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An Assessment of Leech Parasitism on Semi-aquatic
Turtles in the Western Piedmont of North Carolina

J. Clint McCoy1, Elisabeth L. Failey1, Steven J. Price1,
and Michael E. Dorcas1,*

Abstract - In 2005, we assessed the occurrence of leeches on semi-aquatic turtles in
nine ponds in the North Carolina Piedmont. Placobdella parasitica (smooth turtle
leech) was the only parasitic leech found on turtles and was present on turtles from
all ponds. Female Chrysemys picta (Painted Turtles) were more frequently parasit-
ized than males (females 54.7%, males 40.9%; p = 0.039), possibly because they are
larger and provide more surface for leech attachment. Chelydra serpentina (Snap-
ping Turtles) had the highest leech load of any species (mean = 32.3/turtle), which
we attributed to its large size and bottom-dwelling habits. Most leeches were found
attached to the underside of marginal scutes or between the plastron and inguinal
region. These sites likely offer protection from the environment when a turtle
emerges from the water.

Introduction

Leeches are common ectoparasites of many freshwater vertebrates in-
cluding turtles (Ernst et al. 1994, Sawyer 1986), amphibians (Briggler et al.
2001), and fish (Pearse 1924). In North America, leeches of the genus
Placobdella are commonly found on turtles (Sawyer 1972, 1986), and
several studies have examined aspects of these host-parasite relationships
such as parasite loads (Brooks et al. 1990, Hulse and Routman 1982,
MacCulloch 1981), seasonal variation in parasite infestations (Ernst 1971,
Graham et al. 1997, Koffler et al. 1978), variation in attachment locations
(Brooks et al. 1990, Dodd 1988), recolonization rates (Dodd 1988, Ryan
and Lambert 2005), and leeches as vectors of hemogregarine blood para-
sites (Paterson and Desser 1976; Siddall and Desser 1991, 2001).

Most studies of turtle-leech interactions have focused on only one or two
species of turtle. Bottom-dwelling species such as Chelydra serpentina
Linnaeus (Common Snapping Turtle) and the mud and musk turtles (Family:
Kinosternidae) generally have higher parasite loads than other semi-aquatic
turtles (Brooks et al. 1990, Ernst 1986). Aerially basking species (e.g.,
emydids) generally have reduced parasite loads, possibly because basking
forces leeches to detach to avoid desiccation (Ernst 1971, MacCulloch 1981,
McAuliffe 1977).

Studies examining turtle-leech relationships have been primarily con-
ducted in relatively large bodies of water (e.g., lakes and rivers). Previous
studies have been conducted at the Qu’Appelle River in Saskatchewan
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(MacCulloch 1981), the Upper Warrior Basin in Alabama (Dodd 1988), the
Central Canal in Indianapolis, IN (Ryan and Lambert 2005), and the Drysdale
and Isdell Rivers in Australia (Tucker et al. 2005).

In our study, we describe turtle-leech relationships within nine relatively
small, isolated golf course and farm ponds in the western Piedmont of North
Carolina. Specifically, we (1) describe gender and species-specific differ-
ences in frequency of parasitism and leech load, (2) examine relationships
between turtle size and leech load, (3) examine relationships between para-
sitism and turtle body condition, (4) describe variation in parasitism between
pond types, and (5) describe leech attachment sites on host turtles.

Methods

We assessed the occurrence of leeches on semi-aquatic turtles as part of a
mark-recapture study of turtles at nine man-made ponds in Mecklenburg,
Iredell, and Cabarrus counties, NC from 17 April to 28 July 2005. Four
ponds were located on golf courses, primarily surrounded by residential
neighborhoods and fairways. The other five were farm ponds, which con-
tained varying levels of mixed hardwood-coniferous forest and open field
within close proximity. Most of these ponds were historically used to pro-
vide water for cattle, but none of our study ponds were part of operating
farms. The nine ponds ranged in size from 0.03 to 1.02 ha.

We captured turtles using hoop-net traps (model MHNIA, 2.54-cm mesh,
Memphis Net and Twine, TN) baited with opened cans of sardines (replaced
every 4–5 days). Ten baited traps were used at each site, and were spaced
evenly around each pond. We checked traps every other day for a total of 20
days at each pond.

For each turtle we captured, we counted all leeches and recorded their
location on the host. We used 4 categories to assess leech attachment site:
(1) on the outside of the carapace, (2) on the outside of the plastron, (3) the
anterior body (soft tissues on the head, neck, and front limbs), and
(4) the posterior body (soft tissues on the hind limbs, inguinal region,
and tail). To prevent cross-contamination or loss of leeches, leeches were
counted in the field at the time of capture for all turtles except for Snapping
Turtles, which we transported individually back to the lab. We removed
turtles from the traps one at a time, and immediately examined each turtle for
the presence of leeches. We carefully counted leeches on each turtle, and
removed some leeches from small leech clusters in order to increase the
accuracy of our count. Each leech was classified as small (< 1 cm), medium
(between 1 cm and 2 cm), or large (> 2 cm). The same person was assigned
the task of counting and classifying leeches each time in order to maintain
consistency in leech counts and classifications. Leech data were only re-
corded for the initial capture of each turtle; all recaptures were noted and
released without returning them to the laboratory. Representative leech
specimens were taken from turtles at each study pond, preserved in 95%
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ethanol for identification, and deposited in the North Carolina Museum of
Natural Sciences. After collecting data in the field, all turtles were brought
to the laboratory, where we used digital calipers to measure carapace and
plastron length, maximal width, and maximal depth to the nearest 0.1 mm
for all turtles except large Trachemys scripta Schoepff (Yellowbelly Slider)
and Snapping Turtles which we measured to the nearest 1 mm.  Large
Snapping Turtles, were placed in a canvas bag and measured using a spring
scale to the nearest 0.2 kg (the mass of the bag was subtracted from the total
mass), and we used a top-loading balance to measure the mass of all other
turtles to the nearest 0.1 g. All turtles were given a unique mark by filing
notches in their marginal scutes (Gibbons 1968, Sexton 1959). This ensured
that we would not double-count leeches on an individual turtle if recaptured.
Sex of adult turtles was determined by claw length, shell shape, and tail
length for Chrysemya picta Schneider (Eastern Painted Turtle), Pseudemys
concinna LeConte (Eastern River Cooter) and Yellowbelly Slider; shell
shape and tail length for Kinosternon subrubrum Lacépède (Eastern Mud
Turtle) and Sternotherus odoratus Latreille (Common Musk Turtle) (Ernst
et al. 1994); and by using the formula described by Mosimann and Bider
(1960) for Snapping Turtles. We attempted to age each turtle by counting the
rings on the plastron and/or carapacial scutes, and used a confidence scale
ranging from 0 to 3 to rate the accuracy of the count (Cagle 1946, Sexton
1959). We assumed for all turtles that one new growth ring was added each
year (but see Wilson et al. 2003). Many adult turtles could not be aged
accurately because the growth rings were not clearly visible; therefore, they
were categorized as “old.” We processed and returned all turtles to the
original capture site within 2–4 days of capture.

Data analysis
We used chi-square tests to determine if there were gender- or species-

specific differences in the number of turtles parasitized. To better estimate
the potential impact of number and size of leeches, leech loads for each turtle
were calculated by multiplying the number of leeches by a size class as-
signed to each leech. Small leeches were assigned a constant of 1,
medium-sized leeches were assigned a 2, and large leeches were given a
value of 3. For example, a turtle with one small leech and two medium
leeches would have a leech load of 5. This method assumes that larger
leeches have a greater impact on the animals than do smaller leeches and,
although this analysis only estimates the overall impact, it provides more
information than simply counting the number of leeches. We used a
Wilcoxon rank-sum test to determine any differences in leech load between
genders.

To determine if there were any differences in leech load between pond
types or species, we used a two-way analysis of variance (PROC GLM; SAS
Version 9.1, SAS Institute 1999, Cary, NC). The high number of zeros (i.e.,
turtles with no leeches) skewed the data so that tests could not be performed
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due to violation in normality. Therefore, we used only data for turtles with at
least one leech in our analysis. Thus, many of our data points were omitted, so
we could only perform these tests on three species (Snapping Turtles, Eastern
Painted Turtles, and Eastern Mud Turtles). All leech loads were log-trans-
formed to normalize the dataset before analysis.

We also tested for differences in average leech load between pond types
for each species using the Wilcoxon rank-sum test. This test allowed us to
use all data points (including turtles with no leeches) to examine the rela-
tionship between leech load and pond type for each species of turtle.

We conducted a linear regression analysis to examine the relationship
between plastron length and leech load for Eastern Painted Turtles and
Yellowbelly Sliders. We used carapace length for Snapping Turtles and Eas-
tern Mud Turtles to examine this relationship because their plastron lengths
are highly variable (Lindsay and Dorcas 2001). We also used linear regres-
sion to determine if a relationship existed between turtle size and the size of
leeches parasitizing them. We performed three linear regressions for each
turtle species, one for each leech size class. We used the number of leeches
in each size class as the dependent variable and size of the turtle as the
independent variable.

To examine the relationship between parasitism and body condition, we
used a linear regression with leech load as the independent variable and body
condition as the dependent variable. Condition was calculated as the residu-
als of a linear regression with mass as the dependent variable and plastron
length (Eastern Painted Turtles and Yellowbelly Sliders) and carapace
length (Snapping Turtles and Eastern Mud Turtles) as the independent
variable ( Budishak et al. 2006, Lindsay and Dorcas 2001). We used an alpha
of 0.05 for all analyses.

Results

We observed leeches on all species captured, which included Eastern
Painted Turtles, Yellowbelly Sliders, Snapping Turtles, Eastern River
Cooters, Eastern Mud Turtles, and Musk Turtles. Placobdella parasitica Say
(smooth turtle leech) was the only parasitic leech found, and was present on
turtles from all ponds. During the study, we captured 221 Eastern Painted
Turtles, of which 47.5% were parasitized by at least one leech. We captured
34 Snapping Turtles, of which 67.6% were parasitized. Of the 37
Yellowbelly Sliders captured, 48.6% bore leeches, and of the 27 Eastern
Mud Turtles captured, 63% were parasitized (Table 1).

Female Eastern Painted Turtles were parasitized more frequently than
male Eastern Painted Turtles (χ2 = 4.24, p = 0.039) and had higher mean
leech loads than males (Wilcoxon rank-sum; p < 0.01). No significant sex-
specific differences in frequency of parasitism or leech loads were found
among the other three species: Snapping Turtles (χ2 = 0.13, p = 0.71),
Yellowbelly Sliders (χ2 = 0.24, p = 0.62), and Eastern Mud Turtles
(χ2 = 0.02, p = 0.88).
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We found Snapping Turtles to have a greater mean leech load than any other
species of turtle captured in the study (Fig. 1; two-factor ANOVA: F = 3.9, df =
147, p = 0.02). Snapping Turtles were parasitized more frequently than Eastern
Painted Turtles (χ2 = 4.78, p = 0.02). Snapping Turtles and Eastern Mud Turtles

Table 1. Prevalence of leeches on four species of semi-aquatic turtles in nine ponds located in
Mecklenburg, Cabarrus, and Iredell counties, NC. Leech loads were calculated by multiplying
the number of leeches by the size class of each leech. Small leeches (< 1 cm) were assigned a
size class of 1, medium-sized leeches (between 1 cm and 2 cm) were assigned a 2, and large
leeches (> 2 cm) were given a value of 3.

Number Percent Mean Range
Species n parasitized parasitized leech load (leech load)

Eastern Painted Turtles 221 105 47.5   3.84 ± 0.59
  Male 115 47 40.9   2.97 ± 0.77 0–68
  Female 106 58 54.7   4.78 ± 0.91 0–71

Snapping Turtles 34 23 67.6 32.26 ± 14.47
  Male 17 12 70.6 21.18 ± 8.40 0–129
  Female 17 11 64.7 43.35 ± 27.88A 0–468

Yellowbelly Sliders 37 18 48.6   7.11 ± 3.06
  Male 19 10 52.6   6.05 ± 2.79 0–50
  Female 18 8 44.4   8.22 ± 5.65 0–102

Eastern Mud Turtles 27 17 63.0   6.33 ± 2.52
  Male 14 9 64.3   9.64 ± 4.64 0–66
  Female 13 8 61.5   2.77 ± 1.21 0–16
ALeech load was 16.81 ± 9.1 when we excluded an outlier value of 468.

Figure 1. Mean leech loads for C. serpentina (Snapping Turtles), C. picta (Eastern
Painted Turtles), T. scripta (Yellowbelly Sliders), and K. subrubrum (Eastern Mud
Turtles). Leech loads were calculated by multiplying the number of leeches by the
size class of each leech. Error bars represent ± one standard error.
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were parasitized at similar frequencies, meaning both species had a similar
percentage of individuals with at least one leech (χ2 = 0.15, p = 0.70).

Leech size varied widely from less than 0.5 cm to greater than 4 cm. We
found no relationship between leech size and the size of the host turtle (p >
0.05 for all analyses). However, our data suggest that larger leeches were
more prevalent on larger species of turtles, Snapping Turtles and
Yellowbelly Sliders (Table 2). We found no relationship between the turtles’
body condition and the leech load (all p-values > 0.19). We found a positive
relationship between leech load and plastron length for Eastern Painted
Turtles (R2 = 0.033, p = 0.004), although the low R2 value explains little of
the variation, possibly rendering this finding biologically meaningless.

Table 2. Number and prevalence of leeches, grouped by size class, on four species of turtles
from nine ponds located in Mecklenburg, Cabarrus, and Iredell counties, NC. Small leeches
(< 1 cm) were assigned a size class of 1, medium sized leeches (between 1 cm and 2 cm) were
assigned a 2, and large leeches (> 2 cm) were given a value of 3.

Size class 1 Size class 2 Size class 3

Species n #/turtle n #/turtle n #/turtle

Snapping Turtles (n = 34) 204 6.00 216 6.35 17 0.50
Eastern Painted Turtles (n = 221) 369 1.67 137 0.62 69 0.31
Yellowbelly Sliders (n = 37) 97 2.62 56 1.51 18 0.48
Eastern Mud Turtles (n = 27) 156 5.78 3 0.11 3 0.11

Figure 2. Mean leech loads for C. picta (Eastern Painted Turtles),C. serpentina
(Snapping Turtles),  T. scripta (Yellowbelly Sliders), and K. subrubrum (Eastern
Mud Turtles) in golf course ponds and farm ponds. Numbers represent sample size
(number of turtles). Leech loads were calculated by multiplying the number of
leeches by the size class of each leech. Error bars represent ± one standard error.
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There were no overall trends in mean leech load between pond types
(two-factor ANOVA: df = 147, F = 0.30, p = 0.58). However, mean leech
loads for Snapping Turtles were higher in farm ponds than in golf course
ponds (Fig. 2; Wilcoxon rank-sum: p < 0.001). Eastern Painted Turtles had
higher mean leech loads in golf course ponds than in farm ponds (Fig. 2;
Wilcoxon rank-sum: p = 0.02).

Leeches attached more frequently on the posterior region of Eastern
Painted Turtles and Eastern Mud Turtles, while they attached more fre-
quently on the anterior region of Snapping Turtles. They were found in
relatively equal proportions on the anterior and posterior regions of
Yellowbelly Sliders. Leeches were found on the carapace of Snapping
Turtles more frequently than any other species (Fig. 3).

Discussion

The smooth turtle leech is the most common species of leech found on
turtles in the northern United States and Canada (Klemm 1995, Sawyer
1972). In our study, the smooth turtle leech was the only leech found
parasitizing turtles, confirming that the species is also well established in the
western Piedmont of North Carolina. All turtle species captured were para-
sitized, although the frequency of parasitism and mean leech load varied
considerably among and between species, gender, and pond type.

Figure 3. Leech attachment sites for C. picta (Eastern Painted Turtles),C. serpentina
(Snapping Turtles),  T. scripta (Yellowbelly Sliders), and K. subrubrum (Eastern
Mud Turtles). Each bar represents the number of leech observations at each region as
a proportion of the total number of leeches found on each species.
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Gender-specific differences
In our study, the only species to show gender-specific differences in

parasitism was the Eastern Painted Turtle, in which females were more
frequently parasitized and had higher leech loads than males. Sexual dimor-
phism is prominent in Eastern Painted Turtles, with females generally larger
than males (Ernst et al. 1994). We also found a significant, though weak,
relationship between increased plastron length and leech load for Eastern
Painted Turtles; therefore, the higher prevalence of leeches on female East-
ern Painted Turtles may be due to their larger size. Although there were no
significant differences between sexes of other species, male Snapping
Turtles had a higher rate of parasitism than female Snapping Turtles. Sexual
dimorphism is also prominent in Snapping Turtles, where males are typi-
cally larger than females (Ernst et al. 1994). Brooks et al. (1990) reported
more leech clusters on male Snapping Turtles than females and attributed it
to size differences. Thus, size could be a determining factor in both fre-
quency of leech parasitism and leech loads for Eastern Painted Turtles and
Snapping Turtles. Future studies could experimentally examine rates of
parasitism between sexes and sizes by removing leeches and examining
recolonization rates.

Species-specific differences
Snapping Turtles were parasitized more frequently and had higher

mean leech loads than any other species in our study. Brooks et al. (1990)
found extremely high rates of leech parasitism on Snapping Turtles in
Algonquin Park, ON. Due to their large size and bottom-dwelling habits
(Ernst et al. 1994), Snapping Turtles may be more likely than other species
to come in contact with smooth turtle leeches, which are notably poor
swimmers, spending much of their lives attached to a host or crawling
along the pond bottom (Sawyer 1986). Activity level may be a determining
factor in turtle-leech relationships. Both Snapping Turtles and Eastern Mud
Turtles (bottom-dwellers) had higher frequencies of parasitism than the
emydids, Eastern Painted Turtles and Yellowbelly Sliders (active swim-
mers/baskers).

The frequency of parasitism may also be explained by the “desiccating
leech” hypothesis (Ernst 1971, MacCulloch 1981, McAuliffe 1977), which
proposes that turtles' basking may force leeches to detach from their hosts
to avoid desiccation. Eastern Painted Turtles and Yellowbelly Sliders regu-
larly leave the water to bask on pond edges, logs, and other debris, and in
our study they had a lower frequency of parasitism than Snapping Turtles
and Eastern Mud Turtles. Our findings correlate with the “desiccating
leech” hypothesis, although experimental evidence casts doubt on this
hypothesis. Ryan and Lambert (2005) showed that a bottom-dwelling spe-
cies, the Musk Turtle, acquired more leeches than an aerially basking
species, Graptemys geographica Lesueur (Common Map Turtle), even
when turtles were not allowed to bask. This implies that basking alone does



J.C. McCoy, E.L. Failey, S.J. Price, and M.E. Dorcas2007 199

not explain the differences in leech infestations of basking and non-bask-
ing species. Combining these findings with evidence that leeches are able
to survive after losing up to 92% of the water in their body (Hall 1922), the
“desiccating leech” hypothesis may lack some support, but leeches may
still choose hosts that are less likely to bask in order to reduce their
chances of desiccation (Ryan and Lambert 2005).

Pond types
Combining all species together, we found no overall trend in leech

parasitism between farm and golf course ponds. However, there were differ-
ences in rates of parasitism between pond types when we examined species
individually. Eastern Painted Turtles had higher leech loads in golf courses
than in farm ponds. Golf courses generally do not have logs and other debris
in their ponds, which would force aerially basking turtles such as Eastern
Painted Turtles to bask on the pond edges. Increased presence of humans on
and around golf courses may discourage these turtles from basking on the
pond edges. Thus, turtles may be forced to spend more time in water,
increasing their likelihood of being parasitized.

Leech attachment sites
The attachment locations of smooth turtle leeches on turtles in our study

were similar to those found in other studies (Brooks et al. 1990, Dodd 1988,
Ernst 1971, Hulse and Routman 1982, Koffler et al. 1978, MacCulloch 1981).
The most preferred site of attachment was the posterior region. The majority
of leeches in this region were found attached to the underside of the marginals,
where they could access the adjacent soft tissue, or between the inguinal
region and the plastron. These sites would most likely provide the most
protection from desiccation and abrasion when the turtle left the water, as well
as protection from predators such as grackles (Vogt 1979), other turtles, and
the hosts themselves (Hendricks et al. 1971). Many leeches were found
attached in limb sockets where they could also find protection from the
environment. Leeches found on the anterior region of the turtles were com-
monly found on the underside of the marginals, above the head, as well as on
the plastron below the head. Similarly, these sites would offer protection from
the environment when the turtle was basking. Snapping Turtles had more
leeches attached to the carapace and plastron than any other species. Although
it is not known if smooth turtle leeches can feed on bony tissues, Placobdella
ornata (Verrill) (predacious leech) has been observed feeding on bony tissues
of turtles (Siddall and Gaffney 2004). The relatively high frequency of
occurrence of smooth turtle leeches on the carapace and plastron of Snapping
Turtles suggests that smooth turtle leeches can obtain a blood meal from these
bony sites.

Several turtle species serve as hosts to leeches. Turtles can be captured
easily, and the presence of ectoparasites on each turtle can be readily
observed. Studies of leech parasitism on semi-aquatic turtles is an
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underutilized method of investigating host-parasite relationships, and these
turtle-leech relationships can serve as a model system for studying other
host-parasite interactions (Dodd 1988, Ernst 1971).

Acknowledgments

We would like to thank Eddie Campbell, Sam Linker, Bo Miller, and Darrin
Spierings for permission to access the ponds on their golf courses. We thank Dennis
Testerman of Cabarrus County Soil and Water Conservation District for his help in
finding and granting permission to access study ponds. We also thank J.D. Willson for
his help with statistical analysis, Donald Klemm for help identifying leeches, and
Travis Ryan, Judy Greene, Thomas P. Wilson and two anonymous reviewers for
providing comments that improved the manuscript. Leech specimens are catalogued as
numbers 45049–45054 at the North Carolina Museum of Natural Sciences. All turtles
were collected under scientific collecting permit # 0902 issued by the North Carolina
Wildlife Resources Commission to M.E. Dorcas. All research was approved by
Davidson College’s IACUC protocol # 03-05-11. Manuscript preparation was aided
by the Environmental Remediation Sciences Division of the Office of Biological and
Environmental Research, US Department of Energy through Financial Assistance
Award no DE-FC09-96SR18546 to the University of Georgia Research Foundation.
This research was supported by Duke Power and National Science Foundation grants
(DEB - 0347326 and DBI-1039153) to M.E. Dorcas.

Literature Cited

Briggler, J.T., K.M. Lohraff, and G.L. Adams. 2001. Amphibian parasitism by the
leech Desserobdella picta at a small pasture pond in northwest Arkansas. Journal
of Freshwater Ecology 16:105–111.

Brooks, R.J., D.A. Galbraith, and J.A. Layfield. 1990. Occurrence of Placobdella
parasitica (Hirudinea) on Snapping Turtles, Chelydra serpentina, in southeast-
ern Ontario. Journal of Parasitology 76:190–195.

Budischak, S.A., J.M Hester, S.J. Price, and M.E. Dorcas. 2006. Natural history of
Box Turtles, Terrapene carolina, in an urbanized landscape. Southeastern
Naturalist 5:191–204.

Cagle, F.R. 1946. The growth of the Slider Turtle, Pseudemys scripta elegans.
American Midland Naturalist 36:685–729.

Dodd, Jr., C.K. 1988. Patterns of distribution and seasonal use of the turtle
Sternotherus depressus by the leech Placobdella parasitica. Journal of Herpetol-
ogy 22:74–81.

Ernst, C.H. 1971. Seasonal incidence of leech infestation on the Painted Turtle,
Chrysemys picta. Journal of Parasitology 57:32.

Ernst, C.H. 1986. Ecology of the turtle, Sternotherus odoratus, in southeastern
Pennsylvania. Journal of Herpetology 20:341–352.

Ernst, C.H., J.E. Lovich, and R.W. Barbour. 1994. Turtles of the United States and
Canada. Smithsonian Institution Press, Washington, DC. 682 pp.

Gibbons, J.W. 1968. Population structure and survivorship in the Painted Turtle,
Chrysemys picta. Copeia 1968:260–268.

Graham, T.E., R.A. Saumure, and B. Ericson. 1997. Map Turtle winter leech loads.
Journal of Parasitology 83:1185–1186.



J.C. McCoy, E.L. Failey, S.J. Price, and M.E. Dorcas2007 201

Hall, F.G. 1922. The vital limit of desiccation of certain animals. Biological Bulletin
42:31–51.

Hendricks, A.C., J.T. Wyatt, and D.E. Henley. 1971. Infestation of a Texas Red-
eared Turtle by leeches. Texas Journal of Science 22:247.

Hulse, A.C., and E.J. Routman. 1982. Leech (Placobdella parasitica) infestations on
the Wood Turtle, Clemmys insculpta. Herpetological Review 13:116–117.

Klemm, D.J. 1995. Identification guide to the freshwater leeches (Annelida:
Hirudinea) of Florida and other southern states. Bureau of Surface Water Man-
agement, Florida Department. of Environmental Protection, Tallahassee, FL.

Koffler, B.R., R.A. Seigel, and M.T. Mendonca. 1978. The seasonal occurrence of
leeches on the Wood Turtle, Clemmys insculpta (Reptilia, Testudines,
Emydidae). Journal of Herpetology 12:571–572.

Lindsay, S.D., and M.E. Dorcas. 2001. Effects of cattle on reproduction and mor-
phology of pond-dwelling turtles in North Carolina. Journal of the Elisha
Mitchell Scientific Society 117:249–257.

MacCulloch, R.D. 1981. Leech parasitism on the Western Painted Turtle, Chrysemys
picta belli, in Saskatchewan. Journal of Parasitology 67:128–129.

McAuliffe, J.R. 1977. An hypothesis explaining variations of haemogregarina para-
sitemia in different aquatic turtle species. Journal of Parasitology 63:580–581.

Mosimann, J.E., and J.R. Bider. 1960. Variation, sexual dimorphism, and maturity in
a Quebec population of the Common Snapping Turtle, Chelydra serpentina.
Canadian Journal of Zoology 38:19–38.

Paterson, W.B., and S.S. Desser. 1976. The biology of Haemogregarina balli sp. n.
from the Common Snapping Turtle, Chelydra serpentina. Journal of Protozool-
ogy 23:294–301.

Pearse, A.S. 1924. The parasites of lake fishes. Transactions of the Wisconsin
Academy of Science, Arts, and Letters 26:437–440.

Ryan, T.J., and A. Lambert. 2005. Prevalence and colonization of Placobdella on
two species of freshwater turtles (Graptemys geographica and Sternotherus
odoratus). Journal of Herpetology 39:284–287.

SAS Institute. 1999. SAS/STAT Users Guide, Version 8.0. SAS Institute Inc., Cary,
NC. 698 pp.

Sawyer, R.T. 1972. North American freshwater leeches, exclusive of the
Piscicolidae, with a key to all species. Illinois Biological Monographs 46:18–23.

Sawyer, R.T. 1986. Leech Biology and Behaviour, Vol 1. Anatomy, Physiology, and
Behaviour. Clarendon Press, Oxford University Press, New York, NY. 417 pp.

Sexton, O.J. 1959. Spatial and temporal movements of a population of the Painted
Turtle, Chrysemys picta marginata (Agassiz). Ecological Monographs
29:113–140.

Siddall, M.E., and S.S. Desser. 1991. Merogonic development of Haemogregarina
balli (Apicomplexa: Adeleina: Haemogregarinidae) in the leech Placobdella
ornata (Glossiphoniidae), its transmission to a chelonian intermediate host and
phylogenetic implications. Journal of Parasitology 77:426–436.

Siddall, M.E., and S.S. Desser. 2001. Transmission of Haemogregarina balli from
Painted Turtles to Snapping Turtles through the leech Placobdella ornata. Jour-
nal of Parasitology 87:1217–1218.

Siddall, M.E., and E.S. Gaffney. 2004. Observations on the leech Placobdella ornata
feeding from bony tissues of turtles. Journal of Parasitology 90:1186–1188.



Southeastern Naturalist Vol. 6, No. 2202

Tucker, A.D., N.N. Fitzsimmons, and F.R. Govedich. 2005. Euhirudinea from
Australian turtles (Chelodina burrungandjii and Emydura australis) of the
Kimberly Plateau, Western Australia, Australia. Comparative Parasitology
72:241–244.

Vogt, R.C. 1979. Cleaning/feeding symbiosis between grackles (Quiscalus:
Icteridae) and map turtles (Graptemys: Emydidae). Auk 96:608–609.

Wilson, D.S., C.R. Tracy, and C.R. Tracy. 2003. Estimating age of turtles from the
growth rings: A critical evaluation of the technique. Herpetologica 59:178–194.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


