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A Summary of

Research at The Manitou Experimental Forest
In Colorado, 1937 - 1983

Howard L. Gary, Principal Hydrologist

Rocky Mountain Forest and Range Experiment Station®

Abstract

Results of selected studies for range, watershed, timber and
wildlife management research are summarized to provide land
managers, land-use planners, and land-use researchers with informa-

tion to help evaluate consequences of land management practices in
the Colorado Front Range ponderosa pine zone.

1 Headquarters is in Fort Collins, in cooperation with Colorado State University.
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A Summary of
Research at The Manitou Experimental Forest
in Colorado, 1937 - 1983

Howard L. Gary

INTRODUCTION

The Manitou Experimental Forest was established in
1936 to study problems of land use as they relate to man-
agement of natural resources of the Colorado Front
Range ponderosa pine zone. The Experimental Forest,
administered by the Rocky Mountain Forest and Range
Experiment Station, is 28 miles northwest of Colorado
Springs in Manitou Park, Colorado. The Forest covers
about 26 square miles in the South Platte River water-
shed. This large watershed supplies a major share of
water consumed by Denver and other cities along the
foothills of the Front Range. This watershed and similar
adjacent drainages also contribute water used for irri-
gation in some of the most productive and intensively
cultivated lands in the western United States. The
Experimental Forest location in the “tension zone” be-
tween the Rocky Mountains and the Plains is character-
istic of much of the land area adong the Front Range in
Colorado and is thus suited to study forest influences:
mountain home and associated recreation development
and wildlife; proper management of ponderosa pine,?
Douglas-fir, and mountain bunchgrass types; revegeta-
tion of abandoned and submarginal farm land; erosion
control; and stream improvement. This report presents
selected summaries of completed and current research.

PONDEROSA PINE LANDS

The ponderosa pine zone in the Front Range of the
Rocky Mountains extends from southern Wyoming to
northern New Mexico and encompasses approximately
4 million acres (fig. 1). These timbered lands include
grassland parks, willow fields along streams, sagebrush
and oak brush areas, and scattered cultivated fields.
The land, vegetation, and climate of the Forest are
typical of the eastern slope of the central Rocky
Mountains.

LANDFORM AND GEOLOGY

The Experimental Forest is in a fault outlier about 30
miles long and 4 miles wide, flanked by the West Creek
Range on the west and the Rampart Range on the east.
The Forest is bisected by Trout Creek, a smal perennia
stream and tributary of the South Platte River. The east-
ern part (western exposure) of the Forest includes rug-
ged mountains with narrow, steep-walled canyons. The

‘All plant names mentioned are listed in the appendix.
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Figure 1.-Distribution of ponderosa pinein Colorado (Love 1958).

western part includes mainly broad, gently rolling
valleys and plateaus. Elevation ranges from about 7,500
to 9,300 feet.

Geologic erosion has exposed three sedimentary for-
mations. The lowermost bed is the Sawatch quartzite,
the next is Madison limestone, and the topmost is Foun-
tain arkose. The Sawatch and Madison formations out-
crop on the east side of the valley within a relatively
narrow band. The Fountain arkose occurs chiefly on the
east side of the valley; but, erosion pedestals up to 30
feet tall are scattered throughout the western part of
the forest [fig. 2). Redeposition of aluvium at lower
elevations has resulted in extensive crossbedding. The
basement rock is coarse-textured Pikes Peak granite.




SOILS

Soils from hiotite granite are by far the most extensive
and occur in the rugged eastern haf of the forest.®> The
surface soils are light brown, shallow, gravelly, low in
organic matter, infertile, dightly acidic, and less than 10
inches thick. The bedrock is reddish brown, disinte-
grating granite. Surface soils on the western side of the
forest are brown to dark brown sandy or gravelly loams,
ranging from 8 to 18 inches thick. Subsoils, when pres-
ent, are usualy reddish brown, have sandy or gravelly
clay loam texture, and may extend to depths of 20 inches
or more. Most soils on the forest are susceptible to
severe erosion whenever vegetative cover is removed.

VEGETATION

Vegetation on the western part of the forest is mainly
ponderosa pine in the overstory and bunchgrasses in the
understory, with numerous scattered grassy openings or
parks. Predominant bunchgrasses are mountain muhly
and Arizona fescue. Abandoned fields have extensive
stands of sleepygrass. Stringer meadows and willow
thickets border Trout Creek. Similar vegetation grows
on the eastern side of Trout Creek. Above about 8,000
feet elevation, the vegetation is dominated by stands of
overmature ponderosa pine, Douglas-fir and aspen.
Lodgepole pine grows at higher elevations along the
eastern boundary of the forest. Some limber pine aso is
present. Engelmann spruce and blue spruce grow along
the streambottoms and margins of wet meadows. Shrubs
are scattered throughout the timber types.

CLIMATE

The “dry subhumid,” distinctly continental climate is
characteristic of most eastern slope areas in Colorado.
Winters are usually dry and often cold for long periods.
The highest monthly precipitation falls during the cool

®Retzer, John L. 1940. Soils and physical conditions of the Man-
itou Experimental Forest, 35 p. Unpublished manuscript, Rocky
Mountain Forest and Range Experiment Station, Fort Collins, COI.?'.
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Figure 2.-Pedestals of Fountain arkose along the western side of
the forest.
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summers. Annual precipitation at the forest headquar-
ters (7,740 feet elevation) for the period 1937 through
1982 averaged 15.6 inches, and ranged from 7.6 inches
in 1939 to 24.1 inches in 1969 (fig. 3). Seventy percent of
the precipitation falls in the primary growing season,
April through August. Snow may fall from late Septem-
ber to late May, and accounts for about 30% of the
annual precipitation. High-intensity storms, which may
produce runoff and erosion, occur most frequently
during July and August. Storms producing surface run-
off have been recorded each month from May through
September.

Yearly mean temperature for the period 1942-1958
averaged 40.6° F. Mean monthly temperatures varied
from 23.0° F in January to 60.8° F in July [fig. 4].
Temperatures during the summer seldom exceed 90° F
and extreme winter temperatures have been -40° F.
On the average, there are 113 days in the growing
season, and the frost-free period extends from about
May 28 to September 18.

Figure 3.- Means

EARLY RESEARCH

Research first sought to develop better methods for
management to perpetuate and restore the natural re-
sources for long-term productivity. Range management
and seeded pasture studies specifically sought to obtain
maximum livestock production on native ponderosa
pine-bunchgrass range and seeded pastures consistent
with wise management of other resources. The water-
shed studies sought to determine how to revegetate de-
pleted ponderosa pine watersheds to minimize flood and
sedimentation damages from high intensity storms and
to develop methods to improve water yields.

NATURAL REVEGETATION OF
ABANDONED FIELDS

Warm summers and rainfall during the growing
season favor relatively rapid herbaceous plant succes-



sion on the Forest. Natural revegetation of some 600
acres of abandoned croplands began with an initial
invasion of an annual forb type, progressed through
perennial forbs, mixed grasses and forbs to a subclimax
grass community (fig. 5). The annual forb stage lasts
only a few years and is characterized by a few species
occurring in great abundance. The perennial forb stage,
lasting from 7 to 10 years, is characterized by an in-
creased number of perennial grasses and forbs, such as
western wheatgrass and thistles. The mixed grass and
forb stage is initially characterized by an abundance of
sleepygrass and slender wheatgrass and may last 10 to
25 years. In the subclimax bunchgrass stage, mountain
muhly and Arizona fescue are the dominant species.
Ponderosa pine probably is the potential climax vegeta-
tion for most of the abandoned fields.

GRAZING MANAGEMENT

Ponderosa pine-bunchgrass ranges have been an im-
portant vegetation type for range cattle in Colorado for
more than 100 years. The optimum level of grazing in
relation to range utilization, herbage production, weight
gain, other plant responses and soil condition was not
known in the early 1959s. The first studies were de-
signed to determine proper grazing intensity. Later
studies determined the best grazing intensity and live-
stock management on seeded pastures and animal-plant
interactions.

Native Pastures

Six experimental ponderosa pine-bunchgrass pas-
tures, varying in size from 254 to 399 acres, were estab-
lished in 1940. Two 2.5-acre enclosures were located
within each pasture. Three grazing intensities-light,
moderate and heavy cattle use-were applied to each of
two pastures from 1941 to 1958. Utilization goals were
based mainly on mountain muhly and Arizona fescue for
the three grazing intensities-less than 20% removal of
herbage produced for light, 30% to 40% for moderate,
and over 50% for heavy grazing. The pastures were
grazed five months each year, from June 1 through Oc-
tober 31, using’ yearling heifers (Hereford or Aberdeen
Angus).

Herbage Production

Production of palatable grasses and sedges over the
six pastures averaged 250 pounds of air-dry forage per
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Figure 4.-Monthly mean temperatures, 1942-1958 (Berndt 1960).

Figure 5.-Natural plant succession on abandoned fields. A, Stipa-
Agropyron community in afield abandoned 15 years; and 6, Sub-
climax grass community on a field abandoned 62 years (Johnson
1945).

acre in 1938 and increased to 344 pounds per acre in

1942, the first year after beginning the grazing trials.

About 43% of the herbage was mountain muhly. Near

the end of the grazing study, in 1957, average herbage

yields on light- and moderate-use pastures were slightly
higher in 1957 than in 1942 and 1947 (fig. 6). On heavily
grazed pastures, production dropped from 351 pounds
per acre in 1942 to 195 pounds in 1947, and 148 pounds
in 1957. Differential grazing also created marked dif-
ferences in range condition (fig. 7).

Use of Native Plants

Utilization of the six most commonly used species on
the native pastures was estimated in 1950 and 1952, 6
and 8 years after starting the grazing intensity trials.
Arizona fescue and mountain muhly furnished 94% of
the forage on lightly and moderately grazed pastures.
Little bluestem and sun sedge produced 5% of the
forage. Blue grama was grazed sparingly under light
and moderate grazing. Fringed sagebrush, not used
under light grazing, received only 3% use under moder-
ate grazing. Utilization of all six species on heavily
grazed pastures was greater than on more lightly
cropped pastures. Arizona fescue and mountain muhly



received the most use; however, these species furnished
only 68% of the forage. Mountain muhly was the most
productive species, while Arizona fescue was consid-
erably reduced by prolonged close grazing.

Grazing and Plant Responses

In the grassland vegetation type, perennial grass and
sedge cover nearly doubled when grasslands were
grazed lightly, increased by one-third under moderate
use, and decreased nearly one-half under heavy grazing.
Increases in perennial grasses and sedges indicated
plant succession was largely responsible for changes in
cover. Understory perennial grasses and forbs within
both open and dense stands of timber showed a decress-
ing trend under all intensities of grazing, apparently in
response to closure of the pine canopy.

Weight Gains on Native Pastures

Seasonal cattle gains from 1943 through 1949, under
about average annual precipitation, were 231, 221, and
176 pounds, under light, moderate and heavy use, re-
spectively (fig. 8). The years 1950 through 1955 were
characterized by drought, and cattle were removed
from the pastures before October. Therefore, seasonal
gains for this period were less. Cattle gained most dur-
ing the first 2 or 3 months of the grazing season, when
nutritional value of vegetation was highest. The propor-
tion of gain made early in the season was directly
related to grazing intensity.

[ ] vight
- Heavy

Moderate

446

331 335
303} :

1947

Figure 6.-Grass and sedge vyield (pounds) as affected by grazing in-
tensity (Smith 1967).

19567

1942

Figure 7.-Range condition on the native pastures. A, lightly
grazed-one heifer per 25.5 acres; B, moderately grazed-one
heifer per 14.5 acres; and C, heavily grazed-one heifer per 12.5
acres (adapted from Smith 1967).



Seeded Pastures

In the Front Range pine type, natural recovery of
abandoned farmlands and depleted pastures through
plant successon can take decades even with no grazing.
Seeding with introduced grasses and legumes in many
cases can convert abandoned farmlands and depleted
ranges to productive range within a few years. Much
early research dealt with planting techniques, species
adaptability and grazing intensity trials.

Species Adaptability

Seedings during the fall or early spring, when
moisture was available for seed germination, showed
about equal success for obtaining good stands of seeded
grass on abandoned farmlands and/or depleted open
grassland parks. Species most promising in adaptability
to climate and soil conditions 3 to 8 years after seeding
were crested wheatgrass, Sherman big bluegrass,
smooth brome, intermediate wheatgrass, Russian wild-
rye, and yellow sweetclover.

Forage Yield of Seeded Species

Maximum forage production on abandoned fields
seeded to crested wheatgrass, smooth brome, inter-
mediate wheatgrass, Russian wildrye, and a mixture of
crested wheatgrass, smooth brome and yellow sweet-
clover was generally greatest the third to fifth year
after seeding (fig. 9). Precipitation during the growing
season accounted for most of the difference in forage
production and may have been the main limiting vari-

Full-season grazing (1943 - 49)
231 Ibs

Avg. ppt. - 16.6in
176 Ibs

221 Ibs
OCT 1 Ib loss

Short-season grazing (1950-55)
184 Ibs * 178 Ibs*

Avg. ppt. - 13.2in.
118 Ibs*

SEPT 91bs

Moderate use

Light use Heavy use

Figure 8.-Average monthly and seasonal gains under different
grazing intensities (Smith 1967).

OCT 31Ibs loss
‘

Nt S R TR 3 . i

Figure 9.-A 4 year-old seeded stand of intermediate wheatgrass
produced over 1,000 pounds of air-dry herbage per acre.

able. Average forage production from 1948 through
1959 ranged from 1,358 pounds for the mixture to 663
pounds for smooth brome. Forage production of Sher-
man big bluegrass seeded in 1957 ranged from 2,394
pounds per acre under 16.3 inches of moisture in 1961,
to 533 pounds under 15 inches of moisture in 1965.

Grazing Intensity on Seeded Pastures

Intensity of grazing studies were conducted from 1948
through 1959 on lo-acre seeded pastures. The pastures
included those seeded to crested wheatgrass, smooth
brome, intermediate wheatgrass, Russian wildrye, and a
mixture of crested wheatgrass, smooth brome and
yellow sweetclover. Grazing use was based on average
stubble heights of 1 and 2 inches, two levels of heavy use
(65-85% utilization), and 4 and 6 inches, one level of
intermediate (45% utilization) and light use (33% utiliza-
tion), respectively.

More than twice as many heifer days of grazing per
acre were obtained during a favorable growing season
such as 1957 compared with a dry season such as 1954
(fig. 10). The most pronounced increase in use was on
the more heavily grazed units. Crested wheatgrass, for
example, was grazed from 45 to 48 days longer in 1957
than in 1954 on units grazed to |- and 2-inch stubble
heights. The mixture pasture was primarily crested
wheatgrass in the final years of research. Animal days
of grazing on smooth brome and intermediate wheat-
grass were noticeably lower after heavy grazing in 1959
than in 1957; these species were not recommended for
seeding in pure stands on depleted dry upland sites.
Grazing to 3-inch stubble height was recommended for
Russian wildrye, to avoid development of ungrazed wolf
plants and eventual overgrazed local areas.

Weight Gains on Seeded Pastures

The mixture and crested wheatgrass pastures grazed
to selected stubble heights provided the best sustained
daily weight gain for yearling heifers (fig. 11). Smooth
brome and intermediate wheatgrass stands provided
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good daily gains and per acre gains early in the study;
but overall, these species gradually deteriorated under
al levels of use and were not suited to seeding in pure
stands. Weight gains on Russian wildrye were relatively
low compared to the mixture, crested wheatgrass and
big bluegrass; but, this grass provided a source of forage
during early spring. Beef production on Sherman big
bluegrass pastures was superior to the other seeded
species for gains per acre. Gains averaged about 75
pounds more than on a nearby moderately grazed native
pasture. The high potential productive capacities of
seeded pastures should be considered for incorporation
into Front Range livestock management programs.

Management and Grazed Plant Relations

Other studies determined cattle responses to supple-
mental feeding, nutritive quality of seeded and native
pastures and grazing trials and forage yield.

Supplemental Feeding on Seeded
and Native Pastures

calves were evaluated on
big bluegrass, with and
and on native ponderosa

The responses of weaner
seeded stands of Sherman
without protein supplement;

MIXTURE CRESTED WHEATGRASS

Days per Acce

1 2 4 6 1 2 4 6 1 2 4 4 1 7 4 8

Inches Inches

SMOOTH BROME INTERMEDIATE WHEATGRASS

Days per Acre

2New 2 4 &

1 2 4 b 2 New 2 4 6

1 2 4 6

Inches Inches

RUSSIAN WILDRYE

1954 Grazing Season

1957 Grazing Season g

W

1959 Grazing Season

Days per Acre

112 3 412 112 3 41p

Figure 10.-Days of grazing on seeded pastures based on utiliza-
tion stubble height at end of season (Currie and Smith 1970).

Gains (pounds)
Seeded pasture Daily Per acre
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Crested Wheatgrass
Smooth Brome N \
Intermediate Wheatgrass
Russian Wildrye R

Sherman Big Bluegrass

Native Range
{moderate use) R

V gains for 1959-1965

Figure 11.-Average weight gains of yearling heifers on seeded

?gfé)ures, 1948-1959 (adapted in part from Currie and Smith,
pine-bunchgrass pastures plus protein supplement dur-
ing late fall, winter and early spring grazing seasons
from 1967 to 1971. Calves made small weight gains on
all pastures during the fall, but usually lost weight dur-
ing the winter and spring. On a per acre basis, gains
from big bluegrass without supplement nearly equaled
those of native grass plus 0.50 pounds of protein supple-
ment per caf per day. With either 0.25 or 0.50 pounds of
protein supplement per day, gains per acre on seeded
big bluegrass pastures were double those obtained on
native pasture.

Nutritive Quality of Cattle Diets

The nutritive quality of forage available to two 12-cow
herds on native pasture year-long and on native plus
seeded pastures was determined from 1965 to 1966. One
fistulated steer was incorporated into each herd. Crude
protein in the diets of the two cow herds, assumed to be
similar to steer diets, followed seasonal trends largely
indicative of the effects of forage maturity (fig. 12).
Levels were high in early spring, when forage plants
were young and growing rapidly, then declined through-
out the summer and autumn as the forage matured. The
herd grazing the seeded pasture in the spring had an ad-
vantage of high protein levels approximately 30 days
earlier than did the herd grazing native pastures. When
the two herds were separated in late autumn, dietary
protein levels of the herd grazing seeded Sherman big
bluegrass rose sharply, whereas protein in the diet of
the herd grazing native pasture continued to decline.
Botanical composition of diets on the native pasture
reflected heterogeneity of the pasture rather than
preference for certain plant species.

Grazing Trials on Crested Wheatgrass

Forage yield differences on pastures seeded to
crested wheatgrass mainly resulted from amount of
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Figure 12.-Annual trends of dietary crude protein in forage
samples ‘ingested by fistulated steers (Malechek 1966).
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Figure 13.--Heifer response on crested wheatgrass pastures
grazed seasonally (Currie 1970).

moisture received during the growing season, and not
from seasonal grazing. Yields on spring-grazed pastures
varied in response to April precipitation. Production on
fall-grazed pastures varied in response to May-June
moisture. Seasonal gains were not an intensity factor,
but were related to season of grazing (fig. 13). The
heifers consistently made good gains only during spring
grazing.

WATERSHED MANAGEMENT RESEARCH

Because of sporadic precipitation, early watershed
management studies dealt primarily with ground cover,
infiltration, surface runoff and erosion from soils devel-
oped from granitic and other geologic materials.

Gully Control

Before establishment of the Experimental Forest,
labor intensive erosion control measures were under-
taken by the U.S. Civilian Conservation Corps. The effec-
tiveness of their early gully control structures and deep-

1981

Figure 14.-Log check dams eventually fail and trapped sediments
are washed downstream (1936, 1981).

ening of gullies are of practical interest. Temporary
control structures made of logs accomplished their in-
tended objectives for many years, but eventually failed
(fig. 14). Many of the check dams constructed of loose
rock and mesh wire and keyed into gully banks and into
the channel are ill intact and have controlled gully ero-
sion (fig. 15). Most gully systems in the forest can be
traced to old wagon road ruts and cow trails in valley
bottoms. Many such gullies are ill active and will con-
tinue to slowly deepen and advance upslope indefinitely
unless controlled (fig.16).

Source of Stream Sediments

Upstream channel and gully erosion contributes to the
sediment load carried by Trout Creek and to sedimenta-
tion of Manitou Lake. After completing the dam for
Manitou Lake in 1937, the water storage capacity of the
lake was about 93 acre-feet. In 1948, the capacity had
been reduced by two-thirds, and approximately 60 acre-
feet of sediment had been deposited in the lake. Total



sediments above and below the spillway level was about
200 acre-feet, with channel deposits as much as 1 mile
upstream. The drainage area above the lake is about 69
square miles. An estimate of total sediment contribution
from the drainage area is 18.2 acre-feet per year, or
0.26 acre-feet per sguare mile annually. An example of
sedimentation and streambank cutting is illustrated in
figure 17.

Bunchgrass Runoff Plots

Watershed management studies started in 1937 util-
ized runoff plots (fig. 18). The main purpose was to
determine the influence of gravelly alluvium (outwash of
Pikes Peak granite) and grazing use on surface runoff
and erosion. In the period 1937 through 1952, yearly
precipitation ranged from 7.6 to 24.0 inches, and aver-
aged 15.6 inches. Annual forage production averaged
about 900 pounds per acre. After a 4-year period of non-
use, runoff and erosion amounts were assessed. A heavy
and moderate cattle grazing treatment was then ap-
plied. For 12 summers of grazing average runoff ranged
from 0.34 inches on the heavily grazed plots to 0.11
inches on the ungrazed plots (fig. 19). Average annual
soil losses varied from 134 pounds on ungrazed plots to
316 pounds per acre on heavily grazed plots. The model
cloudburst storm causing erosion on the runoff plots
was 0.96 inches of precipitation. Such storms occur
once or twice during the summer, and produce effects
shown in figure 20.

Ponderosa Pine Watersheds

Six contiguous watersheds, ranging from 1 to 2 acres
in size, on granitic alluvium and draining to the west
were instrumented in 1938 to determine the influence of
ponderosa pine (75-100 years old) and its removal on
surface runoff and sediment yields. The net result was
conversion to grass cover with scattered colonies of
aspen, and brush (fig. 21). Average surface runoff dur-

st ' Gy . ; TRREATEE. A0
TR PR IALLG SE ea rl AT T R Figure 16.-Erosion problems on the Forest. A, an abandoned road;
Figure 15.-A rock and wire check dam installed in 1936 was effec- and B, active headcutting in an old cow trail. This gully has ad-
tive in 1983. vanced 55 feet upslope in 33 years.



Figure 17.-Sedimentation over the Trout Creek roodeam The
stream channel has shifted many times during floods. In 1980, re-
mains of cross-ties for a railroad abandoned in 1887 were 3 feet
below. the sail. surface..
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Figure I&-Native bunchgrass surface runoff plots The horlzontal
area of each plot is 0.01 acre.
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Figure 20.-Average soil loss and surface runoff from the model
summer storm of 0.96 inches (Love and Johnson, 1952).

ing the first 6 years after type conversion increased
from 2 to 5 times pretreatment runoff. Thereafter, the
rapid increase and spread of native bunchgrasses pro-
vided almost complete protection against surface runoff
and erosion. The erosion caused by rainstorms was er-
ratic before and after type conversion and was of little
practical significance. Only a small amount of sediment
has been caught in runoff tanks at the mouth of the
drainages in the past 30 years.

Infiltration on Native Pastures

Infiltration of preC|p|tat|on was determined by
rainfall-simulators (2.5 ft* of surface ared) on six native
range pastures from 1941 through 1954. The main pur-
poses were to evaluate the relation of plant cover to
infiltration and how these were affected by soil prop-
erties and cattle grazing.

Infiltration, Plant Cover and Soil Properties

Litter was the only vegetation factor consistently
associated with infiltration. The value of litter in in-
creasing infiltration and reducing surface runoff is well
established. Based on 108 infiltration runs in all cover
types, during 1941, 1946 and 1952, the quantity of dead
organic material was significantly correlated with
higher infiltration rates. Infiltration averaged 2.50, 1.78
and 1.15 inches per hour under pine-litter, pine-grass
and grassland, respectively. Sand content, soil fraction
passing a 2-mm screen, was the best indicator of the in-
fluence of texture on infiltration. Noncapillary pore
volume was the most important soil factor related to
infiltration during al years of study.



Infiltration After Protection from Grazing

Infiltration rates determined in 1941, a 24 random lo-
cations stratified by cover types, in the native pasture
exclosures, and at 108 sites in the six native range pas
tures, were not statistically different. Differences inside
and outside the exclosures in subsequent years were as-
sumed to be the result of protection from grazing (fig.
22). Regardless of grazing intensity, infiltration rate did

e R LR R, W

Figure 21.-Ponderosa pine watershed F. A, north aspect before
treatment in 1948; B, two years after logging and slash burning,
1950; and C, in 1983.

= ey i)

not materially improve under any intensity of grazing.
Only complete protection from cattle grazing appeared
to improve infiltration rate.

Runoff from Missouri Gulch Water shed

Measurements of precipitation and streamflow were
obtained from the Missouri Gulch watershed from 1940
through 1958, to gain information on water yield and its
relation to precipitation. No other perennial streams
have been gaged in the Experimental Forest (fig. 23).

Watershed Description

The watershed covers about 4,600 acres in the north-
eastern part of the forest, and has 6.1 miles of live chan-
nel. Elevation ranges from about 7,300 to 9,300 feet.
Slopes range from 10% to 60%, and residual soils are
mainly gravelly sandy loams and stony loams. Plant
cover is mainly ponderosa pine and Douglas-fir, with
lodgepole pine at the higher elevations, and Engelmann
spruce and aspen along the streams. Scattered brush,
grass, erosion pavement, and bare rock also are
present.

Precipitation and Streamflow

Annual precipitation on the watershed ranged from
12.2 inches in 1950 to 27.1 inches in 1957, with a mean
of 18.2 inches for 19 years of record. Seasonal precipi-
tation was greatest during April through August (fig.
24). Streamflow was lowest during the winter and early
spring; rose sharply to late spring peaks, and decreased
gradually thereafter. Maximum peak flows resulting
from snowmelt occurred as early as April 21 and as late
as May 14. Generally, more than 60% of the seasonal
runoff left the watershed in April and May, but it varied
greatly from year to year (fig. 25). Proportion of water
year precipitation becoming streamflow ranged from
3.4% to 13.3%, with an average of 7.9% for the period
1952 through 1958.

CURRENT RESEARCH
REGENERATION OF PONDEROSA PINE

A long-term study was started in 1980 to compare and
quantify shelterwood and seed-tree cutting methods for
regeneration of new even-aged patches and stands of
ponderosa pine (fig. 26).* The information is expected to
help provide management guidelines to regenerate over-
mature even-aged patches and stands. Scarified and un-
scarified site preparation treatments were used to study
natural and artificial regeneration. Survival of natural
seedlings after two growing seasons is presented in
figure 27. Survival of planted 2-O stock, after two grow-

“Personal communication with S. E. McElderry, Research For-

ester, Rocky Mountain Forest and Range Experiment Station, Fort
Collins, Colo.



25K
S 20
3 -
= | =
» -
@
2 -
2 15+
= -
8 r
*5 - Exclosures
E 10 mmemeeee- Light grazing
- — — — — Moderate grazing
L —— — Heavy grazing
0.5F
[ L 1 L L L L L !
1940 42 44 46 48 50 52 54

Figure 22.-Comparison of infiltration trends in ex-
closures with those under grazed pastures (adapted from
Dortignac and Love 1961).

Figure 23.-Combination San Dimas flume and broadcrested weir
gaging station near the mouth of Missouri Gulch.

4
[ Precipitation
3t Il Streamflow [ ] —_
[0
2
o 2f
£
1 3
0

Nov. Dec Jan Feb Mar Apr.MayJune July Aug.Sept.Oct

Figure 24.-Monthly mean precipitation and streamflow for Mis-
souri Gulch watershed, 1940-1958 (Berndt 1960).
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Figure 26.-Shelterwood and seed-tree plots in ponderosa pine
(shelterwood, seed tree).



ing seasons, was greater on scarified plots than on un-
scarified plots. Seedfall and germination, determined
from seed trap contents, varied greatly the first 2 years.
Seedfall was two times greater the first year, and ger-
mination percentage was 38 times greater.

INITIAL TREE SPACING AND GROWTH
OF PONDEROSA PINE

A long-term study was begun in 1983 to determine the
effects of initial tree spacing on growth of young pon-
derosa pine (fig. 28)° Height and diameter growth as
well as crown width and length will be measured for at
least 30 years. Results of this study are expected to
provide guidelines for optimum planting densities for ar-
tificial regeneration and for management of young,
even-aged, naturally regenerated stands of ponderosa
pine.

PROVENANCE TESTING OF PONDEROSA PINE

A 20-year plantation study was started in 1981 in
cooperation with Colorado State University. The main
objectives are to determine the relative performance
and evaluate patterns of survival, growth, phenology
and morphology of ponderosa pine trees derived from 75
seed collection zones delineated for Colorado. Another

®Personal communication with C. B. Edminster, Mensurationist,

Rocky Mountain Forest and Range Experiment Station, Fort Col-
lins, Colo.
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Figure 27.-Early survival of seedlings originating from 1981
seedfall.
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growth study.

objective is to determine the degree to which seed can
be used in other seed collection zones. Measurements
during and after the growing season include height,
diameter, growth cessation, and growth resumption.
Other measurements include insect, disease, anima and
weather damage.

GROWTH AND YIELD OF
MANAGED PLANTATIONS

Another long-term study was started in 1981 to com-
pare growth responses of even-aged, pole-sized ponder-
osa pine over a wide range of growing stock levels
(GSL’S).> Diameters, basal areas, heights, volumes,
numbers of live trees, growing stock levels, and dwarf
mistletoe ratings will be remeasured at 5-year intervals
and will be compared with changes predicted by exist-
ing growth and yield models (fig. 29). These data will
provide a basis for formulating silvicultural prescrip-
tions, management guidelines, and verification of ex-
isting growth and yield models for even-aged stands of
ponderosa pine.

GROWTH AND YIELD IN UNEVEN-AGED
PONDEROSA PINE

In many areas where scenic and recreation use pre-
dominate, a major management goal is to maintain

uneven-aged stands of ponderosa pine.® The uneven-

aged stands are characterized by trees of many sizes,
intermingled singly or in groups. Growth predictions for
these uneven-aged stands are needed to control manage-
ment activities and to evaluate interactions among re-
sources. The objective for one ongoing study is to
develop a generalized technique suitable for use in
simulations. The new techniques will be applicable to
stands managed as uneven-aged stands, and uneven-
aged stands that will eventually be converted to even-
aged structure. The measurement of individual tree
variables has been completed, and growth prediction
functions are being developed.



DWARF MISTLETOE CONTROL IN
PONDEROSA PINE

Dwarf mistletoe-infected ponderosa pine trees are re-
moved in al timber sales on the Experimental Forest®
Since 1974, more than 60,000 ponderosa pine and
10,500 Douglas-fir seedlings have been planted in areas
clearcut to control mistletoe. Studies are underway in
past timber sale areas to determine optimum tree thin-
ning levels to slow the spread of dwarf mistletoes, and to
minimize damage from other tree diseases. A computer
program, RMYLD, for ponderosa pine, provides a tool to
aid foresters in managing mistletoe-infected and healthy
forests.

Figure 29.-Ponderosa pine in a 1936 plantation on site index 50
land and thinned in 1981. Photographs taken 1983 (GSL-40,
GSL-80, GSL-120).
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PONDEROSA PINE AND
UNDERSTORY PLANT GROWTH

Studies are underway to determine the long-term in-
fluence of thinning pine canopies to various basal areas
on growth and production of understory vegetatlon
Fourteen permanent plots were established in the open-
timber, native range pastures on the basis of basal area
of ponderosa pine and understory vegetation. Basal
areas range from about 25 to 90 square feet per acre.
Production of understory vegetation is estimated with a
heterodyne vegetation meter and by weighing forage
clipped from subplots. Production estimates and phenol-
ogy are also determined from time to time for each of the
major forage plants-mountain muhly, Arizona fescue,
blue grama, fringed sagebrush, and sun sedge.

HABITAT USE AND REQUIREMENTS OF
FLAMMULATED OWLS

Little is known about the flammulated owl’s (fig. 30)
habitat requirements, other than they seem to be asso-
ciated with mature conifer forests, and are perhaps
eliminated in logged areas where cavity trees and other
elements are removed. A study has been conducted to
determine breeding densities and habitat affinities |n an
old-growth ponderosa pine-Douglas-fir forest.® The
owls migrate to the Experimental Forest about the first
week in May, and select nest sites in cavities in old
mature trees and snags. They migrate again in mid-
October. They are insectivorous, and their diets include
moths, beetles, grasshoppers, crickets, large flies and
spiders.

Two years of telemetry study on seven nesting pairs
indicated home ranges varied in size from 8 to 25 ha
Principal determinant of home range size appears to be
patchiness of habitats or the intermixing of young dense
stands of Douglas-fir, aspen, blue spruce along with
mature ponderosa pine-Douglas-fir stands. The highest
density of nesting pairs occurs in continuous stands of
mature ponderosa pine-Douglas-fir. The owls tend to
intensively forage in one to four open patches, about 0.1
to 1.4 ha each, within old-growth stands in their home
range. The distance from forage areas to nests has
ranged from 20 to 400 m. These and other data will pro-
vide a base with which to compare the ecology and pop-
ulation density of the owls in managed forests.

CATTLE GRAZING AND WATER QUALITY

The effect of seasonal cattle grazing on water quality
is under study in pastures bisected by Trout Creek.
Selected water quality parameters are measured in the
stream above and below the cattle. The distribution and
frequency of waste discharges and weight estimates of
manure deposited near the stream have provided gener-
al evidence as to how streams may be enriched and/or

Spersonal communication with R. T. Reynolds, Wildlife Biologist,

Rocky Mountain Forest and Range Experiment Station, Fort Col-
lins, Colo.



polluted by cattle. Results to date have shown minor
local decreases in water quality, mainly bacteriological
properties, when cattle are present. Based on moderate
rates of grazing and generally adequate streamflow for
manure and urine dilution, permanent removal of cattle
does not appear to be necessary for good water quality
mai ntenance.

POLLUTION INDICATOR BACTERIA IN LAKE
AND STREAM WATER

Studies are underway to quantify the impact of lake-
based recreation and mountain home development on
surface water quality. Densities of indicator bacteria,
such as total coliforms, fecal coliforms, and fecal
streptococci in water, provide one measure of water
quality. These bacteria are eliminated in large numbers
in fecal waste, and their presence usually indicates that
intestinal waste products have reached a water source.

Manitou Lake

The effect of lake-based recreation on water quality
has been examined at Manitou Lake, a 12-acre reser-
voir, at the south end of the Experimental Forest. Daily
visitor use starting in May ranges from none during
stormy weather to several hundred during peak use.
Recreational use at the lake (fig. 31) has not degraded
water quality, based on densities of indicator bacteria
From July 1 to July 7, 1976, which included a period of
major recreational use, fecal coliform densities in water
entering Manitou Lake averaged 99 colonies per 100 ml
of water. Fecal coliform densities leaving the lake aver-
aged 2 colonies per 100 ml of water. Water quality ac-
tually improved from the lake inlet to the outlet, perhaps
because of detention time and/or ultraviolet radiation.

Domestic Water Supply

Indicator bacteria in the domestic water supply at the
forest headquarters have occasionally exceeded the
state primary standard (less than 1 fecal coliform per

Figure 30.-Flammulated owl parent and fledglings. Adult height
is about 6 inches, and wingspan 14 inches (photograph courtesy
of Art Wolfe).
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Figure 31 .-Visitors at noon for selected Thursdays and Sundays
at Manitou Lake, summer 1976 (Ponce and Gary 1979).

100 ml of water) for safe drinking water. Groundwater
and streamflow from nearby Hotel Gulch is intercepted
by a perforated sted pipe about 6 feet below the stream-
bottom. The water collects in an underground concrete
storage tank, and is conveyed to the headquarters
through a pipeline. In mid-August counts of fecal strep-
tococci indicator bacteria in the water supply, ap-
parently from wildlife and insects, often averaged 150
colonies per 100 ml of water. The presence of these
bacteria in the domestic water supply indicates in-
complete filtering of biological pollutants through the
coarse textured granitic aluvium near the water intake
pipe. Incomplete filtering of biological pollutants near
shallow domestic wells and springs likely occurs over a
wide area of the Front Range.

AQUATIC BIOTA IN TROUT CREEK

Surveys of aquatic biota, mainly macroinvertebrates,
agae, and fish, have been conducted periodically since
1976 in Trout Creek.

Macroinvertebrates

Aquatic macroinvertebrates (underwater stages of
agquatic insects) are sensitive to subtle chemical and
physical changes in stream water. Because of low motil-
ity, they provide a natural monitor and quantitative
means of assessing effects of erosion from road and
home construction, sewage and other waste discharges,
streamside shade removal, and other land uses. Most
families and species of aquatic insects in the
Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies) orders are indicators of clean
water conditions. Their composition in macroinverte-
brate communities varies according to site (fig. 32). The
absence of stoneflies below the Manitou Lake dam prob-
ably is related to the influence of the lake, because they
increase with distance both above and downstream
from the lake. The Diptera (true flies] order contains
many families and species which tolerate a wide range



of environmental conditions. A total of 78 taxa of
aquatic macroinvertebrates have been collected and
identified in Trout Creek.

Algae

Pollution discharges into streams may enrich water
and stimulate the surface growth or “blooms’ of algae
and affect water use. Composition of algae in Trout
Creek varies according to site and season. A total of 57
genera from Bacillariophyta, Chlorophyta, Chrysophyta,
Cyanophyta, Euglenophyta and Rhodophyta divisions
have been collected. Chlorophyta (green algae] is the
most abundant division collected at a site 2.5 miles
above Manitou Lake. The genus Cladophora, typical
filamentous green alga, is dominant, and its presence
usually indicates high nutrient concentration in
streams. Rhodophyta (red algae) is the most prevalent
divison at the lake inlet in late summer. Bacillariophyta
(diatoms] is the most abundant division collected below
the lake; but, green algae is more prevalent in the
fall-possibly because of cooler temperatures and
reduction of diatom populations. The Chlorophyta divi-
sion, mainly Cladophora, is dso most common 1.9 miles
below Manitou Lake.
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Figure 32.-Percentage composition of macroinvertebrates by
density for Trout Creek above and below Manitou Park Lake
(adapted from Short et al. 1978).

15

Fish

The abundance and composition of fish fauna in Trout
Creek has been determined by DC electro-shocking and
seining at selected study sites. Brook trout (Salvelinus
fontinalis) is the dominant species 2.5 miles above
Manitou Lake; but, its relative abundance is greatly re-
duced near the lake inlet and below the dam. Relative
populations also increase 1.9 miles below the dam.
Speckled dace (Rhinichthys osculus) and sand shiner
(Notropis stramineus) are most common near the inlet of
Manitou Lake. The greatest diversity of fish is found
below Manitou Lake dam and where many western long-
nose suckers (Catostomus catostomus and white suckers
(C. commersoni) are found.

WATER QUALITY IN THE
NATURAL ENVIRONMENT

Water quality in “near pristine” streams, such as up-
per Hotel Gulch and Missouri Gulch on the Forest, may
provide benchmarks with which to gage human impact
on more highly developed land areas, such as the up-
stream areas along Trout Creek. Seasonal samples of
stream water from the pristine streams (elevation about
8,700 feet) and from the main stream of Trout Creek
(elevation about 7,700 feet), below diversely developed
areas, indicate higher chemical pollution levels in Trout
Creek. Low seasonal dissolved solids are associated
with spring rains and/or snowmelt runoff, and high total
dissolved solids with low baseflows in the fal. Fecal col-
iform densities in grazed sections along Trout Creek
average about 14 times greater than fecal coliform den-
sities found in the streams originating in the Hotel Gulch
and Missouri Gulch natural areas.

ADMINISTRATION

The facilities of the Manitou Experimental Forest are
used from time to time for training schools, graduate
field work, and field meetings of forestry and conserva-
tion societies. Research at the Experimental Forest is
coordinated with research elsewhere to provide knowl-
edge about many interrelated uses of forest lands.
Because research deals with the effect of use on reneg-
able resources, it requires a long time to accomplish.
Opportunities are extensive for graduate students to
undertake fundamental research in the conservation
and use of natural resources. Arrangements may be
made through colleges, universities, foundations, or
other interested groups and the USDA Forest Service on
a cooperative basis. Visitors are adways welcome. To ob-
tain more detailed published information about the ex-
perimental work send requests to Director, Rocky Moun-
tain Forest and Range Experiment Station, 240 West
Prospect Street, Fort Coallins, Colorado 80526.



