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ABSTRACT 

I examined the population characteristics, genetic stmcture, and male spatial organization 

of striped skunks (Mephitis mephitis) on the Southem High Plains, Texas, during 1994 

and 1995. Land use on the study area was primarily agricultural, with crops including 

grain sorghum, cotton, winter wheat, and com. Striped skunks were trapped and 

radiotracked during March - July (1994) or August (1995) on 4 12.8 km" plots. Distances 

between plot centers ranged from 17.6 to 61.6 km. Annual survival rates of adult striped 

skunks were 0.40 in 1994 and 0.48 in 1995. The primary identified causes of mortality 

were human-caused trauma (shooting and vehicle collisions). Twenty-two percent of 

male striped skunks moved > 3 km from their initial capture site. The average home 

range size of male striped skunks on each plot, calculated using 95% contours of the 

adaptive kernel method, ranged from 498 to 1668 ha. I correlated male home range sizes 

calculated using the minimum convex polygon method and the 95%, 80%, and 50% 

contours of the adaptive kernel methods with male population size, female population 

size, total population size, and sex ratio. The 50% adaptive kernel contour was not 

significantly correlated with any of these measures. The other measures of home range 

size were most significantly correlated with total population size. Use areas of male 

striped skunks overlapped up to 56%, and overlap areas did not decrease as population 

size decreased. High levels of genetic similarity were not correlated with extensive home 

range overlap. The tolerance of male striped skunks for other males may partly stem from 

the fact that skunks may share a readily renewable food resource with conspecifics at little 
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cost to themselves. There was no evidence of geographic genetic stmcturing in male 

striped skunks at the scale of this study. 
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CHAPTER I 

INTRODUCTION 

Members of Mustelidae, the family of skunks, are considered the most primitive 

of the living carnivores (Grzimek 1972). Terrestrial mustelids (weasels, badgers, and 

skunks) are small relative to many carnivores, ranging in size from the least weasel 

(Mustela nivalis; 25-250 g) to the wolverine (Gulo gulo; 7-32 kg) (Nowak and Paradiso 

1983). Despite their small stature, they can be extremely fierce and efficient predators 

(King 1989). Mustelids are sexually dimorphic, with males larger than females (Grzimek 

1972). North American mustelids have generally solitary habits, and males provide no 

paternal care to offspring. 

Striped skunks (Mephitis mephitis) occur throughout North America except for 

the boreal forest, Alaska, coastal British Columbia, and the extreme desert southwest 

(Godin 1982). Estimated densiUes of striped skunks have ranged from about 1-2/km^ in 

North Dakota (Upham 1967, Sargeant et al. 1982) to 43/km^ in Maine (Godin 1982). 

Population densities of striped skunks appear to fluctuate widely (Godin 1982). 

Striped skunks breed at 10 months old, and their longevity in the wild is generally 

not more than 2-3 years (Godin 1982). Peak breeding for skunks in the Trans Pecos 

region of southem Texas is mid-Febmary through March, approximately the same time 

that skunks breed throughout most of their range (Seton 1929, Patton 1974, Wade-Smith 

and Richmond 1978, Fuller and Kuehn 1985, Greenwood and Sargeant 1994). If females 

lose a litter or are not bred during their first estms, they may come into estms a second 



time (Verts 1967, Wade-Smith and Richmond 1978). Average litter sizes range from 5.4 

to 7.3 young per litter (Patton 1974, Godin 1982, Greenwood and Sargeant 1994). 

Pregnancy rates range from 78-96%, with the majority of studies reporting pregnancy 

rates > 88% (Verts 1967, Bjorge et al. 1981, Schowalter and Gunson 1982, Fuller and 

Kuehn 1985, Greenwood and Sargeant 1994). 

Wrangham and Rubenstein (1986) suggested 3 ecological factors that may 

influence the potential for the development of sociality in animals: predation pressure, 

resource distribution, and intraspecific competition. Among small carnivores, group 

living is observed only in species that specialize on invertebrates, such as the European 

badger (Meles meles), and several genera of mongooses (Kmuk 1989, Rood 1986, Lott 

1991). Mustelid social interactions span the range from solitary to permanent group 

living, although no mustelids are known to forage in groups beyond mother-young or 

sibling associations (Kmuk 1989, King 1990). The European badger demonstrates some 

social plasticity. In Great Britain it lives in groups with only one actively reproducing 

female, but individuals forage alone (Kmuk 1989). Group members defend their territory 

against intmders of the same sex. However, European badgers in other parts of Europe 

have the more typical mustelid solitary lifestyle (Kmuk 1989). 

Social interactions of skunks (genera Mephitis, Spilogale, and Conepatus) have 

not been well documented (Godin 1982, Howard and Marsh 1982). Other carnivores and 

omnivores with widely dispersed or relatively abundant food resources show relatively 

high levels of intraspecific tolerance. In black bears (Ursus americanus), adult females 

establish territories during the summer, but otherwise home ranges overlap between and 



within sexes. Temporal spacing is exhibited by individuals, and likely maintained 

through a dominance hierarchy system (Pelton 1982). Similariy, raccoons (Procvon lotor) 

frequently have overlapping home ranges within and between sexes, with some evidence 

of temporal spacing and mutual avoidance. Dominance relations between neighbors may 

play a role in resource allocafion, especially among males (Barash 1974). 

Striped skunk social organization appears to be intermediate between the group-

living small carnivores and solitary omnivores such as raccoon and black bear. Striped 

skunks feed primarily on insects (Coleoptera, Orthoptera), other invertebrates, and small 

vertebrates (Patton 1974, Godin 1982). Although striped skunks appear to be solitary 

with undefended home ranges during the spring, summer, and fall, in the northern part of 

their range they exhibit communal denning behavior during the winter (Godin 1982). 

Communal dens are frequently composed of individuals of the same sex, or 1 male and 1 

to several females, although groups with several males and females have been recorded 

(Ewer 1973, Godin 1982). Therefore, striped skunks can show seasonal shifts between 

solitary and group-living behavior. 

For mammals exhibiting no male defense of resources and no paternal care, 

female density and dispersion are thought to be the primary determinant of males' home 

range size and overiap (Greenwood 1980, Sandell 1986, 1989, Sandell and Liberg 1992, 

Nelson 1995). Spatial organization of solitary camivores is commonly described as 

intrasexually exclusive home ranges for males and females with intersexual overlap. 

Males may maintain considerably larger home ranges than required for foraging in order 

to protect access to females within their home range (Schoener and Schoener 1980, Hixon 



1987, Sandell 1989, Katnik et al. 1994). Altematively, in some solitary camivores. males 

have been observed to maintain nonexclusive ranges, at least during the breeding season. 

These species roam widely during the breeding season (Sandell 1986, 1989, Rogers 

1987, Arthur et al. 1989) and sometimes engage in physical combat to secure access to 

breeding females (Minta 1993). 

Of the North American mustelid species that have been studied enough to 

describe their spafial organization, resident males of least weasels, black-footed ferrets 

(Mustela nigripes), marten (Martes americana), and wolverine appear to maintain 

intrasexually exclusive home ranges throughout the year (Svendsen 1982, Wilson 1982, 

Katnik et al. 1994, Jedrzejewski et al. 1995). Ermine (Mustela erminea), mink (Mustela 

vison), fisher (Martes pennanti), American badger (Taxidea taxus), eastem spotted skunk 

(Spilogale putoris), and striped skunk males appear to roam outside of their nonbreeding 

ranges during the breeding season (Upham 1967, Howard and Marsh 1982, Linscombe et 

al. 1982, Sandell 1986, Arthur et al. 1989, Minta 1993). 

Other factors that may affect male spatial organization include male density and 

kin relationships. At high male densities, males may not be able to prevent the incursion 

of other males into their ranges (Schoener and Schoener 1980, Zezulak and Schwab 

1981). The role of kin relafionships in the social behavior of most solitary camivores has 

not been investigated (Sunquist and Sunquist 1989). However, in social camivores, 

typical groups are composed primarily of related individuals (Bekoff 1989), although 

male coalitions often include unrelated individuals (Gompper and Wayne 1996). The 

majority of polygynous mammals have male-biased dispersal, while in monogamous 



species offspring of both sexes disperse (Greenwood 1980). Rogers (1987) found that in 

black bears female offspring tended to establish ranges close to their natal range, while 

male offspring dispersed. 

The social behavior of individuals and the genetic stmcture of a population are 

intimately related in animal species. Genetic stmcture is determined primarily by the 

dispersal, demography, and mating system characterizing a species (Greenwood 1980, 

Shields 1987, Hastings and Harrison 1994, Slatkin 1994, Chesser and Baker 1996, Wayne 

and Koepfli 1996). Knowledge of the genetic stmcture of a population may allow 

inferences about the demographic stmcture of the population, particularly the levels and 

patterns of gene flow (Slatkin 1994). Gene flow is important because it determines the 

extent to which each local population is an independent evolutionary unit (Slatkin 1994). 

The largest demographic influences on gene flow are dispersal rates, distance, and 

success (Lehman et al. 1992, Hastings and Harrison 1994). Mustelids in general appear 

to be characterized by low levels of allozyme variation (Wayne and Koepfli 1996). To 

date, there are no published population-level genetic studies of mustelids using 

techniques other than allozymes (Wayne and Koepfli 1996). 

Striped skunks are a species of concem to wildlife managers and public health 

officials because of their roles as nest predators on ground-nesting birds (Johnson et al. 

1989), and as carriers of rabies (Pybus 1988). Because of their unique defensive 

capabilities, predation pressure is less likely to be a factor influencing striped skunk 

social organization than it is for other small camivores. The invertebrate and small 

mammal food base of striped skunks is seasonally abundant and readily renewable 



(Patton 1974, Waser 1981, Waser 1988), and may affect their spatial organization. The 

role of kin relationships in striped skunk social behavior has not been investigated, and 

there is no information on population-level genetics or gene flow in striped skunk 

populations. 

The objectives of this project were to: (1) determine the population characteristics 

of striped skunk populations in the Southem High Plains, including survival rates, 

densities, and sex ratios, (2) examine the genetic stmcture of striped skunk populations, 

and (3) document the spatial organization of male striped skunks, and test for effects of 

male and female abundance and kin relationships on male home range size and overlap. 

The findings of this study can be combined with previous work on carnivore species to 

help explain general patterns of social interactions. These results may help to explain the 

mechanisms that allow striped skunks to reach high population densities, and thus have 

implications for the management of striped skunk populations. 

Vander Lee's (1995) study of habitat selection and nest predation by striped 

skunks was simultaneous with this study for 1 year (1994). Vander Lee (1995) provided 

supplemental prey (waste products from cattle rendering and/or carp) on Conservation 

Reserve Program (CRP) lands on 2 of the plots from April-July. However, he reported 

avoidance of CRP by radiocollared striped skunks on both supplemented and control 

plots. Therefore, in my analyses I have assumed that the provision of supplemental prey 

did not influence the spatial organization or abundance of the study populations. 
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CHAPTER n 

POPULATION CHARACTERISTICS, SURVIVAL 

RATES, AND CAUSES OF MORTALITY 

OF STRIPED SKUNKS ON THE 

SOUTHERN HIGH PLAINS, 

TEXAS 

Striped skunks (Mephitis mephitis) are among the most ubiquitous camivores in 

North American (Godin 1982). Striped skunks occur in all habitats except for the boreal 

forest, Alaska, coastal British Columbia, and the extreme desert southwest (Godin 1982). 

However, most research on these successful animals has focused on their roles as nest 

predators (Chesness et al. 1968, Schranck 1972, Weller 1979, Greenwood 1986, Crabtree 

and Wolfe 1988, Crabtree et al. 1989, Johnson et al. 1989, Trevor 1989, Vander Lee 

1995) or as vectors of rabies (Sargeant et al. 1982, Rosatte et al. 1986, Pybus 1988). 

Very little is known about factors limiting skunk populations. Few skunks live to 

3 years (Sargeant et al. 1982, Rosatte and Gunson 1984, Greenwood and Sargeant 1994). 

Winter severity is thought to be an important mortality factor in the northern part of their 

range (Bjorge et al. 1981, Godin 1982). Striped skunks lose weight during the winter, 

and some individuals may starve (Schowalter and Gunson 1982). Good winter denning 

sites also may be a limiting factor (Andersen 1981). Sargeant et al. (1982) recorded most 

skunk mortality as being accidentally (farm machinery) or deliberately (shooting) caused 
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by humans. Rabies and other diseases may be an important mortality factor in some areas 

(Godin 1982, Pybus 1988). 

Most studies examining free-ranging skunks with the primary objectives of 

understanding their population characteristics have been conducted in the midwestem 

United States or the Northern Plains region of North America (Upham 1967, Verts 1967, 

Patton 1974, Bjorge et al. 1981, Schowalter and Gunson 1982, Sargeant et al. 1982, 

Fuller and Kuehn 1985, Greenwood and Sargeant 1994). The objectives of this study 

were to document adult survival rates, causes of mortality, abundance, and sex ratios of 

striped skunks during spring and summer on the Southem High Plains. 

Study Area 

This study was conducted in northeastem Lamb County, Hale County, and 

southem Swisher County, Texas. The area has a dry, steppe climate with mild winters 

(United States Department of Agriculture Soil Conservation Service 1974). Average 

annual precipitation is 44 cm, and approximately 79% of this amount falls in May 

through October. Thunderstorms are common during May through June. 

The area is a nearly level to sloping treeless prairie. It is dissected by a few 

intermittent streams and sloping basins around playa lakes. Land use is primarily 

agricultural, with the main crops being com, cotton, and grain sorghum. Potential 

mammalian predators and/or competitors with striped skunks in the area include coyote 

(Canis latrans), badger (Taxidea taxus), red fox (Vulpes vulpes), opossum (Didelphis 

virginianus), and raccoon (Procvon lotor). Potential prey species in the region include 
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Eastem cottontail (Svlvilagus floridanus). desert cottontail (Svlvilagus audubonii), 

black-tailed jackrabbit (Lepus califomicus). thirteen-lined ground squirrel (Spermophilus 

tridecemlineatus). black-tailed prairie dog (Cynomys ludovicianus), and numerous other 

species of small vertebrates, insects, and other invertebrates (Whitaker 1980). 

Methods 

Four 12.8 km^ plots (Claytonville, Halfway, Olton, and Plainview) were selected 

based on cover type similarity, distance among plots, and landowner consent (Figure 2.1). 

Each plot had 20-30% Conservation Reserve Program Lands and 2-4 playa basins 

(Vander Lee 1995). The majority of the remaining land was in irrigated crop producfion 

(wheat, com, sorghum, and cotton), intermingled with some residential stmctures. Some 

cattle were grazed on pastures of winter wheat. Distances between plot centers ranged 

from 17.6 to 61.6 km. Methods used in this study were approved by the Texas Tech 

University Animal Care and Use Committee (Approval #94419). 

Collection of field data began in March 1994 and continued until May 1996. 

Striped skunks were trapped with box traps (80 x 22 x 22 cm double door folding traps. 

Tomahawk Live Trap Co., Tomahawk, WI) on each study plot for 7 nights each month in 

March through July of 1994 and 1995, except for Claytonville, which was first trapped in 

April of 1994. Trapping nights were consecutive except when bad weather forced trap 

closure. Twenty traps were placed in each plot per night and baited with cmshed chicken 

necks. Upon capture or recapture skunks were immobilized with ketamine hydrochloride 

and xylazine hydrochloride (100 mg/ml concentration of ketamine, 10 mg/ml 
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Figure 2.1. Map of Texas, showing the location of the 4 study plots: 
Claytonville, Halfway, Olton, and Plainview. 
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concentration of xylazine, average dosage was 0.17 ml/kg of a 4:1 mixture; Rosatte and 

Hobson 1983), ear tagged (National Band and Tag Co., Newport, KY, style 4-1005, size 

#1), and weighed. Sex, total body length, tail length, right hind foot length, ear length, 

and length of teats or testes were recorded. Male striped skunks over 1400 g were fitted 

with 100 g radiocollars containing mortality sensors (Advanced Telemetry Systems, 

Isanti, MN). 

Radiocollared skunks were relocated at night 2-4 times a week during March 

through July (1994) or August (1995), and relocated 2-3 times during the rest of the year. 

Animals that moved off a plot were tracked for as long as they could be found or until 

mortality sensors indicated death. Causes of mortality were determined when possible. 

Capture data were used to calculate mean weights, body size, testes or teat length, sex 

ratios, adult survival rates, and abundance of striped skunk populations. Average weights 

at initial capture were compared between years, plots, seasons, and sexes using analysis 

of variance (Sokal and Rohlf 1981). Seasons were defined as early spring (March and 

April), which represented the last part of the breeding season (Patton 1974, Godin 1982), 

and late spring and summer (May, June, and July). Testes and teat sizes at initial capture 

were compared between the 2 seasons using t-tests (Sokal and Rohlf 1981). Weight and 

body length of males were correlated with testes length to determine if either measure 

predicted testes size (Sokal and Rohlf 1981). All data were examined for deviations from 

normality using normal probability plots, and data used in analysis of variance were 

tested for homogeneous variance using Levene's test. 
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I used Model AX of the Jolly-Seber method to estimate abundance of striped 

skunks on each of the plots in each year (Jolly 1965, Seber 1965, Pollock et al. 1990. 

Hines 1993). Assumptions of the Jolly-Seber method include: (1) no mark loss and 

correct identification of marks, (2) homogeneity of capture probability for all animals 

during each capture occasion, and (3) homogeneity of survival for all animals in the 

population after each capture occasion (Pollock et al. 1990). Model AX is unrestricted, 

allowing births and deaths (Hines 1993). This model also allows resighting data between 

capture occasions to be included (Hines 1993). I could not calculate April 1994 estimates 

for the Claytonville plot (Claytonville was not trapped in March of 1994 because of 

landowner permission was not received unfil April), and could not calculate July 1995 for 

any of the plots (Pollock et al. 1990, Hines 1993). Therefore, I averaged May and June 

estimates in 1994 and 1995 for each plot as an index to abundance. Each abundance 

index was divided by plot size with a 0.5 km buffer (21 km^ total area) to estimate 

density. One-half kilometer is approximately the average distance male skunks moved 

between locadons on successive nights (L. Hansen, unpub. data). I used Pearson's 

product-moment correlation to test for a relationship between weights of males and 

females at initial capture and estimated abundance on each plot (Sokal and Rohlf 1981). 

Capture data for males and females and radiotelemetry data for males were used 

to calculate annual adult survival rates on all plots combined. Survival curves were 

calculated using the staggered-entry modification of the Kaplan-Meier procedure (Pollock 

et al. 1989), and were compared between years using the log-rank test (Pollock et al. 

1989, White and Garrott 1990). Causes of death for striped skunks were determined by 
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examinafion of the site where a carcass were found, extemal examination of carcasses, 

and landowner interviews. 

Results 

Sixty-nine male skunks were captured 133 times, and 35 female skunks were 

captured 57 rimes. Six males and 1 female captured in 1994 also were captured in 1995, 

a recurrence rate of 15% for adult males and 7% for adult females. I radiocollared 40 

male striped skunks in 1994 and 31 in 1995. Thirty marked skunks were recovered after 

death: 26 males and 4 females. 

Male striped skunks were significantly heavier than females ( P < 0.0001, F = 

69.81, df = 1, 104), and weights at initial capture differed by season (P = 0.008, t = -2.71, 

df = 73 for males; P = 0.001, t = -3.62, df = 34 for females). Average weights (SE) of 

males were 1819.3 (49.17) g in early spring and 2135.7 (116.64) g in late spring and 

summer. Females weighted 1152.5 (59.13) g in early spring and 1576.3 (108.17) g in late 

spring and summer. Striped skunk weights did not differ significantly by plot (P = 0.24, 

F = 1.44, df = 3, 104) or by year (P = 0.07, F = 3.32, df =1, 104). Females captured in 

April and early May were likely to be pregnant, although I did not ascertain pregnancy 

(Godin 1982, Bjorge et al. 1981, Greenwood and Sargeant 1994). Length of testes at 

initial capture each year was not significantly related to season (P = 0.97, t = -0.04, df = 

70), weight (P = 0.16, r = 0.12, n = 72), or body length (P = 0.48, r = 0.007, n = 69) of 

males. Average testes length was 23.0 (0.43) mm. Teat length at initial capture was 

significantly related to season (P < 0.001, t = -7.22, df = 34). Teat lengths averaged 2.4 
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(0.3) mm in eariy spring and 5.4 (0.3) mm in late spring and summer. Female skunks 

with litters probably were actively nursing in late spring and early summer (Greenwood 

and Sargeant 1994). Female skunks that do not produce a litter (juveniles or infertile 

females) usually have teat lengths < 1 mm (Petrides 1950). Of the females captured in 

early spring, 36% (n = 11) in 1994 and 22% (n = 9) in 1995 had teat lengths < 1 mm. 

My distribution of captures among sampling periods suggested that males and 

females did not have similar capture probabilities (Figure 2.2). For example, in 1995 the 

percent of total captures was highest for males in March and highest for females in July. 

Because I believed that using both sexes for population estimation would have violated 

the assumption of equal catchability within sampling occasions, I calculated abundance 

for just males using the Jolly-Seber model. I did not observe any mark loss, and I had no 

reason to suspect heterogeneity in survival rates among males. Total abundance for each 

plot was estimated by multiplying the male abundance by 1 + (no. of females captured/no. 

of males captured). This is probably a conservative estimate of total abundance, because 

females may have had lower capture rates than males (Buskirk and Lindstedt 1989). 

Because of my relatively low numbers of captures, I was not able to calculate 

variances for monthly population esfimates (Pollock et al. 1990, Hines 1993). Therefore, 

I consider these results to represent indices to relative abundance rather than tme 

population estimates. Averaged May and June estimates of total density ranged from 

0.10 to 0.71 per km^ (Table 2.1). All calculated sex ratios were skewed towards males 

(Table 2.1). There was no significant relationship between weight at initial capture and 
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Table 2.1. Indices of male abundance (NM), total abundance (Nj), density (D; no./ km"), 
and sex ratios (m:f) for striped skunks on 4 12.8 km^ plots on the Southem High Plains, 
Texas, May-June 1994 and 1995. 

Plot 

Claytonville 

Halfway 

Olton 

Plainview 

NM 

5.0 

8.9 

104 

2.0 

1994 

Nj 

5.7 

149 

134 

2.3 

D 

0.27 

0.71 

0.63 

0.10 

m:f 

1:0.14 

1:0.67 

1:0.29 

1:0.14 

NM 

5.0 

6.5 

4.5 

3.5 

1995 

NT 

7.5 

124 

7.9 

41 

D 

0.36 

0.59 

0.38 

0.20 

m:f 

1:0.50 

1:0.91 

1:0.75 

1:0.17 

• ___ 

Total abundance was calculated by multiplying male abundance by 1 + (no. of females 
captured/no. of males captured). 
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estimated total abundance of skunks on a plot for males (P = 0.12, r = 0.18, n = 75) or 

females (P = 0.25, r = -0.20, n = 36). 

Average annual adult survival probabilities were 0.40 during March 1994-

Febmary 1995, and 0.48 during March 1995-Febmary 1996. Survival curves did not 

differ significantly between years (P = 0.97, x^ = 0.001, df = 1; Figure 2.3). Causes of 

mortality were determined for 22 of the 30 striped skunks recovered (Table 2.2). Trauma 

accounted for 53.3% of all known deaths. The majority of trauma-related deaths were 

from gunshot and occurred in close proximity to occupied homes. I interviewed 5 

homeowners who were responsible for the deaths of 7 marked skunks. Of those 7 

skunks, 4 were shot after they were attracted to a house by pet food left out in the yard or 

garage. One skunk was apparently injured and took up residence in a shed, and was shot 

after it became a nuisance by repeatedly spraying the family dog. One skunk was thought 

to be "acting funny" and charged a homeowner, who shot it, and 1 was shot as it was 

foraging at night under a yard light. 

In addition to the known deaths of marked skunks, one homeowner claimed to 

have trapped and killed approximately 10 striped skunks using leghold traps. I counted 4 

unmarked skunks (2 males, 2 females) that were shot by a single homeowner in addition 

to 3 marked males. All but one of these instances (the one where the skunk charged the 

landowner) occurred in the months of March or April. Some striped skunks may have 

been poisoned, as I found carcasses of other camivores and raptors that had apparently 

been poisoned around sheep carcasses on 1 plot. 
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Table 2.2. Causes of mortality for 30 marked striped skunks recovered on the Southem 
High Plains, Texas, 1994-1995. 

Cause of Mortality No. of Males No. of Females Percent of All Deaths 

Trauma 

Shot at occupied house 

Shot elsewhere 

Vehicle collisions 

Drowned in irrigation pipe 

Unknown cause^ 

Disease 

Predation'' 

Unknown 

7 

2 

1 

1 

3 

2 

2 

8 

23.3 

6.7 

10.0 

3.3 

10.0 

6.7 

6.7 

33.3 

^ Unknown cause of trauma indicates that we were not able to determine the type of 
trauma which killed the animal. Possible causes included vehicle collisions and shooting. 
^ Animals were discovered in circumstances that indicated predation, however, we could 
not eliminate the possibility of scavenging. 
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Discussion 

Striped skunk densities reported in this study (0.10 - 0.71/km^) are somewhat 

lower than densities reported by most other studies (Upham 1967, Bjorge et al. 1981). 

The addition of a buffer zone could have lowered estimates relative to the methods used 

in other studies. Also, my estimates may have been conservative because of low capture 

rates of females (Buskirk and Lindstedt 1989). Other estimates of density in prairie 

regions include 0.7 - 1.2/km^ in Alberta, Canada (Bjorge et al. 1977), and 1.9 - 3.1/km^ 

(Upham 1967) and 0.7 - 0.9/km^ (Greenwood et al. 1985) in North Dakota. 

Fuller and Kuehn (1985) estimated annual adult survival rates of 0.29 in a 

declining population and 0.58 in years of greatest increase for striped skunk populations 

in Minnesota. The survival rates in this study were intermediate to these values. 

Sargeant et al. (1982) observed April-July adult survival rates of 0.92 for males and 0.89 

for females in North Dakota. Our April-July survival rates were lower (0.81 in 1994 and 

0.78 in 1995). Since humans in both studies caused most recorded mortality, the 

differences in adult survival rates may reflect more frequent encounters of adult skunks 

with humans in the Southem Plains. Human population density in Griggs County, North 

Dakota, the locafion of Sargeant et al.'s (1982) study, was 2.0 people/km^ in 1980. The 

human population density in Swisher County, Texas, the most mral county in my study, 

was 3.6 people/km^ in 1992 (United States Department of Commerce Bureau of the 

Census 1997). I could not determine from this study if radiocollaring striped skunks 

predisposed them to certain types of mortality factors, or what the important mortality 

factors may be for juveniles. 
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Relative to other late spring and summer months there was a high incidence of 

new captures of males in June of 1994 and 1995 (Figure 2.2). Sargeant et al. (1982) 

recorded 2 of 4 long-distance dispersals by adult males as occurring in June. Of the 13 

males initially captured in June, 5 remained on or near the plots, 5 moved to areas at least 

2 km from plot boundaries, 2 died or slipped collars on the plot, and 1 was never 

relocated after initial capture. Although breeding occurs in Febmary-April (Patton 1974), 

June may be a period of exploration and/or dispersal by adult male striped skunks, 

possibly because of favorable food and weather conditions. 

Bjorge (1977) reported annual recurrence rates of 24% for adult males and 33% 

for adult females in Alberta, Canada. In North Dakota, Sargeant et al. (1982) reported 

annual recurrence rates of 11% for adult males and 43% for adult females, and 

Greenwood et al. (1985) reported annual recurrence rates of 0% for males and 50% for 

females. Males in this study that did not disperse or disappear during the field season 

(March-July) were often either recaptured on their plots or were discovered dead on or 

near plots the next spring, suggesting little adult male dispersal in the fall and winter. My 

recurrence rate for females (7%) was low relative to other studies. Sargeant et al. (1982) 

suggested that adult females remain in the same area for extended periods, and that long

distance dispersal by adult males was not uncommon. The low recurrence rate of females 

during this study could have been caused by high mortality rates, low capture 

probabilities, or adult dispersal. I could not fully evaluate mortality or dispersal rates of 

females. However, low female capture probabilities may account for at least part of the 

discrepancy (Buskirk and Lindstedt 1989). 
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CHAPTER m 

PARTITIONING OF GENETIC VARIATION AMONG 

STRIPED SKUNKS ON THE SOUTHERN 

HIGH PLAINS, TEXAS 

The genetic stmcture of a population is determined by demographic processes of 

the population (all the processes associated with birth, death, and dispersal) and by 

genetic processes such as selecfion, recombination, and mutation (Slatkin 1994). 

Knowledge of the genetic stmcture of a population may allow inferences about the 

demographic stmcture of the populafion, and particularly about the levels and pattems of 

gene flow (Hastings and Harrison 1994, Slatkin 1994). Gene flow is important because it 

determines the extent to which each local population is an independent evolutionary unit 

(Slatkin 1994). 

Spatial variation in genetic stmcture among populations is extremely common 

(Chesser and Baker 1996). Estimates of gene dynamics must take spatial genetic 

stmcture into consideration. Chesser and Baker (1996) modeled the effects of various 

types of social organization on changes in gene diversity, and found that with a "typical" 

mammalian social organization (with polygyny and male-biased dispersal), the greatest 

amount of variance would be in matemally inherited genes, and that high male dispersal 

rates would reduce the variation in paternally and diparentally inherited genes. These 

effects are magnified by increases in female philopatry and male-biased dispersal. 
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I investigated the spatial genetic stmcture of striped skunks within and among 4 

12.8 km" study plots in the Southem High Plains of Texas in 1994 and 1995 using 

muUilocus DNA fingerprinting (Lynch 1990, 1991). Multilocus DNA fingerprints 

constitute a primarily dipatemally inherited genetic marker with high variability among 

individuals (Lynch 1991). I used average numbers of scorable bands per individual, 

similarity indices, and an index of between-population similarity to examine spatial 

heterogeneity in striped skunk generic stmcture within and among study plots at varying 

geographical distances (Gill et al. 1985, Lynch 1991, Degnan 1993, Rave et al. 1994, 

Scribner et al. 1994, Sundt et al. 1994). 

Study Area 

This study was conducted in northeastem Lamb County, Hale County, and 

southem Swisher County, Texas. The area has a dry, steppe climate with mild winters 

(United States Department of Agriculture Soil Conservation Service 1974). Average 

annual precipitation is 44 cm, and approximately 79% of this amount falls in May 

through October. Thunderstorms are common during May through June. 

The area is a nearly level to sloping treeless prairie. It is dissected by a few 

intermittent streams and sloping basins around playa lakes. Land use is primarily 

agricultural, with the main crops being com, cotton, and grain sorghum. Other medium-

sized mammals in the area include coyote (Cams latrans), badger (Taxidea taxus). red fox 

(Vulpes vulpes). opossum (Didelphis virginianus) and raccoon (Procvon lotor). Potential 

prey species in the region include Eastem cottontail (Svlvilagus floridanus), desert 
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cottontail (Svlvilagus audubonii). black-tailed jackrabbit (Lepus califomicus). thirteen-

lined ground squirrel (Spermophilus tridecemlineatus). black-tailed prairie dog (Cynomys 

ludovicianus). and numerous other species of small vertebrates, insects, and other 

invertebrates (Whitaker 1980). 

Methods 

Four 12.8 plots were selected based on habitat similarity, distance among plots, 

and landowner consent (Figure 3.1). Each plot had 20-30% Conservation Reserve 

Program Lands and 2-4 playa basins. The majority of the remaining land was in irrigated 

crop production, intermingled with some residential stmctures. Distances between plot 

centers were: Halfway to Olton, 17.6 km; Plainview to Claytonville, 24.4 km; Plainview 

to Halfway, 41.2 km; Claytonville to Halfway, 47.2 km; Plainview to Olton, 58.4 km; and 

Claytonville to Olton, 61.6 km. Methods used in this study were approved by the Texas 

Tech University Animal Care and Use Committee (Approval #94419). 

Striped skunks were trapped with box traps (80 x 22 x 22 cm double door folding 

traps, Tomahawk Live Trap Co., Tomahawk, WI) on each study plot for 7 nights once 

each month in March through July 1994 and 1995, except for Claytonville, which was 

first trapped in April of 1994. Trapping nights were consecurive except when bad 

weather forced trap closure. Twenty traps were placed in each plot per night and baited 

with cmshed chicken necks. 

Upon capture or recapture skunks were immobilized with a 4:1 mixture of 

ketamine hydrochloride and xylazine hydrochloride (100 mg/ml concentration of 
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Figure 3.1. Map of Texas, showing the location of the 4 study plots: 
Claytonville, Halfway, Olton, and Plainview. 

33 



ketamine, 10 mg/ml concentration of xylazine, average dosage of 0.17 ml/kg; Rosatte and 

Hobson 1983), ear tagged (National Band and Tag Co., Newport, KY, style 4-1005, size 

#1), and weighed. Sex, total body length, tail length, right hind foot length, ear length, 

and length of teats or testes were recorded. At initial capture of each striped skunk, 

approximately 2.5 cm (2-3 g) was amputated from the end of the tail to provide a tissue 

sample for genetic analysis and stored at -80° C until analyses could be done. 

I used DNA fingerprinting to examine genetic stmcture of striped skunks (Gilbert 

et al. 1990, Lynch 1991, Triggs et al. 1992, Degnan 1993, Timms et al. 1993, Rave et al. 

1994, Scribner et al. 1994). DNA fingerprinring is based upon the variation in the length 

df small tandemly repeated sequences called Variable Number Tandem Repeats (VNTR), 

also known as minisatellites (Jeffreys et al, 1985). DNA fingerprinting is not necessarily 

reliable as a measure of kinship between a specific pair of individuals (Lynch 1988, 1990, 

1991, Brock and White 1991, Degnan 1993, Haig et al. 1995). However, on average, 

closely related individuals have higher DNA fingerprint similarity values than distantly 

related or unrelated individuals in a variety of birds and mammals (Gilbert et al. 1991, 

Packer et al. 1991, Lehman et al. 1992, Degnan 1993, Rave et al. 1994, Stacy et al. 1994, 

Haigetal. 1995). 

DNA was isolated from the tissue samples using Maltbie's (1992) procedures. To 

select a fingerprint probe, four different enzymes (New England Biolabs, Beverly, MA) 

and three probes (Pharmacia, Piscataway, NJ and Longmire et al. 1990) were tried in 

combination. The enzyme/probe combinations of HaeUUpW41 (Longmire et al. 1990) 
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and HaeUl/CTTxAGG (Longmire et al. 1993) were selected for the DNA fingerprint 

analyses because they had the greatest amount of variability in individual fingerprints. 

Genomic DNA (10 mg) was digested with HaeUl using the suppliers' 

recommended buffer and endonuclease concentrations. Digested samples were 

electrophoresed in a 20 lane 0.8% agarose gel in 1 X TAE buffer (Maltbie 1992). Each 

gel contained a standardized marker (//mJIE-digested lambda DNA) in the first, seventh, 

thirteenth, and nineteenth lanes. DNA from one skunk (#295) was mn in 2 lanes on every 

gel, and DNA from another animal (different for each gel) was also mn in 2 lanes on each 

gel. Restriction fragments in gels were transferred to a nylon membrane (Ampersham) 

using the procedure of Southem (1975). Probes were radioactively labeled with P̂ ^ and 

hybridized to single-stranded DNA on the nylon membrane. The probe pV47 was 

hybridized using the procedure Westneat et al. (1988) developed for Ml3. The probe 

CTTxAGG was hybridized using the procedure of Longmire et al. (1993). 

Autoradiograms were scored using the program NCSA GelReader 2.0 (National 

Center for Supercomputing Applications, Champaign, IL), which compared fingerprint 

bands to the 4 lanes of standardized marker on autoradiograms to estimate the molecular 

weight of each band (Figure 3.2). I compared molecular weights of bands for skunk #295 

on different autoradiograms to determine variability in estimation of molecular weights of 

individual bands among autoradiograms. I could not reliably separate all bands on 

different autoradiograms. Therefore to score fingerprints I constmcted bins using the 

technique of Timms et al. (1993). All bands were binned. The pV47 autoradiograms 

were scored between 4.4 and 20.0 kb, and the CTTxAGG autoradiograms were scored 
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Figure 3.2. Striped skunk identificarion numbers and the HaeIII/pV41 and 
Haelll/CTTxAGG fingerprints of 5 striped skunks captured on the Southem 
High Plains, Texas, 1995. 
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between 3.9 and 10.0 kb. Bin boundaries were estabhshed at 5.2, 6.15. 6.5, 7.1, 7.6, 

7.875, 8.46, 8.8, 9.2, 10.23, 11.225, 11.9, 13.2, 13.79, and 15.65 kb for scoring pV47 

fingerprints. Bin boundaries were established at 4.5, 4.84, 5.0, 5.63, 5.8, 6.15, 6.4, 6.65, 

7.1, 7.55. and 7.95 kb for scoring CTTxAGG fingerprints. I had less success hybridizing 

CTTxAGG to membranes, so fewer individuals had scorable fingerprints using this 

probe. 

Similarity indices (S xy) were calculated for each pair of individuals for each probe 

(Lynch 1990, 1991). Errors in assigning bands to bins reduced the similarity indices for 

individuals compared to themselves from the expected values of 1.00. Because of 

measurement error, bands that fell close to the boundary of a bin may not have been 

consistently placed within the same bin. However, the bands near a boundary should fall 

randomly, and therefore frequency values of bins should not be skewed (Budowle et al. 

1991). The average value of S xy (SD) calculated by comparing fingerprints of skunk 

#295 to itself within and among autoradiograms was 0.977 (0.017) for pV47 fingerprints 

and 0.917 (0.014) for CTTxAGG fingerprints. The average value for S xy calculated by 

scoring fingerprints of all skunks that were repeated within and among autoradiograms 

against themselves was 0.916 (0.069) for pV47 fingerprints (n = 40 comparisons) and 

0.895 (0.048) for CTTxAGG fingerprints (n = 18 comparisons). 

I used analysis of variance to compare the number of bands per individual among 

plots (Sokal and Rohlf 1981). For all parametric analyses, I examined data for deviations 

from normality using normal probability plots, and for data used in analysis of variance, I 

tested for homogeneous variance using Levene's test. I used the formulas provided by 
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Lynch (1991) to calculate S xy between pairs of animals and average similarity indices 

(S ) within and between plots. I used Student's t-test to test the hypothesis that similarity 

index values for pairs of females within plots was greater than similarity index values for 

pairs of males within plots. I also used formulas provided by Lynch (1990) to calculate 

indices of between-plot similarity adjusted for within-plot similarity (S y). I constmcted 

95% confidence intervals for each S y using variance formulas provided by Lynch (1990) 

to determine if the estimate was significantly < 1.0. Values < 1.0 indicate partitioning of 

genetic variarion among plots, with greater generic similarity within than between plots. I 

used Pearson's product-moment correlation and the Mantel-Haenszel test for linear 

association to test the hypothesis that average similarity indices between plots (S ) 

decreased with increasing distance between plots (Sokal and Rohlf 1981, SPSS Inc. 

1994). Males and females were considered separately for each analysis. 

Results 

Sixty-nine male skunks and 35 female skunks were captured. The number of 

male skunks used in genetic analyses per plot each year ranged from 6 to 14, and the 

number of females used in genetic analyses per plot each year ranged from 1 to 10 

(Tables 3.1 and 3.2). 

There were an average of 11.7 bands per male and 12.2 bands per female for 

pV47 fingerprints, and 7.6 bands per male and 7.8 bands per female for CTTxAGG 

fingerprints. I used analysis of variance to test for differences in the number of bands per 
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individual between plots. There was no difference in the number of bands per plot for 

males or females for either pV47 (males P =0.253, F = 1.40, df = 3, 57: females P = 

0.971, F = 0.08, df = 3, 28) or CTTxAGG (males P = 0.637, F = 1.30, df = 3, 44: females 

P = 0.314, F = 1.25, df = 3, 24) fingerprints. 

Average similarity indices (S ) within plots for males using pv47 fingerprints 

ranged from 0.57 to 0.64, and using CTTxAGG fingerprints ranged from 0.69 to 0.81 

(Table 3.1). For females, S within plots ranged from 0.61 to 0.66 with pV47 

fingerprints, and from 0.69 to 0.84 for CTTxAGG fingerprints (Table 3.2). Average 

values were not calculated for females on the Plainview plot in 1994 and 1995, or for the 

Claytonville plot for 1994, because only 1 female was caught on each of the plots in those 

years. The overall average similarity value for females within plots was significantly 

higher than for males within plots using CTTxAGG fingerprints (P_< 0.05, t = 1.91, df = 

34, one-tailed t-test), but not using pV47 fingerprints (P > 0.05, t = 1.07, df = 37, one-

tailed t-test). The overall within-plot average similarity values (S ) for males and females 

respecrively were 0.74 and 0.81 using CTTxAGG fingerprints, and 0.61 and 0.64 using 

pV47 fingerprints. 

I used Lynch's (1991) index of between-popularion similarity corrected by within-

popularion similarity (S y) to determine if there was partitioning of genetic variation 

among plots. For male striped skunks, I made 6 between-plot comparisons in 1994 and 6 

in 1995 (Table 3.3). Using pV47 and CTTxAGG fingerprints, none of the S y values 

were significantly < 1.0, indicaring that between-plot generic variarion was similar to 
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within-plot genetic variation. For female striped skunks, again none of S y values 

calculated from pV47 or CTTxAGG fingerprints were significantly < 1.0. Comparisons 

of S y values for the same plots between years indicated that skunks on the same plots 

also had similar genetic variability within and between years (Table 3.4). 

Between-plot similarity (S ) did not decrease as distance between plots increased 

for males using pV47 (Pearson's product-moment correlarion: P = 0.623, r = -0.16, n = 

12; Mantel-Haenszel test: P = 0.60, y^ = 0.28, df = 1; Figure 3.3) or CTTxAGG 

fingerprints (Pearson's product-moment correlarion: P = 0.149, r = 0.44, n = 12; Mantel-

Haenszel test: P = 0.14, x^ = 2.16, df = 1; Figure 3.3). I did not calculate correlations for 

females because only 2 plots in 1994, and 3 plots in 1995, had more than 1 female. 

Discussion 

Striped skunk populations are characterized by high annual tumover (Godin 1982, 

Fuller and Kuehn 1985). Annual adult survival rates during this study averaged 0.44 

(Chapter n, this volume). In addition, adult male striped skunks commonly moved > 3 

km during the period March-August (Chapter IV, this volume). Less is known about 

female movements, although Sargeant et al. (1982) recorded that 43% of females trapped 

on a plot in the Northern Plains were present the next year, suggesting female philopatry. 

One of the two fingerprinting probes used in this study showed significantly higher 

within-plot similarity for females than for males. This result may support a hypothesis of 

greater male dispersal and female philopatry. 
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Table 3.4. Indices of between-year similarity adjusted for within-year similarity (S y) for 
striped skunks on the Southem High Plains, Texas, 1994-1995. 

pV47 

Plot Males Females 

CTTxAGG 

Males Females 

Claytonville 

Halfway 

Plainview 

Olton 

1.00 

1.01 

1.01 

0.98 

1.02 

1.00 

0.99 

0.98 

1.00 

1.00 

0.94 

0.87 
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Figure 3.3. Comparison of mean between plot similarity indices (with standard 
error bars) and distances between study plot centers for male striped skunks from 
the Southem High Plains, Texas, using pV47 and CTTxAGG fingerprints. 
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There was no evidence of a geographically-based genetic stmcture at the scale 

examined in this study for males. The lack of geographically-based genetic stmcture in 

male striped skunks suggests that at the scale of this study (< 60 km), gene flow of 

diparentally inherited genes via dispersal is more random than distance-mediated. Adult 

male striped skunks were recorded as dispersing between 10 and 119 km in North Dakota 

(Sargeant et al. 1982). The longest straight-line movement by an adult males recorded 

during this study was 7 km (Chapter IV, this volume). Juvenile dispersal is not well 

documented in striped skunks, but it is also likely to contribute substantially to gene flow 

(Godin 1982, Chesser and Baker 1996). The high annual tumover, lack of geographic 

barriers on the Southem High Plains, and the dispersal abilities of males appear to have 

resulted in a highly outbred population of striped skunks within the 60 km range of our 

study. 
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CHAPTER IV 

FACTORS INFLUENCING SPATL\L ORGANIZATION 

OF MALE STRIPED SKUNKS ON THE 

SOUTHERN HIGH PLAINS, TEXAS 

Sandell (1989) defined a camivore as solitary if it never, except when maring, 

cooperated with conspecifics. He stated that cooperative behavior would include 

cooperation to rear young, forage, achieve matings, or defend against predators. 

Gittleman (1989) added to that definition cooperative behavior for facilitation of leaming 

and collective resistance against harsh environments. For mammals that neither exhibit 

male defense of resources nor offer patemal care to offspring, it is believed that female 

density and dispersion are the primary determinant of males' home range size and overlap 

(Greenwood 1980, Sandell 1986, 1989, Sandell and Liberg 1992, Nelson 1995). 

Solitary camivores commonly exhibit intrasexually exclusive home ranges with 

intersexual overlap (Sandell and Liberg 1992). Males with this sparial organization, 

referred to as "staying" males by Sandell and Liberg (1992), usually maintain larger home 

ranges than required for foraging in order to protect access to females (Schoener and 

Schoener 1980, Hixon 1987, Sandell 1989, Katnik et al. 1994). In some species, 

however, males maintain nonexclusive ranges during the breeding season. These 

"roaming" males wander widely during the breeding season searching for females 

(Sandell 1986, 1989, Rogers 1987, Arthur et al. 1989), and somerimes engage in physical 

combat to secure access to breeding females (Minta 1993). 
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Other factors besides mating strategies that may affect male spatial organization 

include male density and kin relarionships. At high male densiries, males may not be able 

to prevent the incursion of other males into their ranges (Schoener and Schoener 1980, 

Zezulak and Schwab 1981). In social camivores, typical groups are composed primarily 

of related individuals (Bekoff 1989), although male coalitions often include unrelated 

individuals (Gompper and Wayne 1996). The majority of social polygynous mammals 

have male-biased dispersal, while in monogamous species offspring of both sexes may 

disperse (Greenwood 1980), although females may disperse over shorter distances 

(Lehman et al. 1992). The influence of relatedness on the social behavior of most solitary 

camivores has not been invesrigated (Sunquist and Sunquist 1989), although Rogers 

(1987) found that for black bears, female offspring tended to establish ranges close to 

their natal range, while male offspring dispersed. Food abundance and/or distribution 

may affect the size and spacing of home ranges (Waser 1988). 

Striped skunks (Mephiris mephitis) appear to be intermediate on the gradient of 

camivore sociality. Striped skunks do not form groups to forage, raise young, or defend 

against predators (Ewer 1973, Godin 1982). However, striped skunks may den 

communally during the winter, in groups of up to 10 animals (Ewer 1973). Little is 

known about the social behavior of striped skunks and virtually nothing is known about 

influence of relatedness on social stmcture. 

The objectives of this project were to document the sparial organization of male 

striped skunks, and to relate male sparial organizarion to male and female density and to 

generic similarity among males. I examined the seasonal home range sizes, the area of 
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overlap between males, and the spatio-temporal use of overlap areas in relation to striped 

skunk abundance, sex rarios, and genetic similarity of pairs of males. 

Study Area 

This study was conducted in northeastem Lamb County, Hale County, and 

southem Swisher County, Texas. The area has a dry, steppe climate with mild winters 

(United States Department of Agriculture Soil Conservarion Service 1974). Average 

annual precipitation is 44 cm, and approximately 79% of this amount falls in May 

through October. Thunderstorms are common during May through June. 

The area is a nearly level to sloping treeless prairie. It is dissected by a few 

intermittent streams and sloping basins around playa lakes. Land use is primarily 

agricultural, with the main crops being com, cotton, wheat, and grain sorghum. Some 

cattle were grazed on pastures and cultivated wheat fields. Other medium-sized 

manmials in the area included coyote (Canis latrans), badger (Taxidea taxus), Virginia 

opossum (Didelphis virginianus), red fox (Vulpes vulpes), and raccoon (Procvon lotor). 

Potential prey species included Eastem cottontail (Svlvilagus floridanus), desert cottontail 

(Svlvilagus audubonii), black-tailed jackrabbit (Lepus califomicus), thirteen-lined ground 

squirrel (Spermophilus tridecemlineatus), black-tailed prairie dog (Cynomys 

ludovicianus), and numerous other species of birds, small mammals, insects, and other 

invertebrates (Whitaker 1980). 
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Methods 

Four 12.8 km" plots were selected based on habitat similarity, distance among 

plots, and landowner consent (Figure 4.1). Each plot had 20-30% Conservation Reserve 

Program Lands and 2-4 playa basins. The majority of the remaining land was in irrigated 

crop producrion, with some residenrial stmctures. Distances between plot centers ranged 

between 17.6 and 61.6 km. Collecrion of field data began in March 1994 and continued 

until May 1996. Methods used in this study were approved by the Texas Tech University 

Animal Care and Use Committee (Approval #94419). 

Capture. Striped skunks were trapped with box traps (80 x 22 x 22 cm double 

door folding traps. Tomahawk Live Trap Co., Tomahawk, WI) on each study plot for 7 

nights once each month in March through July 1994 and 1995, except for Claytonville, 

which was first trapped in April of 1994. Trapping nights were consecutive except when 

bad weather forced trap closure. Twenty traps were placed in each plot per night and 

baited with cmshed chicken necks. 

Upon capture or recapture skunks were immobilized with a 4:1 mixture of 

ketamine hydrochloride and xylazine hydrochloride (100 mg/ml concentration of 

ketamine, 10 mg/ml concentration of xylazine, average dosage of 0.17 ml/kg; Rosatte and 

Hobson 1983), ear tagged (Narional Band and Tag Co., Newport, KY, style 4-1005, size 

#1), and weighed. Sex, total body length, tail length, right hind foot length, ear length, 

and length of teats or testes were recorded. At initial capture of each striped skunk, 

approximately 2.5 cm (2-3 g) of tissue was amputated from the end of the tail for genetic 
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Figure 4.1. Map of Texas, showing the locarion of the 4 study plots: 
Claytonville, Halfway, Olton, and Plainview. 
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analyses. Male skunks over 1400 g were fitted with 100 g radiocollars containing 

mortality sensors (Advanced Telemetry Systems, Isanti, MN). 

Radiotelemetry. Radiocollared skunks were relocated at night with radiotelemetry 

2-4 times a week during March through July (1994) or August (1995), and located at 

irregular mtervals during the rest of the year. Relocations were based on 2 simultaneous 

bearings taken from known locarions using tmck-mounted null antennas systems (1994 

only), or 2-3 sequenrial bearings taken by 1 observer within 15 minutes using a hand-held 

4-element yagi antenna (1994 and 1995). Animals that moved off a plot were tracked for 

as long as they could be found. The program TELEM88 was used to calculate animal 

locarions from bearings (Coleman and Jones 1988). 

Bearing accuracy was estimated by taking repeated bearings on beacons placed in 

known locations on each of the plots (White and Garrott 1990). Four people took 384 

null antenna system bearings and 256 hand-held yagi bearings in 1994, and 3 people took 

215 hand-held yagi bearings in 1995. Triangulated locarions were used for analyses only 

if the angle between at least 2 bearings was between 60 and 120 degrees, or if the error 

ellipse was < 10 ha (program LOCATEE; Nams 1990). 

Triangulated locations, visual observations, and capture locations were used to 

estimate movements and home ranges of male striped skunks. Capture locations were 

used in home range estimates only if there were no triangulated locations the night before 

or the night after the capture event. Home range sizes were estimated using 100% 

minimum convex polygon (MCP) contours and 50%, 80%, and 95% contours produced 

by the adaptive kemel (ADK) method (program CALHOME; Worton 1989, Kie et al. 
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1994). All locations used in analyses were separated by at least one daytime period to 

help insure biological independence among locations (Minta 1993). 

I distinguished between actual home range size estimates for animals with > 30 

locations per year and estimates of spatial use areas for animals that had > 16 locations 

per year, but < 30. Same-night locations were defined as locations for each member of a 

pair of skunks taken on the same night (Minta 1992). Same-night locations for pairs of 

skunks were usually recorded within a 4-hour period. Pairs with > 15 same-night 

locations were used to analyze spario-temporal use within overlap areas (Minta 1992). 

Overlap was defined as the area of overlap between the 80% contours of either home 

ranges or spatial use areas as estimated by the adaptive kemel method. 

Abundance. Male abundance, total abundance, and sex ratios were estimated as 

described in Chapter n (this volume). I used Model AX of the Jolly-Seber method to 

esrimate abundance of striped skunks on each of the plots in each year (Jolly 1965, Seber 

1965, Pollock et al. 1990, Hines 1993), and averaged May and June esrimates in 1994 and 

1995 for each plot as an index to annual male abundance. Total abundance was estimated 

by multiplying the male abundance by 1 + (no. of females captured/no. of males 

captured). Female abundance was estimated as the difference between total and male 

abundance. 

Generic Analyses. Genetic analyses were conducted as described in Chapter HI 

(this volume). I compared DNA fingerprints between pairs of skunks to estimate genetic 

similarity of males (Lynch 1990). I used the similarity index as my measure of genetic 

similarity as described in Lynch (1990, 1991). DNA fingerprinting is based upon the 
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variation in the length of small tandemly repeated sequences called Variable Number 

Tandem Repeats (VNTR), also known as minisatellites (Jeffreys et al. 1985, Nakamura et 

al. 1987, Maltbie 1992). DNA fingerprinting is not a precise measure of kinship between 

a specific pair of individuals (Lynch 1988, 1990, 1991, Brock and White 1991, Degnan 

1993, Haig et al. 1995). However, on average, closely related individuals have higher 

DNA fingerprint similarity values than distantly related or unrelated individuals in many 

species of birds and mammals (Gilbert et al. 1991, Packer et al. 1991, Lehman et al. 1992, 

Degnan 1993, Rave et al. 1994, Stacy et al. 1994, Haig et al. 1995). 

The enzyme/probe combinations of//agIII/pV47 (Longmire et al. 1990) and 

//aein/CTTxAGG (Longmire et al. 1993) were selected for the DNA fingerprint analyses. 

DNA from one skunk (#295) was mn in 2 lanes on every gel, and DNA from another 

animal (different for each gel) was also mn in 2 lanes on each gel. I compared molecular 

weights of bands for skunk #295 on different autoradiograms to determine variability in 

estimation of molecular weights of individual bands among autoradiograms. I could not 

reliably separate all bands on different autoradiograms. Therefore to score fingerprints I 

constmcted bins using the technique of Timms et al. (1993). The pV47 autoradiograms 

were scored between 4.4 and 20.0 kb, and the CTTxAGG autoradiograms were scored 

between 3.9 and 10.0 kb. I had less success hybridizing CTTxAGG to membranes, so 

fewer individuals had scorable fingerprints using this probe. 

Staristical Analyses. I tested for differences in home range size among plots and 

between years using analysis of variance (Sokal and Rohlf 1981). I used Pearson's 

product-moment correlation to assess the relarionships of male abundance, female 
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abundance, total abundance, and sex ratios to male home range size (Sokal and Rohlf 

1981; Chapter H, this volume). I also correlated male home range size with each male's 

weight at initial capture. 

I calculated mean % overlap between pairs of male skunks as the geometric mean 

of the percent overiap for the 80% ADK contour area of each skunk (Minta 1993). 

Overiaps were not calculated for pairs of skunks unless they were both present on the plot 

for at least a month during a field season. Two pairs that exhibited spatial overiap were 

deleted from the analysis because the individuals were not present on the plot at the same 

time. Mean % overlap areas were calculated for pairs of overlapping males only when 

each male had > 16 locarions per year (x= 32). 

I used analysis of variance to compare genetic similarities of striped skunks 

among 5 categories: ranges > 1 km apart; ranges < 1 km apart but not overlapping; 

ranges with < 10% mean overlap; ranges with < 50% mean overlap; and ranges with > 

50% mean overlap (Sokal and Rohlf 1981). To test the hypothesis that males had greater 

overlap with closely related males, I correlated mean % overlap for each pair with the 

similarity index of the pair using Pearson's product-moment correlation (Sokal and Rohlf 

1981). I also correlated mean % overlap for each observed pair of skunks with total 

abundance and male abundance of striped skunks on the pair's plot to test for effects of 

abundance on amount of overlap (Sokal and Rohlf 1981). 

I examined spatio-temporal use of overlap areas by male striped skunks using a 

chi-square test to compare the observed distributions of same-night locations within and 

outside of overlap areas to expected distriburions. Expected distributions of locations 
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were calculated based on the percentages of an animal's use area composed of overlap 

and nonovedap areas (Minta 1992). Males could use overiap areas as expected, showing 

no spatial or temporal attraction to or avoidance of the overiap area. They could be 

spatially attracted to the overiap area if they used it more than expected, or exhibit spatial 

avoidance if they used the overiap area less than expected. If the presence of a skunk in 

the overlap area occurred more frequently than expected in the presence of the 

overiapping skunk, the first skunk was considered to exhibit temporal attraction to the 

overiap area, and if it occurred less frequently than expected in the presence of the 

overlapping skunk, the first skunk was considered to exhibit temporal avoidance of the 

overlap area. I compared the similarity indices of males in different categories (used 

overlapped area as expected, spatial or temporal attraction to overlap area, spatial or 

temporal avoidance of overlap area) to test the hypothesis that male kinship did not affect 

spatio-temporal interactions of males. 

I examined the movements of males by determining the distance between the 

initial capmre and final live location within a field season in relarion to the fate of each 

male skunk (established a home range, died, fate unknown). I used a chi-square test of 

independence to test the hypothesis that the distance moved by a skunk from its initial 

capture location was not related to its fate (Conover 1980). I also compared mean genetic 

similarity indices for males present on the plot during the early spring to mean similarity 

indices for males that were first captured in June using analysis of variance, because these 

males may have immigrated onto the plot, and may not have been related to males already 

present on the plot (Sokal and Rohlf 1981, Chapter n, this volume). For all parametric 
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analyses, I examined data for deviations from normality using normal probability plots. 

and for data used in analysis of variance, I tested for homogeneous variance using 

Levene's test. 

Results 

Sixty-nine male skunks were captured 133 rimes, and 35 female skunks were 

captured 57 rimes. Six males and 1 female captured in 1994 also were captured in 1995. 

I radiocollared 40 male skunks in 1994 and 31 in 1995. Sixteen male skunks in 1994 and 

10 in 1995 had > 30 locations. Standard deviarions of bearing errors were 5.2° for the 

null antenna systems, 10.0° for hand-held yagis in 1994, and 10.6° for hand-held yagis in 

1995. The average sizes of error polygons of locarions used in analyses were 4.2 ha in 

1994 (90% interval 0.3-11.4 ha) and 8.2 ha in 1995 (90% interval 0.5-26.6 ha). 

Home Range Areas. Home ranges calculated using the MCP method differed 

among plots (P < 0.001, F = 12.70, df = 3, 18) and had a significant year x plot interaction 

(P < 0.001, F = 12.00, df = 3, 18; Table 4.1). MCP home ranges were significamly larger 

on the Plainview and Claytonville plots than on the Olton and Halfway plot in 1994, and 

MCP home ranges on the Claytonville plot were significantly larger than home ranges on 

the Plainview and Olton plots in 1995 (Least Significant Difference test, a = 0.05; Sokal 

and Rohlf 1981) There was also a significant interacrion between year and area for the 

95% ADK contour home ranges (P = 0.02, F = 4.30, df = 3, 17), however, the overall F-

test was not significant (P = 0.17, F = 1.84, df = 4, 17). 
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I found that MCP area, 95% ADK area, and 80% ADK were most significantly 

and negatively correlated with total abundance (Table 4.2; Figure 4.2). Home range sizes 

were smaller when total abundance was high. Fifty percent ADK areas were not 

significanriy correlated with any measure of striped skunk abundance (Table 4.2). No 

measure of home range size was significamly correlated with sex rario (Table 4.2). 

Weights of male striped skunks at initial capture were not correlated with 95% ADK 

contour areas (P = 0.22, r = -0.16, n = 25, one-tailed test), 80% ADK contour areas (P = 

0.34, r = -0.09, n = 26, one-tailed test), 50% ADK contour areas (P = 0.16, r = 0.21, n = 

26, one-tailed test), or MCP areas (P = 0.36, r = -0.14, n = 26, one-tailed test). 

Overlap Areas. At least 50% of the males on each plot were recorded as 

overlapping with at least 1 other radiocollared male (Table 4.3). Males overlapped with 

an average of 2.25 other males. For males that did overlap, the extent of overlap ranged 

from 1% to 100%, with average overlap per plot ranging form 22% to 56% (Table 4.3). 

Correlations between the mean % overlap between pairs of skunks and genetic 

similarity were not significant using pV47 fingerprint comparisons in 1994 (P = 0.549, r 

= 0.11, n = 34), or 1995 (P = 0.084, r = 0.65, n = 8; Figure 4.3). I did not calculate 

correlarions with CTTxAGG fingerprints because of a small sample size (n = 4) in 1994. 

Analysis of variance comparing generic similariries of skunks among different categories 

of sparial interactions (ranges > 1km apart; ranges < 1 km apart but not overlapping; 

ranges with < 10% overiap; ranges with < 50% overiap; and ranges with > 50% overiap) 

was not significant for pV47 DNA fingerprints comparisons (P = 0.65, F = 0.78, df = 3, 

40) or CTTxAGG fingerprint comparisons (P = 0.59, F = 0.88, df = 3, 5). Correlarions 
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Table 4.3. Number of male striped skunks with > 16 locations per year per plot (n), 
percent of those male striped skunks which overlapped with at least one other male skunk 
using the 80% ADK contour, number of overlapping pairs of skunks (n') and the average 
(X) and standard error (SE) of the mean % overlaps calculated from the 80% ADK 
contour. 

Plot 

Claytonville 

Halfway 

Plainview 

Olton 

n 

4 

7 

2 

10 

% 

50 

100 

100 

100 

1994 

n' 

1 

8 

1 

25 

X 

0.23 

0.26 

0.56 

0.22 

SE 

-

0.25 

-

0.18 

n 

4 

5 

4 

4 

% 

50 

80 

75 

50 

1995 

n' 

1 

4 

3 

2 

X 

0.45 

0.26 

0.34 

0.29 

SE 

-

0.15 

0.14 

0.10 
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Figure 4.3. Mean geometric overlap using 80% ADK contour areas of striped 
skunk pairs and their genetic similarity index calculated from pV47 fingerprints 
on the Southem High Plains, Texas, in 1994 and 1995. 
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between mean % overlap and male abundance (P = 0.052, r = -0.70, n = 8) and total 

abundance (P = 0.074, r = -0.66, n = 8) were not significant, but tended to show increased 

overlap with decreased abundance. 

Spatio-temporal Interactions. Of the 17 pairs of overiapping male skunks with > 

15 same-night locations, 6 (35%) used the overlapping area as expected. Five pairs 

(29%) had 1 member of the pair that was located more frequently than expected in the 

overlap area. One pair (6%) had one member located more often in the overlap area and 

one member located less often in the overlap area than expected. Four pairs had 

significant temporal interactions. Three of those pairs (18%) had at least 1 member that 

tended not to be present in the overlap area when the other member was present in the 

overlap area, and 1 pair (6%) had 1 member that tended to be present in the overlap area 

when the other member of the pair was present. The analysis of variance comparing 

genetic similarities among pairs of male striped skunks with use of overlap areas 

(categories: used as expected, spatial or temporal avoidance, and spatial or temporal 

attracrion) was not significant for pV47 fingerprint comparisons (P = 0.276, F = 1.45, df 

= 2, 11). There were not enough CTTxAGG fingerprint comparisons available to do the 

analysis. 

Movements. Movements of male striped skunks from their initial capture location 

to their final live locarion of a field season ranged from 0.11 to 7.16 km (Figure 4.4). 

Distances moved by skunks were not different among animals that established ranges, 

died, or had unknown fates (P < 0.25, x^ = 9.39, df = 8). Genetic similarity indices for 

striped skunks initially captured in June were not significantly different from similarity 
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indices for skunks on the same plot captured in March or April for pV47 fingerprint 

comparisons (P= 0.584, F = 0.719, df = 1, 4), but they were significanriy different for 

CTTxAGG fingerprint comparisons (P < 0.001, F = 22.91, df = 1, 4). 

Discussion 

The results of this study suggest that male striped skunk social organization is best 

described by a "roaming" male model (Sandell and Liberg 1992). Changes in sizes of male 

striped skunk home ranges were most closely correlated with the index of total striped 

skunk abundance, rather than with an index of female abundance. If male striped skunks 

exclusively use a roaming strategy, then factors such as food distribution, abundance, and 

location of den sites may be more important than female density or distribution in 

determining sizes and locarions of home ranges outside of the breeding season. My capmre 

method may have caused us to underestimate the number of females, because females may 

have had a lower capmre probability than males (Buskirk and Lindstedt 1989). However, 

since the capture method was standardized among plots, it should provide an unbiased 

measure of the relative differences in female abundance among plots. 

There was little evidence that kinship played an important role in the sparial 

organization of male striped skunks, although our technique may not have provided an 

accurate index to relatedness for specific pairs of individuals (Brock and White 1991). 

Closely related males may be found together under some circumstances (one possibility 

would be an abundant food supply that provided little incenrive for siblings to disperse in a 

69 



particular year). However, my results indicate that a high degree of relatedness is not 

necessary for male striped skunks to have large home range overlaps. 

A decline in home range size with increasing density has been observed in other 

camivores (Zezulak and Schwab 1981). Although I did not find a significant relationship 

between abundance and mean % overlap, the trend of decreasing overlap with increasing 

abundance was surprising. The results of my spario-temporal interacrions analyses suggests 

that male striped skunks are relarively indifferent to the presence of other males within their 

range. Maintenance of exclusive home ranges depends on the ability of males to detect 

intmsions (Nelson 1995). Although striped skunks have reasonably good hearing and sense 

of smell, their eyesight is poor (Godin 1982). There has been no record of scent marking in 

striped skunks (Godin 1982). Thus, it is doubtful that skunks are adept at detecring 

intmders. As males increase their home range sizes they may have a reduced probability of 

detecting intmders, which may account for the trend towards increased levels of mean % 

overlap as population levels declined. 

There appears to be little evolutionary or ecological pressure on male striped skunks 

to maintain exclusive home ranges. Striped skunks prey primarily upon insects (Patton 

1974). They have litrie impact on the popularion levels of prey items (Waser 1988). Thus, 

the tolerance of male striped skunks for other males may partly stem from the fact that 

skunks may share a readily renewable food resource with conspecifics at little cost to 

themselves (Waser 1988). The tolerance of male striped skunk for other males in their 

home ranges may be one factor making striped skunks a important reservoir species for 

rabies (Pybus 1988). 
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Although we found a strong correlation between density and home range sizes, 

correlation does not necessarily indicate a cause and effect relationship. Further research 

could test competing hypothesis conceming the role of social interactions versus other 

factors, such as food abundance and/or distribution, in influencing the size and overlap of 

male striped skunk home ranges. Vander Lee (1995), examining telemetry data from the 

first year of this study, found that cover type composition did not appear to be a factor in the 

location of overlap areas. It would also be of interest to examine spacing behavior of 

striped skunks in other regions. 
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CHAPTER V 

CONCLUSIONS 

I examined population characteristics, genetic stmcture, and male spatial 

organization of striped skunk populations on the Southem High Plains, Texas. 

Demographically, striped skunk popularions on the Southem High Plains were relatively 

similar to popularions on the Northem Plains (Chapter II). The densiries of striped skunks 

in this study were relarively similar to those reported by Sargeant et al. (1982) in North 

Dakota, Fuller and Kuehn (1985) in Minnesota, and Bjorge et al. (1981) in Alberta, Canada. 

Adult recurrence rates (number of animals present on a study area in one year that were 

also present the next year) were lower in this study than in the Northem Plains, particularly 

for females (Bjorge 1977, Sargeant et al. 1982). However, annual adult survival rates were 

well within the range reported by Fuller and Kuehn (1985). 

There was no evidence of geographical generic stmcmring in the male portion of the 

popularion at the scale examined in this study (Chapter HI). The lack of geographically-

based genetic stmcture in male striped skunks suggests that at the scale of this study (< 60 

km), gene flow via dispersal is more random than distance-mediated. The longest 

straight-line movement recorded during this study was 7 km. However, animals that were 

censored may have been long-distance dispersers. 

One of the more interesting findings of this study was the extensive overiap of male 

ranges at all abundance levels (Chapter IV). Although other authors had suggested that 

male striped skunks do not maintain exclusive ranges (Upham 1967, Vander Lee 1995), I 
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was able to document for the first time the extent to which use areas overlapped at a range 

of striped skunk abundance levels. I also found that the extent of overlap between pairs of 

male striped skunks does not decrease as population density decreases (Chapter IV). 

Kinship did not appear to be a dominating factor in explaining the tolerance of male striped 

skunks for other males in their home ranges. Overlap of male ranges may have been 

associated with high-quality prey resources. Vander Lee (1995), examining telemetry data 

from the first year of this study, found that cover type composition did not appear to be a 

factor in the locarion of overlap areas. 

Changes in sizes of male striped skunk home ranges were most closely correlated 

with my index of total striped skunk abundance, rather than with an index of female 

abundance. Home range sizes were not correlated with sex rarios (Chapter FV). If male 

striped skunks exclusively use a roaming strategy, then factors such as prey distribution and 

abundance, social interacrions, and locarion of den sites may be most important in 

determining home ranges characteristics. Our capture method may have caused us to 

underestimate the number of females, because females may have a lower capture probability 

than males (Buskirk and Lindstedt 1989). However, the capture method was standardized 

among plots, and it should have provided an unbiased measure of the relarive differences in 

female abundance among plots. 

The results of my spario-temporal interacrions analyses suggested that, for the most 

part, male striped skunks are indifferent to or avoid other skunks. Skunks are highly 

insectivorous, and are not as aggressive as the other mustelids (Patton 1974). They subsist 

on a seasonally abundant and readily renewable resource that can be shared with 
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conspecifics at little cost to themselves (Waser 1988). ApparenUy, with males not 

defending home ranges to secure access to females, and with little reason to defend food 

resources, male striped skunks have not developed highly stmctured and intrasexually 

intolerant spatial organizations that characterize many other camivore species. I observed 

scarring on the faces and/or shoulders of 15% of male striped skunks captured during March 

and April in this study, which may support the hypothesis of a roaming mating strategy with 

direct comperition for females (Minta 1993). Overiap areas may be associated with areas of 

especially high food abundance, or with natal ranges of males that have not dispersed. 

Although I was able to examine sparial organizarion of males in relation to female 

abundance, I was not able to collect home range data for females during this study. Fumre 

work in this area would benefit by radiotracking male and female striped skunks 

simultaneously. In addirion, aerial telemetry or other techniques could be used to track male 

skunks during the breeding season. This would allow a better examination of the 

hypothesis that male striped skunks have a roaming maring strategy (although males in the 

northem part of striped skunk range may roam in the fall rather than the spring to locate 

females for denning) (Godin 1982). It would be valuable to test whether striped skunk 

would defend or share an fixed area of prey abundance, as might occur if land managers 

were providing supplemental prey to decrease nest predarion (Vander Lee 1995). Finally, it 

would be informarive to follow animals that are bom in a study area to measure the extent 

of natal philopatry. 
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APPENDIX: LOCATIONS AND RANGES OF MALE 

STRIPED SKUNKS ON EACH STUDY 

PLOT, 1994 AND 1995. 
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Figure A. 1. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Claytonville plot, 1994. Identification numbers of male 
skunks with < 30 locations are underiined. East Universal Tranverse Mercators 
(UTM's) are on the x-axis and north UTM's are on the y-axis. 
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Figure A. 2. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Claytonville plot, 1995. Identification numbers of male 
skunks with < 30 locations are underiined. East UTM's are on the x-axis and north 
UTM's are on the y-axis. 
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Figure A. 3. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Olton plot, 1994. Identification numbers of male skunks 
with < 30 locations are underiined. East UTM's are on the x-axis and north UTM's are 
on the y-axis. 
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Figure A.4. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Olton plot, 1995. Identification numbers of male skunks 
with < 30 locations are underiined. East UTM's are on the x-axis and north UTM's are 
on the y-axis. 
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Figure A. 5. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Halfway plot, 1994. Identification numbers of male skunks 
with < 30 locations are underiined. East UTM's are on the x-axis and north UTM's are 
on the y-axis. 

86 



3.798,000 

3.796,000 

3.794.000 

3,792,000 

3.790.000 

3,788,000 

3,786,000 

768,000 770.000 772.000 774,000 776,000 778.000 

Figure A.6. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Halfway plot, 1995. Identification numbers of male skunks 
with < 30 locations are underiined. East UTM's are on the x-axis and north UTM's are 
on the y-axis. 
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Figure A. 7. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Plainview plot, 1994. Identification numbers of male 
skunks with < 30 locations are underiined. East UTMs are on the x-axis and north 
UIMs are on the y-axis. 
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Figure A. 8. Locations and 80% adaptive kemel contour ranges of male striped skunks 
with > 16 locations on the Plainview plot, 1995. Identification numbers of male 
skunks with < 30 locations are underlined. East UTMs are on the x-axis and north 
UTM's are on the y-axis. 
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