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Abstract:
The ecology of a mule deer (Odocoileus hemionus) population inhabiting native big sagebrush
(Artemisia tridentata) - grass rangeland in northeastern Montana was studied during 1985-1987 using
aerial surveys and radioed and neckbanded deer. Habitat use, including distribution, movements, use
and selection of cover types, and food habits, was described and related to topography, physiography,
weather, vegetation, and land use. Deer appeared to be yearlong residents of traditional home ranges,
except under severe winter conditions when most moved to areas of rougher terrain. Mule deer used
topographic relief for shelter, security, and foraging opportunity during all seasons. Small, deeply
eroded cuts were extremely important in this role, especially during summer, in this otherwise open
environment. Polygon seasonal home range size for adult females during summer varied from 0.35
km^2 to 12.93 km^2 (mean = 4.66 km^2). Home range sizes ranged from 2.76 km^2 to 321.37 km^2
(mean = 66.53 km^2) during the extremely harsh winter in 1985-86, while during the relatively mild
winter of 1986-87 home ranges varied only from 0.90 km^2 to 4.60 km^2 (mean = 2.74 km^2).
Nocturnal movements determined by triangulation during, summer 1986 also increased home range
size. Use of cover types by marked deer during daytime generally corresponded to availability. Shale
hills and deeply cut drainageways were used significantly more than expected. Deer occurred more
often than expected in rested cattle pastures during autumn and winter and less often than expected in
pastures grazed early or late in the season. Population characteristics, including size and trends,
structure, group size, productivity and recruitment, adult mortality, dispersal, and condition were
described. In 1986, preharvest density was estimated as 2.0/km^2, down from 4.25/km^2 in autumn
1984, but similar to estimates of 2.0/km^2 and 1.5/km2 in 1981 and 1982, respectively. Fawn:doe
ratios in autumn ranged from 47:100 for October 1985 to 71:100 in October 1986. 
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ABSTRACT
The ecology of a mule deer fOdocoileus hemionus) 

population inhabiting native big sagebrush (Artemisia 
tridentata) - grass rangeland in northeastern Montana was 
studied during 1985-1987 using aerial surveys and radioed 
and neckbanded deer. Habitat use, including distribution, 
movements, use and selection of cover types, and food 
habits, was described and related to topography, 
physiography, weather, vegetation, and land use. Deer 
appeared to be yearlong residents of traditional home 
ranges, except under severe winter conditions when most 
moved to areas of rougher terrain. Mule deer used 
topographic relief for shelter, security, and foraging 
opportunity during all seasons. Small, deeply eroded cuts 
were extremely important in this role, especially during 
summer, in this otherwise open environment. Polygon 
seasonal home range size for adult females during summer 
varied from 0.35 km2 to 12.93 km2 (mean = 4.66 Iqn2). Home 
range sizes ranged from 2.76 km2 to 321.37 km2 (mean = 66.53 
km2) during the extremely harsh winter in 1985-86, while 
during the relatively mild winter of 1986-87 home ranges 
varied only from 0.90 km2 to 4.60 km2 (mean = 2.74 km2). 
Nocturnal movements determined by triangulation during, 
summer 1986 also increased home range size. Use of cover 
types by marked deer during daytime generally corresponded 
to availability. Shale hills and deeply cut drainageways 
were used significantly more than expected. Deer occurred 
more often than expected in rested cattle pastures during 
autumn and winter and less often than expected in pastures 
grazed early or late in the seasqn. Population 
characteristics, including size and trends, structure, group 
size, productivity and recruitment, adult mortality, 
dispersal, and condition were described. In 1986, pre
harvest density was estimated as 2.0/km2, down from 4.25/km2 
in autumn 1984, but similar to estimates of 2.0/km2 and 
1.5/km2 in 1981 and 1982, respectively. Fawn;doe ratios in 
autumn ranged from 47:100 for October 1985 to 71:100 in 
October 1986.
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INTRODUCTION

Rocky Mountain mule deer (Odocoileus hemionus 
hemionus) occupy a diversity of habitats in Montana (Egan 
1971). Comparative studies across the state (Mackie et al. 
1980, 1985) indicate that patterns of habitat use, 
biological characteristics, and population dynamics of deer 
vary widely in relation to attributes of individual habitats 
occupied. Thus, knowledge obtained through the description 
of various populations and their respective habitats 
provides the best framework for determining broad-based 
management opportunities and practices.

Intensive studies of mule deer have been conducted in 
mountains and mountain-foothills, river breaks, 
mixed-prairie/forest, upland prairie/ponderosa pine (Pinus 
ponderosa). prairie-agriculture, mixed-grass prairie, and 
short-grass prairie. However, little or no research has 
been conducted in non-timbered sagebrush-grass rangelands.

Native rangeland dominated by big sagebrush (Artemisia 
tridentata  ̂ and various grasses occurs extensively in 
eastern Montana (Ross and Hunter 1976) and, at least 
locally, supports significant populations of mule deer. My 
study was established to provide data on range use and
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population characteristics for management of one of these 
populations in northeastern Montana. Specific objectives 
were to determine seasonal distribution and movements, 
habitat use, and population characteristics. Special 
emphasis was also directed toward developing guidelines for 
conducting and interpreting results of aerial population 
trend surveys and evaluating relationships between mule deer 
and domestic livestock operations on the area.

The study was conducted full time during the summers of 
1985 and 1986 and the winter of 1985-86. Biologists with 
the Montana Department of Fish, Wildlife.and Parks (MDFWP) 
cooperated in trapping and marking deer during December 1984 
and 1985, and in collecting data during other periods from 
January 1985 through June 1987.

x>
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DESCRIPTION OF STUDY AREA 

Location and General Description

The 261 km2 Dog Creek study area was located 30 km 
southwest of Glasgow in southern Valley County, Montana 
(Fig. I). Boundaries were defined to include all areas used 
by marked deer during all seasons except the winter of 
1985-86 when most deer moved off the primary study area.
Land ownership was primarily federal, administered by the 
U.S. Department of the Interior (USDI) Bureau of Land 
Management (BLM) (95%), with small sections of state (4%) 
and private (1%) lands included (USDI 1985). The area was 
adjacent to the Charles M. Russell National Wildlife Refuge 
(CMR) (Fig. 2).

rMajor drainages included Lone Tree and Little Beaver 
Creeks which flowed southeasterly into Willow Creek, a 
northeasterly flowing tributary of the Milk River. Several 
minor drainages also emptied to the southeast into Willow 
Creek. This pattern formed a landscape of gently rolling 
uplands interspersed with wide flat drainages deeply incised 
by meandering creek bottoms. Areas of relatively rough
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Figure I Map of the Dog Creek study area showing area boundaries, major drainages, 
reservoirs, roads, and fences.



Figure 2. Map of study area and vicinity showing the area used by marked mule deer during 
winter 1985-86 in relation to Charles M . Russell National Wildlife Refuge 
boundary, major drainages, major reservoirs, and roads.
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shale ridges occurred along the drainage divides (Fig. 3). 
Elevations on the study area ranged from 653 m to 769 m .

Vegetationally the study area was dominated by big 
sagebrush-grasslands on flat to rolling upland areas, 
sparsely vegetated shale hills dividing drainages, and 
Nuttall saltbush (Atriplex nuttallii  ̂ on level areas with 
heavy, fine textured, saline soils adjacent to creek 
bottoms. Small areas of dense grass behind detention dams 
and water spreaders, and scattered areas of greasewood 
(Sarcobatus vermiculatus) and silver sagebrush (Artemisia 
cana) along deeply cut creek bottoms covered the remainder 
of the area.

Figure 3. View of the Dog Creek study area looking southwest 
across Pearson Coulee showing the big 
sagebrush-grass cover type in the fore and mid
ground and the shale hills cover type in the 
background.
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All creeks on the area were ephemeral. Some natural 

depressions within drainage bottoms held water for several 
weeks after a heavy rain. Stock reservoirs, few of which 
held water all year long, were widely scattered throughout 
the area. Seasonal water was also supplied by a water 
distribution system, developed by the BLM during the summer 
of 1985. The system consisted of 24 1,000-gallon fiberglass 
stock tanks located primarily in the Pearson Coulee, Dog 
Creek, and Wilderness Coulee drainages. Water in these 
tanks, pumped from a well in the upper end of Dog Creek, was 
available only when cattle were present in those pastures.

Geology and Soils

Soils within the study area were derived from 
Cretaceous Age Bearpaw shale (USDI 1985). Nearly level and 
gently sloping areas (slopes <5%) of floodplains, alluvial 
fans, and low terraces along the major drainages had a hard, 
5-8 cm thick crust of light brownish gray silty clay or 
loam. The underlying material was mostly light brownish 
gray clay, silty clay, and clay loam (U.S. Department of 
Agriculture (USDA) 1984). These soils were relatively 
impermeable and often developed into hardpan "slicks".

Areas of hills and ridges (slopes 5-35%) were typically 
composed of gray clay and clay shale in both the surface and 
underlying layers (USDA 1984). These weathered shale soils 
occurred primarily as small, soft chips. Minor inclusions
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of coarser material, usually of glacial origin, occurred in 
some areas (USDI 1985). Many of these soils were moderately 
alkaline (USDA 1984). The prevalence of clay minerals in 
the Bearpaw formation created a high runoff environment.
This was evidenced by the gully and rill erosion that 
occurred in the sparsely vegetated shale uplands, by the 
gullies and cuts in the alluvial fans, and by the 
instability of the channel banks of the major drainages 
(USDI 1985).

Climate

The climate is semi-arid continental with large annual 
variations in temperature and moderately low, but variable, 
precipitation. The average frost-free season is 124 days 
from May 19 to September 20 (USDA 1984). However, as in 
most of the northern plains (Smoliak 1956) most growth of 
native herbaceous plants occurs during April - June.

Mean annual temperature at the Glasgow Airport weather 
station is 5.4° C. Average total annual precipitation is 
29.3 cm (National Oceanic and Atmospheric Administration 
(NOAA) 1980-1987), of which 60% occurs in isolated 
thunderstorms from May through August (Fig. 4). Total 
annual snowfall averages about 69 cm (USDI 1985). Total 
snowfall for the winters 1984-1985, 1985-1986, and 1986-1987 
was 73 cm, 114 cm, and 66 cm, respectively (NOAA 1984-1987) 
(Fig. 5).
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1987

Figure 4. Monthly precipitation during the period January 
1985 - June 1987 compared to 30-year average for 
Glasgow airport located 30 km northeast of the 
study area.
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Figure 5. Average depth of snow on the gound by week during 
the winters of 1984-85, 1985-86, and 1986-87 at 
the Glasgow airport, 30 km northeast of the study 
area.
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Temperatures during the study period were near average, 

except for autumn and winter of 1985-1986 which were colder 
than the 30-year average and winter and spring 1986-1987 
which-were warmer (Fig. 6). Drought conditions prevailed on 
the study area for 5 of the 6 years preceding the onset of 
the study (Fig. 7). Precipitation during the study period 
was above normal, except for the summer of 1985 and the 
winter of 1986-1987 which were drier than normal.

Land use

Cattle grazing was the dominant land use and occurred 
over the entire study area. The area was comprised of all 
or parts of 6 pastures within 3 grazing allotments. 
Three-pasture rest-rotation grazing systems, implemented in 
.1975, were employed in all allotments. The grazing formula 
called for the early use season to follow the rest 
treatment. Early use season usually extended from I May to 
31 July and late use season from I August to 31 October 
(Steve Klessens, BLM Range Conservationist, Glasgow, MT, 
pers. comm., 1987). Stocking rates were 8-12 acres/AUM (Ray 
Neumiller, BLM Range Conservationist, Glasgow, MT, pers. 
comm., 1990). Range condition in the 3 grazing allotments 
was rated as 1% excellent, 62% good, 32% fair, and 5% poor 
(USDI 1985). No cultivated areas or occupied dwellings 
occurred on the study area.
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Figure 6. Average monthly temperatures during the
period January 1985 - June 1987 compared to 
30-year average for Glasgow airport located 
30 km northeast of the study area.
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Figure 7. Annual precipitation and temperature 1975-1986 as 
percentage of the respective 30-year averages at 
the Glasgow airport located 30 km northeast of the 
study area.
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Recreational use occurred primarily during autumn 

hunting seasons, with mule deer, pronghorn antelope 
(Antilocapra americana). and sage grouse (Centrocercus 
urophasianus} the species most often hunted. The entire 
area was accessible from maintained roads around the 
periphery of the area and.from trails along ridgetops and 
drainageways during dry conditions.
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METHODS

Major vegetation and landform characteristics on the 
study area were categorized into 7 broad vegetation - 
physiographic (cover) types. Five of these were described 
quantitatively and 2 by reconnaissance only. Sampling, 
conducted at 5 representative sites within each, type, 
consisted of recording species composition, frequency of 
occurrence, and percent bare ground in each of 30 2x5-dm 
randomly-placed quadrats. A commonness index (frequency x 
presence, Curtis 1959:81) was calculated for all plant 
species in each cover type that occurred within the sample 
plots.

Species that were observed at some time within a cover 
type, but not recorded in any sample quadrats, were also 
listed and appear in Appendix Table 20. Many of these 
"incidental" species were often found in disturbed areas 
(i.e. roadsides) or more moist sites (i.e. gullies) within 
the cover type described. Because these sites were not 
representative of the cover type as a whole, they were not

I

included in sampling. A reference collection of plants was 
compiled to aid in plant identification. Plant scientific 
names followed Hitchcock and Cronquist (1981) except where
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noted. Common names followed Booth (1950) and Booth and 
Wright (1966) except where noted.

In December 1984, 46 mule deer (32 females and 14 
males) were trapped using drive nets (Beasom et al. 1980) at 
5 locations within the study area. Five additional adult 
females were captured in December 1985 using a hand held 
net-gun (Barrett et al. 1982). Two female fawns were 
captured by hand in June 1985, and I male fawn was captured 
in June 1986. All deer were ear tagged and marked for 
identification. Twenty-one females were equipped with radio 
transmitters and the remainder with individually 
recognizeable, 10-cm-wide, vinyl neckbands. Ages were 
determined by tooth replacement and wear (Robinette et al. 
1957). The female fawns were weighed, ear-tagged, and 
marked with plastic ear-flags; the male was weighed, 
ear-tagged, and equipped with a radio transmitter.

During periods of full-time field work> radio-collared 
deer were relocated at 7 to 10-day intervals using a Piper 
Super Cub equipped with a 3-element antenna attached to a 
wing strut. Relocation flights were made monthly during 
other periods. Location, cover type in which the deer 
occurred, group classification, and occurrence of any 
neckbanded animals were recorded for all deer observed. 
Locations of cattle aggregations were also noted.

Total-coverage aerial population surveys (Mackie et al. 
1980) of the study area were flown in all seasons, from
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autumn 1984 to spring 1987. Population data from late 
winter and early autumn trend area surveys from 1981 to 1984 
were also.available. Autumn (pre-hunting season) surveys 
were used to describe population trends because they were 
conducted at a more consistent time each year. Six 
population surveys were flown in autumn (October-November),
8 in winter (December-early March), 5 in spring (late 
March-April), and 3 in late summer (early September).
Twenty of these surveys employed a Piper Super Cub; 2 
(December 1985 and 1986) were by Bell 47G3-B2 helicopter. 
Location, cover type in which the deer occurred, and group 
classification were recorded. Locations were noted for all 
marked deer seen. Cattle locations were recorded in 1986 
and 1987.

Differences in mean group size of deer between 
helicopter and fixed-wing aerial surveys were evaluated 
using a t test. The effects of cattle operations on mule 
deer distribution were evaluated by comparing the number of 
deer.observed during total coverage aerial surveys in 
pastures with and without cattle and in early use, late use, 
and rested pastures using a goodness of fit chi-square test.

Population estimates, during 1985-1987 were calculated 
using a Lincoln Index (Davis and Winstead 1980) . Marked 
deer comprised an average of 11.4% (range 7.6 - 17.9%) of 
the estimated population and.were distributed throughout the

istudy area, except during winter-spring 1985-86.
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During summer, deer observations and relocations of 

marked animals were also recorded along vehicle routes 
established throughout the study area. Routes were driven 
from sunrise until most deer were bedded down and from about 
2 hours before sunset until dark. Location, activity, cover 
type in which the deer occurred, and group classifications 
were recorded for all deer observed. All marked deer seen 
were recorded.

Spotlight counts of deer were conducted periodically 
along established routes during July - September. 
Observations usually extended from 1.5 to 4 hours after 
sunset using a 300,000 candle power spotlight. Location, 
activity, cover type in which the deer occurred, and group 
classification were recorded for all deer seen, including 
marked deer.

Nocturnal locations of radio-collared deer were 
determined monthly from July to September 1986 using 
triangulation methods (Heezen and Tester 1967). For each, 
11-16 hour session, 3 truck-mounted precision 
direction-finding antenna arrays (Telonics, Inc., Mesa, 
Arizona) were used as described by Herriges (1986). The 
accuracy of triangulation locations was approximately 200 
meters based on control transmitters at known locations. To 
determine the effects of nighttime movements on home range 
size, seasonal polygon home ranges calculated from aerial 
relocations made just after dawn at weekly intervals through
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summer 1986 were compared with polygons derived by hourly 
triangulation during the 1986 summer triangulation sessions.

Hunter check stations were operated near the study area 
on opening day of the hunting seasons in 1985 and 1986.
First incisors were collected from all deer examined and 
ages were determined using counts of tooth cementurn annuli 
(Low and Cowan 1963). Antler measurements, including number 
of points, beam lengths, and beam diameter 2.5 cm above the 
bur (Swenson and Stewart 1982) were recorded for bucks, and 
dressed weights were recorded for all deer.

Forty-six mule deer (34 females and 12 males) were 
collected throughout 1985 and 1986 to obtain data on food 
habits, physical condition, and productivity. Between 2 angl 
8 deer were collected for each month, except May and 
November. Whole weights and sex were recorded. Mean 
seasonal weights were compared between years using a t test. 
Ages were estimated by tooth replacement and wear and 
cementum annuli counts. Food habits were, analyzed by taking 
a 1-liter sample of rumen contents and following the 
procedures described by Wilkins (1957). Both kidneys were 
collected and the amount of fat weighed for the calculation 
of a kidney fat index (KFI) (Riney 1955). A femur was also 
collected from each deer and the amount of marrow fat was 
determined (Verme and Holland 1973). Reproductive tracts 
were obtained from all 34 females, including 19 collected 
between mid-January and mid-June. Ovaries of 32 females



18
were prepared and sectioned as described by Cheatum (1949). 
Corpora lutea of pregnancy were counted to determine the 
incidence of ovulation. The presence of corpora albacantia 
was also noted as evidence of past reproductive activity. 
Fetuses were sexed and measured to determine ages (Hudson 
and Browman 1959, Short 1970).

All locations of deer and cattle were plotted on 
1:24,000 topographic maps and converted to Universal 
Transverse Mercator coordinates recorded to the nearest 100 
m. Seasonal and nocturnal estimates of average activity 
radii (AAR) (Robinette 1966), geographic activity center 
(GAC), and convex polygon areas (Mohr 1947) were calculated 
using the TELDAY computer program (Lonner and Burkhalter 
1986). The GAC is the point whose coordinates are the 
arithmetic means of the x and y coordinates of each location 
for that animal, and the AAR is the average distance of each 
point from the GAC (Hayne 1949). Differences in summer and 
winter polygon sizes and GACs were evaluated with a 
paired-sample t test. Home range and distribution plots 
were also obtained using TELDAY. Single points which fell 
outside of the normal cluster of locations were excluded 
from calculations of home range sizes.

Only deer with 6 or more relocations were used for 
daytime seasonal home range determinations. The number of 
daytime relocations within each season ranged frpm 6 to 17 
with a mean of 9. Using these criteria, 78 daytime seasonal
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home ranges were calculated from 29 deer, 44 (56%) of which 
were summer home ranges and 34 (44%) were from winter. 
Twenty-five (86%) of the 29 individual deer were adult 
females, with 2 (7%) adult males, I (3.5%) yearling male, 
and I (3.5%) male fawn. Due to the small sample sizes of 
males and young deer, no comparisons were made between sexes 
or age classes.

Cover type availability was determined by calculating 
the percent of the total study area in each type. Tests for 
cover type selection (used more than expected by chance) or 
avoidance (used less than expected) were conducted using 
goodness of fit chi-square tests as described by Byers et 
al. (1984).

Evaluation of cover type selection or avoidance based 
on point locations could only determine which types were 
important. To evaluate interactions between habitat 
characteristics and interspersion, and distribution and 
movement of deer, a grid-cell analysis (Porter and Church 
1987, Wood 1987) was used. In this approach, the study area 
was divided into 1,044 25-ha cells and the amount of each 
cover type, number of cover types, number of distinct cover 
patches or segments, and presence and amount of deeply cut 
drainageways and roads were determined for each cell. Block 
data for cover types are the mean number of points from a 
25-point grid that are in each of the cover types. Linear 
measurements (inches) were made of the creek bottoms and

19
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coulee bottoms from 1:24,000 maps. One inch equaled 
approximately 610 m. The amount of cuts per block was 
ranked as 0 = none visible on orthophotoquad; I = <500 m.; 2 
= 500 - 900 m.; and 3 = >900 m. Trees were also ranked, 
with 0 = none visible on orthophotoquad; I = a few 
cottonwoods (Populus spp.), widely spaced; 2 = a moderate 
amount of scattered trees, primarily cottonwoods; 3 = small 
clumps, primarily willows (Salix spp.); and 4 = heavy brush, 
primarily willows. Linear measurements were also made of 
roads: 0 = none; I = low (<200 m.); 2 = moderate (200 - 400 
m .); and 3 = high (>400 m.). Only the well-established 
gravel and dirt roads that existed on the area were 
measured. These variables were then tested for statistical 
significance using a Wilcoxin test.

Differences were considered significant if the p-value 
was less than or equal to 0.05, except where noted. Unless 
otherwise stated, all statistical analyses were conducted 
using the Statistical Analysis System (Ray 1982) following 
procedures described by Zar (1984).
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RESULTS

Habitat Characteristics

The .7 cover types, identified on the basis of 
conspicuous vegetation and landform characteristics, 
included big sagebrush-grass, shale hills, Nuttall saltbush, 
greasewood, meadow, silver sagebrush, and creek bottom 
types. Species observed in each cover type and their 
relative abundance are listed in Appendix Table 20. Because 
vegetation sampling was conducted in late summer, some early 
growing forbs and grasses were under-represented.

The big sagebrush-grass cover type predominated, 
covering 64% of the area on large tracts of flat to gently 
rolling terrain. Numerous shrub species occurred, though 
big sagebrush had the highest frequency of occurrence. This 
cover type also had the highest numbers of grasses and forbs 
of all the types, although none of the forbs were very 
prevalent. Tanseymustard (Descurainia spp.), onion (Allium 
spp.), and linear-leaf phacelia (Phacelia linearis) were the 
most frequently occurring forbs, while western wheatgrass 
(Agrqpyxon smithii) and Sandberg bluegrass (Poa sandberaii  ̂

were the most common grasses. A species of lichen, 
Xanthoparmelia chlorochroa (Hale 1979), was also fairly
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abundant in these areas. A relatively high amount of bare 
ground was also characteristic. This type was the same as 
the big sagebrush type described by Branson et al. (1970).
It closely resembled the Artemisia tridentata-Aaropyron 
smithii association described by Mackie (1970) and the 
Artemisia tridentata/Aaropyron smithii habitat type reported 
by Hansen et al. (1984).

The shale hills cover type covered 16% of the study 
area and was characterized by relatively rugged, highly 
dissected shale hills and ridges. These areas were sparsely 
vegetated and had higher amounts of bare ground than any 
other cover type. This type had the highest number of shrub 
species present, although none was very abundant. Green 
rabbitbrush (Chrysothamnus viscidiflorus\, greasewood, big 
sagebrush, and creeping juniper (Juniperus horizontalis) 
were occasionally common in local areas. The number of 
grass and forb species present was moderately low, with 
western wheatgrass the most common grass, and rillscale 
(Atriplex dioica, Hitchcock and Crbnquist 1981) and Douglas 
knotweed (Polygonum doualasii) the most frequently occurring 
forbs;

The Nuttall saltbush type, which occurred on level 
sites between creek bottoms and the big sagebrush-grass 
type, comprised 12% of the study area. Hard crusted clay 
soils in these areas resulted in many hardpan "slicks" which 
supported little or no vegetation. The estimated amount of
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bare ground was high and comparable to that in the big 
sagebrush-grass type. This cover type was intermediate in 
terms of number of grass and forb species present but had 
the lowest number of shrub species of any type. Nuttall 
saltbush was by far the most common shrub. Sandberg 
bluegrass was the most frequently occurring grass. The most 
common forbs, in decreasing order, were prairie pepperweed 
(Lepidium densiflorum), onion, Douglas knotweed, and slender 
plantain (Plantaao elonaata) .- Lichens were also very 
prevalent within this cover type. This type description was 
similar to that provided by Branson et al. (1970).

The greasewood cover type dominated 3% of the study 
area and occurred primarily as discontinuous narrow bands 
along the bottoms of major drainages. These sites consisted 
of alluvial soils above the deeply cut creek channels and 
were mostly level to gently sloping. Greasewood was the 
predominant shrub, interspersed with minor amounts of 
Nuttall saltbush. This type had the fewest number of grass 
and forb species of all types sampled. However, it also had 
the least amount of bare ground. Sandberg bluegrass and 
western wheatgrass were the most common grasses. Although 
forbs were not common, prairie pepperweed, slender plantain, 
and Douglas knotweed occurred in the greatest quantities. 
This cover type closely resembles the greasewood community 
described by Branson et al. (1970), the Sarcobatus-Agropyron 
habitat type reported by Mackie (1970), and the Sarcobatus

i
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vermiculatus/Aqropyron dasvstachyum type discussed by 
Jorgensen (1979), although A. smithii takes the place of A. 
dasystachyum on the Dog Creek study area.

The meadow cover type (2% of the study area) was 
limited to areas immediately behind detention dams and water 
spreaders, runoff control structures designed to dissipate 
the energy of flowing water and store little or no water 
except after a heavy rain (USDI 1985). The structures 
slowed down and held water long enough for ample amounts to 
enter the soil and allow development of the characteristic 
vegetation (Branson et al. 1970). These were the most moist 
sites on the area. Most were surrounded by the big 
sagebrush-grass cover type, although a few were within areas 
dominated by the Nuttall saltbush and shale hills types.
This type was characterized by thick stands of wheatgrass 
(Aaropyron caninum, A. cristatum, or A. smithii) with small 
patches of willows established at a few sites.

The silver sagebrush cover type was limited to the 
inner arcs of meanders of major drainages. These gently 
sloping sites covered 2% of the study area. Silver 
sagebrush and western wheatgrass dominated the vegetation. 
Sandberg bluegrass was common. Numerous forb species 
occurred, but none was abundant. Littlepod falseflax 
(Camelina microcarpa) and clasping pepperweed (Lepidium 
perfoliatunO were most common. Estimated bare ground was 
relatively low, about equal to the greasewood type. This
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cover type resembled the Artemisia cana/ Aaropyrori smithii 
habitat types described by Jorgensen (1979) and Hansen et 
al. (1984) and the silver sagebrush type discussed by 
Branson et al. (1970).

The creek bottom type comprised 1% of the total study 
area and was restricted to major drainages near the 
periphery of the area. It was characterized by severely 
eroded meandering stream channels 12-20 m wide with vertical 
banks 3-7 m high occurring along the outsides of bends and 
along the relatively straight portions of the channel. The 
insides of the bends gently sloped down to the creek bottom 
from the adjacent floodplain. Numerous deeply cut gullies 
led into these channels. Vegetation was typically sparse. 
Common plants included cocklebur (Xanthium strumarium), wild 
licorice (Glycvrrhiza Iepidota^, and common sowthistle 
(Sonchus oleraceus). Peachleaf willow (Salix amyqdaloides), 
slender willow (S. exiaua), and plains cottonwood (Populus 
deltpides) were widely scattered along these drainages.
This type was very similar to the Xanthium strumarium 
habitat type described by Mackie (1970).

Habitat Use

Spatial Distribution
Aerial surveys of the Dog Creek study area indicated 

differences in general patterns of mule deer distribution 
between seasons. Deer were most widely and evenly
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distributed during summer. Late summer (early September) 
surveys indicated general concentration along drainageways. 
The highest densities appeared to occur along Lone Tree 
Creek, especially around Gutshot Reservoir in the southwest 
portion of the area (Fig. 8).

Autumn surveys indicated that mule deer remained 
relatively well dispersed over the entire area through 
October-November (Fig. 9). However, more deer were observed 
in hilly terrain than during summer and, similar to winter, 
few deer occurred in the upper South Fork of Beaver Creek. 
Autumn was the only season in which the Lone Tree drainage 
did not support the highest concentration of deer.

Spatial distribution of mule deer on the study area 
during winter typically was more irregular than during other 
seasons (Fig. 10). During the relatively mild winters of 
1984-85 and 1986-87, most deer were concentrated in hilly 
terrain along ridges between drainages; few were found in 
drainage bottoms. Highest densities characteristically 
occurred on ridges along either side of Lone Tree Creek. As 
during other seasons, areas near Gutshot and Grub reservoirs 
seemed to hold substantial numbers of deer. The center of 
the study area, the South Fork of Beaver Creek, Wilderness 
Coulee, and the area north of Beaver Creek were all 
noticeably devoid of deer.

Winter distribution during 1985-86 differed greatly 
from other years. Severe winter conditions, which developed
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Figure 8. Late summer distribution of mule deer groups on the Dog Creek study area, 1985-
1987. Each point represents 4.0 deer, based on 3 surveys and observations of
155 mule deer groups.
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Figure 9. Autumn distribution of mule deer groups on the Dog Creek Study area, 1985-1987.
Each point represents 5.7 deer, based on 3 surveys and observations of 77 mule 
deer groups.
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Figure 10. Winter distribution of mule deer groups on the Dog Creek study area, 1985-
1987. Each point represents a mean group size of 7.3 deer, based on 5 surveysand observation of 153 mule deer groups.
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during late autumn and early winter, forced most deer to 
leave the study area by the end of December and remain off 
the area until late March. A full-coverage aerial survey 
under excellent flying conditions on 9 January counted only 
40 deer, including only 3 of 34 collared animals remaining 
as individuals or in small groups scattered along Lone Tree 
Creek and in the hills south of Grub Reservoir.

Subsequent relocations through the winter (Fig. 11) 
indicated that marked deer leaving the study area 
distributed themselves over approximately 450 km2, extending 
from Willow and Lone Tree Creeks south and west toward the 
"breaks" adjacent to Fort Peck Lake, a large reservoir on 
the Missouri River. The most notable concentrations of deer 
were in the vicinity of Two Forks and Chico Reservoirs due 
south of the study ares.

The characteristic pattern of dispersion during 
early-to-mid winter appeared to extend into late winter and 
early spring (Fig. 12). Although increased numbers of deer 
were seen along drainageways and in coulees leading into the 
South Fork of Beaver Creek, most continued to concentrate in 
hilly terrain, particularly the ridges along Lone Tree 
Creek. There were no deer observed around reservoirs. Most 
of the deer in Beaver Creek and Wilderness Coulee, which 
wintered primarily in the hills between the two drainages, 
moved down to use bottomlands in spring.
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Figure 11. Distribution of marked mule deer from the Dog 
Creek study area, I January - 15 March 1986.
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Figure 12. Spring distribution of mule deer groups on the Dog Creek study area, 1985-
1987. Each point represents a mean group size of 5.3 deer, based on 4 surveys
and observations of 113 mule deer groups.



33
Movements and Home Range

Most deer occupying the Dog Creek study area appeared 
to be yearlong residents of traditional home ranges. Except 
for the shift off the area forced by severe environmental 
conditions during winter 1985-86 and apparent dispersal by 
some yearlings, all marked deer used the same general areas 
throughout the study.

Seasonal home ranges calculated from aerial and ground 
relocations during daytime for summers (June-early 
September) 1985 and 1986 and winters (December-early March) 
1985-86 and 1986-87 are listed in Table I. Because of the 
small number of home ranges generated for males, the 
following data are for adult females unless otherwise noted.

Home range sizes varied greatly among individual deer 
and between seasons and years. Summer polygon home range 
sizes ranged from 0.35 km2 to 12.93 km2. During the severe 
winter of 1985-86, home range polygons of individuals ranged 
from 2.76 km2 to 321.37 km2. This contrasts with a range o£ 
0.90 km2 to 4.60 km2 during the mild winter of 1986-87.

Polygon home ranges calculated from daytime relocations 
apparently underestimated the total area actually used by 
deer on the study area, at least during summer. Comparative 
data for 6 adult females indicated that nocturnal ranges 
generally extended beyond diurnal ranges by varying degrees 
(Figs. 13-15). One of the 6 used a totally different area 
at night during each of the 3 months, and none of those
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Table I. Mean polygon home range sizes and average

activity radii (AAR) for marked deer on the Dog 
Creek study area by year, season, age, and sex.

Season/Year N Sex Age
Polygon
Area
(km2)

AAR
(km)

Summer
1985 19. • F Adult 5.10 1.15

I M I Year 1.64 0.98
2 M 2 Years 4.43 1.47

1986 21 F Adult 4.27 0.95
I M Fawn 1.44 0.66

Winter .
1985-86 22 F Adult 66.53 6.841

18 F Adult 78.20 7.492
19 F Adult 76.33 7.733
3 F Adult 4.48 1.204

1986-87 12 F Adult 2.74 1.26

1Includes deer collared in December 1985.
2Does not include deer collared in December 1985.
3Only includes deer that moved off the core study area.
4Only includes deer that stayed on the core study area.

areas overlapped the polygon plotted from daytime locations 
(Fig. 13). Overall, the use of all relocations (day and 
night) for the 6 females resulted in total seasonal home 
ranges averaging 268% (range 105% - 934%) larger than 
seasonal home ranges based only on daytime locations.

Triangulation indicated that deer on the study area 
were highly active and, in some cases, moved around 
extensively at night. Nocturnal ranges for 8 adult females

' *,v

(Table 2) monitored during one or more of three sessions 
averaged 0.92 km2 (range 0.10 km2 to 6.32 km2).
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Figure 13. Nocturnal polygon home ranges compared to daytime seasonal polygon home range 
of radio-collared mule deer #1212 during summer on the Dog Creek study area.



36

Deer No. 0837
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Figure 14. Nocturnal polygon home ranges compared to
daytime seasonal polygon home ranges of radio- 
collared mule deer #0837 and #1062 during summer 
on the Dog Creek study area.
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Figure 15. Nocturnal polygon home ranges compared to
daytime seasonal polygon home ranges of radio- 
collared mule deer #1187, #1087, and #1287 
during summer on the Dog Creek study area.



38
Table 2. Mean nocturnal polygon home range sizes and 

average activity radii (AAR) for eight 
radio-collared adult female mule deer on the Dog 
Creek study area during summer 1986.

Date
Mean # 

of hourly 
relocations

Polygon
(km2)

AAR
(km)

7/86 8 0.62 0.65
8/86 11 1.45 0.66
9/86 11 0.70 0.59

Nocturnal movements of adult female mule deer were 
largely associated with the shale hills cover type and 
usually included a movement toward a more mesic area or 
water source. The shale hills type was included in 94% of 
nocturnal ranges calculated for summer 1986. Overall, 83% 
of the deer moved to, or in close proximity to, a drainage 
bottom or reservoir at some time during the night.

There were no significant differences in GACs or home 
range sizes for individual marked deer between summers 1985 
and 1986. Also, there was extensive overlap between areas 
used by most deer during summers 1985 and 1986 and the mild 
winters of 1984-85 and 1986-87. This overlap was indicated 
by a mean distance of only 1.2 km (range 0.3-3.5 km) between 
GACs for all radioed deer between summer 1986 and winter 
1986-87.

The most significant movements of deer within and 
between seasons and years during the study were associated 
with the displacement of most deer from the study area
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during winter 1985-86. Home range sizes for this season 
were much larger than those for winter 1986-87 (Table l)z 
reflecting the effects of severe snow conditions that forced 
most deer to "migrate" from normal home ranges on the study- 
area to "emergency" winter range along steep ridges and 
broken terrain to the south and west.

This shift apparently began in early-mid December,
Eight (40%) of 20 radio-collared deer had left the area 
prior to the helicopter survey on 20 December; 9 others left 
in late December and early January. As noted earlier, only 
40 mule deer, including only 3 of 34 marked deer, were 
counted in a complete aerial survey of the study area on 9 
January 1986.

The general pattern and direction of displacement of 
marked deer from the study area is shown in Figure 11. A 
comparsion of GACs for winters 1985-86 and 1986-87 with GACs 
for the previous summers indicates that movements of marked 
deer were all to the south or southwest of the core study 
area during winter 1985-86. During winter 1986-87, the 
directional shift in GACs from summer was about equally 
distributed between south and west and north and east.

Distances between GACs for summer and winter were much 
greater in 1985-86 than in 1986-87. The mean distance 
between GACS for all radioed deer in summer 1985 and winter 
1985-86 was 12.0 km (range 2.4 km to 19.5 km). This 
compares with the mean of only 1.2 km (range 0.3 km to 3.5
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km) between GACs for all radioed deer between summer 1986 
and winter of 1986-87.

The movements of 3 of the 17 radioed deer that moved 
off the study area during winter 1985-86 are shown in Figure 
16. Those of female 1162 exemplify the distance that a 
majority of the deer moved from traditional wintering areas. 
Most of these "emergency" ranges were located south of the 
study area along the steep ridge between Willow Creek and 
Fort Peck Lake, especially around Two Forks and Chico 
Reservoirs. Once the initial move was completed, most of 
these deer moved around very little through the remainder of 
the winter.

The movements of deer 1087 represent those of a second, 
smaller group of deer that moved moderate distances from 
traditional ranges. These deer tended to move further and 
more frequently through the winter than those described 
above.

The third, female 0737, travelled the greatest distance 
recorded for any deer observed during winter 1985-86. She 
apparently moved almost constantly through the winter and 
was never located twice in the same area until she returned 
to the study area in March 1986.

The duration of displacement of radiod deer from the 
study area also varied. Although most deer that left the 
area did so during late December 1985 and returned to their 
traditional home ranges by late March 1986, other deer
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........ ... Deer 1162 (low ranging)
x-------► Deer 1087 (moderate ranging)
° -------► Deer 0737 (far ranging)
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Figure 16. Distance and direction of movement by three
radio-collared female mule deer during winter 
1985-86 in relation to their "traditional" home 
ranges on the Dog Creek study area.
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exhibited different patterns. For example, deer 1087 left 
the area between late December and early January and did not 
return to its traditional range until April. In contrast, 
deer 0837 moved 28 km in early January to a location similar 
to that of 1087, but returned to its normal home range on 
the study area before the end of the month.

Use and Selection of Cover Types
Levels of use of cover types by marked deer observed 

during daytime corresponded generally to availability, 
except that creek bottoms, which were least abundant, were 
heavily used through most of the year (Fig. 17). Overall 
and seasonally, use of the big sagebrush-grass type, which 
covered 64% of the study area, exceeded that of other types. 
Shale hills (16% of the area) ranked second.
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+ Used more than expected 
- Used less than expected 
o Used as expected

Meadow S ilver Creek
Sagebrush Bottom

Figure 17
Cover Types

Availability and seasonal use by mule deer of 
cover types on the Dog Creek study area, 
1985-1987.
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Analysis of habitat preference based on observed use 

relative to availability indicated that only the shale hills 
and creek bottom types were selected. Use of the big 
sagebrush-grass type was consistently lower than expected. 
The Nuttall saltbush type, which ranked third in occurrence, 
was consistently used at levels of only slightly less than 
availability. Other types (greasewood, meadow, and silver 
sagebrush) were used only rarely and at levels that did not 
exceed availability.

During summer (June-early September), the shale hills 
and creek bottom types were highly selected and collectively 
accounted for nearly half of the total observed use by 
marked deer. Use of the big sagebrush-grass type, which 
individually received about 38% of the total seasonal use, 
was lower than recorded during any other season. The big 
sagebrush-grass, Nuttall saltbush, and greasewood types all 
received significantly less use than expected on the basis 
of availability; the meadow and silver sagebrush types were 
used similar to availability.

The shale hills and creek bottom types continued to be 
preferred in autumn (late September-November), though use of 
creek bottoms declined from summer. . Use of big 
sagebrush-grass increased, but remained significantly less 
than expected. The Nuttall saltbush, greasewood, meadow, 
and silver sagebrush types were all used in approximate 
proportion to availability.
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In winter (December-early March), use of the big 

sagebrush-grass cover type reached a yearlong peak (59% of 
the total), but remained significantly less than expected. 
Shale hills, which ranked second in total use, was the only 
cover type selected. Nuttall saltbush and creek bottoms 
were used in proportion to their availability. The 
greasewood, meadow, and silver sagebrush types received 
little or no use and appeared to be avoided.

Use of big sagebrush-grass declined in spring (late 
March-May) to about the same level as in autumn. Creek 
bottoms were the only cover type indicated to be selected, 
although shale hills received somewhat greater use than 
expected on the basis of availablity. Use of the Nuttall 
saltbush and greasewood types approximated availability, 
while the meadows and silver sagebrush types were avoided.

Selection for Specific Habitat 
Characteristics

The foregoing analysis of habitat selection determined 
only general patterns of use and selection of cover types 
relative to availability across the study area. To further 
assess habitat-use relationships and effects of habitat 
diversity and interspersion on deer use of the area, a 
grid-cell analysis was employed. Overall, marked deer were 
recorded at least once in 521 (50%) of the total cells; in 
summer they were observed in 319 (30%); and in winter they 
were found in 225 (22%).
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Comparison of charcteristics of cells used diurnally in 

summer and in winter indicated several differences in 
habitats selected between the 2 seasons (Table 3). Cells 
occupied in summer contained more cover types and habitat 
segments than those with documented use in winter. They 
also contained significantly greater amounts of the Nuttall 
saltbush, greasewood, meadow, and creek bottom types than 
cells used in winter. Big sagebrush-grassland was the only 
cover type that occurred significantly more in cells used

Table 3. Relative occurrence of habitat characteristics in 
blocks used by marked mule deer on the Dog Creek 
study area in daytime during summer and winter, 
1985-1987 (see text). The number of blocks 
analyzed is in parentheses.

Summer Winter
Habitat Mean Mean

Characteristic (284) (167) P

COVER TYPE
Big sagebrush-grass 15.02 16.76 0.01
Shale hills 5.46 5.20 0.69
Nuttall saltbush 2.59 1.89 0.02
Greasewood 0.85 0.51 0.01
Meadow 0.30 0.14 0.04
Silver sagebrush 0.49 0.29 0.09
Creek bottom 0.26 0.20 0.04

HABITAT VARIABLE
Creek bottom 0.17 0.11 0.07
Coulee bottom 0.18 0.17 0.55
Habitat segments 4.22 3.68 0.03
Cuts 1.45 1.43 0.97
Trees 0.25 0.21 0.25
Roads 0.14 0.11 0.52
Number of cover types 2.47 2.18 <0.01
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during winter. During summer, cells used by deer at night 
(2130-0530 hours) contained more shale hills and roads and 
less of the Nuttall saltbush type than cells occupied during 
the day (Table 4).

There were no significant differences in cover type or 
any other habitat variable among cells in which marked deer 
were observed 3 or more times and those in which a single 
deer was recorded during either season. Therefore,

Table 4. Relative occurrence of habitat characteristics in 
blocks used by marked mule deer on the Dog Creek 
study area during daylight and at night during 
summer, 1985-1986 (see text). The number of 
blocks analyzed is in parentheses.

Habitat
Characteristic

Daytime
Mean
(284)

Nighttime
Mean
(82) P

COVER TYPE
Big sagebrush-grass 15.02 14.56 0.63
Shale hills 5.46 7.91 <0.01
Nuttall saltbush 2.59 1.06 <0.01
Greasewood 0.85 0.54 0.13
Meadow 0.30 0.13 0.86
Silver sagebrush 0.49 0.37 0.42
Creek bottom 0.26 0.17 0.49

HABITAT VARIABLE
Creek bottom 0.17 0.15 0.29
Coulee bottom 0.18 0.13 0.56
Habitat segments 4.22 4.15 0.98
Cuts 1.45 1.46 0.83
Trees 0.25 0.13 0.19
Roads 0.14 0.40 <0.01
Number of cover types 2.47 2.37 0.54



47
characteristics of all cells used by deer were compared with 
those in which deer were never observed. Cells with 
documented use in summer contained significantly greater 
amounts of the shale hills cover type, more habitat 
segments, and more deeply cut drainageways than unused cells 
(Table 5). Conversely, cells with no recorded summer use by 
marked deer were characterized by significantly greater 
amounts of the big sagebrush-grass and Nuttall saltbush 
cover types than those receiving at least some use.

Table 5. Relative occurrence of habitat characteristics in 
all blocks occupied and unoccupied by marked mule 
deer on the Dog Creek study area during summer, 
1985-1986 (see text). The number of blocks 
analyzed is in parentheses.

Habitat
Characteristic

Unoccupied
Mean
(732)

Occupied
Mean
(366) P

COVER TYPE
Big sagebrush-grass 16.42 14.92 <0.01
Shale hills 3.28 6.01 <0.01
Nuttall saltbush 3.37 2.25 <0.01
Greasewood 0.72 0.78 0.20
Meadow 0.64 0.26 0.07
Silver sagebrush 0.35 0.46 0.33
Creek bottom 0.16 0.24 0.15

HABITAT VARIABLE
Creek bottom 0.13 0.16 0.34
Coulee bottom 0.13 0.17 0.26
Habitat segments 3.67 4.20 <0.01
Cuts 1.35 1.45 <0.01
Trees 0.14 0.23 0.16
Roads 0.21 0.20 0.94
Number of cover types 2.32 2.45 0.09
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Similar to summer, cells with recorded winter use by 

marked deer contained significantly more of the shale hills 
type than cells with no use. They also contained less of 
the Nuttall saltbush and meadow cover types and fewer total 
cover types than unoccupied cells (Table 6).

Deer Response to Cattle Operations
Mule deer occurred more often than expected in rested 

cattle pastures during autumn and winter and less often than 
expected in pastures grazed by cattle either early or late

Table 6. Relative occurrence of habitat characteristics in 
all blocks occupied and unoccupied by marked mule 
deer on the bog Creek, study area during the 
winters of 1984-85, 1985-86, and 1986-87 (see 
text). The number of blocks analyzed is in 
parentheses.

Habitat
Characteristic

Unoccupied
Mean(877)

Occupied
Mean(167) P

COVER TYPE
Big sagebrush-grass 15.93 16.76 0.16
Shale hills 3.70 5.20 <0.01
Nuttall saltbush 3.32 1.89 <0.01
Greasewood 0.79 0.51 o.io
Meadow 0.61 0.14 <0.01Silver sagebrush 0.39 0.29 0.31Creek bottom 0.19 0.20 0.24

HABITAT VARIABLE
Creek bottom 0.14 0.11 0.22
Coulee bottom 0.14 0.17 0.85Habitat segments 3.84 3.68 0.52
Cuts 1.37 1.43 0.18Trees 0.16 0.21 0.84
Roads 0.22 0.11 0.23
Number of cover types 2.38 2.18 0.02
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in the season (Table 7). During spring no consistent 
pattern of preference for any type of pasture was 
apparent.

In autumn deer were observed most often in pastures 
that were not occupied by cattle (Table. 8). Deer 
distribution during 4 out of 5 total coverage surveys in 
autumn strongly indicated that deer avoided occupied cattle

Table 7. Mule deer locations in cattle pastures in relation 
to the previous summer's grazing regime based on 
14 total coverage aerial surveys of the Dog Creek 
study area, 1984-1987. + = use > expected, - =
Use < expected, and o = no difference from 
expected.

Grazing Season

Date Early Late Rest P

AUTUMN
09/18/84 — _ + ' <0.001
11/06/84 + - + <0.001
09/08/85 - - + <6.005
10/01/85 - - + <0.001
09/07/86
10/25/86 — -

+
+

<0.001
<0.001

WINTER
01/03/85 — — +' <0.001
12/20/85 - + - <0.001
12/19/86 - - + <0.001
12/20/86 — — + <0.001

SPRING
04/09/85 + + — <0.001
03/27/86 - + - <0.001
04/21/86 - -■ + 0.37
04/30/87 O + <0.008
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Table 8. Mule deer locations in occupied and unoccupied 

cattle pastures during 6 total coverage aerial 
surveys, 1984-1987. + = use > expected, - = use <
expected, and o = no difference from expected.

Date Occupied

Pastures

Unoccupied P

AUTUMN
09/18/84 — + **
09/08/85 O O
10/01/85 - + *
09/07/86 - + * * **
10/25/86 — + **

SPRING
04/30/87 + **

* = p<0.01
** = p<0.0001

pastures (p<0.01). The fifth survey showed no preference or 
avoidance of occupied cattle pastures by deer. The single 
total coverage flight completed in spring suggested that 
deer preferred pastures occupied by cattle.

Relocations of radio-collared females during 1985-1986 
also suggested a tendency for deer to avoid cattle whenever 
possible. In general, deer moved out of pastures occupied 
by cattle more often than they moved into them. Out of 40 
recorded movements of deer involving pastures occupied by 
cattle, 27 (68%) were out of pastures occupied by cattle; 
only 13 (32%) were movements into occupied pastures.
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During periods when cattle were present on the study 

area from spring 1985 to spring 1987, radio-collared females 
were recorded moving between all cattle pastures (occupied 
and unoccupied) 61 times. The majority of these movements 
(51%) were between pastures that did not differ in terms of 
cattle occupancy (i.e. pastures were either both occupied or 
both unoccupied). Thirty-three percent were movements out 
of an occupied pasture and into an unoccupied one, and 16% 
were from unoccupied to occupied pastures.

Between spring 1985 and spring 1987 when cattle were 
not present on the study area, 33 movements of 
radio-collared deer between pastures were recorded. The 
highest percentage of these movements (37%) was between 
pastures which had the same cattle use during the previous 
grazing season. Thirty percent were movements into rested 
pastures from non-rested pastures, 18% were into early use 
pastures from late or rested pastures, and 15% were 
movements into late use pastures from other pasture types.

Food Habits

Seasonal food habits, based on examination of the 
contents of 46 rumens collected on the Dog Creek study area 
during 1985 and 1986, are summarized in Table 9.

Summer (June - early September^
Shrubs predominated in the rumens collected during 

summer, occurring in all 12 samples and comprising 66% of
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Table 9. Use of plant species by mule deer on the Dog Creek 

study area based on analysis of 46 rumen samples, 
1985-1986. Data are recorded as frequency of 
occurrence/volume percentage within seasons.

SUMMER AUTUMN WINTER SPRING

TAXON (12)1 (9) (13) (12)
GRASSES
Total Grasses 58/3 89/9 38/1 75/12

FORBS
Allium spp. 8/T1 2
Cirsium spp. 11/T
Erioaonum pauciflorum 22/T 15/T
Melilotus officinalis 50/15 22/4
Phlox hoodii 8/T
Polygonum spp. 50/6 22/7 8/T
Rumex spp. 25/2 11/T
Traooooaon dubius 8/T
Unidentified Forbs 83/7 44/11 8/T 67/12

Total Forbs 100/30 89/22 15/T 67/12
SHRUBS
Artemisia cana 17/1 44/8 62/8 75/4
Artemisia friqida 25/1
Artemisia tridentata 25/1 56/11 92/41 83/32
Atriplex nuttallii 8/T 56/2 100/36 67/19
Chrysothamnus nauseosus 42/7 78/13 46/10 8/T
Junioerus horizontalis 31/T 8/T
Rhus trilobata 42/1 22/1 8/T
Rosa arkansana 100/56 67/26 38/1 33/4
Salix spp. 8/T 44/1
Sarcobatus vermiculatus 8/T
Symohoricaroos occidentalisI 8/T
Unidentified Shrubs 25/T 33/1 23/T 33/1
Total Shrubs 100/66 100/63 100/96 100/61
Unidentified 25/1 44/6 46/2 75/14

1Sample size.
2T = trace (less than 0.5%).
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the total rumen volume. Prairie rose (Rosa arkansana) was 
by far the most highly used shrub and food item. It 
occurred in all rumens and accounted for 85% of the shrub 
volume and 56% of the total volume of plant material 
consumed. Rubber rabbitbrush (Chrysothamnus nausegsus) 
ranked^ second in use among shrubs and was especially common 
in rumens collected during August. Forbs were also found in 
all rumens examined and comprised 30% of the total rumen 
volume for summer, when use of this forage class peaked. 
Yellow sweetclover (Melilotus officinalis) was the most 
important forb and the second most important forage item 
overall, while knotweed (Polygonum spp.) was also commonly 
eaten. Although grasses occurred in more than half of the 
rumens, they comprised only a minor amount (3%) of the total 
rumen contents in summer.

Autumn (late September - October)
Shrubs continued to predominate in the autumn diet, 

occurring in all 9 rumens examined and accounting for 63% of 
the total rumen volume for the season. Prairie rose and 
rubber rabbitbrush remained the most highly used shrub 
species. Although use of rose decreased from summer, it 
continued to be the most important forage item in terjns of 
volume. Use of rubber rabbitbrush increased in both 
frequency of occurrence (78%) and volume (13%) in the rumen 
samples. Use of several other shrub species, including big 
sagebrush, silver sagebrush, Nuttall saltbush, and willows.
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also increased from summer. Forb usage declined slightly 
from summer, but knotweed and yellow sweetclover remained of 
moderate importance in the autumn diet. Grasses occurred in 
89% of the rumens and comprised 9% of the total volume.

Winter (December - early March)
Shrubs were utilized almost exclusively during winter, 

occurring in all 13 rumens examined and accounting for 96% 
of the total rumen volume. Nuttall saltbush and big 
sagebrush were by far the most used forage species, 
occurring in about equal amounts and collectively comprising 
more than three-fourths of the total rumen volume. Silver 
sagebrush and rubber rabbitbrush, which also occurred about 
equally, were found in 62% and 46% of the rumens and made up 
8% and 10% of the contents, respectively. Use of forbs was 
negligible, and grasses constituted only 1% of the total 
rumen volume.

Spring (late March - April)
As during other seasons, shrubs dominated the contents 

of 12 rumens examined, occurring in all and comprising 61% 
of the total rumen content. Big sagebrush and Nuttall 
saltbush were used more than other species. Though use of 
both species declined somewhat from winter, they 
collectively accounted for more than half of the total 
spring diet. Use of rubber rabbitbrush, which occurred 
moderately in rumens for other seasons, was negligible.
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Forb use increased to 12% of total rumen content.
Utilization of grasses also increased to 12% of the rumen 
volume, the highest occurrence for any season.

Population Characteristics and Trend 

Population Estimates
Population estimates for late summer (early September), 

autumn (October), winter (December-January), and spring 
(late March-April), 1985-1987, are presented in Table 10. 
These estimates were derived from counts of marked and 
unmarked deer observed during aerial population surveys 
(Appendix Tables 21 and 22). Numbers of marked deer known 
to be alive and on the study area at the time of the surveys 
ranged from 46 in January 1985 to 28 in April 1987, except

Table 10. Lincoln Index estimates of the number of mule deer 
on the Dog Creek study area, 1985-1987.

Date Total Adults Fawns
Adult
Females

Adult
Males

1/3/85 392 318 74 261 57
4/9/85 224
9/9/85 528 374 154 311 63
10/1/85 356 254 102 215 39
12/20/851 260 197 63 173 24
3/27/861 200
4/21/861 198 160 38
9/7/86 420 261 159 228 33
10/25/86 270 165 105 148 17
12/19/86 394 224 170 207 17
12/20/86 380 213 167 199 14
4/30/87 287 175 112

1Many deer were off the study area during this survey.
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from December 1985 to April 1986 when most deer had moved 
off the area.

Proportions of marked deer observed during aerial 
surveys (Table 11) varied considerably between seasons, but 
were relatively consistent within seasons despite 
differences in pilots, observers, and environmental 
conditions (Appendix Table 22). An average of 37% (range 
35-39%) of the marked deer were observed in surveys 
employing fixed-wing aircraft in September, 48% (41-54%) 
were seen in October, 71% (69-72%) were counted in 
December-January, and 73% (71-75%) were recorded in March- 
April. Early winter observability indices were generally 
higher for surveys flown with a helicopter than with a 
fixed-wing aircraft (Table 11).

Table 11. Seasonal observability indices (number of marked 
deer observed/number of marked deer on the study 
area X 100) for mule deer on the Dog Creek study 
area, 1985-1987. Data are for fixed-wing surveys 
except where noted.

Year
Seasonal

Season 1985 1986 1987 Mean

Late Summer 35 39 37
Autumn 41 54 48
Early Winter 72 91 69 71

(helicopter) 451
58\ 611

88 88
Early Spring 75 71 73

1Invalid estimate because an unknown proportion of the 
population was off the study area.
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Despite some variability, possibly influenced by 

movement of deer on and off the study area or chance 
variation in proportions of marked deer observed, the 
observability indices provided population estimates that 
appeared reasonable for most surveys. Exceptions occurred 
in April 1985, early September 1985, winter and spring 
1985-86, and late October 1986. These exceptions are 
addressed below.

The April 1985 survey was conducted by regional Fish, 
Wildlife and Parks personnel and covered only that portion 
of the study area that was flown previously in population 
trend surveys during 1981-84. Assuming that the same 
proportion of deer occurred on that "core" area in April as 
during the winter survey on January 3 (and in the spring 
1987 survey), a more reasonable estimate of approximately 
273 deer is obtained.

The estimate for early September 1985 (528) appeared 
too high. This may have been influenced by deer moving onto 
the study area from adjacent rangelands.

Estimates for winter and spring 1985-86 were 
significantly influenced by movement of deer off the study 
area from December to April. All of the radio-collared deer 
were on the study area as of 12 November 1985. By the time 
of the helicopter survey on 20 December, 40% had left the 
area. Eighty-five percent of the radioed deer were off the 
study area between 9 January and 20 March 1986. By 26 March
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only 16% remained off the area, and all had returned by late 
April.

The estimate of 270 mule deer for 25 October 1986 also 
appeared to be low. This estimate was far lower than the 
estimate of 420 deer from the previous pre-harvest survey on 
7 September and was considerably lower than the 347 deer 
actually observed on the area during the post-harvest 
helicopter survey on 19 December 1986.

Considering these variations, it appeared that 
approximately 400-500 deer occurred on the Dog Creek area 
during late summer/autumn, 375-400 during early winter, and 
275-300 during late winter/early spring between 1985 and 
1987.

Population Trends 1981-1987
Mule deer population trend surveys of the Dog Creek 

study area were flown annually in autumn and winter from 
1981 through 1984 by R. Bruce Campbell, Regional Biologist, 
MDFWP. The surveys were flown with fixed-wing aircraft in 
the same manner as during my study but covered only the 168 
km2 "core" of the area. To estimate population trends 
comparable with my study, I first calculated population size 
for each survey using seasonal observability indices derived 
from fixed-wing surveys.during 1985-87; September/early 
October = .37, late October/November = .48, January/February 
= .71, and March = .73 (Table 11). I then converted all 
estimates to densities to compensate for differences in the
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areas surveyed between 1981-1984 (trend study area) and 
1985-1987 (total study area). The results are presented in 
Figure 18.

Total Study Area - Autumn
Trend Study Area - Autumn 
Total Study Area - Winter
Trend Study Area - Winter

•------k

Figure 18. Estimated mule deer densities on the Dog Creek 
study area during autumn and winter, 1981-1987.
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Autumn densities within the trend study area decreased 

slightly from about 2.0 deer/km2 in 1981 to 1.5/km2 in 1982 
(Table 12). Densities then increased sharply to 3.3/km2 in 
1983, a 126% increase over the previous year, and peaked at 
4.3/km2 in 1984. Thereafter, they declined sharply by 53% 
to about 2.0/km2 in 1985 and 1986.

Winter densities, estimated from counts obtained from 
aerial surveys conducted between December and March, showed 
similar trends except that the highs in 1983 and 1984 were 
less pronounced and the overall low occurred in 1986 rather 
than 1982 (Fig. 16). The lowest population density occurred 
in January 1986 when only 0.2 deer/km2 were observed. As 
noted earlier, this was the period when many deer had moved 
off the study area due to severe snow conditions.

Population Structure
Numbers of fawns per 100 females observed during aerial 

surveys are shown in Table 12. Autumn fawn:doe ratios were 
high and increased from 1981 to 1983, to a peak of 122 
fawns:100 females in September 1983. The ratios declined 
through 1984 to an autumn low of 47 fawns:100 females in Nr
October 1985, before increasing again in 1986.

The number of bucks counted during autumn surveys 
followed the same general trend as the overall population, 
dropping from 1981 to 1982, then increasing to 1984, when 
the highest ratio (49 antlered males:100 females) was 
recorded (Table 12). Thereafter, buck numbers decreased
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Table 12. Mule deer population density estimates and

population structure on the Dog Creek study area 
from March 1981 to April 1987.

Date
Density1
(deer/km2)

Fawns:100 
Females

Fawns:100 
Adults

Antlered 
Males:100 
Females

3/24/81 1.52
10/2/81 1.98 94 66 42
1/19/82 1.22 121 H O 10
10/4/82 1.45 H O 91 20
2/25/83 1.94
9/27/83 3.28 122 87 40
2/2/84 1.96
9/18/84 4.23 78 52 49
11/6/84 3.21 75 58 29
1/3/85 1.51 28 23 22
4/9/85 1.33
9/9/85 2.32 50 41 20
10/1/85 1.97 47 40 18
12/20/85 1.26 36 32 14
1/9/86 0.19 43 43 0
3/27/86 0.91
4/21/86 0.92 24
9/7/86 1.95 70 61 14
10/25/86 1.26 71 64 11
12/19/86 1.79 82 76 8
12/20/86 1.73 84 78 7
4/30/87 1.33 64
1Based on Mean Seasonal Observability Indices(1981-1984),
and Lincoln Index estimates (1985-1987).

steadily through the study to an autumn low of 11 antlered 
males:100 females in October 1986.

The age structure of the female segment of the mule 
deer population was skewed toward younger age classes. Of 
the 32 females captured during drive-netting efforts in 
December 1984, 12 (38%) were < 1.5 years of age and 19 (59%) 
were <.2.5 years old (Fig. 19). Ages of females collected 
in 1985 and 1986 were also skewed toward younger ages, but



N
u

m
b

er
 

N
um

be
r

62

12 i

10 -

8 -

6 -

4-

2 -

0.5 1.5 2.5 3.5 4.5 5.5 6.5
Age (years)

12 i

Females 
N = 32

7.5 8.5 9.5

10 Males 
N = 14

Age (years)
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63
less so than those in the trapped sample. Only 4 of 34 
(12%) were <. 1.5 years, 7 (21%) were <2. 5  years, and 17 
(50%) were < 3 years old (Fig. 20). Although these data may 
not have been representative of the population as a whole 
because collections selected against fawns and females 
observed with fawns, 15 of 26 (58%) females examined at 
check stations during the 1985 and 1986 hunting seasons also 
were <_ 3 years of age (Fig. 21).

The male segment appeared even more highly skewed 
toward younger age classes. Eleven of 14 (79%) bucks 
captured by drive-netting in 1984 were either fawns or 
yearlings, and 13 (93%) were < 2.5 years of age (Fig. 19). 
Similarly, of 11 males collected during 1985 and 1986, 7 
(64%) were of yearling age or younger and all were <2.5 
years (Fig. 20). Males <2.5 years accounted for 62% and 
25% of all bucks examined at check stations during 1985 and 
1986, respectively. Overall, among 67 male mule deer aged 
during the study, only 6 (9%) were > 4 years of age and the 
oldest was 5.5 years. However, a 7-year-old neckbanded buck 
(tagged at age 4) was known to be alive and on the area at 
the end of the study.

Group Size
Mean monthly numbers of mule deer in groups, based on 

observations made during total coverage survey flights 
during September - April 1981 to 1987, are shown in Figure
22. Mean group sizes were lowest (4.2 deer per group) in

?



N
u

m
b

er
 

N
um

be
r

8

6

4

o +

Females 
N  = 34

O I 2 3 4 5 6 7 8 9  10
Age (years) at Last Birthday

Males 
N  = 11

Im m #

0 1 2 
Age (years) at 
Last Birthday

Figure 20. Ages, assigned by tooth cementum analysis, of
mule deer collected on the study area, 1985 and 1986.



N
u

m
b

er
 

N
u

m
b

er

65

18 I  

16 - 

14 - 

12 -  

10 -

Females 
N = 26

8 - 

6 - 

4 - 

2 - 

0 -

0  ■wMi m

y//// wZW/

Y / / \ W /

4 5 6 7 8
Age (years) at Last Birthday

18 7 

1 6 , 

14 . 

12. 
10 
8 . 

6 . 

4 . 

2 . 

O-J

II
#

Males 
N = 42

■I I.
0 1 2 3 4 5
Age (years) at Last Birthday

Figure 21. Ages, assigned by tooth cementum analysis, of 
mule deer examined at opening day hunter check 
stations on the Dog Creek study area, 1985 and 
1986.



66

0>N
CZ)
CL
DO
O

CO0)

51 45

Sep Oct Nov Dec Jan Feb Mar Apr
I

Month
Figure 22. Mean monthly mule deer group sizes on the Dog

Creek study area during September - April 1981- 
1987. Numbers above each bar indicate the 
number of groups observed during the month.

September and October, increased through November and 
December, peaked in January and February (10.2 deer per 
group), and then declined in March and April.

The data for December (Fig. 22) included 2 helicopter 
surveys, whereas all other data were from fixed-wing 
flights. Mean group size for the helicopter flights 
(December 1985 and 1986) was 5.7. Excluding the helicopter 
data, the mean group size for December increased to 8.2.
This was similar to the 8.9 deer per group observed in 
November.

Smaller mean group size for helicopter surveys was also 
indicated by a comparison of group sizes observed during the
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December 1986 helicopter survey and a fixed-wing survey 
flown I day later. Mean group sizes differed (p=0.08), with 
6.2 deer per group observed from the helicopter and 8.2 from 
the fixed-wing aircraft. Thirty-nine percent of all deer 
groups observed during the helicopter survey contained 3 or 
fewer animals, and 11% of the groups were lone deer. In 
comparison, only 16% of the groups recorded during the 
fixed-wing survey were comprised of 3 or fewer deer and none 
were alone.

Productivity
Thirty-three corpora lutea of pregnancy were counted in 

17 of the 19 pairs of ovaries examined from yearling and 
older females collected between mid-January and mid-June 
(Table 13). Ovulation rates were 1.74 for all 19 females 
and 1.94 for the 17 pregnant females. The 17 females 
carried 29 fetuses, indicating a fertilization rate of 88%.

Overall, 19 of the 21 females examined during winter 
and spring were pregnant; a pregnancy rate of 90%. These 
carried 32 fetuses, 1.52/female and I.68/pregnant female.
Sex was determined for 31 fetuses, of which 15 (48%) were 
females and 16 (52%) were males, indicating an approximate 
1:1 sex ratio in utero.

Corpora albicantia were detected in 24 (75%) of the 32 
sets of ovaries examined yearlong, indicating previous 
pregnancy. None of the 4 yearling females showed evidence 
of pregnancy as fawns. Although only I of 3 2-year-olds
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Table 13. Summary of ages, ovary status, and fetuses

produced by 34 female mule deer examined on the 
Dog Creek study area, 1985-1986.

Date No. of
Collected Age No. of CLP1 Presence of CA2 Fetuses

Jan. 16 3 0 + 0
Jan. 16 3 2 I
Jan. 20 2 2 + 2
Jan. 20 3 0 + 0
Feb. 73 3 I
Feb. 173 I 2
Feb. 18 I 2 2
Feb. 25 8 2 + 2
Mar. 14 10 2 + 2
Mar. 14 8 2 + 2
Mar. 16 8 2 + 2
Mar. 16 5 2 2
Mar. 16 10 2 + 2
Mar. 24 2 I I
Mar. 25 5 2 + I
Apr. 18 3 3 + 2
Apr. 18 3 2 + 2
Apr. 26 . 8 2 + 2
Apr. 26 4 2 + I
June 12 4 2 2
June 12 3 I + I
July I 2
July 3 5 +
July 6 I
July 25 3 +
Aug. 13 4 +
Aug. 23 3 +
Sep. 5 4 +
Sep. 17 I
Oct. 21 3 +
Oct. 21 6 +
Oct. 21 7 +
Dec. 9 8 +
Dec. 10 5 +

TOTALS 33 24 32

1Corpora lutea of pregnancy.
2Corpora albicantia, + = present.
3Ovaries in too poor condition to assess.
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showed corpora albicantiaf indicating pregnancy as a 
yearling, both yearlings collected in spring were pregnant, 
and each carried 2 fetuses. Both of the non-pregnant 
females in the winter-spring collections were 3-year-olds. 
Five other 3-year-old females were pregnant; 3 carried 
single fetuses and 2 had twins. Similarly, only 3 of 4 
4-year-olds had corpora albicantia. All females > 4-years 
of age in the winter and spring collections were pregnant 
and carried twin fetuses; only one, a 5-year-old, lacked 
corpora albicantia.

Conception and parturition dates were calculated from 
fetal measurements for 17 litters. Dates of conception 
ranged from 7 November to 9 December, with a median date of 
20 November. Based on an average gestation period of 203 
days (Robinette et al. 1973), the median fawning date was 10 
June. Calculations for individual years suggested an 
earlier mean conception date, 15 November, in 1986 (N=6) 
than in 1985 when the mean was 21 November (N=Il).

Fawn Recruitment
Observations of fawns at heel with individually marked 

females provided additional information on reproduction. 
During the summer of 1985, 24 females were observed 
sufficiently often to determine reproductive success. Of 
those, 9 (38%) reared 11 fawns (1.22/female with fawns,
0.46/female overall) to late summer. In 1986, 22 (79%) of 
28 marked females reared 37 fawns (I.68/female with fawns,
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I.32/female overall) through the same period. For 1985 and 
1986 combined, 31 (60%) of 52 females reared 48 fawns to 
late summer (1.55/female with fawns, 0.92/female overall).

Estimated fawnsdoe ratios for the study area from 
gestation (in utero) through late winter were, for 1985: in
utero, 1.58 fawns/doe; late summer, 0.46/doe; early winter,
0.36/doe; and late winter-early spring, 0.27/doe (estimated 
from observed fawnsadult ratio). For 1986, these ratios 
were: in utero, 1.44:1; late summer, 1.32:1; early winter, 
0.83:1, and late winter-early spring, 0.69:1. These data 
indicated significant neonatal mortality of fawns during 
1985 as compared with 1986, when relatively few fawns were 
lost at or following parturition.

In both years, fawns experienced only moderate, though 
consistent mortality from late summer through spring. The 
differences in ratios between early winter and late winter- 
early spring indicate over-winter fawn mortality was about 
25% during 1985-86, and 17% in 1986-87. This compares with 
estimated total population mortality rates of 24% and 27% 
for the 2 winters, respectively. One of three marked 
newborn fawns died before late summer as a result of 
entrapment in an illegally placed snare.

Adult Mortality
Ten neckbanded bucks were known to be on the study area 

on I October 1985. Of these, 4 (3 2-year-olds and I 
3-year-old) were legally harvested. Two others (I yearling
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and I 2-year-old) were assumed to have been harvested 
because both were seen on the study area prior to or during 
the hunting season, but were never observed following the 
season. These data suggested a harvest mortality rate of 
60% for males during 1985. Twenty-nine marked does were 
known to be on the area at opening of the 1985 hunting 
season. Two (I yearling and I 3-year-old) were legally 
harvested. Another (a 2-year-old) disappeared during the 
hunting season and was presumed to have been shot. These 
losses suggested a harvest mortality rate of 10.3% for adult 
females in autumn 1985.

Only 4 marked adult males remained on the study area 
during the 1986 hunting season. Although none of these were 
killed during the season, one (a 3-year-old) disappeared 
during December and may have died of wounds suffered 
earlier.

Twenty-eight marked females were known to be on the 
study area in autumn 1986. One (a 6-year-old) was legally 
shot. Another, a 5-year-old which had been regularly 
observed until the hunting season, disappeared and was 
presumed to have been shot. A third, a 3-year-old that had 
been routinely observed on the area, disappeared in December 
and may have died from wounds suffered during the hunting 
season. Thus, it was possible that 3 (10.7%) of the marked 
does died as a result of hunting in 1986; a rate very 
similar to that for 1985.
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One radio-collared yearling female died during February 

1986, apparently as a result of the severe conditions that 
winter. Another neckbanded doe (a 2-year-old) was regularly 
observed until April 1986z when she disappeared. These 2 
deer represented the only possible cases of winter mortality 
among marked adults and 6% of the total marked deer known to 
have been on the study area during winter 1985-86. Three 
unmarked deer carcasses were located: I, (unknown sex and
age) in January and 2 adult females (I yearling and I 
7-year-old) in March. No marked adults died during summer.

Other sources of mortality included coyote predation (2 
young fawn carcasses were found in early summer that were 
apparent coyote kills), illegal "harvest" (I marked fawn and 
an adult were found dead in illegally set snares during July 
1985), and scientific collections (46 deer were collected, 
including I neckbanded female).

Dispersal/Emigration
None of the marked female mule deer left the area 

during the study. Documentation of dispersal among males 
was hampered by the small number of males marked, only one 
of which was radio-collared. Overall, 6 males were marked 
as fawns. The single radio-collared male dispersed to the 
northwest as a yearling during June 1987. One of the 
neckbanded fawns was never observed on the study area after 
being marked in December 1984 and may have dispersed in 
spring 1985. Another was killed in a snare a month after it
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was marked. Still another was seen only once, 3 months 
after marking. Only 2 of the 6 were sighted on the study 
area through autumn of their second year.

Eight yearling males were neckbanded. One was never 
observed after capture but was harvested as a 3-year-old 11 
km southeast of where it was marked. Another was seen 2 
months after capture and then disappeared. A third was 
observed regularly on the study area through I October 1985. 
Four weeks later, on 29 October, his neckband was found near 
a road 43 km southwest of the I October location. Although 
this deer may have dispersed, it is equally possible that he 
was shot on the study area and the neckband discarded later 
at the site where it was found. The other five yearling 
males remained on the study area until harvested or the 
study ended.

Physical Condition
Monthly and seasonal trends in indices for fat content 

of kidneys and femur marrow (Tables 14 and 15, Fig. 23) 
indicated that the physical condition of deer on the Dog 
Creek study area was generally highest during early autumn 
(September), decreased sharply during late autumn to a low 
in early winter (December), remained low through late winter 
and early spring, and increased to early summer.

Although the two indices of condition were highly 
correlated through the year (r=0.64, p<0.001), the 
relationship varied seasonally. Seasonal r-values were
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Table 14. Mean kidney fat index (KFI) for 46 mule deer from 
the Dog Creek study area, 1985-1986. Sample sizes 
are in parentheses.

MEAN KFI
Time Sexes

Period Female Male Combined

June 43(2)
July 37(4)
Aug. 18(2)
Summer 34(8)

Sept. 52(2)
Oct. 52(3)

Autumn 52(5)

Dec. 14(2)
Jan. 23(4)
Feb. 29(4)

Winter 24(10)

March 18(7)
April 16(4)

Sorina 1 7 ( H )

29(2)
64(2)

43(2)
34(6)
41(4)

46(4) 38(12)

78(3)
110(1)

68(5)
66(4)

86(4) 67(9)

14(3)
14(2)
23(4)
23(7)

14(3) 22(13)

8(1) 17(8)
16(4)

8(1) 17(12)
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Table 15. Mean percent femur marrow fat content for 38 mule 
deer from the Dog Creek study area, 1985-1986. 
Number of samples in parentheses.

MEAN PERCENT FAT

Time Sexes
Period Female Male Combined

June 92(2) 92(2)
July 82(4) 82(2) 82(6)
Aug. 66(2) 93(2) 79(4)

Summer 80(8) 88(4) 83(12)
Sept. 88(1) 93(3) 92(4)
Oct. 87(3) 87(3)

Autumn 87(4) 93(3) 90(7)
Dec. 32(2) 32(2)
Jan. 62(2) 62(2)
Feb. 27(2) 50(1) 35(3)

Winter 40(6) 50(1) 42(7)
March 49(7) 44(1) 49(8)
April 58(4) 58(4)

Snrina 52(11) 44(1) 52(12)
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Figure 23. Monthly mean kidney fat index and femur marrow 

fat content for mule deer from the Dog Creek 
study area, 1985-1986.

0.53, 0.50, 0.19, and 0.75 for summer, autumn, winter, and 
spring, respectively. Seasonal means for both measures were 
highest in autumn and second highest in summer. Both also 
decreased sharply from autumn to winter. However, the femur 
marrow fat index (FMFI) reached a mean seasonal low in 
winter while the mean seasonal KFI was lowest in 
spring. There were no significant differences between sexes 
for either seasonal KFIs or FMFIs.

KFIs often varied widely, more so than FMFIs, among 
individuals collected during a given time period. The 
greatest variation occurred in summer and early autumn when 
deer were generally in best condition. KFIs for 3 females 
(age 2-5 years) collected in July ranged from 14% to 96%; 
the FMFI for these deer ranged only from 61% to 96%.



77
Similarly, individual KFIs for 3 females aged 3 to 7 years 
collected the same day in October ranged from 12% to 105%, 
while femur fat content ranged from 83% to 91%. Individual 
KFIs were much less variable in winter and spring when deer 
were generally in lower condition.

Mean seasonal whole-carcass weights of 45 deer 
collected during 1985 and 1986 are presented in Table 16. 
Seasonal sample sizes for all males and females aged I and 2 
years were too small to show any possible trends in body 
weight through the year. Mean weights of all females > 3- 
years of age were very similar in spring, summer, and 
autumn, and were lowest in winter. There were no 
significant differences in mean seasonal weights of females 
3-years-old and older between years, except in spring when 
the mean weight following the severe winter was 
significantly lower (p<0.01) than in 1985 (Table 17).

Table 16. Mean seasonal whole weights (kg) of 45 mule deer 
collected on the Dog Creek study area, 1985-1986 . 
Numbers of samples are in parentheses.

SEASON

Sex
Age 
(yrs.) Winter Spring Summer Autumn

Female I 63(2) 41(1) 44(1)
Female 2 59(1) 47(1) 56(1)
Female 3 + 56(7) 66(10) 65(6) 65(4)
Male fawn 38(1)
Male I 59(2) 68(1) 51(2) 65(1)
Male 2 68(2) 78(2)
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Table 17. Mean and range in seasonal whole weights (kg) for 

27 female mule deer >. 3 years on the Dog Creek 
study area, 1985-1986.

SEASON

Year Winter Spring Summer Autumn

1985
Mean 56 72 67 63
Range 49-66 62-76 63-71 59-70

N . 3 5 4 3
1986

Mean
Range

56
52-61

59
49-66

60
56-64

71
N 4 5 2 I

Field dressed (eviscerated) carcass weights and antler 
measurements of deer examined at hunter checking stations in 
1985 and 1986 are summarized in Table 18. Sample sizes were 
generally too small to detect any statistically significant 
trends or differences between years.

Records of the number of antler points on 44 males 
examined at check stations (Table 19) indicated that 
yearling males were predominantly "2-points" or larger on 
the Dog Creek area. Nearly one-half had a third point on 
one or both antlers. Conversely, 2 of 18 2-year-old males 
were 2-points, and 3 of 19 3-year-old and older males had 
one 2-pointed antler.
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Table 18. Summary of average hog-dressed weights (kg),

antler beam circumferences (cm), and main antler 
beam lengths (cm) of mule deer harvested in 
vicinity of the Dog Creek study area, 1985-1986. 
Sample sizes are in parentheses.

1985 1986
YEARS

COMBINED

Age
(yrs.) Wt.

Beam
Length Wt.

Beam Beam
Circ. Length

Mean 
W t .

Mean
Beam

Length

MALE
1.5 34.3(2) 52(2) 6.9(4) 29.7(4) 52(2) 31.2(6)
2.5 50(1) 39.6(13) 64(1) 8.4(1). 34.6(1) 57(2) 39.2(14)
3+ 65(1) 49.8(10) 68(9) 10.1(9) 47.1(9) 68(10) 48.5(19)
FEMALE
0.5 18(1) 18(1)
2.5 40(2) 40(2)
3+. 42(2) 48(1) 44(3)

Table 19. Number of antler points on 44 male mule deer
harvested in vicinity of the Dog Creek study area.
1985-1986. Sample sizes are in parentheses.

AGE (YEARS)

Antler I 2 3+
Points (7) (18) (19)

2 X 2 4 2
2 X 3 2 2
2 X 4 I
3 X 3 I 4 2
3 X 4 2 6
4 X 4 9 8
5 X 5 I
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DISCUSSION AND CONCLUSIONS 

Habitat Use Relationships

Patterns of mule deer use on the study area were 
influenced by topography/physiography, climate/weather, 
vegetation, and land use, especially livestock grazing.
These factors interactively determined seasonal and annual 
patterns of distribution, movements and home range size, use 
of cover types and range sites, food habits, and activity.

Distribution
Summer. The availability of succulent forage appeared 

to be a major factor influencing summer distribution. Deer 
also selected areas having greater interspersion of habitat 
segments in summer as compared with winter. This was 
indicated by heavy use of the creek bottom cover type which 
provided green forage through most of the summer, as well as 
cover from overhanging banks and scattered trees. Hilly 
areas providing cover adjacent to reliable water sources 
with their associated green vegetation, such as Gutshot and 
Grub Reservoirs, were also heavily used during summer. With 
limited availability of green forage in summer, deer 
preference for areas with higher habitat diversity would
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enhance their chances of finding succulent vegetation. The 
two most important.forage items for deer during summer were 
rose and yellow sweetclover. Yellow sweetclover was also 
reported as a preferred summer mule deer forage species by 
Mackie (1970) for the Missouri River Breaks and by Dusek 
(1971) for northcentral Montana. Rose occurred mostly in 
draws and cuts, while sweetclover was found primarily in 
borrow pits along roadsides and in creek bottoms. Use of 
the most diverse habitat available (e.g. hills near a water 
source) provided deer relatively easy access to those 
habitat components.

Autumn. The shale hills and creek bottom cover types 
continued to be the most heavily used areas in autumn, 
though use of the former increased and the latter decreased 
from summer. This shift in habitat use was also apparent in 
the autumn diet of deer. Rose, abundant in draws within the 
shale hills, remained the most highly used shrub. Rubber 
rabbitbrush, which was found primarily in the hills cover 
type, became increasingly important, while forb use declined 
from summer levels. Dusek (1971), Wood (1987), and Hamlin 
and Mackie (1989) also found rubber rabbitbrush to be 
especially prevalent in mule deer diets in autumn in other 
areas of Montana. The use of grasses also increased from 
summer levels. This increase was coincident with regrowth 
following above normal precipitation in August 1985. and 
September 1986.
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In all total coverage surveys flown during autumn, deer 

were found more often than expected in rested cattle 
pastures than in those grazed during the year. Late in the 
season, abundant forage was difficult to locate in grazed 
pastures. Vegetation was more abundant in rested than in 
grazed pastures due to regrowth, which could help explain 
the increased use of rested pastures.

Availability of secure cover also appeared to have 
influenced deer distribution during fall, especially during 
the hunting season. Because vegetation on the study area 
provided little or no hiding cover, deer typically sought 
shelter in areas of greater topographic relief such as the 
shale hills and deeply cut drainageways. Autumn was the 
only season when deer moved out of the Lone Tree Creek 
drainage. This may have been due to disturbance by traffic 
along the gravel road that paralleled Lone Tree Creek and 
provided easy access into that area. This access also 
increased hunting pressure such that deer normally ranging 
in the area may have shifted to areas of greater security. 
Swenson (1982) also reported that mule deer used more secure 
habitats in response to hunting season in another area of 
eastern Montana.

Winter. In winter, deer occurred in larger groups and 
were distributed over less area than in summer. During the 
relatively mild winters of 1984-85 and 1986-87, they were
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concentrated primarily in the shale hills cover type. This 
was the only cover type deer selected during winter.

Rough terrain associated with shale hills provided a 
greater variety of microsites from which deer could select 
to lessen the effects of weather than other cover types. 
Besides protection from the wind, the hills provided 
snow-free areas along ridgetops and south and west facing 
slopes. They also supported the greatest diversity of shrub 
species of any of the cover types on the study area. Wood 
(1987) also found that mule deer preferred rugged topography 
in winter to ameliorate environmental conditions and for 
foraging. The deeply eroded cuts that were utilized for 
cover in other seasons were little used in winter. Thus, 
deer use of the hills during this season was probably due to 
a combination of the comfortable environment the area 
provided and security needs.

In winter mule deer foraged almost exclusively on 
shrubs, especially big sagebrush and Nuttall saltbush. The 
relative occurrence of Nuttall saltbush in the winter diet 
indicated that deer made regular movements out of the hills 
to forage in level terrain where Nuttall saltbush was 
abundant.

During winters 1984-85 and 1986-87, deer were observed 
more often than expected in cattle pastures that had been 
rested the previous grazing season. This was possibly in 
response to the amount of residual vegetation available
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above the snow in those pastures as compared to pastures 
that had been grazed. Some areas deer used in other seasons 
were not available in winter as low lying areas drifted in 
with snow. Accordingly, few deer were observed in drainage 
bottoms or associated cover types.

Winter 1985-86 provided an opportunity to document the 
differences in habitat use under extreme winter conditions. 
In most years, the study area apparently furnished suitable 
year-round mule deer habitat. Under the unusually severe 
conditions of winter 1985-86, however, most of the core 
study area became inadequate by mid-December when deer began 
to move off the area. Most remained off until mid-March 
1986.

Several environmental factors probably contributed to 
the study area becoming largely unsuitable for deer. 
November, December, and February of that winter were colder 
than average. Snow cover accumulated earlier and deeper and 
persisted longer in 1985-86 than in the more mild winters of 
1984-85 and 1986-87. Also, a thick, rigid crust developed 
early in the period that inhibited foraging by deer.

Marked deer from the study area moved southward to 
range adjacent to or within the CMR, particularly in Bennett 
and Browning Coulees. The CMR, which bordered Fort Peck 
Lake, contained greater topographic relief and more shrubs 
than the study area. This area was characterized by 
"breaks" type habitat consisting of extensive west- and
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south-facing exposures, sandstone ridges, and narrow, steep 
drainages with slopes >50% (USDI 1985). The vegetation on 
this "winter area" was not quantitatively sampled. However, 
a number of species not seen on the Dog Creek area were 
common. These included; needle-and-thread grass (Stipa 
cpmata) and yucca (Yucca glauca) on grassy hilltops and 
south-facing slopes, Indian ricegrass (Oryzopsis hymenoides) 
along south-facing sandstone ridges. Rocky Mountain juniper 
(Juniperus scopulorum) and Ponderosa pine in scattered 
patches along drainages leading to the lake, and chokecherry 
(Prunus yirainiana) and currant (Ribes spp.) often found in 
the heads of drainages. Mackie (1970) describes the 
vegetation of a similar area of Missouri River "breaks" 
southwest of this area.

The greater topographic relief and steeper, more 
southerly and westerly facing slopes in the "breaks" 
provided much more favorable conditions for deer than the 
Dog Creek area. A very obvious snow-free zone occurred east 
and south of Willow Creek, where the ground began rising 
toward the ridges of "breaks" habitat (Fig. 24). The area 
west and north of this zone (the Dog Creek area) was almost 
completely blanketed by snow. Additionally, the higher 
abundance of shrub species in the "breaks" presented deer 
with increased foraging opportunity during periods of deep
crusted snow cover.
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Figure 24. View of Two Forks Reservoir and vicinity during 
January 1986 looking northwest toward the Dog 
Creek study area in the background. The 
snow-free zone provided "emergency" winter range 
for mule deer from the study area.

The majority of marked deer moving off the study area 
appeared to move south only as far as necessary to find 
snow-free conditions. Indeed, the largest concentrations of 
deer occurred just within the "snow-free" zone and adjacent 
to rough "breaks" habitat.

Despite the severe conditions, a few deer remained on 
the study area in small pockets of high quality winter 
habitat in the shale hills near Grub Reservoir and along 
Lone Tree Creek near Gutshot Reservoir. These areas were 
highly diverse and apparently were able to supply the needs 
of deer through even the most demanding of conditions.
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Spring. Although most deer continued to use the shale 

hills cover type, especially in the Lone Tree Creek 
drainage, in spring they gradually dispersed over more of 
the study area as new vegetation appeared. Deer appeared to 
"key" on green forage wherever it occurred. The 
availability of preferred green plants appeared to be the 
primary factor influencing spring deer distribution and 
overrode even the presence of or previous use by cattle.
In spring, deer did not show the decided preference for 
rested or unoccupied cattle pastures that was observed in 
autumn and winter. However, the one spring survey that 
indicated deer preferred occupied pastures may have been 
misleading. The early-use pastures had been rested the 
previous season and may have contained more favorable forage 
conditions than the other pastures.

Shrubs continued to dominate mule deer diets in spring, 
but forb use increased and grasses were utilized more than 
in any other season. Dusek (1971) also reported higher use 
of grasses by mule deer in spring in northcentral Montana 
than for other seasons, as did Wood (1987) in his study in 
eastern Montana. Use of the shale hills at this time of 
year presumedly provided deer with both a wide variety of 
shrubs and early "green-up" of grasses and forbs on south 
and west facing slopes.

The very high mule deer use of deeply cut drainageways, 
especially small gullies, indicated that these cuts were an
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important habitat component. Many of the cuts were only a 
few meters wide and 1-2 meters deep. However, they were 
generally available over most of the study area, including 
areas of gentle terrain. In such areas, where vegetation 
and topography afforded little cover, cuts provided secure 
hiding cover, visual isolation, shelter from the wind and 
sun, and forage. Deer appeared to key on cuts, especially 
in summer. Cuts usually contained more green vegetation 
than adjacent areas.

Availability of secure microsites allowed deer to use 
all cover types, including the open big sagebrush-grass and 
Nuttall saltbush types. This is evident in the relatively 
uniform distribution of deer observed during summers, when 
use of cuts was highest. During all seasons, except winter 
when they drifted in with snow, cuts provided secure travel 
corridors through which deer could travel across open 
habitats, connecting high use areas in the shale hills to 
the extremely important creek bottoms.

Movements and Home Range
Seasonal home range sizes for this study were very 

large and showed a considerable amount of variation.
However, deer were quite faithful to these traditional 
seasonal ranges. Movement patterns also varied depending on 
the individual deer. • There does not appear to be a 
"typical" pattern of movement for mule deer utilizing this 
type of habitat.
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Mule deer on the Dog Creek study area did not migrate 

between seasonal ranges, except under extreme winter 
conditions and were able to occupy traditional home ranges 
yearlong during most years. Summer polygon home range sizes 
and AARs for mule deer were found to be much larger in this 
study than those observed in other Montana mule deer 
habitats, such as the Bridger Mountains of southwestern 
Montana (Pac 1976, Nyberg 1980, and Rosgaard 1981), a 
prairie/agricultural area of eastern Montana (Wood 1987), 
the Missouri River Breaks of northcentral Montana (Hamlin 
and Mackie 1989), and the Ponderosa pine covered hills of 
the southeastern part of the state (Griffiths 1990). The 
native big sagebrush/grassland habitat on the Dog Creek 
study area may have been less diverse than these other areas 
forcing deer to forage over larger areas during summer when 
succulent vegetation was more difficult to locate.

Mean winter home range size for adult female mule deer 
that remained on the core study area during the severe 
winter of 1985-86 when most deer had moved off the area was 
similar to the mean summer home range size. The diverse, 
high quality areas inhabited by these deer enabled them to 
use traditional areas even under extreme conditions and not 
have to search for forage or shelter in areas with which 
they were not familiar. The mean polygon home range size 
for deer during the relatively mild winter of 1986-87 was 
similar to that found by Rosgaard (1981), Wood (1987), and
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Hamlin and Mackie (1989), larger than that found by 
Griffiths (1990), and smaller than reported by Nyberg 
(1980).

Most studies (Wood 1987) indicate that mule deer home 
range sizes are generally greater during winter than summer. 
However in this study, the mean home range size of adult 
females during the summers of 1985 and 1986 was greater than 
during the winter of 1986-87 when deer stayed on the study 
area within their traditional ranges. This may have 
occurred because deer were seeking succulent vegetation 
during summer and occupying primarily shale hills and 
drainage bottom cover types. Large home ranges resulted 
because deer often made substantial movements between the 
two types. During winter, however, deer keyed on areas of 
rough terrain to use for shelter from the weather. Since 
drainage bottoms were often drifted with snow, shale hills 
provided the only topographic relief. In the hills deer 
could find protection from the weather, as well as foraging 
opportunities, in close proximity. No large movements were 
necessary, so winter home ranges were relatively small.

Mean winter home ranges were extremely large for the 
deer that "migrated" off the study area during the winter of 
1985-86 and were among the largest found in the literature 
for mule deer in any environment (Wood 1987). These deer 
had to move long distances to find an area with acceptable 
conditions that winter. For many migrants, suitable areas
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were, along the west side of the ridge of "breaks" that ran 
along Fort Peck Lake. Some deer stayed in relatively small 
areas once they made their initial "migratory" movement, 
while others kept moving all winter until returning to the 
study area when conditions allowed.

Nocturnal triangulations suggested that most deer 
travel toward mesic sites during the night. Therefore, home 
range sizes calculated from daytime locations underestimated 
total home range size by 268%. This estimate was reduced to 
135% when the extraordinarily large nocturnal home range 
(6.32 km2) of one deer from the August 1986 triangulation 
session was omitted.

Deer whose total seasonal home ranges were relatively 
small generally had nocturnal home ranges that overlapped 
each other more than those of deer having larger total 
seasonal home ranges. Nocturnal home ranges for deer with 
comparatively small total seasonal home ranges also were 
more likely to occur within the bounds of their daytime 
seasonal home range than those of deer with larger total 
seasonal home ranges. This might indicate that deer with 
small, closely overlapping nighttime ranges occupied better 
quality areas in which they could meet all of their needs 
and concentrate their movements within the same small area. 
Conversely, deer occupying less desirable habitats moved 
over larger and even different areas each night.
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Population Characteristics

Variations in population estimates during spring and 
autumn suggest that the study area did not comprise a 
discrete population/habitat unit. Deer from other areas may 
have moved through the Dog Creek area during these times of 
year. Most autumn transients apparently moved off the area 
during the early parts of November and all by December. All 
deer that were collared were captured in December and all 
appeared "resident" to the study area. Therefore, the 
population of resident deer may be most stable during 
December and post-harvest population surveys conducted then 
may provide the best and most comparable estimates of 
population composition and trend on the study area.

Surveys during January and February would also be 
expected to provide reliable population estimates in 
mild-moderate winters. During severe winters many resident 
deer are likely to be absent. Generally, observability 
would be enhanced by increased size of deer groups and 
increased likelihood of snow cover.

Population trends for the Dog Creek study area during 
1981-1987 were consistent with trends indicated by data from 
other mule deer research and management trend areas in 
central and eastern Montana (Wood et al. 1989), although the 
timing and rates of increase and decline may have varied 
somewhat. Estimated population densities between 1981 and 
1987 for this study ranged from 0.92 to 4.23 deer/km2. This



93
is a lower and more variable range of densities than was 
reported by Hamlin and Mackie (1989) for the Missouri River 
Breaks during the same period (3.16 to 6.24 deer/km2) . Mule 
deer densities recorded by Wood (1987) during 1981-86 in an 
eastern Montana prairie environment were similar (0.81 to 
3.50 deer/km2) to those observed in this study during the 
same years. Wood (1987) also reported similar decrease 
(46%) in mule deer population size between 1984 and 1985 as 
was reported in this study (53%). Wood (1987) and Hamlin 
and Mackie (1989) reported their highest deer densities 
during 1983, while density on the Dog Creek area peaked in 
1984.

Fawn:doe ratios on the Dog Creek area were within the 
range reported for mule deer in other areas of Montana 
during 1981-87 (Wood et al. 1989). However, ratios 
increased on the Dog Creek area from 1981 to 1983 while they 
decreased in other areas of the state. Mule deer fawn;doe 
ratios for the Dog Creek study were higher during 1981-86 
than Wood (1987) reported for that period in eastern 
Montana, higher during 1981-87 than recorded for those years 
by Hamlin and Mackie (1989) in the Breaks, and higher during 
1983-86 than those reported by Griffiths (1990) for 
southeastern Montana during the same period. The lowest 
ratios for all these studies were reported during 1985 and
1986.
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Group sizes and their seasonal trends observed in this 

study were very similar to those reported by Wood (1987) for 
mule deer in another prairie habitat. Smaller mean group 
sizes for helicopter surveys suggest better observability 
and coverage with the helicopter resulting in sightings of 
more single deer and small groups of deer than surveys with 
fixed-wing aircraft.

The range of conception dates obtained in this study, 7 
November - 9 December (median of 20 November), was similar 
to the 22 November - 9 December reported by Dusek (1971) for 
an area in northcentral Montana. However, both the median 
(25 November) and range (15 November - 24 December) were 
later in the Missouri River Breaks southwest of the Dog 
Creek area (Hamlin and Mackie 1989).

The 90% pregnancy rate for this study was similar to 
that indicated by Wood (1987) and Hamlin and Mackie (1989) 
for other Montana mule deer studies. Ovulation rates of 
1.74 per female and 1.94 per pregnant female for this study 
were lower than found by Dusek (1971) and higher than 
reported by Hamlin and Mackie (1989). The fertilization 
rate of 90% was very similar to the findings of Dusek (1971) 
and Hamlin and Mackie (1989) for mule deer in Montana.

Information from harvested mule deer at hunter check 
stations suggested that both yearling and older males were 
heavier and had longer main antler beams on the Dog Creek 
area than on Wood's (1987) Cherry Creek study area in
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eastern Montana. Weights recorded for male deer in this 
study were also generally greater than those recorded by 
Hamlin and Mackie (1989) in the Missouri River Breaks.
Some of these differences may have been due to the small 
sample sizes associated with this study.

KFIs were highly variable, especially in autumn, but 
showed an annual pattern similar to that described by Dusek 
(1987) for white-tailed deer in southeastern Montana. In 
that study, Dusek also reported highly variable KFIs among 
individual deer during autumn.
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MANAGEMENT IMPLICATIONS

1. Summer habitat use analysis highlighted the 
importance of mesic drainageways, especially small gullies 
and cuts, to mule deer for forage, shelter, and cover in 
this otherwise relatively open environment.

2. Diverse habitats with drainageways near reliable 
sources of water and succulent vegetation were indicated to 
be the best year-round habitats on the study area. The 
shale hills near Gutshot and Grub Reservoirs appeared 
especially important.

3. During severe winter weather, when only a few areas 
on the Dog Creek area provided suitable habitat, most deer 
moved to "emergency winter ranges" located south and 
southwest of the study area along the west side of the 
"breaks" adjacent to Fort Peck Lake. Areas of rough terrain 
near good forage in the vicinity of Two Forks and Chico 
Reservoirs were used extensively.

In light of these findings, consideration might be 
given to implementing management systems on public land that 
maximize the amount of residual vegetation in winter in 
areas of rough terrain. These areas should be recognized
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for their value in providing forage and cover for mule deer 
in this environment.

4. Aerial surveys and locations of marked deer 
suggested that deer preferred unoccupied and previously 
rested cattle pastures during most seasons. As a result of 
establishing the water distribution system throughout much 
of the study area, cattle probably grazed more of the area, 
especially the shale hills cover type. Therefore, deer may 
not have concentrated in hilly terrain as much as if no 
water were provided.

5. Providing water tanks throughout the area probably 
was of little benefit to deer, especially since the tanks 
were empty except when cattle occupied pastures. Deer 
appeared to make little use of small stock ponds that held 
water only part of the year.

6. Deer made heavy use of relatively abundant 
vegetation associated with large reservoirs. There was also 
considerable deer use of some portions of old water 
detention and spreader systems during summer. These 
provided little open water, but increased growth of 
succulent vegetation over large areas. Most deer made 
movements toward these mesic areas at night during summer, 
especially those associated with rough terrain. Special 
management emphasis might be directed toward enhancement and 
maintenance of additional mesic areas on the area. Fencing 
areas near large reservoirs or other large water management
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structures to allow cattle access to water, but manage their 
use of the vegetation in these areas, could provide 
increased growth of green succulent forage for deer.

7. The Dog Creek study area may not have comprised a 
complete population/habitat unit and may need to be expanded 
in order to accurately reflect population trends. Thus, 
population trend counts and classifications should be 
interpreted and applied with a degree of caution.

8. The population of resident deer appeared most 
stable during December. Post-harvest population surveys 
conducted then may provide the best and most comparable 
estimates of population composition and trend on the study 
area.

9. Helicopter surveys resulted in more deer observed, 
but did not provide significantly different population
estimates.
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Table 20. Plant species composition in 7 cover types on the 

Dog Creek study area based on a commonness index 
(frequency x presence x 100). Cover types are:
I) big sagebrush-grass, 2) shale hills, 3) Nuttall 
saltbush,'4) greasewood, 5) meadow, 6) silver 
sagebrush, and 7) creek bottom.

SPECIES
COVER TYPE

1 2 3 4 5 6 7

GRASSES AND SEDGES
Aaropyron caninum 
A. cristatum 
A. smithii 
Aarostis scabra 
Andropoaon scoparius 
Bouteloua gracilis 
Bromus iaponicus 
Calamaarostis montanensis 
Calamovilfa lonaifolia 
Carex pensyIvanica 
Elymus canadensis 
Hordeum jubatum 
Koeleria pyrimadata 
Poa sandberaii 
P . scabrella 
Spartina gracilis 
Sporobolus cryptandrus 
Stipa viridula

FORBS

Achillea millefolium 
Allium spp.
Aster spp.
Atriplex dioica

X1 3
X X X
47 14 2 31 X 81
X T2

2
3 X

T T 3
T I
T T
X I

X
I T 2 T X T
X X
25 8 28 88 34

X X
X
X T X
6 T X

T
18 T 38 I T
I T

38 12
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Table 20 Continued.

COVER TYPE
SPECIES I 2 3 4 5 6 7

Camelina microcaroa 11 15
Chenooodium fremontii I X T
Cirsium flodmanii X X
Comandra umbelIata 6 5
Convolvulus arvensis X X
Corvohantha vivipara T
Descurainia spp. 23 6 3 7 T
Erioaonum oauciflorum T 4
Gaura coccinea X X
Glvcvrrhiza lepidota X X X
Grindelia sauarrosa X T X
Helianthus annuus I 2 T
H . maximiliani X X X
Kochia scooaria X X
Lactuca oulchella X X
Laooula echinata 2 I 6 I 4
Leoidium densiflorum 10 4 63 36
L. oerfoliatum 7 13
Liatris ounctata X
Machaeranthera canescens X X X
Melilotus officinalis X X I
Monoleosis nuttalliana X X X X
Musineon divaricatum X
Oenothera caesoitosa T X
Oountia polyacantha 4 T 5 2 2
Penstemon nitidus T I
Phacelia linearis 16 T
Phlox hoodii 3
Plantaao elonaata I 19 26 T
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Table 20 Continued.

COVER TYPE
SPECIES I 2 3 4 5 6 7

P . pataqonica 4 T T
Polvaonum ddualasii 11 25 29 17 6
Sohaeralcea coccinea 5
Solidaao missouriensis X T
Sonchus oleraceus X X
Taraxacum officinale X X
Thermoosis rhombifolia T I
Thlasoi arvense T 6
Traaoooaon dubius X 4
Unidentified Umbelliferae 11 I 4 T
Vicia americana 5 T
Xanthium strumarium X X X

SHRUBS AND TREES
Artemisia cana T 10 93
A. friaida T T
A. Ionqifolia X
A. tridentata 66 5 I T
Atriolex nuttallii 5 T 65 16
Chrysothamnus nauseosus I
C . viscidiflorus 2 7
Gutierrezia sarothrae T T
Junioerus horizontalis 4
Pooulus deltoides X X
Rhus trilobata I
Rosa arkansana 2 6 2
Salix amvadaloides X X
S . exiaua X X
Sarcobatus vermiculatus 2 6 81 2
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Table 20. Continued:

COVER TYPE
SPECIES I 2 3 4 5 6 7

SvmDhoricaroos occidentalis X X

OTHERS
Juncus spp. X X
Saoittaria son. X X
Xanthooarmelia chlorochroa 34 2 63

Total number of species 55 41 31 26 10 32 13
Number of quadrats sampled 150 150 150 150 0 150 0

1Species observed, but not sampled in plots. 
2Iess than 0.5.
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Table 21: Aerial survey data for mule deer observed on the 

Dog Creek study area, 1985 to 1987.

Date Total Adults Fawns Females Males Unclass.

1/3/85 282 229 53 188 41 0
4/9/85 168 168
9/9/85 185 131 54 109 22 0
10/1/85 146 104 42 . 88 16 0
12/20/851'2 140 106 34 93 . 13 0
1/9/862 40 28 12 28 0 0
3/27/862 116 116
4/21/862 121 98 23 0
9/7/86 164 102 62 89 13 0
10/25/86 146 89 57 80 9 0
12/19/861 347 197 150 182 15 0
12/20/86 262 147 115 137 10 0
4/30/87 204 119 75 10

1Helicopter survey - other surveys employed fixed--wing
aircraft.
2Many deer were off the study area during this survey.



Table 22. Flight conditions and relative observability of marked mule deer during full-
coverage aerial population surveys on the Dog Creek study area, January 1985 to 
April 1987.

Date
Start
Time

Cloud
Cover

Wind
Speed

Snow
Cover

Temp.
(0F)

Air
craft Pilot

Obser
ver

# Deer 
Marked

Marked 
Deer 

Obser.
Obs. 
Index

1/3/85 0825 S1 I 46 33 7.2
4/9/85- 0620 0% low 0% 30 S I 2 40 30 75
9/9/85 0640 100% low 0% 50 S 2 32 40 14 35
10/1/85 0715 10% low 0% 33 S 3 2 39 16 41
12/20/85 1035 80% mod 90% 34 H3 4 2&4 29 13 454
1/9/86 0840 85% IOmph 95% 24 S 3 3 34 3 94
3/27/86 0715 100% ISmph 0% 55 S 5 3 33 19 584
4/21/86 0840 60% low 0% 57 S 5 2 33 20 614
9/7/86 0700 10% Smph 0% 41 S 5 3 33 13 39
10/25/86 1230 0% IOmph 0% 55 S 5 3 33 18 54
12/19/86 0910 10% low 10% 23 H 4 2&3 32 28 88
12/20/86 1020 0% Omph 10% 27 S 5 3 32 22 69
4/30/87
'It . ~ ~ ~  r»„

0640 40% . Omph 0% 66 S 5 . 3 28 20 71

2Author = observer #3; observers I,2,&4.were wildlife biologists experienced in aerial 
surveys.

3Bell helicopter.
4Many deer had moved off the study area and not returned at the time of the survey.
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