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ABSTRACT

Blanding’s Turtle (Emydoidea blandingii) is an imperiled species which has experienced a great reduction in range and occu-
pies highly fragmented environments in many locations including DuPage County, Illinois. We assessed breeding structure 
and paternity in one highly fragmented environment over a three-year period. We found that mating patterns of individual 
turtles appeared to change, potentially leading to losses in genetic diversity. Future management strategies should consider 
ways to augment the genetic diversity of such fragmented populations, possibly including the relocation of offspring from 
head start programs to populations where they did not originate to mimic natural gene flow. 
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INTRODUCTION
Blanding’s Turtles (Emydoidea blandngii) 
have a scattered and latitudinally com-
pressed distribution centered within 
the Great Lakes region (McCoy 1973). 
Disjunct populations also occur east 
of the Appalachian Mountains from 
New York to Nova Scotia (Herman et 
al. 1995, Mockford et al. 2005). Con-
cern for this species has grown during 
the past several decades (Mockford et 
al. 2007). Populations have declined 
range-wide due to habitat destruction 
and alteration (Congdon and Gibbons 
1996), increased nest predation (Con-
gdon et al. 2000), and road mortality 
(Beaudry et al. 2008, Gibbs and Shriv-
er 2002). The International Union for 
Conservation of Nature now considers 
Blanding’s Turtle as endangered (van 
Dijk and Rhodin 2011). In Canada, this 
species is listed as endangered (Nova 
Scotia) or threatened (Quebec and On-
tario) (Herman et al. 1995). Protection 
status varies within the United States 
from endangered (Illinois, Indiana, 
Missouri, Nebraska, Maine, Massachu-
setts, and South Dakota) and threat-
ened (Minnesota, Ohio, and New York) 
to special concern (Michigan and Iowa) 
(Congdon and Keinath 2006). 

The species’ range in Illinois has been 
greatly reduced to the northern part of 
the state. Using a variety of sources in-
cluding publications, technical reports, 
museum records, and Element Occur-
rence Records from the Illinois Natural 
Heritage Database, King (2013) esti-
mated that the species’ distribution has 
declined from approximately 60% of 
the State’s total area to approximately 
13% and, since 2000, no observations 
have been made further south than 
Grundy County. King’s report identi-
fied anthropogenic factors as the most 
likely explanation for the decline, in-
cluding increased human population 
growth and a decrease of 85% in wet-
land areas.
Several studies within the Greater Chi-
cago metropolitan area have focused 
on small, isolated populations in DuP-
age and Will Counties. Rubin et al. 
(2001 and 2004) evaluated population 
structure from a genetics perspective 
(2001) and a demographic perspective 
(2004) in two small forest preserves in 
DuPage County. They compared the 
DuPage County populations with less 
fragmented populations in Wisconsin, 
Michigan, and Nova Scotia and found 
evidence that the two DuPage County 
populations may be genetically depau-

perate compared to the Michigan pop-
ulation. In the demographic study, they 
estimated the population sizes (25 and 
36 individuals respectively) and juve-
nile recruitment rate for the DuPage 
sites to be so low that local extinction 
of these populations in the near future 
could result. Anthonysamy et al. (2014) 
studied mating patterns in two adjoin-
ing, small, isolated forest preserves 
in Will County, where they estimated 
a population size of 33 adults and a 
heavily skewed sex ratio (11 males: 22 
females). There was high variation in 
reproductive success and no evidence 
of gene flow with other populations, 
both patterns that could reduce the 
long-term viability of the population.
One additional genetic study (Antho-
nysamy et al. 2018) compared vari-
ous trends among four turtle species 
in Lake, DuPage, Will, and Grundy 
Counties. Two species, Blanding’s Tur-
tle and Spotted Turtle (Clemmys gutta-
ta) are endangered and have restricted 
distributions, while the Painted Turtle 
(Chrysemys picta) and Snapping Tur-
tle (Chelydra serpentina), are common 
widespread species. The study found 
that Blanding’s Turtles (and Spotted 
Turtles) had lower levels of genetic di-
versity, lower levels of gene flow, and a 



higher risk of genetic drift than the two 
more common species.
Additional studies have assessed ge-
netic diversity, connectivity, and gene 
flow across portions of the species’ 
range (e.g., Mockford et al. 2005, Mock-
ford et al. 2007, McGuire et al. 2013, 
Davy et al. 2014, Sethuraman et al. 2014, 
McCluskey et al. 2016, Anthonysamy et 
al. 2018, Jordan et al. 2019). Some ma-
jor trends include evidence for strong 
genetic structure that distinguish pop-
ulations centered on the Great Lakes 
region from those east of the Appa-
lachian Mountains (Mockford et al. 
2007), and fine-scale genetic structur-
ing distinguishing three populations in 
Nova Scotia from one another (Mock-
ford et al. 2005) and from populations 
in the rest of the range (Mockford et al. 
2007). While other early studies (Osen-
toski 2001, Rubin et al. 2001) suggested 
a lack of fine-scale genetic structure in 
several locations (including the great-
er Chicago metropolitan area; Rubin 
et al. 2001), subsequent studies have 
revealed fine-scale structure in various 
locations across the Midwest (Sethu-
raman et al. 2014), within the greater 
Chicago metropolitan area in Illinois 
(Anthonysamy et al. 2018), in Southern 
Ontario (Davy et al. 2014), and in New 
York (McCluskey et al. 2016). 
A lack of genetic structure as evident, 
for example, in the Edwin S. George 
Reserve Livingston County, Michigan 
(McGuire et al. 2013), theoretically in-
dicates a condition of panmixia, which 
occurs if there are no barriers to gene 
flow. Fine-scale genetic structuring 
may indicate the presence of Evolu-
tionarily Significant Units (Mockford 
et al. 2007) if the forces driving genetic 
differentiation are natural. However, 
such structuring may also be a sign of 
genetic drift due to anthropogenic dis-
turbance such as habitat fragmentation 
(Anthonysamy et al. 2018).
Associations between genetic diversity 
and changes in landscape and climate 
have been studied on a state-wide 
level in the state of Wisconsin (Reid 
and Peery 2014, Reid et al. 2017). Both 
studies sampled multiple populations 
of Blanding’s Turtles (and two other 
co-occurring turtle species, the Painted 
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Turtle (Chrysemys picta) and the Snap-
ping Turtle (Chelydra serpentina) across 
the state. Increased land use intensity 
was associated with decreased genetic 
diversity in Blanding’s Turtle, but re-
cent climate change showed no such 
association (Reid and Peery, 2014). Pat-
terns of genetic diversity in Blanding’s 
Turtle also suggested that populations 
were genetically isolated, but that ge-
netic divergence was not due to iso-
lation by distance or associated with 
aquatic habitat type (Reid et al. 2017). 
Hamilton et al. (2018) used modeling 
to predict how future changes associ-
ated with landscape and climate might 
impact Blanding’s Turtle populations 
across the state of Wisconsin by 2050. 
These authors predict that under most 
scenarios, climate change will render 
most habitats in Southern Wisconsin 
unsuitable for the species, while some 
possible scenarios predict the elimina-
tion of virtually all suitable habitats 
from the state.
Much evidence suggests that habitat 
fragmentation leads to reduced connec-
tivity and gene flow which results in 
problems such as reduction in genetic 
diversity, inbreeding, and even local ex-
tinction (reviewed in Frankham 2006). 
While many studies have confirmed 
these trends, others indicate that more 
complex factors are at work in some 
situations and may obscure the effects 
of reduced gene flow (reviewed with 
meta-analyses in Keyghobadi 2007, 
Rivera-Ortíz et al. 2015). Two key fac-
tors include timing of events associated 
with habitat disruption and generation 
time of the organism(s) considered. 
Historical records and archeological 
findings indicate that Blanding’s Tur-
tle has experienced peripheral range 
reduction (McCoy 1973, Congdon and 
Keinath 2006) and, in many locations, 
populations are highly fragmented due 
to expanding urbanization (e.g., Rubin 
et al. 2001, Anthonysamy et al. 2018). 
Urbanization poses a unique threat to 
biodiversity because of its persistence 
and its tendency to expand over time 
(McKinney 2002). Blanding’s Turtle is 
an extremely long-lived species (Ernst 
et al. 1994) with delayed maturation 
(Congdon and van Loben Sels 1991). 
Because survivorship increases with 

age, some individuals may live 70 or 
more years (Ernst et al. 1994). Annu-
al survival for adults within certain 
populations, such as at the Edwin S. 
George Reserve (Livingston County, 
Michigan), averages 96% (Congdon et 
al. 2001), and cohort generation times 
exceed 35 years (Congdon et al. 1993). 
In general, females become repro-
ductively mature between 14 and 20 
years (Congdon and van Loben Sels 
1991), but some populations appear 
to mature more rapidly. Germano et 
al. (2000) using growth rings on scute 
annuli, estimated that some female 
Blanding’s Turtles in western Nebraska 
become reproductively mature at 9 to 
10 years. Individual females have been 
documented to produce clutches into 
their seventies (Congdon et al. 2001). 
Such life history traits complicate ge-
netic findings because results reflect 
past connectivity patterns and distri-
butions (Cunningham et al. 2002, Kuo 
and Janzen 2004, Marsack and Swan-
son 2009, Sinclair et al. 2010, Pittman et 
al. 2011).
Other factors that may obscure the 
effects of reduced gene flow in Blan-
ding’s Turtle include the phenomena 
of multiple paternity and sperm stor-
age. Multiple paternity, a common 
mating strategy in Blanding’s Turtles 
(Refsnider 2009, McGuire et al. 2013, 
Anthonysamy et al. 2014, McGuire et 
al. 2015), as with other forms of polyan-
dry, has the effect of increasing effective 
population sizes (Pearse and Anderson 
2009). This helps to maximize hetero-
zygosity levels and minimize inbreed-
ing depression (Whittingham and 
Dunn 2010), thus potentially obscuring 
the effects of reduced gene flow. Sperm 
storage further amplifies this phenom-
enon because female Blanding’s Turtles 
can potentially use sperm from a previ-
ous mating stored in the reproductive 
tract for at least four years post mating 
(J. Harding, pers. comm., in McGuire 
et al. 2015). One breeding study that 
incorporated microsatellite markers 
(Anthonysamy et al. 2014) discovered 
that a male who had died the previous 
year sired a clutch of eggs the follow-
ing year.
In all the genetic studies described 
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above, the data used to characterize 
genetic diversity was gathered only 
from adult individuals. However, be-
cause some aspects of the life history of 
Blanding’s Turtles may obscure effects 
of reduced gene flow, characterizing 
only adults may conceal factors that 
can affect the long-term status of pop-
ulations. The present study was under-
taken to gain perspectives on how mat-
ing patterns exhibited by Blanding’s 
Turtles may alter genetic diversity in 
future generations in isolated popu-
lations. This was done by deducing 
specific genetic contributions of indi-
vidual male and female turtles to sub-
sequent generations. To characterize 
such patterns, we obtained DNA from 
juvenile turtles that were part of a head 
start program of the DuPage County 
Forest Preserve District (described in 
Thompson et al. 2020) and generated 
genotypes for them using seven micro-
satellite markers. The juvenile turtles 
were all offspring of known dams from 
a single isolated population in DuPage 
County, Illinois. To deduce mating pat-
terns, we compared the genotypes of 
the juveniles with genotypes of adults 
from the same population that were 
sampled as part of a geographic study 
in northern Illinois (Klut 2011) and 
identified likely sires for all offspring. 
We hope that insights from this study 
will both augment understanding of 
the basic biology of this species and 
potentially lead to new approaches 
related to its management. Some con-
servation plans propose translocating 
individuals across geographic regions 
to enhance or maintain biodiversity 
(Weeks et al. 2011). Before initiating 
augmentation strategies, land man-
agers should incorporate genetic data 
with ecological information to assess 
population structure and viability (Al-
lendorf and Luikart 2007)

MATERIALS AND METHODS
Sample collection. Samples from a 
previous study of genetic diversity of 
Blanding’s Turtles in the Chicago Met-
ropolitan area (Klut 2011) were used to 
determine the genotypes of adult tur-
tles. As part of a head start program in 
2008, 2009, and 2010, females captured 

from one population in DuPage Coun-
ty laid eggs in captivity. All dams (n 
= 17) and adult males (n = 5) for this 
study were trapped within an area of 
not more than 5.7 kilometers radius 
that encompassed a single population. 
The offspring were reared for one to 
two years and, just prior to their release 
into the wild, we drew ca. 100 µL of 
blood by subcarapacial venipuncture 
(Rodgers and Booth 2004), once per 
individual, with a 1 mL syringe and 
26 gauge needle. We combined blood 
samples with a long-term storage buf-
fer (100 mM Tris-HCl, 100 mM EDTA, 
2% SDS, pH 8.0, mixed 1:1 blood to 
buffer) to ensure DNA preservation. 
Due to limited resources, we random-
ly sampled a sub-set of the available 
clutches from 17 females and did not 
always analyze all offspring from a 
given clutch. For clutches, we sampled 
from 20 to 100% (average = 56%) of the 
total number of hatchlings.

DNA extraction, PCR amplification 
and microsatellite analysis. Blood/
buffer samples were incubated over-
night with 5–10 U Proteinase K and 
DNA extracted using phenol, phe-
nol-chloroform/isoamyl alcohol and 
chloroform/isoamyl alcohol washes, 
and precipitated using 3 M sodium ac-
etate and 100% ethanol (Sambrook et 
al. 1989). We used seven microsatellite 
loci (Eb 09, Eb 11, Eb 12, Eb 15, Eb 17, 
Eb 19 and BTCA 09), previously devel-
oped for Blanding’s Turtle (Osentoski 
et al. 2002, Libants et al. 2004) for geno-
typing. We amplified all loci in 12.5 μL 
volumes containing 1.2 μL 10X buffer, 
2 mM MgCl2, 0.2 mM dNTPs, 5 pmol 
of each primer, 0.5 units of Taq poly-
merase (Promega, Corp) and 40-60 ng 
of template DNA. The program param-
eters were 95° C for 40 s, 55° C for 45 s 
and 72° C for 45 s for 40 cycles, followed 
by a 10 min extension at 72° C. The an-
nealing temperature was decreased to 
44° C for Eb 15 and BTCA 09. We used 
forward primers that were fluorescent-
ly labeled with WELLREDTM dyes for 
analysis on a Beckman/Coulter CEQ 
8000 capillary electrophoresis system 
(Beckman Coulter, Fullerton, Califor-
nia, USA) with system software ver-
sion 8.0 (Beckman Coulter, Inc.). To 

verify correct assignment of microsat-
ellite alleles, allele calls for juvenile 
turtles from the head start program 
were added to a spreadsheet with the 
binning data from the previous study 
(Klut 2011). We also amplified and re-
ran 10% of the total sample set to con-
firm genotype consistency and follow-
ing capillary changes.

Multiple paternity determination. We 
used Cervus 3.0.7 (Marshall et al. 1998, 
Slate et al. 2000) and GERUD 2.0 (Jones 
2005) to predict numbers of sires and to 
identify potential sire genotypes. Anal-
ysis with two programs can increase 
confidence in assigning potential sires 
(Kasumovic et al. 2003). Cervus can 
identify most likely sires based on 
genotypes of known males, and GER-
UD can predict likely sire genotypes 
in cases where male parents may not 
have been sampled. Since Eb12 was 
found to have a null allele (Klut, 2011), 
we removed data for that marker prior 
to running either program. However, 
knowing that Eb12 has a null allele, 
we were able to reconstruct possible 
sire genotypes for that marker as well 
(based on maternal genotypes and the 
genotypes of their offspring) and we 
included that information in probable 
sire genotypes derived from the com-
puter analyses. 
All known males whose genotypes 
matched any offspring in the sampled 
clutches as determined by Cervus, 
were considered to be sires for those 
offspring (i.e., known sires; KS). Us-
ing more stringent criteria, genotypes 
were generated and evaluated for hy-
pothetical sires (HS) and considered to 
correspond to actual sires only if they 
matched offspring in two or more of 
the sampled clutches. In some cases, it 
was not possible to identify one or two 
specific sires for a given clutch because 
two or more paternal genotypes were 
possible. However, we were able to es-
timate the minimal number of sires for 
each clutch using a method described 
by Refsnider (2009) and to generate 
partial genotypes for these individuals, 
designated as unspecified sires (USS).
Two approaches were used to estimate 
the frequency of multiple paternity 
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(MP). One approach involved estimat-
ing the minimum number of sires for 
a clutch as described above (using the 
method described by Refsnider 2009). 
Since this approach is prone to under-
estimating the number of sires, we also 
assessed MP by identifying contribu-
tions of specific genotypes from likely 
sires predicted by Cervus and GERUD 
as described above, in the combined 
genotypes of the offspring. We counted 
a clutch as potentially being a product 
of multiple sires if an estimation based 
on number of paternal alleles alone in-
dicated MP or if we identified two or 
more sires.

RESULTS
Breeding structure among clutches. 
We obtained genotypes for a total of 
234 offspring in 34 clutches from 17 fe-
male turtles in a single, small popula-
tion in DuPage County, over a span of 
three years. Genotypes for eight of the 
234 individuals were inconsistent at 
one or more locus with the presumed 
dams for their clutches after repeated 
analyses and were omitted from fur-
ther analysis due to possible labeling 
error. Among the final 226 offspring 
analyzed, 66 were from 10 clutches 
from the 2008 season, 63 were from 
15 clutches from the 2009 season, and 
97 were from nine clutches from the 
2010 season; the number of individuals 
sampled per clutch ranged from 3 to 
16, with an average of 7 ± 4 per clutch. 
Genotypes were obtained at all seven 
loci for 158 (69.9%) individuals, 6 loci 
for 58 (25.7%), five loci for nine (4%), 
and only four loci for one (0.4%) indi-
vidual.
Assessing potential sires. We analyzed 
all clutches for MP (Table 1) by com-
paring the genotype data for each off-
spring to the genotypes of the known 
dams and to the genotypes of five adult 
males previously captured at the study 
site. Among the 34 clutches, offspring 
were sired by four known males (KS1–
4) in 21 clutches. We constructed gen-
otypes for five unsampled males (i.e., 
hypothetical sires; HS1–5) that served 
as sires for nine of the 21 clutches above 
and an additional 12 clutches. Thirteen 
of these 33 clutches also had offspring 
(n = 47) from one or two unspecified 

sires (USS#) that we could not unam-
biguously identify either because a 
complete genotype could not be recon-
structed for the sire, and/or because 
multiple paternal genotypes could ac-
count for these offspring. Finally, the 
34th clutch (n=3) was sired exclusively 
by a USS. Overall, we attributed a total 
of either 82 or 83 offspring to one of the 
four known sires, and either 93 or 94 
offspring to the five hypothetical sires 
(uncertainty is due to one offspring in 
the 2010 clutch of dam F that could be 
attributed to either a KS or an HS male, 
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Table 1). There were 50 offspring sired 
by USS (for the total of 226). The fifth 
known male was not identified as a 
possible sire for any of the 34 clutches.

Assessing the frequency of multiple 
paternity and other trends in repro-
ductive behavior. Fourteen clutch-
es (41.2%) were single-sired clutches 
(SSC) and 20 (58.8%) showed evidence 
of MP. We also noted an apparent trend 
of reduced frequency of MP over three 
years, with MP equaling 80%, 60%, and 
33.3% in 2008, 2009 and 2010 respec-

Table 1. Assessment of number, and identity of possible sires, for clutches from a pop-
ulation of Blanding’s Turtles over a 3-year period. Number sampled for each clutch (n), 
minimum number of sires (Sn) based on a given number of loci that indicated multiple 
paternity (Ln), and possible sires representing known sires (KS#), hypothetical sires (HS#) 
and unspecified sires (USS#).
Year: 2008 2009 2010
Dam n Sn Ln possible sires n Sn Ln possilbe sires n Sn Ln possible sires

A - - - - 5 1 na KS4 (5) - - - -
B 5 2 3 KS1 (4)

HS1 (1)
3 2 1 KS1 (2)

USS10
- - - -

C 5 2 4 HS2 (1)
HS3 (2)
USS1

5 2 2 KS1 (1)
HS1 (2)
USS11

10 1 na HS1 (10)

D - - - - 3 2 2 KS2 (2)
HS5 (1)

- - - -

E - - - - 3 1 na USS12 - - - -
F 4 1 na HS4 (1)

USS2
- - - - 9 2 1 KS1 (6-7a)

HS4 (1-2a)
USS16

G 5 1 na HS4 (5) 11 1 na HS4 (11)
H 6 1 na KS2 (6) 4 1 na KS2 (4) - - - -
I 6 2 3 KS1 (4)

HS1 (1)
USS3

4 2 1 KS1 (3)
HS1 (1)

- - - -

J - - - - 5 2 1 KS1 (2)
USS13 
USS14

14 1 na HS1 (14)

K 5 1 na KS1 (5) 3 1 na KS1 (3) 8 1 na HS1 (8)
L 3 1 na HS4 (1)

USS4
5 2 1 HS4 (4)

HS5 (1)
12 1 na HS1 (12)

M - - - - 5 2 3 HS5 (2)
USS15

- - - -

N - - - - 4 2 1 HS1 (3)
HS3 (1)

- - - -

O 16 2 1 KS3 (5)
USS5
USS6

3 1 na KS3 (3) 11 1 na KS3 (11)

P 10 4 6 KS3 (3)
HS2 (2)
USS7
USS8

6 2 3 KS3 (2)
HS1 (4)

13 2 4 KS3 (9)
HS1 (4)

Q 6 1 na KS3 (1)
USS9

- - - - 9 1 na KS4 (1)
USS17

a one individual in this clutch has a genotype that is compatible with either KS1 or HS4.
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tively. While these means are not sta-
tistically different (2008:2009 p = 0.572, 
2009:2010 p = 0.399, and 2008:2010 p = 
0.105; analyzed via ANOVA), the pos-
sible trend described above is worth 
noting given that it is associated with 
increased participation in matings for 
one male that we did not sample in our 
study, HS1. While the majority of MP 
clutches had two sires, six had three 
sires, and one had four sires; the av-
erage number of sires for MP clutches 
was 2.4 ± 0.6.
Other patterns are associated with the 
mating success of individual males. 
For example, three out of the nine iden-
tified sires, KS1, KS3, and HS1, were 
the most frequently detected sires, 
being represented nine, seven and 11 
times respectively out of the 34 clutch-
es. They were also the most prolific, 
with 30 or 31, 34, and 60 total offspring 
respectively out of 176 offspring for 
which specific sires could be deter-
mined. Another trend associated with 
male reproductive success is frequency 
with which males produced SSC. While 
some males (HS2, HS3, and HS5) nev-
er produced a SSC, two (KS4 and an 
unspecified sire USS12) produced one 
such clutch each, four (KS1, KS2, KS3, 
and HS4) produced two SSCs, and one, 
(HS1) produced four SSCs. Some males 
showed repeat paternity with a specific 
female in two or more seasons. There 
were 12 dams from which we collect-
ed offspring in two or three years (two 
years for seven dams and three years 
for five dams). Nine of these 12 (75%) 
showed evidence of repeated paternity, 
with various patterns of males partici-
pating, sometimes with one male being 
the only sire, sometimes with multiple 
males mating with one dam, but with 
one or more males showing repeat pa-
ternity.
Patterns of genetic diversity in par-
ents and offspring, and mating con-
tributions of specific males in each 
generation. There were 20 alleles that 
were present in the offspring of at least 
one season but absent in the offspring 
of one or two years (Table 2). Twelve 
of these 20 alleles were contributed by 
sires alone and not by dams. Among 
these 12 alleles, only five were absent 
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Table 2. Alleles that were present (“yes”) in the offspring of at least one season, but absent 
(“no”) from the offspring of at least one other season. Entries in bold type indicate alleles 
that were contributed to the offspring by sires alone.
Locus Allele 2008 2009 2010 Adult(s) Contributing the Allele
Eb09 140 yes no no USS7 or USS8
Eb09 150 yes no no HS2 and HS3
Eb09 156 no yes no USS11
Eb11 191 no yes yes Dam J
Eb12 129 yes yes no Dams H, I and N
Eb12 139 no yes no Dam A
Eb12 141 yes no yes USS7 or USS8, and USS17
Eb12 155 yes yes no KS2
Eb15 144 no yes yes Dam J and USS13 or USS14
Eb15 156 yes yes no KS2
Eb15 162 no yes yes Dam G
Eb15 170 yes yes no Dam H
Eb15 178 no yes no USS12
Eb15 180 no yes no KS4
Eb15 182 yes yes no KS2
Eb15 186 no no yes USS17
Eb17 107 no yes no Dam M
BTCA09 165 yes no no USS4
BTCA09 181 no yes no Dam M
BTCA09 183 no yes no USS13 or USS14

among the offspring of the 2008 season 
and five were absent in 2009 (one was 
the same as an absent allele from 2008). 
In contrast, 10 of the 12 alleles contrib-
uted by sires alone were absent in the 
offspring from 2010. This reduction in 
the number of alleles contributed by 
males in the third year correlates with 
a shift from random inseminations in 
2008, with each male being as likely as 
any other to be a sire (p value based on 
chi square equals 0.56), to non-random 
patterns in 2009 (p = 0.01) and 2010 (p = 
7.6 x 10-5) with some males being much 
more likely to sire offspring, especially 
in the 2010 season.

DISCUSSION
Frequencies of multiple paterni-
ty – comparison with other studies. 
Previous reports addressing multiple 
paternity in Blanding’s Turtle have 
been highly variable in terms of their 
approaches and study sites (Refsnid-
er 2009, McGuire et al. 2013, Antho-
nysamy et al. 2014, McGuire et al. 
2015). The study conducted by Antho-
nysamy et al. (2014) was the most sim-
ilar to ours in its duration (four years) 
and in the type of population studied 
(small and located in a suburban set-
ting), while that of McGuire et al. (2013 

and 2015) was the most different in du-
ration and type of population (it lasted 
eight years and took place in a pris-
tine habitat). A unique feature of our 
study is that it occurred at a site where 
over 1,500 young Blanding’s Turtles 
from a head start program (HSP) have 
been released into the wild since 1996 
(Thompson et al. 2020), and it is pos-
sible that some could have matured 
sufficiently to mate during our study. 
If as Rubin et al. have suggested, DuP-
age County populations of Blanding’s 
Turtles are genetically depauperate 
(2001) and juvenile recruitment rate is 
low (2004), such artificial population 
augmentation could lead to shifts away 
from established mating patterns that 
could dramatically change the genetic 
structure of such populations. In the 
case of the current study, since young 
turtles from the HSP were original-
ly derived from the same population 
(some potentially being offspring of 
the dams in this study), such shifts in 
mating patterns might be expected to 
lead to reduced levels of genetic vari-
ation.
The frequencies of MP reported in 
other studies varied widely. Refsnider 
(2009), who studied a population in a 
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nature reserve located in the outskirts 
of the suburbs of Minneapolis, report-
ed the highest frequencies, estimating 
that between 56.3% (based on varia-
tions at two microsatellite loci) and 
81.2% (based on variations at one lo-
cus) of clutches were sired by multiple 
males. McGuire et al. (2015) reported a 
relatively high frequency of MP over 
eight years of 41.6% (range from 15.4% 
to 55.6%) that is similar to our aver-
age (58.8%). And Anthonysamy et al. 
(2014), who studied a highly isolated, 
small population in the Chicago met-
ropolitan area, reported a frequency of 
only 11%. 
Our finding that specific males were 
among the most prolific sires (KS1, 
KS3, and HS1) is consistent with find-
ings of two previous studies. While 
Anthonysamy et al. (2014), found nine 
of the 11 known males contributed to 
the offspring, one male sired 38% of 
the offspring. McGuire et al. (2015) re-
ported that the average number of off-
spring sired by the 26 resident males 
was 12.1, and only four males sired 
23, 25, 28, and 40 offspring. However, 
unlike these studies, our study also 
appears to show patterns of shifting 
dominance among several males, with 
one male (HS1) that sired very few 
offspring initially, becoming highly 
dominant (see below). Perhaps the 
head start program plays a role in this 
pattern with females mating more fre-
quently with younger males that were 
reared in that program. Our study, like 
that of Anthonysamy et al. (2014) also 
found that not all known males served 
as sires inasmuch as no offspring of the 
fifth known male were detected in the 
clutches we sampled. This may have 
been due in part to his isolated location 
that was separated from most of the 
dams by a road and the railroad track, 
or he may have died prior to our study 
given that he was last trapped in 2007. 
In any case, these barriers do not seem 
to prohibit all movement between lo-
cations, given that KS3 and KS4 were 
identified as sires for clutches from 
dam Q, while dam Q was always cap-
tured in the isolated part of the study 
site.
We identified multiple cases of repeat 

paternity, but without having directly 
observed mating behaviors, we were 
unable to determine whether such 
patterns were due to repeated mat-
ings or sperm storage by females. As 
noted above, sperm storage for up to 
four years in female Blanding’s Tur-
tles in captivity has been documented 
(J. Harding, pers. comm., in McGuire 
et al. 2015). This was also observed by 
Anthonysamy et al. (2014) when a male 
that died in August of 2007 was iden-
tified as a sire for a clutch produced 
the next year. Though our data do not 
provide direct evidence for sperm stor-
age, the patterns of repeat paternity 
we observed strongly suggest that it 
occurred. However, the observed loss 
of alleles among the sampled offspring 
over the three-year period may be due 
to changes in the dominance of males 
that served as sires and could indicate 
reduced use of sperm storage (Table 2). 
In this study, 10 of the 12 alleles contrib-
uted by sires alone were absent from 
offspring in the 2010 season. This loss 
of alleles together with an apparent de-
crease in MP may suggest that females 
in this population avoided the use of 
stored sperm from some males (via a 
yet unknown mechanism) during the 
latter part of the study.
Number of breeding males and fe-
males in the population in this study. 
Long-term capture records associated 
with the previous study by Klut (2011) 
and data from this study provide esti-
mates of the number of adult males (n 
= 24) and females (n = 26) in this pop-
ulation. All recently captured females 
had been fitted with a radio transmitter 
as part of the HSP and could be locat-
ed. While some males were last cap-
tured in the 1990s and might have died 
prior to this MP study, our assessment 
identified 26 sires (KS1–4, HS1-5 and 
USS1–17). The estimated numbers of 
adult males and females indicate a sex 
ratio close to 1:1. Anthonysamy et al. 
(2014) found a much lower frequency 
of MP in a population that was similar 
in its isolation from other surrounding 
populations and concluded that a low 
frequency of MP was due at least in 
part to a female-biased sex ratio. 
We only had blood samples from five 

recently caught males (KS1-5) and not 
from the remaining 19 previously cap-
tured males at this study site. Therefore, 
we cannot definitively assess the ori-
gins of the five hypothetical sires (HS1-
5) or the 17 unspecified sires (USS1-17) 
whose existence we deduced from our 
mating study. However, the possibility 
that some of these sires were non-resi-
dents seems unlikely since the popula-
tion we studied is separated from the 
only other known nearby population 
by a distance of approximately 5 km, 
which includes a large housing devel-
opment and a multilane highway. 
Alternately, though males from the 
HSP would have been quite young at 
the time of our study, the possibility 
that some matured early is supported 
by results of other studies. First, while 
delayed sexual maturation in both sex-
es is typical for Blanding’s Turtles, the 
specific timing for the onset of sexual 
maturity appears to vary among pop-
ulations (e.g., Graham and Doyle 1977, 
Ross 1989, Congdon and van Loben 
Sels 1993, McGuire et al. 2015). Perhaps 
the sire identified as HS1 was a HSP 
offspring that went from producing 
very few offspring in two matings in 
2008, to becoming the most highly rep-
resented sire in both numbers of identi-
fied matings and numbers of offspring 
in 2010. Second, in Blanding’s Turtle 
and other turtle species, it has been 
documented that some environmental 
factors may promote early maturation 
including enhanced nutrients (Graham 
and Doyle 1977, Blanding’s Turtle) and 
warmer temperatures (Gibbons et al. 
1981, the Slider Turtle, Pseudemys scrip-
ta, Thornhill 1982, Red-eared Turtles, 
Chrysemys scripta elegans, Frazer et al. 
1993, Painted Turtles, Chrysemys pic-
ta). Since turtles in the DuPage Forest 
Preserve HSP are kept at consistently 
warm temperatures and fed daily, it is 
possible that these factors could lead 
to early maturation in offspring from 
the HSP. This possibility is also sup-
ported by the capture of a female from 
the HSP that was gravid at the age of 
11 years old (based on a microchip that 
was previously implanted; data not 
shown). This represents the earliest age 
at reproduction to be directly docu-
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mented for a female Blanding’s Turtle, 
and it supports the estimates of 9 to 10 
years based on growth rings made by 
Germano et al. (2000). It also suggests 
that similar accelerated maturation is 
possible for males reared in the HSP. 
Another possible explanation for the 
22 unsampled males whose existence is 
indicated by our analysis is that at least 
some of them were simply resident 
adult males that we failed to sample. 
We know from our capture data that at 
least 19 of the 24 previously captured 
males were never sampled (although 
five of these were last captured in the 
1990s).
SUMMARY AND CONCLUSIONS
Although our paternity analysis was 
limited both in terms of the duration 
of the study and the number of clutch-
es and offspring that we analyzed, the 
overall trends appear valid. These in-
clude a relatively high frequency of 
multiple paternity, but with a shift in 
mating patterns that led to fewer males 
serving as sires, and a potential reduc-
tion in genetic diversity in the offspring 
as compared to the parents. We may 
have underestimated the occurrence 
of MP for clutches with low sample 
numbers. However, our use of seven 
polymorphic microsatellite markers re-
duces the likelihood of this kind of er-
ror due to small sample sizes (Neff and 
Pitcher 2002). While failure to identify 
contributions of specific males could 
obscure some aspects of mating pat-
terns and changes in allelic diversity, 
the overall trends we observed in these 
areas are unlikely to be due to sam-
pling limitations alone. These patterns 
are consistent across the three years 
and most evident in samples from 
2010, where sample sizes were gener-
ally large compared to previous years.
Breeding patterns in this study suggest 
that even within a small population, 
levels of MP can be relatively high, 
similar to those found in pristine habi-
tats. However, our study indicates that 
breeding patterns can be unstable and 
that shifts in mating dominance may 
lead to fewer males participating in 
reproduction, resulting in a loss of ge-
netic diversity. Furthermore, although 
our results can be interpreted in several 

ways, it is possible that one or more of 
the unsampled males originated as ju-
veniles from the HSP, which could lead 
to further losses of genetic diversity 
due to possible high levels of related-
ness between sires and dams. If some 
sires did originate as juveniles from 
the HSP, this indicates that conditions 
associated with the HSP lead to early 
maturation, a premise that may be sup-
ported for females via an unrelated dis-
covery of a young gravid female that 
originated in the HSP. Such a finding 
should be highly relevant for the future 
management of this species via popu-
lation augmentation involving HSPs. 
If the trends suggested by our results 
can be confirmed, they should have 
significant implications for how this 
species is managed. Specifically, if un-
stable breeding patterns can lead to de-
clines in genetic diversity, this may ar-
gue in favor of conservation programs 
that involve translocation of unrelated 
individuals, primarily of juveniles from 
HSPs, to new locations with the goal of 
genetic augmentation of existing popu-
lations. Furthermore, our findings sug-
gest that any augmentation should be 
accompanied by genetic characteriza-
tion of the population to be augment-
ed, along with candidate individuals 
from other populations to enhance the 
potential for genetic compatibility.
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