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Abstract:
A study was conducted on 2 areas in southeastern Montana in 1987-1988 to determine environmental
factors important to survival of mule deer in that region, and the times of year when individual factors
become critical. Weights of forbs and grasses clipped from 4 sites reached a peak in May or June, then
declined throughout summer and fall. In 1987 weights of grass apparently began to increase again in
mid-summer after declining from the first peak. Amounts of vegetation clipped were smaller in 1988
than in 1987, probably due to decreased rainfall in 1988. Percent nitrogen values for deer pellets
collected from the 2 areas ranged from 1.31 on 11/25/87 to 3.78 on 5/21/88.

Fecal N varied with grams of water in vegetation clipped. Fecal N was only slightly higher in summer
1987 than in summer 1988. Fecal N from the 2 study areas was similar except during 17 October-7
December 1987, when fecal N was significantly higher (p < 0.02) on the Ashland area than on the
Boxelder area. Radio telemetry and observations of unmarked deer provided data on movements and
use of cover types. Fourteen cover types were identified on the Ashland study area, 11 on the Boxelder
area. Riparian areas were used heavily in summer but very little in winter. On the Ashland area the
skunkbush type was important in summer and the alfalfa type was important in October. On the
Boxelder area deer were more likely to be found near the creeks in summer and fall than in winter, and
on cold winter days than on warm winter days. Deer on the Boxelder area used the same general areas
yearlong. Some deer on the Ashland area migrated between distinct summer and winter ranges.
Movement of many deer on the Boxelder area to the largest creek in late summer or early fall suggested
that succulent forage was scarce at that time on other parts of the area. Deer appeared to use smaller
areas in summer than in winter. Fawn:100 doe ratios showed a generally increasing" trend from July
1987 to February 1988 and again from June 1988 to September 1988. Reliability of these ratios is
doubtful due to small sample sizes. Dates and causes of death of marked deer were recorded when they
were known. A mule deer population model developed in New Mexico was tested for its usefulness in
southeastern Montana. The model accurately predicted a peak in deer numbers in fall 1984, with a
subsequent decline.

Predicted birth rates appeared to be too low. A major problem with the model was inaccurate prediction
of overwinter mortality. A population model for use in southeastern Montana should include some
measure of winter severity. 
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ABSTRACT

A study was conducted on 2 areas in southeastern Montana in 
1987-1988 to determine environmental factors important to survival of 
mule deer in that region, and the times of.year when individual factors 
become critical. Weights of forbs and grasses clipped from 4 sites 
reached a peak in May or June, then declined throughout summer and 
fall. In 1987 weights of grass apparently began to increase again in 
mid-summer after declining from the first peak. Amounts of vegetation 
clipped were smaller in 1988 than in 1987, probably due to decreased 
rainfall in 1988. Percent nitrogen values for deer pellets collected 
from the 2 areas ranged from 1.31 on 11/25/87 to 3.78 on 5/21/88.
Fecal N varied with grams of water in vegetation clipped. Fecal N was 
only slightly higher in summer 1987 than in summer 1988. Fecal N from 
the 2 study areas was similar except during 17 October-7 December 1987, 
when fecal N was significantly higher (p < 0.02) on the Ashland area 
than on the Boxelder area. Radio telemetry and observations of 
unmarked deer provided data on movements and use of cover types. 
Fourteen cover types were identified on the Ashland study area, 11 on 
the Boxelder area. Riparian areas were used heavily in summer but very 
little in winter. On the Ashland area the skunkbush type was important 
in summer and the alfalfa type was important in October. On the 
Boxelder area deer were more likely to be found near the creeks in 
summer and fall than in winter, and on cold winter days than on warm 
winter days. Deer on the Boxelder area used the same general areas 
yearlong. Some deer on the Ashland area migrated between distinct 
summer and winter ranges. Movement of many deer on the Boxelder area 
to the largest creek in late summer or early fall suggested that 
succulent forage was scarce at that time on other parts of the area. 
Deer appeared to use smaller areas in summer than in winter. Fawn:100 
doe ratios showed a generally increasing" trend from July 1987 to 
February 1988 and again from June 1988 to September 1988. Reliability 
of these ratios is doubtful due to small sample sizes. Dates and 
causes of death of marked deer were recorded when they were known'. A 
mule deer population model developed in New Mexico was tested for its 
usefulness in southeastern Montana. The model accurately predicted a 
peak in deer numbers in fall 1984, with a subsequent decline.
Predicted birth rates appeared to be too low. A major problem with the 
model was inaccurate prediction of overwinter mortality. A population 
model for use in southeastern Montana should include some measure of 
winter severity.
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INTRODUCTION

Mule deer (Odocoileus hemionus) populations in eastern 

Montana tend to fluctuate considerably (Wood 1987, Wood et al. 1989).

An ability to predict population changes would allow hunting to be 

better adjusted to deer numbers. This would improve the ability of 

managers to balance deer numbers with landowner tolerance for deer and 

to provide maximum hunting opportunity without adversely affecting deer 

populations.

Deer populations are monitored by the Montana Department of Fish, 

Wildlife and Parks (MDFWP) in several southeastern Montana areas. Mule 

deer on 2 of these— the Boxelder Creek trend area, near Hammond, and 

the Ashland Hills trend area, near Ashland— were radio collared or 

marked with neck bands by the MDFWP to obtain population dynamics 

information for use in a population simulation model. My study was 

conducted on these 2 areas. The objective was to identify 

environmental factors that should be included in a population model—  

those likely to influence southeastern Montana mule deer survival and 

reproduction— and to determine times of year when these factors become 

most critical for these populations. Field work was conducted from 

July 10, 1987 to September 20, 1988.

I
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DESCRIPTION OF STUDY AREAS 

Ashland Study Area

Geography

The Ashland study area extended approximately 30 km south of 

Ashland, Montana, and comprised approximately 357 km2. It was bordered 

to the north by Montana Highway 212, to the west by the. Tongue River, 

O ’Dell Creek, and Stocker Branch, and to the east by Otter Creek (Fig. 

I). Elevations ranged from about 890 m along the Tongue River to 1265 

m near the center of the area. O ’Dell and Otter Creeks flow northwest 

into the Tongue River, which flows north. Most smaller streams flow in 

a generally east-west direction. Only the Tongue River and Otter Creek 

consistently contain flowing water. There were 15 to 20 small 

reservoirs and about 10 wells, which may provide water for deer, on the 

study area.

Geology

Surface geology of the study area consists of weakly consolidated 

sedimentary rocks of the Tongue River Member of the Fort Union 

Formation. Sandstone, shale, lignite, and porcelainite beds are 

present. These sedimentary rocks erode easily, forming cliffs, knobs, 

and pinnacles (Warren 1959).
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Figure I. Map of the Ashland study area showing clipping sites and 
areas where pellets were collected (see text).



Vegetation
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Ponderosa pine (Finns ponderosa) prevails in the southern and 

central parts of the study area where elevations are highest, 

although south-facing slopes in these areas usually have only scattered 

trees and plateau tops are grassland or sagebrush-grassland. Patches 

of pines are also found along some of the creeks at lower elevations. 

Areas not occupied by pines are primarily grassland or sagebrush- 

grassland, with scattered juniper (Juninerus sconulorum) or skunkbush 

sumac (Rhus trilobata) in many areas. Cottonwood (Ponulus deltoides). 

green ash (Fraxinus nennsvlvanica). boxelder (Acer negundo). and willow 

(Salix spp.) trees are found along the Tongue River. Hardwood trees, 

primarily green ash, also occur along some creeks. Other creeks have 

pines and/or junipers rather than hardwoods. Some alfalfa (Medicago 

satiya) is grown near the Tongue River and Otter Creek. Plant 

nomenclature follows Dorn (1984).

Climate

The average annual temperature is about 7° C (Brown 1971). 

Temperatures in winter are usually above -18° C and the warmest 

temperatures in July are from 29 to 35° C (Brown 1971). The frost-free 

season is about 105 to 140 days long (Brown 1971, Knapp 1972).

However, most growth of native herbaceous plants occurs during a much 

shorter period (April through June) (SmoIiak 1956). Mean annual 

precipitation is about 330 mm at Ashland but may be as high as 508 mm 

in the southern part of the study area (Hansen and Hoffman 1985). The 

greatest amount of precipitation normally falls in May and June 

(N.O.A.A. 1987-1988).
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Land Ownership, Land Use and Other Species

About 63% of the study area was in Custer National Forest, 32% was

privately owned, 3% was administered by the Bureau of Land Management, 

and 2% was state land. Some clearcut timber harvests occurred on 

Forest Service land in the southern part of the study area. Cattle 

were grazed on virtually the entire area. Both white-tailed deer 

(Odocoileus virginiana) and pronghorn antelope (Antilocapra americana) 

were found on the study area, but neither was as numerous as mule deer. 

Coyotes (Canis latrans), bobcats (Felis rufus), and probably mountain 

lions (F. concolor) were present.

Boxelder Study Area

Geography

The Boxelder study area was located about 139 km southeast of the 

Ashland study area. It was about 9.5 km northeast of Hammond,

Montana, and comprised approximately 142 km2. It was bounded to the 

north and northwest by Boxelder Creek Road and to the south by Alzada 

Ridge (Fig. 2). Steep, Park, and T. L. Creeks drained the area. These, 

flow north into Boxelder Creek, which is near the northern boundary of 

the area and flows northeast. Boxelder Creek usually contains flowing 

water; the smaller creeks usually do not. Elevations range from 1045 m 

along Boxelder Creek to 1235 m on Alzada Ridge. The topography is 

mostly gently rolling except for some prominent buttes and ridges.

There are about 30 small reservoirs on the study area.
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Geology

The surface rocks of the study area belong to the Pierre Shale. 

This marine formation consists primarily of. dark gray shale with some 

sandy shale, sandstone and beds of. bentonite. (Robinson et ail. 1959).

Vegetation - ■

The vegetation in the area is primarily sagebrush-grassland. Both, 

silver sage (Artemisia canal and big sage (A. tridentata). are found 

near the creeks. Elsewhere only big sage occurs. Sagebrush size 

decreases with distance from the creeks. Sagebrush plants nearest the 

creeks average about 60 cm high while those farthest from the creeks 

are usually under 20 cm high. In some areas, greasewood (Sarcobatus 

vermiculatus) is found along with sagebrush, or replaces it. Saltbush 

(Atrlplex gardneri) predominates on the ridges. Cottonwood, willow, 

green ash, and boxelder are found along Boxelder Creek., Only 

occasional trees, primarily cottonwoods, occur along the smaller 

creeks, except for a short distance upstream from Boxelder Creek.

Climate

The climate on the Boxelder study area is similar to that of the 

Ashland study area. Mean annual temperature at Bfoadus, located about 

50 km west of the area, is about 7° C. The mean July temperature is 

17.7° C and the mean January temperature is -8.4° C. Mean annual 

precipitation is 351 mm (N.O.A.A., 1987-1988); however, I observed 

somewhat greater precipitation on the study area than in Broadus.
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Land Ownership, Land Use and Other Species

About 51% of the Boxelder study area was privately owned, 43% was 

administered by the Bureau of Land Management, and 5% was state land. 

Cattle and sheep grazed the entire area. Both antelope and white

tailed deer were present on the study area. Antelope used most parts 

of the area while white-tailed deer were found primarily along Boxelder 

Creek. Coyote numbers on the study area were controlled by local 

landowners. No coyotes were observed during the study, but they may 

have been present in small numbers. Bobcats also occurred.

Conditions During Study Period

Temperatures were generally above normal during both years of the 

study. Mean annual temperature in Broadus was 2.3° C above normal in 

both 1987 and 1988. Winters in 1986-87 and 198.7-88 were warmer than 

usual, with less snowfall. In 1987, mean temperatures from July 

through October were near normal, though temperatures for the other 

months ranged from 1.7 to 6.4° C above normal. In 1988 mean 

temperatures for all months were above normal. The mean temperature 

for June 1988 was 7.7° C above normal (N.O.A.A. 1987-1988).

Precipitation for all of 1987 was 58.2 mm below normal in Broadus, 

but precipitation in summer was much greater than usual. Mean July 

precipitation was 212% of normal and mean August precipitation was 165% 

of normal. This allowed vegetation to stay green for more of the 

summer than usual. Precipitation in 1988 was below normal in all 

months but February and September. Southeastern Montana experienced 

the most severe drought in recorded history during summer 1988 (Great



Falls Tribune, Nov. 27, 1988). May and June precipitation means were 

29% of normal and the July mean was 27% of normal (N.O.A.A. 1987-1988).

9
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METHODS

Relocations of Marked Deer

At the start of the study there were approximately 41 radio- 

collared does on the Ashland study area. On the Boxelder study area 

there were 9 does with working radio collars and at least 75 bucks and 

does with non-functional radio collars or identifying neckbands. 

Radio-collared deer were located from the air at irregular intervals 

using a Piper Supercub airplane with a wing-mounted Yagi antenna and on 

the ground using a hand-held 2- or 3-element Yagi antenna and a 

Telonics receiver. Locations from the air were made within 2 hours 

after sunrise. Other locations were made during all daylight hours. 

Location of observed radioed deer, as well as approximate location of 

unobserved deer from which a strong signal was received, was recorded. 

Each time a deer was located I recorded its activity and the cover type 

and Universal Transverse Mercator (UTM) coordinates of its location.

By fall 1987 few, if any, radios on the Boxelder study area were 

operational. Subsequent monitoring was done by searching likely areas 

on the ground without the aid of a radio receiver.

Seasonal home range sizes, using the convex polygon method (Mohr 

1947), were calculated for some deer using the McPAAL computer program 

(Stuwe 1985). Another researcher (Knapp, personal communication) 

provided UTM coordinates of marked deer located from the air on the 

Boxelder study area on 28 days from February 1983 to September 1984. I
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plotted all locations for each of these days to document any seasonal. 

differences in deer distribution. I also plotted all locations of 19. 

Boxelder deer observed in. 1983-84 and 4 deer observed in 1987-88, to 

document seasonal differences in the size, and location of areas 

occupied.

Observations of Unmarked Deer

All observations of unmarked deer were recorded (I observation = I 

deer). For all deer observations, deer were classified as adult or 

fawn and, if adult, as doe or buck (except during the period when bucks 

had no antlers). The activity of the deer was recorded, as well as the 

cover type and UTM coordinates of the location. Some observations were 

made along routes that were travelled repeatedly; others were made in 

random locations that might not be visited again. Most observations 

were made during daylight hours, especially in morning and evening; 

some deer, however, were observed along roads after dark.

Fawn:doe Ratios and Causes of Death

Mean fawn:doe ratios for each study area were calculated for each 

month’s deer observations. Cause and approximate date of death of 

marked deer were recorded whenever possible.

Use of Cover Types

Fourteen vegetative cover types were identified through general 

reconnaissance on the Ashland study area; 11 were identified on the 

Boxelder study area. Activity of deer in each cover type was
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classified as feeding, bedding, or travelling based on observation of 

deer activity before being disturbed or, when that was not possible, on 

time of day, activity of other deer in the area, or presence of deer 

beds.

I calculated the percentage of locations that were within 100 m 

of a creek for each of the 28 days relocations of marked deer were made 

from February 1983 to September 1984. When deer were in groups I 

counted each group as a single location. I also calculated the 

percentage of deer observed within 100 m of a creek for each month of 

my study. I calculated the percentage of deer using the short sage or 

saltbush types for each winter day I was near these types.

Vegetation Production >

Two clipping sites were established on each study area— a creek 

bottom site and a sagebrush site (Figs. I and 2). All green forbs and 

grasses were clipped from 10 2x5 dm plots at each site approximately 

every 2 weeks and weighed. (On several occasions., mostly during spring 

1988, fewer than 10 plots were clipped due to time limitations.) Forbs 

and grasses were weighed separately. Both fresh and dry weights were 

obtained. In 1987, vegetation was clipped from late July or early 

August to mid-October. In 1988, clipping started in early April and 

continued until mid-September.

In 1987 plots were located 3 m apart along a 30 m line. In 1988 

they were located 5 m apart along 2 30 m lines. Plot locations were 

shifted by 0.4 m each time I clipped, so that new areas would be

clipped.



13

The ratio of dry to fresh weight was calculated for forbs and 

grasses from each plot. The average ratio obtained for each clipping 

date provided percent water, a measure of.the succulence of green 

vegetation, for that date. Not included in these calculations were 

plots for which the fresh or dry weight was too small to be measured or 

for which dry weights appeared to be. larger than fresh weights.

Fecal Nitrogen Analysis

Deer pellets were collected from, each study area approximately 

every 2 weeks. When possible, samples from 5 pellet groups were 

obtained each time. Only pellets that were at least partially moist 

were collected. On the Boxelder study area pellets were collected from 

the same general area (upper Park Creek) each time (Fig. 2). On the 

Ashland study area pellets were collected from the general area used by 

2 of the radioed does, which varied seasonally (Fig. I).

Pellets were air dried in paper bags, .then equal amounts; of 

material from each of the 5 pellet groups collected at the same time 

were combined and ground with a mortar and pestle. A 1-g subsample of 

each of the resulting samples was analyzed for nitrogen content at the 

Montana State University Chemistry Station Analytical Lab using, micro- 

Kjeldahl techniques (Horwitz 1980)..

Subsampling was used to assess the variability within a.sample, .

because each sample was a composite of 5 different pellet .groups., To .

do this, I prepared duplicate samples using one set of 5 pellet groups .
.

from each of the study areas. From each of these sets of 5 pellet 

groups, I took 3 subsamples, of the ground sample combining all 5
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groups, 3 samples from one pellet group, and one sample from each of 

the 4 remaining groups.

Fecal N values from the two summers on each study area were 

compared using t-tests, as were fall values from the two study areas.

Tests of New Mexico Deer Model '

I tested a computer.model developed to predict mule deer 

populations in New Mexico (Green-Hammond 1986) to determine its 

applicability to the Boxelder study area. The model requires data on 

average elevation; amount of public access; presence of sheep.or cattle 

grazing; presence of cultivated habitat; monthly rainfall, average 

temperature, and Palmer Drought Severity Index (PDSI); and hunting 

regulations and number of hunters. Rumen protein values, are predicted 

based on temperature for the current month and the 3 preceding months, 

precipitation during the preceding month, and certain site 

characteristics. Protein values can be changed by the user. The model 

predicts birth rates based on PDSI for the previous summer, rain the 

previous fall, and elevation. It predicts fawn survival based on fall 

PDSI and elevation, and adult survival based on rumen protein. Hunting 

mortality is calculated based on bag limits, season length, and number 

of hunters.

I tested the model for years 1983 to 1987, a period for which 

estimates of the mule deer population were available (Knapp, pers. 

comm.). I also ran the model for 1987 to 1989 to compare rumen protein 

values predicted by the model with actual rumen protein values derived 

from the fecal protein values I obtained during my study. I converted
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% fecal protein to % rumen protein by dividing % fecal protein by 0.72. 

This conversion factor was derived by dividing the highest fecal 

protein values I observed by each of the highest rumen protein values 

observed in New Mexico deer (Green-Hammond 1986) and in Rosebud and 

Garfield County, Montana, deer (Eustace 1971). This procedure was 

repeated for the lowest values. The 0.72 value is the average of the 6 

values obtained by this procedure.

The hunting regulations the model can accept do not include the 

regulations in effect on the study area. Most importantly, the model 

does not allow for hunters with tags for antlerless deer only. 

Therefore, I ran the model using hunting regulations that seemed to 

best approximate those in effect on the study area, and with no 

hunting, so that only weather affected the population.
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RESULTS

Use of Cover Types

Ashland Study Area

The cover types identified on the Ashland study area were as 

follows:

Alfalfa.— cultivated fields near the Tongue River, and Otter Creek.

Grass.— Occasional sagebrush plants or other shrubs may be present 

in this type, but grass dominates.

Skunkbush.— The dominant plants in this type are skunkbush and 

grass. Widely scattered pines may be present.

Sage.— Sagebrush (either big sage or silver sage) and grass 

predominate.

Greasewood.— Greasewood and grass predominate.

Juniper.— Fairly dense stands of juniper with grass understory.

Sage-Greasewood.— Both sage and greasewood are present in 

approximately equal proportions.

Sage-Juniper.— Predominantly sage and grass with scattered 

junipers.

Sage-Juniper-Pine.— Predominantly sage and grass with scattered 

pines and junipers.

Pine-Grass.— Pines with grass understory. Occasional junipers, 

skunkbush, or sagebrush may be present.

Pine-Juniper.— Pines with juniper understory.
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Pine-Chokecherry.— Pines with chokecherry (Prunus virginiana) 

understory.

Pine-Snowberry.— Pines with an understory of grass and snowberry 

(Symphoricarpos albus). Chokecherry and/or skunkbush may be 

present.

Riparian.— Areas in and adjacent to streams. . Hardwood trees and 

shrubs may be present.

I made 471 observations of mule deer use of cover types'on 

the Ashland study area during 1987 and 1988. The riparian type was. 

used relatively heavily during the summer and fall, but very little 

during the winter (Table I). No observations of deer were made in this 

cover type during spring but number of observations was small. All

observations in the riparian type were of feeding or, ttayellingdeer.
. ' ■ ' V  ■ ' X  ' ;V  ' - ■

Appendix Tables 15-18 show each month’s observations of cover type use, 

with observations of feeding, bedding, and travelling deer tabulated 

separately.

The pine-grass type was used relatively heavily in summer, but 

little at other times of year. Few observations were made in the 

pine-snowberry and pine-Chokecherry types. The alfalfa type was used 

heavily in October. The only other observations of use of this type 

occurred during July 1988, when 17% of all observations of feeding deer 

were in alfalfa. The skunkbush type was used primarily during spring 

and summer. This appeared to be a fairly important type for feeding in 

summer. Use of the sage cover type was apparently greatest in spring 

and fall. The sage-juniper-pine type was used most heavily in winter 

and least in summer. The sage-greasewood type appeared to be used most
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heavily in spring. Greatest use of the sage-juniper type was recorded 

in winter. The grass,.greasewood, and juniper types were unimportant 

all year.

Table I. Percent of all mule deer observed that were in each habitat 
type on the Ashland study area, by season, July 1987- 
September 1988.

Season
Cover type Summera Fall Winter Snring

Alfalfa ■ . 2 • 18. 0 0

Grass I. 4- " .0 , . 0

Skunkbush 8 ' . 2 0 '
. ' x X 'X ..... .

. • :4 ■ .' ■

Sage 7- 23
. n

- C '28: ",

Greasewood O . O 9 ■ 0

Juniper I I 5 . 0

Sage-Greasewood I O 8 21

Sage-Juniper 9 • 5 17 6

Sage-Juniper-Pine O 12 19 13

Pine-Grass 30 6 3 ; 9

Pine-Juniper 3 5 25 11

Pine-Chokecherry 4 O 0 4

Pine-Snowberry 3 4 0 4

Riparian 31 20 3 0

No. of
observations 142 170 106 53.

a Summer = June, ,July, and Aug., Fall = Sept. , Oct., and Nov., Winter =
Dec., Jan., and Feb., Spring = Mar. , Apr. , and May.
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Boxelder Study Area

The cover types identified on the Boxelder study area were as 

follows:

Creek Bottom.— Areas in or adjacent to creeks.

Tall Sage.— Sagebrush around 60 cm tall (either big sage or 

silver sage) predominates.

Medium Sage.— Sagebrush approximately 30-45 cm tall (usually big 

sage) predominates.

Short Sage.— Big sagebrush usually less than 20 cm tall 

predominates. Saltbush is often present.

Greasewood.— Areas dominated by greasewood.

Sage-greasewood.— Greasewood and sage are present in approximately 

equal proportions.

Grass.— Grass predominates. Includes some cultivated fields in 

which cheatgrass (Bromus spp.) is the dominant species.

Grass-Alfalfa.— Grass fields with scattered alfalfa plants.

Saltbush.— Saltbush is the dominant plant. Few other plants are 

present. Much of the soil is bare. This type is found on 

ridges.

Grass-yucca.— Grass with scattered yucca (Yucca glauca). This 

type is found on a few hillsides.

I made 1,501 observations of cover type use by mule deer on the 

Boxelder study area (Table 2). Appendix Tables 19-22 show each month’s 

observations of cover type use, with observations of feeding, bedding, 

and travelling deer tabulated separately. The creek bottom type was 

used fairly heavily during summer and fall,- but little in winter. The
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Table 2. Percent of all mule deer observed that were in each habitat 
type on the Boxelder study area, by season, July 1987- 
September 1988.

Season
Cover type Summera Fall Winter Soring

Creek Bottom 45 28 7 5

Tall Sage 16 31 32 25

Medium Sage I 5 8 28

Short Sage 4 I 10 24

Greasewood 5 3 I 0

Sage-Greasewood 2 4 3 0

Grass 10 12 32 7

Grass-Alfalfa 13 15 3 9

Alfalfa 4 • O 0 0

Saltbush O I 0 2

Grass-Yucca ■ O O 4 0

No. of
observations 195 395 660 176 .

a Summer = June, July, and Aug., Fall = Sept., Oct., and Nov., Winter = 
Dec., Jan., and Feb., Spring = Mar., Apr., and May.

tall sage type was used fairly heavily throughout the year, but use was 

lower in summer than in other seasons. The short and medium sage types 

were used more heavily in winter than in summer and fall; their use was 

apparently heaviest in spring. The grass type was used heavily in 

winter for feeding, as well as from June to September 1988. At other 

times it appeared to be used very little. The grass-alfalfa type was

used most heavily during summer and fall. The greasewood, sage-
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greasewood, alfalfa, saltbush, and grass-yucca types were relatively 

unimportant.

Deer were more likely to be near the creeks in summer and fall 

than in winter (Figs. 3 and 4). In winter they were more likely to be 

near the creeks on colder days. Temperature (from N.O.A.A. 1983-1984) 

was negatively correlated (p < 0.01) with percentage of deer near the 

creeks during the months from November to March in 1983 and 1984, with 

the correlation explaining about 59% of the variation (Fig. 5). There 

was no significant correlation between temperature and percentage of 

deer using the short sage or saltbush types (the types usually farthest 

from the creeks) in 1987 and 1988. However, the days when the. most 

deer were observed there tended to be fairly warm (Table 3).

Fawn;doe Ratios

Fawn:100 doe ratios observed on the Ashland study area increased 

from July 1987 to December 1987 then decreased through February 1988 

(Fig. 6). Ratios on the Boxelder area generally increased throughout 

this period. Fawn;doe ratios increased from June 1988 to September 

1988 on both study areas. Ratios on the Boxelder study area were 

higher than those on the Ashland study area in all months except 

December 1987 and June 1988. Table 4 shows average fawn:100 doe ratios 

for each season on the 2 study areas. Because sample sizes were small, 

fawn:doe ratios may not be accurate. However, the observation that 

ratios were higher on the Ashland area than on the Boxelder area was 

probably valid.
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Fig. 3. Percent of groups of marked mule deer that were within 100 m of a creek on the Boxelder 
study area, February 1983-September 1984 (Knapp, pers. comm.). Numbers by points are 
numbers of mule deer groups observed.
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Fig. 4. Percent of mule deer observed that were within 100 m of a creek on the Boxelder study 
area, by month, July 1987-September 1988. Numbers by points are sample sizes.
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Fig. 5. Simple linear regression of percent of relocations of
marked mule deer on the Boxelder study area within 100 m 
of a creek (Knapp, pers. comm.) on maximum temperature 
(C) for all days on which relocations were made in 
November, December, January, February, or March in 1983 
or 1984.

Deaths of Marked Deer

Ten marked deer are known to have died on the Ashland study area. 

Of these, 2 were hit by cars during the hunting season, 4 were shot 

during the hunting season, I was killed illegally during the winter, 

and 3 died of unknown causes during late May or early June 1987. Five 

marked deer are known to have died during the study on the Boxelder
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study area. Four were shot during the hunting season, and I was found 

dead in the winter of unknown causes.

Table 3. Percent of mule deer observed on the Boxelder study area that 
were in short sage or saltbush habitat types in relation to 
maximum and minimum temperature on all days sampled from 
December 1987 through March 1988.

Number of Percent in short Temperature (0C)
Date deer observed sage or saltbush Max Min
12/7/87 16 0 8 -3

12/15/87 88 7 -3 -18
12/16/87 81 0 -2 -3
12/19/87 5 100 I -13
12/31/87 29 0 . -11 -23
1/13/88 45 0 -3 -16
1/28/88 26 88 14 -3
2/11/88 123 15 7 -18
2/23/88 49 0 2 . -13
2/28/88 47 45 11 -4
2/29/88 60 0 18 -8
3/1/88 46 5 8 -2
3/12/88 28 0 -I -16
3/14/88 75 37 6 -10

Movements and Home Range Sizes of Marked Deer

Ashland Study Area

Most marked deer on the Ashland area occupied the same general 

range all year. Some, however, were migratory, moving seasonally 

between distinct summer and winter ranges. Deer summering in the 

northern part of the study area, which was lower in elevation and drier 

than the southern part, used the same general areas in winter and 

summer. Migrants included 2 marked deer which spent summer 1987 east 

of the study area and moved to the northwestern part of the study area 

between 2 September and 20 October 1987, apparently to winter there. 

Five other radioed deer whose summer ranges were near Stocker Branch
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Fig. 6. Fawn:100 doe ratios observed monthly on the Ashland and Boxelder study areas during 
July 1987-February 1988 (solid lines) and June 1988-September 1988 (dashed lines). 
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Table 4. Average fawn:100 doe ratios for mule deer on the Ashland and 
Boxelder study areas in summer, fall, and winter 1987-88 and 
summer 1988.

Ashland Boxelder
FawnszlOO sample Fawns:100 sample

Season does size does size
Summer 1987a 28 55 93 131
Fall 1987 72 146 H O 317
Winter 1987-88 136 59 135 146
Summer 1988 43 56 131 85

a Summer 1987 = July and Aug., Fall 1987 = Sept., Oct., and Nov.,
Winter 1987-88 = Dec., Jan., and Feb., Summer 1988 = June, July, and
Aug.

in the southern part of the study area moved about 13 km north to a 

lower, drier area for the winter (Fig. 7). Three of these deer moved 

to winter range in mid-October, one between 27 October and 9 November, 

and one between 2 December and 18 December. From the time they moved 

to winter range until mid-December the deer spent mid-day hours in 

rough breaks about 3.5 km from the Tongue River, and in the mornings 

and evenings moved outward along creeks from the breaks toward the 

Tongue River. After mid-December these deer were not observed to leave 

the breaks. The 2 deer which moved to the winter range last were 

killed there by hunters. The remaining 3 deer moved back to their 

summer range between 22 April and 5 May 1988.

Minimum home range sizes calculated for the radioed deer on the 

Ashland area were larger in the winter than in the summer. Six summer 

home ranges averaged 0.32 km2, whereas 4 winter home ranges averaged 

1.66 km2 (Table 5). Three of the winter home ranges were for deer for 

which I had also calculated summer home ranges. All 3 of these were 

larger than the corresponding summer ranges. However, more locations
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Fig. 7. Locations of 5 marked deer on the Ashland study area. Right 
side up capitals indicate summer 1987 locations (17 July-8 
Oct); upside down capitals indicate fall 1987 locations (22 
Oct-13 December); right side up lowercase letters indicate 
winter 1987-88 locations (18 December-17 March); upside down 
lowercase letters indicate summer 1988 locations (6 May-19 
August).
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were used to calculate the home ranges in winter than, in summer, and 

this could account, for the larger size of the winter ranges.

Table 5. Summer and winter convex polygon home range sizes for mule 
deer on the Ashland study area in 1987 and 1988.

Deer 
ID # Year

Summer 
HR (km2)

# of 
fixes

Winter 
HR (km2)

• # of 
fixes

1087 .. 1987-88 3.00. ■ 7
1787 1987-88 0.22 4 1.80 7
1887 1987-88 0.26 7 1.15 . 12

1988 0.62 7 .
1987 1987 0.34 . 5 •
2087 1987-88 ' 0.04 3 0.68 7'.
2187 1987 . .0.16 6 ■
2287 1987 0.57 5

Averages . 0.32 5 1.66 8

Boxelder Study Area

Deer on the Boxelder study area used the same general areas 

yearlong, but there were seasonal variations in the location and size 

of specific areas used. Many deer ranged along Boxelder Creek in 

September, and to a lesser extent, August and October, but used other 

areas during the rest of the year. Many deer also visited this area.to 

feed during the winter of 1987-88. Deer appeared to use smaller areas 

in the summer than in the winter, and many deer used areas in the 

summer that were farther north than most of their locations, for other 

times of year.

When I plotted all locations of marked deer for. each of the 28 

days relocations were made from February 1983 to September 1984, the 

main seasonal trend noted was that on 30 September 1983 and 30 

September 1984, and to a lesser extent on 23 October 1983 and 21 August
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1984, many more deer were located along Boxelder Creek than on other 

dates.

There were September 1983 locations for 15 of the 19 deer whose 

1983-84 locations were plotted individually. Of these, 11 were on or 

near Boxelder Creek. There were September 1984 locations for 7 deer.

Of these, 6 were in the vicinity of Boxelder Creek. Of the 4 marked 

deer whose 1987-88 locations I plotted, none were observed in September 

1987. One was observed in September 1988 near Boxelder Creek. Figures 

8 and 9 show the locations of these 4 deer during the study.

Numbers of relocations were too small to accurately calculate 

seasonal or annual home range sizes for any deer on the Boxelder study 

area. However, numbers were sufficient for 7 of the 23 deer to examine 

whether these deer used a smaller area in the summer than in the 

winter. Of these, 6 apparently used a smaller area in summer, and I 

appeared to use areas about the same size in summer and winter. Of the 

16 deer with sufficient locations for analysis, 11 apparently ranged 

farther north in summer than winter.

During the winter of 1987-88, 2 of the 4 marked deer whose 

locations I plotted moved between Boxelder Creek and Park or .Steep 

Creeks, about 5 km upstream (Figs. 8 and 9). Both seemed to be moving 

to the Boxelder Creek area to feed. Many unmarked deer were observed 

feeding in fields near Boxelder Creek during the 1987-88 winter. The 

relocations from 1983-84 indicated that only one of the 19 deer whose 

locations were plotted individually was using the Boxelder Creek area 

during the winter. I recorded 2 December 1987 locations for one of the 

deer whose 1983-84 locations I plotted, both on or near Boxelder Creek.
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Fig. 8. Locations of 2 marked deer on the Boxelder study area in 
1987 and 1988. Numbers by points indicate the month of 
the location.
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Locations of 2 marked deer on the Boxelder study area in 
1987 and 1988. Numbers by points indicate the month of 
the location.
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This deer was. never observed this far north in the winters of 1982-83 

or 1983-84. It seems that more deer moved to the Boxelder Creek area 

to feed in winter 1987-88 than in the winters of 1982-83 or. 1983^84.

All deer whose 1983-84 locations were plotted seemed to use the 

same general areas in 1984 as in 1983. I observed 5 of these deer 

during my study; 4 apparently used the same areas during. 1987 and 1988 \ 

as in 1983-84.

Vegetation Production

Weights of forbs on the two creek bottom clipping sites (the Coal 

Bank site on the Ashland study area and the Park Creek Bottom site on 

the Boxelder study area) declined steadily from the first: clipping in. 

late July or early August 1987 to the time of last clipping iri.early- 

to-mid-October 1987 (Figs. 10 and 11). On the Coal Bank site; fresh 

weights of forbs from a 2x5 dm plot averaged 27.9 g on the first 

clipping date and 5.1 g on the last date that year. On the Park Creek 

Bottom site fresh weights of forbs averaged 25.9 g on the first date 

and 4.0 g on the last 1987 date.

In 1987, weights of forbs on the Hole-in-the-Wall site at Ashland 

declined until mid-September, then Remained fairly stable (Fig..12).

On the Park Creek Sage site forb weights were low and fairly constant 

until early September, after which they increased slightly (Fig. 13). 

Average fresh weights of forbs on these sites were much lower than 

those on the creek bottom sites. The highest average fresh forb weight 

on the Hole-in-the-Wall site in 1987 was 4.4 g and the lowest was 0.6
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Fig. 12. Average fresh weights (in grams) of forbs and grass clipped from 2x5 dm plots on the
HoIe-in-the-WalI clipping site on the Ashland study area in 1987 and 1988. Numbers near 
points are number of plots clipped when that number is not 10. Means and standard 
deviations are shown in Appendix Table 25.
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ig. 13. Average fresh weights (in grams) of forbs and grass clipped from 2x5 dm plots on the
ark Creek Sage clipping site on the Boxelder study area in 1987 and 1988. Numbers near 

points are number of plots clipped when that number is not 10. Means and standard 
deviations are shown in Appendix Table 26.



38

g. The highest 1987 average fresh forb weight on the Park Creek Sage 

site was 2.6 g and the smallest was near zero.

In 1988, weights of forks on the creek bottom sites increased from 

near zero when clipping started in early April to a peak in late May
I •

(Park Creek Bottom) or mid-June (Coal Bank) and then declined until 

mid-September when sites were clipped for the last time.(Figs. 10 and 

11) .

The large decline in forb production on the Park Creek Bottom site 

from 1987 to 1988 reflected much less yellow sweet clover (Melilotus 

officinalis) on the site in 1988. Fresh weights averaged 2.2 g per 

plot on 21 May 1988 (the highest value that year) compared to 25.9 g bn 

3 August 1987, the highest value.that year (Fig. 11).

Forb production was also lower in 1988 on the Coal Bank site, . 

although the difference between years was not as great (Fig. 10). The

highest average weight recorded in 1988 (on 19 June) was 14.4 g,
■ ■ ■

compared to a high of 27.9 g measured on 31 July 1987.,

Forb weights were lower in.1988 than in 1987 on the two sage sites, 

as well. On the Park Creek Sage site, the highest 1988 average was 1.2 

g on 22 May and essentially no forks were measured from mid-June until 

sampling terminated in late September (Fig. 13). On the Hole-in-the- 

Wall site, weights increased from early April to early May, stayed 

fairly constant until mid-July, then declined (Fig. 12). The average 

weight on 5 May 1988 was 2.2 g and the average on 16 July 1988 (the 

highest weight that year) was 2.6 g.

Percent water (succulence) in green forks on the Hole-in-the-Wall 

site in 1987 showed a slight downward trend from late July to late
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September, then dropped to zero on 7 October (Fig. 14). The highest 

percentage of water from this site was 60% on 13 August. No definite 

trends in succulence were observed on the other sites in 1987 (Figs.

15, 16, and 17). In 1988 succulence appeared to increase during the 

early part of the growing season on the creek bottom sites, reaching a 

peak of 81.7 on 19 May on the Coal Bank site, and a peak of 62.5 on 24 

June on the Park Creek Bottom site (Figs. 15 and 16). Succulence then 

decreased throughout the summer. The lowest water content on the Coal 

Bank site in 1988 was 46.1 on 16 September, and the lowest on the Park 

Creek Bottom site was 25.0 on 17 August. No trends could be defined on 

the two sage sites in 1988.

Grass

In 1987 weights of green grass on the Coal Bank site remained 

fairly steady until mid-September, then decreased (Fig. 10). On the 

Park Creek Bottom site, grasses increased from 3 August 1987 to 21 

August, remained stable until mid-September, then decreased (Fig. 11). 

The highest average grass fresh weight on the Coal Bank site in 1987 

was 19.0 g and the lowest was 8.5 g. The highest average grass fresh 

weight on the Park Creek Bottom site in 1987 was 23.2 g and the lowest 

was 11.2 g.

On the two sage sites, weights of green grass increased until late 

September 1987, then decreased (Figs. 12 and 13). Average grass fresh 

weights on these sites were not as low as the forb weights, but were 

lower than grass weights on the creek bottom sites. The highest 

average weights on the Hole-in-the-Wall and Park Creek Sage sites in
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Fig. 17. Percent water in forbs and grass clipped from the Park Creek Sage clipping site on the
Boxelder study area in 1987 and 1988. Numbers near points are number of plots used to
calculate percentage.
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1987 were 9.5 g and 11.3 g, respectively. The lowest were 3.4 g and 

5.3 g.
•• '

In 1988, grass on the two creek bottom sites increased from the 

time clipping started in early April to a peak in May or June, then 

declined steadily. In contrast the amount of grass clipped in 1987 did 

not start to decline until early to mid-September. Average 1988 grass 

weights on the Coal Bank site ranged from 1.2 g (8 April) to 19.2 g (19 

June). Average weights on the Park Creek Bottom site ranged from 7.7 g 

(20 September) to 28.0 g (21 May).

Amounts of grass in plots on the sage sites generally increased 

until May, then decreased gradually throughout the summer. The highest 

average 1988 weight on the Hole-in-the-Wall site was 7.9 g (5 May) and 

the lowest was 0.9 g (15 September). The highest weight on the Park 

Creek Sage site was 13.2 g (22 May) and the lowest was 0.8 g (17 

August).

In 1987, percent water in grasses initially declined on the Hole- 

in-the-Wall site from late July to a low of 23,0 on 11 September, but 

then increased again to a high of 57.6 on 7 October (Fig. 14). There 

were no clear trends on the other sites, but it did appear that 

succulence of green grasses was as high or higher toward the end of the 

growing season in 1987 as when clipping began (Figs. 15, 16, and 17).

In 1988 succulence on the Park Creek Bottom and Park Creek Sage sites 

increased until late April, then decreased. On the Park Creek Bottom 

site, succulence increased again from mid-August to mid-September. The 

highest and lowest water percentages on the Park Creek Bottom site in

1988 were 63.6 (23 April) and 40.4 (30 July), The highest and lowest



45
’ ■ ■' . ■ ' V-.-.on the Park Creek. Sage site-were 61.1 (22 May) and 0 (20 September)>

No trends were observed on the other sites in 1988.

Fecal Nitrogen.

Fecal N values (percent nitrogen) for pellet samples from the 

Ashland study area ranged from 1.42 (on 18 December 1987 and 19 

February 1988) to 3.58 (on 20 May 1988). Fecal N values on the 

Boxelder study area ranged from 1.31 (on 25 November 1987) to 3.78 (on 

21 May 1988) (Fig. 18). (Percent N equals percent protein divided by 

6.25.)

Fecal N declined throughout summer and fall 1987 on the Boxelder 

study area. On the Ashland area, fecal N declined until mid-September, 

then remained fairly constant until mid-October. In mid-October 3 

radioed deer I was following moved to their winter range and I began 

collecting pellets from that area.rather than from their summer range. 

Fecal N increased coincident with the move, but gradually declined 

until mid-December. From 17 October to 7 December, fecal N was 

significantly lower (p < 0.02) on the Boxelder study area than on the 

Ashland area; at other times of the year fecal N values from the 2 

areas were similar.

On both areas fecal N stayed low and fairly constant throughout 

the winter (mid-December to mid-March). In spring 1988 fecal N 

increased as amounts of green vegetation increased, then declined 

throughout summer as green vegetation declined. No pellet samples were 

obtained from the Ashland study area in June 1988. Since fecal N was 

observed to increase with increases in green vegetation clipped during
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47

spring, it.is likely that a pellet sample from mid-June, when amounts ■ 

of green vegetation on the Coal Bank site reached a peak, would have 

shown higher fecal N than the the observed highest value in late.May. 

Fecal N values were related to amounts of plants clipped, but even more 

closely related to grams of plants clipped multiplied by percent water 

in plants (Figs. 19, 20, 21, and 22).

On both study areas fecal N was higher during summer 1987 than 

during summer 1988 (Fig. 18). However, the differences between years 

were not statistically significant (p > 0.05).

Variation among subsamples from a single sample combining material, 

from 5 pellet groups was near zero, as was variation among subsamples 

from a. single pellet group (Table 6). Variation among pellet groups 

collected at the same time was greater. The greatest difference 

between fecal N values from 2 different pellet groups was 0.38 in one 

group of 5 (collected on 8 July 1988 on the Ashland area) and 0.43 in 

another (collected on 25 June 1988 on the Boxelder area). The average 

of the 5 values in each group was very close to the value obtained' for 

the combination of the 5 groups (Table 6).

New Mexico Deer Model

I first tested the model with respect to predicting mule deer 

population trends and characteristics from February 1983 to February

1987. Site and population information used are summarized in Tables 7 

and 8. Buck:doe:fawn ratios were estimated from Region 7 preseason 

buck:doe ratios, average observed fall and winter attrition of marked 

bucks and does on the Boxelder study area, and Region 7 postseason
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adult:fawn ratios (Youmans 1986; Youmans and Swenson 1982). Weather 

data were from the Broadus weather station.

Table 6. Percent nitrogen in 3 subsamples from a single mule deer
pellet group, in samples from 5 different pellet groups, and 
in 3 subsamples of all 5 pellet groups combined. One set of 5 
pellet groups was collected on the Ashland study area and I 
on the Boxelder study area.

Percent nitrogen
Ashland samples Boxelder samples

(collected 8 Jul 1988) (collected 25 Jun 1988)
Pellet group I

Subsample I 2.80 2.66
Subsample 2 2.78 2.66
Subsample 3 2.77 2.64

Pellet group I 
(average) 2.78 2.65
Pellet group 2 2.54 2.65
Pellet group 3 2.45 2.93
Pellet group 4 2.67 2.93
Pellet group 5 2.40 3.07
Average 2.57 2.85

All 5 groups 
combined

Subsample I 2.61 2.83
Subsample 2 2.61 2.83
Subsample 3 2.61 2.85
Average 2.61 2.84

Table 7. Site description information supplied to the New Mexico deer
model.

Average elevation in feet: 3700
Area of occupied deer range in sections: 55
Public access (0 none, I little, 2 foot or horse, 3 roads): I
Any cattle grazing? Yes 
Any sheep grazing? Yes 
Cultivated habitat? No
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Table 8. Population information supplied to the New Mexico deer model.

4-yr and 
3-vr runs 1-vr runs

No. of adult does in Feb. 1983 220 220
Buck:doe:fawn ratio in Feb. 1982 29:100:72 23:100:79
Buck:doe:fawn ratio in Feb. 1983 23:100:111 29:100:102
No. of adult does in Feb. 1984 240
Buck:doe:fawn ratio in Feb. 1984 27:100:59
No. of adult does in Feb. 1985 138
Buck:doe:fawn ratio in Feb. 1985 34:100:51
No. of adult does in Feb. 1986 240
Buck:doe:fawn ratio in Feb 1986 30:100:23

Earlier, I had tried a 3-year run (1985-87) several times with 

different buck:doe:fawn ratios, some realistic and some unlikely, to 

determine the effect of different ratios on the year-to-year trends in 

population size. I found that increases or decreases in numbers 

occurred in the same years with each ratio. This assured me that even 

if the ratios used to initiate the model were not accurate, the model 

could still predict reasonable trends.

For the first 1983-87 run, I set hunter numbers at zero so that 

only weather affected the population. Most of the predicted total 

population numbers were within the 95% confidence intervals calculated 

by Knapp (pers. comm.) for estimates of actual populations (Table 9).
I

The exceptions were population prediction that were too large for 

February 1985, prehunt 1986, and February 1987. The trends for 

February numbers were less accurate relative to actual population 

estimates than those for the prehunt (fall) period. Mule deer numbers 

in southeastern Montana peaked in fall 1984 (Youmans 1986). The 

prehunt 1984 population was the highest predicted for the period of the 

model run. However, this population was lower than the prehunt 1982



Table 9. Mule deer population predictions made by the New Mexico deer model in a 4-year run with 
no hunting, a 4-year run with hunting, and 4 consecutive 1-year runs with no hunting 
compared to estimated actual mule deer populations on the Boxelder study area from 
February 1983 to February 1987 (Knapp, pers. comm.).

4-year run—  4-year run 4 1-year runs—  ^
no hunting_______  with hunting_______  _____ no hunting________

Date
Estimated 
actual Don.

95% C. I. for 
actual DOD.

Predicted
DOD .

Percent of 
actual DOD.

Predicted
POP.

Percent of 
actual DOD.

Predicted
POD.

Percent of 
actual non.

Feb. 83 693 506-880 667 96 667 96 657 95
fall 83 615 411-819 595 97 595 97 579 94
Feb. 84 666 528-804 536 80 499 75 521 78
fall 84 711 486-936 671 94 631 89 822 116
Feb. 85 383 275-491 616 161 527 138 757 198
fall 85 586 393-779 621 106 543 93 375 64
Feb. 86 433 289-577 572 132 467 108 348 80
fall 86 404 285-523 629 156 529 131 508 94
Feb. 87 380 277-483 586 154 461 121 468 93
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population necessary to have produced the starting population entered 

.for February 1983.

The fawn:doe ratio predictions were generally low relative to 

those actually observed (Table 10), but year to year trends In 

preseason fawn:doe ratios were fairly accurate; those for February were 

less accurate.

Table 10. Comparison of fawn:100 doe ratios predicted by the. New
Mexico deer model in 2 4-year noninteractive runs (I with 
hunting and I without), 3 3-year interactive runs without 
hunting (the first using actual fall Palmer Drought Severity 
Index [POST] values, the. second with summer PDSI values 
replacing fall values), and the third with summer PDSI 
values replacing fall values and with rainfall entered as 
zero for November-February), and 4 consecutive 1-year 
noninteractive runs with no hunting with observed fawn:100 
doe ratios for mule deer on the Boxelder study area from 
fall 1983 to February 1986.

Date

Predicted fawns:100 does

observed 
fawns:100 
does

1st
4-yr
run

1st 3, 
1-yr 
inter
active, 
runs

2nd 3 
1-yr 
inter-' 
active 
runs

3rd 3 
1-yr 
inter
active 
runs.

4-yr run 
with 
hunting

4 . 
1-yr 
runs

fall 83 40 79 . , 82 80 40 40 89
Feb. 84 26 51 54 52. 25 25 • ’• ■ 59 .
fall 84 41 85 85 . • 85 41 35 " 90 '
Feb. 85 26 54 54 ' 54 ■ 2.7 •22'. -: si
fall 85 53 104 90 88. 52 ■ . .43 ' 91
Feb. 86 37 73 56 55 . " 36 30 ■ 23 . " "

It is uncertain whether predicted trends in birth rate are 

accurate, because actual birth rates for the Boxelder study area are 

not known. The highest birth rates predicted by the model during the 

period from 1983 to 1988 were in 1983 and 1987 (Table 11). It seems 

likely that actual birth rates were better than average in these years. 

Summer and fall 1982 were quite moist and the winter of 1982-83 was



56

mild. There was also a moist fall in 1986 and a mild winter in 1986-87 

(N.O.A.A. 1982-1983, 1986-1987). y

Table 11. Birth rates predicted by the New Mexico deer model for 
yearlings (at conception) and adult does, 1983-1988.

Birth rate
Year Yearlings Adult does
1983 0.66 1.11
1984 0.58 0.96
1985 0.57 0.95
1986 0.58 0.97
1987 0.61 1.02 .
1988 0.58 0.97

The interactive version of the model was applied to determine if 

fawn:doe ratios could be improved; birth rates were changed each year 

to the maximum allowable (2.0 for both adult and yearling does). I ran 

the model I year at a time from 1983 to 1986, entering estimates of 

actual deer numbers and buck:doe:fawn ratios at the start of each run. 

For these runs I used ratios from observations made on the Boxelder 

study area (Knapp, pers. comm.) rather than from all of Region 7 (Table 

8). Predictions of ratios were improved over earlier results (Table 

10 ) .

I then ran the interactive version of the model again I year at a 

time from 1983 to 1986, using actual deer numbers and buck:doe:fawn 

ratios to start each run. Fawn survival in the model is dependent on 

the average PDSI for the 3 fall months. I replaced fall PDSI values 

with summer ones, to see if summer PDSI might be a better predictor.

(No other model predictions are dependent on fall PDSI.) I also ran 

the model once more for each of these years, with rainfall entered as 

zero for November-February, when most precipitation on the study area
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is snow. Previously I had entered the amount of total precipitation 

when rainfall was called for. The fawn:doe'ratios I obtained with 

these runs were improved (Table 10). There was very little difference 

in ratios between runs that differed only in the amount of rainfall 

entered for November-February.

The most inaccurate of fawn:doe ratio predictions was for February 

1986. . All model runs predicted ah increase in fawns:100 does from 

February 1985 to February 1986 when, in reality, there was a large 

decrease in fawns: 100 does between those dates (Youmans. 1986.). The. 

preseason 1985 predictions were considered reasonable. Predicted fawn 

survival varied little between winters (Table 10) although severe 

winter mortality was actually recorded in 1985-86, and mortality over 

winter 1984-85 was probably higher than over winter 1983-84- (Youmans 

1986). .

With fawn:doe ratios as high as those predicted by the interactive 

runs, deer populations were predicted to increase steadily from year to 

year. This indicated that the survival rates predicted by the model 

for adult deer were too high. This resulted, at least in part, because 

the model was run without hunting.

Because this population is hunted, it would be more realistic to 

include hunting in the model/ However, the model would not accept 

hunting regulations like those actually in effect and I had no data on 

actual hunter numbers on the Boxelder study area. Estimates of hunter 

numbers were available for Region 7 for 1983, 1984, and 1985, and I 

experimented with.different hunter numbers, season lengths, and bag 

limits, until I arrived at figures that seemed to harvest a reasonable ■

: ' 
■
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number of deer and did not cause buck:doe ratios to increase much from 

year to year (Table 12). I varied hunter numbers in 1983, 1984, and 

1985 in proportion to Region 7 hunters. For 1986 I used the same 

hunter numbers as in 1985.

Table 12. Season length, bag limits, numbers of hunters, and predicted 
numbers of deer killed in 1983, 1984, 1985, and 1986 in the 
1983-1987 run (with hunting) of the New Mexico deer model.

Season
Season
length Bag No. hunters No. deer killed

no. (days) Iimita T9 8 3 1984 1985 1986 1983 1984 1985 1986

I 14 B 8 12 6 6 7 10 5 6
2 7 ■ B 7 10 6 6 7 9 5 5
3 7 E 6 9 5 5 7 10 6 7
4 14 E 11 17 9 9 10 15 9 10
5 7 B 8 12 6 6 7 10 5 4

Totals 49 40 60 32 32 38 54 30 32

a B =  bucks only, E = either sex

February population predictions from the run that included hunting 

were closer to estimates of actual numbers than those predicted for 

1983-87 without hunting (Table 9). Only the February 1984, February 

1985, and prehunt 1986 predictions were outside 95% confidence 

intervals for estimates of actual numbers. However, predicted year to 

year trends were similar regardless of whether hunting was included,

To reduce cumulative effects of predictive errors I ran the model 

I year at a time from 1983 to 1987. At the start of each run I entered 

the best estimates of actual deer numbers and buck:doe:fawn ratios for 

that date.

The trends in predicted numbers of deer in the population were the 

same as in the earlier 1983-87 runs, except that predicted numbers for
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February 1986 to February 1987 were much improved (Table 9). However, 

the February 1984, February 1985, prehunt 1985, and February 1986 

predictions were all outside 95% confidence intervals for actual 

population numbers. Also, the directional trend in fall fawn:doe 

ratios predicted was less accurate than that from the other runs. I 

ran the model twice for 2 of the years (1985-86 and 1986-87)— once with 

monthly precipitation entered under monthly rainfall, and once with 

zero entered under monthly rainfall for November to February. There 

were only slight differences in the predictions.

Next, I ran the model for 1987 to 1989 in order to compare 

predicted rumen protein values with actual values. For all but two 

months for which I had actual fecal N values, estimated values 

calculated from actual fecal N were higher than predicted values (Table 

13). When I ran the model using actual rumen protein, predicted 

populations for fall 1988 and February 1989 were far higher than when 

predicted rumen protein was used (Table 14).
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Table 13. Comparison of rumen protein percentages predicted by the New 
Mexico deer model with calculated actual rumen protein 
percentages for the. Boxelder study area, August 1987 to 
September 1988.

Predicted Estimated actual
Month percent nrotein percent protein
8/87 23.3 23.0
9/87 19.9 16.5
10/87 13.0 16.4
11/87 9.7 14.1
12/87 10.0 12.9
1/88 11.4 12.2
2/88 10.2 12.1
3/88 ' 11.7 12.1
4/88 16.0 18.7
5/88 16.1 32.8
6/88 16.1 24.6
7/88 18.5 21.4
9/88 14.3 14.6

Table 14. Comparison of predicted population numbers from a 1987-1989
run of the New Mexico deer model using predicted rumen
protein values with those from a 1987-1989 run using
estimated actual rumen protein values.

Date

Predicted populations
With

predicted 
rumen N

With 
actual 
rumen N

Feb. 1987 586 586
fall 1987 521 527
Feb. 1988 445 454
fall 1988 363 , 492
Feb. 1989 319 452
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DISCUSSION 

Use of Cover Types

Ashland Study Area

In summer and fall deer often used riparian areas, but the 

riparian type was used little in winter. Riparian areas are probably 

important in spring, summer, and fall because of the abundant succulent 

green forbs and grass they contain. Many studies have found forbs to 

be an important part of the mule deer diet in spring, summer, and fall 

(Dusek 1975, Eustace 1971, Knapp 1972, Knowles 1975, Leopold and 

Krausman 1987, Mackie 1970, Medcraft and Clark 1986, Wood 1987). In 

spring and fall new growth and regrowth of grass are probably also 

Important to deer (Austin and Urness 1983, Eustace 1971, WiIlms and 

Ritcey).

Winter mule deer diets tend to be dominated by browse (Oonstan 

1972, Eustace .1971, Kasworm et al. 1984, Knapp 1972, Mackie 1970, 

Martinka 1968, Medcraft and Clark 1986, Wood 1987). The decrease in 

use of the riparian type in winter observed in my study was probably 

associated with decreased use of forbs and grass and increased use of 

browse from summer to winter.

Skunkbush appears to be a fairly important summer food on the 

Ashland study area. Knapp (1972) found skunkbush to be the single most 

important item in the summer mule deer diet. Mackie (1970) found this
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species to be used heavily from June to early October in the Missouri 

River breaks.

Alfalfa became important after most native forbs had become 

desiccated. Deer probably prefer not to feed near roads and houses, 

where alfalfa fields on the study area were located. On the Ashland 

study area, alfalfa fields appeared to be used heavily only when very 

little succulent forage was available elsewhere. However, most 

observations of alfalfa use were made before or shortly after sunset, 

and it is possible that use of fields was heavier after dark. Egan 

(1957) found peak use of alfalfa by mule deer in late August and early 

September. Knapp (1972) found that use of alfalfa increased throughout 

the summer and was greatest in September. Wood (1987) observed a peak 

in alfalfa use in September one year and in August the following year. 

In 1987 I observed no use of alfalfa until October. Perhaps the 

unusually large amount of rainfall during summer 1987 allowed grasses 

and forbs to remain succulent longer than usual so that deer did not 

need to begin using alfalfa as early as in other years. There is some 

evidence that deer may have started using alfalfa earlier in 1988, a 

much drier year. Seventeen percent of all observations of feeding deer 

during July were in alfalfa. No use of alfalfa was seen in August or 

September 1988, but the total number of observations in September was 

small. ' ■

Boxelder Study Area

Deer used the creek bottoms heavily in summer but made very little 

use of these areas in winter. This probably reflected lack of 

preferred browse on these habitats.
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The tall sage type adjacent to creeks appeared to be important for 

feeding in winter as well as in summer. Sagebrush was probably an 

important winter food source on the Boxelder study area, as in many 

other areas (Austin and Urness 1983, Constan 1972, Eustace 1971,

Kasworm et al. 1984, Knapp 1972, Mackie 1970, Medcraft and Clark 1986). 

Although little or no use of sagebrush occurs in summer (Eustace 1971, 

Knapp 1972, Mackie 1970) and the amount of forbs in this type is quite 

small, deer may have been seeking snowberry, which occurs as small, 

scattered plants throughout much of the type. Snowberry is an 

important spring, summer, and fall mule deer food in other areas in 

eastern Montana (Eustace 1971, Mackie 1970, Wood 1987).

In winter, deer appeared to spend more time further away from the 

creeks, in the short and medium sage types, than in summer. Unlike 

summer, when the most nutritious food is closest to the creeks, deer 

can find adequate food on most parts of the study area during winter.

Powell (1970) found that short big sage plants on poor sites have 

less volatile oil than large plants on good sites. The volatile oil in 

sagebrush may interfere with digestion by mule deer (Wallmo and Regelin 

1981). If this is true, deer should prefer to feed on sage plants on 

poorer sites. This could also contribute to increased use of the short 

and medium sage types in winter when sagebrush is an important part of 

the diet.

Increased use of areas some distance from the creeks in winter may 

also have been influenced by the occurrence of saltbush in the short 

sage type and on ridges where few other plants grow. There is some 

evidence that saltbush is a preferred mule deer food in winter (Knapp,
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pers. comm.). Saltbush is lower than big sage in total digestible 

nutrients, digestible protein, and phosphorus, the components most 

likely to be deficient in winter forage (Welch 1983).. However, it may 

be important as an alternative to sagebrush in the diet. A diet 

consisting of over 15-30% sagebrush may significantly inhibit rumen 

bacterial activity (Wallmo and Regelin 1981). I observed very little 

use of the saltbush type for feeding; however, Mackie (1970) observed 

heavy- browsing of saltbush on some sites in the Missouri River Breaks 

during some winters.

From November through March, deer were more likely to be found 

hear the creeks on colder days, probably because these areas provide 

the most shelter from wind. Loveless (1964) found that when 

temperatures were -9° C or below and wind velocity was 40 km per hour 

or above mule deer avoided exposed areas. Wood (1987) found that deer 

avoided the windiest sites, especially when bedding, although wind 

avoidance did not appear to be greater on colder days within the range 

-24 to 11° C. Perhaps one reason deer are more likely to use the more 

exposed areas away from the creeks on warmer days is that areas further 

from the creeks are cooler. Loveless (1964) reported that in winter 

the "comfortable" temperature zone for mule deer he studied in Colorado 

seemed to be about -9 to 7° C. Leckenby and Adams (1986) considered 

wind to be beneficial to mule deer in winter when temperatures were 

above 10° C. It could also be that deer prefer the forage available on 

higher sites (short big sage and/or saltbush), but cannot afford to 

expose themselves to the stronger wind on these sites except on warm

days.
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In 1987, deer appeared to feed in the grass-alfalfa type most 

heavily in September; fairly heavy use was observed in August and 

October. This corresponds with Egan’s (1952), Knapp’s (1972) and 

Wood’s (1987) observations of alfalfa use in southeastern Montana. 

Almost no use of alfalfa fields was observed, possibly because of their 

very limited occurrence on the study area. Heavy use of alfalfa 

apparently began on both study areas when other succulent forbs became 

scarce. In 1988 use of alfalfa may have begun earlier than in 1987. 

Twenty percent of July 1988 feeding observations were in the grass- 

alfalfa type, whereas there were no feeding observations in this type 

in July 1987. However, use of the grass-alfalfa type appeared to be 

lower in September 1988 than in September 1987.

In winter many deer fed in cheatgrass-dominated fields near 

Boxelder Creek. In years when there is good fall greenup, cheatgrass 

probably provides nutritious food throughout the winter. Grass has 

been found to be an important part of the winter mule deer diet in many 

areas (Austin and Urness 1983, Carson and Peek 1987, Hansen and Reid 

1975, Koerth et al. 1985, Urness et al. 1983). Ward (1971) found that 

in vitro digestibility of cheatgrass brome was higher than that of most 

other winter elk foods studied.

Fawn:doe Ratios

Because of small sample sizes and generally increasing trend in 

fawn:doe ratios throughout the year, it is difficult to draw any 

conclusions about fawn recruitment. Fall estimates may have been most 

accurate. Apparent increases in fawn:doe ratios during the summer were
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probably due to increasing visibility of fawns. Edwards (1977) noted a 

similar increase in fawn:doe ratios from July to September, and 

suggested that September ratios were most reliable. On the Boxelder 

study area in 1987 only the ratios from August to October were within 

the range observed during pre-hunting-season flights on the area from 

1979 to 1985 (Knapp, pers. comm.). On the Ashland study area ratios 

from July through November 1987 were within the range observed in 

annual surveys from 1979 to 1985. Winter ratios on both areas seemed 

unrealistically high; they were probably inaccurate due to small sample 

sizes. On the Boxelder area ratios for July and August 1988 seemed 

unrealistically low, while the September ratio seemed unrealistically 

high when compared to preseason ratios from 1979 to 1985. All 1988 

ratios from the Ashland study area were within the range observed from 

1979 to 1985. No clear differences in fawn:doe ratios between years 

were detected on either study area.

Fawn:doe ratios were apparently higher on the Boxelder study area 

than on the Ashland area in both 1987 and 1988. This corresponds with 

Knapp’s (pers. comm.) observations of higher preseason fawn:doe ratios 

on the Boxelder area during 1979-1985. However, differences in 

postseason ratios were not as great and, from 1984 to 1986, postseason 

fawn:adult ratios were higher on the. Ashland area. This indicates that 

while birth and/or summer survival rates are higher on the Boxelder 

area, fawn survival during fall and winter is usually higher on the 

Ashland area. Picton and Mackie (1980) found that mule deer 

populations in areas with less cover had higher reproductive rates than
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populations in areas with more cover. This fits the situation on the 

two study areas.

Movements and Home Range Sizes of Marked Deer 

Ashland Study Area

The marked deer that moved from the Stocker Branch area to their 

winter range in October 1987 may have moved to find better forage.

There was very little snow on the study area before December. During 

winter, snow accumulation differences between summer and winter ranges 

existed and were probably important, but differences in forage quality 

were probably more important in fall.

The 2 marked Stocker Branch deer that did not migrate in October 

apparently started using slightly different areas than they had used 

during the summer at about the same time the other 3 marked deer moved 

to winter range. There were few green forbs and grasses left by mid- 

October, but small amounts of new green growth were observed in some 

areas until late November or early December. In October deer probably 

began moving from the areas they had used in summer to areas where 

there were still significant amounts of succulent forbs and grass, or 

where browse, which was becoming more important in their diet, was 

abundant. There was apparently more nutritious forage available on the 

winter range near the Tongue River at the time the deer moved than on 

the summer range near Stocker Branch, as evidenced by the increase in 

fecal N after the deer moved to winter range.

Forbs and grasses probably continued to be fairly important to 

deer until mid-December. Before that time, marked deer on winter range
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commonly moved out of the breaks, where they preferred to bed, to feed 

along creeks near the Tongue River. Forbs were probably more abundant 

along the lower parts of creeks, nearer the river, than along the upper 

ends of the creeks, in the breaks. Deer probably stopped leaving the 

breaks to feed when the lower areas no longer provided more nutritious 

food than could be obtained in the breaks. . Big sage, rubber 

rabbitbrush (Chrysothamnus nauseosus). and juniper were all abundant in 

the breaks and were probably important components of the winter diet. 

Eustace (1971) found that Chrysothamnus spp., Artemisia spp., and 

Juniperus spp. made up over 60% of the winter mule deer diet in 

Garfield and Rosebud Counties, Montana. Mackie (1970) found that big 

sage, rubber rabbitbrush, and Rocky Mountain juniper were the most ' 

important winter foods of mule deer in the Missouri River Breaks. Big 

sage and rubber rabbitbrush were the predominant foods in the winter 

diet of mule deer in the vicinity of the Ashland study area (Knapp 

1972).

The pine-forested area that the Stocker Branch deer used in summer 

was apparently poorer winter range than the area they moved to. This 

may have been because snowfall was greater on this part of the study 

area, and snow was less likely to melt or blow away because of the pine 

overstory. The Stocker Branch area may also have provided less 

nutritious winter food than was found further north. Sagebrush, 

rabbitbrush, and juniper, all commonly used by deer in winter, were 

much more abundant further north than in the Stocker Branch area. 

Ponderosa pine, ohokecherry, and snowberry were common in this area.

All are eaten by deer in winter, but seem to be less desirable to mule
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'deer than sagebrush, rabbitbrush, or juniper (Dusek 1975, Eustace 1971, 

Knapp 1972, Mackie 1970, Sullivan 1988).

Dusek (1982) observed the greatest mule deer densities during 

winter in southeastern Montana in areas with pine cover. Perhaps 

during some winters mule deer on the Ashland study area prefer pine- 

forested areas. When snowfall is heavy, areas under pine cover may 

have less snow accumulation than more open areas because the trees 

intercept much of the snow.

Other studies (Mackie 1970, Nyberg 1980) have found mule deer to 

have larger home range sizes in the winter than in summer, as they 

appeared to on the Ashland study area.

Boxelder Study Area

The movement of many deer to the Boxelder Creek area in late 

summer or early fall suggested that adequate forage was becoming scarce 

at that time in other, drier parts of the study area. Riparian habitat 

along Boxelder Creek apparently provided more succulent forage in late 

summer and fall than the smaller creeks. Snowberry and chokecherry 

were also more abundant along Boxelder Creek. These foods may become 

important in fall (Dusek 1975, Knapp 1972, Sullivan 1988). Edwards 

(1977) and Wood (1987) observed similar late summer and fall movements 

by many deer, apparently in response to forage dessication. By October 

or November there are probably no longer enough succulent grasses and 

forbs along Boxelder Creek to maintain its advantage over other areas 

as a source of forage. After this, sagebrush and perhaps saltbush must 

become increasingly important as forage and deer move away from the

area.
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Regrowth of grass in fields near Boxelder Creek also seemed to be 

an important source of food in winter for many deer. This was in 

contrast to the winters of 1982-83 and 1983-84, when grass may have 

been less important, as fewer deer apparently fed in the fields.

Perhaps there was little fall greenup in those years, so green 

cheatgrass was not available during winter.

Mule deer in some other areas have been observed to have larger 

home ranges in winter than in summer (Mackie 1970, Nyberg 1980), as 

they appeared to on the Boxelder study area.

Vegetation Production

The most important cause of variation between summers in amounts 

of green vegetation clipped was probably differences in weather, 

primarily rainfall. Precipitation was much greater in summer 1987 than 

in summer 1988. Studies in Montana, Alberta, and North Dakota have 

demonstrated correlations between growing season precipitation and 

forage production (Ballard 1973, Rogler and Haas 1947, Smoliak 1986). 

High temperatures during the growing season also decrease forage 

production (Smoliak 1986).

Several other factors may have contributed to the observed 

variation. The locations of the transects along which plots were 

clipped were different each summer, although they were quite close to 

each other. Some of the variation in amounts of vegetation clipped 

could be due to differences in growing conditons along the different 

transects. Such differences were noticeable only on the Coal Bank
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clipping site, where vegetation seemed somewhat lusher in both years 

along the 1987 transect than along the 1988 transects.

Another source of year to year variation was differences in 

grazing pressure. In 1987 cattle did not severely affect vegetation on 

the Coal Bank site until mid-September. In 1988 cattle started using 

the site earlier. Moderate effects of cattle use were noted in mid- 

July and trampling and grazing had severely affected the vegetation by 

mid-August. In 1987 cattle and sheep were not present on the Park . 

Creek sites until late July or early August, whereas in 1988 they were 

using this area by late June. There did not, however, appear to be 

significant differences in their effects on the vegetation between 

summers.' The Hole-in-the-Wall site was not grazed either summer.

These other sources of variation, like differences in weather, 

served to decrease the amount of vegetation clipped in 1988 as compared 

to 1987. Thus conditions in the two summers represent almost two 

extremes of growing conditions. The variation in biomass of grasses 

and forbs between summers probably comes close to representing the 

possible variation in summer grass and forb production on the study 

areas.

Peak amounts of forbs available in late spring and early summer 

must have been higher in 1987 than in 1988. It also seems that in 1987 

amounts of grass, after declining somewhat from the first peak, began 

to increase again in mid-summer. The greatest difference between years 

was observed in forbs on the Park Creek Bottom site. Amounts of forbs 

clipped in 1987 were over 50 times larger than in 1988. Apparently 

annual variations in sweet clbver production have a large effect on
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amounts of forbs available to deer on the Boxelder study area. Yellow 

sweet clover has been observed to be an important summer food for mule 

deer in several areas in Montana (Dusek 1975, Knowles 1975, Mackie 

1970, Wood 1987).

The timing of spring greenup also varies considerably from year to 

year. On the Ashland district of the Custer National Forest the 

earliest and latest range readiness dates (based on plant development) 

during the period from 1965 to 1976 were 32 days apart (file data, 

Ashland Ranger District, Custer National Forest). The timing of 

greenup varied between clipping sites as well. Peak values were 

reached later on the Coal Bank clipping site than on other clipping 

sites, probably because of a cooler, wetter microclimate at this site 

than at other sites.

The timing and extent of fall greenup also varied. In 1987 fall 

greenup was observed during the first two thirds of September. In 1988 

no significant greenup had occurred by the time field work was 

completed on September 20.

On most sites, water content of plants was higher in 1987 than in

1988. This indicates that biomass of plants and succulence of plants 

tend to be affected in the same way by summer weather.

Fecal Nitrogen

Seasonal patterns in fecal N measured in this study were similar 

to those for rumen N in mule deer in Rosebud and Garfield Counties, 

Montana (Eustace 1971). Beier (1987) found fecal N values for white

tailed deer ranging from 1.51 in January to 3.81 in June. Fecal N
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values from my study tended to be slightly lower than those obtained by 

Beier at the same time of year. Leslie et al. (1989) reported fecal N 

values for white-tailed deer ranging from 1.24 in March to 3.72 in 

July.

Jenks et al. (1989) found that compositing fecal samples from 

several deer gave essentially the same fecal N value as taking the 

average of fecal N values from samples from the same deer analyzed 

individually. This was the case for my samples as well. I also found 

that samples created by compositing fecal material from 5 pellet 

groups, as well as samples from a single pellet group, were quite 

homogeneous, so that a single 1-g subsample was representative of the 

whole.

Fecal N was closely related to amounts of actively growing 

vegetation (represented by grams of water in forbs and grasses), 

especially in spring. Changes in nutritional quality of browse plants 

occurring concurrently with increases or decreases in weights of 

grasses and forbs may also contribute to changes in fecal N. In 

general, plant protein levels tend to peak in spring, then decline 

throughout summer and fall to a low in winter (Dietz 1965, Eustace 

1971). An exception is big sage, in which protein levels are lowest in 

summer and increase throughout fall, winter, and spring (Eustace 1971). 

Fecal N is probably dependent on N content of forage plants. My data 

suggest grams of water in green plants clipped is a good index to N 

content of plants.

Fecal N values and patterns of seasonal change were similar on the 

two study 'areas, though values on the Boxelder area were slightly lower
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throughout much of the year and were significantly lower from mid- 

October to mid-December. The data suggest that the Ashland study area, 

which is moister and more diverse, may provide slightly more nutritious 

forage than the Boxelder area, especially in late fall and early 

winter. If fall nutrition is better on the Ashland area, Ashland deer 

may enter the winter in better condition than Boxelder deer, which 

could cause overwinter mortality to be considerably lower on the 

Ashland study area (Hobbs 1989). It is possible, however that the 

fecal N values obtained were not representative of the entire study 

area. On the Boxelder area all pellets were collected on upper Park 

Creek. Deer that produced these pellets were probably not feeding near 

Boxelder Creek, although in fall many deer did move to Boxelder Creek. 

Perhaps pellets collected from Boxelder Creek during late fall and 

early winter would have been higher in N than those collected on Park 

Creek.

The difference in average summer fecal N levels between years was 

not very large. Perhaps the difference was greater earlier in the 

summer or later in the fall. It may be that years differ less in the 

highest fecal N values reached during summer than in the length of time 

that fecal N remains relatively high. If this is the case, fall may be 

equally or more critical than summer to mule deer survival in 

southeastern Montana.

New Mexico Deer Model

The model did not predict Boxelder study area mule deer 

populations accurately enough to be useful as a management tool.



75

Rather, it must be modified or replaced with another model that more 

closely reflects mule deer-habitat relationships and environmental 

conditions in southeastern Montana. My tests provided some indication 

as to how that model should differ from the New Mexico model.

Summer and Fall Survival

In the New Mexico model, survival of fawns through summer is 

predicted on the basis of PDSI for fall of the same year. I found that 

summer PDSI was a better predictor of fawn survival than fall PDSI in 

southeastern Montana. Summer forage quality is probably important to 

fawn survival; the use of PDSI in the model reflects this relationship. 

Summer fawn survival is probably also affected by the condition of does 

in spring and summer (Verme 1967, 1969). Picton (1979) found that fawn 

survival was correlated with indices incorporating precipitation and 

temperature during the summer, winter, and spring before parturition 

and during the summer after parturition. Wood et al. (1989) found 

correlations between precipitation from July through April prior to 

fawning and percent fawns the following winter and spring in another 

eastern Montana mule deer population. Inclusion of weather factors 

that influence condition of does and/or directly influence fawn 

mortality would probably improve accuracy of the fawn survival 

submodel.

Predation can also be a major fawn mortality factor in Montana 

(Hamlin et al. 1984), although it probably was not important on the 

Boxelder study area. Numbers of predators or alternate prey species 

might be useful as factors in a model for southeastern Montana.

However, population levels of alternate prey species may be dependent
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on weather factors such as precipitation (Hamlin et al. 1984). If this 

is the case perhaps no new factors would need to be added to the model 

for the effects of predation to be included; rather, the influence of 

weather on predator and prey levels could be taken into consideration 

along with other factors in determining the effects of weather on mule 

deer mortality.

Winter Survival

The New Mexico model underestimated overwinter mortality of both 

fawns and adults. Winter survival rates for fawns in the model are 

based on fall PDSI. Winter survival rates for adult deer are based on 

fall and winter rumen protein levels. Fall PDSI and fall rumen protein 

are positively correlated with deer survival but winter rumen protein 

is negatively correlated with it. This may be because average monthly 

temperature is negatively correlated with calculated rumen protein, so 

that cold winter months are predicted to have higher rumen protein 

levels than warm winter months. Because cold temperatures are 

stressful to deer (Bartmann and Bowden 1984, Verme 1968), the negative 

correlation between predicted winter rumen protein and survival may 

represent a positive correlation between winter temperature and 

survival.

Winter mortality can result from severe winter weather, from poor 

condition of deer at the beginning of winter or, most often, both. 

Condition of deer entering winter is represented in the New Mexico 

model by fall PDSI or fall rumen protein. In my tests, summer PDSI was 

a better predictor of fawn survival than fall PDSI. Deer condition at 

the start of winter may reflect conditions over the past 2 or more
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years (Mundinger 1982, Wood 1987), but in the New Mexico model these 

cumulative effects are not considered. Perhaps data from the year or 

years previous to the year in question should also be used to help 

represent deer condition.

Severe winter weather is not factored into the model, except 

through the effect of temperature on rumen protein. Model predictions 

could probably be improved by factoring in conditions such as snow 

depth and wind speed, as well as temperature, in calculating adult 

survival rates, and by including some measure of winter severity in the 

fawn survival submodel.

Winter weather is undoubtedly important to Montana mule deer 

survival. Snow and cold temperatures have been shown to decrease deer 

survival in Colorado (Bartmann and Bowden 1984, Gilbert et al. 1970). 

Wood (1987) found that overwinter fawn mortality in eastern Montana was 

influenced by winter weather severity, although the impact of winter 

weather varied. It is not clear, however, which components of winter 

weather are most important in determining deer mortality. Hobbs (1989) 

believed that factors controlling energy intake (e.g., forage 

availability and digestibility) were more important to winter survival ■ 

of mule deer in northwestern Colorado than factors controlling energy 

expenditure. If this is true for southeastern Montana mule deer, 

winter temperatures and wind chill might be less useful as factors in 

the model than other measures of winter severity. These factors might 

be important, however, if they affected forage intake. For instance, 

if deer on the Boxelder study area prefer foods found in exposed areas 

(short sage and/or saltbush), severe cold and wind might affect their
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diet by preventing them from using preferred,forage. Wood (1988) and 

Loveless (1964) found that wind avoidance was one factor determining 

which areas deer used in cold weather.

Several studies indicate that cold temperatures and wind may be 

more important than Hobbs recognized in developing his model. Verme 

(1968) believed that air chill was more important than snow conditions 

in its effects on white-tailed deer. Bartmann and Bowden (1984) found 

a correlation between mule deer winter mortality and temperature.

Ryder and Irwin (1987) concluded that windblown ridges were inadequate 

as pronghorn habitat for extended periods because exposure to wind 

could cause heavy mortality even if apparently adequate forage was 

present.

Hobbs (1989) suggested that snow depth was important to deer 

survival, primarily because of its effects on forage availability.

Snow cover can greatly reduce the availability of forbs and grass 

(Stephenson et al. 1985, Willms and Ritcey 1976). These may be 

important to the winter diet. Eustace (1971) found that forbs 

constituted 9.9 and 20.8 .% of the winter mule deer diet in Garfield and 

Rosebud Counties, respectively. Mackie (1970) found that forbs were 

not usually very important to mule deer in winter, but that in a winter 

when they were unusually abundant they were used fairly heavily, with a 

noticeable reduction in browsing. Grass appears to be fairly important 

to Boxelder deer in winter, at least in some years. Hobbs’ (1989) 

model indicated that relatively small amounts of grasses and forbs in 

the winter diet could have a large impact on survival.
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Snow over about 25 cm deep impedes deer movement and can 

discourage use of an area (Loveless 1964, Parker et al. 1984). Snow 

over about 46 cm deep can prevent deer from using an area (Gilbert et 

al. 1970, Loveless 1964). When snow reaches these depths on parts of 

the study areas, access to some kinds of forage must become limited and 

deer might be prevented from using some areas for shelter from wind and 

cold. On the Boxelder study area, the areas with the most thermal 

cover are also those most likely to have deep snow cover.

Bartmann and Bowden (1984) found that winter mortality of mule 

deer in northwestern Colorado was correlated with snow depth in early 

winter. Verme (1968) felt snow was important to deer survival, though 

somewhat less important than air chill.

If winter weather affects deer primarily through its effects on 

forage intake, rumen protein levels might be a reliable predictor of 

winter deer survival (though rumen protein as predicted by the model 

would probably not be useful). If snow and cold temperatures are also 

important for their influence on energy expenditure, it would be 

preferable to include them directly in the model. As the above 

discussion indicates, the effects of winter weather on deer mortality 

are complex and not well understood. Further research is necessary to 

determine which factors are most useful as predictors of winter 

mortality.

Spring Survival

There also were problems with model predictions of spring 

mortality. The timing of spring greenup is probably important in 

determining how much spring deer mortality will occur. Precipitation
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and temperatures in spring are also important. A severe April 1984 

snowstorm caused substantial mortality (22% of all marked deer) on the 

Boxelder study area (Youmans 1986). The severity of the winter and 

condition of deer going into winter must also affect spring mortality.

Spring survival predicted by the model for both fawns and adults 

,depends on fall rumen protein (a general measure of condition at the 

start of winter) and spring rumen protein (which increases when greenup 

starts). Spring survival is also negatively correlated with rumen 

protein from the previous summer. This may be because high summer 

protein increases fawn survival. The physiological drain of lactation 

may cause does with surviving fawns to enter the winter in poorer 

condition than does whose fawns did not survive (Verme 1967, Mitchell 

1976). "

The. negative effect summer protein has on survival of fawns 

through spring may be unrealistic for Montana. Heavy snow and cold 

temperatures in spring do not decrease deer survival rates in the 

model; the model predicted almost no mortality during spring 1984. The 

accuracy of the spring survival submodel might be increased by causing 

adverse spring weather conditions to affect predicted survival.

Fawnidoe Ratios

One reason for the excessively low predicted fawn:doe ratios is 

that predicted birth rates were apparently too low. Medin and 

Anderson (1979) estimated that average birth rates for a Colorado mule, 

deer population over a three year period were 1.01 for yearlings and 

1.58 for mature does. Eustace (1971) reported fetal rates for adult 

does from Garfield and Rosebud Counties, Montana, of 2.0 and 1.75,
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respectively. Birth rates predicted by the model from 1983 to 1988 

ranged from 0.57 to 0.66 for yearlings and from 0.95 to 1.11 for adult 

does. .

Elevation is positively correlated with birth rate in the model. 

The relationship between birth rate and elevation is probably not the 

same in eastern Montana as in New Mexico. Changing the elevation used 

by the model does not increase the accuracy of its predictions, 

however. While elevation is positively correlated with birth rate, it 

is negatively correlated with fawn survival. Increasing birth rate by 

changing elevation thus decreases fawn survival. In southeastern 

Montana, elevation may not be useful as a predictor of birth or 

survival rates.

Rumen Protein

Seasonal patterns of change in predicted rumen protein generally 

resembled those observed on the study area. However, predicted rumen 

protein levels were lower than those calculated from actual fecal N, 

and fluctuated more than actual rumen protein. It may be that the 

factor used to convert fecal N to rumen N was incorrect, causing 

predicted rumen protein levels to be consistently lower than observed. 

The lower predicted values could also represent inaccuracy in the rumen 

protein prediction submodel.

Could the accuracy of model predictions be improved by using 

actual rumen protein values rather than predicted ones? Because of the 

way winter rumen protein is predicted and used in the model, using 

actual winter rumen protein values would probably not improve model 

accuracy. Using actual summer, spring, and fall protein values, rather
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than predicted ones, might well improve the model, since these values 

have effects oh predicted survival which probably accurately represent 

their effects on actual survival.

Hunting

Hunting has a significant effect on Montana mule deer populations. 

It was found to be the most significant annual mortality factor for 

marked deer on the Boxelder study area from 1983 to 1985 (Youmans 

1986). The New Mexico model might have been more accurate in 

southeastern Montana if it accepted hunting regulations like those used 

in Montana. A model for use in southeastern Montana must include the 

effects of hunting on the population.
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Table 15. Percent of all mule deer observed feeding that were in each
cover type on the Ashland study area, by month, July 1987-
September 1988.

Konth

Cover type Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Hay Jun Jul Aug Sep

Alfalfa 0 0 0 43 0 0 0 0 0 0 0 0 17 0 0

Grass 4 0 0 4 9 0 0 0 0 0 0 0 0 0 0

Skunkbush 25 16 0 4 0 0 0 0 0 0 17 12 0 0 0

Sage 11 0 50 28 23 17 0 0 69 0 42 18 5 7 0

Greasewood 0 0 0 0 0 0 0 33 0 0 0 0 0 0 0

Juniper 0 0 0 I 2 0 0 0 0 0 0 0 0 0 0

Sage-Greasewood 0 0 0 0 0 0 0 34 15 0 26 0 0 0 0

Sage-Juniper 18 21 0 I 12 22 29 0 8 0 0 12 0 0 20

Sage-Juniper-Pine 0 0 0 0 9 48 21 0 0 100 0 0 0 0 0

Pine-Grass 11 16 0 0 7 0 0 0 0 0 0 0 0 19 80

Pine-Juniper 0 0 0 0 11 0 50 33 8 0 0 0 22 0 0

Pine-Chokecherry 4 5 0 0 0 0 0 0 0 0 0 0 0 4 0

Pine-Snowberry 7 11 0 6 0 0 0 0 0 0 17 23 6 22 0

Riparian 20 31 50 13 27 13 0 0 0 0 0 35 50 48 0

No. of
observations 28 19 12 71 44 23 14 27 13 3 12 17 18 27 5
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Table 16. Percent of all mule deer observed bedding that were in each
cover type on the Ashland study area, by month, July 1987-
September 1988.

M o n t h

C o v e r  t y p e J u l A u g S e p O c t N o v D e c J a n P e b M a r A p r M a y J u n J u l A u g S e p

A I f a l f i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

G r a s s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S k u n k b u s h 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S a g e 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0

G r e a s e w o o d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

J u n i p e r 20 0 0 0 0 25 38 0 0 0 0 0 0 0 0

S a g e - G r e a s e w o o d 0 0 0 0 0 0 0 0 0 55 0 0 0 0 0

S a g e - J u n i p e r 0 40 0 15 0 0 0 100 18 0 0 0 0 0 0

S a g e - J u n i p e r - P i n e 0 0 0 31 50 37 0 0 36 0 0 0 0 0 0

P i n e - G r a s s 80 60 100 23 0 38 0 0 0 45 0 67 80 0 0

P i n e - J u n i p e r 0 0 0 8 50 0 62 0 46 0 0 0 0 0 0

P i n e - C h o k e c h e r r y 0 0 0 0 0 0 0 0 0 0 100 33 0 0 0

P i n e - S n o w b e r r y 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0

R i p a r i a n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

No. of
o b s e r v a t i o n s 5 5 4 13 4 8 8 5 11 11 2 3 5 0 0
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Table 17. Percent of all mule deer observed travelling that were in
each cover type on the Ashland study area, by month, July
1987-September 1988.

Honth
Cover type Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Alfslfa 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0

Grass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Skunkbush 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sage 0 100 0 0 10 0 57 0 100 0 0 50 0 0 0
Greasewood 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Juniper 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0

Sage-Greasewood 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0

Sage-Juniper 0 0 0 50 0 0 0 100 0 0 0 0 0 0 0

Sage-Juniper-Pine 0 0 0 0 55 100 0 0 0 0 0 0 0 0 0

Pine-Grass 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0

Pine-Juniper 0 0 0 0 5 0 43 0 0 0 0 0 0 0 0

Pine-Chokecherry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pine-Snowberry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100

Riparian 0 0 0 0 30 0 0 0 0 0 0 0 0 0 0

No. of
observations 0 I 0 2 20 3 14 4 I 0 0 4 0 2 3
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Table 18. Percent of all mule deer observed that were in each cover
type on the Ashland study area, by month, July 1987-
September 1988.

Hontfa
Cover tspe Jul Aug Sep Oct Nov Dec Jan Peb Har Apr Hay Jun Jul Aug Sep

Alfalfa 0 0 0 36 0 0 0 0 0 0 0 0 13 0 0

Grass 3 0 0 4 6 0 0 0 0 0 0 0 0 0 0

Skunkbush 21 12 0 4 0 0 0 0 0 0 14 8 0 0 0

Sage 9 4 37 23 18 12 22 0 40 0 36 21 9 7 0

Greasewood 0 0 0 0 0 0 0 25 0 0 0 0 0 0 0

Juniper 3 0 0 I I 6 8 0 0 0 0 0 0 3 0

Sage-Greasewood 0 0 0 0 0 0 0 25 8 43 22 0 0 3 0

Sage-Juniper 15 24 0 5 7 15 12 25 12 0 0 8 0 0 12

Sage-Juniper-Pine 0 0 0 5 25 49 8 0 16 21 0 0 0 0 0

Pine-Grass 21 24 25 3 4 9 0 0 0 36 0 17 17 18 50

Pine-Juniper 0 0 0 I 12 0 50 25 24 0 0 0 17 0 0

Pine-Chokecherry 3 4 0 0 0 0 0 0 0 0 14 4 0 3 0

Pine-Snowberry 7 8 0 8 0 0 0 0 0 0 14 17 4 21 38

Riparian 18 24 38 10 27 9 0 0 0 0 0 25 40 45 0

No. of
observations 33 25 16 86 63 34 36 36 25 14 14 24 23 29 8
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Table 19. Percent of all mule deer observed feeding that were in each
cover type on the Boxelder study area, by month, July 1987-
September 1988.

Honth
Cover type Jul Aug Sep Oct Nov Dec Jan Feb Har Apr May Jun Jul Aug Sep

Creek Bottom 58 39 29 32 26 16 3 3 3 0 0 48 42 0 26

Tall Sage 42 16 7 19 32 40 7 29 26 7 0 5 14 0 16

Medium Sage 0 0 0 0 10 14 16 0 20 20 29 0 2 0 2

Short Sage 0 0 4 I 0 I 18 10 43 73 14 0 0 0 4

Greasewood 0 8 0 15 0 2 0 0 0 0 0 9 10 0 0
Sage-Greasewood 0 0 0 0 14 6 0 0 0 0 0 0 4 0 0

Grass 0 0 0 15 12 18 56 51 3 0 0 33 8 0 30

Grass-Alfalfa 0 37 60 18 I 3 0 7 0 0 57 0 20 0 22

Alfalfa 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0

Saltbush 0 0 0 0 5 0 0 0 5 0 0 0 0 0 0

Grass-Yucca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ho. of
observations 19 38 69 67 n o 200 118 208 65 15 14 21 50 0 50
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Table 20. Percent of all mule deer observed bedding that were in each
cover type on the Boxelder study area, by month, July 1987-
September 1988.

Konth
Cover type Jul Aug Sep Oct Nov Dec Jan Feb Kar Apr Kay Jun Jul Aug Sep

Creek Bottoa 64 67 0 85 89 0 0 0 0 70 0 0 92 0 75

Tall Sage 36 33 0 15 It 100 0 30 79 30 0 0 0 0 25

Kediua Sage 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0

Short Sage 0 0 0 0 0 0 100 9 21 0 0 0 0 0 0

Greasewood 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0

Sage-Greasewood 0 0 0 I) 0 0 0 0 0 0 0 0 8 0 0

Grass 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0

Grass-Alfalfa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Alfalfa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Saltbush 0 C 0 0 0 0 0 0 0 0 0 0 0 0 0

Grass-Yucca 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0

No. of
observations 11 18 0 26 18 6 4 46 24 10 0 0 12 0 20
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Table 21. Percent of all mule deer observed travelling that were in each
cover type on the Boxelder study area, by month, July 1987-
September 1988.

Month
Cover type Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Creek Bottom 0 100 0 0 9 0 0 0 0 0 0 0 0 0 50

Tall Sage 0 0 0 65 58 78 0 44 9 0 0 0 0 0 50

Medium Sage 0 0 0 0 20 0 0 0 91 0 0 0 0 0 0

Short Sage 0 0 0 0 0 14 0 17 0 0 0 0 43 100 0

Greasewood 0 0 0 0 2 0 0 14 0 0 0 0 0 0 0

Sage-Greasewood 0 0 0 0 0 8 0 15 0 0 0 0 0 0 0

Grass 100 0 0 35 11 0 0 10 0 0 61 25 29 0 0

Grass-Alfalfa 0 0 100 0 0 0 0 0 0 0 39 25 0 0 0

Alfalfa 0 0 0 0 0 0 0 0 0 0 0 50 28 0 0

Saltbush 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Grass-Yucca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

No. of
observations 5 I 5 55 45 37 0 41 33 0 18 8 7 5 2
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Table 22. Percent of all mule deer observed that were in each cover
type on the Boxelder study area, by month, July 1987-
September 1988.

Month
Cover type Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Creek Bottom 52 49 27 29 28 14 2 2 2 28 0 35 46 0 40

Tall Sage 34 21 7 36 36 48 7 31 34 16 0 3 10 0 20

Medium Sige 0 0 0 0 12 12 16 I 35 12 13 0 2 0 I

Short Sige 0 0 4 I 0 2 21 11 25 44 6 0 4 100 3

Greasewood 0 5 0 7 I 2 0 2 0 0 0 7 7 0 0

Sage-Greasewood 0 0 0 0 9 6 0 2 0 0 0 0 4 0 0

Grass 14 0 0 19 10 14 54 38 2 0 34 31 9 0 21

Grass-Alfalfa 0 25 62 8 I 2 0 5 0 0 47 7 15 0 15

Alfalfa 0 0 0 0 0 0 0 0 0 0 0 17 3 0 0

Saltbush 0 I) 0 0 3 0 0 0 2 0 0 0 0 0 0

Grass-Yucca 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0

No. of
observations 35 57 74 148 173 243 122 295 122 25 32 29 69 5 72
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Table 23. Mean weights and standard deviations of green vegetation
clipped from 2x5 dm plots for each clipping date on the Coal 
Bank clipping site on the Ashland study area.

Date
Forb wts (£) Grass wts (g)
Mean SD Mean SD

31 Jul 1987 27.9 15.6 18.1 22.4
14 Aug 1987 17.1 15.1 17.9 18.7
29 Aug 1987 18.4 22.1 19.0 19.5
13 Sep 1987 10.6 7.0 16.3 15.1
24 Sep 1987 11.2 18.0 12.7 11.4
8 Oct 1987 5.1 2.3 8.5 6.6
8 Apr 1988 0.4 0.6 1.2 1.1
5 May 1988 4.0 1.9 6.4 5.3
19 May 1988 10.6 6.7 11.8 9.8
19 Jun 1988 14.4 8.5 19.2 17.2
8 Jul 1988 14.2 12.6 14.6 16.9
19 Jul 1988 7.7 7.1 6.7 6.1
13 Aug 1988 3.3 2.1 1.9 1.5
16 Sep 1988 2.3 1.5 1.8 . 0.8

Table I24. Mean weights and standard deviations of green vegetation
clipped from 2x5 dm plots for each clipping date on the Park 
Creek Bottom clipping site on the Boxelder study area.

Forb wts (g) Grass wts (g)
Date Mean SD Mean SD

3 Aug 1987 25.9 21.6 18.9 6.9
21 Aug 1987 21.2 15.0 23.1 6.1
I Sep 1987 . 17.4 15.9 23.2 10.0
17 Sep 1987 13.5 5.6 22.7 10.3
29 Sep 1987 9.3 4.8 18.6 5.4
18 Oct 1987 4.0 4.5 11.2 4.1
10 Apr 1988 0.4 0.9 8.4 4.2
23 Apr 1988 0.8 1.5 15.8 6.5
21 May 1988 2.2 2.4 28.0 8.1
24 Jun 1988 0.8 2.5 25.5 7.8
11 Jul 1988 0.9 2.2 20.7 8.9
30 Jul 1988 1.1 1.9 20.0 5.4
17 Aug 1988 0.4 0.7 12.6 6.1
20 Sep 1988 0.2 0.4 7.7 1.4
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Table 25. Mean weights and standard deviations of green vegetation 
clipped from 2x5 dm plots for each clipping date on the 
Hole-in-the-Wall clipping site on the Ashland study area.

Date
Forb wts (g) Grass wts (g)
Mean SD Mean SD

29 Jul 1987 4.4 8.4 3.4 1.9
13 Aug 1987 2.8 4.7 4.0 2.7
28 Aug 1987 1.3 1.8 5.2 3.5
11 Sep 1987 0.6 0.7 6.7 4.9
23 Sep 1987 1.2 2.3 9.5 7.1
7 Oct 1987 1.2 1.6 6.2 3.5
7 Apr 1988 0.2 0.6 2.6 2.2

22 Apr 1988 0.4 1.0 2.2 1.4
5 May 1988 2.2 2.2 7.9 4.5
19 May 1988 1.6 1.7 7.2 3.8
18 Jun 1988 1,9 2.7 4.6 2.8
7 Jul 1988 1.8 2.2 4.8 3.2
16 Jul 1988 2.6 3.0 3.6 2.1
12 Aug 1988 0.7 0.8 2.7 2.0
15 Sep 1988 0.6 1.9 0.9 0.9

Table I26. Mean weights and standard deviations of green vegetation
clipped from 2x5 dm plots for each clipping date on the Park 
Creek Sage clipping site on the Boxelder study area.

Forb wts (g) Grass wts (g)
Date Mean SD Mean SD

4 Aug 1987 0.0 0.0 5.3 3.2
20 Aug 1987 0.8 1.3 6.9 4.2
3 Sep 1987 0.5 0.5 9.8 4.6
20 Sep 1987 2.6 2.5 11.3 6.5
3 Oct 1987 1.3 1.5 7.6 3.1
10 Apr 1988 0.0 0.0 1.6 2.2
24 Apr 1988 0.2 0.4 4.8 3.1
22 May 1988 1.2 1.2 13.2 4.3
25 Jun 1988 0.2 0.4 3.2 2.4
14 Jul 1988 0.0 0.0 1.5 1.6
31 Jul 1988 0.0 0.0 1.5 1.7
17 Aug 1988 0.0 0.0 0.8 0.8
20 Sep 1988 0.0 0.0 1.0 1.1
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