 1976. Each
symbol represents one feeding observation.

54

winter when no other foods are available, they
feed exclusively on winter foods {(woody twigs,
evergreen needles and lichens). However, as soon

as new leafy vegetation is availeble,

moose

switch to eating herbs, the first plants to leaf
in the spring. Finally when leaves from de~
ciduous trees and shrubs are available, moose

switch to eating them and continue to

eat them

almost exclusively for the remainder of the
growing season. Thus three categories of foods
can be listed in order of preference from the most
preferred to least preferred: leaves from de-

ciduous trees and shrubs, leaves from
winter foods.

herbs and

The herks can be further subdivided into
high preference and low preference herbs. First,
the herbs can be ordered by the proportion of

the total population eaten (Fig.4). Second, in
L0
Z
A8}
b
< 81
tad
Z ]
C}'B 10
- ®9
2
C>,4‘ a8
& o6
o,
.2
a e7
3 o4
w3 €5
O T T L T L A\
O 20 40 &0
HEIGHT {cm)
1 - TIECAS BOPEALIS & - ASTER MATROPNYLLUS
2 - CORMSS CRVATERSIS 7 - ABALIA WODICABLIS
- MAUSTHENUR CANADENSE 8 - STREPYOPYS AUSTUS
4 - GEDLAVLON LiViDM 9 - HERACLEUS  LANATUN
5+ CLINTRMA BIREALES 10 - EPILOBIUN  ANGUSTIFOLIUM

Figure 4.--Relationship between height and the

proportion eaten for 10 herb specie
Minong Island.

5 on

most cases, these preferences can be confirmed by
pairwise comparisons. Table 1 summarizes the

results of the pairwise tests, an example of which
is shown in Figure 5. There were 8 pairwise test

where the two species being compared

co-occurad

and therefore a valid comparison could be made.
all 7 cases where the moose showed a clear prefer-
ence between two species, the pairwise comparisons
correspond with the ordering based on the propor-

tion of the total population eaten.

For the last

case, the comparison between Clintonia borealis

no preference {i.e., for those quadrats analyzed,
the plants are eaten in proportion to their rel-
ative abundance). FHowever, the proportion
method indicates G. lividum (10% eaten) should be

preferred to C. borealis I

Howevey

both are low preference food items and the low
proportion of C. borealis eaten is probably be-

s

In
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nonse appear to mooumize bite wize.  They
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Figure S.--Examples of pairwise comparisons
showing preference xela 1nnsh1ps Fetweeen
Agter me
[A) and between M.
Geocaulon 1ividum By, See ’I‘able 1 for
a summary of the results from the pair-
wi,ssfz COMPRATIDONSG . Proportion of A,

s available = number of A.

s shoots in the quadrat/num-

ber Tof s‘ﬂootg of both species being com-

pared. Proporbtion of A, macrophyllus
eaten = numbery of eaten A. mac rophyllus

5/’ usher of @aten shoots of both

branches; for herbe, only a few shoots can be
eaten in one

Availability of plant foods

Foods are available at different times
of the year depending on the location. Data
from the permanent transmect indicate that
plantg leaf first on the ridges of the main

island and last along the shoreline and on the
small islands (Fig.gy

iy

Predicted feeding pattern

The food pr
avallability of
predict the feedi

eferences of movse and the
Plant fonds can be used to
A9 Datterns of meose. Since

Lt
Lt



: have strong food preferences ana young
deciduous follage has the highest nutrient
value (Edwards 1983), moose should fead on the
ridges in the early spring and then as plants
leaf at lower elevations, they should wove to
the shoreline and island sites.
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Figure &.-~Relationship between elevation
and the day a leaf reaches half the
maximum size for Viburnum edule.  For all
vears there are g gniffa‘a‘ntﬂ&ﬁfrelatLons
between el on and the day a leaf
reaches half the maximum size (1974,

R GL71, PEI0,.0L; 1975, Boe 0,67, P<l0.02;
L6, ’o= 0.85, p 0,001 .

distributions and diets

] ributiong.-~ Solitary cows and adult
bulls followed the predicted feeding pattern.
They ware on the ridges of the main lsland in
Hay and June and moved to shoreline and island
5 in July-September (Flg.7a and B).
Yeaviings alse followed the predicted feeding
pattarn but tended to stay on the ridges of
the main island which are near the shore
rather than at higher elevations. The distri~
butions of cows with calves deviated sharply
from the predicted pattern. In May, prior to
the Jeafing of most herbs and shrubs, they swam
to the small islands to calve (Edwards 1%83) and
renained on the small islands throughout the
yrowing season (Fig.7C and D).

s.-- In May, bulls, solitary cows and
vearlings switched to eating non-winter foods
sarlier than cows with calves (Fig.3!. The

iest observations of bulls, solitary cows or
vearlings eating non-winter foods was 10 May
crmpared to 18 May For cows with calvas. During
¥ay, there were significantly more observations
of cows with calves eating only winter foods
(10 out of 15 observaticons of cows with calves

i
o

L
2
Ny Al

Fioure 7.--Distribution of adult bulls { & ),
solitary adult cows ( & ), vearlings ( A ).
and cows with calves ( 8 ) at the northeastern
end of Isle Royale National Park, Michigan
from May-June (A and ) or July-August (B
and D). Each symbol represents one observa-
tion {from Edwards 1983).



compared te 1 oout of 12 observations of other
le 7 . n.3

moose, 2 X 2 contingency tab
Pl D.005). Qoﬂ% with calves also o

to eat winter ods as late as 18 June;
latest date 5Dr other moose was 30 May

The diets of moose {rom June-August are
sunarized in Table 2, BPulls, solitu <
and yearlings predominantly ate high yreﬁ rence
shrubs (86%) with lesser awounts of low pre-
ference shrubsg {10%) and preterrad herbs (4%).
There were no cbservations of these wmocsze eating
Low preference herbs or winter foods during
this period. In contrasht, cows with calves ate
a significantly lower gquality diet. They ate
significantly more herbs than other moose. In
addition, they continued to eat some winter foods
during this period,

Table 2.~-Analyses of feeding obgervations
for cows with calves and other moose

{(solitary adults and yearlings! during
June-August. See text for explanation

of food cotegories. Data are meansg i
standard errors., P-valuss are based on
Mann-Whitney tests. n.s, indicates no
signif 0,05, (from Edwards
19835 .

Cowa with Other
a5 Moose

cal

Number of

Flant species 4.0t0.46 4.3:0.28 =Z0.01

it (diversity) 5540.04  0,3420.03  «<{0.01
J' (evenness) 0.7120.04  0.55:0.03 <{0.01

0.04 0,01

Proporeion
of shrub 1

proportion 0,170,066 0.1020.03 n. g,

of ghrub 2

Proportion G.15%0,04 0.04%£0.03 <C0.01
of herb 1
Proportion 0.1330.04 ©.00%0.00 <{0.01

of herh 2

proportion of 0.00£0.00 n.s.

winter foods

DISCUSSTION

Mowse cleaxl" show strong food preferences
+hat correlate wi the nutritional value of the
food item. Although sclitary cows, adult bulls
and yearlings treack the locations of e high
preference food items, cows with oal ve which are
c graeatest nutritiona gtr@sg due
deviate frwm the ax-

probably under the
to pregnancy and lafwa%¢on,
povted feeding pattern by remaining on the small
imlands throughout the growing season. As a con-
nalves have & peorer diet than

sequences, COWS with
other moose.
Cows with calves appear to sacrifice a good

ract ek
P
A

with calves ©
patteras and the
Isle Royale, Wolwves prey most h
calves (Cowan 1947 F Purkholdsr
1966, Paterson 1977); healthy clder moose
are relatively invulnerable to wolves (Mech
1958 . Howewey, Since wolves are almost
exclusively limited to the main island
during the growing season, tne i
are vi ally wol f—free (Bdwards 9J”) and
ves avoid contact with wolw

LFJ_G
aA_etzlhut$on 05

w

cows with o
by remaining on the small islands.

Cows with calwves may not only sacri
the food guality of terrvestriazl food items
but rema islands may alse limit
their access to macrophytes, an
jrportant source o€ sodium for moose
(Botkin et al. 1973, Belovsky 1978). The
main locations fox aguatic macrophytes are
in the inland lakes and shallow bays of
the main island. vet cows with calves which
vrequire additional sodium intake for o
production and lastation (Belovsky 137
yemain on the small islands where the
shorelines ure wave-~washed and unsuitable
for the establighment of agquatic vascular
plants.

Although the effect of the lower gual-
ity diet of gows with calves has not been
gquantified, field observations suggest that
the diet of cows with calves does create
nutritional stress. Cows with calves
develop new coats later than solifary cows
or adult bulls and, in general, cows with
calves appear thinner, especially in May
and June. A poor diet, in turn, may
jncrease mortality or lower reproductive
suecess (Bdvords 1983).

The results from this study indicate
that for the wolf-moocge-plant syvstem on
Izle Rovale, wolves not only affect moose
population numbers direc through kills
but azlse indirectly by mediating the moose-
plant interaction. In this case, the
pattern of wolf predation is causing a shift
in the distribution of cows with
wolf-free areas. Thig predator avoidance
by reproductive cows iz, in turn, causing 2
shift in thelr diets. Thus the increase in
malnutrition dbserved in the moose popula-
tion during the last 20 years may be due to
the wolf se interaction rather than to
a simple interaction between the moose and
the vegetation. These data alsc suggest
that the mechanics of control in the meose
population involve complex interactions
among all three trophic levels of the wolf-
monge~plant

83,

calvaes to

~ 1974, Diet optimization
. - »y s

in & generalist hexbivore, the movse.
Theor. POPUL. Biol, 14:105~134.
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WATERK TRANSPORT LN S0IL AKND ROOTS: INFLUENCE OF ROOT PROPERTIES ON WATER UPTAKE

1

Susan J, Riha and Mary Ann Levan2

Abstract.-- An analog is used to predict the effects

of changing root density and root resistance on the ability of
stands of trees to waintain potential transpiration rates as
the seil drles, Increasing root density and decreasing root
registance can increase water uptake, especially when the soil
is moist. However, in these simulations, after an extended
period of no rainfall, there was little difference in trans-—
piration rate between high and low root density or root re-

sistance stands.

Water moves in tresponse to a potential
gradient from the scil dnto plant roots,
through the vascular system of the plant and
then, in the vapor phase, through stomates in~
to the alr. An analog model, first proposed by
Van den Honert {1948}, in which soil and plant
resistances are conslderad 1in series, has gen-—
erally been used to describe this movement of
water. \Using this approach,

17 b
@ e g - "1 (1)

R_+R_+ R +R
=4 T ® 1

where § {g rthe rvate of water flow from the soil
to the plant leaf (kg w2 s~1); g and P31 are
the water potentials of the bulk soil and the
leaf, respectively, (J kg“l); and R 18 the re~—
sistance to water flow {(m% kg~! 872y in the
soil-plant continuum. This overall resistance
is the series combination of soil (Rg), root
(R.), xylem (Ry), and leaf mesophyll (Ry) re—
sistances to water flow.

When the rate of water flow into the
plant equals the vate of water moving in the
vapor phase through stomates into the atmo-~
sphere (transpiration rate), then the system
is in steady state and actual transpiration
is said to equal potential transpiration.

YLl’aper presented at the Research in
Forest Productivity, Use and Pest Control Sym-
posivm: Contributlons by Women Scientists,
Burlington, VI, Sept. i6~17, 1983.

ZAssistant Professor and Graduate Re-
search Assistant, regpectively, Department
of Agrovomy, Cornell University, Ithaca,
NY 14853,

When the rate of water flow from the soil
through the plant is less than the rate of wat-
er vapor moving out of the plant, then plant
water content and hence potential must at least
temporarily decrease. Decreases in plant water
potential cause both direct and indirect de-
creases In plant growth.

Since the rate of water flow from soil
through plants is considered to be controlled by
a series combination of resistances, there has
long been an interest in understanding these re-
sistances, measuring them, and establishing thelir
relative importance (Newman 1974). Soil resist-
ance is considered the resistance to water flow
from the bulk soil to the cortex of a cvlindric-
al root. The eguation used to calculate this re-
sistance is derived from cone by Gardner {1950):

e g dY
2Ny k dx 2

where q is the rate of water uptake (kg s~1), r
is the radius of the root {(m), 1 is the lengrh of
the root (m), k is the hydraulic conductivity of
the soil (kg s m~3), y is the water potential of
the bulk soil or root surface (J kg™1}, and x is
half the mean inter-root distance (m), which de-
pends on root demsity. Thus seoil resistance is a
function of both plant (root demsity and radius)
and soil (the hydraulic conductivity) properties.

Root resistance is considered the resist-
ance to water flow between the root cortex and
xylem with the bulk of this resistance apparent-
ly located in the endodermis. In practice, root
resistance (or its inverse, root conductance), is
generally either calculated or measuved as a prop-—
erty of the entire root system. Conductance is
then considered directly proportional to root
length, and partitioned through the profile ac-—
cording to the pattern of root density with depth.



Water moves within the zylem after cross-
the endodermis in the root and before enter-
ing the mesophyll in the leaf. This xylem re~
sistance is usually considered small compared to
the other resistances. The mesophyll resistance
is the resistance to passage from the xylem in-
to the mesophvll cells. Although this resist~
ance is probably not as large as the root Te-~
sistance, it may be of the same order of magni-
tude.

ing

It has sometimes been assumed that some
measure of drought adaptation can be achieved
by increasing root density and/or decreasing
root resistance, thereby increasing water up-
take from the soil. Root system parameiers
considered important to the pattern of soil
water withdrawal from the profile are total
root length and its distribution within the
profile. Theoretically, both soil and root
resistance depend on root density. Soil re-
sistance is directly proportiomal to the mean
inter-root distance, increasing as root demsity
decreases. The partitioning of root resistance
within the profile directly depends on the disg-
tribution of root density with depth.

The total root length to be partitioned
through the profile is generally expressed as
La. root length per unlt of ground surface avea.
The range in reported values of Ly for woody
species, grasses, and other herbs is surprising-
1y small (Table 1). with considerable averlap
hetween plant groups. {Reported values for
woody species do not include mycorrhizae,)

Tahle 2. Ruot langth per unlt of ground gurface

L.==Reot Tenmgth per unit

i For
selected
Number of species
Plant group
Woody gpecies * 23 ~ 480 Sev Table 3
Graminese 15 100 - 4000 Nuewman 1969
Qther herboceous 7 5 ~ 310

species

e
Four findividual species plus t ¢ aixed srands.

Although the L, of woody species may vary by
more than an order of magnitude, there are prob-
ably upper and lower limits not much outside
this range which bracket all natural forests in
which canopy closure has occurred. The data of
Hopkins (Fig. 1) are typical of woody root sys-
tems, demonstrating the non-uniform density dis-
tribution with depth generally observed. Root
density decreases rapidly, often exponentially,
with depth, with most root length concentrated
in the surface organic horizons.

Root system density is apparently countrolled
by both water and nutrient availability in the
profile. Certain nutrients such as phosphorus
move to roots by the relatively slow process of
diffusion; uptake of such nutrients is greatly
enhanced by increases in soil-root contact area,
Uptake of nutrients such as calcium, which move
to roots mainly by the relatively fast process
of mass Flow, is less affected by root-soil
contact.

(LA) for selected woody species

Stand Description Age Location Lp Rreferance

Spruce fiat

vatsem fiv, rod spruce, red maple,  mature Adirondack Mts. 23 Hopkins, 1939

yellow aud white bireh usa

Good havdwood

sugar maple, beech, vellow birch mature Adirondack Mts. 28 Ibid.
USa

Pocr havdwood

red spruce, beech, sugar maple, mature Adirondack Mrs. 43 Ibid.

yellow birch, red maple. hemlock US4

Pesar var. William Bon Chretian 2040 ¥ Goulburn Valley  26-69 Cockroft and
Australia Wallbrink, 1969

Douglas £ir 36y Oxford 77 Reynolds, 1970
England

Douglas fir 20y Vancouver 1s. 1067 Nnyemah and Black, 1977
Canada

Scoty pine 45 y Thetiord Chase 126 Roberts, 1976
England

Jarrah mature Darling Remge 480 Carbon et al., 1980

(Eusulyptus marginsta) Australia
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Figure 1. Pattern of root density with depth in three mature stands
in the Adirondacks. Stand composition was as follows: good hard-
woods - sugar maple, beech, yellow birch; poor hardwoods — red
spruce, beech, sugar maple, yellow birch, red maple, hemlock;
spruce flat - balsam fir, red spruce, red maple, vellow and white
birch., After Hopkins 1939.

Possibly, high surface root density is a response Table G. ¥alavs uesd ln medel
to the almost exclusive occurrence of such nutyi- e -

ents as phosphorus in the crganic layers, with

much lower subsoil densities adequate for uptake Sodl (41t foam)
of mass~flow nutrients and water, This scheme Tattra! water content 0.75
implies that only relatively low root densities Bull denelty 1.1 !
are sufficient for water uptake. Satugated huedenelic couelivity 0,000 [P
Ale entry water potestlal ~2.1 st
Field chservation such as that just de- BrpleTual wdlus brom sult meintue e .
scribed suggests that dense root systems are not,
N Fla
however, generally produced in the soill volume daer -
. N Total recr lenpth 80 or 2% o oo
supplying the bulk of the water to a stand. TIn R
", ) . . [ the . Deytn far 634 of rooars a.20 L
addition, the interdependence of the qgant ty ot 1adfun 001 N
. . P aatobygne o s ¢ b - -1
(water content) and rvesistance terms of the Total reat resistance 5% 10" SRR
equations describing water flow, together with .
- v I 2R
the nonlinear form of their relationship make it fetal tent venistane 2w 10 ot
ol ta coistans 10 8 33
1@possib1e to dmagine the effect on water flow Leaf vater polential ~1200 :
of a change in one of the parameters. For this Which arematal cloture oceurs
reason, an analog model of the soil-plant- Atmeaplers
atmosphere continuum must be used to predict Poteat ia] teanapiratiog rate 4
the effect on water uptake of changes In such e [ R

parameters as root density and root resistance.
In this approach, a set of equations describing

water flow is solved iteratively in short time exponentially with depth were chosen for use in
steps, constantly modifying the interdependent the model. The transpiration rate has to equal
factors in the equations, and arriving at solu~ the sum of the water uptake rates for each of
tions impossible to obtain mentally. This ap- the soil layers:

proach can also indicate which properties of the Wxi_'si

system (such as soil water content) are most re- E=Es L () {(3)
sponsive to changes in root parvameters, and i i Tsi ri

2 easi asured. .
therefore are wost easily me The xylem water potential is then calculated by

rearranging equation 3 (Childs et al. 1977}. If

followi brief description of ﬂ FREL SR A S ‘o
d lThelI?é:OY;ng 1Sm§ otential d@il Lr:f the the xylem resistance is assumed to be negligible,

. ially, @ i3 £ 1 2 Y AT O, A .
mece nitially, some p BEY n the leaf water potential can be calculated using

spiration is set {(Table 3), and this is divided
into hourly rates. The soil is divided into a
number of lavers (i), with diffarent root densi- wl = 1
ties assigned to each layer. Root systems with

an Ly of 28 or 280, with density decreasing

the equation:

~ ER, ‘:"{*\3
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The leaf water potential is calculated by com-
bining equation 3 and 4 to obtain:

Uy /(R ”;;Q.

) I
3 21RO+ &ri) (3)

The first term on the right of the equation can
be considered a weighted mean soll water poten—
tial, Jg (G. S. Campbell, personal communica-
tion). As the leaf water potential becomes more
negative, stomatal resistance increases, thereby
decreasing the actual transpivation rate below
the initially assigned transpiration rate.

E., the amount of water uptake by roots in
each layer of soil, is a sink term in the
Richard's equation, which Is used to calculate
s0il water flow between soll layers. The equa-
tion used to describe the relationship between
soil water potential and soil hydraulic conduct—
ivity are given by Campbell (1974). The values
used in these equations are specific to a soil
and, in this model, they are assumed to be con-
stant with depth (Table 3).

Model results are presented by plotting the
ratio of actual to potential transpiration (E/EM)
against the weighted mean soill water potential
{(¢5) over time. Results of studles with Pinus

contonta presented in this way {(cf. Lopusﬂiﬁgﬂ&
1973) have shown that when the soil water potent~
ial becomes increasingly negative, transpiration
decreases rapidly, veaching sowme constant low
value. Model results follow this expected pat-
tern (cf. Fig. 2 and 3). 1In this study, the
model was used to compare stands of trees with
comparatively low and high root densitles, as
well as reoot systems with low and high root
resistances.

The model results presented in Figure 2
1liustrate the effect of increasing rooting
density an ordey of magnitude uniformly through
the profile. For approximately the first 10
days, both higher and lower root density stands
trangpire at the maximum rate. In the next 10
davs, actual transpiration falls below potent—
ial traunspiration more quickly in the stand with
lower root density. By 20 davs, the stand with
the higher density root system 1s transpiring
slightly more than the stand with the lower root
density. 1In addition, the soil of the higher
root density stand has a lower mean scil water
potential. At 40 days, actual transpiration is
glightly higher for the stand with the lower
root density, while the soil of the high root
density stand still has a wmore negative soil
water potential. Thus, Increasing root density
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Figure 2. Effect of root density on the
relationship between actual transpiration/
potential transpiration and the weighted
mean soil water potential over time. A -
higher root density stand (280 cm cm~2);

B - lower root density stand (28 cm cm~<).

tenfold resulted in only slightly increased
water uptake. The total amount of stored water
this represents is 5 mm, or slightly more than
the potential transpiration rate for a single day.

The model results presented in Figure 3 1l-
lustrate the effect on water uptake of increasing
root resistance by 250%. Increasing root re-
sistance decreases the transpiration rate the
stand achieves even under well-watered conditions.
On the twentieth day after rain, the stand with
the lower root resistance is transpiring closer
to a maximum although the mean soil water poten-
tial for both stands is similar. By day 40, the
transpiration rates of both stands are similar
and less than 307 of maximum, while Es of the
stand with the higher root resistance is slightly
less negative than that with the lower root re-
sistance. These effects are predicted by the
model mainly because, for a given transpiration
rate, the stand with the higher root resistance
attains more negative leaf water potentials than
that with lower root resistance. If the relation-
ship between leaf water potential and stomatal
resistance remains the same for both stands, then
in the stand with the higher root resistance,
E/EP will decrease sooner due to increasing
stomatal resistance. This remains the case until
the weighted mean soil water potential approaches
the critical leaf water potential.

Table 4 presents the model predictions of

soil water potential and soil water content for

2 days and 3 depths at high and low root densities.
Enhanced water uptake from the scil effected by
changes in root density and distribution would be
difficult to detect. According to model predict-
tions, there would be no measurable differences

at day 10 between the high and low root density
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Figure 3. Effect of root resistance
on the relationship between actual
transpiration/potential transpiration

and the weighted mean soil water potent—

ial over time. A - root system with
lower resistance (3 x 100 0% s kg=1);
B -~ root system with higher resistance
(7.5 % 106 m% s xg~1y.

soils and only slight differences in the surface
30 em at day 30. The model predicts that there

would be differences between the higher and low-
er root density stands in the predawn and midday
leaf water potentials by day 30 (Table 5).

Tahle GameComparisen oF prodict
contenls w <

and setl water

L1oweres petentinal
adph reat d ity

it

Pleh root dovelry

g " N
Day ”ci,”h, . il
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10 -300 Rt -300 s
S0 19 ~1350 18
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Table S.~--Tomparison of prodicied predawn and midday leaf

water potentials of low and high root density sta

Predawn "h]saf Midday v

Low root High root Low root

Day density dengity
14 =210 =730
30 830 - LOG0 ~13%0 ~1310

Model simulations : have shown that increas-
ing yvoot density and decreasing root resistance
do lead to increases in stand water uptake. [t
is difficult to evaluate, however, whether changes
in the quantity and pattern of water uptake lead
to increased stand survival and productivity.

Increasing root density and decreasing root
resistance result in maintenance of higher tran-
spiratior rates for a longer period. However,
this increased depletion of soil water in turn
causes soil water potential to be more negative.
These stands then must establish lower leaf
water potentials to maintain a gradient for flow.

In addition, production and maintenance of
roots, decreases in leaf water potential, and in-
creases in stomatal resistance all involve energy
expenditures which must be balanced against the
energy gains resultant from improved water status
of the stand.
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JBLOLLY DINE PLANTATIONSS
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epideniviogists Lmportance of

an objeccive means
éiiIlL‘iiL dli&'t'il:"iti‘u‘&‘:ﬁ m“ &

sometines be

constructing the

they ave vsad to

iufw: tion.  The Jdata

Tof

stand development, and fmpact -- all of which
a complesn set of rvelatiouships with

! Time is something the forest manager
st understand well: the perception of time
on the part of the forest managey distin-
him/her {rom the managers of other
Study of the impact of fusiform rust

croeps,
{ilustrates these rurmepts; both the problems

and beoaof its ciated with dmpact modeling

are demonstrat

The objoective of the research reported
here was to develop a model of dmpact of
fusiform ru on vivldsn from loblelly pine
,:hmt"wn thar could be used by forest

5 management alternatives,
based on an 3 rmessment of the disease.
The ag);ﬂ.‘(,u‘wh taken was Lo a pre-~
exleting prowth and visid swdel for loblolly
ping, weing dats on rust and growth from a
heritability

ANALYSL1E OF THE DATA BASE

The data vsed wers the first 10 vears'
measurements of 9600 treﬁes in the loblolly
pine hevitability studwy., Some detailed data
on individual galls were also taken at age
17, Derails of the study are available in
Stenecypher ot ad (L9733, The study is lo-
cated in a high rust—hazard avea in South
Georgia. ’l‘h‘- # are six replicaticns in the
planting de at each of two l{)ca»-
ciens. The twe mcauﬁcsns differed in th
amount of rust Lthat was present: one loca-
tino experiinced approximarely 207 incidence
of infection, while In the other as many

LY o . s
A8 ong rep had stoem

ok

as the firgt category of

The relarignship {regression)
(45 rust-associated WOTLality (RAM) at age 10
with percent stem~infected ar earlier ages
revealed that there is a Qifference in the

55
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slope of the regression lines using the age 3
percent~infected as the predictoy veorsus
using the age 5 percent—infecred. A higher
proportion of trees infected at age 3 die by
age 10 than those infected at age 5. Ihis
result confirms published results of Wells
and Dinus (1978).

This led to the hypothesis that the
probability of an individual tree dying of
rust was strongly affected by the vear in
which it hecame infected. A non-linear
relationship, in which probability of mortal-
ity declines steeply with age-at—infection,
describes this trend (Fig, 1).
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Flgure l.--Expouential declice model for
relatiouship of proportion dead (rust-
assoclated mortality) with year infected.

The second category of impact is indi-
vidual-tree growth reduction. Here too, age-
at-infection is a significant factor. Trees
infected by age 3 are smaller at age 10 than
those infected at age 5, but not age 3.
Infected trees mav have 15-207 less volume at
age 10, if they were infected early.

The effcets of rust, while dramatic for
many trees, are apparently minimal for others,
in temms of effects on mortality and growth.
The result is that at age 10 in the herita~
bility study, many infected trees occupied

good competlit
indicating that ti population of
pine has a substantlal degrec of
the discase. This also implies

infected tress have a geod chance of
to rotation when highevr-value pre
as plywood {which are more severely affe
by rust galls) are vhe expected return.

Height of the gall on the stem is also
related to the year in which infection takes
place, because the rust fungus infects the
new shoots of the tree each year.

MODIFLCATIONS T0 THE MODEL

an individual tree growth model, "PTAEDA,"
which was developed by Richard Daniels and
Harold Burkhart at V.P.I. ({1973) was wodified
te reflect the effect of fusifeorm rust, based
on an analysis of the heritability study
data. This model, as it was originally
constructed, "grows™ a stand of trees vo the
end of the juvenile phase by using a series
of repression equations describing how height
and mortality are related to the input vari-
ables, i.e., site quality, planting density,
site preparation, etc. Following the juvenile
period, each tree is grown individually, vear
by year, based on an assessment of its compet-~
itdve position. At any speciflied time in the
Life of the stand, stand summaries as well as
a derailed "snapshot' of each tree can be
produced by the wmodel.

The model was modified dio the following
WAYE

L. Fusiform rust is input as a disease
progress curve -~ the incremental
amount of rust {percent stem-infected}
in each vear following planting, through
age 8, Each tree is randomly assigned
an infection-year on the basis of this
inpub.

2. Mortality is assigned to cach tree ran-
domly based on the probability of mor-
taliry associated with the year in which
the tree became infected.

3. A separate diameter distributien for
traes infected by age 3 but which sur-
vive to age 10, is calculated.

4. Gall height and length at age 10 are
determined for each surviving infected
tree, again using year-infected as the

predictor,
5. ‘the option of selectively thinning rust-
infected trees to achleve a specified

basal area was added.

6. The degree of spatial aggregation of
infected trees can be specified. This



wag accomplished with a method similar
to ihat described by Daniels et al

{1979} dn 2 seeded-stand simulator.
7« A measure of sclid-wood products loss

was vbtalned when g bucking and zawing
program was interfaced to PTAEDA; logs
are bucked above any rust gall on them,

RESULTS AND DISCUSSION

The individual tree model format of
PTAEDA has made it z useful tool for explor—
ing the impact of fusiform rust. This format
has allowed the incorporation of mortality,
growth loss, and product degrade iuformation
into the model, as well as ready modification
for selective thinning and manipulation of
the spatial pattern. The results bevoud the
Juvenile stage, however, are not verified and
therefore should be regarded as simulation,

The model, becauvse Lt ls dependent on a
competition index caleoulated opn inter~tree
distcances, is sensitlive to redovctions in
stand density. Individual trees respond to
the decrease in competition by growing faster.
This aspect of PTAEDA would appear o exagger-
ate tree growth ar the lowest stand densities.

Nenetheless, the following general
results were obtalved with simulations of a
wide range of vusl progress curves:

L.

longer rotations {up to 35 years),
s dn atanding volume may be amell-
oraved through increased growth of

individual trees, This is easentially a
inning effect, and requires verifica-

2. Most velume losses are from thinnings,
because of the above-mentioned ameliora-
rion in standing volume over time.

3. Because many infected trees are projected
to rotation, most financial loss could
be from product degrade, depending on
the objectives of management. With the
bucking and sawing scheme in this model,
there is a loss of both lumber volume
and grade.

4. In the first 15 years, volumes losses
are 5-20% of the volume from uninfected
stands, depending on the shape of the
disease progress curve. Some results of
rust-modified PLTAEDA output are given in
Table 1.

Comparisons of the projectioms to age
with published estimates from stand models
{(Nance et «F 1981, 1982) indicate that these
losses are comparable, given that slash pine
appears to be more sensitive than loblolly to
the disease.

4o e A
Table 1.--Average height. diameter, and

cubie-foot volunes
tions of thinned plant
ent Tust progress CUrvES .«
ing density, 80 stems/ac¥e
index of 60,

resutting from simula-
ations under differ—
simulated plant-
with a site

Age 8:

Height, ft 17.5 16.8 16,9
Diameter, in. 4.3 3.9 ;34?
Volume, {t' 753 488 415
Age 16:

Height, ft 38.5 40.3 41 .4
Diameter, in. H.d 6.6 772
Volume, ft? 1,790 1,576 1,532
Thinned Vol.", ft? 841 778 632
Age 25:

Height, ft 59.8 61.2 60.4
Diameter, in. 311.7 12.1 12.2
Total Vol.®, ft’ 4,953 4,725 4,576

a,. .

“fotal percent stem infection through
age 5, welghted by probabilicy of mortality
for each infection-year .

B Row thinning.

c., L . ,
Standing volume -+ thioned volume.

RELATIONSHLP BETWEEN 1.0S8S AND DISEASE

There are several ways of expressiug the
relationship between anm early sssessment of
digease and the final wiald of crop. It is
important te find the type of expression that
reflects the particvlar dynamic of disease
and host that Is of interest,

In rhis case, it is c¢lear that any
predicticn of yield loss 1n the furure has to
take account of the age—~dependency of impact.
The spatial pattern d&gﬁerniamcy may ailso have
to be taken into account. Since mortality
appears to be the largest faeror in impact on
total volume production, g

& measure of disease
that is based on percent stem—infected at

ages 1 through 5 welghtaa by the probability
of mortality @ssociated wiih '

each year, was
constructod,

A Llevees . A
Alinear relationship resulted.

The relative magndie
impacts rfhat rust wmay
upon the man:a.gamemt o f
products expected from
For instance, in shortey rotation pulpwood-
only stands, rust inpact o f;i;ai fg.z;nding

Ltude of the various
5iéﬁfﬁ on yield depends
the stgnd and the

that management regime.

a7



TA AND METHODS

Da

Tree cores were extracted from 15 to 19
red spruce trees from each of three sites
located along the mountains of Maine (Table
1): FElephaut Mt. in western Maine, Sugarloaf
it. near Kingfield, and Traveler Mt. in
Baxter State Park. All three sites are above
900 m elevation and are rvepresentative of
the highest elewvs m stands of red spruce da
this region. The cores were prepared and
analyzed densitometrically at the Swiss
Federal Institute of Forestry Research,
Birmensdorf, Switzerland. They were first
carefully sawn to 1.2 wm thickness, acclima-
ted to counstant hvgroscopic conditions, and
then they werc x-raved. A narrow beam of
light was then passed through the developed
¥~ray 11w, ring by ring, and the brightness
wag racorded. The measured densities were
calibrated to represent actual wood demsity.
Total ring width and maximunm latewood density
for each yvearly ring were recorded mechan—
ically, as well as minimum earlywood density,
enrliyvwood width, and latewood width, which
ware used in other studies (Conkey 1982).
Each parameter was carvefully crossdated among
all core ries to assure exact dating

(Stokes and Smiley 1968). Standard dendro=-
chronological practice invelves standardiza-
tion of the core series to remove biological
growth trends and age effects (Frites 1976);
this was done in preparation for the clima-
tological analyses, which can be negatively
influenced by growth trends. The original
core series of ring widths and maximum den-
sities were also individually averaged with-
out standardization, for use in assessing
non-climatic influences on growth.

Several tests of association were
calculated among the width and density
averaged seriles, including the Pearson
product-moment correlation coefficient,
correlation of first~differenced series, and
the two-way chi square (x2) test of contin-
gency tables (Nie et al. 1970; Gordon 1980;
Conkey 1982). The first correlation coeffi-
cient indicates the degree of coherence
integrated over all frequencies, measuring
both the number of cases which agree between
two series as well as the relative degree of
correspondence. The coefficient is quite
sensitive to long-term trends in one or both
series. The effect of such trends may be
eliminated by taking the first differences

Table l.--Collection site descriptions and locations,

Site nane,
Chronology Isenpgth
and depth

Thn7-14
17 try

1 cor

sampled,
uyed in
finel chromologies

ogarioal M.
1776-1976

19 treea asmpled,
3 cores used In
final chronnlogies

1% trees sampled,
26 cores ured in
final chronelogles

Geographical

Tocat fng,
wap reference

Genlogical
characteristics

Slte
description

AL abt W
20° 46t w
Frunkiin Lo,
Oguossror
guadrangle.
Flevatlon 3000 -
3100° (915-945 mg
ENE slope, 5°-10

Grantitic base, little
w01l development,
largely bunus.

Within drafinage of
Swift - Aadroscoggin
Rivers.

Relatively flat, hummocky

area; spruce are tall, with
medium to thick specles
density, foliage restricted

to high branches. Other
species include: ZHetula sp.,
Uxnlis montana, Abiee balsamea,
ferns snd mosses, Relatively
open stand below canopy. Plcea
rubeng clearly dominant.

450 02" 30 N
AT AR
Frankln Co.,
Stratlon
uadrangle,
Flevation 1600"
{1097 my

NE slope, 357

Igneous base,
gabbro/diorite,

with sandy solifluction
deposits. Thick humus
material, soil depth
uncertain,

Within dralnage of
Carvabagsett - Kennebec
Rivera,

Steep, exposed slope, partilally
aleaved for ski trails, rest is
densely wooded with much fallen
dead wood., Propertion of spruce
ig low, most young growth is

fir. Other species include:

Abies balsamea, Betwla papyrifera,
Oxaiis montana, mosses, Abfes

is domipant with the older Picea.

46 04T 30" N
68° 51 W
Piscataguls Un.
Traveler Mt.
quadrangle.
Flevation 3050' -
3200' (830-97% m)
NN slope, 10°-20°

Traveler rhyolite base,
hummocky humus cover,
close to bedrock.
Within drainage of the
East Branch of the
Penobscot River.

Moderate slope, close te summit

of burned-over peak. Spruce

density moderate, greatly inter-
spersed with similar-size fir.

Few very old specimens. Lots of
downed trees, and open areas with
dead standing spags. Other species
include: Abies balsamea, Betula sp.,
thick ground cover of raspberry,
ferng, clintonia, bunchberry, sorrel.
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An impertant criterion for dendrochrono-

mples ix rhat the
wrowth be slmilar

ivais of rree

visible 1
enough

pattoyns of
from one tree tu another and one site
to anvther to nilow exact calendar years to

be ¥4 tr oeach ring: such covrelation is
due to rogloonl environmontal siwmilarities,
usually o limate, Fxaminatlon of test results

among the ring-width varlables from the three
red spruce Molne (Table 2, top)
iodica fleant site-~to-site cor-
relation does indecd exist for this growth
variable. High~freguency correlation (Me-1
o the table) is also siznificant, and is
pigher than the cogctelation at all frequen-
£y, Indicating the existence of long-
rrends in each series that are site-—

compared to the vear-to-vear varia—

width Standardization of the

]

series would, theoretically, remove unrepli-
cated trends In data that are due to

T et
serie

ntod &gra in the averaged

the x* analysis support
the o itatistical coherence among
widths from one site to ancther, and lineari-
ty is inferred for all except the Traveler/
ephant oo rlson, where the higher x2
value relat to the r value may implj a
somewhat curvillnear pattern to the relation—
ship.

oy

Maximum density test results (Table 2
. ) 1 ,

bottom) show incres&es In every test and

every site vomparison cver the ring-width

results.  There {5 2till an indication of
dissimilar long-term Crends from one sitas to

another. seen in the lovrease of r-1 values
oveyr the v values, but strong coheroence gt

values for a

all frequencies is suggested by the high
ree tests. Clearlw, the

regional sim ty of maximum density values
is strong, and implies a strong macrociimatic

control on latewood density.

Ring widths and maximum densities relate
less well to each other at each site {(Table
3y than they do among thewselves from site

Table 2.-~Tests of association® of the
averaged series of maximum density
and ring width among three sites
in Maine,

Width T -1 X

SUG/TRY (201) . 346 .518 431.79
SUG/ELE (201) L456 .602 86.28
TRV/ELE (249 . 230 .502 51.45%

Density i -1

SUG/TRV (201) 547 LTA8
SUG/ELE {201) .573 L726 101.3:

TRV/ELE {(249) . 648 176 137,26

aSample size in parentheses. B8UC = Sugarioaf
TRY = Traveler ELE = Elephant
r = correlation
r~1 = correlation of first differences
x2 = 2-way chil square contingency table test
All test are significant at p < 0.05.

Table 3.~-Tests of association? between
maximum density and ving width
averaged time series at each of
rhree sites in Maine.

Sugarloaf (201} .186 L240
Traveler (249) .195 .235 27.07

Flephant (310) .307 L218 40, 24

b

Tests and svub
NY dindicates 1s igni
411 other results are significs

[
O b
®
2
"

1



ot
2

te site, indicating that the two growth which the widths and der s ware usad o

parameters, while apparently influenced by predict growing seascn Le ture, producing

macroclimate to varying degrees, do show explained variance wval up to 0.47
differing responses to environmental stimuli. (Conkey 1982). There remains much in the

Large rTings often exhibit lower overall width and density variation, however, that
specific gravity; thus wood quantity and does not appear to be climate-related, but

wood guality ave, generally, inversely instead implies the influence of other wore
related. The pogitive correlation betwaen site-specific or non-climatic environmental
ring width and maximum latewood density seen phenomena.

here (Table 3) dmplies that the environmental

stimuli affecting quantity and quality of Figure 1l is a composite plotr of

wood may not be dissimilar, but that the unstandardized values of ring widths,

actual physiological response may differ, averaged vear by vear at cach site. Total
perhaps in timing or duration. average ring width for each year is visually

broken down intc sarlywood and latewood

idth and density averaged series portions, indicating both the relatively

Macroclimatic influences on growth are small proportion of red spruce wood that is
evidenced both by the results of the tests of considered "latewood” (between each set of
association, and by regression analyses in plotted lines), and the resulting very strong

AVERAGED RING WIDTHS
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Figure 1.--Averaged ring widths (in millimeters) from three red spruce sample collection sites:

Sugaricaf Mt. (top), Traveler Mt. (middle}, and Elephant Mt. (bottom), Malne. Within each site
plot are averaged total ving widchs (upper lime in each case) aud averaged carlywnod wildths
{lower lines); the distance between the two plotted lines ig equal to the latewood width for
each vear.




similarity between earlivwood and total riang
W g. Patterns of growth suppression

{natrow rings) and release (wide rings) are
evident, both individually and in syochrony
among the three sites, indicating regional
and site~specific changes In forest produc-
tivity through time.

Those patterns in svnchrony, both at
high and low frequencies, include narrow
rings in 1740, wide ripgs by 1830 with a
gradual decrease until the late 1870s., All
three sites show an abrupt growth decrease
in 1917-18, and marked period of lower growth
in the last two decades of record. Many of
these patterns may be climatically con-
trolled; the most recent growth decrease does
appear, for dnstance, to follow a marked
decline in spring temperatures at nearby
climatic statioms (Conkey 1982). A gradual
warming during the last decades of the 19th
century (Willett 1950) may also be reflected
in the increase in ring widths after the
late 1870s.

Mazimum density wvariations can be seawp
in figure 2. The series in general show much
less Jong~term trend than the ring-width
series, as well as a greater variation on a
year-to~year basis, in an oscillating
fashion. Like the ring widths, however, manv
patterns of the densities can be traced from
one site to amother, indicating again the
strong influence of regional climate on woogd
density. These are mostly of a high-
frequency nature, with individual years
standing out: 1740, again, with low density,
and a jump from high to low in 1815-1816, high
in 1831, 1841, 1846, 1870, and low in 188§,
1917, and 1954-36. Many of these relate to
known events of a climatic nature, such as
the cold spring and summer of 1816, and the
cool-warm-cool pattern in 1954-56.

Some of the synchronous patterns, and,
presumably, all of the non-syachronous opes,
may be influenced by eavironmental events
other than macroclimate. These may be best
understood by examining both the width angd

AVERARGED MAXIMUM DENSITIES
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Pigure 2.~-Averaged maximum density values (in grams per cubie centimeter) from three ved spruce

sample collection sites:
Maine.

Sugarloaf Mt. {top), Traveler Mt. (middle}. and Elephant Mt. (bottom)
A horizontal line in each case represents the mean of each complete series.



iry variations together. For instance,
veler and Elephant show a marked ring-
width decrease in 1808, with a one-year
decrease in density as well Ring widths at
howaver, Tem: suppressed for
several years. Such a pattern may indicate
an insect Infestation ss geen from alfecrted
but surviving brees, with a ring=-width
suppression of several years duratlon, but a
very guick return to n density levels once
the infestation peaks (Schweingruber 1979).
The Sugarleaf site may not have been
affected; or, conversely, 1t mav have been
cleared out ol older individuals in that
infesvarion, reducing the competition for
light and nutrients for the voung trvees
that grew underneath, and contributing to the
surge in growth there after 1810. Many new
trees enter the averaged scries at this point
at all three gites; this too may Indicate
canopy opening. Much of Maine was hit by a
spruce budworm attack from 1912 to 1920,
affecting spruce as well as fir; again there
is a one-year tow waximum density (1917),
und a severaleyvear ring-width decrease and
glower roturn to mean values, At Traveler
M. there is o mavked increase in ring widths
after this time, perhaps Indicating an
openlng canopy.  The only historically
docunented re that T oam aware of occurred
gear Traveler Mr. o 1903 {(Anderson 1979);
it is ot clear fronm the width or density
rocord that the sampled stand was dirvectly

alfecred by it,

The abrupt growth decreass at Traveler
in 1640, however, s more olusive. U ia net
vollocted In deteriorating elimatic condi-
tions {Lonkey
roepes

GE2Y, noer Is the partern
her of the othet two site

+
4

ted at el
from borriemue, {ire, or wind

throw would prosumably result in growth
increases for the suvviving trees, without a
aharp prowih decrease, uene of these inflo-

Poure suspected o causesy the pattern
hoilar Lo nther known events of
insect damayge or diseaso.

Since damage

51111 orther cvears appear to be coinci-
dent with olimate in producing growth
changes.  Acvcarding to climatic records, 1917
underwent a coel gpring, perhaps stimulating
the low mawimum density for that year as well
as contributing to the susceptibility of the
westly mature individuals to an insect
attack. The recent deciine in width and
dengity at all three sites correlates well
with decre 3 in spring temperatures {(Conkew
1932y, bhut decrease mav he enhanced by a
changing chemical envivoament in the forests
rhat has boen ed ro affect tree growth
eluowhere (Siccams 1982)

Finally, suspected non-climatic events
may ma expected response of growth to
known climatic events. The "year without a
summer”, 1816 (Baron 1980), is apparently
guch a case: all three width series show a
great Iincrease in growth during that time,
perhaps due o an increase in light and
nutrient availability from the death of older
diseased individusls prior to 1810. Deunsity
values had already returned to more nearly
normal levels bv 1816, and thus show the
decrease in density that ome would expect
from the well-known cool growing season
(Conkey 1982), but the widths may have been
more strongly affected by the growth surge
thar by the cooler than normal temperatures.

CONCLUSTON

Statistical and visual examination of
dendrochronological series of ring widths and
peak densities reveals spatial similarities
over distances of up to 200 km, indicating a
regional environmental contrel on growth that
ig probably climate, or climate-related. It
is also clear that a ome-to-one correspon-
dence between climate and the growth patterns
does not exist, even for the highly spatially
coherent maximum densities. Instead, the
patterns of changing ring widths and
densities through the past 300 years and
across the mountains of Maine show that the
effects of growth are wany and varying; there
is a mosaic on each stand produced by age
differences, canopy clearing due to wind
throw, fire, and insect attacks, and regional
climatic influences on the physiology of
individual trees. This provides the great
th of infermation on changing forest
rductivity which is thus represented by the
spatisl and temporal patterns of accurately
ated ring-width and wood density series.

[sH
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MULTIPURPOSE SLASH PINE - GENETICS AND PHYSIOLOGY
OF OUM NAVAL STORES PRODUCT ION
by
SUSAN V. KOSSUTH

Abstract.~-Genetic studies show that oleovesin or gum
yield obtained by the bark chipping method is under strong
generic control in slash pine (Pinus elliottii Engelm).
Selecticn and breeding for increased gu&”§¥éids have made
significant gains {a both gum production and rapid growth
because the two traits are positively correlated. Thus, a
multipurpose strain of slash pine, good for high gum yields,
pulpwood, poles sawtimber etc. is currently in an advanced
generation breeding program.

Avatomical studies of resin canals in slagh pine dat~
ing ro 1922 showed that the vertical and radial resin canal
systems are interconnected and that gum exuded from chipped
faces originates from both systems. Early work also demon-
strated that the number of traumatic resin canals begins to
increase about 4 weeks after chipping commences.

The fourth generation of chemicals for increasing gum
yield have just begun being tested. The first were non-
growth regulating chemlcals, including sulfuric acid which
is widely used to stimulate gum flow., The second genera-
tion was herbicides, including 2-4-dichlorophenoxyacetic
acid, which was as effective as sulfuric acid. However, it
was not adopted commercially because at effective levels it
was toxic to longleaf pine which is also chipped commercial-
ly and grows in mixed stands with slash pine.

Lthylene releasing compounds were the third gemeration
of chemicals. Two-chloroethylphosphonic acid (CEPA) in-
creased gum yields from slash pine by 37 percent when added
to sulfuric acid, and the effect wag additive. The best
CEPA treatment without sulfurdic acid gave gum yields 22 per-
cent below the sulfuric acid commercial contrel., Hence,
sulfuric acid is considered the critical component in in-
creasing gum yields. The mode of action of the sulfuric
acid is probably to prevent crystallization of resin acids
and prevent tylosoid formation while the action of CEPA is
probably to relesase ethylene, which induces gum synthesis
and new resin canal differentiation.

The fourth generation of chemicals for increasing gum
vields stimulates the plant to produce ethyleme. Some of
these include calcium plus cytokining and auxin plus cyto-
kining. They are still being tested.

1Paper presented at the Research in Forest Productivity, Use, and Pest Controel symposium,
Burlington, Vermont, September 16-17, 1983,

zDr, Susan V. Kossuth, Project Leader and Supervisory Research Gepeticist/Physiologist, USDA
Forest Service, SE Forest Experiment Station, 1143 H3/PP Building, University of Florida,
Gainesville, Florida 32611.
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The techniques for collection of olegw—

esin or guwm frow living pine frees wervre
huui sht to this country In 1606 when the BRERTPS]
stores iudustry was established In the Sputn.
castern United States (Cuvry, 1943). Today
slash pine (Pinug elliottii Pncle\m } and Lmn”_
leal pine (Pin rig Mill.) are the only
two specics used for che prodm:tlun of gum
naval stores, which are so-named because the
gum was Initially used for caulking ships.
Oleoresin ig composed of about 20 to 25 per~
cent terpenes and 73 to 80 percent rvesin
acids ov rogin., Today gum is used for a vay-
iety of specialty products including paint
thinners, varnigheg, shoe and wetal polishes,
perfumes, [lavorings, cleauners, disinfectants,
tackifiers, plasticizers, adhesives, and re-
cently as erhylene stock (or plastics.

Clementas (1974) described modern tech-
nigues for colleeting gum from living trees.
For 1/3 of the tree's circumference at breast
neight (1.37m above ground), rough outer bark
g oremeved Lo prepasv a amooth surface from

round to about broast hed
{s colled rossimg. A collection
mount.ed olose to the ground, and
W G ttery or apron that spans the
ed surface ond is Llghtly nailed to the tree
for chanuclin fum into the cup. In carly
spring, a 1 Zoem stelp of bark, chipped
down Lo s ium, 18 removed across theoe
spwolbed surface Just above the gutter.,  Thia
Lo bthe flest streak,  Fither a 50 percent
Piquid sulfuric acid solution is sprayed on
the new wound or a 50 percent sulfuric acid
aste Ls applicd as a bead across the top of
wound adjacent to the intact bark., Ewvery
if the liguid is used and every %
the paste Ls uswd, a new streak is
made by chipplog off another | to 2 em of
hork down to cambium above the last wound and
the pew fresh eul surtace is retreated.
Ghippers attempt o remeve just enough batk
Lo cxpuse some xylem tissue that has noi been

killed by the upward peunctration of rhe sul-

furic godd,
in 1941, ressarch was initiated to iden—
tify individual trees that yielded signif i-

cantly more gum Chan the average (Mitchelld,

19445 Dorman, 1945) so that these high-jum

yielding scluvetions could be used in a b raed-
iug program, propagaled, and the progeny used
in commercial plantations.  Simltanecussi V.

the anatony and physiology « 1 ware

gum yig
I Atter the first 12 troog wWere
rapid growth, wood form,
, high specific graviiy,

froing abadio

ele., were dduw as sclection criteria

($quillace and Dornan, 1961). Progeny of the
resulting trees could them be used for several
PUrpUSES , including gum yield, pulpwood, poles,
ﬁawbgg, etc., and the concept of a wultipurpose
strain became & reality after several years of
work (Gansel, 1972). Slash pine is planted more
often than longleaf pine and the program has
emphasized this species.

The ohjectives of this paper are to sum-
marize the past and current research on the
genetics and physiclogy of gum vield in slash
piﬂe.

YARIATION & HERTTABILITY OF GUM YIELD

Siash pines vary widely in gum vield and
growth rate within and among stands throughout
the natural range. WNo reports to date have
shown that trees in a given part of the range of
slash pine may be genetically superior for gun
yield (Barrett and Bengston, 1964). However,
early work has demomstrated that gum yield is a
highly heritable character, and this finding has
been verified (Squillace, 1962). Up to 3-fold
differences in gum yield were documented as
early as 1932 (Wyman, 1932), and within a stand
of 363 20-year-vld trees the best 5 and 10 per—
cent of the trees had twice and 1.8 times as
much gum as average trees (Squillace, 1965).

Using the micro-chipping technique of Ostrum
and True (1946), Squillace (1962) analyzed wind
and control pollinated progenies. Approximately
50 percent of the high-~gum-yielding parent trees
had high-gum~yielding progeny. TProgeny of all
the high-gum-yielding parents averaged 55 per—
cent more gum than progeny from average yielding
trees. Heritability for gum yield was 55 percent,
indicating that 55 percent of the variation in
gum yield among trees was due to genetic and not
environmental effects. Other estimates of narrow-
seuse heritability for gum yield ranged from 45~
90 percent, and broad sense estimates ranged from
67-90 percent (Mergen et. al. 1955; Squillace &

Dorman, 1961; Coddard and Peters, 1965).

Today, less than 1 percent of the available
slash pine are worked for naval stores. However,
several clonal seed orchards of high-gum~yield-
ing selections have been established because high
gum yield is positively correlated with height
growth (Squillace, 1965). This correlation means
that high-gun—yielding trees tend to grow rapidly
but not all fast growing trees are necessarily high
gum yielders. Based on this information, the USDA
Forest Service has continued an advanced generation
breeding program for multipurpose slash pinme to
Improve high-gum-vielding slash pine selections
which have shown other desirable characteristics,
Progeny of the current strain will produce 50~
100 percent more gum, grow 12 percent faster, and
give 12 percent more tall oil at the pulpmill than
average slash pines. High-gum-yielding trees in



a short-term progeny test were 24 percent
taller than commercial check trees {Gansel,
1972). No correlation has been found between
straightness or branch angle and gum yiel
(Gansel, 1965).

Physical factors that influence gum flow
include the number and size of radial/verti-
cal resin canals, flow rate, viscosity and
exudation pressure of gum (Schopmeyer et al.
1954; Mergen et al. 1955; Bourdeau and
Schopmeyer, 1957). Barrett and Bengston
(1964) found that viscosity of gum could
account for 12 percent of the variation in
gum yield, but they did not find a positive
correlation between gum exudation pressure
and yield as did Bourdeau and Schopmeyer,
(1957). The latter demonstrated that yield
was inversely correlated with viscosity.
Mergen et al. (1955) found that gum viscos-
ity of progeny was about intermediate between
those of their parents and therefore was
under genetic control., Similarly, gum ex-
udation pressure of progeny was correlated
with that of the parents and also was con~
sidered a heritable character; however, gum
exudation pressure and gum viscosity do not
show the same inheritance pattern (Bourdeau
and Schopmeyer, 1957). Thus, four charac=-
teristics of slash pines appear to be im-
provable in a genetics program: (1) obtain
progeny that have high gum yields and rapid
height growth, (2) low gum viscosity,

{3) numbers of vertical and horizomtal resin
canals, initially or in response to wounding
or chemical treatment, and (4) high gum exu-
dation pressure. The last characteristic
may help protect the tree from fungal spore
invasion and insect pests.

PREDICTING GUM YIELD

Squillace and Dorman (1961) microchipped
wind, and control-pollinated progeny from
parents of high and average gum-ylelding
capacities. Wind-pollinated progeny from
high-gum-yielding parents had less gum than
control-pollinated progeny from high-gum-
yielding trees from the same parents. How-
ever, a highly significant correlation co-
efficient of 0.89 was found between control
and wind-pollinated progenies of the same
parents. This means one can predict the
yield of progeny from a controlled cross 1f
progeny from the wind-pollinated parents have
been evaluated.

Naval Stores producers may chip a given
tree for 10 to 12 years. 1If it is a low-
yielding tree, the time and labor expended
may be uneconomical for the yield obtained.
& correlation coefficient of 0.76 was found
between yield of the first 4 streaks of
trees and total yield over a 4 year period.

Thus, early-season yields can be used to pre-

dict long~term production (Squillace et al. 1969).

Microchipping is alsco a valid means for
evaluating individual trees, such as in a progeny
test (Kraus, 1965). This technique estimates
the oleoresin content of a2 tree using a sample
as small as a few ml taken from the xylem of a
tree. Gum yield from two microchips taken from
each of 75 slash pines in May, July and Septeumber
were closely correlated (r=0.758) with yields
obtained by standard chipping procedures in the
same season on the opposite side of the same
trees. However, the coefficient of determina-
tion was not high enough to select individual
trees by the microchipping procedure. Coef-
ficients were developed for predicting gum yield
from full-face chipping of trees in various dia-
meter classes. The microchipping procedure has
been adapted for use on 2.5 to 3~year-old pro-
geny in closely spaced plantings (Squillace and
Franklin, 1968). Progeny testing requires a
great deal of time in an advanced generation
breeding program and procedures for early detec-—
tion of genetic traits are needed. Because gum
yield is positively correlated with height
growth (Squillace, 1965} and microchipping yields
are related to full-face yields (Kraus, 19653},
the microchipping technique has been adopted for
progeny testing (Squillace and Franklin, 1968).
No tests have been conducted to show that high
microchip yields on a given tree at age 3 also
result in high yields 15 to 20 years later when
the same tree is full~face chipped for several
years. We are in the process of cobtaining this
documentation.

The potential exists for reducing the pro-
geny testing time to 2 months by evaluating the
extractives and/or terpene content in progeny
test seedlings (Kossuth, unpublished). The
basis for this concept is twofold. TFirst,
Franklin et al. (1870) found a positive corela-
tion (r =.5) between gum yield and extractives
content in slash pine. Second, Funes et al.
(1973), using 2-month-old Pinus pinaster seed-
lings from average and high-pum-yielding parents,
found that progeny of the high-gum~yielders had 4
times the terpene content of progeny from av-
erage-gum—yielders. The system would need to be
tested from seedling to microchipping to full-
face chipping to verify its applicability and
degree of usefulness.

THE RESIN DUCT SYSTEM

Wormal resin canale are found in the genera
Pinus, Larix, Pseudotsuga and Picea (Panshin and
peleeuw, 1964). Trauvmatic resin canals arise as
a result of stress or injury. HNormal and trau-
matic resin canal differentiation is a post—cam—
blal phenomenon. They arise schizogenously in
vertical {longitudinal) and horizental (radial)
rays. The middle lamella disappears, gum is

7%



secraeted into this v and the "canal” is
created, Tue vertics orizontal stemns

anastomosd ‘ubvry‘
thin-walled parenchyma cell
their long long s and diff

ing the secretory epithelial cells. Epithe-
lial cells of norunl s in Ti
are thin walled (Kibblewhite and Thomps

he surrounding
divide along
Cerentiate, form-~

=

1973) but thoge of rraumatic origin are thick

walled. In slash pine, resia canals have
three layers: the dnner epithelial cells, a
surrounding layer of intermediate cells, aud
the cuter cells {Schierbeek, [952). Resin
canals ave always found associated with the
ray systen.

On a dry weight basis, gum content of
slash pine averages 4.7 in sapwood and 25
percent in bheartwood. Hesin scaking, or
the £illing of tracheids with gum, nor-
mally oeccurs ip heartwood formation, Six-
ty percent of the vevtical resin canals in
lash pine were found in the latewoud of
mature trees, but ooly 5 percent of rays po-
tentially available for vevtical resin canal
differentiotion actually contained a resin
canal (Hobert, 1932). As long as heartwood
formation hag not occurred, these rays would
be available {or traumatic rosin canal for-
mation, Up to zge 8-~10 vears, resin canals
ave commonly found
as the latewood,

5 the earlywood as we

Vertical resin canals in slash pine ave
FO-120 micvons wide and are uswally found in
the heartwond:; radial resin canals arve always
less than 70 mivrons wide (Kooh, 1974).
Other reports indicate that widths of both
horizental and vevtical resin canals ave
around 55 micvons {(Hodges et si. 19815,
§lash pines coutain 219 vertical in

ar sguare inch Ln cross gection, 4!
. resin ¢ s in tangentical sec-
ticn, aud 20,000 uwuiseriute rays in tangeon—
1972y,

tial section (Ko

Hobere (1932) fourdd the number of verci-
rewin canals in slash pine facreased with
g from 200 to 300 canals per fqmare
inch when growth rings were 0027 and 0.44
inches wide, vespectively, 'The wumber ol
horizoatal resin canals was not related to
rlog widt! Mergen and bohols (1955) study-
ing 30-y —uld alash pine wood samplos
Found: (1) the number of radial resin ¢
per unif arvae was highest pear the pith
rabout 86/3. O 3em?), decreased to about the
twentieth ring, then remained faivly constant
(abnnL 6“’4,03 2y, (2) che number of
fzndis decreascd with dorveasre-
sout BALL03 cwd for

is

vrowlh riogs H,%
33=0673.00 pmd Loy groseth ri H
at about that level o

width dectined with age

Lo canal
from about
tey 0.0023

Within | te 3 months a
son begins in the earcly spri
increase. This increase has
buted te rising tomperaiu
cosity and hence increasaed gum flow
(Harper and Wyman, 1936). soversl ana-
tomical studies have shown th4t rhe puabor ef
vertical resin canals creases as much as 10—
fold, egpecially im new wood produced above
where chipping begins (Gerrv, 19225 Busgen and
Munch, 19293, The vertical and vadial resin
canal systems arce iantercosnected (Gerry, 1922).
As the bark chipping progregses into the area of
new resin canals, these ave also contributing to
the increased gum Flow (Gerry, 1922). Many
naval stores workers have successfully used the
advanced streak to increase early yields (Herty,
1911) . This streak ig siwmilar to the commen
one, but it is put on several weeks before the
vregulat season begins. The early wounding all-
ows time for fraumatic re nal ditferventi-
atinn which rakes & weeks or less \beer 19223y .
Although slash ploe g ally has not beeu
studied, the length of vertical w canals din

: ‘s has been found to be up to 80 cm
1 to dincrease in length with the age of the
tree {(Werker and Fahnj; 1969). This inccease may
help to account for higher guw yields from older
Lreed.  Slash pine has been shown to have more
w ocanals than longleaf, shortleafl, or lub-

s ¢t al., 1981) and in gen-
vield more gum than the other

sea—

yields
been ait"im

.

gpen

O CHEMICALS TO TNCREASE GUM YI

Around 1930, a search was begun to find
s with wnxch Lo treat trees to increase
¢ From 1930 to 1950 a variety of
chemicals unrelated to growth regulation were
applied to bark-chipped trees im attempts to
inerea qum yield; awmong chemicals tested
were organic and fuworganic acids, bases, salts,
s;lvents, oxidizing and reducing agents, alco-
Fo , poiscens, ethers, and oils (Snow, 19443
‘w‘arueekw 18527, in the 15940's, sulfuric
1, which worked quite wall, was introduced
commercial use because it oob unly increases
but also prolongs gum flow so workers do
not hﬂJt ro chip as often. Gum probably stops
flowing b crystallization of the resin

i

ac ida or [“70"0Fd formation, not because
the resin c: re depleted of gum.  The mode

als that Imoproved
(1) prevent crystal-
nt tyLasoid forrpation and

uf actlon
vields
limnti

probably
{(2) pre
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3) enbhance the wounding effect,

After 1950, a wide variety of herbicides
were tested to improve gum yields. Schopmeyer
(1948) conducted the first tests with 2,4-di~
chlorophenoxyacetic acid (2,4-D) using esters
and salts of the pavent compound. Although
2,4-D alone was demonstrated to be as effect-
ive as sulfuric acid on glash pines, it was
not adopted by the industry because effec~
tive concentrations of 2 percent 2,4-D on
slash piue were toxic to longleaf pine. Most
stands are mixed and the effort needed to
separate species in the field was too great
{Clements, 1964, 1970},

The third generation of chemicals tested
to improve gum yield was plant growth regu-
lators. Research begun in 1978 centered on
ethylene and ethylene-generating compounds
for several reasoms. The rubber industry
uses a commercial formulation containing 2-
chloroethylphosphonic acid (CEPA) to stim~
ulate latex production in rubber trees. At
pH levels above 3.5, CEPA degrades to re-
lease ethylene (Abeles, 1973). Latex pro~
duction in rubber trees by laticifers is
similar to oleoresin production in slash
pine, and both products have the same early
precursors in their biosynthetic pathway.
Plants vespond to wounding such as occurs in
the chipping procedure by producing ethylene
gas at the wound site (Saltveit and Dilly,
1978). Ethylene is a matural plant hormone
that is readily soluble in water and could
easily be translocated in slash pine. The
addition of ethylene to that already gener-
ated by the trees from wounding might in-
crease gum yields through increased synthe-
sis of gum and by increases in the number of
resin canals differentiated.

A series of factorial experiments were
undertaken to test the effect of several
levels of CEPA alone and in combination with
several levels of sulfuric acid on gum
yield in slash pine (Xossuth and McReynclds,
1982, 1983). Both liquid and paste sulfu-
ricacid formulations were tested because
producers use both., Gum yield was in-
creaged by 37 percent over the commercial
53 percent sulfuric acid paste by lowering
the sulfuric acid level to 25 percent aund
adding 5 percent CEPA (McReynolds and
Kossuth, 1983). 1In treatments with CEPA
alone, yields increased with increasing
CEPA levels but all were at least 22 per—
cent less than that from the commercial 53
percent sulfuric acid paste, Spraying to
vuncff with 21.6 percent CEPA (applied as
the full-strength commercial formulation of
Ethrel 3/ over the rossed bark surface at
the beginning of the year or spraying the
21.6 percent CEPA on the bark just above each

3/¥ention of trade names is to identify mate-
rials and does not constitute endorsement by
the USDA,

streak as it was chipped also increased gum
yields close to the best sulfuric acid plus
CEPA pastes. Gum yields decreased at the
higher CEPA levels.

Results with liguid sulfuric acdid form-
ulations (McReynolids and Kossuth, 1984} were
similar except that higher CEPA and acid con-
centrations were required to increase gum
yields. The greatest increase over the com-
mercial control was Z0 percent in the 50 per~
cent sulfuric acid plus 15 percent CEPA treat-
ment. Ia these treatments, pgum yields did not
decline at the 25 and 50 percent sulfuric acid
plus 15 percent CEPA levels and higher sulfu-
rie acid and/or CEPA levels way increase gum
yield even more.

There was no synergistic interaction of
the sulfuric acid and CEPA. The sulfuric acid
is essential and CEPA sesms to only add te the
increase in gum yield. The paste formulations
were more effective at lower concentrations
because the paste bead stays at the application
site and soaks in, whereas the ligquid rums down
the face of the tree. Long-term studies may
show that with the liguld treatments rfsin soak-
ing occurs on the lower part of the face which
receives repeated application because of runoff
from above.

The mode of action of CEPA is probably to
release ethylene which induces (1) added gum
production in existing resin canals and (2}
differentiation of new resin canals, perhaps
above the mumber induced by the normal chip-
ping procedures.

A fourth generation of chemicals for in~
creasing gum yields has already received pre-
liminary testing (McReynolds and Kossuth, [983).
These are chemicals which alone, or in combina—
tion, stimulate the tree to produce ethyleme.
High auxin concentratlons induce plants to pro-
duce ethylene (Kang et ml., 1971). The success
with 2,4-~D treatments is probably attributable
to this process. Calcium plus kinetin (Lau and
Yang, 1974) and auxin plus kinetin (Lau and
Yang, 1973) stimulate plants to produce ethylene
and these treatments have increased gum yield
from chipped slash pines (McReynolds and
Kossuth, 1983).

More research is needed to identify chem—
icals which may stimulate resin production ver—
sus those which cause the formation of traumstic
resin canals. Basic research on the biosynthetic
pathway for the components of oleoresin is also
needed. The oleoresin resulting from CEPA
treatment has been much less viscous than that
from the commercial contyel, indicating that
there is preferential synthesis of the terpene
fraction of the gum.
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PANEL QUESTIONS

FOURTH SESSTON: Forest Productivity:

Problemns and Achievementsg

QUESTION (A.M. Carey): What do you consider

to be more important for mainrtaining
long term forest productivity on these
sites, increasing the root density

by more intensive initial site
preparation or improving the nutrient
status of the affected rooting zone.
The veason I'm asking this is that I
think within our careey spans what

we are going to be seeing is more
intensive forest culture because

of more intensive pressure and
competition between forest uses and
agricultural uses.

RESPONSE (S.J. Riha): One of the points

I was trying to make for mature stands
is that I think in a lot of situations
root density is pot limiting water

uptake; on the other hand root density

very well may be limiting nutrient uptake.

In that situation more intensive
cultural practices, such as ferti-
lization, would be uvseful. In terms
of site preparation for tree seedlings,
the volume of soill that the roots

are exploiting definitely linmits
water uptake. The idea for mature
stands is that they have already
exploited the total soil wvolume that
ig available to them and basically if
they've got a few roots in wet scils
they are going to make it somewhere
down deep enough. But for tree
seedlings, anything that would
stimulate root growth and increase
the rate at which those troots

exploit the soil volume would be
useful for decreasing water stress,

QUESTION (A.M. Carey): Has there been

any work dome in altering root
resistance chemically; in other words,
the application of another chemical to
decrease root registance.

RESPONSE (S.J. Riha): That's interesting.

I haven't seen any work like that.
There has been a lot of controversy
in the past 10 years or so about root
resistance. In the 1960's Gardmer
wrote an article basically talking
gbout how slowly water moves through

dry soils; and most of you who have
ever taken a soils course probably got
that impression that water moves

very slowly through dry soils -

80 the assumption was that water

uptake was limited by movement

through soils. Then it was physiologists
really who started trying in various
ways to measure root resistance. -— It's
not an easy thing tc measure; and 1
would say there are still a lot of
problems with the way root

resigtance is measured. They

found that it was quite high and,

in fact, a lot of people reported

it was much higher than soil resistance.
Now there is still some debate about
how much contact resistence there is ~
right between the soil and the root;
and that is very difficult to delineate
from either end. The problem right now
is that no one has really concluded
where that big resistance in the

root is. It is basically thought

to be in the endodermis with the
casparian strip; but exactly how

water moves from the cortex into

the xylem; how much it moves
apoplastically and how much it

moves simplastically is not known.

So in terms of chemical alteraticns,
that would just be a hit or miss

thing because it would be difficult

to say exactly what kind of chemicals
you should use and vhere you would want
to affect this. The controversy

right now over resistance iz how

much temperature affects it, how much
something like dormancy might affect
it, how much variability there is

say between suberized and unsuberized
roots, and also whether the resistance
in the root itself is fluw-dependent.
There has been a lot of suggestionm

that the quicker the water flow through
the plant, the higher the resistence to
flow. That may just be an artifact of
the measurement system. So I would say
at this point, no, there has not been
any work with chemical alteration of
root resistance.

QUESTION (8.L. Stout): I would like to

start by saying, Kathleen, that I really
enjoyed your paper and I have several
questions, many of which arise from my
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own very deep interest in the topics

you covered., What are the more Important
management iImplications of what you

are doing then, in terms of a large
landowner - a landowner who say has
holdings across the whole soutn? Could
he use your model in conjunction with
maps of rust hazard to choose management
strategies for stands and manage

for solid wood products in low risk
areas, for example?

RESPONSE (K.E. Moore): Yes, that is

definitely one way you can avold

impact - just adjust your expectations.
I think that is a very feasible kind of
thing, because the tall resin ylelds
are higher from the galls themselves.
There 1is quite a bit of resin in those
galls; so while the pulp yield from

the galls themselves goes down, it
turns out economically, as shown

by McVeld, that is more than offset by
increased tall resin yields. If you go
ahead and pulp those trees chances are
you are not going to see that kind of
product loss.

QUESTION (8.L. Stout): In some of your

most recent work, it seemed to me
as if there was some implication of
vield loss associated with higher
levels of aggregation incidents.

RESPONSE (K.E, Moore): I think it went the

other way. The position of the line
decreases .. that'e why it didn't do
what I expected it to do. What T would
anticipate is that the intercept for the
uninfected stands should be the same, but
the slope should be steeper. What 1
found was that the slopes were the same
for the two levels of aggregation.

It may just be that I haven't done
enough runsg yet to be able to get a

good line out of thar.

QUESTION (S8.L. Stout): You mentioned that

the disecase cycle is dependent upon

an essential phase in an alternate
host; I wondered if vou could talk
some about whether or not a large-
scale landowner could find information
about where alternate hosts are

versus where pine plantations are, to
either control or minimize impact

of disease on pine plantations.

RESPCNSE (K.E. Moore): My opinion is yes,

very much so. That goes contrary to
almost anyone else's opinion regarding
this disease. Part of that igs the
history yvou may oY may not bhe familiar
with ~~ the control attempts earlier

in this century with respect Lo white
pine blister vust. Tt was an
eradication program to get vid of

the alternate host. Everyvbody kind
of scoffs at that now, because --

who had the picture of all the men

in the trees trying to get rid of

the egg masses -- ir was che

same kind of thing. They just sent
out these huge crews of wen, 1
understand, to get rid of the
alternate liost for white pine blister
rust., I think that is part of

why people laugh when I talk about
oak control. MNonetheless, the

fact of the matter is the history

of fusiform rust is such that one

of the major reasons.that we are
experiencing an epidemic of this
disease now is that our forest
management practices have brought

the alternate host in closer contact
with the pine host. The fact

of the matter is you have got to

have the alternate host -~ 1t

has got to be there in order for

new infections to occur, What we
need to know more about is the
dispersal process and find out in

a very sophisticated way what
conditions affect dispersion and which
plantations may respond to management
of the altermate host.

QUESTION (J.R. ¥lack): TLaura, first of
all I would like to thank you very
much foy the paper that you gave, 1
thought it was excellent -- it was
very well presented and gave the kind
of detail that I really like to sce.
When T knew that I was going to have to
make some comments to Laura at this
meeting I did a quick search of the
literature to find out who has
been working in this area recently
and it dawned on me every quickly that
Laura isn't just one of the few, but
ghe ig certaiunly in the forefront
of this work that is going on in the
northeast. So 1 feel very priviledged
te have been able to meer with her
and look at hevr work. I would
like Laura to explain how it is that
she can do such refined work now,
whereas in the past it was much more
difficult. Where she can use not only
tree ring width but also the cellwood
density to come up with fairly precise
data, so that she can arrive at an
apparently accurate set of data from
only 30 cores out of 15 trees. FPlease
explain to us the denzity in the tree
ring width differences.



RESPONSE (L.E. Conkey): The whole

technique of taking wood demsity was
developed in areas other than the arid
southwest where correlation between

tree ving width and climatic

factors is so prevalent and so

easily done. The first people working
in wood density from a forestry point

of view were in France. The technique
has spread to places in Switzerland.
There are many Instances of use of this
technique in different applications, but
in dendrological applications it is
very limited in where this is taking
place. Part of that is due to the
greatly increased cost, both in time and
in finance, of getting density information.
The technique involves taking cores from
trees, but then subjecting them to
x-rays, deriving an x~ray film that

one can develop and analyze for
relative opacity of the rings from one
part of the growing season to the

next. That is what produces those
density traces that I showed you on that
one slide. That is dome merely by
figuring out how the density of the
x~ray film, which is cellulose acetate,
how that relates directly back to the
wood demsity itself. There is a lot
more equipment needed, a lot of expense
and a lot more time involved in getting
that information -~ and in a lot of
places it hasn't seemed to greatly
increase the amount of information
obtained over what can be obtained much
more easily by just looking at ring
widths themselves, which you can do by
just looking and counting and measuring,
cross—dating. TFor instance, in the
Colorado plateau there has been some work
done with wood density versus ring
width that shows that the ring widths
have more information from a climatic
point of view than do the densities
themselves. But in an area such as this
where the ring width correlation to the
climate is so low, density definitely
appears worth the added investment.

QUESTION (J.R. Flack): Thanks. One other

question that I have has to do with your
historical analysis — and we talked
about this a little bit at the break.
But maybe you could further elucidate
why it is that you think changes are
insect related when you look at your
19th century record as opposed ot merely
a temperature differentiation in your
data.

RESPONSE (L.E. Conkey): When I did climatic

analyses 1 used two major sources of
information, one involved just the

weather bureau records thar we have

for the last hundred years; thatr is
readily available ~ temperature,
precipitation, drought severity, disease,
water stress and other such factors.
That will take us back to the very
latest 1800's in Maine -— Most

climatic stations only go back to

1895 maximum. But there are scme
researchers at the University of Maine
who have been culling records from
historical sources -- diaries,

records that people kept a long, long
time ago whether in association with
their own farms and crops or just for

a very esoteric academic kind of
interest. At almost every university
there was somebody taking records of
temperature and precipitation as soon as
some of these places got going. These
researchers at the University of Maine
have put together a very impressive
record of historical climate based on such
records -~ qualitative and quantitative.
The quantitive records are easy, the
qualitative records they subject to content
analysis to get some kind of quantitative
information from the qualitative records.
I was able to use those records in
comparison with my own climatic
reconstructions that I derived from

the density and the width, and came up
with some very good correlations in

some instances. That is on a more
specific level. On a more general
level, I mentioned the 1816 year

without a summer; there was another

cold spring in 1812. Things of

that nature that are more generally
known and talked about, different

kinds of thinge that happened in the
past in terms of climate. But therxe

are two significant sources of deriving
climatic correlations with the tree ring
data. As far as imsect infestation,
disease, wind throw, things like

that -- at this point it is entirely
gualitative. On my point I found

very little historical information

on that, and as I was talking with

one of you just a little while ago,

when pecple say there have been

budworm infestations in the northeast
over the last 300 vears, well they

are getting that information form

the same kind of data that 1 have.

That is, the tree ring records them—
selves, so it gers rather circular
rather quickly -- and I can’t

really rely on that kind of information.

QUESTION (M.Morselii): Susan, the

other Susan, I am very happy to have
to comment op your paper because for
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once I will not speak of maple sap
flow but resin flow. The fivst
question ~- vou are talkiung about
genetic differences, naturally; you
said that the maximum yield in a
progeny test is aftev about two months;
but what is the optimun age for resin
yield in a natural stand? 0id you

way 10 vears at some point?

RESPONSE {(5.V. Kossuth): The industry

people have established a rule of

thumb that they don't work trees that are
smaller than 9 inches. The reasoning

is that on the smaller trees the 1/3
circumference area is less and therefore
they will be getting less yield from it,
and that it takesg a certain amount

of time just ro get to each tree and

to make each treatment and collect. So,
in the end they don't get enough gum
from working smaller trees. So they
usually work larger ones. One of the
problems that one has in reading the
literature is that imitially, especially
with the breeding program, they would
take say high gum yielding trees and
plant them with commercial checks, and
after 10 years or whatever go in there
and chip and say -- ah ha, the high gunm
vielding trees are high gum vielding --
look at all this gum we have. Well,
they were also fast growing. so they
were also larger in diameter -~ and no
corrections werc made for the diameter
size; so, yes, larger trees yield morve
gum, but that is becsuse you are
chipping a larger surface area to get
that gum. 8o all of the data 1
presented was corrected for -- 1 forget
what the units were, I think I had
barrels per crop, that's 435 pounds in
a barrel per 10,000 trees in a crop

-~ but those numbers came from grams
per inch dbh. The face width was
whatever the dbh was on the tree. So
you can get good viclds from smallet
trees, it is just that it is not
economical to go back that often for
small amounts at a time —- you need
larger amounts.

QUESTION (M. Morselli): How long does

the season last?

RESPONSE (5.V. Kossuth): In Florida

they start in March and go right through
October. That is based on the assumption
that it needs to he warm. I guess I forgot
to follow that up the advanced streak

1 promised. The empirical observations
were that the increasing gum yield came
sooner if vou put on thad advanced

streak; and they would put it on in the

cooler months, like January-Fei v, and
start chipping in March and april and g
much larger yields at that time because

of the advanced streak, which I believe
was simply the woulding effect, production
of ethvlene, and it takes about a month
for resin canals to differentiate -- so
afrer 6 weeks or more, after an

advanced streak, they'd start chipping

and they would have more resin cacals

all ready to be contributing gum.

QUESTION {(M.Morselli): The other question

was on elaborating a little more on the
ethylene production, in terms of the
exudation pressure. I would like to
know a little more about the

mechanism. Is the exudation pressure
correlated with the higher ethvlene
production in a normal situation?

RESPONSE (5.V. Kossuth): The exudation

pressure 1s a heritable character,

so there will be a correlation of what
kind of pressure you get in progeny

with the parents form which they came.
What Tdon't know is if there is a
relationship between ethylene production
and that pressure. The physical factors
involved in gum flow that have been
considered are the size and number of
resin canals, the flow rate, the
viscosity and pressure have been

shown to be under genetic control, but
their affect was not of a high enough
magnitude on total yield that they

were used as selection criteria in the
breeding program.

QUESTION (M. Morselli): Has anybody

studied the pressure ~- where it comes
from really?

RESPONSE (5.V. Kossuth): Yes, it has been

studied and it shows a diurnal
fluctuation in that the pressure is
very high early in the morning and it
drops off during the day, on towards
the night, then builds up agsin at
night, It follows the same pattern

as the water stress situation would
during the day. What is probably
happening is that the pits in the
tracheids which are conducting the
water, are in contact with those
parenchyma cells, and that as less
water is taken up or high transportation
rates occur, therc is a decrease in the
amount of water available to those
epithelial cells around a resin canal
~- so they become a little bit

flaceid and that rveduces the pressure.
Then it builds back up again in the
night.



QUESTION (M.Morselli): That is exactly

what 1 wanted to hear, because yvou didn't
mention it. The other thing is if

there was any correlation with temperature
in any way?

RESPONSE (S.V, Kossuth): Very much so,

What they had done was they would go

out with ice packs and put them on a
tree, then they would chip; when they
would cool the tree it would increase

the viscosity and decrease the flow

rate; and I doubt that it was having an
effect particularly on the pressure. 1In
the same way, they would wrap them up

in blankets and so on early in the spring
and try to insulate them against cold
nights; then they could get better flow
early in the day. But there is a very
definite seasonal pattern in how much
flow of gum there is in that very first
day after chipping; it at least quadruples
the amount that you get in the first day
from, say early March to July, is when it
would peak. So some of rhat is bound to
be temperature and some of that, I
believe, is also the number of resin
canals.

QUESTION (M. Morselli): Speaking of this,

does tree exposure make any difference?

RESPONSE (S8.V. Kossuth): It should, but

doesn’t. You would think if chipped on
one side or the other —- the data never
showad that rhere was a difference, but
yvou would think there would be, but
they haven't been able to show that,

QUESTION (M. Morselli): The other question

I think dis the last, because 1;d like to
let the other scientists here ask
questions. What is the damage to

the tree, not only by the act itself

of cutting so wmuch of it around the bark,
but also the damage of the acid -- and
certainly vou are saying from your
studies that acid needs to be used on
53% ~~ 1 don't know what really in

the long range is effect to the tree

in terms of opening this to bacterial
invasion, insect invasion, fungi
invasion, mortality of the trees?

RESPONSE (S.V. Kossuth): The main problem

has not had to do with wood quality
because that outer part of the tree

in making any form of lumber is usually
cut off as the outer slab; sc the wood
quality deesn't suffer. We do have to
be very careful about insect arracks:
and I was telling Barbara about lindane
becasue the industry regularly will
spray the lower part of the tree,

the bottom 3 or 4 feet, with lindane
to prevent initially bark beetles, but
also ambrosia beetle attacks, because
that o0il resin has a lot of the
volatile terplnes in it which are

very good insect attractants. If ail
goes well, that is not a problem to a
naval stores operation; if we have a
very dry vear it creates a water
stress in the tree. We already have
created a tremendous stress by
chipping the rree, and those combinations
are devastating. The reason that I
know that is because we did a pilot
type test with a producer and it was
on a flat wood site and it was very
wet and shortly thereafter the
industry came in and ditched the area.
So it lowered the watev table because
they were now draining off the water,
and it changed the water relatioms —-
tremendously stressed the trees.
Normally a producer would have just
stopped everything when they came

in and ditched, recognizing that that
was going to create a water stress and
in combination the operation would be
no good. So we have some data that
does say precautions need to be taken,
we are increasing the stress on the
trees, and that when these combinations
start adding up they can be lethal.
All of the trees that are worked

are not owned by the people working
them. They are leased -— so if you are
the timber company and you are leasing
trees and somebody comes in andkills
30% ~- it's a very bad situation.

FROM THE AUDIENCE

QUESTION: For Laura, also, Given

vour knowledge of state-of-the-art
dendrochronology, do you believe it is
possible to isolate our climatic
factors such that one can attribute
growth loss or a decreased wood
density to acid precipitation?

RESPONSE: What a tricky guestion. It is

very much a concern right now in
dendrochronology to try and isoclate that
climatic factor, and has been done
with varying degrees of success in
different areas. In a very closely
controlled study, I think one can
differentiate the effects of climate
from other environmental factors.

It gets exceedingly difficult in areas
of, for instance, the eastern US where
the climate, as I've shown 1 think, the
varying influences on growth are very,
very difficult to differentiate ohe to
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another. There are some techniques of
deriving what might be the climatic

response of growth, but this too is

being revised at the woment ~-

there is a dissertation underway at the
University of Arizona where these
response functions are being very
intensely studied to see if that indeed
is a good way of deriving what the
climatic influence might be. But

that is a hot topic.

QUESTION: Laura, I was wondering if you

could comment on whether there are
techniques that vou use in dendro-
chronoiogy that could be used in
studies like fertilizer response, or
response of a stand to insect attack --
to actually determine 1f there is an
effect -- in a more spbphisticated

way than just looking from a velume of

growth response over a long period of time.

RESPONSE: I think a lot of the studies that

have been done on fertilizer effects

have inecluded what kind of differences
there are in growth, certainly by

looking at diameter growth. Now whether
that, what is uswally a short—term, study
can be extrapolated for a whole stand for
instance over a long period of monitoring
might be of great use. Certainly, in
that regard, once you start working with
long time periods dendrochronologmy
beconmes very useful. On the short term
you have much greater control over what
is happening in what year in terms of
growth, and so dendrochronology per se

is less useful, but certainly there ds
potential for its use in long term
studies of insect Infestation or
fervilizer studles, 1 would think.

QUESTION: If you look at the data base

of what people work on new, like what
is known about how trees respond to
insect attack and fertilizing
application, where do you see the
biggest gaps in informatlon that wuld
be useful to you? Is there good

data on those types of responses?

RESPONSE: There isn't always, and maybe

I'm just unaware of ir. I've looked

at — for instance, the University of
ine Extension Service has put out a

nunber of publications on the effects

of fertilizer in this or that individual

gituation. The difficulcy from my

point of wview is that there is very little

generalization made -~ and maybe it
is just 0ot possible - but

I would like to be able to say in
looking at the record in the past 1

can see this or that pilece of evidence
that seems to fit is with what has

been seen on the shorter time period ~-
and that has been hard to do. 1t is
very hard to generalize, T think.

QUESTION: Susan, what effect do scluable

heavy metals have on water uptake?

RESPONSE: Well that is an interesting

question., 1 think it would depend which
heavy metal you are talking about.
Something like aluminum, which I

know you may be interested in, there is
so many possible modes of action of
aluminum toxicity in the roots -- there
are so many that have been proposad in
the literature, it would be difficult
maybe to say. But one of the things
some of the people at Cornell are hot
on, they feel like aluminum might --
they have done some work, I believe it
is with corn, aluminum tolerant and
intolerant species -- they think that
aluminum iz complexing in the cell

wall and that in turn would decrease the
elastic modules of the cell wall, and
therefore there would be problems

with growth and expansion of the

cell carying the cell wall. This

would break up the integrity of the
root, Now, my guess is that

given that whole scheme of things

in terms of water transport through
roots, through the endodermis and into
the xylem, that just breaking up the
cell wall would probably have more
effect on disease infestation. Probably
some of the pathologists would be

better able to comment on that than
myself, than on water flow itself. I
think you would have to actually

change either the simplastic or
apoplastic movement of water and I'm not
sure at this point how heavy metals alone
would affect that. Maybe some of the
other physiologists have some comments on
that,
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