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What is Population Fragmentation?

From a genetics perspective, population fragmentation is a major concern of
conservation biology. It can potentially result in the establishment of a genetic
extinction vortex (e.g. Gilpin and Soule 1986). 

The hypothesized process operates as follows. 

Once continuously distributed or interconnected populations via gene flow
become isolated due to some factor or factors such as habitat degradation. 
This in turn results in reduced demographic population size which coupled with
reduced gene flow results in reduced effective population size (Ne). 
Reduced Ne increases the amount of genetic drift and the rate at which genetic
variation is lost from populations. 
Over a number of generations this reduced Ne and concomitant genetic drift can
result in a significant reduction in the amount of genetic variability and an
increase in the degree of relationship among individuals within populations. 

The loss of genetic variability can begin compromising population viability further
reducing population size by negatively influencing a variety of fitness attributes of
individuals such as growth, disease resistance, survival, fertility, and development
(e.g. Mitton and Grant 1984; Allendorf and Leary 1986; Palmer and Strobeck 1986;
Zouros and Foltz 1987; Hedrick and Kalinowski 2000; Keller and Waller 2002;
Borrell et al. 2004; Spielman et al. 2004). 

The increased degree of relatedness among individuals also results in inbreeding
which in turn can result in inbreeding depression further compromising fitness
attributes and population viability (e.g. Hedrick and Kalinowski 2000; Keller and
Waller 2002). Thus, demographic population size may decrease further resulting in
even lower Ne and increased inbreeding exacerbating the negative consequences of
these factors. This continued cycle, therefore, if left unabated has the potential by itself
to cycle populations into extinction (e.g. Spielman et al. 2004). 

Greater prairie chickens Tympanuchus cupido probably represent a good example of
this phenomenon.

http://nctc.fws.gov/courses/csp/csp3157/content/terms/pop_fragmentation.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_extinction.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/eff_pop.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_drift.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_variation.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_variability.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/pop_viability.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/fitness.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/inbreeding.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/inbreeding.html


Breeding Patterns

Greater prairie chickens possess a lek mating system. That is, dominant males
establish breeding areas and attract females via "booming". Thus, in any one breeding
season only about ten percent of the males may successfully reproduce (e.g. Johnson et
al. 2004) meaning that Ne is substantially less than the demographic population size.
Greater prairie chickens, therefore, may be especially susceptible to the potential
adverse genetic effects of population fragmentation and the establishment of a genetic
extinction vortex.



Historical Distribution

Historically, the greater prairie chicken was distributed throughout the tall grass
prairie of central North America (e.g. Westemeier et al. 1998; Johnson et al. 2003;
Figure 1). 

Figure 1. Approximate historic (black line) and current distribution (black areas) of greater prairie chickens. IL=Illinois, KS=Kansas,
MN=Minnesota, MO=Missouri, NE=Nebraska, WI=Wisconsin.

Before human modification of the habitat, it is believed that tens of millions of birds
existed throughout the prairie. For example, it is estimated that within Illinois alone
during the 1860's there were several million birds (Bouzat et al. 1998a, b; Westemeier
et al. 1998). Furthermore, it appears that substantial gene flow existed throughout the
prairie (Johnson et al. 2003). 



Current Distribution

Due to human mediated loss of habitat, greater prairie chickens are no longer
continuously distributed throughout the central plains. Rather, they exist in isolated
fragmented groups of birds mainly being centered in Illinois, Kansas, Minnesota,
Missouri, Nebraska, and Wisconsin (Figure 1). By the mid-1990's and later, the
demographic population sizes in the Kansas and Nebraska groups were generally still
robust (Table 1). In Minnesota, Missouri, and Wisconsin, they were low but, not
exceptionally so (Table 1). In Illinois, however, the demographic population size was
critically low (Table 1).

Greater prairie chickens once inhabited about every county in Wisconsin (Bellinger et
al. 2003). By 1930, however, it was estimated that only about 55,000 birds inhabited
the state. In 1950, only about 2,500 birds remained in four isolated areas in the center
of the state and by 1960 these birds declined in abundance to about half this size
(Bellinger et al. 2003; Figure 2). Since this time the number of birds has fluctuated
around this level. It is estimated that in this area greater prairie chickens have a
generation time of about two years. Thus, these birds have experienced relatively low
Ne for about 20-25 generations.



Figure 2. Current distribution of greater prairie chickens in central Wisconsin. From Johnson et al. (2004).

Johnson et al. (2003) used data from six microsatellite loci and sequences from 384
bp of mtDNA to compare levels of genetic variation and amounts of genetic
divergence among birds from the four remaining groups in Wisconsin and ones
collected from comparably sized areas in Kansas, Minnesota, Missouri, and
Nebraska. At the microsatellite loci, average expected heterozygosity and average
number of alleles per locus were used as estimates of amounts of genetic variation.
Haplotype diversity was used to estimate mtDNA diversity. FST was used to examine
amounts of genetic diversity between pairs of samples.

Considering all the Wisconsin birds as one group, they had the lowest average
expected heterozygosity and haplotype diversity compared to the other groups and
only the Missouri birds had a lower average number of alleles per locus (Table 2).

http://nctc.fws.gov/courses/csp/csp3157/content/terms/microsatellite.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/sequences.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/base_pairs.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/mitochondrial_dna.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_variation.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/avg_het.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/avg_alleles.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/fst.html
http://nctc.fws.gov/courses/csp/csp3157/content/terms/heterozygous.html


When the Wisconsin birds were treated as four separate groups, all three estimates of
the amount of genetic variation in them were lower than in any of the other groups
(Table 2).



Genetic Drift's Impact

Genetic drift is expected to not only result in reduced genetic variation but, also to
result in increased genetic divergence among populations. Using either microsatellite
loci or mtDNA, Johnson et al. (2003) found there was as much or more genetic
divergence among the four Wisconsin groups as there was when birds from other
states were compared (Table 3). When birds from Wisconsin were compared to those
from the other states, the Wisconsin birds were by far the most divergent (Table 3).
Overall, therefore, these data strongly suggest that the Wisconsin birds have
experienced significant genetic drift resulting in reduced genetic variation and
increased divergence.

More direct evidence for significant genetic drift and a loss of genetic variation within
Wisconsin greater prairie chickens was provided by Bellinger et al. (2003) and
Johnson et al. (2004). Data were obtained from six microsatellite loci and sequences
of 384 bp of mtDNA from historic (1951-1954) and contemporary (1998-2000)
samples of birds from the four areas. Although average observed heterozygosity did
not significantly differ between the historic and contemporary samples, average
number of alleles per locus and haplotype diversity were significantly lower in the
contemporary compared to the historic samples (Table 4).

http://nctc.fws.gov/courses/csp/csp3157/content/terms/genetic_drift.html


There was little genetic divergence at both microsatellite loci and mtDNA among the
four historic samples (Table 5). In contrast, there was appreciable divergence among
the contemporary samples and between the contemporary and historic samples (Table
5). 

Finally, estimates of Ne based on the allele frequency differences at microsatellite loci
observed between the historic and contemporary samples were all low and much



lower than the estimated demographic population sizes (Table 6).



Research Results

The above results directly indicate that Wisconsin greater prairie chickens have lost
significant levels of genetic variation due to population fragmentation and subsequent
genetic drift. Interestingly, such effects were not noticeable in the Minnesota and
Missouri birds although the total number of birds in these states was comparable to
that observed in Wisconsin (Table 1). 

This difference probably reflects that within Minnesota and Missouri the birds occupy
continuous habitat (Johnson et al. 2003) while in Wisconsin they are further
fragmented into four isolated groups. Thus, Ne is likely to have been substantially
larger in Minnesota and Missouri than in Wisconsin. From a genetics perspective,
therefore, this observation attests to the conservation value of maintaining relatively
large continuous patches of suitable habitat.



Additional Studies

Although the Wisconsin birds have lost significant genetic diversity, based on limited
data this does not appear at this time to have negatively affected fitness attributes.
Prior to 1950, hatching success fluctuated between 90 and 95% and in the late 1990's
it was estimated to be 89% (Bellinger et al. 2003). Data from Illinois greater prairie
chickens which will be subsequently presented, however, indicate that a severe
reduction in Ne over time can have adverse fitness consequences. Thus, continued loss
of genetic variation from Wisconsin greater prairie chickens may eventually begin
compromising population viability. It has been suggested, therefore, that in order to
better conserve Wisconsin greater prairie chickens that Ne be increased by moving
birds among areas and possibly introducing them from other states (Johnson et al.
2003, 2004).

In Illinois, greater prairie chickens historically occupied greater than 60% of the state
(Westemeier et al. 1998; Figure 3). The total number of birds in Illinois had declined
from millions to an estimated 25,000 in 1933, to 2,000 in 1962, to 500 in 1972, to 76
in 1990, and to less than 50 in 1993 (Bouzat et al. 1998b; Westemeier et al. 1998).
Now the birds are restricted to only two counties (Figure 3). 

Figure 3. Distribution of greater prairie chickens in Illinois during different time periods. From Westemeier et al. (1998).

In Jasper County, the number of males on booming grounds declined from 84 in 1963
to about 40 in the mid-1960's (Westemeier et al. 1998; Figure 4). In the mid-1960's,
habitat improvement measures began and by 1972 the number of males had increased
to an estimated 206 (Westemeier et al. 1998; Figure 4). Subsequently, however,
hatching success began to decline from over 90% in the early 1960's to less than 80%



in the early 1990's while in lager populations outside Illinois it averaged over 94%
during this time period (Westemeier et al. 1998; Figure 4). Despite increased efforts
at habitat improvement during this time, concomitant with this reduced hatching
success the number of birds progressively declined such that in 1994 only five or six
males remained in the population (Figure 4).

Figure 4. Estimated number of male prairie chickens (triangles) and hatching success of eggs (circles, numbers represent number of nests
from which data were obtained) in Jasper County, Illinois from 1963-1997. Birds (N=271) from Kansas, Minnesota, and Nebraska were
introduced from 1992-1996. Note the subsequent increase in the number of males and hatching success. From Westemeier et al. (1998).

Bouzat et al. (1998a, b) obtained data from six microsatellite loci from birds collected
from the Jasper County Illinois population from 1974-1993 (contemporary) and 15
museum specimens collected during the 1930's and early 1960's (historic) as well as
birds from Kansas, Minnesota and Nebraska collected from 1992-1994. Although
average observed heterozygosity did not significantly differ among the contemporary
Illinois, Kansas, Minnesota, and Nebraska samples, the contemporary Illinois birds
had the lowest estimate and also had a significantly lower average number of alleles
per locus than any of the other samples (Table 7). 



Furthermore, little genetic divergence was observed among the Kansas, Minnesota,
and Nebraska birds but, the contemporary Illinois birds were quite divergent from
these others. These data, therefore, strongly indicate that the Illinois birds have lost
substantial amounts of genetic variation due to population fragmentation and genetic
drift.



What Does It All Mean?

The question now is whether or
not the reduction in amounts of
genetic variation and the
progressive reduction in hatching
success and population size from
the early 1970's through the early
1990's were causally related.
There are three pieces of
evidence that suggest a causal
relationship. 

First, the reduction in hatching
success was not observed in
Kansas, Minnesota, Nebraska,
and Wisconsin birds during this
time frame ruling out large scale environmental factors as a potential cause. 

In Illinois, May weather conditions are a major factor influencing hatching success
with excessive rainfall and flooding or too little rain resulting in poor success
(Westemeier et al. 1998). During much of the 1970's and 1980's, rainfall was
generally favorable for hatching success suggesting that local environmental
conditions also were probably not responsible for the observed trends (Westemeier et
al. 1998). 

Finally, between 1992 and 1996 144 female and 127 male greater prairie chickens
from Kansas, Minnesota, and Nebraska were introduced into Jasper County
(Westemeier et al. 1998). Hatching success in 14 nests observed in 1993, 1994, and
1997 increased from an average of 76% in the previous decade to an average of 94%
(Westemeier et al. 1998; Figure 4). In 1993 and 1994, three nests were laid by
Minnesota females, five by Kansas females, and three by females of unknown origin.
With the exception of one male definitely of Illinois origin, the origin of the other
males that bred with these females was unknown. The origin of all the male and
females that produced the nests sampled in 1997 was unknown but, it is strongly
suspected that they were of mixed origin. During 1993, 1994, and 1997 May rainfall in
Jasper County was 85, 49, and 91% of normal suggesting that unusually favorable
spring conditions were not responsible for the marked increase in hatching success. 

Thus, overall these data suggest that greater prairie chickens in Illinois entered a



genetic extinction vortex during the early 1970's and that without the translocations
performed in the 1990's that extinction was probably inevitable.
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