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Abstract

Traditional population genetic analyses typically seek to characterize the genetic

substructure caused by the nonrandom distribution of individuals. However, the

genetic structuring of adult populations often does not remain constant over time,

and may vary relative to season or life-history stages. Estimates of genetic

structure may be biased if samples are collected at a single point in time, and will

reflect the social organization of the species at the time the samples were collected.

The complex population structures exhibited by many migratory species, where

temporal shifts in social organization correspond to a large-scale shift in geo-

graphic distribution, serve as examples of the importance that time of sampling

can have on estimates of genetic structure. However, it is often fine-scale genetic

structure that is crucial for defining practical units for conservation and manage-

ment and it is at this scale that distributional shifts of organisms relative to the

timing of sampling may have a profound yet unrecognized impact on our ability to

interpret genetic data. In this study, we used the wild turkey to investigate the

effects of sampling regime on estimates of genetic structure at local scales. Using

mitochondrial sequence data, nuclear microsatellite data and allozyme data, we

found significant genetic structuring among localized winter flocks of wild turkeys.

Conversely, we found no evidence for genetic structure among sampling locations

during the spring, when wild turkeys exist in mixed assemblages of genetically

differentiated winter flocks. If the lack of detectable genetic structure among

individuals is due to an admixture of social units as in the case of wild turkeys

during the spring, then the FIS value rather than the FST value may be the more

informative statistic in regard to the levels of genetic structure among population

subunits.

Introduction

Populations commonly exhibit genetic substructure as a

result of the nonrandom distribution of individuals at

varying spatial scales, and most population genetic studies

seek to elucidate this substructure at a single point in time,

or over time at a single point in space. Samples typically are

collected from several geographic locations (or time peri-

ods), and the genetic parameters within and among samples

are estimated. These parameter estimates are often used to

infer ecological and demographic characteristics of popula-

tions such as rates of gene flow, population size fluctuations

or mating systems. In practice, the distribution of animals

frequently varies relative to season or life-history stages,

potentially biasing conclusions drawn from estimates of

genetic structure taken at a single point in time. For

example, levels of genetic structure estimated using samples

collected from a single point in time may be biased if the

social structure, and thus the distribution, of the species

varies significantly over time.

Profound differences in the genetic structuring of adult

populations over time have been noted in several species

groups: for instance, species that exhibit natal homing or

that significantly alter their social organization during the

breeding season. Migratory species, for example, may ex-

hibit periods of geographic overlap, in which individuals

frommultiple distinct populations mix at feeding habitats or

during migratory phases (Bowen et al., 2005). Examples of

such overlap can be found in birds (McAlpine et al., 1994;

Wenink & Baker, 1996; Robertson & Cooke, 1999; Ruben-

stein et al., 2002), fishes (Grant et al., 1980; Wirgin et al.,

1997), mammals (Baker et al., 1994, 1998; Petit & Mayer,

2000) and reptiles (Bowen et al., 1996; Bolten et al., 1998). In

anadromous fishes, the realization that individuals from

genetically distinct spawning runs coexist in open water

environments formed the basis of mixed stock analysis

(MSA; Utter & Ryman, 1993), which in turn provided the

theoretical underpinnings of modern assignment tests

(Davies, Villablanca & Roderick, 1999; Manel, Gaggiotti &

Waples, 2005). The complex population structures exhibited
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by many migratory species serve as examples of the impor-

tance that time of sampling can exert upon estimates of

genetic structure. Estimates of genetic parameters based on

samples collected at a single point in time can potentially

bias conservation and management decisions for species: for

example if the temporal instability of social organization is

not taken into account. Bowen et al. (2005) quantified

changes in population structure during the different life

stages of loggerhead turtles Caretta caretta, noting that

analysis of a single life stage would lead to the development

of inappropriate management strategies for this species.

In the examples described above, temporal shifts in social

organization corresponded to large-scale shifts in the spatial

distribution of individuals. In such situations it is clear that

the reorganization has occurred, and population genetic

studies have helped us to elucidate how such processes

operate. When temporal shifts in the social organization of

individuals are not associated with large-scale shifts in

spatial distribution, the changes can be more cryptic and

thus easily overlooked. The same group of individuals may

continually exist in a geographic area, yet they may be

organized differently over time (i.e. between breeding and

nonbreeding seasons). In studies focused at a large geo-

graphic scale, changes in the distribution of individuals

within a population may not affect estimates of genetic

structure among populations, as the allele frequencies in

those populations will remain the same. However, it is often

fine-scale genetic structure that is crucial for defining prac-

tical units for management and conservation (e.g. when

selecting individuals to maximize genetic diversity for re-

introduction or captive breeding programs), and it is at this

scale that distributional shifts of organisms relative to the

timing of sampling may have a profound yet unrecognized

impact on our ability to interpret genetic data.

Potential biases introduced into a sample set by collecting

samples at a single point in time may be further intensified

by logistical considerations such as the availability of

samples. Sample collection is often restricted based on

specific management regimes or accessibility issues. For

example, samples from game species may be available only

during the harvest season, and the majority of harvested

animals may be of one sex and/or a certain age class.

Although the potential importance of this source of bias has

been widely recognized (i.e. sex-biased dispersal, juvenile

dispersal), it has rarely been accounted for in population

genetics. Furthermore, large-scale studies may rely on samples

collected by a mixture of any and all means available. Thus, a

given sample set may include subsets with different sex, age

or temporal compositions, further confounding efforts to

clearly delineate patterns of population genetic structure.

In studies of species that exhibit clear temporal shifts in

social organization (e.g. migratory species), the timing and

location of sample collection is often provided in combina-

tion with a thorough discussion of the social organization of

the population at the time of sampling. Unfortunately for

most other species, information regarding the timing of

sample collection (e.g. dates or season), the composition of

samples available at that time (e.g. sex ratio or age structure)

and the social structure of the population at the time of

sampling (e.g. breeding or nonbreeding) is typically insuffi-

cient to determine if any or all of these biases exist in a given

sample. Studies of population structure rarely indicate how

their results might differ if alternative sampling regimes were

employed. Thus, estimates of genetic structure may be

biased by the sampling scheme, but this potentially impor-

tant source of error is rarely acknowledged.

In this study, we use the wild turkey to investigate the

effects of sampling regime on estimates of genetic structure

at local scales. In the wild turkey, samples for genetic

analyses are readily available during two times of the year.

During the annual spring hunting seasons, samples are often

obtained from hunter-killed male turkeys. At this time of the

year, male turkeys are distributed widely across the land-

scape, with a single male or a small group of related males

attending female breeding harems (Eaton et al., 1976;

Eaton, 1992; Krakauer, 2005). Samples may also be ob-

tained during the winter, when birds (mainly females) are

trapped for relocation efforts. In the winter, wild turkeys

exhibit an extreme shift in social organization, forming

large, segregated flocks comprised of adult males or adult

females with their offspring (Eaton, 1973, 1992). The time of

sample collection therefore dictates that a sample set may

have a sex bias (males in the spring, females in the winter) or

may reflect strikingly different social systems within the

same spatial context. Therefore, sampling performed during

the spring hunting season will likely reveal patterns of local

genetic structure very different from those obtained using

samples collected during the winter. Certainly, such effects

could be mitigated in the wild turkey by adjusting the scale

and pattern of sample collection to best address the question

at hand. However, in many species potential biases may be

unknown or unavoidable, potentially leading to incomplete

or incorrect interpretations of genetic structure among local

populations, and ineffective conservation and management

programs.

Of the available published research on wild turkey genetic

structure, only studies employing allozyme markers per-

formed by Leberg (1991), Rhodes et al. (1995) and Boone

& Rhodes (1996) have examined genetic structure in wild

turkeys at the scale of local flocks. The study of Leberg

(1991) utilized samples from male turkeys collected during

the spring, whereas Rhodes et al. (1995) and Boone &

Rhodes (1996) used samples from both sexes of turkeys

collected during winter trapping activities. The results of

these studies were quite divergent, with Leberg (1991)

finding no evidence of localized genetic structure in wild

turkeys and Rhodes et al. (1995) and Boone & Rhodes

(1996) finding significant differentiation among localized

turkey flocks. However, given the biology of the species, we

might expect locally aggregated, female-dominated winter

flocks such as those sampled by Rhodes et al. (1995) and

Boone & Rhodes (1996) to be genetically structured at a

local scale. This could be due to aggregation of related adult

female turkeys, or females with their daughters, as has been

suggested previously (Boone & Rhodes, 1996). Conversely,

we might not expect spring-harvested male turkeys to
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exhibit genetic structuring, unless the sample was comprised

mainly of related male bands (see Eaton, 1992; Krakauer,

2005). To test our predictions, we compared estimates of

fine-scale genetic structure in wild turkeys collected via

different sampling methods: opportunistically collected

sample sets (in this instance, spring-collected hunter-killed

male turkeys) and directed sampling efforts (in this case,

female turkeys trapped in winter). Our objective in this

research was to elucidate and emphasize the potential biases

in estimates of population genetic structure that can be

caused by a sampling scheme.

Methods

Sample collection

We sampled a total of 246 wild turkeys from the Naval

Weapons Surface Warfare Center located in Crane, Indiana

(hereafter referred to as Crane). The Crane study site is

251 km2 in total area and is divided into compartments for

hunting purposes (Fig. 1). Blood clots from 184 of these

samples were collected from hunter-harvested male turkeys

during the springs of 1996–2001, and the age (juvenile,

o1 year of age; adult, 41 year of age) and compartment of

harvest of each bird were noted. Additionally, we collected

62 whole-blood samples from the brachial veins of live-

trapped female turkeys during the winters of 1999 and 2001.

All winter-collected female turkeys were from one of two

hunting compartments (compartments 1 and 19), located

c. 12 km apart from one another on the Crane study site

(Fig. 1). All samples (blood clots and whole blood) were

immediately placed into lysis buffer (0.05MTris-HCl, 0.1M

EDTA, pH 8.0, 0.01M NaCl, 0.5% SDS) and stored at

�80 1C to preserve sample integrity until DNA extractions

were performed.

To ensure that our results were not exclusive to the

population of wild turkeys at Crane, the marker types we

employed, or to our methods of data collection and analysis,

we also reanalyzed a portion of the samples used in Boone &

Rhodes (1996). We expected our data to mimic those

collected by Boone & Rhodes (1996), showing low but

significant levels of genetic structure among local flocks

sampled during the winter. Thirty-one blood samples from

adjacent management units 14 (n=22) and 48 (n=9;

Fig. 1), collected via winter trapping efforts at the Savannah

River site (SRS) in Aiken, South Carolina, were made

available to us. For these samples, we reanalyzed the

original allozyme data collected by Boone & Rhodes (1996)

for this subset of samples, and collected our own micro-

satellite and sequence data using the methods described

below for the Crane samples.

Laboratory methods

We extracted DNA from all samples using modifications to

the manufacturer’s protocol for the AutoGen NA-2000

DNA extraction machine (Autogen, Inc., Hollister, MA,

USA) as described previously (Latch et al., 2006b). We

(a) (b)

Figure 1 Maps depicting (a) hunting compartments at the Naval Surface Warfare Center in Crane, Indiana (Crane) and (b) management units at the

Savannah River site (SRS) in Aiken, South Carolina. In (a), regions used for analysis (south, north-east and north-west) are shaded (light gray, dark

gray and medium gray, respectively). The number of samples collected from each hunting compartment within Crane is provided, with winter-

collected samples denoted by an asterisk. Hunting compartments within Crane (areas 1, 19, 20 and 34) and management units within SRS (areas

14 and 48) specifically mentioned in the text are noted.
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amplified 10 microsatellite loci from each sample, using the

primers and reaction conditions outlined previously (Latch

&Rhodes, 2005).Methods for amplification and genotyping

of these 10 microsatellite loci have been described elsewhere

(Latch & Rhodes, 2005).

We employed a number of different methods to ensure

the quality of our microsatellite genotype data. First, we

developed a pooled set of five to six known alleles for each

locus, spanning the full range of allele sizes. We combined

these into gel sets as above and ran this allelic standard on

each gel every 12 lanes. Genotyping error can occur if allelic

categories are not consistently and accurately defined, and

our allelic standards allowed us to detect and correct for any

microvariability among gels in the migration of alleles

relative to the internal lane standard. Second, we indepen-

dently reamplified and rescored a random set of 43 indivi-

duals at all loci to ensure genotyping accuracy.

We amplified approximately the first 500 bp of the mito-

chondrial DNA control region using primers and reaction

conditions described previously (Latch & Rhodes, 2005).

Amplification and sequencing methods are described else-

where (Latch & Rhodes, 2005). For all individuals included

in this study, sequences were obtained in both directions to

maximize data quality.

Data analysis

We used the software CONVERT (version 1.2; Glaubitz,

2004) to facilitate input file preparation for all software used

for microsatellite data analysis. To test the assumptions that

pooling data by age and year of collection were valid, we

divided the entire Crane dataset (winter and spring samples)

by age class (n=32 juveniles and n=152 adults) and then

by year of sample collection (n=22, 36, 31, 24, 34 and 37 in

the years 1996–2001). We examined the microsatellite and

control region data for evidence of significant partitioning

of genetic variance between turkeys of different ages or

among turkeys sampled in different years using FST as

calculated in SPAGEDI software (version 1.1; Hardy &

Vekemans, 2002). We also used SPAGEDI software to test

the significance of these FST estimates by randomly permut-

ing individuals among populations 10 000 times and com-

paring observed and permuted estimates.

We examined the entire set of spring-collected samples

from Crane (n=184) for evidence of localized genetic

structure within this sample. We employed the Bayesian

clustering algorithm in program STRUCTURE (version

2.1; Pritchard, Stephens & Donnelly, 2000) to identify the

most likely number of genetically distinct groups of indivi-

duals. We allowed the number of clusters (K) to vary from

1 to 10. We performed five iterations for each K, in which

each iteration consisted of a 30 000 replicate burn-in and a

Markov chain Monte Carlo run of 100 000 replicates. We

used the admixture model, which allows individuals to be

from more than one of the K clusters, and allowed the allele

frequencies among populations to be correlated.

We performed two additional analyses to elucidate any

hidden genetic structure that might exist at the local level in

Table 1 Estimates of local genetic structure for wild turkeys collected from Crane and SRS based on microsatellite, control region and

allozyme data

Location Season Data subset

Microsatellites Control region

n FIS FST n FST

Crane Spring Area 20 11 0.062 (0.151) 11

Area 34 24 0.098 (0.002) 23

Overall 35 0.087 (0.002) �0.004 (0.652) 34 �0.016 (0.501)

Crane Spring South 66 0.040 (0.025) 64

North-east 42 0.023 (0.330) 41

North-west 32 0.098 (0.000) 29

Overall 140 0.048 (0.000) 0.001 (0.235) 134 0.005 (0.293)

Crane Spring Overall 184 0.055 (0.000) N/A 180 N/A

Crane Winter Area 1 46 0.018 (0.200) 46

Area 19 18 0.145 (0.000) 18

Overall 64 0.055 (0.004) 0.013 (0.009) 64 0.083 (0.032)

SRS Winter Area 14 22 0.068 (0.097) 20

Area 48 9 0.052 (0.332) 9

Overall 31 0.062 (0.069) 0.039 (0.003) 29 0.063 (0.043)

SRS (allozyme) Wintera Area 14 22 0.160 (0.348)

Area 48 9 �0.263 (0.472)

Overall 31 0.065 (0.635) 0.176 (0.007)

Portions of the data for spring-collected turkeys on the Crane study site were analyzed by compartment (compartments 20 and 34) and by region

(south, north-east and north-west). We calculated FIS (for microsatellites and allozymes) and FST (for microsatellites, allozymes and control region

sequences) for each subset of the data. P values based on 10 000 permutations of the data (FIS values: two-sided test obs=exp; FST values:

one-sided test obs4exp) are in parentheses.
aAllozyme genotypes previously collected by Boone & Rhodes (1996).

SRS, Savannah River site.
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spring-collected samples. First, we tested for genetic differ-

entiation between turkeys harvested during the spring from

two compartments on the Crane site using F-statistics

(compartments 20 and 34; Fig. 1). We selected these two

compartments from the Crane study area because they

represented the only two localized areas on the site for

which sample sizes were sufficient for reasonable estimation

of allele frequencies. Second, we defined three adjacent

geographic regions of approximately equal size within

Crane, into which most of the 184 hunter-harvested samples

could be divided. We defined these as a ‘south’ region

(n=66), a ‘north-eastern’ region (n=42) and a ‘north-

western’ region (n=32; Table 1). We then used F-statistics

to examine levels of genetic structure within and among wild

turkeys harvested within the three regions of the Crane

study area. FST estimates and significance tests for these

two analyses were performed for both microsatellite data

and control region sequence data using SPAGEDI software.

For comparison with the data for hunter-harvested

spring-collected turkeys, we also estimated the genetic

differentiation among live-trapped winter-collected samples

of wild turkeys from Crane (compartments 1 and 19). We

used program STRUCTURE to identify the most likely

number of genetically distinct clusters in the sample of

winter-collected birds, using the methods described above

for the spring-collected samples. We used SPAGEDI soft-

ware to generate estimates of F-statistics to assess the degree

of genetic differentiation among turkeys from different

winter trapping sites, and to assess the significance of these

estimates using permutation tests as described above.

Because only a subset of the SRS samples from Boone &

Rhodes (1996) were available, we recalculated F-statistics

(in GDA software; version 1.1; Lewis & Zaykin, 1999) based

only on allozyme data for these samples. In order to ensure

that comparisons among sites (Crane and SRS) were inde-

pendent of marker type, we also calculated F-statistics (in

SPAGEDI software) using microsatellite and mitochondrial

sequence data collected for this study.

Results

The microsatellite dataset was very robust; our final dataset

contained less than 2% missing data, and all of the

43 samples used for quality control scored consistently at

all loci. Two hundred and thirteen nucleotides within the

control region were aligned across 246 individual wild

turkeys. Ten sites were variable within this region (eight of

which were parsimony informative), resulting in the detec-

tion of 12 control region haplotypes. There was no evidence

for significant partitioning of genetic variance among tur-

keys of different ages at Crane (FST(microsatellites)=0.0006,

P=0.86; FST(control region)=0.006, P=0.75). Similarly, no

genetic structure was detected among turkeys sampled in

different years (FST(microsatellites)=0.002, P=0.82; FST(control

region)=0.019, P=0.90). Given the lack of detectable differ-

ences among ages or years, age and year of sample collection

were ignored for subsequent analyses.

Clustering analysis as performed using the STRUC-

TURE program for the entire set of spring-collected turkey

samples indicated a lack of genetic structure. The likelihood

of the data was greatest when the number of groups (K) was

1, suggesting a lack of genetic subdivision. When the

number of groups was increased, the proportion of the

sample assigned to each group was always c. 1/K. For

instance, when the number of groups was set to four,

roughly 25% of all individuals were assigned to each

population, suggesting that such grouping is artificial and

does not reflect true patterns of genetic structure (Pritchard

& Wen, 2003).

We also found no direct evidence of genetic structure

among turkeys from compartments or regions within the

Crane study area, using hunter-harvested turkeys collected

during the spring. FST estimates based on microsatellites or

control region sequences were not significantly different

from zero for comparisons of turkeys from different com-

partments (areas 20 and 34; FST(microsatellite)=�0.004,
P=0.65; FST(control region)=�0.016, P=0.50) or

among regions (south, north-east and north-west;

FST(microsatellite)=0.001, P=0.24; FST(control region)=0.005,

P=0.29; Table 1). We detected significant heterozygote

deficiencies in microsatellites relative to Hardy–Weinberg

expectations in the overall spring sample (FIS=0.055,

P=0.00) as well as within the samples of turkeys from

specific compartments (compartments 20 and 34; average

FIS=0.087, P=0.002) and regions (south, north-east

and north-west; average FIS=0.048, P=0.00; Table 1).

Within the winter-collected sample, the STRUCTURE

analysis indicated that the most likely number of clusters

was one, providing no evidence for genetic structure

(but see the Discussion). In contrast, winter-collected

samples exhibited small but significant levels of genetic

structure between localized trapping sites within Crane,

based on microsatellite (FST=0.013, P=0.009) and

control region data (FST=0.083, P=0.03; Table 1).

Turkeys from compartment 19 exhibited an unusually

high deficiency of heterozygotes as indicated by the

large, positive FIS value (FIS=0.145, P=0.00; Table 1).

It is possible that our sample from compartment 19

contained female turkeys and their female offspring

(known to aggregate during the winter; Eaton, 1992),

and that these related individuals caused the hetero-

zygote deficiency we observed. We did not observe a

deficiency of heterozygotes in any other winter-collected

sample (Table 1).

We found significant genetic differentiation between

winter flocks at SRS using microsatellites (FST=0.039,

P=0.003) and control region sequences (FST=0.063,

P=0.04), corroborating our reanalysis of a portion of the

allozyme data collected previously (FST=0.176, P=0.007;

Table 1; Boone & Rhodes, 1996). Although we were

only able to reanalyze a portion of the SRS samples used

in Boone & Rhodes (1996), our results suggest that our

findings of significant levels of genetic differentiation are

not solely due to the methodology or type of marker

used.

Animal Conservation 9 (2006) 308–315 c� 2006 The Authors. Journal compilation c� 2006 The Zoological Society of London312

Sampling biases in FST estimates E. K. Latch and O. E. Rhodes



Discussion

Defining practical units for conservation and management

requires accurate interpretations of fine-scale patterns of

genetic structure. In this study, we demonstrate that the

interaction of social organization and sampling scheme can

significantly influence estimates of local genetic structure.

Temporal variability in patterns of social structure and

movement behavior occurs in a wide variety of species, yet

their effects on estimates of genetic structure have only been

thoroughly investigated when social reorganization is ac-

companied by a large-scale shift in geographic distribution.

The idea that shifts in social structure at a local scale can

bias estimates of genetic structure is particularly fundamen-

tal to studies involving harvested species or species of

conservation concern, for which sample availability may be

restricted because of management regimes or accessibility

issues. It is therefore critical that we understand these biases

and their effects on estimates of genetic structure in order to

interpret our results in an informed manner.

In this case study for wild turkeys, we found evidence that

seasonal variation in social structure and sample collection

methods can influence our ability to detect genetic structure

among localized populations. Sampling of wild turkeys

during the winter often uses rocket netting, where several

turkeys (primarily female) are captured at a given location

under a single net. Therefore, estimates of genetic structure

among sampling sites likely reflect differentiation among

distinct winter flocks. Our data indicate that these flocks are

genetically differentiated from one another, even at an

extremely localized scale. This corroborates earlier data that

suggested significant levels of genetic differentiation among

localized winter flocks in Kansas (Rhodes et al., 1995) and

South Carolina (Boone & Rhodes, 1996). From a manage-

ment perspective, identification of genetically differentiated

winter flocks is important when considering reintroduction

programs. Turkeys are trapped for relocation during the

winter, and our data suggest that in order to adequately

sample the source population, managers must select indivi-

duals for translocation from multiple winter flocks.

During spring, wild turkeys disassociate from their large

winter aggregations into small female breeding harems and

small bands of related males (Eaton et al., 1976; Eaton,

1992; Krakauer, 2005). This social reorganization leads to a

thorough mixing of the population, such that turkeys from

different winter flocks may coexist in the same geographic

area. This social reorganization changes estimates of genetic

structure, such that spatially discrete sampling locations no

longer overlap with the geographic distribution of social

groups. Indeed, we found that samples collected via hunter

harvest from localized geographic regions showed no

evidence of genetic structure.

The changing social structure of wild turkeys between the

winter and spring represents a case of geographic overlap at

a small scale. Individuals from multiple, genetically distinct

winter flocks mix during the spring, despite the fact that

there is no change in geographic distribution. In theory,

MSA and assignment methods should be well suited to

decomposing the mixture into its component parts. How-

ever, assignment methods do not perform particularly well

when clusters are separated by small differences in allele

frequencies (Pritchard et al., 2000). Latch et al. (2006a) have

found that STRUCTURE, although it performed at least as

well as other Bayesian clustering methods, is unable to

identify consistently the correct number of subpopulations

in a simulated dataset when FST is below around 0.03, and

certainly this is near the range that we have detected in

turkeys at the spatial scale investigated. Thus, it is not

entirely surprising that we were unable to detect multiple,

genetically distinct clusters in either the spring or winter

datasets.

The lack of detectable genetic structure among geo-

graphic locations for hunter-harvested spring-collected tur-

keys on Crane may not completely preclude the estimation

of localized genetic structure of wild turkey populations

sampled in this manner, particularly if we take into con-

sideration the social organization of turkeys during the

spring. If the lack of detectable genetic structure among

turkeys in the spring is due to an admixture of social units,

then the FIS value rather than the FST value may be the more

informative statistic in regard to the levels of genetic

variance partitioned among subunits of the population.

Nuclear data such as microsatellites exhibit positive values

of FIS when Wahlund effects are present, attributable to a

deficiency of heterozygotes relative to expectations under

conditions of random mating within the geographic loca-

tion. The magnitude of the heterozygote deficiency will be

directly proportional to the variance partitioned among the

admixed populations (Rhodes, 1991). In this case, a spring-

collected sample of turkeys from a given location contains

individuals from multiple, genetically differentiated winter

flocks, and thus may be expected to exhibit a deficiency of

heterozygotes. Indeed, each sampling location in our dataset

from spring-collected wild turkeys showed a heterozygote

deficiency, with multilocus microsatellite estimates of

FIS consistently converging around 0.06 (Table 1). Previous

studies of wintering flocks of wild turkeys have suggested

that 3–6% of the total genetic variance is partitioned among

flocks (Rhodes et al., 1995; Boone & Rhodes, 1996). Our

data on genetic differentiation among winter flocks support

this, although there is some variation among markers as

expected (winter FST=0.01–0.18; Table 1).

Population genetic data reflect the social organization

and movement behavior of the species at the time the

samples were collected. If the social organization of the

species varies temporally, collecting samples at a single point

in time can bias estimates of genetic structure. Such biases

can be mitigated if all stages are sampled, but this can be

difficult if shifts in social organization are hard to detect

(i.e. occurring at a small scale or within the same geographic

area), if the natural history of the species is not well under-

stood, or if sample availability is limited temporally or

demographically. We have demonstrated the impact that

unobserved shifts in social organization can have on esti-

mates of genetic structure at a local scale. Characterization

of genetic structure at a local scale is crucial for defining
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practical units for conservation and management, for in-

stance when attempting to sample effectively the genetic

diversity within a source population for translocation efforts

or captive breeding programs. Thus, despite the potential

difficulties associated with appropriately sampling and/or

analyzing genetic data from species that exhibit shifts in

social organization, it is necessary to interpret such data in

light of the patterns of social structure and movement

behavior at the time of sampling.
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