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ABSTRACT 

In this study, we describe patterns of relatedness in Gunnison’s prairie dog (Cynomys gunnisoni) social 
groups. Kin selection is often cited as a mechanism for the evolution and maintenance of social groups, 
and Gunnison’s prairie dog females are occasionally described as being strongly philopatric. Overall, 
randomization tests revealed that females within territorial groups were not more closely related to each 
other than expected at random. A similar pattern was found among males and between males and 
females, indicating that there was no sex-biased dispersal occurring in these populations. Ecological 
variables measured in this study, such as food abundance and food dispersion, were not correlated with 
relatedness. In addition, territory size and density⁄m2 did not correlate significantly with relatedness. 
Although there was variability in the spatial overlap among individuals within groups, there was no 
indication that relatedness explained this variation. These results suggest that kin selection is not 
maintaining social groups in these populations, but that competition for access to resources required by 
both males and females may explain dispersal and social group patterns in these populations. 

 

 

 

Introduction 

A central theme of behavioral ecology lies in understanding the evolution and maintenance of animal 
grouping patterns and cooperation. Because living in groups can carry significant reproductive costs (e.g., 
reduced resource acquisition, increased infanticide, and reproductive suppression), individuals living in 
groups must experience fitness benefits that exceed the actual fitness costs of sociality (Alexander 1974; 
Betram 1978; Wasser & Barash 1983; Wrangham & Rubenstein 1986; Janson 1992; Emlen 1997;  
Solomon & French 1997; Armitage 2003). 

Kinship structure can have a profound influence on the degree and nature of social interactions by 
affecting the level of cooperation (Hamilton 1964a,b), dispersal, inbreeding avoidance (Shields 1982) and 
the degree of reproductive skew (Vehrencamp 1983). Although genetic relatedness is not a prerequisite 
for social groups, kinship may influence the degree of aggression during periods of environmental stress 
and membership status in a group (Giraldeau & Caraco 2000). Though there is some evidence that as 
relatedness increases aggression decreases, both within the group and with neighboring related groups 
(Brown & Brown 1993; Reeve & Nonacs 1997), more recent empirical investigations suggest that 



increased competition and aggression among relatives may reduce or eliminate kin-selected benefits 
(West et al. 2001; Griffin & West 2002). Kin-related groups may also determine when and which other 
individuals join a group, thereby regulating group size (Giraldeau & Caraco 2000). 

The connection between cooperation and kinship was first proposed by Hamilton (1964a,b). Hamilton 
proposed that the costs and benefits of social interactions are mediated by inclusive fitness through close 
genetic relatedness. Recently, it has been suggested that high amounts of cooperation within groups may 
be favored by factors in addition to kin selection (Slobodchikoff 1984; Slobodchikoff & Schultz 1988; 
Clutton-Brock 2002). For instance, when dispersal is limited and juveniles cannot locate suitable mates, 
relatedness within groups may be higher (Dugatkin 1997). For many birds and mammals retention of 
young in the natal group (philopatry) is common and believed to provide the foundation for the evolution 
of sociality and lead to the formation of kin-structured groups (Hatchwell & Komdeur 2000). The two 
primary hypotheses explaining natal philopatry are the ‘ecological constraints hypothesis’ (Emlen 1984) 
and the ‘benefits of philopatry hypothesis’ (Stacey & Ligon 1987, 1991). Both hypotheses postulate costs 
and benefits of staying vs. dispersing. Dispersing often can carry significant costs that result in lower 
survival rates (Daniels & Walters 2000). However, not dispersing can lead to increased within-group 
competition via foraging interference, reproductive suppression, reduced access to mates and increased 
aggression (Wasser & Barash 1983; Janson 1988; Solomon & French 1997; West et al. 2002; Griffin & 
West 2002; Armitage 2003). Thus, balancing costs and benefits, individuals may disperse to improve the 
quality of their reproductive success or, as population density increases, individuals may disperse to 
reduce their intraspecific competition within a territory. 

Frequently, dispersal decisions are sex-biased, with either males or females remaining in the natal 
territory. According to Greenwood (1980), dispersal is linked to mating systems (e.g., resource based) 
and whichever sex competes for resources should be philopatric. While in some species the occurrence 
of philopatry may be correlated with the mating system, recent experimental studies suggest that the 
frequency of philopatry may instead depend on the population density and the availability of food 
resources and their predictability in space and time (Emlen 1982, 1995; Koenig et al. 1992; Johnson et al. 
2002). This pattern suggests that parent–offspring conflicts over food resources may influence how much 
dispersal occurs, leading to varying degrees of relatedness among individuals in a social unit (Waser & 
Jones 1983). In carrion crows (Corvus corone), for example, increases in food abundance increased the 
retention of offspring, suggesting that when times are good, dispersal from the natal territory may be 
reduced (Baglione et al. 2006). Similarly, resource abundance is positively correlated with dispersal for a 
broad array of organisms (Zack & Ligon 1985; Stacey & Ligon 1991; Komdeur 1992; Putland & Goldizen 
2001; Funston et al. 2003). 

Among the social sciurids, a resource-based polygynous mating system is common, leading to matrilines 
forming the core social unit. In accordance with Greenwood’s (1980) predictions for polygynous mating 
systems, dispersal is often sex-biased, with females remaining in the natal territory and males dispersing 
more readily [Columbian ground squirrels (Spermophilus columbianus): Wiggett & Boag 1992; yellow-
bellied marmots (Marmota flaviventris): Armitage 1981, 1991, 1998, 1999; Van Vuren & Armitage 1994; 
Belding’s ground squirrels (Spermophilus beldingi): Holekamp 1984; Townsend’s ground squirrels 
(Spermophilus townsendii): Wiggett & Boag 1993; black-tailed prairie dogs (Cynomys ludovicianus): 
Hoogland 1995]. Similarly, among communal nesting or cooperative breeding social and semifossorial 
rodents kin-structured groups are common (Reeve et al. 1990; Lacey & Wieczorek 2004; Ebensperger et 
al. 2004). 

Whereas Gunnison’s prairie dog (Cynomys gunnisoni) males have often been characterized as pursuing 
a female-based defense strategy (Fitzgerald & Lechleitner 1974; Rayor 1988; Hoogland 1999), recent 
empirical and experimental evidence suggests the social system is not driven by male mating strategies 



(Verdolin 2007, 2008). Like many other ground-dwelling sciurids, Gunnison’s prairie dogs are large, 
diurnal, and highly social. Within each colony, individuals have home ranges within territories that persist 
in space and time (Slobodchikoff 1984; Rayor 1988; Travis & Slobodchikoff 1993; Verdolin 2007). Males 
and females communally defend territories over the entire active season and dispersal occurs by both 
sexes (Rayor 1988; Robinson 1989; Verdolin 2007). 

Gunnison’s prairie dog populations show variation in their group size and composition among territories, 
including single male–single female, single male–multiple female, single female–multiple male and 
multiple male–multiple female groups. This variation is associated with resource abundance and 
distribution (Slobodchikoff 1984; Travis & Slobodchikoff 1993; Travis et al. 1995). Within territories, spatial 
overlap of individuals varies and is correlated with the distribution of resources (Verdolin 2007). A lack of 
sexual dimorphism and high levels of multiple paternity, regardless of group size and sex ratio on a 
territory, suggests that resource abundance, not mating strategies, drives social patterns observed in this 
species (Travis & Slobodchikoff 1993; Travis et al.1995, 1996; Haynie et al. 2003; Verdolin 2007). 
Therefore, it remains unclear what role, if any, kinship plays in the formation and stability of Gunnison’s 
prairie dog social groups. 

The purpose of this study was to characterize relatedness among members of a social group and 
determine whether natal philopatry is a significant feature of sociality in this species. Here, natal 
philopatry refers to remaining in the natal territory. Specifically, we predicted that, if males and females 
are both dispersing from the natal territory, relatedness among females and among males within a group 
will not be significantly higher than if groups are formed at random. In contrast, if relatedness among 
group members is higher within groups than expected if groups formed randomly, we predicted that there 
would be a positive correlation between relatedness and group size, assuming group size conflicts of 
interest are more likely to occur among unrelated individuals (Vehencamp 1983). Of particular interest 
was determining if patterns of kinship among groups varied with resource availability territory size, or 
population density. Whether or not dispersal in this species is influenced by conflicts over resource 
availability, we predicted that there would be a positive correlation between resource abundance and 
relatedness. Lastly, we wanted to determine whether variability in spatial overlap among individuals within 
territories was correlated with relatedness. 

Methods 

Study Area 

Two colonies of Gunnison’s prairie dogs were studied within the city limits of Flagstaff, Arizona from May 
2003 to Aug. 2005. The first study site, Humane Society (HS), was established in May 2003. The second 
study site, Country Club (CC) was established in Aug. 2003 (see Verdolin 2007 for details). Experimental 
manipulations of resource abundance and distribution were conducted from Jun. 1, 2004 to Aug. 1, 2004 
and Apr. 1, 2005–May 6, 2005. For each plot, at both HS and CC, a 100 × 100 m letter⁄number grid 
system consisting of 100 10 × 10 m quadrats were established using surveyor stakes. Genetic and 
behavioral data of individuals and habitat data included in this study are from 2004, prior to the onset of 
experimental manipulations. 

Behavior, Vegetation and Territory Observations 

We assigned individuals to social groups and determined group territory boundaries using data on animal 
locations collected during live-trapping, focal animal behavioral observations, and scan samples as 
described in Verdolin (2007). Briefly, prairie dogs were live-trapped with Tomahawk live traps (50 × 18 × 
18 cm and 48 × 15 × 15 cm), baited with sunflower seeds. Locations were recorded during focal and scan 



samples based on the proximity (to the nearest 0.5 m) of an individual to either a surveyor stake or a 
flagged burrow and matched with corresponding coordinates obtained with a Garmin® Etrex Global 
Positioning System (Olathe, KS, USA). The term social group refers to individuals that are mutually 
tolerant of each other, as indicated by behaviors such as greet-kisses (King 1955) and co-feeding, while 
territory refers to the area occupied and defended by members of a single social group. Animals that were 
consistently chased out of an area were considered as not belonging to that territory. Individuals that 
were trapped once and not seen throughout the study were not included as members of any social group. 

The abundance and distribution of food plants was obtained by monthly sampling of all plots from Apr. to 
Aug. each year. A detailed description of methods used for assessing percent cover and estimating 
aboveground biomass is provided in Verdolin (2007). Briefly, percent cover was estimated for all plots, 
and all territories within each plot, from digital images using Optimas 3.0 (Optimas Corporation, Meyer 
Instruments Inc., Houston, TX, USA). Available aboveground biomass for each plot was estimated using 
the average dry weight of 100 cm2 food plant samples collected from fifteen randomly selected 100 m2 
quadrats. Territory food patchiness was calculated as the variance to mean ratio of biomass⁄m2. Because 
food supplementation experiments were conducted beginning in Jun. 2004, all analyses reflect group size 
and composition and territory and home range sizes in 2004 prior to the onset of the experiments. 

All home ranges and territory areas were calculated using the fixed kernel density estimator. Home range 
was defined as the area routinely used by an individual within a group, while the territory was defined as 
the area occupied by all members of a particular group. All home ranges and territory areas were 
estimated using the fixed kernel density estimator (ArcView 3.2a; ESRI 2000, Redlands, CA, USA). When 
using the fixed kernel approach with a level of smoothing selected by least squares cross-validation, 
results are less biased and more appropriate for non-normal distributions (Worton 1995; Seaman & 
Powell 1996). As opposed to the adaptive kernel, the fixed kernel approach is more stable for 

probability contours exceeding 80%. Seaman et al. (1999) suggest that contours greater than 85% do not 
provide meaningful biological information and are less reliable. Therefore, we used only the 85% contour 
probabilities for all individual home ranges, territory areas, spatial overlap of individual home ranges, and 
all statistical comparisons (See Verdolin 2007 for details). The proportion of the total home range that any 
one target individual overlapped with another individual was calculated by taking the area overlapped 
divided by the home range of the target individual. Proportions were arcsine transformed for analysis. 

DNA Extraction and PCR Amplification 

DNA was extracted from hair samples, collected during trapping, using Qiagen DNeasy tissue extraction 
kits (Qiagen, Inc., Valencia, CA, USA) utilizing a modified protocol for hair provided by the manufacturer. 
We extracted DNA two independent times following the recommended multiple tubes approach (Taberlet 
et al. 1996, 1999). Six microsatellite markers were used to determine allelic diversity and 
heterozygosities. The markers used were CGS-08, CGS-14, CGS-12, CGS-22, CGS-25, and CGS-26 
(Stevens et al. 1997; Haynie et al. 2003). Haynie et al. (2003) redesigned markers CGS-8, CGS-12, CGS-
14, and CGS-22 that were originally published by Stevens et al. (1997). Marker CGS-25 and CGS-26 
were used as originally published by Stevens et al. (1997). PCR amplification of the loci was performed 
using a 20-µl volume that contained: 5 µl of extracted genomic DNA, 2 µl of Taq buffer, 0.8-µl 50mm 
MgCl2, 0.4-µl of dNTP, 0.04-µl of Taq DNA polymerase, 1 µl of 5’ fluorescent-labeled primer, 5 µl of    
0.05 µ⁄µl BSA, and 4.76 µl of water. Samples were submitted to the Genomic Analysis and Technology 
Core facility at the University of Arizona where multiplexed PCR reactions amplified with compatible 
labeled primers were scored with the ABI PRISM® 3730 DNA Analyzer. Data were visualized using 
GeneScan freeware (CRIBI GRUP, Padova, Italy). 



Statistical Analysis 

FSTAT 2.9.3 (Goudet 1995) was used to calculate expected heterozygosity, the observed heterozygosity, 
to test for deviations from Hardy–Weinberg, calculation of FST and FIS values, and detect linkage 
disequilibrium for each locus using all individuals sampled in 2004 (adult, yearling and juvenile). Pairwise 
relatedness values were estimated using kinship (Queller & Goodnight 1989). In kinship (Goodnight 
Software) the allele sharing coefficient, r, is the proportion of alleles shared by two individuals weighted 
by the frequency of the alleles in the population, thus providing a maximum – likelihood measure of 
relatedness. Pairwise values of r range from -1 to 1, with negative values signifying that individuals share, 
on average, fewer alleles than randomly chosen individuals in the population. 

In multiple pairwise comparisons there is a lack of independence among samples because one individual 
can occur in more than one comparison. Therefore randomization tests were performed using 
Resampling Stats (Blank et al. 1999) to determine significance. For each group, comparisons among 
males, among females, and between males and females within and between groups were performed 
using two randomization procedures. First, the observed mean relatedness within a group was compared 
with groups that had been randomly reshuffled keeping the same number of pairwise comparisons in 
each group. This procedure generated a randomized distribution by repeatedly reshuffling the data        
10 000 times. Second, the mean relatedness value of individuals within a group was compared to the 
mean relatedness values of individuals in different groups. Observed values of r were randomly 
reassigned into the two groups 10 000 times and the observed difference between the two was compared 
to the randomized difference. In both tests, the proportion of the resulting values that were as large, or 
larger, than the observed value determined the p-value, with significance for each group determined by 
using a Bonferroni corrected p-value and Fisher’s combined probabilities test. Data for each plot were 
analyzed separately. We calculated 95% CI for estimates of mean pairwise relatedness by resampling 
with replacement 10 000 times to generate a distribution for which the upper 2.5% and lower 97.5% 
represent the upper and lower confidence intervals (Blank et al. 1999). Outcomes were consistent for all 
plots using both methods of analyses, so only results from the first procedure are presented here. 

We used linear regression to determine if log territory size, density, food biomass, or food dispersion 
(patchiness) was correlated with group r values among females (groups with <1 female), among males 
(groups with <1 male), and between males and females. We ran a Poisson regression using the 
generalized linear model to determine whether the number of individuals in a given sex class within a 
group was correlated with the mean r value for that respective sex class. 

Because the proportion of spatial overlap among individuals within groups was variable (among females: 
0.30 ± 0.27; among males: 0.25 ± 0.21), a comparison of home range overlap and relatedness was made. 
For each social group we generated a matrix of pairwise proportion of home range overlap and pairwise r 
values for comparison among females and among males. A Mantel test was performed for each group 
and Fisher’s combined probabilities test was used to determine significance. Linear regressions were 
analyzed with JMP 4.0 (SAS Institute, Cary, NC, USA), Poisson regressions were analyzed in Statistica, 
and the Mantel test was performed using XLSTAT 2007 (ADDINSOFT, NY, USA). 

Results 

In these populations, the numbers of unique alleles for each of the six loci ranged from three to nine per 
locus (Table 1). Observed heterozygosities of all individuals did not deviate significantly from Hardy–
Weinberg for any loci in all populations. In addition, there was no evidence of linkage disequilibrium 
among the loci. Group r values across the four plots were variable, ranging from -0.44 to +0.50 among 
males (SD = ±0.24), -0.26 to +0.37 (SD = ±0.18) among females, and -0.28 to +0.24 (SD = ±0.14) 



between males and females. To evaluate kinship, we used data from 134 successfully genotyped adults 
and yearlings out of a total 137. Table 2 provides a summary of adult and yearling social groups found on 
each plot. 

Table 1: Number of alleles (A) and expected (HE) and observed (HO) heterozygosity at each locus for adult, 
yearling and juvenile prairie dogs sampled from each of the four plots: CCI (n = 133) CCII (n = 70), HSI (n = 
131), HSII (n = 123) 

Plot Locus A HE HO F 𝜽 
CCI CGS8 6 0.73 0.76 -0.024 0.005 
 CGS12 5 0.52 0.62   
 CGS14 7 0.72 0.65   
 CGS22 4 0.74 0.69   
 CGS25 5 0.56 0.55   
 CGS26 4 0.62 0.53   
CCII CGS8 6 0.69 0.72 -0.018 0.002 
 CGS12 9 0.77 0.74   
 CGS14 5 0.75 0.68   
 CGS22 4 0.77 0.69   
 CGS25 5 0.49 0.48   
 CGS26 4 0.63 0.65   
HSI CGS8 6 0.73 0.67 -0.047 0.031 
 CGS12 5 0.41 0.44   
 CGS14 6 0.71 0.62   
 CGS22 3 0.50 0.57   
 CGS25 4 0.62 0.63   
 CGS26 4 0.53 0.60   
HSII CGS8 6 0.73 0.67 -0.012 0.017 
 CGS12 5 0.41 0.44   
 CGS14 5 0.71 0.62   
 CGS22 4 0.50 0.57   
 CGS25 4 0.62 0.63   
 CGS26 4 0.53 0.60   

f and 𝜃 are reported across all loci, where f is equivalent to FIS and h is equivalent to FST 
 

Female–Female Relatedness 

We compared the mean relatedness of females within groups with the mean relatedness of females that 
had been randomly reshuffled into groups keeping the same number of pairwise comparisons in each 
group. Using the randomization test, we found that the mean relatedness among females within groups 
did not differ significantly from that of females randomly assigned to groups for all groups (Table 3) and 
results from the Fisher’s combined probability test concurred with results using Bonferroni corrected       
p-values (χ2 0.05[36] = 21.06, p = 0.98). Among females there was no correlation between mean female 
relatedness per territory and any of the territory-level variables measured in this study (Log territory size: 
r2 = 0.00006, F1,18 = 0.001, p = 0.97, 95% CL = -0.45 to +0.45; Biomass⁄m2: r2 = 0.07, F1,18 = 1.24, p = 
0.28, 95% CL = -0.44 to +0.47; Food patchiness: r2 = 0.0006, F1,18 = 0.11, p = 0.75, 95% CL = -0.45 to 



+0.45; Density of individuals⁄m2: r2 = 0.002, F1,18 = 0.04, p = 0.84, 95% CL = -0.45 to +0.45). In addition, 
the relationship between relatedness and proportion of home range overlapped of females was not 
statistically significant (χ2

0.05[22] = 24.02, p = 0.35). Lastly, the number of females within a group was not 
correlated with female relatedness for that group (GdLM: Wald statistic = 1.90, n = 19, p = 0.17). 

Table 2: Summary of adult and yearling social groups found on each plot, including group size, and male to 
female sex-ratio (M:F) prior to experimental treatments in 2004 

Plot Group Group Size M:F 
CCI 1 10 1:1 
CCI 2 8 0.33:1 
CCI 3 12 0.71:1 
CCI 4 5 0.66:1 
CCI 5 7 0.4:1 
CCI 6 7 0.75:1 
CCII 1 5 0.25:1 
CCII 2 9 0.28:1 
CCII 3 6 1:1 
CCII 4 3 0.5:1 
HSI 1 9 0.5:1 
HIS 2 3 2:1 
HIS 3 7 0.75:1 
HIS 4 4 1:1 
HIS 5 5 0.66:1 
HSII 1 4 0.33:1 
HSII 2 7 0.75:1 
HSII 3 8 0.6:1 
HSII 4 14 1:1 
HSII 5 4 1:1 
CC, Country Club, HS, Humane Society. 
 

Male–Male Relatedness 

As with females, the mean relatedness of males within groups was compared with the mean relatedness 
of males that had been randomly reshuffled into groups keeping the same number of pairwise 
comparisons in each group. Using the randomization test, we found that mean relatedness among males 
within groups did not differ significantly from that of males randomly assigned to groups (Table 3) and 
results from the Fisher’s combined probability test concurred with the findings using Bonferroni corrected 
p-values (χ2

0.05[26] = 11.12, p = 0.99). Similar to the results for females, there was no correlation between 
mean male relatedness per territory and any of the territory-level variables measured in this study (Log 
territory size: r2 = 0.11, F1,16 = 0.19, p = 0.19, 95% CL = -0.44 to +0.49; Biomass⁄m2: r2 = 0.02, F1,18 = 
0.43, p = 0.52, 95% CL = -0.46 to +0.47; Food patchiness: r2 = 0.008, F1,16 = 0.12, p = 0.73, 95% CL = -
0.47 to +0.47; Density of individuals⁄m2: r2 = 0.02, F1,16 = 0.46, p = 0.51, 95% CL = -0.46 to +0.47). The 
relationship between relatedness and proportion of home range overlapped among males was not 
statistically significant (χ2

0.5[22] = 29.84, p = 0.12). Lastly, male relatedness within groups was not 
correlated with the number of males present in that group (GdLM: Wald statistic = 0.07, n = 17, p = 0.79). 



Table 3: The mean relatedness, r, value with bootstrap confidence intervals (CI) for each group among 
females (F–F), among males (M–M) and between males and females (M–F) with 95% CI 

Plot Group F-F M-M F-M 
CCI 1 0.006(-0.12 to 0.14) 0.14(-0.14 to 0.43) 0.07(-0.08 to 0.21) 
 2 0.04(-0.12 to 0.19) 0.03(-0.10 to 0.17) 0.06(-0.06 to 0.19) 
 3 0.15(-0.03 to 0.26) 0.03(-0.20 to 0.21) -0.21(-0.11 to 0.31) 
 4 0.02(-0.06 to 0.10) --a -0.07(-0.28 to 0.12) 
 5 -0.05(-0.16 to 0.07) 0.06(-0.05 to 0.18) -0.02(-0.09 to 0.13) 
 6 0.04(-0.18 to 0.25) 0.02(-0.12 to 0.15) -0.07(-0.15 to 0.02) 
CCII 1 -0.13(-0.22 to (-)0.03) 0.005(-0.34 to 0.56) -0.07(-0.15 to 0.01) 
 2 0.014(-0.05 to 0.14) 0.15(-0.09 to 0.48) 0.01(-0.07 to 0.10) 
 3 0.13(-0.07 to 0.34) 0.002(-0.26 to 0.37) 0.02(-0.07 to 0.11) 
 4 -- -- 0.24(-0.05 to 0.67) 
HSI 1 -0.05(-0.17 to 0.08) -0.23(-0.44 to 0.17) -0.06(-0.19 to 0.08) 
 2 -- -- -0.008(-0.16 to 0.15) 
 3 0.38(0.24 to 0.45) -0.01(-0.11 to 0.09) 0.18(0.03 to 0.33) 
 4 -- -- -0.27(-0.42 to (-)0.04) 
 5 0.32(0.10 to 0.45) -- -0.06(-0.29 to 0.19) 
HSII 1 -0.26(-0.39 to (-)0.06) -- 0.14(-0.05 to 0.32) 
 2 0.28(-0.02 to 0.75) -0.07(-0.26 to 0.04) -0.11(-0.27 to 0.13) 
 3 0.09(-0.07 to 0.26) 0.28(0.05 to 0.47) 0.02(-0.12 to 0.18) 
 4 0.08(-0.03 to 0.19) -0.18(-0.41 to 0.03) -0.01(-0.12 to 0.09) 
 5 -- -- -0.14(-0.27 to (-)0.05) 
aGroups where there were ≤2 individuals available. 
 

Male–Female Relatedness 

The final comparison examined the pairwise relatedness of males and females. The same procedure 
explained above was performed. We found that mean relatedness among males and females within 
groups did not differ significantly from that of randomly assigned individuals (Table 3) and results from the 
Fisher’s combined probability test concurred with the findings using Bonferroni corrected p-values         
(χ2 

0.05[40] = 19.48, p = 0.99). As with male–male and female–female comparisons, there was no 
correlation between mean male–female relatedness per territory and any of the territory-level variables 
measured in this study (Log territory size: r2 = 0.06, F1,19 = 1.11, p = 0.30, 95% CL = -0.43 to +0.45; 
Biomass⁄m2: r2 = 0.03, F1,18 = 0.51, p = 0.48, 95% CL = -0.44 to +0.45; Food patchiness: r2 = 0.02, F1,19 = 
0.44, p = 0.51, 95% CL = -0.44 to +0.45; Density of individuals⁄m2 r2 = 0.09, F1,19 = 1.76, p = 0.20, 95% 
CL = -0.42 to +0.46).  

Discussion 

The results of this study suggest that kin selection is not maintaining Gunnison’s prairie dog social groups 
or influencing spatial structure within groups. These results differ markedly from observational studies of 
Gunnison’s prairie dogs in other areas. Although some individuals within groups were more closely 
related to each other, no group had relatedness values that differed significantly from random, and none 
of the variables measured in this study appeared to play a significant role in explaining patterns of 
relatedness among females or males. In addition, there was no indication that males and females differed 



in their patterns of relatedness within groups, suggesting that sex-biased dispersal was not occurring in 
these populations. Lastly, results indicate that relatedness has little bearing on the spatial structure 
among males and among females within groups. 

These results contrast with those from other ground-dwelling sciurids and other communally nesting 
rodents (Armitage 1981, 1991, 1998, 1999; Holekamp 1984; Holekamp & Sherman 1989; Wiggett & Boag 
1992, 1993; Hoogland 1995; Lacey & Wieczorek 2004; Ebensperger et al. 2004). Preliminary genetic 
analysis from Travis et al. (1996) appeared to support male-biased dispersal and female philopatry in 
Gunnison’s prairie dogs reported in an observational study by Hoogland (1999). However, in our analysis, 
six microsatellite loci were used for comparison, whereas three minisatellite loci were utilized by Travis et 
al. (1996). The different methodology and subsequent statistical analyses make it difficult to directly 
compare our findings with those presented by Travis et al. (1996) and may explain the different 
conclusions. It is also possible that the difference in outcome reflects the variability in social structure and 
dispersal patterns that has frequently been observed within and between colonies of Gunnison’s prairie 
dogs (Slobodchikoff 1984; Robinson 1989; Travis & Slobodchikoff 1993; Travis et al. 1995; Verdolin 
2007). 

For example, in contrast to Hoogland’s (1999) finding of male-biased dispersal, Robinson (1989) 
concluded that both males and females dispersed, but that males more frequently dispersed greater 
distances. If both males and females disperse, one might not expect kin structure to be present among 
females. In our study, although some individuals within groups were related, females belonging to the 
same group were rarely closely related and patterns of relatedness did not differ between the sexes, 
suggesting female and male dispersal patterns in these populations may be similar to those reported by 
Robinson (1989).  

Why would both sexes disperse in these populations of Gunnison’s prairie dogs? According to 
Greenwood (1980), if dispersal is linked to mating systems, then the sex that competes over resources 
should be philopatric. Gunnison’s prairie dog males have been described as pursuing a harem 
polygynous strategy (Hoogland 1999), in which case, the expectation is that females should be philopatric 
and therefore closely related. However, there is an evidence that indicates males in these populations are 
not pursuing such a mating strategy, and perhaps not even a resource defense strategy. For instance, 
there is a lack of sexual dimorphism between males and females, both males and females communally 
defended territory boundaries without bias, territory size is correlated with the number of males and 
females, there is no significant difference between male and female home ranges within territories, and 
females range further than males during the mating season (Verdolin 2007). Thus, if male Gunnison’s 
prairie dogs in this population are not using a female-defense mating strategy, there may be little benefit 
to being philopatric. 

If dispersal is not linked to the individual mating strategies and there is no sex-biased dispersal in 
Gunnison’s prairie dogs (Robinson 1989), what other factors might predict who disperses and when? 
Experimental studies have suggested that dispersal may be more tightly linked to population density and 
resource availability (Emlen 1982, 1995; Koenig et al. 1992; Johnson et al. 2002). If food abundance 
plays a role in Gunnison’s prairie dog dispersal, one would expect that as food availability increased, 
relatedness would correspondingly increase, due to greater retention of offspring. In this study, we found 
there was no relationship between relatedness and food abundance or food dispersion, and that neither 
population density nor territory size was correlated with relatedness. 

Despite failing to detect kin structure within groups for either sex, the variation in spatial overlap among 
individuals within groups could reflect a greater tolerance to closely related individuals. However, it 



appears that relatedness may not be important in determining spacing behavior of males and females 
within territories. 

The lack of relatedness in this study could arise if insufficient genetic markers were used to detect 
relatedness among individuals. Recently Van Horn et al. (2008) addressed the accuracy of kinship 
estimates when not incorporating pedigree information and suggested that relatedness estimates may be 
misleading. While it is possible that our results underestimate kinship, Van Horne et al. (2008) report that 
the majority of errors favored misassigning individuals to a higher class of relatedness. As a result, if we 
used an insufficient number of markers, we would be more likely to conclude that individuals are more 
closely related than in fact they actually are. Furthermore, inspection of the 95% confidence intervals for 
mean female–female relatedness in individual groups in this study (Table 3) shows that in some plots, the 
existing sample size of microsatellite loci and females per group was sufficient to constrain mean 
relatedness estimates relatively close to 0 (e.g., in four of six groups in CCI, the upper confidence limit of 
mean relatedness was 0.19 or less, implying that the true mean relatedness value was 97.5% certain to 
be less than this value). 

If neither mate defense nor food competition are obvious explanations, why else might both males and 
females disperse from their birth territories in this population? The lack of relatedness among individuals 
in groups could reflect stochastic demographic variation in survivorship. If more females survive, there 
may be greater competition among females for space and resources, leading some females to choose to 
disperse in search of better territories. However, neither territory size, density nor food abundance and 
dispersion appear to play a significant role in patterns of relatedness among females, suggesting that 
female competition over resources is an insufficient explanation. In addition, previous research indicates 
that there is little difference in the survivorship of male and female offspring (Hoogland 2001). 

Another possibility for why females disperse may be related to gaining access to suitable nesting 
burrows. Data from this study are inadequate to ascertain whether certain burrows are consistently used 
as maternity burrows from year to year, but if there are features that constitute a suitable nesting burrow, 
and there is some limitation to how many burrows are available, competition for maternity burrows may 
place an upper limit on the number of yearling females that can remain on their natal territory. Communal 
nesting and kin-structured groups has been documented in several species of semifossorial rodents and 
potentially black-tailed prairie dogs (Dobson et al. 1998; Reeve et al. 1990; Lacey & Wieczorek 2004; 
Ebensperger et al. 2004). Although female Gunnison’s prairie dogs have been occasionally observed 
nesting communally in other areas (Haynie et al. 2003), they were rarely seen doing so in these 
populations, potentially increasing competition for maternity burrows. While individuals of both sexes were 
seen utilizing common burrows, patterns of spatial overlap and relatedness from this study suggest that 
kinship does not predict burrow sharing. 

One possible resource necessary for both males and females is access to hibernation burrows. Unlike 
black-tailed prairie dogs, Gunnison’s are obligate hibernators, although hibernation is interrupted by cyclic 
periods of activity (Bakko & Nahorniak 1986). Burrow excavations clearly show that not all burrow 
structures have bedding or nesting material present (Smith 1982; Verdolin et al. 2008), but whether only 
particular burrows are suitable for hibernation remains unclear. Previous studies indicate that the deepest 
parts of burrows are more thermally stable and that hibernacula must be constructed at precise depths in 
order to avoid overwinter freezing (Smith 1982). The topography of certain areas may limit the number of 
suitable locations to construct hibernacula, and although laboratory prairie dogs have been observed 
sleeping together (Smith 1982), it is not clear whether individuals hibernate together. Thus, hibernacula 
may be a key limiting resource for both males and females. 



The results of this study indicate that kin selection, for both males and females, may be unimportant to 
forming and maintaining social groups in these populations. Furthermore, relatedness does not appear to 
influence the spatial interaction of individuals within the same group. Given that kin selection can be 
rejected as the basis of maintaining sociality in this species, why are Gunnison’s prairie dogs territorial 
and social? Because larger groups attain a higher per capita access to food while simultaneously 
reducing individual defense costs (Verdolin 2007), we propose that sociality in this species may be the 
result of a more generalized mutualism such as group augmentation. 
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