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Abstract
The hellbender (Cryptobranchus alleganiensis) is among the most intriguing and imperiled amphibians 
in North America. Since the 1970s and 80s, western populations of the Ozark and eastern subspecies 
in Missouri have declined by nearly 80%. As a result of population declines, the Ozark hellbender was 
recently federally protected as an endangered species, and the eastern subspecies was granted protection 
under CITES. Although habitat degradation is probably the biggest threat to hellbender populations, 
recent evidence suggests that pathogens including chytrid fungus and “flesh-eating” bacteria may also 
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contribute to declines in Ozark hellbenders. Leeches, which are very common on Ozark hellbenders, 
have recently been implicated as possible vectors of disease among Ozark hellbenders but have not been 
described in eastern hellbenders or outside of Missouri and Arkansas. We discovered a population of 
leeches on eastern hellbenders in southwest Virginia and confirmed that the species of leech is within 
the genus Placobdella, but is morphologically and genetically distinct from all previously described 
leech species. We named the new species Placobdella appalachiensis sp. n. Moser and Hopkins, based on 
the mountainous region in which it was discovered. Our surveys over a three consecutive year period 
suggested that this leech species may be patchily distributed and/or have a narrow geographic range. We 
consistently detected leeches at one site (mean prevalence in 80 hellbenders = 27.5%; median intensity 
= 3.0 leeches per parasitized hellbender [range 1 - >250 leeches]) during three years of surveys, but 
we never found leeches in any of our other seven study sites in two streams (mean prevalence in 139 
hellbenders = 0%). We found a significant positive relationship between hellbender body size and the 
intensity of parasitism, and we suggest the possibility that the behavioral ecology of adults leading up 
to reproduction may increase their encounter rates with parasites. We discuss the potential conservation 
implications of discovery of leeches in this stream, and make recommendations for future mitigation 
and monitoring efforts.
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Introduction

The hellbender (Cryptobranchus alleganiensis) is among the most intriguing and 
threatened amphibians in North America. This giant salamander reaches total 
lengths of at least 74 cm (Petranka 1998) and is long-lived (exceeding 30 years, 
Taber et al. 1975). It is fully aquatic and spends its entire lifecycle within cool, 
well-oxygenated streams. Occurrence of juvenile and adult hellbenders is strongly 
associated with large, stable boulders or bedrock used for cover, feeding, and re-
production (Nickerson and Mays 1973; Bodinof 2010). Across the species’ range, 
which includes the Ozark (C. a. bishopi) and the eastern (C. a. alleganiensis) sub-
species, population declines have been documented, and degraded habitat quality 
appears to play an important role in precipitating declines (Briggler et al. 2007a; 
Fobes 1995; Mayasich et al. 2003; Trauth et al. 1993). Recent evidence suggests 
that in addition to habitat degradation, other factors such as disease may also con-
tribute to population declines (Bodinof 2010; Bodinof et al. 2011, 2012; Briggler 
et al. 2007a,b; Hiler et al. 2005; Trauth et al. 1992). For example, integumental 
pathogens have recently been documented in wild and captive Ozark hellbenders 
including the fungus Batrachochytrium dendrobatidis, which has been implicated in 
amphibian declines around the world (Bodinof 2010; Bodinof et al. 2011, 2012; 
Briggler et al. 2007a,b; Briggler et al. 2008; Lips et al. 2006; Skerrat et al. 2007), 
and potential “flesh-eating” bacteria that cause grotesque skin lesions (Jeff Briggler, 
Missouri Dept. Conservation, pers comm.). Widespread declines in the Ozark hell-
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bender have generally been more severe than in the eastern hellbender (Briggler et 
al. 2007b; Foster et al. 2009; Wheeler et al. 2003), but some populations of eastern 
hellbenders are known to have declined by more than 80% since the 1970s and 80s 
(Wheeler et al. 2003). As a result, the Ozark hellbender is now federally endangered 
and the eastern hellbender has been granted protection under the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Ap-
pendix III (USFWS 2011a, b).

It was recently postulated that leeches may transmit pathogens among amphib-
ians, including Ozark hellbenders (Raffel et al. 2006; Stead and Pope 2010; Huang 
et al. 2010). Because leeches can influence growth and survival of amphibians 
(Berven and Boltz 2001) and are ecologically important vectors of organisms such 
as trypanosomes, malarial parasites, and pathogenic fungi (Sawyer 1986; Mock 
1987; Barta and Desser 1989; Raffel et al. 2006), it is important to better under-
stand their relationships with declining amphibians like the hellbender. Leeches 
were first documented on Ozark hellbenders in the 1960s (Dundee and Dundee 
1965; Nickerson and Mays 1973), but these leeches were not formally described 
as a unique species until Johnson and Klemm (1977). This leech is now recog-
nized as Placobdella cryptobranchii (Rhynchobdellida: Glossiphoniidae) (Moser et 
al. 2006, 2008, 2013). Placobdella cryptobranchii has traditionally been thought to 
be an Ozark hellbender specialist (but see Briggler and Moser 2008; Moser et al. 
2013), and has only been collected from the Ozark hellbender subspecies in a small 
geographic area that includes the North Fork of the White, White, Spring, Cur-
rent, and Eleven Points Rivers in Arkansas and Missouri, USA (Moser et al. 2006, 
2008). Within its isolated geographic range, this small parasite (up to ~ 1.5 cm 
total length) is very common in populations of Ozark hellbenders, parasitizing the 
majority of individuals in the population (Nickerson and Mays 1973; Johnson and 
Klemm 1977; Solís et al. 2007; Moser et al. 2008). Importantly, eastern hellbend-
ers from nearby streams in Missouri are not known to harbor P. cryptobranchii or 
any other species of leech (Huang et al. 2010; J. Briggler, pers. comm.). In fact, 
only one leech has ever been reported in the literature on an eastern hellbender, 
but the leech species was not identified (Solís et al. 2007). In light of the fact that 
hellbenders are declining and that diseases may play a role in declines, understand-
ing the prevalence of potential disease vectors is important for hellbender conser-
vation efforts.

In this study we provide the first thorough documentation of leeches using eastern 
hellbenders as hosts, in a population far beyond the previously known range of leech 
infestations in Ozark hellbenders. Using a combination of morphological and molecu-
lar techniques, we identify this leech as a new distinct species. Based on three years of 
field surveys, we documented the prevalence and intensity of leech parasitism in two 
streams in the Upper TN River basin of Virginia. Given the importance of leeches 
as vectors of disease-causing organisms, we discuss the potential implications for the 
health and conservation of hellbenders.
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Materials and methods

Site description

The two streams we surveyed in this study are located in the Tennessee River Basin and 
are part of survey efforts to understand the health and abundance of hellbenders in 
Virginia, USA (Figure 1). Because of the sensitive status of this species, we refer to the 
streams as Stream A and B. Both streams drain predominantly (> 70%) forested water-
sheds and still harbor relatively large populations of hellbenders. However, Stream A is 
increasingly subjected to a wide range of surrounding land use, including agriculture 
and development that threatens in-stream water and microhabitat quality.

Surveys for hellbenders were conducted for three consecutive summers in 2007–
2009. In the first two years of our surveys, we collected hellbenders from 7 stream 
reaches (Figure 1), each 100 m long. Habitat characteristics and water quality for these 
reaches are reported elsewhere (Hopkins and DuRant 2011; Hopkins et al. 2011). 
After discovering leeches in one reach (A3) in Stream A (see results), we returned to 
that stream in 2009 and surveyed the reach (A3) containing parasitized hellbenders 
and an upstream reach (A1) where leeches had not been detected, but we expanded 
our search efforts in these two reaches to 500 m. In addition, we added an additional 
eighth stream reach (A5) located 2.1 km upstream from reach A3 to determine if 
leeches could be detected in close upstream proximity to the site.

Hellbender surveys

We collected hellbenders during diurnal surveys by turning rocks while skin-diving, 
which is the best method for obtaining all age classes of hellbenders (Humphries and 
Pauley 2005; Nickerson et al. 2003; Nickerson and Krysko 2003). We collected all hell-
benders between June and the first week of September each year. We conducted our study 
during mid/late summer because it represents the beginning of the breeding season in 
these streams, when male and female adult hellbenders can be distinguished by the swol-
len cloaca of males (Makowsky et al. 2010). However, we completed our study before 
oviposition typically starts in these streams (September) to avoid disturbing active nests.

Once we captured each hellbender, we transported it to the stream bank for process-
ing. We measured total and snout-vent length (TL and SVL), weighed, and sexed (based 
on cloacal morphology of adults) each individual and subjected them to a physical exam 
that included enumeration and removal of leech specimens (see below). We then injected 
a passive integrative transponder tag (PIT tag) into the tail of each hellbender for future 
identification and released each individual under the rock where it was initially collected.

We counted and noted the location of leeches on hellbenders before removing 
them from each hellbender. Leeches were gently secured flat between a cover slip and a 
glass slide before being relaxed using dropwise additions of 10% ethanol. Once relaxed, 
a subset of leeches was preserved in 95% ethanol and another subset was fixed in 10% 
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buffered formalin before being preserved in 70% ethanol. The one exception to this 
protocol was a hellbender collected in 2007 that hosted so many leeches (> 250) that 
we were unable to count all of them due to constraints of our surveys (see results). In 
2008 an additional subset of leeches were held alive in cold stream water to allow them 
to digest their blood meal before being shipped live or prepared as described above. 
Four specimens were pressed, stained with Semichon’s acetocarmine, and mounted in 
Canada balsam for examination by light microscopy according to techniques outlined 
by Richardson (2006), as modified by Richardson and Barger (2006). Terminology 
for plane shapes follows Clopton (2004). Specimens were deposited in the Inverte-
brate Zoology collections of the National Museum of Natural History, Smithsonian 
Institution (USNM) Washington, District of Columbia and the Peabody Museum of 
Natural History (YPM), Yale University, New Haven, Connecticut.

DNA analyses

We conducted molecular analyses on newly collected material according to Richardson 
et al. (2010). We isolated DNA from the caudal suckers of individual leeches with the 

Figure 1. Map of two streams in southwest Virginia, USA where hellbenders were collected from 8 
stream reaches over 3 consecutive years. Leeches were only detected in stream reach A3.
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DNeasy Blood & Tissue Kit from Qiagen (Cat. No. 69504), following the protocol 
for purification of total DNA from animal tissues (spin-column). For the proteinase K 
treatment step, we lysed tissue samples overnight at 56°C. DNA was eluted from the 
spin columns with 150 µl of buffer.

We prepared PCR Reactions using the Illustra PuRe Taq Ready-To-Go PCR 
beads from GE Health Care (Cat. No. 27-9559-01). Primers were purchased from 
Invitrogen and were comprised of 2 primers each for cytochrome c oxidase subu-
nit I (CO-I) as specified by Light and Siddall (1999). Specifically the CO-I prim-
ers were LCO1490 (5’GGTCAACAAATCATAAAGATATTGG 3’) and HCO2198 
(5’TAAACTTCAGGGTGACCAAAAAATCA 3’). The final volume of PCR reactions 
was 25 µl with 2 µl of leech genomic DNA added per reaction. We amplified DNA 
under the following PCR conditions: 94 °C for 5 min.; 35 cycles of (94 °C for 30 sec, 
50 °C for 30 sec, 72 °C for 45 sec); 72 °C for 7 min. Following PCR, samples were pu-
rified using a QIAquick PCR purification kit from Qiagen (Cat. No. 28104). Purified 
PCR products were sequenced using the HCO2198 primer and the LCO1490 primer 
for the cytochrome c oxidase subunit I products by the W. M. Keck Foundation Bio-
technology Resource Laboratory at Yale University. We aligned DNA sequences using 
Clustal W version 2 (Larkin et al. 2007) and checked them manually using SeaView 4 
(Gouy et al. 2010). We then analyzed them using PAUP* 4.0b10 (Swofford 2002) and 
compared them to other leech DNA sequences contained within Genbank.

Statistical analyses

We ran all statistical analyses in SAS 9.1 (SAS Institute Inc., Cary, NC, USA) or Mi-
crosoft Excel and recognized statistical significance at α < 0.05. Where appropriate, 
we tested for normality and homoscedasticity using Ryan-Joiners and Bartlett’s tests, 
respectively. Unless otherwise noted, we used raw data in statistical analyses.

Because leeches were only detected in one stream reach (see results), we did not 
statistically compare the incidence of leech parasitism across streams or reaches. With-
in the site where leeches were common, we compared prevalence (% of individuals 
harboring at least one leech) using a Fisher’s exact test. The intensity of leech infesta-
tion (number of leeches per parasitized individual) was compared among the three 
years using a Kruskal Wallis test because data were not normally distributed and trans-
formation did not improve the distribution. Among individuals that were parasitized, 
we used linear regression to determine whether there was a relationship between body 
size (total length) and the number of leeches attached to individuals. We used a Chi-
Square test and a Kruskal Wallis test to evaluate whether sex of adults differed in their 
probability of being parasitized or the number of leeches they harbored, respectively. 
We excluded the one individual with > 250 leeches from comparisons of size and sex 
because we did not have a precise count of leeches on this individual and it was a clear 
outlier compared to the rest of the population.
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Results

Survey results

In total, we captured 219 hellbenders at our eight sites over the three year study. All age 
classes were detected in the two streams, from gilled larvae to large adults. Body mass 
of hellbenders ranged from 2.0 to 1,040 g, total length ranged from 6.2—58.2 cm, 
and snout-vent length ranged from 4.1 to 37.1 cm.

We only detected leeches in stream reach A3, where they tended to be quite com-
mon (Table 1). No leeches were detected at any other sites, including nearby reach A5 
which was added in 2009 to determine the upstream extent to which leeches could be 
detected. The species of leech was determined to be within the genus Placobdella, but 
was morphologically and genetically distinct from all species described to date (see 
Species Description below (Figures 2–4).

Within the site (A3) where leeches were prevalent, we found leeches on diverse 
size classes of hellbenders ranging from juveniles (19.1 cm TL) to large adults (58.2 
cm TL). Leeches were primarily found on dorsal surfaces of the head, torso, and tail, 
but also on limbs and the gular region of the throat. Prevalence of leech parasitism 
was fairly consistent among years, ranging from 21.3–37.5% (p = 0.332). Likewise, 
median intensity of parasitism ranged from 2.5–3.5 leeches per parasitized hellbender 
among the three years (p = 0.942). There was a significant positive relationship be-
tween body size of hellbenders and the number of leeches they harbored, when all 
individuals (r2 = 0.12, p < 0.001) and when only parasitized individuals (r2 = 0.25, p 
< 0.001; Figure 5) were included in the model. Adult males and females (N = 22 and 
26, respectively) were equally likely to harbor leeches (mean prevalence = 36.4% and 
34.6%, respectively; p = 0.90). Of the individuals with leeches, adult males tended to 
harbor more leeches than females but there was no significant difference between the 

table 1. Prevalence and intensity of parasitism of eastern hellbenders by the leech Placobdella appala-
chiensis sp. n. in Stream Reach A3 in southwest Virginia, USA. No leeches were found in the other 7 
stream reaches over 3 years of study. Prevalence represents the percentage of hellbenders parasitized by at 
least one leech. Intensity of parasitism is calculated as the number of leeches on parasitized individuals.

Parameter 2007 2008 2009 All YRS COMBINED
 Prevalence

Sample size 17 16 47 80
# Parasitized 6 6 10 22

Prevalence (%) 35.3 37.5 21.3 27.5
Intensity

Sample Size 6 6 10 22
Mean Intensity 44.8 13 6.6 18.8

Median Intensity 2.5 3.5 3.0 3.0
Range 1 - >250 1–40 1–24 1 - >250
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sexes (mean intensity = 38.1 and 10.0, respectively; median intensity = 6.5 and 2.0, 
respectively; p = 0.331).

Several hellbenders harbored very small (< 1–2 mm) leeches in all three years, 
providing evidence that leeches are successfully reproducing at the site and that hatch-
lings were likely using hellbenders for their first blood meal. In fact, one adult that we 
collected in 2007 harbored > 250 leeches, of which at least 200 were small hatchlings 
and juveniles. Of the 80 hellbenders collected at reach A3, 13 were recaptures in the 
second and/or third year of the study. There were no obvious patterns of parasite at-
tachment across years for individuals that were recaptured. Five recaptured individuals 
did not harbor leeches in any of their capture years. Four individuals were not para-
sitized during their first year, but were parasitized when recaptured. In contrast, four 
individuals harbored fewer leeches in later years than in earlier captures, but these four 
individuals should be interpreted carefully since we removed voucher specimens from 
all parasitized hellbenders.

Species description

Family Glossiphoniidae Vaillant, 1890

Placobdella appalachiensis Moser & Hopkins, sp. n.
http://zoobank.org/33FF4843-BB57-4682-9D8F-8B2745BF57F0
http://species-id.net/wiki/Placobdella_appalachiensis
Figs 2–4

Material examined. Holotype (USNM 1232924) South Fork Holston River, Smyth 
County, Virginia.

Paratypes (USNM 1232925 – 1232942; YPM IZ 067799) South Fork Holston 
River, Smyth County, Virginia.

Morphological description. External morphology. Body very deeply to deeply 
ovoid and triannulate. Length of preserved specimens 2.5 – 10.4 mm long, mean + SE 
5.2 + 0.4 mm (n=23), width at widest point (in posterior half of body) 2.0 – 5.9 mm, 
mean + SE 3.4 + 0.2 mm (n=23). Dorsum chocolate (#7B3F00) to russet (#80461B) 
brown with 6 rows of papillae (2 para-medial, 2 para-lateral, & 2 lateral) and many, 
thin, unpigmented, vertical lines (Figure 2; see hex color codes http://www.colorhexa.
com). Para-medial, para-lateral, and lateral papillar rows begin at two points (just lat-
eral to the anus) and the papillae are on the neural annulus. Apical cephalic region 
unpigmented, extending and tapering posteriorly through one thin nuchal band. Two 
pairs of eye spots (one pair much larger than the other) within cephalic unpigmented 
region, and occasionally separated by a little less than the diameter of the larger eye-
spot. Anal region and small genital bar unpigmented to diffusely pigmented with scat-
tered unpigmented to diffusely pigmented small patches in between. Caudal sucker, 

http://zoobank.org/33FF4843-BB57-4682-9D8F-8B2745BF57F0
http://species-id.net/wiki/Placobdella_appalachiensis
http://www.colorhexa.com
http://www.colorhexa.com
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Figure 2. Dorsal surface of Placobdella appalachiensis sp. n., Holotype USNM 1232924 collected from 
an adult eastern hellbender (Cryptobranchus alleganiensis) from stream reach A3 in southwest Virginia, 
USA. Scale bar equals 1 mm.

0.5 – 2.1 mm in diameter, mean + SE, 1.2 + 0.1 (n=18), generally unpigmented with 
a few brown chromatophores and without papillae. Ventrum unpigmented with very 
sparse scattering of a few brown/green chromatophores (Fig 3). Male and female go-
nopores in furrows and separated by 2 annuli.

Internal morphology. Digestive system: Proboscis posteriad of the rim/lip of the 
oral sucker. Short, blunt-tipped proboscis, uniformly cylindrical, and in membranous 
sheath. Salivary cells scattered in the anterior third of the body (diffuse salivary glands) 
and slightly more abundant near the base of the proboscis. Salivary ductule bundles 
join with retractor muscles and attach at each side of the base of the proboscis. Flaccid 
esophagus extends from the base of the proboscis with one pair of saccular mycetomes. 
Seven pair of diverticulated crop ceca and the last pair extending posteriad into four 
sections and diverticulated. Four pair of simple, saccular intestinal ceca. Simple rectum 
opening to anus, located one annulus anteriad of the caudal sucker.

Reproductive system: (Male) Male gonophores slightly raised. Male atrium opening 
into ovoid or elloptoid atrial cornue extending laterally and anteriorly from male go-
nopore into robust, coiled, muscular ejaculatory ducts, recurving posteriorly to robust 
seminal vesicles and narrow vas deferentia connecting to testisacs. Six pairs of orbicular 
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Figure 3. Ventral surface of Placobdella appalachiensis sp. n., Holotype USNM 1232924 collected from 
an adult eastern hellbender (Cryptobranchus alleganiensis) from stream reach A3 in southwest Virginia, 
USA. Scale bar equals 1 mm.

Figure 4. Internal anatomy of Placobdella appalachiensis sp. n., Paratype USNM 1232939 collected 
from an adult eastern hellbender (Cryptobranchus alleganiensis) from stream reach A3 in southwest Vir-
ginia, USA. Ventral view, atrial cornuae (AC), ejaculatory duct (ED), intestinal ceca (IC), proboscis 
(Pr), testisac (T). Scale bar equals 2 mm.

testisacs, each testisac located in the space between pair of crop ceca. (Female) Female 
gonopore simple, opening to pair of bifurcated ovisacs. Ovisac length depends on the 
reproductive condition of the leech.
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Taxonomic summary. Type host: Eastern Hellbender, Cryptobranchus alleganien-
sis alleganiensis (Daudin, 1803).

Type locality. South Fork Holston River, Smyth County, Virginia.
Type material. USNM 1232924 (Holotype), USNM 1232925 – 1232942 (Para-

types), YPM IZ 067799 (Paratype).
Etymology. Named for the Appalachian Region, where the leech is known to occur.
Molecular description. DNA Analysis.
Molecular comparison of 637 nucleotides of CO-I revealed differences of 0.2% to 

1.3% (1–8 nucleotides) among four specimens of P. appalachiensis sp. n. (GenBank 
KF990590 – KF990593) collected from South Fork Holston River, Smyth County, 
Virginia. Differences of 17.7% to 19.1% (113 to 122 nucleotides) were found be-
tween four specimens of P. appalachiensis sp. n. and seven specimens of Placobdella 
cryptobranchii (GenBank KF601755–KF601761) collected from Missouri. CO-I se-
quence data among four specimens of P. appalachiensis sp. n. revealed differences of 
18.7% to 19.6% (119 to 125 nucleotides) compared to five specimens of P. ornata 
(GenBank JQ8128–JQ8132) collected from the type locality (West River, New Ha-
ven County, Connecticut), differences of 18.8% to 20.0% (120–127 nucleotides) 

Figure 5. Relationship between total body length (cm) of eastern hellbenders (Cryptobranchus allegan-
iensis) and the number of leeches (Placobdella appalachiensis sp. n.) they harbored. All hellbenders were 
collected from stream reach A3 in southwest Virginia, USA.
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compared to four specimens of P. ornata collected from the type locality (Shivericks 
Pond, Falmouth, Barnstable County, Massachusetts) of P. phalera (junior synonym 
of Placobdella ornata) (GenBank JQ812133–JQ812136), differences of 17.7% to 
18.7% (113–119 nucleotides) compared to two specimens of P. translucens (GenBank 
AY047328, JX122778), differences of 15.8% to 16.8% (101–107 nucleotides) from 1 
specimen of P. picta (GenBank AF116020), differences of 17.2% to 18.1% (110–115 
nucleotides) from 1 specimen of P. biannulata (GenBank AF116021), and differences 
of 17.9% to 19.0% (114–121 nucleotides) from 2 specimens of P. sophieae (GenBank 
KF990594–KF990595) collected from Oregon.

Discussion

Our study provides the first comprehensive description of a population of eastern hell-
benders (Cryptobranchus alleganiensis alleganiensis) parasitized by leeches. We identified 
the leech as a new species, Placobdella appalachiensis, based on its distinct morphologi-
cal and genetic characteristics. Importantly, leeches were only detected in one reach of 
the rivers we studied, suggesting that the population of leeches is either isolated or that 
they are patchily distributed within the river(s). Given the fact that leeches can trans-
mit pathogens amongst individuals, our discovery may have important implications 
for hellbender conservation (Davis and Hopkins 2013).

Ozark hellbenders (Cryptobranchus alleganiensis bishopi) are commonly parasitized 
by a congener, Placobdella cryptobranchii, in several rivers in Missouri and Arkansas 
(Johnson and Klemm 1977; Moser et al. 2008, 2013). The closest location of a popula-
tion of P. cryptobranchii (Eleven Point River) is approximately 850 kilometers from the 
type locality of P. appalachiensis. Although these leeches utilize the similar host species 
(Cryptobranchus a. bishopi and C. a. alleganiensis, respectively) molecular comparison 
of CO-I sequence data from P. cryptobranchii revealed differences of 17.7% to 19.1% 
with P. appalachiensis sp. n. In addition to these molecular differences, P. appalachiensis 
sp. n. is also distinguished from P. cryptobranchii based on external morphology. Pla-
cobdella appalachiensis has a chocolate (#7B3F00) to russet (#80461B) brown dorsum 
with many thin unpigmented vertical lines, 6 rows of papillae, one unpigmented nuchal 
band, unpigmented to sparsely pigmented patches, and no pre-anal papillae. In con-
trast, Placobdella cryptobranchii recently redescribed by Moser et al. (2013), has a rust, 
reddish-brown dorsum with 2 lateral rows of unpigmented papillae, two unpigmented 
nuchal bands, unpigmented patches, and four pair of pre-anal papillae.

Placobdella appalachiensis sp. n. shares morphological similarities with several 
other leeches. For example, it is also morphologically similar to Placobdella sophieae 
(Oceguera-Figueroa et al. 2010) and Placobdella picta (Verrill, 1872). Placobdella so-
phieae also has 6 rows of dorsal papillae, but it is near transparent green and does 
not possess a nuchal band or unpigmented to sparsely pigmented patches (Oceguera-
Figueroa et al. 2010) as found in P. appalachiensis. Additionally, P. sophieae is only 
known from its type locality of northern Washington (Oceguera-Figueroa et al. 2010). 
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Placobdella picta has been sporadically reported in the southeastern United States, in-
cluding Virginia (Klemm 1982; 1985), typically in woodland ponds or lakes (Sawyer 
1972; Barta and Sawyer 1990). Placobdella picta has a nuchal band and 6 to 7 rows 
of papillae, but also has a thin dark dorsal medial line and has a brown-green dorsal 
coloration variegated with orange (Barta and Sawyer 1990), which are not found in P. 
appalachiensis. Another amphibian-leech occurring in the southeastern United States 
is Placobdella biannulata (Moore, 1900). Placobdella biannulata does not have an un-
pigmented nuchal band or genital and anal patches and is further distinguished from 
P. appalachiensis, by the former’s olive green dorsum and biannulate body segments 
(Moser et al. 2005a). Comparison of P. appalachiensis COI sequence data to these 
three congenerics revealed differences of 15.8% to 19.0%.

Leeches were common on hellbenders within the stream reach where they were 
detected. Overall, 27.5% of individuals collected in reach A3 harbored leeches, with a 
median intensity of infestation of 3 leeches per individual. However, the prevalence of 
parasitism we observed was substantially lower than that observed by P. cryptobranchii 
on Ozark hellbenders in Missouri and Arkansas. In a survey of the North Fork White, 
Spring, and Eleven Points Rivers, 71% of sampled hellbenders hosted 1-140 leeches, 
with a mean infestation of 8.7 leeches per individual (Moser et al. 2008). Likewise, 
Nickerson and Mays (1973) and Johnson and Klemm (1977) noted that as many as 
96% of Ozark hellbenders they sampled in Missouri and Arkansas were parasitized by 
P. cryptobranchii and Solís et al. (2007) found that ≥ 50% of the Ozark hellbenders 
they sampled in Missouri harbored leeches.

The fact that we only found leeches at one study reach within these two streams 
raises questions about the detectability and geographic distribution of this new species. 
The widespread prevalence of the Ozark hellbender leech makes it readily detectable 
within its previously known geographic range in Missouri and Arkansas (Dundee and 
Dundee 1965; Johnson and Klemm 1977; Nickerson and Mays 1973; Solís et al. 
2007; Moser et al. 2008). In contrast, our results suggest that the leech species we dis-
covered occurs in lower abundance and/or is patchily distributed, which might make 
it more difficult to detect in populations of eastern hellbenders. Hellbenders have been 
well surveyed in other eastern states including North Carolina, Georgia, West Vir-
ginia, Tennessee, and Pennsylvania (e.g., Foster et al. 2009; Humphries and Pauley 
2005; Petokas et al. 2006; Horchler 2010). It seems probable that given these survey 
efforts, P. appalachiensis would have been detected if it was widespread and abundant. 
However, it is also possible that its small body size and relatively cryptic morphology 
contribute to its lack of detection. In the only published account to date of a leech 
on an eastern hellbender, Solís et al. (2007) mentioned a single leech attached on an 
eastern hellbender from either North Carolina or Georgia (not specified in the paper), 
but this leech was not identified and voucher specimens were not deposited. However, 
several recent accounts (e.g., Dale McGinnity per comm., 2012) provided evidence 
that leeches occur in Tennessee, but it is currently unknown whether this leech was P. 
appalachiensis. Further work is needed to describe the distribution, local abundance, 
and natural history of this new species of leech in Appalachia.
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Compared to previous studies examining leeches in Ozark hellbenders, ours is the 
first to detect a significant influence of hellbender body size on the intensity of parasitism 
by leeches. However, Raffel et al. (2006) found that larger red spotted newts (Notophthal-
mus viridescens) harbored a larger number of a closely related leech species (Placobdella 
picta) than smaller newts and attributed their findings to accrual of parasites with age. In 
our study, it seems likely that other factors besides continual accrual might influence our 
observed relationship between hellbender size and parasitism, especially because mem-
bers of this leech genus are known to detach seasonally. For example, it is possible that 
microhabitat use, movement patterns, or social interactions of larger adults during the 
reproductive season puts them at greater risk of encountering leeches than subadults and 
juveniles. At the time of year when we conducted our study, adult hellbenders become 
more active and males are thought to begin commandeering and excavating nest sites 
under large flat rocks (Nickerson and Mays 1973). Thus, the reproductive ecology, habi-
tat use, and perhaps even physiology of adults, particularly large adult males, may place 
them at greater risk of encountering leeches in the environment than smaller individuals. 
These patterns warrant further study with larger sample sizes than those reported here.

It remains unclear as to whether P. appalachiensis sp. n. is an eastern hellbender 
specialist or whether it uses multiple vertebrate host species. For comparison, the Ozark 
hellbender leech (P. cryptobranchii) is not known to parasitize eastern hellbenders in Mis-
souri and Arkansas where they occur in close geographic proximity to Ozark hellbenders, 
which is interesting given the similar habitat use and behavior of these two hellbender 
subspecies. However, Briggler and Moser (2008) suggested that the Ozark hellbender 
leech may be capable of using multiple hosts after they found a single mudpuppy (Nec-
turus maculosus) in the Eleven Point River (Missouri, USA) that harbored four blood-fed 
P. cryptobranchii. They postulated that with the precipitous population decline of its 
primary host (i.e., Ozark hellbenders), P. cryptobranchii may be forced to diversify hosts. 
However, more recent experimental work suggests that P. cryptobranchii are reluctant to 
attach to mudpuppies in captivity, suggesting that this field observation may have been 
a rare or isolated event (Moser et al. 2013). Use of multiple host species has been shown 
in other leeches, and can be influenced by a variety of factors. For example, Moser et al. 
(2005b) explored the host attachment dynamics of a closely related leech, P. biannulata, 
which specializes on Desmognathus salamanders. Based on field surveys and lab studies of 
several species of amphibians, the authors concluded that host specificity in this system is 
probably most influenced by ecological and behavioral factors that influence encounter 
rates with leeches. Additional surveys at our study sites are needed to determine whether 
the new leech species that we discovered in Virginia uses any other vertebrates as hosts 
because host specificity may influence the distribution of this leech as well as its potential 
to serve as a vector of pathogens within and among host species.

Our discovery of a new species of leech using eastern hellbenders as hosts has im-
portant implications for the health and conservation of these imperiled salamanders. 
Leeches influence the growth and survival of amphibians, are important vectors of 
disease, and have even been implicated as contributors to amphibian population de-
clines. Raffel et al. (2006) provided evidence from field surveys that leeches from the 
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same genus (Placobdella picta) serve as the primary means of transmitting Icthyophonus 
sp., a fungus that has caused mass mortality and morbidity events in other amphibian 
species. In the same study, leeches were also associated with transmission of trypano-
somes. Correlative evidence of pathogen transmission is also available for hellbenders. 
For example, in a recent study on Ozark and eastern hellbenders in seven rivers in Mis-
souri, blood parasites were prevalent in populations where leeches were common, but 
no blood parasites were detected in populations where leeches were absent (Huang et 
al. 2010). Further, cytological evidence consistent with parasitic infection was detected 
in the populations of hellbenders that harbored leeches and blood parasites. Based on 
these lines of evidence, the authors postulated that leeches may serve as a key vector 
for blood parasite transmission that may affect the health of hellbenders (Huang et al. 
2010). Similarly, recent work by our group has also identified trypanosomes within 
the same stream reach where we found leeches (Davis and Hopkins 2013). Future ef-
forts in southwest Virginia should build upon this foundational evidence to determine 
whether leeches may transmit disease-causing organisms among eastern hellbenders 
and whether this influences the health of these imperiled amphibians. In the process 
of studying leeches in our system and others, precautions should be taken to prevent 
foreign leech introductions among streams, as they are commonly introduced around 
the world when hosts, water, and/or substrate are translocated by humans (Govedich 
et al. 2002; Siddall and Budinoff 2005; Moser et al. 2005c).

Acknowledgements

This project would not have been possible without the dedicated assistance of M. 
Hepner, J. McPherson, B. Todd, S. Orlofske, J. Burke, and S. DuRant. C. Bodinof 
Jachowski, J.D. Willson, and S. DuRant provided additional technical assistance and/
or comments that improved the paper. This work was possible because of supportive 
landowners (anonymity retained) who generously allowed us access to their property 
and the logistical assistance and support of Mike Pinder, Joe Ferraro, and Amanda 
Duncan. This project was funded by the VA Dept of Game and Inland Fisheries, The 
Fralin Life Science Institute, and the National Science Foundation (IOB-0615361).

References

Barta JR, Desser SS (1989) Development of Babesiosoma stableri (Dactylosomatidae; Adeleina; 
Apicomplexa) in its leech vector (Batracobdella picta) and the relationship of the dactylo-
somatids to piroplasms of higher vertebrates. Journal of Protozoology 36: 241–253. doi: 
10.1111/j.1550-7408.1989.tb05357.x

Barta JR, Sawyer RT (1990) Definition of a new genus of glossiphoniid leech and a redescription of 
the type species, Clepsine picta Verrill, 1872. Canadian Journal of Zoology 68(9): 1942–1950. 
doi: 10.1139/z90-273

http://dx.doi.org/10.1111/j.1550-7408.1989.tb05357.x
http://dx.doi.org/10.1111/j.1550-7408.1989.tb05357.x
http://dx.doi.org/10.1139/z90-273


William A. Hopkins et al.  /  ZooKeys 378: 83–101 (2014)98

Berven KA, Boltz RS (2001) Interactive effects of leech (Desserobdella picta) infection on wood 
frog (Rana sylvatica) tadpole fitness traits. Copeia 2001: 907–915. doi: 10.1643/0045- 851
1(2001)001[0907:IEOLDP]2.0.CO;2

Bodinof CM (2010) Translocation and conservation of hellbenders (Cryptobranchus alleganiensis) 
in Missouri. M.S. Thesis. University of Missouri, Columbia, MO.

Bodinof CM, Briggler JT, Duncan MC, Beringer J, Millspaugh JJ (2011) Historic occurence 
of the amphibian chytrid fungus Batrachochytrium dendrobatidis in hellbender Cryptobran-
chus alleganiensis populations from Missouri. Diseases of Aquatic Organisms 96: 1–7. doi: 
10.3354/dao02380

Bodinof CM, Briggler JT, Junge RE, Mong T, Beringer J, Wanner MD, Schuette CD, Ettling 
J, Millspaugh JJ (2012) Survival and body condition of captive-reared juvenile Ozark hell-
benders (Cryptobranchus alleganiensis bishopi) following translocation to the wild. Copeia 
2012: 150–159. doi: 10.1643/CH-11-024

Briggler JT, Ettling J, Wanner M, Schuette C, Duncan M, Goellner K (2007a) Cryptobranchus 
alleganiensis (hellbender). Chytrid fungus. Herpetological Review 38: 174.

Briggler JT, Utrup J, Davidson C, Humphries J , Groves J, Johnson T, Ettling J, Wanner M, 
Traylor-Holzer K, Reed D, Lindgren V, Byers O (2007b) Hellbender population and habitat 
viability assessment. IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, MN.

Briggler JT, Larson KA, Irwin KJ (2008) Presence of the amphibian chytrid fungus (Batra-
chochytrium dendrobatidis) on hellbenders (Cryptobranchus alleganiensis) in the Ozark high-
lands. Herpetological Review 39: 443–444.

Briggler JT, Moser WE (2008) Necturus maculosus (red river mudpuppy) host. Herpetological 
Review 39: 205.

Clopton RE (2004) Standard nomenclature and metrics of plane shapes for use in gregarine 
taxonomy. Comparative Parasitology 71(2): 130–140. doi: 10.1654/4151

Davis AK, Hopkins WA (2013) Widespread trypanosome infections in a population of eastern 
hellbenders (Cryptobranchus alleganiensis alleganiensis) in Virginia, USA. Parasitology Research 
112:453–456. doi: 10.1007/s00436-012-3076-6

Dundee HA, Dundee DS (1965) Observations on the systematics and ecology of Cryptobranchus from 
the Ozark plateaus of Missouri and Arkansas. Copeia 1965: 369–370. doi: 10.2307/1440805

Fobes TM (1995) Habitat analysis of the Ozark hellbender, Cryptobranchus alleganiensis bisho-
pi, in Missouri. MS Thesis. Southwest Missouri State University, Springfield, MO, USA.

Foster RL, McMillan AM, Roblee K (2009) Population status of hellbender salamanders 
(Cryptobranchus alleganiensis) in the Allegheny River Drainage of New York State. Journal 
of Herpetology 43: 579–588. doi: 10.1670/08-156.1

Gouy M, Guindon S, Gascuel O (2010) SeaView version 4: a multiplatform graphical user 
interface for sequence alignment and phylogenetic tree building. Molecular Biology and 
Evolution 27: 221–224. doi: 10.1093/molbev/msp259

Govedich FR, Bain BA, Davies RW (2002) First record of the Asian freshwater leech Barbronia 
weberi (Blanchard, 1897) (Euhirudinea: Erpobdellidae) in Australia. Victorian Naturalist 
119: 227–228.

Hiler WR, Wheeler BA, Trauth SE (2005) Abnormalities in the Ozark hellbender (Cryptobran-
chus alleganiensis bishopi) in Arkansas: A comparison between two rivers with a historical 
perspective. Journal of the Arkansas Academy of Science 59: 88–94.

http://dx.doi.org/10.1643/0045-�8511(2001)001[0907:IEOLDP]2.0.CO;2
http://dx.doi.org/10.1643/0045-�8511(2001)001[0907:IEOLDP]2.0.CO;2
http://dx.doi.org/10.3354/dao02380
http://dx.doi.org/10.3354/dao02380
http://dx.doi.org/10.1643/CH-11-024
http://dx.doi.org/10.1654/4151
http://dx.doi.org/10.1007/s00436-012-3076-6
http://dx.doi.org/10.2307/1440805
http://dx.doi.org/10.1670/08-156.1
http://dx.doi.org/10.1093/molbev/msp259


Morphological and molecular characterization of a new species of leech... 99

Hopkins WA, DuRant SE (2011) Innate immunity and stress physiology of eastern hellbend-
ers (Cryptobranchus alleganiensis) from two stream reaches with differing habitat quality. 
General and Comparative Endocrinology 174: 107–115.

Hopkins WA, DuRant SE, Garst DW, Moser WE (2011) Population status, habitat use, and 
physiological condition of eastern hellbenders (Cryptobranchus alleganiensis) in two streams 
in southwest Virginia. Final Report to the VA Dept of Game and Inland Fisheries. doi: 
10.1016/j.ygcen.2011.08.006

Horchler DC (2010) Long-term growth and monitoring of the eastern hellbender (Cryptobran-
chus a. alleganiensis) in eastern West Virginia. M.S. Thesis. Marshall University, Hunting-
ton, WV, USA.

Humphries WJ, Pauley TK (2005) Life history of the hellbender, Cryptobranchus allegan-
iensis, in a West Virginia stream. American Midland Naturalist 154: 135–142. doi: 
10.1674/0003-0031(2005)154[0135:LHOTHC]2.0.CO;2

Huang CC, Xu Y, Briggler JT, McKee M, Nam P, Huang YW (2010) Heavy metals, hematol-
ogy, plasma chemistry, and parasites in adult hellbenders (Cryptobranchus alleganiensis). 
Environmental Toxicology and Chemistry 29: 1132–1137.

Johnson GM, Klemm DJ (1977) A new species of leech, Batracobdella cryptobranchii sp. n. 
(Annelida: Hirudinea), parasitic on the Ozark hellbender. Transactions of the American 
Microscopical Society 96: 327–331. doi: 10.2307/3225862

Klemm DJ (1982) Leeches (Annelida: Hirudinea) of North America. EPA-600/3-82/025. 
Cincinnati: United States Environmental Protection Agency, Environmental and Support 
Laboratory, 177 pp.

Klemm DJ (1985) Freshwater leeches (Annelida: Hirudinea). In: Klemm DJ (Ed) A Guide to 
the Freshwater Annelida (Polychaeta, Naidid and Tubificid Oligochaeta, and Hirudinea) of 
North America. Kendall/Hunt Publishing Co, Dubuque, 198 pp.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, McWilliam H, Valentin F, Wal-
lace IM, Wilm A, Lopez R, Thompson JD, Gibson TJ, Higgins DG (2007) CLUSTAL W and 
CLUSTAL X version 2.0. Bioinformatics 23: 2947–2948. doi: 10.1093/bioinformatics/btm404

Light JE, Siddall ME (1999) Phylogeny of the leech family Glossiphoniidae based on mito-
chondrial gene sequences and morphological data. Journal of Parasitology 85: 815–823. 
doi: 10.2307/3285816

Lips KR, Brem F, Brenes R, Reeve JD, Alford RA, Voyles J, Carey C, Livo L, Pessier AP, Col-
lins JP (2006) Emerging infectious disease and the loss of biodiversity in a neotropical am-
phibian community. Proceedings of the National Academy of Sciences 103: 3165–3170. 
doi: 10.1073/pnas.0506889103

Makowsky R, Wilson LA, Pauley TK (2010) Sexual dimorphism in the eastern hellbender. 
Herpetological Conservation and Biology 5: 44–48.

Mayasich J, Grandmaison D, Phillips C (2003) Eastern hellbender status assessment report. 
Final report, U.S. Fish and Wildlife Service, Ft. Snelling, MN, USA, 41 pp.

Mock BA (1987) Longitudinal patterns of trypanosome infections in red spotted newts. Jour-
nal of Parasitology 73: 730–737. doi: 10.2307/3282402

Moser WE, Van Devender RW, Klemm DJ (2005a) Life History and Distribution of the Leech 
Oligobdella biannulata (Moore, 1900) (Euhirudinea: Glossiphoniidae). Comparative Para-
sitology 72(1): 17–21. doi: 10.1654/4160

http://dx.doi.org/10.1016/j.ygcen.2011.08.006
http://dx.doi.org/10.1016/j.ygcen.2011.08.006
http://dx.doi.org/10.1674/0003-0031(2005)154[0135:LHOTHC]2.0.CO;2
http://dx.doi.org/10.1674/0003-0031(2005)154[0135:LHOTHC]2.0.CO;2
http://dx.doi.org/10.2307/3225862
http://dx.doi.org/10.1093/bioinformatics/btm404
http://dx.doi.org/10.2307/3285816
http://dx.doi.org/10.1073/pnas.0506889103
http://dx.doi.org/10.2307/3282402
http://dx.doi.org/10.1654/4160


William A. Hopkins et al.  /  ZooKeys 378: 83–101 (2014)100

Moser WE, Van Devender RW, Montanucci RR, Camp CD, Klemm DJ (2005b) New host 
data for the leech Oligobdella biannulata (Euhirudinea: Glossiphoniidae). Journal of the 
North Carolina Academy of Science 121: 36–40.

Moser WE, Quelvog BD, Hovingh P (2005c) First report of an eastern United States species 
of blood-feeding leech, Placobdella parasitica (Euhirudinea, Glossiphoniidae). California 
Academy of Sciences 56: 91–92.

Moser WE, Klemm DJ, Richardson DJ, Wheeler BA, Trauth SE, Daniels BA (2006) Leeches 
(Anne lida: Hirudinida) of northern Arkansas. Journal of the Arkansas Academy of Science 
60: 84–95.

Moser WE, Richardson DJ, Wheeler BA, Irwin KJ, Daniels BA, Trauth SE, Klemm DJ (2008) 
Placobdella cryptobranchii (Rhynchobdellida: Glossiphoniidae) on Cryptobranchus allegan-
iensis bishopi (Ozark Hellbender) in Arkansas and Missouri. Comparative Parasitology 75: 
98–101. doi: 10.1654/4300.1

Moser WE, Briggler JT, Richardson DJ, Schuette CD, Hammond CI, Hopkins WA, Lazo-
Wasem EA (2013) Redescription and Molecular Characterization of Placobdella crypto-
branchii (Johnson and Klemm, 1977) (Glossiphoniidae: Hirudinida). ZooKeys 338: 1–10. 
doi: 10.3897/zookeys.338.5995

Nickerson MA, Mays CE (1973) The hellbenders: North American “giant salamanders”. Mil-
waukee Public Museum Press, Milwaukee, WI. 106 pp.

Nickerson MA, Kryssko KL, Owen RD (2003) Habitat differences affecting age class distribu-
tions of the hellbender salamander, Cryptobranchus alleganiensis. Southeastern Naturalist 
2S: 619–629. doi: 10.1656/1528-7092(2003)002[0619:HDAACD]2.0.CO;2

Nickerson MA, Kryssko KL (2003) Surveying for hellbender salamanders, Cryptobran-
chus alleganiesis (Dadin): A review and critique. Applied Herpetology 1: 37–44. doi: 
10.1163/157075403766451216

Oceguera-Figueroa K, Watson SC, Sankar DF, Overstreet RM, Siddall ME (2010) Leech 
Collections from Washington State, with the Description of Two New Species of Pla-
cobdella (Annelida: Glossiphoniidae). American Museum Novitates 3701: 1–14. doi: 
10.1206/3701.2

Petranka JW (1998) Salamanders of the United States and Canada. Smithsonian Institution 
Press, Washington DC, 587 pp.

Petokas PJ, Rogers J, Kratochvil P, Sterngold N (2006) Preliminary report on the distribution, habi-
tat, and food preferences of juvenile and adult eastern hellbenders Cryptobranchus alleganiesis al-
leganiesis in northcentral Pennsylvania. Journal of the Pennsylvania Academy of Science 79: 120.

Raffel TR, Dillard JR, Hudson PJ (2006) Field evidence for leech-borne transmission of amphibian 
Ichthyophonus sp. Journal of Parasitology 92: 1256–1264. doi: 10.1645/GE-808R1.1

Richardson DJ (2006) Life cycle of Oligacanthorhynchus tortuosa (Oligacanthorhynchidae), an 
acanthocephalan of the Virginia opossum (Didelphis virginiana). Comparative Parasitology 
73: 1–6. doi: 10.1654/4207.1

Richardson DJ, Barger MA (2006) Redescription of Oligacanthorhynchus major (machado-
Filho, 1963) Schmidt, 1972 (Acanthocephala: Oligacanthorhynchidae) from the white-
lipped peccary (Tayassu pecari) in Bolivia. Comparative Parasitology 73: 157–160. doi: 
10.1654/4235.1

http://dx.doi.org/10.1654/4300.1
http://dx.doi.org/10.3897/zookeys.338.5995
http://dx.doi.org/10.1656/1528-7092(2003)002[0619:HDAACD]2.0.CO;2
http://dx.doi.org/10.1163/157075403766451216
http://dx.doi.org/10.1163/157075403766451216
http://dx.doi.org/10.1206/3701.2
http://dx.doi.org/10.1206/3701.2
http://dx.doi.org/10.1645/GE-808R1.1
http://dx.doi.org/10.1654/4207.1
http://dx.doi.org/10.1654/4235.1
http://dx.doi.org/10.1654/4235.1


Morphological and molecular characterization of a new species of leech... 101

Richardson DJ, Moser WE, Hammond CI, Shevchenko AC, Lazo-Wasem E (2010) New geo-
graphic distribution records and host specificity of Placobdella ali (Hirudinida: Glossipho-
niidae). Comparative Parasitology 77: 202–206. doi: 10.1654/4456.1

Sawyer RT (1972) North American freshwater leeches, exclusive of the Piscicolidae, with a key 
to all species. Illinois Biological Monographs 46: 1–154.

Sawyer RT (1986) Leech biology and behavior, Volume II, Feeding biology, ecology, and sys-
tematics. Clarendon Press, Oxford, England 419–793.

Siddall ME, Budinoff RB (2005) DNA-barcoding evidence for widespread introductions of 
a leech from the South American Helobdella triserialis  complex. Conservation Genetics 
6: 467–472. doi: 10.1007/s10592-005-4986-y

Skerratt LF, Speare R, Cashins S, Mcdonald KR, Phillott AD, Hynes HB, Kenyon N (2007) 
Spread of chytridiomycosis has caused the rapid global decline and extinction of frogs. 
Ecohealth 4: 125–134. doi: 10.1007/s10393-007-0093-5

Solís ME, Bandeff JM, Huang YW (2007) Hematology and serum chemistry of Ozark and 
eastern hellbenders (Cryptobranchus alleganiensis). Herpetologica 63: 285–292. doi: 
10.1655/0018-0831(2007)63[285:HASCOO]2.0.CO;2

Stead JE, Pope KL (2010) Predatory leeches (Hirudinida) may contribute to amphibian de-
clines in the Lassen region, California. Northwestern Naturalist 91: 30–39. doi: 10.1898/
NWN08-56.1

Swofford DL (2002) PAUP *: Phylogenetic analysis using parsimony (* and other methods), ver-
sion 4. Sinauer Associates, Sunderland, Massachusetts, USA, 142 pp.

Taber CA, Wilkinson Jr. RF, Topping MS (1975) Age and growth of hellbenders in the Nian-
gua River, Missouri. Copeia 1975: 633–639. doi: 10.2307/1443315

Trauth SE, Wilhide JD, Daniel P (1992) Status of the Ozark hellbender, Cryptobranchus bishopi 
(Urodela: Cryptobranchidae), in the Spring River, Fulton County, Arkansas. Proceedings 
of the Arkansas Academy of Science 46: 83–86.

Trauth SE, Wilhide JD, Daniel P (1993) The Ozark hellbender, Cryptobranchus alleganiensis, 
in Arkansas: distributional survey for 1992. Bulletin of the Chicago Herpetological Society 
28: 81–85.

USFWS (2011a) Endangered status for the Ozark hellbender salamander. Federal Register 
76(4): 61956–61978.

USFWS (2011b) Inclusion of the Hellbender, Including the eastern hellbender and the Ozark 
hellbender, in appendix III of the Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (CITES) 76(4): 61978–61978.

Wheeler A, Prosen E, Mathis A, Wilkinson RF (2003) Population declines of a long-lived 
salamander: a 20+ year study of hellbenders, Cryptobranchus alleganiensis. Biological Con-
servation 109: 151–156. doi: 10.1016/S0006-3207(02)00136-2

http://dx.doi.org/10.1654/4456.1
http://dx.doi.org/10.1007/s10592-005-4986-y
http://dx.doi.org/10.1007/s10393-007-0093-5
http://dx.doi.org/10.1655/0018-0831(2007)63[285:HASCOO]2.0.CO;2
http://dx.doi.org/10.1655/0018-0831(2007)63[285:HASCOO]2.0.CO;2
http://dx.doi.org/10.1898/NWN08-56.1
http://dx.doi.org/10.1898/NWN08-56.1
http://dx.doi.org/10.2307/1443315
http://dx.doi.org/10.1016/S0006-3207(02)00136-2

