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ABsTRACT.-We characterized 131 summer, diurnal bed sites of 26 elk (11 bulls and 15 
cows) in Custer State Park, South Dakota, from 5 June-30 August 1994, 1995 and 1996. 
Overstory canopy closure, number and basal area of trees, percent litter and bare ground 
were greater (P < 0.05) at bed sites than at random plots. North aspects were selected (P 
< 0.05). Microsite air temperature and percent of grass were lower (P < 0.05) at bed sites 
than at random plots. Hiding cover, wind speed, percent of forbs, shrubs, rocks, and wood, 
slope percent, average tree dbh, elevation, distance to roads, distance to trails, and distance 
to water were not different between bed sites and random plots (P > 0.05). Trees were 
present at 128/131 (97.7%) of bed sites (0.01 ha square plot), but occurred on only 41.2% 
(54/131) of random plots. An average summer, diurnal elk bed site had basal area >12.4 
m 2/ha, > 110 trees/ha, >54% canopy closure on N aspects. Overstory canopy closure, tree 
basal area and microsite temperature correctly classified 86.2% of the observations, suggest­
ing thermoregulatory factors influenced CSP elk use of summer, diurnal bed sites. Although 
elk are successful in some unforested areas despite the lack of suitable thermal cover, our 
data suggest that elk in the Black Hills prefer relief sites that provide thermal bed sites when 
available during the summer diurnal period. Management of appropriate thermal cover 
should be maintained in areas in which it exists. 

INTRODUCTION 

The importance and arrangement of thermal cover to elk ( Cervus elaphus) has been 
discussed by several researchers (Black et al., 1976; Thomas et al., 1979; Peek et al., 1982; 
Zahn, 1985; McCorquodale et al., 1986; Merrill, 1987, 1991; Brown, 1994). Homeotherms 
such as elk must maintain a stable body temperature and use of thermal cover is one way 
elk balance heat gains and losses (Thomas et al., 1979). Peek et al., (1982) reported that 
in elk herds with access to adequate thermal cover, numbers fluctuate less and survival is 
higher during temperature extremes. However, the necessity of thermal cover by elk on 
summer range has been questioned (McCorquodale et al., 1986; Merrill, 1987, 1991). 
McCorquodale et al., (1986) and Merrill (1987) reported the presence of successful elk 
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populations despite the lack of suitable thermal cover in unforested environments. Increas­
ing nocturnal activity, reduced diurnal activity, sweating and large home range sizes were 
behavioral adaptations to these heat-stressed environments (McCorquodale et al., 1986; 
Merrill, 1987, 1991). Furthermore, Merrill's (1987, 1991) energy budgeting analyses indi­
cate elk can maintain body temperatures despite high radiative heat gain in open habitats. 

However, elk occupying open habitats incur greater thermoregulation costs than elk 
which have access to forest cover (Merrill, 1987). Although energy intake is high during 
the summer months, energetic costs associated with lactation and calf-rearing are also high. 
Additional metabolic costs of energy balances in areas without vegetative thermal cover 
could also be great. Important behavioral responses by elk in unvegetated areas (e.g., Mount 
St. Helens) such as an increase in nocturnal activity may be successful only in areas where 
human disturbance is minimal and where abundant forage allows flexibility in foraging 
behavior (Merrill, 1991). 

Although controversy exists over the necessity of summer thermal cover for elk, hiding 
cover is considered a critical component of elk habitat by reducing the frequency of human 
disturbances. Geist (1982) proposed that thermal cover needs of elk may be of secondary 
importance to an elk's hiding cover requirements. Therefore, knowledge of summer, di­
urnal microsite use by elk is important in determining both thermal and hiding cover needs. 

In 1988 and 1990, about 40% of the forested habitat in Custer State Park (CSP), South 
Dakota, burned in wildfires representing a potentially significant impact on both thermal 
and hiding cover. Additionally, CSP has ca. 1.5 million visitors annually with peak use oc­
curring in the summer diurnal period (Millspaugh, 1995). Therefore, we hypothesized that 
selected habitat variables during the summer diurnal period by CSP elk will be most asso­
ciated with hiding cover, not thermal cover. This paper identifies important microsite char­
acteristics of summer diurnal bed sites to elk in CSP, South Dakota. 

STUDY AREA 
Custer State Park encompasses 29,150 ha in the southern portion of the Black Hills region 

of western South Dakota. Temperatures average 27 C in the summer and - 10 C in winter 
(Morgan, 1987). Elevations range from 1137 min the E to 2083 m in the NW. Annual 
precipitation varies within the park from 472 mm to 638 mm. 

Custer State Park features a wide variety of Black Hills topography ranging from forested 
mountains to prairies. Located in the central United States, CSP exhibits qualities of both 
eastern and western environments with respect to flora and fauna. The three general veg­
etation types that occur in the Black Hills are the coniferous forest, deciduous woodland 
and prairie grassland, all of which exist in CSP (Turner, 1974). Prairies dominate the SE 
part of the Park and ponderosa pine (Pinus ponderosa) dominates the forest community. 
Aspen (Populus tremuloides) and paper birch (Betula papyifera) are common in drainage 
areas. The Galena and Cicero Peak fires in 1988 and 1990, respectively, burned a total of 
8500 ha within the Park, affecting about 40% of CSP's forest habitat. A 1.3 m woven wire 
fence topped by three strands of barbed wire surrounds the Park. Custer State Park is 
bordered by Wind Cave National Park to the S, private rangeland to the E and Black Hills 
National Forest to the N and W. Ungulate populations in CSP include ca. 1000 elk, 140-
150 pronghorn antelope (Antilocapra americana), 125 mule deer ( Odocoileus hemionus), 
150 white-tailed deer (0. virginianus), 120-140 bighorn. sheep (Ovis canadensis) and an 
overwintering population of approximately 950 buffalo (Bison bison). 

METHODS 

Capture.-Elk were trapped from 1 July to 30 August 1993 and 15 June to 29 July 1995 
using one side-collapsible modified Clover trap similar to that reported by Thompson et al. 
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(1989) and eight "scissor" folding Clover traps (Sparrowe and Springer, 1970) baited with 
salt (Millspaugh et al., 1994). Each captured adult elk was immobilized with a combination 
of Telazol® (Elkins-Sinn, Inc., Cherry Hill, NJ.) and xylazine hydrochloride (Millspaugh et 
al., 1995) and fitted with a mortality sensing radio collar (Lotek Engineering, Inc., Ontario, 
Canada). Calves were released after being ear-tagged and sexed. Helicopter Wildlife Man­
agement (Salt Lake City, Utah) assisted in net-gunning elk on 6 August 1993 using a hand­
held or strut mounted net gun on a Hughes 500C helicopter. Each captured elk was fitted 
with a mortality-sensing radio collar and released. 

Microsite characteristic measurement.-Each day from 5 June-30 August 1994, 1995 and 
1996, one or two elk were randomly selected for visual verification of location from the 
ground for measurement of microsite characteristics. Visual observations were obtained by 
homing in on signals until the elk was seen. An attempt was made not to disturb the elk 
before a visual observation was made. We then induced movement of elk from their position 
to obtain microsite data. 

Ambient air temperature was recorded before the visual observation. At each elk location, 
the date, time, location (Universal Transverse Mercator coordinates), microsite air temper­
ature (C), precipitation, percent cloud cover, wind speed, percent slope and aspect (N = 
337.6° - 22.5°; NE = 22.6° - 67.5°; E = 67.6° - 12.5°; SE = 112.6° - 157.5°; S = 157.6° 
-: 202.5°; SW = 202.6° - 247.5°; W = 247.6° - 292.5°; and NW = 292.6° - 337.5°) were 
recorded. 

Understory characteristics of habitat were sampled using 20, 20 cm X 50 cm plots (Dau­
benmire, 1959). Percent cover <l min height of grass, forb, shrub and ground cover of 
rock, litter, bare ground and wood was ocularly estimated to the nearest percent using four 
5-m transects oriented in each compass quarter from the elk location. The upper corner 
of the plot frame was randomly placed to the left or right at 1-m intervals from the plot 
center along the transect. 

Overstory habitat variables were recorded within a 0.01-ha plot centered at the position 
of each elk. Information recorded included tree basal area, overstory canopy closure, and 
cover type (dominant overstory tree species). All trees within the 0.01-ha plot were counted 
and their diameter was measured at breast height (dbh). A spherical densiometer was used 
to estimate overstory canopy closure from four readings placed at the elk location, one in 
each compass quarter. Horizontal obstruction (percent of cover cloth covered) was mea­
sured at 25, 50, 75 and 100 m in each compass quarter using a 2.25 m2 checkered density 
board. 

Elevation, distance to nearest road, distance to trails and distance to water were deter­
mined by overlaying elk locational data on maps within SPANS GIS (Spatial Analysis System, 
Geographic Information System, Tydac Technologies, Nepean, Ontario, Canada). All roads 
and trails in CSP were digitized from 1:24,000 USGS (United States Geological Survey) 
maps using TYDIG (Tydac Technologies Inc., Nepean, Ontario, Canada). Distances to 
roads, trails and water were divided into the following categories which have been shown 
to be important distances in identifying human impacts (Aune, 1981; Edge, 1982): <200 
m, 201-400 m, 401-600 m, 601-800 m, 801-1000 m and > 1000 m. 

Microsite variables were also measured at randomly selected sites within the composite 
summer home range of CSP elk to represent microhabitat availability. Universal Transverse 
Mercator coordinates for random site locations were determined using a random number 
generator in program EXCEL and BASIC programming (Microsoft Corporation, Seattle, 
Wash.). All habitat variables measured at elk observation points were also recorded at ran­
dom sites. 

Statistical analyses.-Samples were pooled from bulls and cows each year if the two groups 
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TABLE 1.-Number of occurrences of elk bed sites and random plots in aspect classes,June-August 
1994, 1995, 1996 

# % 
# bed % bed Bonferroni random random 

Aspect sites sites 95% CI sites sites Jacob's D 

N (337.6-22.5) 34 26.0 28.4-37.3* 14 9.1 0.886 
NE (22.6-67.5) 22 16.8 2.1-29.7 17 18.2 
E (67.6-112.5) 15 11.5 0.7-26.5 19 18.2 
SE (112.6-157.5) 15 11.5 0-22.9 17 11.4 
S (157.6-202.5) 13 9.9 0-22.9 13 18.2 
SW (202.6-247.5) 7 5.3 0-16.3 16 6.8 
W (247.6-292.5) 8 6.1 0-16.3 15 11.4 
NW (292.6-337.5) 17 12.9 0-22.9 20 6.8 

Totals 131 100 131 100 

a Indicates aspect used significantly greater than available (P < 0.05) 

had equal variances (Zar, 1984). A Bartlett's test of homogeneity (SAS Institute, Inc., 1990) 
was used to test for differences by year. After pooling data from normally distributed data, 
we used a 2-group t-test (Zar, 1984) to compare mean microsite variables at elk locations 
and random sites to test the hypothesis that habitat characteristics did not differ between 
elk locations and random sites. If data were nonnormally distributed, we used separate 
variance 2-group t-tests. 

Aspect was tested as categorical data using a chi-square goodness-of-fit test (Neu et al., 
1974; Byers et al., 1984). If differences occurred between bed sites and random plots (P < 
0.05), Bonferroni confidence intervals were used to indicate where use did not equal avail­
ability (Neu et al., 1974; Byers et al., 1984).Jacobs D test (Jacobs, 1974) was used to indicate 
the relative magnitude of selection or avoidance for significant Bonferroni confidence in­
tervals. 

Selection or avoidance for a distance category from a road or trail was defined as signif­
icantly greater use than expected. A chi-square test was used to test the hypothesis that 
distance category use occurred in proportion to availability. Analyses were considered sig­
nificant at P < 0.05. Area analysis was performed within SPANS GIS for each road and trail 
to determine the expected number of observations within each distance category. 

Stepwise discriminant function analysis (DFA) was used to identify variables contributing 
most to elk microsite use. Independent variables were included in the DFA if significant 
differences existed for the variable between elk microsites and random sites to minimize 
the effects of spurious results (Rextad et al., 1988). 

RESULTS 

We located 44, 48 and 39 bed sites in 1994, 1995 and 1996, respectively, of 26 elk (11 
bulls and 15 cows) in CSP. Our sample consisted of 1-3 bed sites for 10 elk and 4-6 bed 
sites for 16 elk. Bed sites were observed from 5 June-30 August from 0913 until 1849 h. 
No sex or yearly differences were detected (P < 0.05), so data were pooled across sexes 
and years. 

Elk bedded at temperatures from 15 to 36 C. Ambient air temperature, recorded before 
homing on signal (x = 30.3 C, SE = 2.3, n = 131) was higher (t = -3.1, P = 0.03, n = 
131) than at elk bed sites (x = 24.8 C, SE = 0.9, n = 131). Elk selected N facing slopes 
(chi-square = 15.14, 8 df, P < 0.05) (Table 1). Overstory canopy cover was greater (t = 
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4.81, P = 0.001, n = 131) at bed sites (x = 54%, SE = 2.7, n = 131) than at random plots 
(x = 29%, sE = 2.9, n = 131). 

Hiding cover, wind speed, percent of forbs, shrubs, rocks, and wood, slope percent, av­
erage tree dbh, elevation, distance to roads, distance to trails and distance to water were 
similar between bed sites and random sites (P > 0.05). Basal area was higher (t = 8.42, P 
= 0.001, n = 131) at bed sites (x = 12.4 m2/ha, SE = 0.13, n = 131) than at random sites 
(x = 4.9 m 2/ha, SE = 1.8, n = 131). Percent grass was lower (t = -6.01, P = 0.010, n = 
131) at bed sites (x = 15.4, SE = 1.1, n = 131) than at random plots (x = 35.7, SE = 2.3, 
n = 131). There was more litter (t = 4.67, P = 0.004, n = 131) at bed sites (x = 57.2, SE 
= 2.4, n = 131) than at random sites (x = 35.1, SE= 1.5, n = 131). Percent bare ground 
was higher (t = 4.23, P = 0.03, n = 131) at elk bed sites (x = 3.9, SE = 0.7, n = 131) than 
at random sites (x = 2.6, SE= 0.2, n = 131). There were more trees (t = 10.17, P = 0.001, 
n = 131) at bed sites (x = 10.93, SE = 1.5, n = 131) than at random plots (x = 2.5, SE = 
0.9, n = 131). Trees were present at 128/131 (97.7%) of bed sites (0.01 ha square plot) 
but occurred on only 41.2% (54/131) of random plots. 

Microsite air temperature, tree basal area, overstory canopy closure, percent grass, litter, 
and bare ground were entered into the DFA based on univariate analyses. The number of 
trees was eliminated because it was correlated (r > 0.6) with overstory canopy closure. The 
most discriminating variables in the model were overstory canopy closure, microsite air 
temperature, and tree basal area, which correctly classified 86.2% of observations (F = 
10.43, df = 1672). Standardized canonical discriminant function coefficients for elk bed 
sites vs. random sites were 0.801 for canopy closure, -0.525 for microsite temperature and 
0. 734 for basal area. 

DISCUSSION 

Our data support much of what has been previously documented regarding elk summer 
bed sites with a few noteworthy exceptions. Elevation and slope, two topographic variables 
which have been consistently reported to influence summer elk habitat use (Mackie, 1970; 
Marcum, 1975; Skovlin, 1982; Edge et al., 1987), did not significantly influence summer elk 
bed site selection use in CSP. Generally, elk select higher elevations as summer progresses 
(Skovlin, 1982; Edge et al., 1987). Selection of higher elevations in summer is generally 
attributed to differences in vegetation phenology and distribution (Skovlin, 1982). We be­
lieve the difference between vegetational phenology or distribution at different elevations 
within elk ranges in CSP is too limited to warrant elk selection of higher elevations. 

Although not an important discriminating habitat variable in this study, CSP elk use of 
gentle slopes in summer is consistent with other elk herds. Elk selection of gentle slopes 
shows a degree of consistency among most elk herds (Skovlin, 1982) and has been reported 
to be among the most important variables in distinguishing elk summer habitat use (Edge 
et al., 1987). In Utah, Montana and Oregon, elk use was greatest on slopes <30% (Julander 
and Jeffrey, 1964; Zahn, 1974; Witmer and deCalesta, 1983). Selection ofN-facing slopes by 
CSP elk may be because N slopes offer cooler moister microsites than other aspects (Skovlin, 
1982). Julander and Jeffrey (1964), Bohne (1974) and Simmons (1974) all report elk se­
lection of N or NE aspects in summer. 

Because direct solar radiation can compound heat stress (Schmidt-Neilsen, 1964), we 
were not surprised at the importance canopy closure had on elk selection of summer, 
diurnal bed sites. Skovlin (1982) suggested that overstory canopy closure in forested envi­
ronments may be the single most important feature in evaluating elk habitat and our data 
corroborate this report, at least during the summer diurnal period in CSP. Dense overstory 
canopy cover creates a relatively cool microclimate (Moen and Jacobsen, 1974) by reducing 
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direct solar radiation, helping elk conserve energy during warm summer days (Skovlin, 
1982). Thermal loads on elk in more open areas are twice those in the shade (Zahn, 1985). 
In Montana (Marcum, 1975) and central Washington (Nelson and Burnell, 1976) elk se­
lected sites containing 70 to 100% canopy closure. Brown (1994), working in the ponderosa 
pine/juniper forests of Arizona, reported elk made highest use of areas having >70% can­
opy closure. Thomas et al. (1979) and Leckenby (1984) report that good canopy cover is 
>70% and adequate canopy cover was between 50 to 70% for elk in Washington and Or­
egon. Our data suggest that CSP elk obtain thermal relief in sites containing >54% canopy 
closure. 

Elk distributions may be influenced by human disturbances (Lyon and Ward, 1982). 
Distance to roads, trails and other human activities (i.e., logging) have been shown to be 
important variables in elk habitat selection (Edge et al., 1987). Custer State Park has an 
extensive road network with 341 km of roads and trails providing considerable access 
throughout much of the Park. However, our analyses indicate CSP elk bed sites were not 
influenced by distance to roads or trails. We attribute the lack of influence of the human 
uses evaluated to elk habituation to predictable disturbances such as road and trail use, and 
the existence of adequate topographic and vegetative cover near roads and trails. 

We expected habitat variables associated with hiding cover, not thermal cover, would be 
most important to CSP elk during the summer diurnal period. Peak use by CSP's 1.5 million 
visitors occurs during the summer diurnal period (Millspaugh, 1995) and, although elk may 
become conditioned to human activity (Schultz and Bailey, 1979), CSP elk are extremely 
wary of people. Additionally, the wide variety of ecosystems North American elk occupy 
demonstrates their wide thermal tolerance capability. However, based on our DFA results, 
we believe that elk are selecting the most thermally neutral sites during the summer diurnal 
period. This study did not address the role of other variables such as topography, site 
selection on the slope or bedding direction with respect to wind direction which may be 
used for security, confounding the hiding vs. thermal cover issue. 

In addition to selecting certain habitat components related to thermal factors, we believe 
bedding behavior was also an important aspect of behavioral thermoregulation for CSP elk. 
Bed site selection by CSP elk may have affected heat transfer not only by reducing the 
amount of solar radiation, but by using favorable understory substrates that may increase 
heat transfer (Merrill, 1987). Univariate analyses indicate CSP elk selected sites with ex­
posed, bare ground, needle covered surfaces which could effectively increase conductive 
processes and reduce heat loads. 

As some recent literature demonstrates (McCorquodale et al., 1986; Merrill, 1987, 1991), 
elk thrive in areas despite the lack of thermal cover; however, we believe that in places 
which contain adequate thermal cover, elk are better able to cope with heat constraints and 
select sites that provide thermal relief. Management of appropriate thermal cover should 
be maintained in areas in which it exists. Specifically, our study demonstrates the impor­
tance of stands with basal area > 12.4 m 2/ha, > llO trees/ha, containing canopy closure 
>54% on northerly aspects. We believe these variables help mitigate heat loadings for CSP 
elk. 
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