HERPETOZOA 29 (1/2): 27 - 35 27
Wien, 30. Juli 2016

Parasitism of the leech,
Batracobdella algira (MOQUIN-TANDON, 1846),

on Sardinian cave salamanders (Genus Hydromantes)
(Caudata: Plethodontidae)

Parasitismus des Egels Batracobdella algira (MOQUIN-TANDON, 1846)
auf Sardischen Hohlensalamandern der Gattung Hydromantes
(Caudata: Plethodontidae)
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KURZFASSUNG

Wenig ist iiber die Beziehungen zwischen Sardischen Hohlensalamandern (Gattung Hydromantes;
Untergattungen Speleomantes und Atylodes) und anderen Hohlenbewohnern bekannt. Man weil3, dal Hoéhlen-
salamander vom Egel Batracobdella algira parasitiert werden, aber nichts iiber die Pravalenz des Befalls oder
Faktoren, die ihn fordern. Die Autoren untersuchten 55 Hohlen im Verbreitungsgebiet von H. flavus, H. genei, H.
imperialis, H. sarrabusensis und H. supramontis, analysierten die standortbedingten Unterschiede in der Para-
sitierung der Salamander durch B. algira und fanden den Parasiten bei H. flavus, H. genei und H. imperialis. Der
Befall war bei allen Arten gering (Privalenz < 3 %) au8er bei H. flavus (9 %). Die Befallspravalenzen waren stan-
dortbezogen stark autokorreliert, aber ohne Bezug zu abiotischen Hohlenparametern. Am haufigsten waren grofle
Salamanderindividuen parasitiert. Weiters berichtet die Arbeit dariiber, da3 H. sarrabusensis wohl zur Beute der
Spinne Tegenaria sp. zéhlt. Die Komplexitit der Beziehungen zwischen Hohlensalamandern und B. algira ist
durch starke populationsspezifische und individuelle Unterschiede gekennzeichnet.

ABSTRACT

Very little information is available on relationships between Sardinian cave salamanders (genus Hydro-
mantes; subgenera Speleomantes and Atylodes) and other cave-dwelling organisms. Cave salamanders are known
to be parasitized by the leech, Batracobdella algira, but no information exists on the prevalence of this parasite on
cave salamanders or the factors that promote it. The authors surveyed 55 cavities covering the range of H. flavus,
H. genei, H. imperialis, H. sarrabusensis and H. supramontis, analyzed the spatial variation of parasitism by B.
algira, and detected the leech in H. flavus, H. genei and H. imperialis. Infestation was low for all species (preva-
lence < 3 %) except H. flavus (9 %). Prevalences showed strong spatial autocorrelation, and were unrelated to
cave abiotic features. Large individuals were the most frequently parasitized. Moreover, predation on H.
sarrabusensis by the spider Tegenaria sp. was observed. The relationships between cave salamanders and B. algi-
ra show a complex pattern, with strong heterogeneity among species, populations and individuals.

KEY WORDS
Amphibia: Caudata: Plethodontidae; Hydromantes flavus, Hydromantes sarrabusensis; host-parasite inter-

actions, predation, parasites, parasitism, Batracobdella algira, spatial autocorrelation, caves; ecology, parasitology,
veterinary medicine, Sardinia, Italy

INTRODUCTION

European cave salamanders (genus
Hydromantes, subgenera Speleomantes
and Atylodes; see VIEITES et al. 2011 for
justification) are among the European
amphibians showing the highest rate of
endemism (SILLERO et al. 2014). Sardinia
hosts the highest richness of Hydromantes,

with five currently recognized species (SIL-
LERO et al. 2014); among them, the species
with the smallest range, Hydromantes
sarrabusensis LANZA, LEO, FORTI, CIMMA-
RUTA, CAPUTO & NASCETTI, 2001, was ele-
vated to the species rank in 2008 (CAR-
RANZA et al. 2008).
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Despite a growing interest on these
salamanders, comprehensive studies on
their ecology and on their interactions with
other components of the underground com-
munities are limited. For instance, there is
no information on the predators of most of
Sardinian Hydromantes (LANZA et al. 2006,
pag. 42). Large cave spiders (genus Meta)
are known to prey on the juveniles of the
continental species H. italicus (DUNN, 1923)
(PASTORELLI & LAGHI 2007), whereas infor-
mation on the interactions between spiders
and the Sardinian species are lacking.
Leeches frequently parasitize amphibians
(reviewed by RomaNo & D1 CErBO 2007).
The leech, Batracobdella algira (MOQUIN-
TANDON, 1846), is the only ectoparasite
known for the genus, and has been “fre-
quently found” on the north-eastern Sar-
dinian species H. flavus (STEFANI, 1969), H.

imperialis (STEFANI, 1969) and H. supra-
montis (LANZA, NASCETTI & BULLINI, 1986)
(Lanza 1999a; LANzA et al. 2006). How-
ever, there is no information on the actual
frequency of this parasite, nor on the eco-
logical factors related to its occurrence.

The present study reports the results of
a survey on the five species of Sardinian
Hydromantes with regard to these ques-
tions: 1) What is the prevalence of the ecto-
parasite B. algira on cave salamander popu-
lations? 2) Is the prevalence homogeneous-
ly distributed across populations and
species? 3) Is the prevalence related to envi-
ronmental features of caves, or to morpho-
logical features of individuals? As addition-
al data on interspecific relationships, the
first information on the predators of H.
sarrabusensis is reported.

MATERIALS AND METHODS

In June 2013 and June 2014 the
authors surveyed 120 Sardinian caves and
other underground cavities, to assess the
presence of cave salamanders. Hydroman-
tes salamanders are not necessarily restrict-
ed to the cave environments, and during
fresh and humid seasons (from autumn to
early spring) may present relevant outdoor
activity (LANZA et al. 2006). However, they
move to the humid underground environ-
ments when external conditions would be
too harsh (e.g., dry, hot) for lungless terres-
trial salamanders (CIMMARUTA et al. 1999;
Lungni et al. 2015). Therefore, during sum-
mer periods they are easily detectable in
caves, where they sometime reach high den-
sities (e.g., LANzA 1991; LANzA et al. 2006;
SaLvipio 2007; LINDSTROM et al. 2010;
FicETOLA et al. 2012b).

Visual encounter surveys (CRUMP &
ScotT 1994) were used to assess the distri-
bution of salamanders. In each survey, three
to six trained people actively searched for
salamanders perched on the floors and walls
of the caves. These were entered and
explored as far as feasible, given the avail-
able climbing equipment. For each sala-
mander observed, the presence of parasitiz-
ing Batrachobdella algira and, if possible,
total length were recorded. Each cave was

subdivided in 3-m longitudinal intervals
(hereafter: sectors) for the measurement of
environmental features (FICETOLA et al.
2013). The size of sectors approximately
corresponded to the home ranges known for
Hydromantes species (SALVIDIO et al. 1994).
The micro-habitat in each 3-m sector was
characterized by three measured parameters
representing the abiotic conditions: air tem-
perature (°C), relative humidity (%) and
illuminance (i.e., intensity of incident light,
measured in lux) (see FICETOLA et al. 2013
for additional methodological details).
Moran’s [ was used to assess whether
the prevalence of B. algira showed signifi-
cant spatial autocorrelation. Spatial auto-
correlation occurs when neighboring locali-
ties have similar values for the measured
parameters, such as species distribution data
or abiotic features. Spatial autocorrelation
of species distribution may arise because of
endogenous biological processes (e.g., ag-
gregation, dispersal, transmission of para-
sites between nearby hosts) or because the
distribution of individuals is determined by
environmental features which, in turn, are
autocorrelated (e.g., altitude, climate)
(WAGNER & FORTIN 2005; LEGENDRE & LE-
GENDRE 2012; FICETOLA et al. 2012a). In
this study case, tests of spatial autocorrela-
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Fig. 1: Location of the studied Hydromantes populations in Sardinia, Italy.
The black arrows indicate the populations in which parasitism
by the leech, Batracobdella algira (MOQUIN-TANDON, 1846) was detected.
Abb. 1: Die Lage der untersuchten Hydromantes-Populationen auf Sardinien, Italien.
Schwarze Pfeile weisen auf Populationen, in denen der Egel
Batracobdella algira (MOQUIN-TANDON, 1846) als Parasit auftrat.

tion allow to assess whether more para-
sitized populations are geographically clos-
er to each other than expected by chance
(LEGENDRE & LEGENDRE 2012).  Subse-
quently, the method of Bayesian equal-
tailed Jeffreys prior intervals was used to
estimate 95 % confidence intervals (CI) of
the parasite prevalence in the five study
species and in the infected populations
(BROWN et al. 2001). Comparative analyses
showed that Jeffreys intervals have a good

performance in estimating binomial CI,
even if sample size is limited (BROWN et al.
2001).

Generalized linear mixed models
(GLMM) that assume binomial error distri-
bution, were used to assess whether the
prevalence of parasites within cave sectors
was related to environmental variables
(temperature, humidity and illuminance).
This analysis was limited to the caves occu-
pied by H. flavus and H. imperialis, as B.
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Fig. 2: A - Hydromantes flavus (STEFANL, 1969), B - Hydromantes imperialis (STEFANI, 1969)
and C - Hydromantes genei (TEMMINCK & SCHLEGEL, 1838)
parasitized by the leech, Batracobdella algira (MOQUIN-TANDON, 1846).

Abb. 2: A - Hydromantes flavus (STEFANI, 1969), B - Hydromantes imperialis (STEFANI, 1969)
and C - Hydromantes genei (TEMMINCK & SCHLEGEL, 1838),
die alle vom Egel Batracobdella algira (MOQUIN-TANDON, 1846) parasitiert sind.
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Table 1: Frequency of individuals parasitized by the leech Batracobdella algira (MOQUIN-TANDON, 1846)
(prevalence) across species and populations of Sardinian Hydromantes. CI - confidence interval; * - None of the
individuals surveyed in caves during summer cave monitoring was parasitized. However, B. algira was found par-
asitizing one adult H. genei (TEMMINCK & SCHLEGEL, 1838) in outdoor activity during the wet season.

Tab. 1: Haufigkeit der vom Egel Batracobdella algira (MOQUIN-TANDON, 1846) parasitierten Individuen
(Privalenz) bei Arten und Populationen Sardischer Hydromantes-Arten. CI — Konfidenzgrenzen; * - Keines der
wihrend der sommerlichen Hohlenbegehungen untersuchten Individuen war befallen. Doch fand sich B. algira an
einem adulten H. genei (TEMMINCK & SCHLEGEL, 1838), der in der feuchten Jahreszeit auflerhalb der Hohle

angetroffen wurde. Cave — Hohle; sinkhole near the cave — Karsttrichter nahe der Hohle.

Hydromantes Location / Fundort Prevalence of B. algira / 95 % CI
Species Prévalenz von B. algira
H. flavus Whole range / Gesamtes Verbreitungsgebiet 0.092 0.039-0.180
Cave «Grotta degli Antenati», Lula, NU 0.50 0.123-0.877
Sinkhole near the cave «Grotta degli Antenati» 0.50 0.061-0.939
Cave «Su Enapruy», Lula, NU 0.10 0.021-0.284
H. genei Whole range / Gesamtes Verbreitungsgebiet 0* 0-0.009
H. imperialis Whole range / Gesamtes Verbreitungsgebiet 0.004 0.001-0.009
Cave «Genna ‘E Uay, Gairo Taquisara, OG 0.222 0.049-0.544
Cave «Sa Rutta Noay», Gairo Taquisara, OG 0.013 0.001-0.061
H. sarrabusensis ~ Whole range / Gesamtes Verbreitungsgebiet 0 0-0.030
H. supramontis Whole range / Gesamtes Verbreitungsgebiet 0 0-0.018

algira was detected on populations of these
two species only. Furthermore, the authors
tested whether there were differences in
body size between the parasitized and non-
parasitized individuals. This analysis was
limited to the individuals from the caves
where B. algira was detected. In mixed
models, cave and species identity were
included as random factors. Significance of
terms was assessed using a likelihood-ratio

test. Before analyses, if needed, variables
were transformed using logarithms (body
size, illuminance), or square-root-arcsine
(humidity) to reduce skewness and improve
homoscedasticity. The analysis of spatial
autocorrelation was performed using SAM
4.0 (RANGEL et al. 2010); Jeffreys intervals
and GLMM were computed in R using the
packages Ime4 and MKmisc (R DEVELOP-
MENT CORE TEAM 2014).

RESULTS

Parasitism by Batracobdella
algira.- Overall, 1380 Hydromantes indi-
viduals from 55 cavities were inspected
(Fig. 1). Batrachobdella algira was detect-
ed on six individuals of H. flavus and three
H. imperialis from five cavities (Table 1,
Fig. 1). The frequency of parasitized indi-
viduals showed significant spatial autocor-
relation (Moran’s / = 0.202, P < 0.001), as
caves with parasites were geographically
clustered (Fig. 2). Furthermore, the fre-
quency of parasitized individuals was sig-
nificantly dlfferent among species (likeli-
hood ratio test: 2, = 35.2, P < 0.001), as H.
flavus showed much hi gher frequencies than
the other species (Table 1).

No relationship was found between
environmental features and the frequency of
parasitism, as the frequency of parasmsm
was unrelated to temperature (GLMM ]
=0.04, P =0.84), humldlty(x 1=0.97, P=
0.33) or illuminance (x2; = 0.07, P = 0. 79).
Within the five cavities with B. algzra body
length of 119 individuals was measured.
Parasitized individuals were significantly
larger than the non-parasitized salamanders
(GLMM: 42, = 14.9, P < 0.001, Fig. 3).

Predation.- One dead juvenile H.
sarrabusensis was detected within the sheet
web of a funnel-web spider of the genus
Tegenaria (Fig. 4). The individual was rel-
atively large (Total length 6.5 cm).
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Fig. 3: Differences in body size (cm) between Hydromantes cave salamanders parasitized and
non-parasitized by Batracobdella algira (MOQUIN-TANDON, 1846). Error bars are standard deviations.
Abb. 3: Unterschiede in der KorpergroBie (cm) zwischen vom Egel Batracobdella algira

(MOQUIN-TANDON, 1846) parasitierten und nicht parasitierten Hydromantes-Individuen.
Fehlerbalken zeigen die Standardabweichung an.

DISCUSSION

A strong heterogeneity was observed
in the frequency of ectoparasites on Hydro-
mantes populations: the leech Batracobdel-
la algira was detected on multiple popula-
tions, but its prevalence was uneven across
populations, species and individuals. First
of all, the prevalence of parasites showed
strong spatial autocorrelation. The five pop-
ulations parasitized by B. algira were clus-
tered in two very small areas, whereas the
majority of populations were apparently
unaffected (Fig. 1). Conversely, no rela-
tionship was found between the recorded
abiotic features of caves and prevalence.
Spatial autocorrelation of species distribu-
tion data is often high, and can be caused by
endogenous population processes determin-
ing clustering, such as dispersal and interac-
tions between individuals, or by exogenous,
autocorrelated factors determining species
distribution (WAGNER & FORTIN 2005;
FICETOLA et al. 2012a). Spatial autocorrela-
tion for the distribution of parasites or of
infections is frequent (VAUGHN & TAYLOR

2000; FINk & KOFOET 2005; SLATER &
MicHAEL 2013). Indeed, other studies
showed that spatial autocorrelation may be
more important than environmental hetero-
geneity to explain the prevalence of para-
sites, suggesting a major role of the popula-
tion-level processes of transmission of para-
sites occurring among hosts (VAUGHN &
TAYLOR 2000; FINK & KOFOET 2005; SLATER
& MICHAEL 2013). Furthermore, spatial
autocorrelation may also occur because the
frequency of parasites is correlated to envi-
ronmental features not explicitly consid-
ered, such as climatic variation (exogenous
factors). Unfortunately, the limited number
of localities with B. algira precluded analy-
ses of relationships between prevalence and
climate.

Prevalence was also strongly variable
among species. Hyromantes flavus showed
the highest prevalence, with overall values
distinctly higher than any of the other spe-
cies (Table 1), while prevalence values were
relatively low and homogeneous among the
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Fig. 4: Juvenile Hydromantes sarrabusensis LANZA,
LEo, FORTI, CIMMARUTA, CAPUTO & NASCETTI, 2001,
within a Tegenaria spider web.

Abb 4: Juveniler Hydromantes sarrabusensis LANZA,
Leo, Forti, CIMMARUTA, CAPUTO & NASCETTI, 2001,
im Gespinst einer Tegenaria Spinne.

remaining species. For instance, B. algira
was not detected on populations of H.
supramontis, even if previous studies
showed that this salamander can be para-
sitized (LANZA 1999b). Nevertheless, the
observed prevalence in H. imperialis
(0.004) fell within the 95 % CI estimated for
H. supramontis (0-0.018, Table 1). The
authors are not aware of previous studies
observing parasitism of B. algira on H.
genei (TEMMINCK & SCHLEGEL, 1838)
(LANza et al. 2006). However, during occa-
sional surveys performed in the wet season
(October 2013; Mt. Tamara, Nuxis munici-
pality), B. algira was seen parasitizing one

adult H. genei in outdoor activity (Fig. 2C),
so this species might have a low prevalence,
comparable to the one of H. imperialis (95
% CI estimated for H. genei: 0-0.009 Table

1).

Despite the authors’ attempt to com-
prehensively cover the range of all the spe-
cies by sampling during the dry season when
the salamanders’ density in hypogeous habi-
tats is maximum, the strong spatial hetero-
geneity makes it difficult to generalize; thus,
it is quite possible that unsampled popula-
tions show different prevalence values.
Furthermore, the relationships between
Batracobdella and Hydromantes life cycles
should also be investigated during the
autumn and winter months, when the sala-
manders are in the outside environment,
even if their concentration and detectability
might be lower.

Leeches prevalence was also hetero-
geneous among Hydromantes individuals.
Within the populations with prevalence > 0,
the parasitized individuals were significant-
ly largest (Fig. 3). Unfortunately, the sam-
ple size was limited, and the interactions
between B. algira and cave salamanders are
largely unknown (MINELLI 1979), therefore
it is difficult to unravel the causes of such
differences. Body size differences might
occur because the large individuals are able
to withstand the parasite load longer, or
might be related to other unknown process-
es of the host-parasite relationship.

Information on prey-predator relation-
ships for the recently described H. sarra-
busensis are essentially lacking. Tegenaria
spiders are widespread across Europe and
make typical sheet webs which extend from
a tubular retreat in different kind of habitats
including rocky surfaces, walls and anthrop-
ic buildings (RoBERTS 2001). Different spe-
cies have been observed at cave entrances or
in hypogeous artificial habitats, where it is
supposed that they can interact with other
organisms dwelling in the cave twilight
zone (Isala et al. 2011). While the preda-
tion of cave spiders of the genus Meta on
Hydromantes juveniles was reported for the
continental salamander species, there is no
information on the interaction between spi-
ders and the Sardinian Hydromantes
species. The present study provides the first
evidence that funnel-web spiders of the
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genus Tegenaria may prey on Hydromantes
salamanders and give insights on predators
that may affect H. sarrabusensis popula-
tions.

Recent studies on Sardinian cave
salamanders contributed to the knowledge
of their evolution, taxonomy, distribution,
life history, disease risk and ecological rela-
tionships (e.g., CARRANZA et al. 2008; VAN
DER MENDEN et al. 2009; DE Pous et al.
2012; CHIARI et al. 2013a, 2013b; PASMANS

et al. 2013; LuNGHI et al. 2014), but knowl-
edge of these highly endemic species
remains far from being complete. The rela-
tionships between cave salamanders and B.
algira show a complex pattern, with strong
heterogeneity among species, populations
and individuals. More studies are required
to understand the host-parasite dynamics
and the processes promoting differences in
prevalence among species and individuals.
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