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Genetic substructuring of a colony of black-tailed prairie dogs (Cynomys ludovicianus) was
examined using three different sources of information: allozyme alleles, pedigrees, and
demography (a ‘‘breeding-group” model based on mating and dispersal patterns). Prairie
dogs and their social breeding groups (called “‘coteries”) were studied under natural con-
ditions during a 15-year period. Prairie-dog coteries exhibited substantial genetic differ-
entiation, with 15-20% of the genetic variation occurring among coteries. Mating patterns
within the colony approximated random mating, and, thus, mates tended to originate from
different coteries. Social groups of black-tailed prairie dogs resulted in genetic substruc-
turing of the colony, a conclusion that was supported by estimates from allozyme alleles
and colony pedigrees. Predictions of the breeding-group model also were consistent with
and supported by estimates from allozyme and pedigree data. Some methodological prob-
lems were revealed during analyses. Although individuals of all ages usually are pooled
for biochemical estimates of among-group genetic differentiation, our estimates of among-
coterie variation from allozyme data were somewhat higher for young than for older prairie
dogs, perhaps due to sampling effects caused by mating patterns and infanticide of off-
spring. Pedigree estimates of among-coterie genetic differentiation were significantly pos-
itive for young prairie dogs, adult females, and adult males. Those estimates were always
more accurate for the offspring generation, however, because pedigree data were always
more complete for young and genetic differences among coteries were diluted by virtually
complete dispersal of males away from their natal coteries.

Key words: allozymes, breeding groups, demography, gene dynamics, pedigrees, black-
tailed prairie dogs

Social behaviors that influence breeding  breeding groups. First, females that remain
patterns may have substantial influences on  in their natal home range may often be sis-
gene dynamics within populations (Chesser,  ters or other close kin. Second, when fe-
1991a, 1991b; Chesser et al., 1993; Sugg  males occur in local breeding groups, they
and Chesser, 1994; Sugg et al., 1996). In  are more likely to mate with the same male,
particular, social breeding groups of many  because individual males should monopo-
mammalian species are composed of close  lize matings whenever possible (Emlen and
relatives and, thus, should exhibit genetic  Oring, 1977). Thus, offspring in social
substructuring due to kinship. In these spe-  breeding groups are likely to exhibit a high
cies, females are often philopatric (Dobson,  degree of kinship because they have the
1982; Greenwood, 1980), and philopatry  same father and mothers are closely related.
leads to two related processes that enhance A breeding group, therefore, may differ ge-
genetic similarity of individuals in social  netically from other breeding groups.
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Theoretical models suggest the likeli-
hood of genetic substructuring of mamma-
lian populations through social breeding
groups (Chesser, 1991a, 1991b; Chesser et
al.,, 1993; Sugg and Chesser, 1994), al-
though empirical demonstrations are few
{cf. Long, 1986; Patton and Feder, 1981;
Pope, 1992; Schwartz and Armitage, 1980;
Sugg et al., 1996). Three methods of esti-
mation of the genetic composition of pop-
ulations may be used to examine the influ-
ence of social breeding groups. First, bio-
chemical markers such as allozyme alleles,
DNA restriction fragments, or DNA se-
quences may be examined to indicate ge-
netic similarities within and among breed-
ing groups, following similar methods to
those used for spatially separated popula-
tions (Chesser, 1983; Daly and Patton,
1990; Packer and Pusey, 1993; Patton and
Feder, 1981). Second, pedigrees describe
breeding history within populations
{(Wright, 1969) and, thus, may be used to
indicate genetic structuring via patterns of
kinship within and among social breeding
groups. Finally, genetic structure of popu-
lations can be inferred from demographic
*breeding-group™ models that predict gene
dynamics, under assumptions of particular
patterns of mating and dispersal (Chesser,
1991a, 1991b; Chesser et al., 1993; Sugg
and Chesser, 1994; Sugg et al., 1996).

Previous investigators have not been able
to compare the three methods of estimating
gene dynamics with data from the same
population. Thus, compatibility of methods
and problems involved with their applica-
tion are virtually unknown. Qur purpose
was to examine gene dynamics of a highly
social mammalian species, the black-tailed
prairie dog {Cynomys ludovicianus). Prairie
dogs live in social breeding groups called
coteries (Hoogland, 1995; King, 1955).
Several coteries together form semi-isolated
aggregations called wards and largely iso-
lated subpopulations called colonies (of one
to several wards). Colonies are patchily dis-
tributed across a regional landscape of
short-grass prairie. Prairie dogs exhibit a
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variety of social behaviors, such as coop-
erative defense of coterie territories (Hoog-
land, 1981), vocal predator alarm warning
(Hoogland, 1983), allogrooming (Hoog-
land, 1995), and even alioparenting (Hoog-
land et al., 1989). Prairie dog coteries usu-
ally are composed of two to four philopatric
adult female kin, ene or two adult males
(sometimes coterie males also are rela-
tives—Hoogland, 1995), and yearling and
young offspring. Coteries may exhibit sig-
nificant differentiation of allozyme alleles,
although accurate identification of coterie
membership is critical to estimation of ge-
netic substructure of prairie dog colonies
(Chesser, 1991b). Taken together, this evi-
dence indicates that the black-tailed prairie
dog is an appropriate species for testing the
importance of social breeding groups on
gene dynamics.

‘We examined if dispersal and mating pat-
terns of prairic dogs resulted in significant
substructuring of a large colony into genet-
ically distinct coteries. Qur study colony
was one of the most extensively researched
populations of any mammalian species and
was observed during 15 years under natural
field conditions (Hoogland, 1995). In ad-
dition to a wealth of information on behav-
ior and natural history, this intensive long-
term field study gathered data appropriate
to biochemical (from allozyme alleles),
pedigree, and breeding-group model esti-
mates of gene dynamics. Thus, we used all
three methods to estimate genetic substruc-
turing of the prairie dog colony. We ex-
amined fixation indices (F-statistics—
Wright, 1965, 1969) and predicted that they
would reveal significant genetic differenti-
ation among coteries. Further, we compared
the three methods of estimation of gene dy-
namics. Because the breeding-group model
predicts asymptotic fixation indices under
ideal conditions that are probably seldom
met in the field, we tested model predic-
tions against estimated gene dynamics from
allozyme alleles and pedigrees. Finally, we
identified pgeneral problems and recom-
mended procedures for future applications
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of the three methods of estimating gene dy-
namics of social breeding groups.

MATERIALS AND METHODS

Black-tailed prairie dogs were studied in the
field from 1975 through 1989 at Wind Cave Na-
tional Park, Hot Springs, Custer Co., South Da-
kota (Hoogland, 1995). The study colony (1,300
m above sea level, ca. 1 km southwest of Rankin
Ridge) occupied ca. 6.6 ha of meadowland sur-
rounded by coniferous woodland and additional
meadow and measured ca. 500 m (N-S) by 130
m (E-W). Numbers of adult and yearling prairie
dogs in the colony during May of each year av-
eraged 123 and ranged from 92 to 143. The an-
nual number of juveniles weaned in the colony
averaged 88 and ranged from 41 to 133. Black-
tailed prairie dogs are diurnally active, and, un-
like most other marmotine rodents, they do not
hibernate. Males and females usually begin re-
producing at 2 years of age, but females occa-
sionally breed as yearlings. Mating occurs dur-
ing February and March, and weaning of off-
spring occurs shortly after emergence of juve-
niles from natal burrows ca. 76 days later in
May and June.

Fieldwork was conducted by J. L. Hoogland
and 112 field assistants. Adult prairie dogs were
captured in live traps baited with whole oats,
and juveniles were captured in unbaited traps.
Every prairie dog at the study colony was cap-
rured at least once each year. Shortly after cap-
ture, individuals were weighed, examined for
sexual condition and . ectoparasites, fitted with
numbered metal eartags for permanent recogni-
tion, given distinctive dye-markings to aid be-
havioral observations, and released at the point
of capture. Subsequently, marked prairie dogs
were observed from towers at the edge of the
study colony. Evidence of underground matings
suggested possible fathers, and paternity was
confirmed by subsequent likelihood of paternity
analyses using electrophoretic data from all
mothers, juveniles, and possible fathers (Foltz
and Hoogland, 1981, Hoogland and Foltz,
1982). Virtvally all litters that survived until
emergence from the natal burrow could be as-
signed unambiguously to their mother with be-
havioral observations.

Blood samples were collected from all of the
prairie dogs in the colony between 1979 and
1988 (n = 10 years). Horizontal starch-gel elec-
trophoresis was performed (Harris and Hopkin-
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son, 1976; Selander et al., 1971), with staining
for four polymorphic loci that were examined
throughout the 10 years: transferrin (three al-
leles); nucleoside phosphorylase (three alleles,
ECN 2.4.2.1} 6-phosphogluconate dehydroge-
nase (two alleles, ECN 1.1.1.44); phosphoglu-
comutase-2 (four alleles, ECN 2.7.5.1). In 1979,
however, only transferrin and nucleoside phos-
phorylase had sufficient sample sizes for analy-
ses. F-statistics were calculated for each electro-
phoretic locus using standard methods (Nei,
1977; Wright, 1965, 1978). Coteries were used
as population subdivisions, so that F-statistics
were calculated relative to breeding groups. This
procedure yields results from standard F-statis-
tics procedures (that produce estimates of F,
Fp, and Fgp) that correspond to breeding-group
F-statistics (hereafter designated F,,, F, and
F ;. respecrively). These fixation indices are re-
lated by the formula:

(1= Fy = (1 — Fp)(1 — Fy) (1)

Pedigrees were used to estimate average cor-
relation of genes for offspring in each year:
within individuals (the mean degree of inbreed-
ing = F), between different individuals in the
same coterie (coancestry within coteries = 6),
and between different individuals from different
coteries {a). Each individual captured from the
population was assigned a unique identification
number, vear born, and coterie designation for
each year alive. Identification number of the sire
and dam was noted for each progeny bomn. If
the sire or dam was unknown, as for immigrants
and for individuals which were already present
in the population at the beginning of the study
(1975), that sire or dam was assigned a value of
zero with other colony residents. The coancestry
between any pair {, j of individuals was deter-
mined as:

1
0, = Z(es,-s, + Bs,-D,- + Bs,-n. + eu,-n,-), @

where subscripts § and I denoted sire and dam,
respectively, for the ith and jth individual. This
expression was used to describe the way in
which coancestry accumulates over the genmera-
tions. The inbreeding coefficient of a progeny
was equal to the coancestry of its parents cal-
culated as:

F, = 8gp, 3

The weighted average coancestry within co-
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teries each year was determined by the summed
pair-wise values from the pedigree for each co-
terie multiplied by the size of the ith coterie (N))
relative to the total size of the population (Ny)
(c.f. Chesser, 1991g, 199184; Cockerham, 1967,
1969, 1973):

_ g N N-1 N
=22 > 6 @

Similarly, average correlation of gene frequen-
cies among groups (o) was determined from the
mean coancestry of all individuals in different
coteries:

s—1 N 3 Ny
=1 2—:1 EZI- =) Bim
R (5)
2 NN,
=]

In this calculation, s was the number of coteries
(i.e., breeding groups) in the colony. Lastly, the
average inbreeding coefficient was determined
over all individuals observed in the population
(N) for a given year and was calculated as:

Fe SR, (6)

Average values of gene correlations in each
year were substituted from equations 4, 5, and
6 into the following equations to determine F-
statistics for the rates of inbreeding of individ-
uals with respect to the coterie (F,,), individuals
relative to the colony (Fy;), and coteries relative
to the colony (F ;) for each year from 1979 to
1988 (Chesser, 1991a, 1991k; Chesser et al.,
1993; Sugg and Chesser, 1994):

F_F'—B F_F-—(x

I 1—9 is 1 - o
6 —

Fis = )
l -«

We used the breeding-group medel of Sugg
and Chesser (1994) for making demographic
predictions of fixation indices because that mod-
el allowed for multiple paternity within litters
and among litters of individval females in dif-
ferent years. The model required estimates of
several variables. Number of coteries (s) and
numbers of adult males (m) and females (n) in
a coterie were averaged over all years of the
study. Other variables were based only on the
lifetime of individuals that produced progeny
that, in turn, survived to reproduce. Because the
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life span of adult female prairie dogs is ca. 5
years and most do not mate until they are 2 years
old, data from the last 2 years of the study (1987
and 1988) were not used. We estimated the mean
(k) and variance (o}) of the number of progeny
that survived to maturity that were produced by
females, the mean (5) and variance (o}) of the
number of females mated by each male that pro-
duced surviving progeny, the mean (p) and vari-
ance {02} of the number of surviving progeny of
a female sired by a single male, and the average
number of successful males mated by each fe-
male (€). Finally, dispersal of males (d,} and
females (d,) was calculated as the proportion of
individuals that moved from their natal coteries
and successfully reproduced in other coteries.
Dispersal within the colony was estimated using
all years of data for individuals of known natal
location.

Estimated variables were used to calculate
breeding parameters (Chesser et al., 1993; Sugg
and Chesser, 1994). The first parameter (b} de-
fined the probability that two randomly chosen
progeny in the same breeding group (coterie)
were sired by the same male. That parameter
estimated the genetic polygyny of the average
breeding group and was calculated as:

_ mio} + b(& ~ 1]
- fnin — 1)

&y, (8)
The second parameter ($;) defined the probabil-
ity that two randomly chosen progeny in a co-
terie shared the same mother and may be termed
the probability of shared maternity. That param-
eter was:

o? + k(k — 1)

® = T — D

9
The final breeding parameter (¢,,) estimated the
probability that two randemly chosen progeny,
produced during the entire lifetime of a female,
were sired by the same male. That parameter
indicated the probability of single paternity over
a female’s lifetime reproductive success (in the
case of prairie dogs, multiple paternity primarily
resulted from mating with different males in dif-
ferent years), calculated as:

_ to, + plp — 1]

. Kk —1)

(10)

Breeding parameters, numbers of adults, and
dispersal data were used in a series of transition
equations to determine the expected change in
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gene correlations between generations (for tran- 0.50
sition equations—Chesser, 19914, 1991%; Ches-
ser et al., 1993; Sugg and Chesser, 1994). The 0.30
general approach of the transition equations was Fis + 4 )
to use matrix multiplication to predict gene cor- 010
relations within and among offspring from those
of their parents, given patterns of demography 040
and dispersal that commonly occur. The transi- b
tion equation took the form: vV,,, =TV, + C. In 0.00
this equation, V,,, and V, are vectors of gene
correlations at times r+1 and ¢ T is a matrix -0.20 l ¢
that incorporates the information about numbers Fu
of adult males and females, mating and survival 040
patterns (from the previous ¢ values), and dis- 860
persal, and C is a vector of constants.
We first assumed that the population started c
with unrelated individuals (i.e., that F, 6, and o 030
were initially zero), and expected gene correla- o0
tions were obtained for generations subsequent Fis ) 4
to the initial generation until genetic equilibrium 240 ‘ i
was approximated. In turn, gene correlations
were used to determine asymptotic fixation in- 030

dices of Fj, F;. and F;; from equations 7. To
indicate variation due to demographic changes
over the years, fixation indices were estimated
for each year using annual values of numbers of
adult males, adult females, and coteries from
1977 through 1988 (» = 12 years) with the
study-long average values of mating patterns
and dispersal.

REsuULTS

For young black-tailed prairie dogs, sig-
nificant genetic differentiation in allozyme
alleles occurred among coteries in all years
and averaged 25.0% (F,o—t = 192, n =
10 years, number of young = 38 in 1988
to 133 in 1986, P < 0.0001, Fig. 1a). Older
prairie dogs exhibited somewhat lower
among-coterie allelic differentiation, aver-
aging 16.3% over the 10 years (F,—¢ =
27.6, n = 10 years, number of individuals
= 98 in 1985 to 145 in 1983, P < 0.0001).
The difference between young and older
prairie dogs was significant (Wilcoxon z =
2.68, n = 10, P < 0.01). We pooled allo-
zyme data over all prairie dogs and years
and found that allelic differentiation among
coteries averaged 16.6%, similar to the pat-
tern for older, but not young prairie dogs
(F—t = 21.3, n = 10 years, number of

Young Oider Alt

Fig. 1—Means and ranges (of annual esti-
mates from 1979 to 198R) of fixation indices
from allozyme data that were gathered on
young, older, and all (pooled) black-tailed prai-
rie dogs {coteries were nested within a coleny
that was studied during 1979 to 1988). a) F,,,
b) F,, and ¢) Fy.

individuals = 158 in 1988 to 258 in 1981,
P < 0.0001).

Means of F,, over the 10 years of the
study were —0.380 for young prairie dogs,
—0.213 for older individuals, and —0.218
for all prairie dogs combined (¢ = 13.0,
12.2, and 29.9, respectively, all P < 0.0001,
Fig. 1b). The difference between young and
older prairie dogs was significant (Wilcox-
onz = 2.78, n = 10, P < 0.01). Ranges of
annual values of young and older individ-
uals were greater than that for the pooled
samples. Values of F,; were slightly nega-
tive for young, older, and the pooled sample
of prairie dogs (X = —0.032, —0.015, and
—0.014, respectively, all P > 0.05, Fig. l¢).
Because individuals of all ages commonly
are pooled in allozyme studies (Chesser,
1983; Dobson, 1994; Hoogland and Foltz,
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Fi. 2—Means and ranges (of annual esti-
mates from 1979 to 1988) of fixation indices
from pedigree data that were gathered on young,
adult male (labeled “males™), and adult female
(labeled ““females™) black-tailed prairie dogs. a)
Fis b) Fpp, and ¢} Fiy.

1983), further comparisons of results were
made with samptes from combined young
and older prairie dogs within each year of
the study. The estimate of among-coterie
genetic differentiation was conservative
with respect to the null hypothesis of no
genetic difference among coteries (Fig. 1).

Pedigree analyses also indicated substan-
tial genetic differentiation among prairie
dog coteries (Fig. 2a). Mean genetic differ-
entiation during the study averaged 18.7%
for young prairie dogs, 3.1% for adult
males, and 11.8% for adult females (¢ =
33.3, 4.7, and 17.5, P < 0.0001, 0.01, and
0.0001, respectively). Adult males were de-
fined as those older than yearlings; adult fe-
males were defined as those older than
young, because over one third of yearling
females mate. Values of F, averaged
—0.226 for young prairie dogs, —0.042 for

Vol. 70 No. 3

adult males, and —0.132 for adult females
during the study (¢t = 25.5, 5.9, and 16.7, P
<2 0.0001, 0.001, and 0.0001, respectively,
Fig. 2b). Values of F,; averaged 0.000 for
young, —0.010 for adult males, and 0.001
for adult femates (P > 0.05, Fig. 2¢). Com-
bining pedigree data from breeding and
nonbreeding adults with offspring was ex-
pected to dilute the magnitude of fixation
indices {Chesser, 1991a; Spielman et al.,
1977), so further comparisons of results
were made from pedigrees of offspring.

Adult females practiced infanticide with-
in their home coteries against the offspring
of their reproductive female kin (Hoogland,
1985, 1995). The proportion of litters that
were victimized completely by this type of
infanticide varied from 5 to 26% among the
years when infanticide by coterie females
was studied (1981-1988). In years when
complete litters were killed by marauders,
relatedness among coterie offspring was ex-
pected to increase because a higher propor-
tion of offspring would be siblings. This
conjecture was supported by significant as-
sociations between the annual frequency of
complete infanticide of litters and annual
estimates of F;¢ from allozyme and pedi-
gree data (r, = 0.738 and 0.857, respec-
tively, n = 8 years, P = 0.04 and < 0.01).
In addition, similar but negative associa-
tions of complete litter infanticide and an-
nual estimates of F,, from allozyme and
pedigree data approached significance (r, =
—0.714 and -0.667, respectively, n = 8
years, P = (.05 and 0.07).

Between 1976 (when pedigrees began to
develop)-1988, there was an average of
20.83 coteries (8) and the number of coteries
ranged from 15 to 26. Between 1977 (after
the first year)-1988, there was an average of
2.65 adult females (n) and 1.38 adult males
{m) in each of the coteries. Mean values of
n ranged from a yearly maximum of 3.09
(1977) t0 a yearly minimum of 2.24 (1982).
Mean values of m ranged from a maximum
of 2.21 (1983) to a minimum of 0.74 (1988),
The mean number of progeny produced by a
female (k) was 2.00 (range = 1-4), and the
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variance in this number (o7} was 1.44. Mean
(b) and variance (o3) in the number of fe-
males mated by a male were 1.68 (range =
1-3) and 0.66, respectively. Average number
of successful mates a female had (£) was 1.25
(range = 1-3). The average number of prog-
eny produced by a female that shared the
same father (p) may be estimated as &/f and
was 1.60, with a variance (o}) of 0.64. Fi-
nally, the male (d.,) and female (d;) dispersal
rates were 1.00 and 0.02, respectively. Using
those estimates, the degree of genetic polyg-
yny (b)) was 0.46, the probability of shared
maternity (¢ was 0.40, and the probability
of single paternity (b,) was 1.00.

Those parameters were entered into tran-
sition equations of Sugg and Chesser
(1994). Because natural-history parameters
were averaged across the entire period of
study, a single asymptotic value of each fix-
ation index was produced: the breeding-
group model predicted F, ¢ at 0.157 indicat-
ing ca. 16% genic differentiation among co-
teries, F, at —0.184, and F at 0.002 (Fig.
3). Ranges of annual model values that
were based on annual demographic patterns
were similar to estimates from allozyme
data and pedigrees for F;; and F;, but not
F ., which exhibited little variation. Overall
asymptotic model values of F,, F,;, and F,g
were somewhat more conservative (closer
to zero) than means of allozyme and pedi-
gree estimates (Fig. 3), although all values
of F,; were close to zero.

DIscUSSION

Our primary purpose was to examine if
social breeding groups, as represented by
coteries of black-tailed prairie dogs, created
genetic substructuring within the popula-
tion. Before this question could be exam-
ined, however, we had to decide which re-
sults to compare. Although we had an ex-
tremely large sample of hundreds of prairie
dogs, it was spread over 10 years of sam-
pling and an average of ca. 21 coteries/year.
Thus, some variation in results might be ex-
pected. In addition, each method of esti-
mation of fixation indices was based on dif-
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Fis 4 ' '

Allozyme Modael Pedigree

Fig. 3—Means and ranges (of annnal estimates
from 1979 to 1988) of fixation indices from allo-
zyme, pedigree, and demographic (breeding-group
model) data that were gathered on black-tailed
prairie dogs. a) F;, b) F,, and ¢} Fi,

ferent sources of data and, thus, different
underlying assumptions.

Allozyme data reflect events in the history
of a population (Slatkin, 1985, 1987) and,
thus, are retrospective. The primary assump-
tion was that alleles were selectively neutral,
and we had no evidence to the contrary (ev-
idence for rejection of neutrality—Slatkin,
1987). Means of F,; from allozyme alleles
were somewhat greater for young than older
prairie dogs (Fig. 1a). Estimates of F,; for
young should reflect a random assortment of
parental alleles, and, thus, young and adults
might not be expected to differ greatly in
gene dynamics. Offspring, however, were
nested within litters and may not reflect
equal contribution from all adults in each co-
terie. In addition, infanticide within coteries
may have inflated further the estimate of F
for offspring because fewer aduits success-
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fully bred when complete litters were killed.
Allozyme studies generally have examined
either adult individuals or both young and
adults (Chesser, 1983; Dobson, 1994; Pope,
1992; Schwartz and Armitage, 1980). Be-
cause our estimates for those two groups
were similar, we used the total sample of
individuals in comparisons with other esti-
mates of fixation indices.

Estimates of genetic differentiation
among coteries from pedigrees also exhib-
ited variable patterns among age and sex
groupings (Fig. 2a). Unlike allozyme data,
pedigrees can be used to predict genetic
composition of offspring (Wright, 1969),
and, thus, pedigrees are prospective. Two
factors may have promoted accuracy of es-
timates of fixation indices from pedigrees
of young offspring. First, and perhaps most
important, pedigrees were always ‘‘one
step” more complete for young than for
their parents, although pedigree information
became more complete as the study pro-
gressed and more kin relationships were
known. Second, migration of males away
from their natal areas, immigration of males
and females to the colony, and occasional
fissions of coteries (Hoogland, 1982, 1992,
1995) may have resulted in some homoge-
nization of kin among coteries. Naturally,
selective infanticide of coterie offspring by
resident reproductive females also could in-
flate fixation indices, and infanticide in
some years likely had a substantial influ-
ence on colony gene dynamics. Coterie
young, and secondarily adult females, re-
flected most accurately both processes that
promoted genetic differences among coter-
ies: philopatry of females and increased
kinship via predominant polygyny of single
males within coteries (Fig. 2; Chesser
19914, 19915).

Estimates of fixation indices from the
breeding-group model incorporated a vari-
ety of information about coterie and colony
composition, mating patterns, and dispersal
among coteries (Chesser et al., 1993; Sugg
and Chesser, 1994). Parameters of the mod-
el were used to describe mathematically the
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same sorts of information that were repre-
sented in actual pedigrees. The model did
not, however, incorporate observations of
immigration into the colony or temporal
changes in mating or dispersal patterns,
and, thus, sensitivity of model predictions
to changes in these parameters is unknown.
Ranges of values produced by changing de-
mographic parameters, however, indicated
variation in model predictions on the same
order of that of allozyme and pedigree data,
except for the values of F,; (Fig. 3). The
breeding-group model assumed genetic
equilibrium in the colony. Genetic equilib-
rium, however, was at best only approxi-
mated, as evidenced by the range of values
of fixation indices from allozyme and ped-
igree estimates.

Sacial breeding groups appeared to pro-
duce significant substructuring of the prairie
dog colony, with ca. 15-20% of the colo-
ny’s total genetic variation among coteries
in most years (Fig. 3a). This conclusion was
commoborated by three types of information
that are gathered in different ways: allo-
zyme data from blood samples, pedigrees
from behavioral observations and paternity
exclusion, and breeding-group model pre-
dictions from demographic information
about the prairie dogs. Although these data
are not independent biologically and vari-
ations among estimates and predictions oc-
curred, the basic conclusion of behavioral
genetic substructuring of a prairie dog col-
ony was supperted. A case for genetic sub-
structuring of mammalian populations due
to social breeding groups has been made
previously, with F,; estimated at ca. 0.07
for a small sample of polygynous groups of
yellow-bellied marmots (Marmota flaviven-
tris—Schwartz and Armitage, 1980} and
pocket gophers (Thomomys bottae—Patton
and Feder, 1981), ca. 0.23 for 18 coteries
of black-tailed prairie dogs in an earlier
study (Chesser, 1983), and ca. (.22 for 18
troops of red howling monkeys (Alouatta
seniculus—Pope, 1992). These studies es-
timated F,; from allozyme data and com-
pared biochemical results with evidence of
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likely mating combinations and observa-
tions of dispersal.

In addition to F;g, we estimated F,; and
Fys from allozyme data, pedigrees, and the
breeding-group model. These latter fixation
indices can be used to indicate deviations
from random mating (Foltz and Hoogland,
1983). In a randomly mating (viz., ideal)
coterie and colony, respective values of F,,
and F,; should be close to zero. Strongly
negative values reflect minimization of op-
portunities for inbreeding, and positive val-
ues indicate promotion of consanguineous
matings in coteries and the colony. Sub-
stantially negative values of F,, from allo-
zyme data, pedigrees of young and adult
females, and the breeding-group model in-
dicated that mating was nonrandom within
coteries and biased against consanguineous
matings (Dobson et al., 1997). Because of
ubiquitous dispersal of male prairie dogs
from their natal coteries, pedigree estimates
of F,, for adult males were closer to zero
than those of adult females and young off-
spring, although they were still negative
(Fig. 2b).

Estimates of F,; were generally close to
zero, indicating random mating within the
colony. Of course, matings were not truly
random because females within coteries mat-
ed preferentially with coterie males. Virtually
complete dispersal of males from their natal
coteries, however, produced a mix of mating
partners that closely approximated random
mating within the colony. Estimates of Fg
from allozyme data and pedigrees of adult
males were slightly negative, perhaps reflect-
ing immigration into the colony of adult
males (n = 12) and females (n = 4) that
produced offspring during 1979-1988. While
the estimate of F,; from the demographic
model ignored immigration and was virtually
zero, it was not greatly different from other
estimates. Thus, the assumption of no immi-
gration to the colony did not appear to create
a substantive bias in the breeding-group mod-
el (Fig. 3¢c).

The demographic “breeding-group™ ap-
proach was developed in a series of mod-
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eling efforts (Chesser, 1991a, 1991b; Ches-
ser et al., 1993; Sugg and Chesser, 1994)
and was applied to preliminary data on
black-tailed prairie dogs (mainly from
Heogland, 1995) to indicate its facility of
calculation from data collected in studies of
behavioral ecology and natural history
(Sugg et al., 1996). Efficacy of the breed-
ing-group model, however, has not been
subjected previously to empirical tests. We
found that values of fixation indices pre-
dicted by our breeding-group model were
similar to estimates from allozyme and ped-
igree data and, thus, were corroborated
strongly (Fig. 3). The breeding-group mod-
el provided accurate estimates of gene dy-
namics of black-tailed prairie dogs and also
might prove extremely effective for pre-
dicting gene dynamics in other species of
highly social mammals.
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