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ABSTRACT Delineating populations is critical for understanding population dynamics and managing habitats. Our objective was to
delineate subpopulations of migratory female white-tailed deer (Odocoileus virginianus) in the central Black Hills, South Dakota and Wyoming,
USA, on summer and winter ranges. We used fuzzy classification to assign radiocollared deer to subpopulations based on spatial location,
characterized subpopulations by trapping sites, and explored relationships among survival of subpopulations and habitat variables. In winter,
Kaplan—Meier estimates for subpopulations indicated 2 groups: high (§ = 0.991 = 0.005 [« = SE]) and low (S = 0.968 * 0.007) weekly
survivorship. Survivorship increased with basal area per hectare of trees, average diameter at breast height of trees, percent cover of slash, and
total point-center quarter distance of trees. Cover of grass and forbs were less for the high survivorship than the lower survivorship group. In
summer, deer were spaced apart with mixed associations among subpopulations. Habitat manipulations that promote or maintain large trees
(i.c., basal area = 14.8 m*/ha and average dbh of trees = 8.3 cm) would seem to improve adult survival of deer in winter. (JOURNAL OF
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Habitat selection occurs at multiple scales influenced by
conspecifics, predators, and the environment, which affects
individual survival and reproductive rates and, thus, fitness
(Svirdson 1949, Hilden 1965, Levins 1968). Habitat studies
generally have relied on presumed benefits of relative use
and activities in various habitats to assess fitness benefits.
However, without corresponding demographic data, con-
clusions about habitat quality may be spurious (Van Horne
1983, Pulliam 1988, Garshelis 2000, Millspaugh and
Marzluff 2001). Kirsch (1996) suggested that proximate
habitat features might not be indicative of habitat suitability
or reveal potential selective pressures influencing habitat
selection. Kirsch (1996) recommended that factors influenc-
ing fitness be directly related to habitat features. Moreover,
Garshelis (2000), in criticizing habitat evaluation studies,
recommended comparison of frequency of use of different
habitats to habitat composition of home ranges in relation to
reproduction and survival.

Delineating populations is critical for understanding
population dynamics and managing habitat. However,
populations are generally not sharply defined except in
highly fragmented landscapes (Bethke et al. 1996, Schaefer
et al. 2001). Spatiotemporal connectivity is increasingly used
to delineate populations. Social organization and population
substructure may be determined by resource availability
resulting in individual life-history parameters varying among
population segments (Clutton-Brock and Harvey 1978,
Sutherland 1996). Small-scale spatial variation in life-
history parameters may occur within populations without
obvious substructures (Coulson et al. 1999, Focardi et al.
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2002, Pettorelli et al. 20034, Zannese et al. 2006). Recently,
several studies used traditional classification techniques to
describe bear (Ursus spp.) subpopulations (Bethke et al.
1996, Taylor et al. 2001, McLoughlin et al. 2002,
Mauritzen et al. 2002). Moreover, Coulson et al. (1997,
1999) documented subpopulations of red deer (Cervus
elaphus) and soay sheep (Owvis aries) that exhibited differ-
ences in survival, recruitment, and dispersal rates. Coulson
et al. (1999) asserted the lack of information on small-scale
spatial population dynamics was due to lack of techniques
for subdividing populations.

Schaefer et al. (2001) and Schaefer and Wilson (2002)
used fuzzy clustering to delineate subpopulations of caribou
(Rangifer tarandus) in the Red Wine Mountains, Quebec-
Labrador, Canada, that displayed variation in population
rates. Whereas traditional cluster analysis places items into
distinct classes, fuzzy clustering categorizes items displaying
continuous variation into classes without distinct boundaries
(Schaefer and Wilson 2002). Fuzzy membership coefficients
vary between zero and one; thus, classes convey a degree of
membership. Optimum values for degree of fuzziness and
number of classes are required to balance structure and
continuity of clustering (McBratney and Moore 1985, Odeh
et al. 1992). Output of a fuzzy classification is not uncertain
but strictly deterministic. Thus, fuzzy classification provides
multiple options for display and analysis of spatial data
(Marsili-Libelli 1989, Brown 1998).

Our objective was to delineate subpopulations of migra-
tory female white-tailed deer (Odocoileus virginianus) in the
central Black Hills, South Dakota and Wyoming, USA, on
summer and winter ranges. We assumed no spatial
clustering of deer among trapping areas due to winter
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Figure 1. Location of the winter and summer ranges of white-tailed deer in the central Black Hills, South Dakota and Wyoming, USA, 1993-1996. Winter
and summer locations of female white-tailed deer are indicated by triangles or squares, respectively. Locations of the 5 trap sites (Slate Creek, Marshall
Gulch, Horse Creek Burn, Clog—China Gulch, and Hill City West-Battle Ax) are shown. Inset map shows the Black Hills National Forest and the study

area shaded in gray.

conditions, snow depth, deer movements, and home range
size. We predicted that deer in the same subpopulation
would move together between winter and summer ranges
(Nelson and Mech 1987). Additionally, we determined the
relationship between survivorship and habitat characteristics
within these subpopulations. We predicted that in winter
deer with higher survivorship would select locations with
higher cover values than would deer with poorer survivor-
ship. In summer, we predicted that deer with higher
survivorship would select areas with better forage than
would deer with lower survivorship.

STUDY AREA

The Central Black Hills is located in western South Dakota
and northeastern Wyoming (43°52'N to 44°15'N-104°7'W
to 103°22'W) within Pennington and Lawrence counties in
South Dakota and Crook and Weston counties in Wyom-
ing. Summer and winter ranges of migratory white-tailed
deer are encompassed within the region and deer migrated
an average of 32 km (5-56 km) between seasonal ranges
(Griffin et al. 1999). Elevations varied between 915 m and
2,207 m above mean sea level with winter range located at
elevations <1,829 m (Sieg and Severson 1996). Climate was
continental; mean annual temperature varied from 5° C to

9° C with extremes of —40° C to 44° C. Strong temperature
inversions were common during winter, with higher
elevations experiencing warmer temperatures than lower
elevations (Thilenius 1972). Vegetation of the region was
described in detail by DePerno et al. (2002). In addition, a
burn pine class was identified by the South Dakota GAP
Analysis Program vegetation mapping project as a unique
vegetation type within the 8,900-ha McVey fire perimeter
that occurred in 1939 (Griffin et al. 1999, Smith et al.
2002). Within this region, we selected 5 winter areas for
deer trapping, Slate Creek, Marshall Gulch, Horse Creek,
Battle-Ax, and Clog—China Gulch (Fig. 1) that were
naturally separated by rock terraces and diverging draws
(Osborn 1994, Gritfin et al. 1995, Hippensteel 2000).

The Black Hills National Forest administered approx-
imately 80% of the Black Hills. Predominant land uses were
timber production, cattle grazing, second home develop-
ment, and big game winter range. Other ungulates
inhabiting the area were mule deer (Odocoileus hemionus),
elk (Cervus elaphus), bighorn sheep (Owvis canadensis), and
cattle (Bos faurus). Potential predators were mountain lions
(Puma concolor), bobcats (Lynx rufus), coyotes (Canis
latrans), and domestic dogs.
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METHODS

Deer Locations and Seasonal Ranges

A detailed description of methods used to capture and
radiocollar deer in the central Black Hills was provided by
DePerno (1998) and Griffin et al. (1995). We captured deer
February to March 1993-1996 in Clover traps baited with
fresh alfalfa (Medicago sativa) hay at 5 sites on winter range
(Fig. 1; Clover 1956, Griffin et al. 1995). Each trap site had
5-10 clover traps in the general area of 1.6 km from the
central location; we moved traps to new sites weekly, from
February to March. We fitted deer (n = 73) with
radiocollars, then ear-tagged and released them. We
excluded from analyses data on a radiocollared female that
demonstrated an abnormal migration pattern (DePerno et
al. 1997). We ground-tracked deer 1-3 times per week
between March 1993 and June 1996. We walked to each
deer location, verified its location, and collected habitat
measurements. If the animal was disturbed, we performed a
general habitat description (e.g., stand type); however, if the
animal was undisturbed, specific habitat measurements (e.g.,
basal area, dbh of trees) were collected. Radio relocations
were within 100 m of actual deer locations, mainly due to
the accuracy of determining Universal Transverse Mercator
(UTM) locations on 1:24,000 scale maps. We collected
relocations at different time-periods throughout the day to
maximize observations of diurnal activities, while avoiding
violating the assumption of independence (White and
Garrott 1990). Our sampling design provided an unbiased
estimate of 24-hour habitat use (Hayes and Krausman 1993,
Kernohan et al. 1996). We categorized relocations of white-
tailed deer by activity as either bedding or feeding.

We determined seasonal ranges of individual deer from
visual inspection of mapped locations plotted sequentially by
date. We stratified locations of individual deer into summer,
transitional, winter, and migration, by inspecting the spatial
and temporal distribution of locations. We considered
clustered locations a seasonal range (D’Eon and Serrouya
2005). Summer locations were generally May through
October, whereas winter locations were November through
April (Fig. 2). We considered locations not part of clusters
at either the beginning or end of a season as migratory. We
defined site fidelity at the drainage level rather than a shift
within a drainage (White and Garrott 1990, Powell 2000).
After testing that combining years would not mask differ-
ences in site fidelity, we pooled relocations of deer across

years (Schooley 1994, Klaver 2001).

Fuzzy Clustering

Contrary to previous studies that used median values, we
used harmonic means of UTM eastings and northings of
deer locations to determine central tendency of locations
because harmonic means are constrained to fall within
seasonal ranges, are insensitive to extreme locations, must be
located in regions where density of locations is high relative
to density in remaining areas, and are insensitive to
movements within populations (Neft 1966, Bethke et al.
1996, Schaefer et al. 2001, Taylor et al. 2001). To determine
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Figure 2. Monthly distribution of number of summer and winter locations
of female white-tailed deer in central Black Hills, South Dakota and
Wyoming, USA, 1993-1996.

sample size for calculating harmonic centers, we drew
samples of 10, 15, 20, and 25 locations from locations of
animals with >30 locations. We report error as the distance
from harmonic centers from these samples to the harmonic
center using all locations.

We grouped harmonic centers of individual deer locations
into subpopulations using the fuzzy %-means classification
program FuzME version 3 (Minasny and McBratney 2002).
We used diagonal distance transformation to standardize
measurements used in the classification to equal variance
(McBratney and Moore 1985, Odeh et al. 1992). This
diagonal distance transformation prevented UTM northings
from dominating UTM eastings. When degree of fuzziness
() equals 1, classification is identical to a hard classification
such as the isoclass algorithm; as ¢ becomes larger,
assignment to classes becomes fuzzier (Equihua 1990). We
used the method of Odeh et al. (1992) of plotting the partial
derivative of group sum of squares (J,,) multiplied by the
square root of number of classes (c; i.e., [—8)./3d]c”, or
slope) against degree of fuzziness (¢) to determine local
maxima of ¢. We plotted minimum values of fuzziness
performance index, F”, and the normalized classification
entropy, or modified partition entropy, H’, against number
of classes; we used local minima to determine number of
classes (McBratney and Moore 1985). Although somewhat
subjective, these plots may be used to reveal optimum values
for degree of fuzziness and number of classes that balance
structure and continuity of clustering (McBratney and

Moore 1985, Odeh et al. 1992).
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Microhabitat Measurements

Variables we considered in habitat analyses were micro-
habitat characteristics of forest stands (DePerno 1998;
DePerno et al. 2000, 2001, 2002). We collected these
variables at point locations obtained via ground-tracking
radiocollared white-tailed deer. We measured basal area
(m?/ha; BA_HA) using a 10-factor angle gauge (Hovind
and Reick 1970). We measured diameter at breast height of
trees (cm; DBH) at 1.37 m above ground to the nearest cm
with a diameter tape. Average diameter at breast height (cm;
AVEDBH) was the average of each tree in the basal area
count. Shrub and tree saplings were >1 m in height and <5
cm diameter at breast height. Number of shrub or tree
saplings (stems/ha; TSSTOT) was the average counted in 2
perpendicular, 1 m? X 20-m belt transects oriented north—
south and east-west intersecting at plot center. We
measured percent canopy cover of conifers (CONCOV)
and deciduous trees (DECIDCOV) with a spherical
densiometer (Lemmon 1956). We determined percent
ground cover of grass (GRASS), forbs (FORBS), sticks
>2.54 cm diameter (SLASH), and shrubs <1 m in height
(SHRUBS) from 15 1-m? plots systematically spaced within
the 400-m> plots (Daubenmire 1959). Point-centered
quarter distance (TPCQDIST) was the average distance
(m) from the plot center to the nearest basal-area tree in
each of the 4 quadrants (Cottam and Curtis 1956). We
measured visual obstruction using a 1-m? cloth divided into
100 10-cm squares (Bowyer 1986). We took readings 10 m
from plot center and 1 m above ground in each of the 4
cardinal directions. Low visual obstruction (TVOL), an
estimate of cover available to bedded deer, was the total of
the bottom 50 squares (0.0-0.5 m); high visual obstruction
(TVOH), an estimate of cover available to standing deer,
was the total of the top 50 squares (0.5-1.0 m; Bowyer
1986). Additionally, we estimated the average of the 4
distances (m) at which 90% of the cloth was concealed
(TVODIS).

Statistical Analysis

We calculated Kaplan—-Meier survivor estimates using the
known-fate routine in program MARK (Pollock et al. 1989,
White and Burnham 1999). We developed encounter
histories for the 42 months between January 1993 and June
1996. We first assigned deer to a subpopulation based on the
maximum class from the fuzzy classification. We visually
assigned deer with fewer locations to a subpopulation based
on their locations and the locations of the subpopulation.
We calculated survivorship of the subpopulations for each
seasonal range using 2 methods. First, we determined the
effect of winter subpopulation on individual survivorship.
Secondly, we calculated individual survivorship using fuzzy
membership as a covariate. We ranked competing models
using Akaike’s Information Criterion corrected for small
sample size and Akaike importance value (Burnham and
Anderson 2002). We used a 2-factor multivariate analysis of
variance (MANOVA) based on rank transformation of the
variables to compare habitat characteristics by survivorship
group and activity type (feeding or bedded) and their

Table 1. Mean, median, and range in error as measured by distance
between harmonic centers subsampled from female white-tailed deer with
>30 locations and harmonic centers calculated using all locations in the
central Black Hills, South Dakota and Wyoming, USA, 1993-1996. We
drew subsamples of 10, 15, 20, and 30 locations to determine minimum
sample size for calculating harmonic centers for summer and winter
analyses.

Error

Season n % (m) Median (m) Range (m)

Summer 10 170.7 118.2 1,745.6-5.8
15 146.1 100.2 1,126.1-18.8
20 126.3 79.2 821.4-10.7
25 97.1 46.7 629.3-7.6
30 79.0 37.9 498.0-0.0

‘Winter 10 237.3 179.6 1,083.6-20.7
15 196.5 162.6 633.4-30.9
20 158.3 120.9 550.4-31.0
25 126.5 107.3 383.0-18.6
30 112.2 75.4 393.5-0.0

interaction (PROC GLM in SAS; SAS Institute, Cary,
NC; Conover and Iman 1981). We evaluated significance
with Type III sum of squares. If the interaction term was
not significant we reported the survivorship group main

effect on microsite variables. We set oo = 0.10 (Morrison et
al. 1998).

RESULTS

Winter

We calculated the harmonic mean of the distribution of 916
locations for each deer with >14 locations (n = 37);
maximum error using 15 observations was <633 m (196 *
149 m [x = SD]J; Table 1). Fuzzy classification identified 6
classes using degree of fuzziness (¢p) =2.1 (Figs. 3, 4; Table
2). The plot of (—9] ./ d)c” against ¢ (Fig. 3A) had its least
maximum with 6 classes and ¢ = 2.1. Moreover, plots of
fuzziness performance index (/) and normalized classifica-
tion entropy (/') against the number of classes both
revealed local minima at 6 classes (Fig. 3B).

There was correspondence between the 5 trap sites on
winter ranges and 6 subpopulations identified using the
fuzzy classifier (Fig. 4). The additional subpopulation (i.e.,
D) separated deer using burned-pine cover types from those
using other cover types on the Horse Creek winter range.
The classifier did not identify deer 1330b with those using
the burned-pine cover (i.e., subpopulation D) but member-
ship was highly mixed.

Kaplan—Meier survival analysis using subpopulation as a
covariate identified 2 groups (Table 3). Subpopulations C
and D (Fig. 4) had higher weekly survivorship (0.991 =+
0.005 [x# = SE]) than the other subpopulations (0.968 *
0.007). Subpopulation D inhabited the burned-pine cover
type. Survival analysis using fuzzy-group membership to
winter subpopulation C indicated that subpopulation
membership was an important variable explaining individual
survival (Table 4). The importance value of the Akaike
weights for fuzzy membership was 0.6.

The MANOVA survivorship group X activity interaction
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Figure 3. Relationship between number of classes and the degree of
fuzziness, , for classification of female white-tailed deer on winter range in
the central Black Hills, South Dakota and Wyoming, USA, 1993-1996. A)
Relationship between slope, (—=8J./8d)c”, and ¢, for both 5 and 6 classes.
We chose a value of ¢ = 2.1 because both 5 and 6 classes were a maximum
at this value. B) Relationship between fuzziness performance index, FPI,
and modified partition entropy (MPE), /', with ¢ =2.1. Both FPI and /'
indicate local minimum at 6 classes.

was not significant (Wilk’s A = 0.921, Fy4,34 = 1.44, P =
0.134). Results of MANOVA for the survivorship main
effect differences were significant (Wilk’s A = 0.858, Fi4 234
=2.76, P =0.001) for the variables BA_HA (P = 0.084),
AVEDBH (P=0.001), GRASS (P=0.001), FORBS (P=
0.066), SLASH (P < 0.001), and TPCQDIST (P=0.004).
Variables BA_HA , AVEDBH , SLASH, and TPCQDIST
were 11%, 19%, 31%, and 21% greater, respectively, for
the high compared to the low survivorship group; GRASS
and FORBS were 7% and 22% lower, respectively, for the
high compared to the low survivorship group (Table 5).

Summer

We calculated the harmonic mean of the distribution of
1,756 locations for each deer with >19 locations (7 = 35);
maximum error using 20 observations was <821 m (126 *
147 m [x = SD]J; Table 1). Fuzzy classification identified 7
classes using ¢ = 1.9 (Figs. 5, 6; Table 2). The plot of

Table 2. Seasonal characteristics of white-tailed deer subpopulations in the
central Black Hills, South Dakota and Wyoming, USA, 1993-1996,
indicating the number of deer in each subpopulation with the number of
additional deer assigned to the population for survival analysis and the
number of microvegetation plots on winter range.

Winter N No. plots Summer N

A 4 25 A 9°

B 5 28 B 8

C 7 44 C 1

D 6 67 D 4

E 8 41 E 6

F 7 46 F 5

G 2
* Additional deer assigned for winter A: 3; B: 9; C: 2; D: 3; E: 11; F 9.
b Additional deer assigned for summer A: 8; B: 5, C: 1; D: 2; E: 4 F: 15

G: 1.

(=8 /Sd)c” against ¢ (Fig. 5A) had its least maximum
(i.e., optimal combination between structure and continuity)
with 7 classes and ¢ = 1.9. Moreover, plots of fuzziness
performance index (F’) and normalized classification
entropy (H') against number of classes both revealed local
minima at 7 classes (Fig. 5B). Subpopulations on summer
range indicated mixed associations among groups (Fig. 6).
However, subpopulations adjacent to Deerfield Lake (Fig.
6) had less overlap with other subpopulations.

Kaplan—Meier survival analysis using subpopulation as a
covariate identified 2 groups (Table 6). Subpopulations C
and G (Fig. 6) had no mortalities and small sample size.
Survival analysis using fuzzy-group membership to summer
subpopulation C indicated that fuzzy membership was not
an important variable explaining individual survival (Table
7). All models incorporating fuzzy membership had high
standard errors, indicating poor model fit. Therefore, we did
not conduct analysis of habitat characteristics by survival.
Deer did not move as subpopulations between summer and
winter ranges; 47.9 * 4.3% of deer that had high
membership coefficients on winter ranges were associated
on summer ranges.

DISCUSSION

Garshelis (2000) recommended a study design of monitor-
ing habitat use of individuals on one study area comparing
use of different habitats to eventual reproduction or survival.
We demonstrated a relationship between survivorship on
winter range and differential habitat use among subpopu-
lations. Subpopulations with differential habitat use for
cover (e.g., large trees) in winter had increased survival.
Most previous studies that attempted to measure an
association between demographic parameters and habitat
use employed animal density (Garshelis 2000; but see
Loegering and Fraser 1995; Pettorelli et al. 20034, 2005;
Nilsen et al. 2004; McLoughlin et al. 2006). However,
density is fraught with difficulties as a measure of
demographic fitness (Van Horne 1983 but see Bock and
Jones 2004). Garton et al. (2001) concluded that relating
demographic response to landscape conditions was the
ultimate experimental design for radiotelemetry studies.
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Fuzzy clustering has been used in several ecological
applications including community classification (Roberts
1986, Dayong 1988, Equihua 1990, Nicholls and Tudor-
ancea 2001), soil classification (Odeh et al. 1992), climatic
classification (McBratney and Moore 1985), ecosystem
analysis (Bosserman and Ragade 1982, Schroeter et al.
1993), population dynamics (Barros et al. 2000), population
genetic structure (Schaefer and Wilson 2002), and wildlife
habitat analysis (Ayyub and McCuen 1987). Fuzzy-set
theory addresses the borderline groups, is an exact approach
to handle continuous variation, assigns individuals to classes,
and reconciles the need for structure in an ambiguous

Table 3. Results from Kaplan-Meier analysis for the effect of winter
subpopulation on individual survivorship for female white-tailed deer in the

central Black Hills, South Dakota and Wyoming, USA, 1993-1996.

Model AAIC? w,? K¢ Deviance
SA=B=E=F C=D) 0.0000  0.65796 2 229.4021
SA=B,C=D,E=F 2.0114  0.24067 3 229.4019
S(.) 4.0474  0.08696 1 235.4574
S(group) 7.6434  0.01440 6 228.9753

* Difference in Akaike’s Information Criterion corrected for small sample
size (AIC,) from the best model. AIC, for the best model was 233.414.
b Akaike wt.

¢ No. of parameters.

biological world (Zadeh 1965, Schaefer and Wilson 2002).
Schaefer and Wilson (2002) strongly argued that fuzzy
classification better represents the post-Darwinian bio-
population view of individuals as opposed to the previous
Aristotelian concept of class. Thus, McBratney and Moore
(1985) concluded the fuzzy-set approach is more realistic,
more flexible, and may provide better information transfer.
Nevertheless, random sampling is necessary to ensure the
classification reflects biological observations and not sam-
pling design.

Spatiotemporal connectedness is important for denoting
populations (Mayr 1988, Baum 1998). As described by
Equihua (1990), we explored important habitat variables,
characterized clusters by subpopulations, and investigated
main effects of habitat variables by subpopulation. Fuzzy
classification enabled distinct and indistinct classification of
individuals on winter and summer range, which were
weighted according to degree of membership necessary to
characterize deer associations. Similar to Mauritzen at al.
(2002) and Nicholson et al. (1997), we combined space use
and geographical position to define ecologically relevant
spatial population structures. Because the spatial organiza-
tion arose from site fidelity, rather than focusing simply on
trap location, we were able to retain the full spatial
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Table 4. Results from Kaplan—Meier analysis for the effect of time and
fuzzy membership to winter subpopulation C on individual survivorship for
female white-tailed deer in the central Black Hills, South Dakota and
Wyoming, USA, 1993-1996.

Model AAIC? w;? K¢ Deviance

S(month = Apr different +
fuzzy membership) 0.0000 0.47996 3 224.4289
S(month = Apr different) 0.8386  0.31558 2 2272791
S(trend + fuzzy membership) ~ 3.8709 0.06929 3 228.2998
S(trend) 4.6231 0.04757 2 231.0637
S(yr + fuzzy membership) 5.4909 0.03082 5 225.8847
S(fuzzy membership) 6.1078  0.02264 2 232.5483
S(yr) 6.3855 0.01971 4 228.7988
S() 7.0090 0.01443 1 235.4574
S(yr X month) 42.7913  0.00000 42  185.5951

* Difference in Akaike’s Information Criterion corrected for small sample
size (AIC,) from the best model. AIC, for the best model was 230.452.

b Akaike wt.

“ No. of parameters.

resolution of the data and offer a means to dispense with
arbitrary demarcations of biological groups (Schaefer and
Wilson 2002). Furthermore, we delineated subpopulations
based on the spatial affiliations of individuals over several
years (Wells and Richmond 1995, Thomas and Kunin 1999,
Schaefer et al. 2001).

Similar to caribou (Schaefer et al. 2001), white-tailed deer
had high site fidelity on winter range. During winter,
females were clumped and tolerant of individuals (Fig. 4).
However, prior to fawning, white-tailed deer migrated from
winter to summer range (DePerno 1998; DePerno et al.
2002, 2003); subpopulation membership was not associated
with survival. Our results indicate no sharp population
boundaries on summer range, whereas population units on
winter range were significantly segregated from other units.

Table 5. Least-squares means and standard errors of microhabitat variables
on white-tailed deer winter range in the central Black Hills, South Dakota
and Wyoming, USA, 1993-1996, by survivorship group.

Survivorship group

High Low
Variable x SE x SE

Basal area (m*/ha) 148 0.8 131 09
Dbh (cm) 8.3 0.35 6.7 0.4
Total tall shrubs and saplings

(stems/ha) 2,184 390 2280 434
Coniferous canopy cover (%) 54.08 2.50 51.01 2.78
Deciduous canopy cover (%) 1.51 0.8 1.62 0.9
Total canopy cover (%) 55.6 25 52.6 2.7
Grass (%) 3.0 0.2 3.2 0.3
Forbs (%) 9.9 1.3 121 1.4
Shrubs (%) 3.8 0.4 4.0 0.4
Slash (%) 49 03 34 03
Total point-center quarter

distance (m) 2.8 0.1 2.2 0.2

Total visual obstruction low (%) 36.7 2.2 40.0 2.4
Total visual obstruction high (%) 23.9 1.8 24.2 2.0
Total distance to visual

obstruction (m) 43.0 2.6 46.0 2.9
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Figure 5. Relationship between the classes and the degree of fuzziness, ¢,
for classification of female white-tailed deer on summer range in the central
Black Hills, South Dakota and Wyoming, USA, 1993-1996. A) Relation-
ship between slope, (—8J./8d)c?, and ¢ for both 6 and 7 classes. We chose
a value of ¢ = 1.9 because both 6 and 7 classes were a maximum at this
value. B) Relationship between fuzziness performance index (FPI) and
modified partition entropy (MPE), H’, with ¢ = 1.9. Both FPI and H’
indicated local minimum at 7 classes.

Nevertheless, results from the fuzzy classification (Figs. 4,
6), although clumped on winter range and dispersed on
summer range, indicated a spatial structuring of the central
Black Hills deer population. Spatial structures on summer
range were influenced by winter range associations; summer
subpopulations averaged 48% membership of winter
subpopulations. Deer associated with subpopulations dif-
fered in migration patterns and the areas occupied by
subpopulations in winter differed in habitat characteristics.
Griffin et al. (1999) found the timing of deer migration
from winter range was similar among subpopulations. We
show that deer from subpopulations did not necessarily
move to the same summer range, which differed from our
prediction but was comparable to mule deer in Nevada
(Gruell and Papez 1963). Nelson and Mech (1987) noted
that 95% of deer in their study used summer ranges within
the same regions as other deer in winter yards. Lower
association (48%) between deer movement from winter to
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Figure 6. Classification of female white-tailed deer on summer range in the central Black Hills, South Dakota and Wyoming, USA, 1993-1996. Pie charts
are located at harmonic centers of summer range radio relocations and divisions of pie charts indicate degree of membership for the 7 classes. Subpopulations

are labeled A to G.

specific summer range was likely indicative of patch-size
constraints that increased dispersion of deer.

In the central Black Hills, Hippensteel (2000) determined
that winter-range diets of deer were composed of 40%
ponderosa pine, 30% grass, 20% shrub, and 5% forbs,
which supports the contention that poor-quality habitat was
present in the region (Sieg and Severson 1996, Osborn and
Jenks 1998). The data of Hippensteel (2000) provided
strong support for the high fidelity evidenced by clumping
behavior and association observed on winter range in the
central Black Hills. Quality winter-range habitat was sparse
in the central Black Hills and it has been concluded that
>90% of forest stands lacked sufficient understory
vegetation or tall shrub saplings (DePerno 1998; DePerno
et al. 2000, 2002, 2003). Under these conditions, larger trees

Table 6. Results from Kaplan—Meier analysis for the effect of summer
subpopulation on individual survivorship for female white-tailed deer in the

central Black Hills, South Dakota and Wyoming, USA, 1993-1996.

with associated slash likely allowed adult deer to minimize
energy costs by improving thermal conditions (i.e., radiation
cover; DePerno et al. 2003).

Similar to other studies, we observed high site fidelity on
winter range in the central Black Hills (Figs. 1, 4; Tierson et
al. 1985, Griffin et al. 1999, Brinkman 2003, Brinkman et
al. 2005). Habitat characteristics associated with cover
differed by subpopulation and were related to survival
probabilities, which supported our prediction. In winter,
71% of deer mortality was characterized as natural and,
thus, was related to habitat conditions (DePerno et al.
2000). High survival was associated with more open forests
characterized by larger trees. Because forage conditions in
this region were poor during winter, habitats that enhanced
survival may have allowed deer to scan for predators while

Table 7. Results from Kaplan—Meier analysis for the effect of time and
fuzzy membership to summer subpopulation C on individual survivorship
for female white-tailed deer in the central Black Hills, South Dakota and
Wyoming, USA, 1993-1996.

Model AAIC*  w;® K° Deviance Model AAIC? a,® K* Deviance
SA=B=D=E=F C=G) 0.0000 0.54223 2 193.5343 S(yr) 0.0000 0.50322 4 178.5095
S(.) 1.0179 0.32595 1 196.5602 S(trend) 0.3142 0.43006 2 182.8517
SA=C=E=F=G,B=D) 29002 0.12718 2 196.4345 S() 4.0410 0.06672 1 188.5864
S(group) 9.5240 0.00464 7 192.9587 S(yr X month) 46.1476 0.00000 42 144.9578

* Difference in Akaike’s Information Criterion corrected for small sample
size (AIC,) from the best model. AIC, for the best model was 197.546.

" Akaike wt.

¢ No. of parameters.

* Difference in Akaike’s Information Criterion corrected for small sample
size (AIC,) from the best model. AIC, for the best model was 186.550.

b Akaike wt.

¢ No. of parameters.
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occupying sites with positive thermal benefits (DePerno et
al. 2003). We found no association between habitat
characteristics and survival in summer, contrary to our
prediction. Thus, habitat characteristics in summer may be
more related to survival of offspring than of adults.

Identifying population and subpopulation borders is
critical to understanding ecology and dynamics of animal
populations (See Bethke et al. 1996, Baguette et al. 2000,
Taylor et al. 2001, Mauritzen et al. 2002). For migratory
animals where levels of sustainable harvest are based on
demographic parameters, small errors may have long-term
consequences (Bethke et al. 1996, Nicholson et al. 1997).
Furthermore, in seasonally migrating species, spatial pop-
ulation structure may be seasonally dependent and tempo-
rally dynamic (see Bowen 1997, Mauritzen et al. 2002). Use
of fuzzy clustering allowed a detailed description of
geographic patterns in space use that were correlated with
resource use and survival of deer.

MANAGEMENT IMPLICATIONS

Movement, home range, and habitat relationships of white-
tailed deer populations were important to long-term
maintenance. In the Black Hills, fuzzy clustering classified
winter range into 6 subpopulations primarily corresponding
to capture location and indicated that site fidelity of deer
was high. Hence, small-scale forest modifications could
impact significant segments of this population both
positively and negatively. For example, deer using the
burn-pine vegetation type from the 1939 McVey fire were
classified into a different subpopulation than adjacent deer
from the same trapsite. Deer from the McVey fire were in
the high-survivorship group, while the adjacent deer were in
the lower survivorship group. Use of prescribed burns would
benefit winter range for these deer, as noted by Sieg and
Severson (1996). Currently, winter range in the central
Black Hills is managed uniformly. Based on subpopulation
effects, we recommend winter range in the central Black
Hills be managed using a fine-scale approach. In winter,
habitat characteristics that enhanced survival probabilities
included relatively high basal area, diameter at breast height
of trees, cover of slash, and distance among trees. Habitat
manipulations that promote or maintain large trees (i.e.,
basal area = 14.8 m*/ha and average dbh of trees = 8.3 cm)

would seem to improve adult survival of deer in winter.
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