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INTRODUCTION

Identified as a species of special concern by the
California Department of Fish and Wildlife since
1994, the western pond turtle Emys marmorata is the
only native species of freshwater turtle in California,
USA (Jennings & Hayes 1994), its range extending

from southern Canada to Baja California, Mexico.
Although the last statewide survey was conducted
over a decade ago (Wright et al. 2008) and E. mar-
morata population numbers are presently uncertain,
declining populations have been documented since
the 1980s. Large declines have occurred in E. mar-
morata in southern California and fewer declines in
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sympatric with T. scripta elegans did not have increased risk of Mycoplasma spp. infection. For
E. marmorata, there was a significant association between Mycoplasma spp. infection and lower
body weight and being located in the southern California region. This study is the first of its kind
to document pathogen prevalence in native E. marmorata habitats and those sympatric with
T. scripta elegans in California.
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the northern portion of the state (Lovich 1998). Possi-
ble causes for declining E. marmorata populations
include urbanization and habitat destruction with
few basking and nesting sites available near pond
habitat, poor water quality, and age senescence with
poor juvenile recruitment (Rathbun et al. 1992, Lin-
deman 1999, Spinks et al. 2003, Bury & Germano
2008). Many reptiles, including chelonians, have
long life spans and delayed sexual maturity, and
effects of habitat alteration or toxins on juvenile
recruitment may take generations to realize at the
population level (Rowe 2008).

The red-eared slider Trachemys scripta elegans is
a common introduced turtle in California. This spe-
cies was imported for the live food market and is pop-
ular in the pet industry, often resulting in illegal pet
release. T. scripta elegans are larger than Emys mar-
morata and can successfully displace them when
competing for basking sites, resulting in increased
chance of predation for E. marmorata (Lindeman
1999). Competition between the 2 species for re -
sources has been further supported in experiments in
which European pond turtles E. orbicularis experi-
enced weight loss and higher rates of mortality when
housed with T. scripta elegans than when housed
alone (Cadi & Joly 2004). In addition, platyhelminth
parasite transmission has been documented from
T. scripta elegans to captive populations of indige-
nous E. orbicularis in France (Verneau et al. 2011),
demonstrating pathogen introduction as a potential
threat to native populations from introduced species.

Many pathogens affect wild chelonian populations,
some with important impacts on survival; for exam-
ple, herpesviruses have been documented to cause
stomatitis and pneumonia in wild chelonians (Frye et
al. 1977, Pettan-Brewer et al. 1996). Mycoplasma
agassizii is a bacterial pathogen that affects reptiles
with clinical lesions of mucopurulent discharge and/
or ocular edema (Feldman et al. 2006, Farkas & Gal
2009) and has been confirmed as an upper respira-
tory pathogen causing disease in the desert tortoise
Gopherus agassizii (Brown et al. 1994), and major
population declines of this species in the Mojave
Desert, California, have been implicated with the
appearance of upper respiratory tract disease (Ross -
kopf et al. 1981). Ranaviruses are known to cause
mortality in frogs and salamanders with suspected
cross-infection to other species (Galli et al. 2006,
Ritchie 2006, Johnson et al. 2008). Experimental
transmission was achieved utilizing a star tortoise
(Geochelone elegans) ranavirus isolate that was suc-
cessfully inoculated into Trachemys scripta elegans,
and clinical sequelae included lethargy, ocular dis-

charge, and oral plaques (Johnson et al. 2007). Che-
lonians are also affected by Salmonella spp. Reptiles
frequently act as reservoirs for the bacteria, which
have been linked to outbreak clusters of S. typhi -
murium in children with chelonians as pets (CDC
2010). Although reptile infection rates with Salmo-
nella spp. can be high and often subclinical, infection
with particularly virulent strains can cause septi -
cemia, pneumonia, and mortality in some chelonians
(Johnson-Delaney 2006).

Introduced species may bring new pathogens or
virulent strains of pathogens to naïve populations of
Emys marmorata, but few E. marmorata studies have
investigated infectious pathogen introduction as a
risk factor for species decline. It has been suggested
that an introduced turtle species, such as Trachemys
scripta elegans, may have been responsible for trans-
mission of an unconfirmed upper respiratory patho-
gen that caused mortality of at least 36 E. marmorata
in a Washington population in 1990 (Hays et al.
1999), a state where populations of E. marmorata are
currently state listed as Endangered. Furthermore, in
2006, a die-off of T. scripta elegans occurred in Fol-
som Lake, California. Although the cause of the
 mortalities was not determined, the event raised
 concerns about potential pathogen spread to native
E. marmorata at this lake (S. Torres pers. comm.).

The goals of this study were to determine the pre -
valence of active Ranavirus spp., Herpesvirus spp.,
Mycoplasma spp., and Salmonella spp. infection in
Emys marmorata and Trachemys scripta elegans and
to evaluate our hypothesis that infection prevalence
is higher in E. marmorata populations sympatric with
invasive T. scripta elegans compared to those that
are not sympatric with T. scripta elegans. Addition-
ally, we sought to identify risk factors for infection in
individual turtles, including species, age, gender,
gravidity status, weight, and region. Water quality
parameters were compared for differences among
regions.

MATERIALS AND METHODS

Field sampling

Emys marmorata and Trachemys scripta elegans
were sampled from February through September
2011 at 10 pond sites distributed in northern (n = 3),
central (n = 3), and southern (n = 4) California
(Fig. 1). For each region, study sites were chosen to
include at least one pond with sympatric E. mar-
morata and T. scripta elegans and one pond that con-
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tained only E. marmorata. Inclusion criteria for sym-
patric ponds were the availability of an experienced
ranger or researcher who was familiar with the site
and aware of both E. marmorata and T. scripta ele-
gans presence within the past year. Similarly, for
sites where E. marmorata was considered the sole
chelonian utilizing the pond, an experienced ranger
or researcher verified that there was no known his-
tory of another species of chelonian in the pond
within the past year. A target sample size of 20 turtles
per species per site was chosen, so that there would
be a 95% probability of detecting a pathogen with a
prevalence in the population of 10% or greater (Epi
Info StatCalc ver. 3.5.1, CDC). Multiple sampling
attempts were made at the study sites in an effort to
achieve target sample sizes, but when not achieved
after several attempts, additional locations were
sought for sampling. For ponds in which sympatric
populations were present, achievement of E. mar-
morata target sample sizes was the aim, as this was
the species of interest for this study. Recaptured indi-
viduals were not re-sampled.

Turtles were caught using a combination of nylon
dip traps, hand nets, and snorkeling surveys. Each
turtle sampled was uniquely numbered by filing of
the marginal scutes. Physical examinations were per-
formed on each individual, and a body condition
score (BCS) from 1 to 4 was assigned. A score of 1
(emaciated) was assigned if the carapace or plastron
was severely sunken or broken, or if palpated extre -
mities lacked muscle; a score of 2 (poor) was
assigned if the shell demonstrated moderate depres-
sions or cracks or if there was minimal muscle pal-
pated; a score of 3 (average) was assigned if the shell
contained few mild focal depressions or a moderate
amount of muscle palpated; and a score of 4 (good)
was assigned if the animal had a large amount of
muscle with no associated shell depressions. In addi-
tion to obtaining weights for risk factor analysis, we
measured maximum and minimum carapace and
plastron lengths to estimate age category. Captured
individuals were classified as adult or juvenile based
on Emys marmorata sexual maturity carapace length
of 110 mm (Holland 1991a) and Trachemys scripta
elegans sexual maturity plastron length of 100 mm in
males and 150 mm in females (Gibbons & Lovich
1990, Utah Division of Wildlife Resources 2010). An
average cutoff of 125 mm plastron length was used
for determining sexual maturity in T. scripta elegans
when gender was unknown, or when measurements
were just below the cutoff value and annuli sug-
gested adult status. Secondary sex characteristics of
tail and nail lengths and plastron and carapace cur-
vature were used to determine gender (Readel et al.
2008, Vega & Stayton 2011), with gravidity of females
assessed via palpation.

Blood samples were collected from the subcarapa-
cial sinus using a 22-gauge needle and tuberculin
syringe. Approximately 0.5 ml of blood was obtained
from adult turtles weighing ≥250 g, and no more than
3 ml kg−1 of body weight was obtained from turtles
weighing <250 g (McArthur et al. 2004). Blood was
transferred to lithium heparin tubes and chilled on
blue ice for transport to the laboratory. To obtain a
nasal flush, 0.5 ml of sterile saline were gently
flushed and aspirated from the nares using a 1.5 ml
fine-tip extended transfer pipette (Samco Scientific)
with the tip advanced approximately 5 mm into the
nasal cavity. Nasal flush samples were transferred to
microcentrifuge tubes and cooled on ice for transport
back to the laboratory, with long-term storage of
samples at −20°C until laboratory analysis. Cloacal
swabs were obtained from each turtle using sterile
cotton-tipped applicators (Kendall). Sterile, saline
moistened applicators were advanced approximately
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1 cm into the cloacal cavity, rolled gently, and re -
moved. The applicator tip was broken off into a tube
containing selenite enrichment media, and samples
were kept cool during transport to the laboratory.

The location of each sampling site (in UTM,
NAD 83) was recorded using a handheld GPS unit
(Gar min). Water samples were collected from each
study site during at least one visit, with the excep-
tion of the Stone Lakes study site (the water quality
probe was unavailable during that sampling period).
Water samples were tested for dissolved oxygen,
pH,  conductivity, total dissolved solids, and salinity
using a dissolved oxygen probe kit (Global Water
Instruments).

DNA extraction and PCR

For active viremia detection of Ranavirus spp.,
DNA was extracted from blood contents per the Qia-
gen DNeasy™ blood spin-column extraction method
using the nucleated protocol. DNA was analyzed
using the TaqMan real-time PCR assay as described
by Pallister et al. (2007). Each reaction consisted of
12 µl of TaqMan Universal PCR Master Mix (Applied
Biosystems), 1.16 µl of CON primer/probe mix, 2 µl of
template DNA, and 9.84 µl of water to achieve a final
volume of 25 µl. Results were considered positive if
the cycle threshold was <40 and there was a charac-
teristic amplification curve. The Ranavirus sp. posi-
tive control was frog virus 3 in culture.

DNA was extracted from nasal flush contents per
the Qiagen DNeasy™ spin-column extraction me -
thod utilizing the non-nucleated protocol and evalu-
ated for Mycoplasma spp. and Herpesvirus spp. For
active detection of Mycoplasma spp., conventional
PCR methodologies were modified from the protocol
described by van Kuppeveld et al. (1992). PCR
amplification was performed using a total reaction
volume of 25 µl containing 1 µl of template DNA,
2.5 µl each of RNA5 and MGSO primers, 12.5 µl of
GoTaq Master Mix (Promega), and 6.5 µl of water.
Thermocycler conditions included initial denatura-
tion at 94°C for 4 min, 35 cycles at 94°C for 1 min,
annealing of primers at 60°C for 1 min, and exten-
sion of primers at 72°C for 2 min. Analysis was per-
formed via electrophoresis on a 1% agarose gel
stained with GelStar (Lonza) and examined under
UV transillumination. Cultured and sequence-con-
firmed feline-origin Myco  plasma sp. was utilized as
a positive control. In order to verify the identification
of PCR amplicons, 3 positive samples were ran-
domly selected for DNA se quencing. Samples were

tested by PCR as des cribed above, and the products
were then resolved on a 1% agarose gel. Products
were purified from the gel using a kit (Qiagen) and
then submitted for DNA se quencing at a commercial
facility (Davis Sequencing, Davis, CA) using the for-
ward PCR primer. Electropherograms were trimmed
by eye to remove end-reading errors, and the DNA
sequence was then compared to those in the Gen-
Bank database using the BLAST algorithm (http://
blast. ncbi. nlm. nih. gov/ Blast .cgi).

For detection of active Herpesvirus spp., conven-
tional nested PCR was performed by modifying the
protocol as described by Kleiboeker et al. (2002). In
the initial round, amplification was achieved using
25 µl total reaction volume including 1 µl of template
DNA, 2.5 µl each of DFA, ILK, and KG1 primers,
12.5 µl of GoTaq Master Mix, and 4 µl of water. Ther-
mocycler conditions consisted of 95°C for 12 min,
10 cycles of denaturation at 94°C for 30 s, annealing
at 70°C for 30 s, and extension at 72°C for 90 s. Addi-
tionally, 40 cycles of denaturation were performed at
94°C for 30 s, with annealing at 48°C for 30 s, and
final extension at 72°C for 7 min. In the second round,
a total reaction volume of 25 µl was achieved using
2 µl of the first round reaction, 2.5 µl each of TGV and
IYG primers, 12.5 µl of GoTaq Master Mix, and 5.5 µl
of water. Thermocycler conditions were as described
in the initial round. Analysis was performed on a 1%
agarose gel stained with Gelstar (Lonza) and exa -
mined under UV transillumination. Cultured and se -
quence-confirmed feline origin Herpesvirus sp. was
utilized as a positive control.

Salmonella isolation

Cloacal swabs were enriched in selenite and
 incubated at 37°C for 24 h (WHO 2003). Swabs were
then discarded, and the enriched broth was sub-
 inoculated onto XLT agar plate media (Becton, Dick-
inson and Co.). Plates were incubated at 37°C for
48 h and then examined for black colony growth.
Black colonies were further isolated via sub-inocula-
tion onto XLT plate media at 37°C for 48 h. Isolated
colonies were evaluated on triple sugar iron agar
slants, and colonies with results consistent with Sal-
monella spp. (black, hydrogen sulfide reaction) were
frozen at −20°C. One isolate from each site that had
biochemical assay results consistent with Salmonella
spp. was confirmed and phage-typed at the Microbi-
ology Laboratory at the UC Davis Veterinary Medical
Teaching Hospital. Limited project resources preclu -
ded phage typing of all positive samples.
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Analysis

Data were entered into Microsoft Excel, and statisti-
cal analysis was performed in Stata (StataCorp 12.0).
For all tests, a cutoff of p < 0.05 was used to infer sta-
tistical significance. Sex ratios for Emys marmorata
were assessed with a chi-squared goodness-of-fit test,
assuming an even sex distribution of 1:1. Differences
in demographic values and weight across sites were
assessed as follows: for age (juvenile and adult) and
gender (male and female) we used chi-squared con-
tingency tests, for BCS we used a Kruskal-Wallis test,
and for weight we used analysis of variance (ANOVA).

The prevalence of infection (proportion of positive
animals in the sample) and associated 95% confi-
dence intervals (CI) for each pathogen were calcu-
lated for each species at each sampling site. For each
pathogen, potential associations between infection
and the following variables were evaluated using
uni variate logistic regressions: site, gender, age
class, species, BCS, weight, and region. Univariate
logistic regression was used to assess whether infec-
tion status in Emys marmorata was associated with
the presence of Trachemys scripta elegans at a site.
Odds ratios and 95% exact binomial confidence
intervals for the various risk factors were estimated
(Mehta et al. 1985).

One-way ANOVAs were used to determine
whether weight differed between pathogen-positive
and pathogen-negative Emys marmorata, grouped

by region and separately by site, with statistical sig-
nificance further evaluated using post hoc Bonferroni
testing. A multiple logistic regression model includ-
ing weight, region, and interaction was created for
E. marmorata Mycoplasma spp. infection status
based on significant univariate results. The best-
 fitting model was selected using likelihood ratio
tests. Mean water pH, dissolved oxygen, salinity,
total dissolved solids, and conductivity were com-
pared among study sites using a 1-way ANOVA.

RESULTS

In total, 145 Emys marmorata and 33 Trachemys
scripta elegans were captured, including 51 E. mar-
morata and 4 T. scripta elegans in northern California,
51 E. marmorata and 22 T. scripta elegans in central
California, and 43 E. marmorata and 7 T. scripta elegans
in southern California (Table 1). Four non-sympatric
and 6 sympatric sites were sampled throughout the
state of California, with sites depicted by region in
Fig. 1. It was difficult to find sympatric sampling sites
in northern California, resulting in a low capture
count of 4 T. scripta elegans in this re gion. Southern
California sites also had low capture counts of this
species, but most populations sampled in this region
were small in size, and multiple sampling efforts were
required to achieve similar capture counts when com-
pared with northern and central California sampling.
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Region Emys marmorata Trachemys scripta elegans
and site n Age Gender Gravid Mean  Median n Age Gender Gravid Mean  Median 

(Adult: (M:F: weight BCS (Adult: (M:F: weight BCS
Juv) Unk) ± SE (g) Juv) Unk) ± SE (g)

Northern
Sequoia Park 8 7:1 6:1:1 0 527.75 ± 61.07 2 4 3:1 0:3:1 0 380.75 ± 73.49 3 
Trinity River 22 18:4 9:8:5 1 466.52 ± 52.83 3 
Twin Lakes 21 21:0 10:11:0 2 831.67 ± 32.15 3 
Total 51 46:5 25:20:6 3 626.48 ± 36.82 3 4 3:1 0:3:1 0 380.75 ± 73.49 3
Central
Cache Creek 21 18:3 9:8:4 2 517.81 ± 50.76 3
Putah Creek 21 21:0 14:4:3 0 694.56 ± 45.57 3 21 18:3 1:17:3 1 993.76 ± 109.22 3 
Stone Lakes 9 7:2 2:5:2 0 615.63 ± 77.70 2 1 1:0 1:0:0 0 495.0 NR
Total 51 46:5 25:17:9 2 602.15 ± 33.04 3 22 19:3 2:17:3 1 971.09 ± 106.58 3
Southern
Aliso Woods 15 12:3 11:2:2 0 324.19 ± 39.95 3 2 2:0 1:1:0 0 893.35 ± 106.65 3.5 
Cockleburr Lagoon 21 15:6 13:8:0 2 227.76 ± 19.22 3
Guajome Park 1 1:0 1:0:0 0 558.0 NA 5 3:2 3:2:0 0 570.58 ± 226.35 3 
San Joaquin Marsh 6 6:0 4:2:0 2 423.83 ± 63.12 3 0 
Total 43 34:9 29:12:2 4 296.44 ± 22.15 3 7 5:2 4:3:0 0 662.80 ± 168.77 3

Table 1. Emys marmorata and Trachemys scripta elegans. Sample sizes, age ratio, sex ratio, number of gravid females, mean
weight and median body condition score (BCS) for turtles captured in 2011 at 10 sampling sites in 3 regions of California, USA.
Juv: juvenile; M: male; F: female; Unk: unknown; NR: not reported; NA: not applicable. Data without ±SE had only 1 value 

obtained at the location for the given species
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Roughly 1.6 times as many male Emys marmorata
were captured than females, although this was not
statistically significant (p = 0.08). Differences in sex
ratio across sites were also not significant (p = 0.15),
although there was a remarkable 14:4 ratio of E. mar-
morata males to females at Putah Creek (Table 1). At
all sites (Fig. 1), adults were the primary age cate-
gory sampled, with few females confirmed to be
gravid via palpation (Table 1). Each site was sampled
during the breeding season, with the exception of
Stone Lakes. Age class did not differ statistically
among sites (p = 0.06). BCS did not differ signifi-
cantly among sites or region (p = 0.4), although
southern California turtles had significantly lower
weights on average (p < 0.01), most notably at Cock-
leburr Lagoon and at Aliso and Wood Canyons
Wilderness Park, regardless of whether weight was
compared by region or site. Most turtles appeared
healthy at all sites; a few E. marmorata had missing
digits, tail injuries, or superficial and deep carapace
and plastron erosions, but no purulent nasal dis-
charge or breathing difficulties were observed.

Infections with Ranavirus spp. and Herpesvirus spp.
were not detected in any of the sampled turtles
(Table 2). The prevalence of Mycoplasma spp. infec-
tion in Emys marmorata was 7.8% in northern, 9.8%
in central, and 23.3% in southern California. Myco -
plasma spp. infection was not detected in Trachemys
scripta elegans from northern California but was de-
tected in 4.5 and 14.3% of T. scripta elegans sampled
from central and southern California, res pec tively.
The subset of Mycoplasma spp.-positive PCR samples
sequenced demonstrated 100% coverage of the sub-
mitted 594 bp fragment with 98% homology to
M. agas sizii (GenBank accession number AF060821.1).
Salmonella spp. were not specifically isolated from
the phage-typed specimens, although Enterobacteri-
aceae (the family that includes Salmonella spp.) were
detected in E. marmorata at a prevalence of 29.4% in
northern, 19.6% in central, and 25.6% in southern
California. In T. scripta elegans, Enterobacteriaceae
species were detected at a prevalence of 25% in
northern, 36.4% in central, and 28.6% in southern
California. There were no associations between En-
terobacteriaceae or Mycoplasma spp. infection and
age class, gender, or BCS in sampled turtles. Of the
gravid females, none tested positive for infection ex-
cept at Cockleburr Lagoon, where 1 gravid female
was positive for Ente robacteriaceae and 1 for My-
coplasma spp. E. marmorata in sympatric populations
did not have an increased likelihood of Mycoplasma
spp. or Entero bacteriaceae infection compared with
those in isolated populations (p = 0.3).
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ANOVA revealed that Mycoplasma spp. infection
in Emys marmorata was associated with weight; in -
creased Mycoplasma spp. prevalence was observed
in turtles with lower mean weights in southern Cali-
fornia (p = 0.001). Mycoplasma spp.-infected E.
marmorata in southern California had an average
weight of 184.0 g, compared to their Mycoplasma
spp.-in fected counterparts from northern California
(mean = 455.0 g, p = 0.032), and central California
(mean = 549.2 g, p = 0.002). Infection prevalence of
Myco plasma spp. was highest, 33.3% (Table 2), at
the southern site of Cockleburr Lagoon, where
E. marmorata had the lowest mean body weight,
227.76 g (Table 1), when compared with all other
sites throughout California. Multivariate logistic re -
gression models were created including region,
weight, and interactions with the optimal model
being ‘Myco ~ Region + Weight.’ Incorporation of an
interaction between region and weight did not
improve model fit significantly.

The water at southern California sites had higher
mean salinity, total dissolved solids, and conductivity,
when compared with water from northern and cen-
tral California sites (p = 0.0002 for each respective
factor; Table 3). We observed no differences in pH or
dissolved oxygen between regions.

DISCUSSION

Populations of the western pond turtle Emys mar-
morata, once abundant throughout much of Califor-
nia, have declined across its range and face ongoing
threats from habitat loss and competition with exotic

species (Lovich 1998). Infectious pathogens, poten-
tially transmitted by sympatric non-native turtles,
could present a serious threat to the survival of this
species in California. We evaluated 4 pathogens that
could affect turtle populations and identified Enter-
obacteriaceae and Mycoplasma spp. infections in
E. marmorata-only populations and in E. marmorata
populations sympatric with the introduced red-eared
slider Trachemys scripta elegans.

While demographic risk factors were not associated
with infection risk, we found a significant association
between lower body weight and Mycoplasma spp. in-
fection in Emys marmorata, particularly in the south-
ern California region. The lower weight could be an
environmentally or genetically determined out come
associated with lower resistance to infection or could
be due to the infection itself. Infection may be associ-
ated with low body weight as well as chronic stressors
in the environment, which may adversely affect turtle
growth. One approach that could be promising in or-
der to evaluate the quality of the response to the envi-
ronment is to examine heterophil/lymphocyte ratios
and corticosterone levels, which have been used as in -
dicators of environmental stress in Trachemys scripta
elegans. These blood values have been linked to
lower body condition in this species (Readel 2009). In
birds as well, elevated hetero phil/lymphocyte he ma -
tological markers were linked with reduced growth
(Moreno et al. 2002) and increased infection suscepti-
bility (Al-Murrani et al. 2002). Future research of E.
marmorata should target clinical chemistry parame-
ters that may give insight as to size in smaller average
body weight E. marmorata populations in conjunction
with pathogen surveys.
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Region pH DO Salinity  TDS  Conductivity 
and site (ppm) (ppm) (ppm) (S m−1) 

Northern
Sequoia Park 7.09 6.51 155 214 0.000303
Trinity River 8.05 5.22 146 212 0.000303
Twin Lakes 6.95 4.92 44.4 63.1 0.0000956

Central
Cache Creek 8.375 ± 0.013 6.360 ± 0.470 306 ± 8.9 431.0 ± 10.0 0.0006217 ± 0.0000191 
Putah Creek 8.373 ± 0.303 6.180 ± 0.871 350 ± 70.8 502.8 ± 104.6 0.0007025 ± 0.0001396 
Stone Lakes NR NR NR NR NR 

Southern
Aliso Woods 8.447 ± 0.201 7.240 ± 0.229 1616.7 ± 40.6 2270.0 ± 66.6 0.003247 ± 0.0001129 
Cockleburr Lagoon 7.69 4.45 3420 4720 0.00670 
Guajome Park 7.960 ± 0.280 5.915 ± 0.495 1230.0 ± 30.0 1730.0 ± 10.0 0.002470 ± 0.000040 
San Joaquin Marsh 7.66 5.97 3180 4600 0.00662

Table 3. Water quality parameters at 10 different study sites in California, USA, in 2011, given as means ± SE. Data without SE
had only 1 value obtained at the location. DO: dissolved oxygen; TDS: total dissolved solids; NR: not reported (water quality 

probe unavailable at sampling)
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Elevated Mycoplasma spp. prevalence in the south-
ern sites was driven primarily by the influence of 1
sampling location, Cockleburr Lagoon. Cockleburr
Lagoon is a ca. 2322 m2 habitat near the Pacific
Ocean, located on Camp Pendleton Marine Corps
Base. The western pond turtle faces few threats at
this location, with limited human access on the
nearby beach. Nevertheless, one-third of the 21 tur-
tles tested at this study site were positive for Myco -
plasma spp. Other than carapace and plastron ero-
sions, we detected no other signs of disease, such as
nasal or ocular discharge or swelling (Brown et al.
1999). Additionally, BCS did not reveal a difference
between turtles testing positive and negative for
pathogens. However, BCS is a subjective measure
and is not necessarily a reliable indicator of immune
or health status in chelonians (Polo-Cavia et al. 2010).

In general, southern California water bodies had
higher levels of salinity, dissolved solids, and conduc-
tivity. These differences may be due to closer proxi -
mity of the southern sampling site to the ocean, with
coastal upwelling affecting water salinity. Specifi-
cally, Cockleburr Lagoon is located within meters of
the  Pacific Ocean, with mixing of lagoon waters fre-
quently observed in periods of high tide. Despite dif-
fering physiological adaptations to salinity stressors
in other freshwater animals, higher salinities and low
temperatures have been linked with reduced growth
in juvenile crayfish (Prymaczok et al. 2012). Increas-
ing salinity also has de trimental effects on freshwater
invertebrates and aquatic plants in Australia, either
directly through toxic physiological challenge or
indirectly through habitat modification (Nielsen et al.
2003). Dunson & Seidel (1986) evalu ated salinity tol-
erance in Trachemys decussata inhabiting brackish
water and found that hatchling growth was impaired
at salinities greater than 41% seawater. Studies in
other parts of the USA are underway to determine
salinity as a stressor in T. scripta elegans (Valverde
2012). Our salinity findings were lower than 41%
seawater in the southern California study sites, but
given the regional  differences in salinity documented
in this study and literature linking salinity and
impaired growth in other chelonians, we recommend
future projects with salinity as a risk factor for Emys
marmorata growth and infection.

Since captive and wild reptiles, including cheloni-
ans, are documented reservoirs for Salmonella spp.
(Hidalgo-Vila et al. 2007, Scheelings et al. 2011), we
expected that this pathogen would be found in some
of the turtles examined. Salmonella spp. prevalence
is of particular concern with regard to zoonotic risk of
disease for humans, who may come into contact with

pet and wild turtles shedding the bacteria, or with
contaminated pond habitats (Hidalgo-Vila et al.
2008). Only non-Salmonella spp. bacteria in the fam-
ily Enterobacteriaceae could be identified in this
study, which is consistent with normal bacterial flora
(McArthur et al. 2004, Jacobson 2007). Project finan-
cial limitations did not allow for phage testing to be
performed on all positive XLT isolates, which may
have limited the information obtained from culture
techniques. Cloacal swabs were performed on turtles
for fecal collection in this study. Prolonged capture
times and cloacal flushing methods may have been
necessary to increase fecal yield and subsequently
the chances of Salmonella spp. detection. Molecular
methods of Salmonella spp. testing could be more
sensitive for detection of Salmonella spp. in small
samples and should be considered in conjunction
with culture techniques for future research (Mainar-
Jaime et al. 2008). However, studies of wild popula-
tions of North American chelonians have shown that
free-ranging aquatic turtles are less likely to harbor
Salmonella spp. than those in captivity (Mitchell &
McAvoy 1990, Hidalgo-Vila et al. 2007), even when
molecular methods are utilized in conjunction with
traditional culture methods (Saelinger et al. 2006).

It is surprising that Herpesvirus spp. were not iden-
tified in any of the turtles sampled. Herpesviruses
have been well documented in both captive and wild
chelonians, including terrestrial and aquatic species
(Origgi & Jacobson 2000). Our sampling and testing
methods may have limited detection of herpesviruses
given that molecular methods targeted only active vi-
ral particles in nasal contents. We targeted nasal con-
tents because herpesviruses have been documented
to be highly transmissible horizontally from nares ex-
udate, and while the exact route of transmission is un-
known in the wild, it is likely that direct contact is the
primary route (Muro et al. 1998, Origgi & Jacobson
2000). During disease outbreak in land tortoises with
the presence of rhinitis and stomatitis, more herpes-
positive animals were identified from pharyngeal
swab samples when compared with blood or cloacal
swab sampling (Marschang et al. 1997). Viremia, tur-
tles infected with Herpesvirus spp. not undergoing
 viral production (latent infection), or those that may
have succumbed to infection were not identified in
our study. While ranaviruses have been identified in
reptiles, including box turtles Terrapene ornata (De
Voe et al. 2004, Johnson et al. 2008), they are more
commonly reported in amphibians (Hoverman et al.
2012). However, host shifts have been documented
across poikilothermic species (Jancovich et al. 2010),
and with common habitats among them, these viruses
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can be devastating if active disease is detected. A po-
tential limitation of our diagnostics is that pathogen
detection was only successful if active viremia was
present. Blood was chosen to assess active infection in
the absence of clinical signs (Allender et al. 2013). Our
methods would fail to detect viral particles in tissues
or bodily excretions, and given the scarcity of litera-
ture on ranaviruses in chelonians, it may be likely that
more advanced or new diagnostic techniques are
needed for pathogen detection. Therefore, it is impor-
tant to continue to monitor and document these
ranaviruses and their clinical effects in habitats con-
taining multiple reptilian and amphibian species.

Diminished habitat quality and failure of juvenile
recruitment are important causes for declining indi -
genous Emys marmorata populations in the western
USA (Spinks et al. 2003, Bury & Germano 2008), but
prior work has not been reported examining the risk
of pathogen introduction to E. marmorata from intro-
duced species such as Trachemys scripta elegans. In
most populations at our study sites, regardless of sym-
patric or E. marmorata-only pond status, the  gender
and age distributions of captured E. marmorata were
disproportionately skewed towards adult males. Sea-
sonal differences in time of sampling across sites as
well as nesting behavior of gravid females may have
affected the number of female turtles and juveniles
captured. Previous studies have documented females
leaving the water in the late afternoon or early
evening hours to explore nesting areas (Holland 1994,
Crump 2001). This would coincide with the timing
of trap placement, occurring primarily in the early
evening hours. The traps used may have allowed
small juveniles to more readily escape, or bait size
may not coincide with juvenile feeding behavior, with
foraging differences observed among males, females,
and juveniles (Bury 1986). Alternatively, the adult
male-predominant captures may be indications of un-
healthy gender and age distributions. An exception to
this pattern was identified at Putah Creek, a sympatric
study site, where the predominant turtle was T.
scripta elegans females even though this site was
sampled during the early breeding season. T. scripta
elegans is almost twice the size of E. marmorata, and
it therefore may outcompete smaller E. marmorata for
the few basking resources available at this site
(Spinks et al. 2003). Furthermore, basking availability
has been correlated with juvenile growth in other ch-
elonian species (Koper & Brooks 2000), and lack of
basking sites may affect juvenile survival of E. mar-
morata. Study site population counts and individual
turtle basking behaviors were not the focus of this ex-
perimental design, but future studies could target

these to determine basking behavior and availability
as risk factors for infection. Few gravid females were
captured, and this may be explained by our sampling
period ex tending past mid-July, the end of the E. mar-
morata nesting season (Scott et al. 2008). Females
captured later in the sampling period may have been
gravid earlier in the season, or early gestational fe-
males may have been missed because of lack of so-
phisticated diagnostic techniques, i.e. radiography.

Our results represent a small portion of California
pond turtle habitats. Extensive, longer-term research
is needed to better quantify the risk of pathogens in
native and invasive turtle species. Additionally, we
tested for only 4 pathogens; other possible pathogens
may be harbored in pond habitats. The prevalence of
infection specifically in peri-urban areas should also
be addressed in additional studies because we de -
monstrated the highest Mycoplasma spp. prevalence
in Emys marmorata populations of urban southern
California, and a subset of our PCR-positive samples
were all confirmed to be M. agassizii, a species docu-
mented to cause upper respiratory tract disease in
desert tortoises (Brown et al. 1994, 1999). Further
studies are needed to determine infection incidence,
onset of clinical signs, if any, and temporal trends,
with initial focus on southern California populations
of E. marmorata.

This study is the first to document pathogen preva-
lence in California native Emys marmorata popula-
tions living with and without invasive Trachemys
scripta elegans and thus provides the first insight into
California E. marmorata population health, providing
a reference to which future outbreak investigations
can be compared. Based on our findings, wild native
E. marmorata populations living in the same habitats
as introduced T. scripta elegans did not have a higher
prevalence of infection with Ranavirus spp., Herpes -
virus spp., Mycoplasma spp., or Salmonella spp.
Despite repeated sampling attempts at pond loca-
tions, target sample sizes for western pond turtles
were not always achievable, and this may have lim-
ited the power of our conclusions. Furthermore,
given the diagnostic and sampling methods used,
pathogen-positive chelonians that may have suc-
cumbed to or recovered from disease would go unde-
tected. Accordingly, given continued concerns about
the long-term persistence of E. marmorata popula-
tions in California, we recommend that any mortality
events in E. marmorata populations or sympatric
T. scripta elegans populations be investigated to
determine the cause of death and that more exten-
sive pathogen testing be conducted as part of longer-
term ecological studies.
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