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A B S T R A C T

Translocations are a tool widely used by wildlife managers, yet their impact is often insufficiently evaluated.
Most translocation studies only assess the initial establishment phase, and the majority of long-term persistence
studies to date have only tracked female fecundity. Male genetic integration for mitigative translocations have as
of yet not been assessed and could greatly undermine the validity of translocation evaluations. To test for
successful male integration, we determined genetic paternity of 92 desert tortoise hatchlings (Gopherus agassizii),
from both resident and translocated females, four years after the initial translocation event and found that all 35
hatchlings with a paternal match in our genotype database were sired by residents. Given that translocated males
constitute 46% of the genotyped males found in the home ranges of the females, they produce significantly fewer
offspring than resident males in the same area (G-test, p value< 0.0001). This is the first study assessing
paternal genetic integration following a translocation of a wild sourced population into a native resident
population. We hypothesize that male condition following the translocation, female mate preference for prior
residents and competitive exclusion by resident males may contribute to the lower reproductive output of
translocated males. We advocate the use of genetic paternity testing in other species to determine the generality
of male translocation success across taxa given this unexpected and alarming result.

1. Introduction

Animal translocations have been widely applied as a conservation
tool for numerous reasons including recolonizing the species' former
range, increasing gene flow between populations and moving animals
out of the way of planned human development (Dodd and Seigel, 1991;
Fischer and Lindenmayer, 2000). With current climate change predic-
tions and human mediated habitat loss continuing at alarming rates,
future translocation of endangered species from both wild and captive
populations will become increasingly important in combating biodi-
versity loss.

Several studies have highlighted the need for clearly defined short-
and long-term goals and intensive monitoring of population persistence
in order to assess and evaluate establishment as well as persistence

success (Armstrong and Seddon, 2008; Fischer and Lindenmayer,
2000). While difficult to assess for many species, the true metric of a
successful translocation is if it results in a long-term self-sustaining
population (Griffith et al., 1989). However, initial establishment phase
success indicators such as survival do not necessarily guarantee a viable
long term population (Hambler, 1994; Stoddart et al., 1982), and this is
especially true for long-lived animals (Dodd and Seigel, 1991; Germano
and Bishop, 2009; Towns and Ferreira, 2001).

The presence of resident animals in the translocation area compli-
cates accurate evaluation even more, as population persistence may
largely be due to the original resident population and neither the
resident population nor the translocatees may have actually benefitted
from the translocation event. In order to fully assess the long-term
effects of the translocation, it is important to understand the mating
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dynamics in the newly merged populations to determine whether the
translocated animals are genetically integrating into the resident
population. This can be quantified by monitoring the genetic contribu-
tion of translocatees and residents of both sexes to the next generation.
In polygamous species this is done for females by looking at clutch size
or hatchling survival (Nussear et al., 2012), but it is uncommon to
evaluate male reproductive success due to the inconvenience of
assessing true male genetic parentage.

Gopherus agassizii is a federally threatened desert tortoise distrib-
uted throughout the Mojave and Sonoran deserts of the southwestern
United States, north and west of the Colorado River and it is listed as
vulnerable by the IUCN (Tortoise and Freshwater Turtle Specialist
Group, 1996; U.S. Fish and Wildlife Service, 1994). Although popula-
tion numbers are relatively high they have declined substantially since
the 1950s and continued habitat loss and predation threatens their
populations (Doak et al., 1994). Long-lived animals like desert tortoises
have associated life-history traits that make them less able to respond to
environmental disturbances, however, as highly iteroparous species
they still produce offspring for many years (Bowen et al., 2004; Heppell,
1998). High adult survival is therefore an integral factor for population
viability (Enneson and Litzgus, 2008; Reed et al., 2009) and transloca-
tions can be an important conservation tool (Sarrazin and Legendre,
2000). The desert tortoise has been the focus of several translocation
studies including ones on unplanned translocations from captivity
(Edwards and Berry, 2013), as well as planned translocations from
the wild (Esque et al., 2010; Field et al., 2007; Nussear et al., 2012).
Many aspects of the translocation have thus been well studied in this
species, including: water supplementation in holding facilities (Field
et al., 2007), physiological stress (Drake et al., 2012), post translocation
homing instinct (Hinderle et al., 2015; Nussear et al., 2012), predation
(Esque et al., 2010) and female reproductive output (Nussear et al.,
2012). In general, establishment success is high and translocatees show
similar levels of survival when compared to residents. However, the
persistence phase with subsequent genetic integration of translocatees
into recipient populations, has not yet been evaluated.

Here we test genetic integration of males following a large-scale
mitigative translocation in the long-lived Agassiz's desert tortoise
(Gopherus agassizii). To determine male reproductive success following
the translocation, a subset of 50 resident and 46 translocated females
was marked and followed for several years post-translocation using
radio telemetry. As female desert tortoises have been shown to be able
to store sperm for two years (Palmer et al., 1998), we waited until the
fourth year following translocation to ensure that parentage analysis
would adequately reflect post-translocation mating and reproduction.
In the spring of the fourth year, blood or tissue of hatchlings was
collected for genetic determination of paternity. The genotypes of
nearly all male tortoises from the translocation and many from the
resident population were used in a parentage analysis to assess genetic
integration of translocated individuals into the resident population.

2. Methods

2.1. Sample collection

The translocation area lies along the southern boundary of the
United States Army National Training Center at Fort Irwin. The
Southern Expansion Area (SEA), the source location of translocated
tortoises, encompasses roughly 94 km2, and the Southern Translocation
Area (STA), the destination for translocated animals, encompasses
approximately 1000 km2 (Fig. 1). Previous research on desert tortoises
in the Fort Irwin area, California, suggests that roads and slopes created
fine-scale population structure within a relatively small geographic area
(Latch et al., 2011). Following a detailed translocation plan (Nussear
et al., 2012), 570 tortoises (184 females, 293 males, 93 juveniles) were
translocated from the SEA to the STA in the spring of 2008 (for an
extensive summary see (Esque et al., 2010)). The STA contained an

undetermined but sizeable number of resident tortoises, of which 190
males were located, tagged and genotyped, and translocated animals
were released interspersed between them.

During the egg-laying season four years later (mid-April through
mid-July, 2012), 96 female tortoises were tracked and radiographed
every 10–12 days to determine when they were gravid. Once gravid,
females were thread-trailed in order to find and protect the nest
locations and facilitate capture of hatchlings (see Supporting informa-
tion for detailed methodology). Nests were revisited until the eggs
hatched, and blood samples were taken from all live hatchlings. If dead
hatchlings or semi-developed eggs were found those were also retrieved
for DNA extraction.

2.2. Laboratory methods

Total genomic DNA was extracted from 30 μl of blood using a 30-
minute proteinase K digestion and a Qiagen BioSprint 96 extraction
following manufacturer's guidelines. Tissue samples were extracted
using the Qiagen DNeasy blood and tissue kit following kit guidelines.
All DNA extractions were eluted in 200 μl of AE buffer and stored at
−20 °C. Microsatellite data for all hatchlings and putative mothers was
collected for 16 highly variable loci in four multiplexes as described in
(Latch et al., 2011). Samples were genotyped using the ABI 3130
automated DNA sequencer and scored using GENEMAPPER version 4.0.
Although genotyping was done on the same sequencer as the previous
study (Latch et al., 2011), a subset of 24 samples from the original
database was included to recalibrate the bins, as sequencers are known
to incur small fluctuations over time (Haberl and Tautz, 1999). If
hatchlings could be genotyped for at least 15 loci, they were included
into the paternity analysis.

2.3. Paternity analysis

Number of alleles (Na), observed heterozygosity (Ho) and expected
heterozygosity (He) per locus, and the combined probability of identity
(Pi) and probability of exclusion with one known parent (Pe) were all
calculated with GenAlEx version 6.5 (Peakall and Smouse, 2012). The
Polymorphic Information Content (PIC) was calculated with CERVUS
version 3.0 (Kalinowski et al., 2007). Maternal identification was also
performed with CERVUS and was considered successful if there were 0
or 1 mismatches to the nest-identified mother, as both genotype error
and mutations can cause limited mismatches for true parents
(Kalinowski et al., 2007; Pompanon et al., 2005).

Following a positive identification to confirm the mother, a
paternity analysis was conducted with Colony 2.0.5.0 (Jones and
Wang, 2010). Known mother and maternal sibling relations were
included. The database of 602 males from the previous study (Latch
et al., 2011), that included 79% (n = 305/386) of all translocated
males and juveniles and as well as 190 resident males in the STA, was
used as a source of candidate males. This database also contained 76
control males from the SEA that were never translocated into the STA as
well as 31 control males that were geographically isolated from both
the STA and SEA and neither of these groups could have sired offspring
in the STA. None of these control males were ever assigned paternity for
any hatchling, demonstrating the strength of our markers and the
absence of sperm-storage for> 5 years. Colony was run using the full-
likelihood method, at very high precision and maximum run length,
and allowing for both male and female polygamy and without
inbreeding. No priors were used except for the proportion of sampled
males that was set at 0.3 based on rough field observations, but it has
been shown that Colony is very robust to uncertainty in this prior
(Harrison et al., 2013). If a significant match was not found in the
database we considered the hatchling to be sired by an unsampled male
(hereafter called wild tortoises). As the majority of translocated males
were sampled most of the wild sires are likely resident males. However,
to be conservative, all comparisons of reproductive output between
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groups were conducted using only the hatchlings for which we could
identify the sire directly.

The configuration with the highest likelihood in Colony was used to
categorize full-sibs and half-sibs in order to calculate multiple paternity
in clutches and to identify the number of different wild males
contributing to paternity.

2.4. Geospatial analysis

To validate the assigned sires, all matches were checked by means of
known locations of mothers. Utilizing radio-tracking data from 2011,
since the primary mating season is during the previous fall, we plotted
all known locations of all tortoises using ArcGIS 10.1 (ESRI, 2006). We
then calculated the greatest distance between two points for the
resident male tortoises and halved this value to obtain a conservative
estimate of the distance that a male tortoise could feasibly traverse
during mate searching. This measured value (576 m) was used to create
a buffer around all of our sampled female's observed locations. Using
these buffered areas, we created a list of all genotyped male tortoises
(translocated and resident) that could potentially act as sires.

2.5. Statistical analysis

The list of potential sires found in the buffer area was also used to
generate a dataset of measures of body condition (body mass index = -
mass to volume, cf. (Loehr et al., 2004)) and body size (carapace length
(CL)). t-tests corrected for unequal variance were used to determine if
there were significant differences between resident and translocated
males in both body size and condition.

The number of hatchlings sired by translocated males versus resident
males was compared to the number of genotyped available males in the
female's home range using a contingency table (Table 2). To test if
paternity was independent of whether a male was a resident or
translocated, a log-likelihood ratio (G) test was performed in R 3.2.1
(R Core Team, 2015) using the Deducer package (Fellows, 2012).

3. Results

Of the 96 female tortoises tracked, 69 were observed to be gravid.
Two females died after radiographing but before ovipositing. Of the 67
animals that were thread-trailed, 56 nests were located and protected
with nest covers. Blood or tissue samples were taken from a total of 97

Fig. 1. Map of our study area showing the source location of all translocatees as well as the four release sites.
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hatchlings that were retrieved from 36 nests. The remaining nests
(n = 20) were either depredated, did not hatch, the nest cover had
missed the egg chamber, or we were unable to locate the nest chamber
after severe flooding.

3.1. Paternity analysis

Combining blood and tissue samples, 97 hatchlings from 36 clutches
were successfully genotyped for at least 15 microsatellite loci. There
was only 0.65% missing data in the overall dataset of all hatchlings and
adults. In 34 out of 36 clutches, the female observed in the field
matched the genetic mother. For two clutches (five hatchlings total) the
female and offspring genotypes did not match and the hatchlings were
removed from the dataset. The 34 remaining clutches were representa-

tively distributed between both groups (13 translocated and 21 resident
females). Average Polymorphic Information Content for all 16 loci
combined was 0.71 and the probability of identity was 7.9 × 10−19

(also see Table 1). If the mother is known, this gives a very high power
to detect the correct sire, which is evident from the probability of
exclusion that was higher than 0.999.

The 92 hatchlings from 34 clutches with matching genetic and
observed mother were used in the paternity analysis. The high
discriminatory power of our locus panel revealed a clear dichotomy
between true sires and false positives; 35 hatchlings were assigned a
sire by Colony with> 0.99 likelihood and all other hatchlings had a
sire with a likelihood value of at most 0.08. All sires with likelihood
values below 0.98 were therefore considered to be false positives and
were categorized as wild males for which we did not have genotypes.
All of the 35 assigned hatchlings were sired by a total of 13 resident
male tortoises and the sire was always found to occur within a buffer of
576 m of the female's home range within the last year, supporting the
validity of our genetic paternity assignments.

Half-sib analysis in Colony indicates that the 57 remaining unas-
signed hatchlings were sired by a total of 26 different wild males.
Combining assigned and unknown males, a total of six out of the 34
clutches (17.6%) had multiple paternity. In addition, there were four
males (1 resident and 3 wild males) that entirely or partially sired
offspring from more than one female. In three cases these nests were
within 262–2032 m of each other and for the last case the nests were
over 5 km apart, but the females had been in close proximity in
previous years and may have encountered the male at that point.

3.2. Geospatial and morphological analysis

As a group, the 34 female home ranges overlapped with the home
ranges of 68 genotyped males, of which 37 (54%) were residents, while
31 (46%) were known translocatees (see Fig. 2 for an example
illustration). Some males overlapped with more than one female,
resulting in a per female overlap count that represented 57% residents
and 43% translocated. As presence/absence may not be an effective
assessment, counting the number of observations of males within a

Table 1
List of all 16 loci used in the paternity analysis with their allelic diversity (Na), observed
heterozygosity (Ho), expected heterozygosity (He) and Polymorphic Information Content
(PIC) as calculated by GenAlex 6.5 and CERVUS. (a) from Hagerty et al. (2008), (b) from
Edwards et al. (2003), (c) from Schwartz et al. (2003).

Loci Na Ho He PIC

GOA1 (a) 4 0.52 0.55 0.44
GOA11 (a) 19 0.83 0.82 0.80
GOA22 (a) 21 0.91 0.91 0.90
GOA23 (a) 19 0.90 0.90 0.90
GOA14 (a) 31 0.92 0.92 0.92
GOA3 (a) 9 0.46 0.46 0.40
GOA4 (a) 9 0.62 0.72 0.67
GOA6 (a) 23 0.66 0.75 0.73
GOA12 (a) 20 0.79 0.81 0.79
GOA13 (a) 10 0.63 0.62 0.59
GOA2 (a) 4 0.56 0.58 0.52
GOA8 (a) 20 0.80 0.83 0.82
Goag4 (b) 21 0.88 0.90 0.89
Goag7 (b) 6 0.70 0.70 0.65
GP30 (c) 11 0.56 0.70 0.66
GP61 (c) 19 0.63 0.64 0.61
Mean for all 16 loci 15.38 0.71 0.74 0.71

Fig. 2. Example of buffered area (576 m) around a female desert tortoise's (Gopherus agassizii) locations including resident (n = 2) and translocated (n = 7) male tortoise locations to
ascertain which tortoises could potentially act as sires. Resident #2 was the confirmed sire in this example. We reduced the number of locations of both male and female tortoises for
illustrative purposes.
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female's home range and buffer area could suggest an index of
opportunity. We found that 63% of tortoise observations were of male
residents and 37% were of translocated males. 24 females had at least
one and up to five translocated males present in their home ranges,
suggesting that there were sufficient numbers of translocated males
available for mating.

For 63 out of 68 potential sires we also had morphological
measurements taken during the breeding season of 2011. These
measurements revealed that body condition as measured by the body
mass index was not significantly different (resident = 0.967 ± 0.030
g/cm3, n = 35; translocated = 0.982 ± 0.027 g/cm3, n = 28; t-test:
p = 0.495). Resident males were slightly larger in carapace length
(CL = 264.46 ± 5.24, n = 35) than translocated males
(CL = 253.87 ± 9.00, n = 28), and this was nearly significant (t-test,
p = 0.051).

3.3. Reproductive output

Our database of 602 genotyped males contained 37 resident males
and 31 translocated males that were all found to occur within the
bufferzone analyses. Given that none of the 35 identified hatchlings
were sired by translocated males (Table 2) the G test was significant
(G = 32.269, df = 1, p value< 0.0001). As there is multiple paternity
in this species all hatchlings must be considered as independent
samples, but even when considering only the number of clutches the
G test was highly significant (G = 14.053, df = 1, p value< 0.001).
Translocated males produce significantly fewer hatchlings (zero in our
dataset) and therefore have significantly lower reproductive output
than resident males in the same area.

4. Discussion

The high discriminatory power of the microsatellite set coupled
with known locations of all females and a substantial number of males
combines to form a powerful dataset. This power is evident in the
perfect congruency between genetic paternity and tortoise localities.
For paternal half-sibs from wild sires we cannot confirm this with male
location data. However, female locations show that nests with paternal
half-sibs were either close to each other or the females were in close
proximity in prior years, suggesting the potential use of stored sperm.
The combination of both genetic and location data gives us the unique
ability to fully investigate the differences in fecundity between resident
and translocated males in the wild.

Paternity analysis of 92 hatchling desert tortoises revealed that
4 years after translocation, all 35 hatchlings with identified sires were
the offspring of resident males and zero were sired by translocated
males. These frequencies of paternity are significantly different from
expected values, given the proportion of translocated and resident
males in and near the burrows of the females that were sampled in this
analysis. Considering survival and female fecundity alone, the Fort
Irwin translocation project can be considered to be a self-sustaining
population and therefore a success (Walde and Boarman, 2016).
However, when taking into account translocated male reproductive
output and male genetic integration into subsequent generations of the
resident population, the translocation currently cannot be considered
successful. Since this is a long-lived species, this study can be replicated
in the future to assess if annual male reproductive output increases with

time since translocation. However, even if annual fecundity levels do
catch up to the levels observed in resident tortoises, lifetime fecundity
and therefore fitness of translocated males will still be considerably
lower due to the loss of at least four fertile years. Based on population
viability analysis with Vortex (Lacy and Pollak, 2014), the loss of only
four years already nearly doubles the reduction-rate in genetic variation
and strongly increases the mean inbreeding coefficient (see Supporting
information).

As female fecundity is easier to assess by determining clutch size
and clutch frequency, more is known about the factors that influence
female fitness (Mueller et al., 1998; Wallis et al., 1999). In our
translocation study an examination of the total reproductive output
over the previous four years revealed that neither mean clutch size,
mean egg volume or total eggs differed between translocated and
resident female tortoises (Walde and Boarman, 2016). Our parentage
study also shows that contrary to males, females integrated successfully
with residents and that female fitness and female integration following
translocation is high. Other than survival and growth in males (Doak
et al., 1994), little is known about the determinants of male fitness in
tortoises. There are two potential, but non-exclusive, ways in which
translocation could cause lower fecundity in males: the translocation
process could result in poorer condition of translocated males impact-
ing their ability to compete for mates, and females could choose
resident over translocated males by either pre- or post-copulatory
selection.

Stress during translocation is considered to be a major cause of
lower post-translocation fitness (Dickens et al., 2010). Although we
cannot rule out the effects of stress physiological stress as measured by
corticosterone, is low during translocation, and we do not believe stress
plays an important role in post-translocation fitness (Drake et al.,
2012). Stress was also minimized during our study in several ways
(Esque et al., 2010), however, it is possible that males and females
respond differently to stressors and that therefore the effect was only
observed in translocated males.

Translocatee fitness could also be lower due to the energy expended
during integration into a new environment. This is especially true if
there is already a sizeable resident population to compete with for
resources. A second group of Hermann's tortoises released into a
population of previously released conspecifics had remarkably lower
long-term survival than the first group, possibly because competition
from residents disrupted their acclimation (Bertolero et al., 2007).
Although, contrary to this, there was no difference in survival between
previously and newly released animals found in the gopher tortoise
(Tuberville et al., 2008). In other reptiles it was found that it can take
time for translocated animals to establish a new home range (Cook,
2004) and that they exhibit higher levels of activity before doing so
(Plummer and Mills, 2000; Roe et al., 2010; Tuberville et al., 2005).
This was also found to be the case for desert tortoises but only during
the first year following translocation, after which they showed patterns
of movement similar to those of resident tortoises (Nussear et al., 2012).
Translocated animals may also use local resources less efficiently than
residents (Chelazzi and Calzolai, 1986; Rittenhouse et al., 2008) and
spend more energy due to aggression and fighting in their new
territories (Linklater and Swaisgood, 2008; Shier and Swaisgood,
2012), all resulting in lower body condition. For these reasons,
translocations to more similar habitat types are generally more
successful (Parlato and Armstrong, 2013; Stamps and Swaisgood,
2007). In our case habitat types were very similar and adjacent, and
post-translocation movements were relatively low after the first year
when compared to control animals (Walde and Boarman, 2016). This is
evident in the body mass index, a proxy for health in reptiles, which did
not differ significantly between resident and translocated males in-
dicating that translocatees had integrated successfully into their new
environment and had equal body condition.

Because of male dominance ranking, sperm storage and possible
sperm selection, female choice may have a more pronounced effect on

Table 2
Contingency table showing the ratio of potential sires for all 34 females and the number
of actual hatchlings sired by group, G test p < 0.0001.

Males present in home range Hatchlings sired

Translocated males 31 0
Resident males 37 35
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male fecundity and fitness in chelonians than in other taxa (Pearse and
Avise, 2001). Male ranking can be mediated by pheromones (Alberts
et al., 1994; Poschadel et al., 2006) as well as size and male-male
aggression (Niblick et al., 1994) and ranking might result in competi-
tive exclusion from good territory (Berry, 1986). Females may use all
this information and mate only with higher-ranking males. If translo-
cated male tortoises rank lower than residents, this could explain the
former's observed lower fitness. We found that translocated males were
slightly smaller than resident males when looking at carapace length
and in other tortoises size has been correlated with increased paternity
(Moon et al., 2006; Tuberville et al., 2011). In captive desert tortoises,
both size and prior residence in the pen have been shown to impact
male dominance and female choice in desert tortoises (Ruby and
Niblick, 1994). Additionally, the captive mate choice experiment only
scored pre-copulatory female mate choice, and post-copulatory sperm
selection may also play an important role in female mate choice for
desert tortoises. Behavioral data collected during telemetry did not
reveal any difference between residents and translocatees in the
number of matings attempted (see Supporting information). Although
behavioral data was only collected intermittently, the data show that
matings with translocated males did occur and indicates that sperm
selection may also play a role in explaining the difference in male
fitness.

A study on the closely related gopher tortoise (gopherus polyphemus),
that did account for post-copulatory selection, compared paternity
between tortoises released on two different release dates into unin-
habited territory outside of the species' historical distribution
(Tuberville et al., 2011). These authors found that 10 years after the
final translocation, there was no difference in male fecundity in
clutches of the second cohort of females (n = 12). However, clutches
from the first cohort of released females were all sired by males from
the same cohort (n = 5). The results of this study are not directly
comparable to our study as all the tortoises were translocated into a
tortoise-free environment; however, their results do suggest higher
fitness for males with prior residence.

Few studies in other taxa have looked at genetic integration of males
following translocation into a native host population. Female chimpan-
zees released from captivity were more readily accepted into the highly
social groups than released males, but parentage analysis found that at
least one released male had sired a newborn with another released
female (Goossens et al., 2005, 2003). Studies of reintroductions into
uninhabited territory in other vertebrates have found that transloca-
tions are more successful for polyandrous species as they have a lower
skew in reproductively active males due to multiple paternity (Gregory
et al., 2012). As expected, the contrary was found for highly polygynous
species where a low number of dominant males contribute to a high
proportion of offspring and there is thus limited male genetic integra-
tion (Sigg et al., 2005). The higher the reproductive skew in males the
higher the loss of genetic diversity during bottlenecks, but this can be
offset by larger founding populations (Miller et al., 2009). Desert
tortoises exhibit both polyandry and polygyny and in our study both
cases were observed. The combination of polyandry and the large
founding number of translocated males should theoretically have
allowed for high genetic integration in our study. Our results, however,
are contrary to this expectation and show that even using large
founding populations does not guarantee successful reproduction
following translocation.

5. Conclusion

We show that translocation impacts male and female reproductive
output very differently and that translocated male desert tortoises have
greatly reduced fitness when compared to resident males. Although
males survive the direct effects of translocation and appear to acclimate
to new habitat successfully, as evident in the comparable levels of body
condition and mating effort, they produce significantly fewer offspring

and are not genetically integrating into the population at large. This
will reduce long-term genetic variation for this endangered species.
With the majority of translocation studies only assessing survival and
female fecundity, this is the first study evaluating paternal genetic
integration following a translocation of a wild sourced population into a
native resident population. There are a number of possible reasons that
can explain this pattern, ranging from overall post-translocation health
and condition to pre- and post-copulatory female mate choice based on
male ranking and male-male competition. Further research on the
causative factor behind the lower fecundity levels of translocated males
may provide insight into the direct effects of translocation on animals
and potentially improve translocation management. However, the
results of our study demonstrate that for desert tortoises mere survivor-
ship and establishment is not an adequate method of evaluation and
that persistence and genetic integration of both male and female
translocatees must be determined in future translocation events in
order to truly evaluate translocation success. We encourage scientists
and managers to use genetic paternity testing in current and future
translocations to determine if this pattern also exists across other taxa
and translocation events.
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