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ABSTRACT
Appropriate host selection by parasites is critical for ensuring offspring survival,
optimal feeding location, and protection from predators. Leeches (Placobdella spp.) are
known to parasitize bottom-dwelling turtle species more frequently than basking turtle
species, but it is not known whether this bias is evolutionarily advantageous. I tested two
potential factors that could influence host selection by leeches: differential chance of
encounter due to habitat usage, and chemosensory bias of leeches toward bottom-dwelling
species. I first confirmed that Chrysemys picta (Eastern painted turtle, a basking species) and
Sternotherus odoratus (common musk turtle, a bottom-dwelling species) in Lake Wapalanne
in Sussex County, New Jersey have different parasite loads under natural conditions. Leech
loads varied seasonally in both species, but were consistently higher in musk turtles. In a
controlled environment where the leeches had the same chance of encountering each turtle
species, more leeches {Placobdella spp.) parasitized musk turtles than painted turtles.
However, when presented with only turtle chemical cues in choice trials, results were mixed.
When they were presented with a choice of either a turtle or no scent, they were more likely
to go towards the turtle, regardless of which species was presented. However, when they
were presented with both species of turtle the leeches were more likely to move than when no
scent was present, but they showed no species preference. Thus the basis for the preference
observed in the encounter trials is still unresolved, and may involve other cues beyond
chemosensory stimuli. This could mean other factors such as turtle behaviors are playing into
their decision-making process, or that turtle species differ in their ability to avoid or remove
parasites.
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Preface
This thesis was written with the purpose of contributing to the small collection of
literature that currently exists on feeding preferences of leeches. During my undergraduate
years, I was fortunate to have met people who share a love for herpetology. With the help of
my undergraduate advisor, who luckily became my graduate advisor, I was able to create a
separate project that branched from our original mark-recapture study that we started in the
summer of 2011.
Originally, we were interested in learning more about the population of turtles that
live in Lake Wapalanne in Sandyston, NJ. This property is owned by Montclair State
University and serves as a wonderful location to study for many students. Some of the things
that have been studied here include salt tolerance for different species of amphibians,
measuring levels of methane produced in the lake, and the relationship between fish nesting
sites and turtle microhabitat. My research will only add to the collection of literature that can
be used in the future to assist other students in their research as well as behavioral studies of
Placobdella leeches. My hope is that also one day other students who are interested in
parasitology will use this data to continue with other projects.
I always had an interest in herpetology, but when I saw the tremendous number of
leeches on the turtles during our mark-recapture study, I saw the opportunity for graduate
work and also the opportunity to learn more about the dynamics of parasite-host
relationships.
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I. INTRODUCTION
1.1. Background
There is a known distinction in rates of parasitism between basking species and
bottom-dwelling species of turtles. The available literature on leeches and their chelonian
hosts is filled with field studies that provide observational and behavioral dichotomies seen
in leeches that were unevenly parasitizing basking species of turtles and bottom-dwelling
species of turtles (Ryan and Lambert, 2005; McCoy et al., 2007; Readel et al., 2008). One of
the most obvious differences in behavior is the amount of time each of them spends basking
in the sun. Basking is important in order for these reptiles to move, metabolize, and mate.
Musk turtles tend to stay near muddy banks while painted turtles can be found out in the
open water and sunning themselves on logs. However, it is this behavior that brings about
questions regarding the differences in intensity of external parasites such as leeches,
something not so well understood. The “desiccating leech hypothesis” (DLH) states that
increased exposure to the sun and air might be why leeches might be found more frequently
on musk turtles than on painted turtles (Ryan and Lambert, 2005). Painted turtles tend to
spend more time in the sun; musk turtles rarely bask. This is what leads most scientists to
believe that, in general, basking species of turtles will have lower ectoparasite loads
compared to non-basking species. However, studies (Kreup, 2013; McCoy et al., 2007) on
the common snapping turtle, Chelydra serpentina, show that this bottom-dweller tends to
bask considerably while still obtaining a high leech load; this is just one example that does
not support the “desiccating leech hypothesis”. It has been suggested that the differences in
microhabitat and basking behaviors have led to leeches having a preference for bottom
dwelling species of turtles (Edmond and Daniel, 2000; Picard et al., 2011; Kreup, 2013).
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In the summers of 2011-2014, parasite loads that were seen in the Eastern musk
turtle, Sternotherus odoratus, and the painted turtle, Chrysemys picta were compared during
a mark-recapture study of the turtles. The leech loads of these two species were observably
different from each other, as the leeches were manually pulled off and counted during data
collection. The DHL stood a better chance at supporting why higher rates of parasitism in
bottom-dwelling species are observed. Evidence suggests that increased parasite load is not
for this reason, but rather to an evolved preference for bottom-dwellers that would avoid
basking behavior almost entirely (Kreup, 2013). The question still remains as to why this
occurs. Could it be the results of feeding behaviors over an evolutionary timescale? In order
to narrow down the reason for many possibilities for this behavior, the goal of my research is
to examine the leeches’ behaviors when presented with a choice to parasitize two different
hosts. I will be using data based on their ability to detect the location of their host as the basis
of my research to determine whether or not they are indeed choosing from which turtle to
feed, as opposed to randomly selecting a turtle that is encountered more frequently. Musk
turtles are also called “stinkpot turtles” due to a musky odor that is released when threatened.
Therefore, they have a distinct scent to them, which could possibly serve as a cue to help
leeches detect their apparent preferred host. These experiments will hopefully reveal how
great the impact smell has on their decision-making process to feed and how it affects their
feeding preference.

1.2. Behavioral and Physiological Differences Between C. picta And S.
odoratus
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Aside from the prominent differences in basking behaviors between S. odoratus and
C. picta, physiological differences also exist. For instance, their ability to maintain optimal
body temperature varies between species. Behavioral research by Rowe et. al. (2009) has
shown that S. odoratus is mostly crepuscular and demonstrates little movement during the
daytime hours. Instead, radio-telometric data indicates that they tend to move short distances
daily. S. odoratus does not bask as often or as openly as C. picta, however, both need to
thermoregulate in order to forage, metabolize, and mate. So how do musk turtles optimize
their net energy retention rates when they do not bask? Net energy retention (NER) can be
increased with basking behaviors, which is important for overall health.
Research has found that rather than using basking as a way to thermoregulate, musk
turtles are selecting microhabitats of optimal temperature (Picard et. al., 2011). This is not
only common in musk turtles. Bulte and Blouin-Demers (2010) estimated that northern map
turtles (Graptemys geographica) must bask about 73.8% of the time during the daylight
hours to obtain maximum NER (they were actually basking only 46% of the time during
daylight hours). This supports the notion that although basking alone could help turtles reach
their optimal temperature it is not the only way in which they achieve this. They can get close
to an optimal temperature through a combination of basking and thermoregulation through
selection of microhabitat. Musk turtles may be able to thermoregulate their body temperature
to increase their NER through habitat selection alone. Depending on what time of day
leeches feed, this could be linked to their preference for musk turtles.

1.3. Parental Care and Feeding Mechanisms
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Parental care of leeches vary among families. The selective pressures of live young
and egg predation are one of the main drivers of why there are differences in parental care,
which varies among families (Kutschera and Wirtz, 2001). Offspring production also varies
among these different families per season. Eropdellids tend to lay cocoons of eggs then
abandon the cocoons, whereas several species of Glossophonids brood their eggs then later
carry their young on their bellies (Calow and Riley, 1982). Several turtles that were captured
at Lake Wapalanne were observed to have clusters of young leeches, which were most likely
brooding leeches that brought their young to their first blood meal as is common in most
leeches (Borda and Siddall, 2004). The leeches in this study are in the Glossophonid family
and of the genus Placobdella (M. Siddall, pers. comm.)

The leech’s sense of olfaction is very complex and involves many motor neurons and
movements for these parasites to sense which direction they must travel in order to reach
their host. Gaudry and Kristan (2012) studied the neuronal-circuits in the medicinal leech to
learn more about the decision-making process of all circuits. Because leeches may not come
across a blood meal very often, their decision to feed trumps any other behavior including
aversion to any sort of pain or affliction.

Due to the nature of their feeding behaviors, one of the experiments in this study
involves starved leeches that are given the opportunity to choose from which host they will
feed. Detection of their host requires continuous sensory information from some sort of
stimuli that will provide them with the ability to locate their prey (Harley, et al., 2013).
Dickenson and Lent (1984) studied the feeding behaviors of the medicinal leech Hirudo

11

medicinalis L. Their discoveries revealed the complex nature of their responses to stimuli,
light, and warmth. This information will be taken into account during the “choice trials”.

1.4. Evidence of Host Preferences in Other Species of Leeches

Feeding preference is not only common to North American species. This behavior has
been confirmed in several other species of leeches around the world. In Peru, the mucosal
leech Tyrannobdella rex is known to feed in the nasal passages of mammals, including
children (Phillips, et al., 2000). In southern Mexico, the orifice-feeding leech Pintobdella
chiapasensis (Caballero, 1957) has only been found in the nasal passages of tapirs. The
piscicolid leech, Cystobranchus virginicus, is a leech that is known to opportunistically feed
on the eggs of the freshwater fish Moxostoma carinatum (Light et al., 2005). The
hippopotamus leech Placobdelloides jaegerskioeldi has been found to only feed from the
anus of the hippopotamus (Oosthuizen and Davies, 1994).

These studies provide sound evidence that leeches show preference from where to
obtain their nutrients. Leeches have also shown feeding preferences for where on the turtle
they feed. Siddall and Gaffney (2004) have studied the preferences for where the leeches
prefer to feed on the turtles. They found that different species of Placobdella even have
different location preferences such as that for bony tissue and for soft skin. P. parasitica is
also known to be more abundant on turtles mostly because it stays on its host long after
feeding whereas P. ornata leaves its host after it finishes feeding (Siddall and Gaffney,
2004).
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1.5. Study Questions and Approach

The focus was placed on what decisions the leeches made when presented with the
option of choosing a host. If leeches truly are targeting a host non-randomly, then I expect to
see a higher ectoparasite load on musk turtles. If they are targeting their hosts randomly, then
I expect to see an even distribution between the two species of turtles. If the distributions of
ectoparasite loads are even, then the higher ectoparasite loads seen in field data could be due
to differences in habitat selection or daily activity.
The two experiments used in my research were designed to obtain a better
understanding of the behaviors seen in the host selection of leeches. “Encounter Rate” trials
allowed for studying the effect of host habitat differences of the two species of pond turtles.
“Leech Choice” trials removed the hosts and allowed leeches to use their powerful sense of
smell to detect the direction of chemical cues from their preferred host.

II. METHODS
2.1. Turtle Collection
Turtles were collected in a variety of ways, but the majority were captured through
use of basking traps and hoop nets. Several painted turtles were also captured via use of hand
nets and often when near the shore musk turtles were captured by hand. Turtles were not
contained overnight when the goal for the day was leech collection and recording. They were
kept in 14-gallon Rubbermaid containers if they were to be used the following day for any
trials. Turtles were released after completion of trials.

2.2. Field Parasitism Rates
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Following capture, the turtles were inspected thoroughly for any leeches. From May
to early October of 2011 and 2012, leeches counts may have been underestimated due to lack
of a system for thorough counting. Leeches removed during these field seasons were
collected and stored in vials, which were separated by day of capture. During 2013, a refined
method of leech counting was created. Unfortunately, these leeches perished due to improper
storage methods and were never used for the Encounter Rate trials and the Leech Choice
trials. The turtles were inspected by body part: head, tail, left leg, right leg, left arm, right
arm, carapace, and plastron. The number of leeches on each body part was recorded onto a
data sheet for each turtle to ensure accuracy. Although the method was very time-consuming,
the counts were far more accurate than before.

2.3. Leech collection
Placobdella leeches were collected from turtles in Lake Wapalanne, located in the
New Jersey School of Conservation, Sussex County, New Jersey. The leeches were
refrigerated in separate vials according to the days they were caught in order to distinguish
which leeches had gone the longest without feeding. They were removed from turtles that
live in this lake using holder forceps with soft-grip epoxy-coated tips. Because leeches have a
tendency to hide in the folds of the skin, all turtles were given 2-3 inspections to be sure that
they were completely free of leeches before being used for data collection. The leeches that
were used in the experiments were pulled from turtles caught during the 2014 field season.

2.4. Encounter Rate trials
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To evaluate whether leeches showed host species preference when the probability of
encountering each species was equal, painted and musk turtles were placed in a pool with
leeches (FIG 8). Leeches were given a 24-hr time period for leeches to feed. This was judged
to be an adequate amount of time for leeches to select a host and for me to observe them
while still on their host. Turtles were isolated and kept for the trials overnight in the
Rubbermaid containers so as to assure that there were no leeches on the turtles. Each trial
consisted of 6 turtles—3 painted turtles and 3 musk turtles. These turtles were then placed
into 2 inches of tap water in standard-sized kiddie pools (92 cm. diameter, 21 cm. high) that
were used for all of the trials for consistency. Thirty random leeches were used for each trial
and placed into the kiddie pools; turtles were added to the pools after leeches were added.
After a 24-hour period, each turtle was inspected for leeches and the following data were
recorded: turtle ID code, mass, carapace length (CL), plastron length (PL), shell width, shell
height, sex, location of leeches, and total number of leeches on each turtle at the end of each
trial. It was discovered that not all 30 leeches were found on turtles; some were most likely
consumed by the turtles, and others were found unattached to a host. Ten trials were
completed in two months.

2.5. Leech Choice trials
Leeches were given the opportunity to choose their host based on chemical cues,
without the water column as their guide towards their preferred host in this second trial. To
create solutions containing chemical cues from each turtle species, individual turtles used for
these trials were kept in 5 cm of aged tap water in a 5-gallon bucket for 24 hours and later
released. The turtle-exposed water was then bottled into several 24 mL vials, labeled, and
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stored in a standard refrigerator until used. Behavior arenas (Carolina Supply Co. Item
#746619) were used to determine whether leeches showed a preference between musk and
painted turtles. The arenas consisted of two 10 cm in diameter Petri dish linked by a central
passage. Filter paper was cut into shapes that would fit into the arena. The “scent” consisted
of turtle water from each species. Two drops were added to each side; separate droppers were
used for the different scents to avoid any cross-contamination. During the trials marked
“None”, no liquid was used and instead a clean piece of filter paper was left on one side of
the arena. The trials were listed as follows: None/None, Painted/Painted, Musk/Musk,
None/Painted, None/Musk, Painted/Musk.
For each trial, six leeches were kept in the center between the two larger arenas; host
scents were placed on either side of the leeches (no leeches were reused for any of the other
trials) (FIG. 9). The six leeches were then given three minutes to choose a side. Leeches were
considered to have made a choice when they moved from the middle of the behavioral arena
and their entire body was on either the left or the right side. If leeches did not move to a side
where the host scent was added then leeches were considered to not have made a choice.

2.6. Statistical Analysis
I used the statistical program JMP 10.0 (SAS company, Cary, NC) for statistical
analyses. A P value of 0.05 or less was considered to be statistically significant.

III. RESULTS
3.1. Field Parasitism Rates
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Of the 423 turtles captured in 2013, 113 were musk turtles (females: N=53, males:
N=51, juveniles: N=9) and 310 were painted turtles (females N=127, males: N=162,
juveniles: N=21). These turtles were cleaned and used for ectoparasite load data (Table 1).
Leech loads were counted from mid-April to late September and peaked from June
into August (FIG. 1). Leeches were found starting in mid-April, but sporadically. Polynomial
fit degree lines were found for each species (musk turtle: R2=0.266332, P=<0.0001; painted
turtle: R2=0.106459, P=<0.0001). In the field, musk turtles were found to have a higher mean
leech load than painted turtles (FIG 2.).
Leech loads were found in larger quantities on musk turtles than on painted turtles
overall and were found more frequently on females of either species the most (Table 2). Of
the musk turtles captured, 60% had 5 or fewer leeches and 15% had between 6 and 10
leeches; of the painted turtles captured, 72% had no leeches and 13% had only 1 leech (FIG
3).
Algae appeared to be an excellent place for young leeches to hide and it was found
that the greater the algae cover, the more leeches found (FIG. 4; musk turtle: R2=0.002475,
P=0.6024; painted turtle R2=0.064724, P=<0.0001). Leech load >0 in musk turtles (FIG 5A.)
was not affected by body mass (musk turtles: R2=0.014934, painted turtles R2=0.015747,),
but some significance was found in painted turtles (FIG 5B; musk turtles: P=0.2034, painted
turtles: P=0.0306).

3.2. Encounter Rate
Leeches show preference for musk turtles in Encounter Rate trials (FIG. 6) with
strong preference for musk turtles. A “Best Fit Line” was forced through the origin since it is

17

not possible to have more leeches found on turtles than total leeches present (musk turtles:
P=<.0001, painted turtles: P=<.0001). Because in many cases few than the initial 30 leeches
were recovered at the end of the trial, data were also evaluated by calculating proportion of
final total leech numbers found on each species and by plotting number of leeches found on
musk and painted turtles vs. total number recovered (FIG 7). Mean proportions of leeches
differed between.

3.3. Leech Choice Trials
Leech choice trials were conducted to see if leeches were detecting one host over the
other; results were recorded for a variety of arrangements (Table 3). The control trial was set
up as None/None, where the two sides of the arenas had no scent. When the leeches were
presented with this option, a smaller percentage of the leeches chose a side (25%), while the
rest remained in the center. Leeches did show a preference for a host when given the choice
between no turtle scent on one side and either a painted or a musk turtle scent on the other
side. When the leeches were given the option of Musk/None, 62% made a choice and all of
the leeches chose Musk. When the leeches were given the option of Painted/None, 62% of
the leeches moved chose to move to a side. 67% of the leeches that made a choice chose
Painted while 33% chose None. When outside of the water column, leeches were observed to
not have a preference when given the choice between the two species. When the leeches were
given the option of Musk/Painted, 49% of the leeches that moved chose Musk and 51 %
chose Painted. In this particular case, there was no preference for which host to parasitize.

IV. DISCUSSION
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Leeches and turtles overlap some in their hibernation patterns. As turtles begin to
emerge from hibernation, leeches can be observed on them shortly after (FIG. 1). Leeches
show parental care, and bring their young to feed during the summer months (Kutschera and
Wirtz, 2001), which could be contributing to peaks in leech loads for Musk turtles during
mid-summer. Placobdellids belong to the Family Glossiphonidae; members of this group
carry their young on their bellies and take them to their first blood meal. I have personally
observed clusters of tiny leeches, which I could only assume to be a brood that was brought
to its first blood meal by its parent. Painted turtles occupy a larger microhabitat than musk
turtle leading one to think leeches have a greater probability of encountering musk turtles
since they tend to stay in one place.
Leeches tend to be found frequently in mud as well as in the water column, but this
may not be the reason why musk turtles had greater leech loads than painted turtles Leeches
have been found to choose their hosts non-randomly (Kutschera and Wirtz, 2001; McCallum
et al., 2011; Siddall and Gaffney, 2009). Because musk turtles occupy smaller microhabitats
than painted turtles detection of their preferred host should not be a problem. However, little
is known about the mechanisms in which they choose their host. The Encounter Trials were
designed to take a closer look at this.
In order to keep both species under the same controlled conditions, three of each
species were added to the pools to test for preference. In future studies, effect of sex on leech
loads under these conditions will need to be observed, since some studies have shown that
leeches preferentially attach to females (Ryan and Lambert, 2005; McCoy et al., 2007).
Leeches preferred musk turtles, regardless of which measurement was evaluated (raw
numbers, proportion of leeches, or regression of leeches on turtles vs. total leeches; FIG 6).
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Turtle sex also influenced leech parasitism rates; more were found on females
regardless of species. C. picta and S. odoratus are sexually dimorphic species. Males of musk
turtles tend to be larger than females; males of painted turtles tend to be smaller than females.
The effect of sex on leech numbers was observed (excluding juveniles too small to be sexed
accurately) and there appears to be a tendency for leeches to parasitize females (Table 2).
However, leech survival was low in these trials since not all 30 leeches that were added in the
beginning of the experiment survived the 24-hour trial period.
Survival of the young leeches is crucial. A possible mechanism that could be used for
musk turtles is the use of algae cover. Higher algae cover tends to affect accurate leech load
counts, especially in painted turtles. The higher the algae cover, the more likely mistakes in
leech counts occur since young leeches have a tendency to hide in the algae. Several small
leeches would be overlooked. Oftentimes a count would be taken, but more and more leeches
would begin to “appear” even after the count was completed. In order to eliminate mistakes,
turtles were often left to air dry in buckets but even after the excess water evaporated algae
was manually removed to ensure accurate leech counts.
To my knowledge, there are few studies focusing on chemosensory detection of hosts
by Placobdella leeches when outside an aquatic environment. However, Hirudo medicinalis
(Family: Hirudinidae) has been researched extensively and has been found to actively seek
out its prey through water movements (Misell et al., 1998).
There was some conflicting data that was found. In the Encounter Rate trials the
leeches showed a preference for musk turtles over painted turtles in a semi-natural situation
where probability of encountering the two potential hosts was equal. However, in the Leech
Choice trials leeches showed no preference between musk and painted turtle chemical cues.
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One of the reasons could be that the water column plays an important role for sensing their
prey; their ability to sense their hosts underwater allows them to swim towards their
direction. However, it could also be characteristic of their ability to adapt to stressful
environments.
In future studies, musk turtle scent could be studied in depth. The compound
responsible for the “musky” smell of the fluid released by musk turtles could be extracted
and tested. Could higher concentrations of this compound allow for greater rates of
parasitism? Perhaps following the musk scent is an important factor for driving leeches
towards these turtles due to the leeches’ ability to protect themselves from predators. It could
make them the ideal host for leeches to take their young to their first blood meal. Another
reason why leeches might be choosing painted turtles could be increased predation from
painted turtles. If painted turtles are better at feeding on leeches, then it may be riskier to
choose painted turtles as hosts. Leech survival could be tested by repeating the Encounter
Rate trials with only musk turtles and only painted turtles per trial.
In conclusion, I found that the notion that leeches tend to choose their hosts remains
supported. Leeches are not choosing one species over the other because of greater encounters
in the wild, but rather due to circumstances over time which could be driven by greater
survival of their young. This could be one of the driving factors that lead into the great
diversity of leech species that we see today. Increased leech loads are positively correlated to
species, sex, and algae cover, and vary in different environments. What my research has
found supports leech host preference, but also shows their ability to adapt and choose another
host under stressful conditions. Ideally, they would go towards the host who could provide
the most protection, but they also show resiliency to a new environment.
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Table 1. Demographics of species caught in 2013 field season. Number of turtles (Eastern
painted turtles (Chrysemys pietà) and common musk turtles (Sternotherus odoratus)) that
were captured and de-leeched during the 2013 field season.

# Female (%)
# Male (%)
# Juveniles (%)
Total N

S. odoratus
53 (46.9)
51 (45.1)
9(8)
113

C. pietà
127(41)
162 (52.2)
21 (6.8)
310
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Table 2. Mean number of leeches on two turtle species. Although there were more painted
turtles captured overall, there were still 415 leeches counted among 113 musk turtles and 192
leeches counted among 310 painted turtles. There is no significant relationship between male
and female musk turtles (p=0.2070; power=0.242), but there was significance in the
relationship between male and female painted turtles (p=0.0079).

Male
Female
Juvenile
Mean

Musk
Mean±SD (N)
5.55=4=1.37 (51)
8.08=1=1.35 (53)
0(9)
6.28±9.89 (113)

Painted
MeaniSD (N)
0.45±0.11 (162)
0.90±0.12 (127)
0.48±0.30 (21)
0.63Ü.38 (310)
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Table 3. Prey preference of leeches (Placobdella sp.) in response to chemical cues from two
turtle species (Eastern painted turtle (Chrysemys picta) and common musk turtle
(Sternotherus odoratus)). When leeches were presented with the choice of either going in the
direction of no scent and a turtle scent, they chose the host. There were a significant number
of leeches that chose a host regardless of which species of host they were choosing.
However, when presented with the scents of both species, one on either side of them, there
was a nearly 50/50 distribution between the two hosts.

N

Trial

51
45
45
51
39
114

None/None
Musk/Musk
Paint/Paint
Musk/None
Paint/None
Musk/Paint

% Leeches that
made choice
25
62
62
59
62
53
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% Leeches that
chose A/B
15/88 (2/11)
61/39(17/11)
43/57 (12/16)
100/0 (30/0)
67/33 (16/8)
49/51 (30/31)

Test vs 50/50

Not Significant
Not Significant
Significant
Significant
Not Significant

60

Julian Day

FIG 1. Pooled number of leeches found on individual painted and musk turtles
from 2011 and 2012. Results display the number of leeches found on musk turtles
(red dots) and painted turtles (blue triangles). Weeks 23 through 32 yielded the highest
ectoparasite loads in both species. Musk turtle: Total leeches = 23.833616 0.0668034*Julian Day - 0.0019337*(Julian Day-192.487)A2; R2= 0.259; P= <0.0001.
Painted turtle: Total leeches = 2.6586152 - 0.0073953*Julian Day - 0.0002498*(Julian
Day-192.487)A2; R2= 0.108; P= <0.0001.
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FIG. 2. Mean number of leeches found on painted and musk turtles during the
2011 and 2012 field seasons. A significant difference was found between Common
Musk turtles and Painted turtles (P<0.0001).
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FIG 3. Percent of leeches found on common musk turtles (A) and Eastern painted
turtles (B) (2013). Leech loads of musk turtles tend to be greater than painted turtles.
(A.) The majority (60%) of common musk turtles (N=112) had 5 or fewer leeches. Of
those 67 musk turtles that had between 0 and 5 leeches, 44 had no leeches and 23 had
at least 1 leech. Several musk turtles were found to have 20 or more leeches. Scale
differs from Eastern painted turtle due to higher ectoparasite loads in common musk
turtles. Eastern painted turtles (N= 310) tend to have a smaller ectoparasite load
compared to musk turtles. The majority (72%) of painted turtles had no leeches. Of 310
painted turtles captured, 219 had no leeches and 41 had 1 leech. Total parasite load did
not exceed 8 leeches.
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FIG 4. Effect of turtle shell algae cover on number of leeches found on common musk
turtles (red) and Eastern painted turtles (blue). Musk turtle: Total leeches = 5.1885641 +
0.0154838*Carapace algae cover (%); R2= 0.002475; P= 0.6024. Painted turtle: Total leeches
= 0.4588231 + 0.015447*Carapace algae cover (%); R2=0.064724; P0.0001. Higher algae
cover made it difficult to provide accurate ectoparasite counts. Leeches tend to hide in the
algae, especially younger leeches. Musk turtles (red) spend more time underwater and did not
bask, therefore painted turtles (blue) tended to have less algae cover than musk turtles.
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FIG 5. Effect of turtle body mass on leech load > 0. Leech load was not affected by body
mass. A. Common Musk turtle: R2=0.014934; P=0.2034. B. Eastern Painted Turtle:
R2=0.015747; P=0.0306.
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FIG 6. Number of leeches found on common musk turtles and Eastern painted turtles
during encounter rate trials. Not all leeches remained in the pools for the duration of each
of the 10 trials. Total leeches on each species of turtle were measured against the number of
leeches that were found at the end of each trial. Even with missing leeches, musk turtles (red
line; Number of Leeches Found on Turtles = 0 + 0.3667936*Number of Leeches Present at
the End of Trial) were still parasitized more than painted turtles (blue line; Number of
Leeches Found on Turtles = 0 + 0.3667936*Number of Leeches Present at the End of Trial).
Graph shows forced 0 intercept of best-fit line.
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FIG 7. Leech loads on common musk turtles and Eastern painted turtles during
encounter rate trials. Six turtles (3 musk, 3 painted) of similar size were left in 2” of water
for 24 hours with 30 leeches in the pool with them. Results show that musk turtles still had
higher leech loads than painted turtles. A. Raw number of leeches on each species
(P0.0001). B. Proportion of total leeches on each species (P0.0001).
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Fig. 8. Encounter rate trial arena. Six turtles (3 common musk turtles and 3 Eastern
painted turtles) were added to 2” of fresh water for each trial. Thirty leeches were added to
the pool and were given 24 hours to feed. Ten trials total were conducted.
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FIG 9. Leech choice trial arena. Six leeches were located in the center of the arena. Either
side either had host scent or no scent. If the leech’s entire body left the center arena, it was
considered to have made a choice. If it remained in the center, then no choice was made.
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