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Abstract

The decay of similarity between biological communities with increasing geographical distance is a well-established pattern in
ecology, but there are more complex factors acting on host population connections that influence this association for parasite
communities, such as parasites’ colonization ability and degree of connectivity between host populations. Here we aim to de-
termine the helminth communities associated with different populations of the host lizard Hemidactylus mabouia, testing if the
similarity of parasite communities decreases as the distance between them increases. For this, we collected samples of lizard
populations in seven sites from Northeastern coast of Brazil and identified parasite species of helminths and pentastomids in
each host, calculated the Serensen indices of presence/absence and abundance of each pair of communities and related them to
the geographical distance. We did not find a relationship of decaying similarity with increasing distance between the parasite
communities of the host populations. This can be explained by factors such as the characteristics of the contact between the host
populations, and by modes of transmission of most parasite species. Furthermore, it may be related to the exotic nature of the
host in Brazil so that parasite communities have not reached equilibrium.
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Introduction

Understanding the distribution patterns of individuals and
species across multiple spatial scales is important because it
provides crucial information to describe the forces that struc-
ture and maintain biological diversity (Harte ez al. 2005). The
decay of similarity between biological communities with in-
creasing geographical distance is a well-established pattern in
ecology (Ricklefs 1987; Nekola and White 1999; Soininen
et al. 2007). Parasite communities are good models for such
studies, because their moderate richness of species in a well-
delimited habitat (the hosts) makes it possible to sample all
the species (Poulin 2003).

Several studies have been performed regarding the relation-
ship between distance and the similarity of parasite communities
in various host taxa, such as mammals (Poulin 2003; Krasnov
et al. 2005; Brouat and Duplantier 2007; Vinarski et al. 2007),
fishes (Poulin and Morand 1999; Poulin 2003; Karvonen and
Valtonen 2004; Fellis and Esch 2005; Oliva and Gonzalez 2005;
Karvonen and Valtonen 2009), molluscs (Thieltges et al. 2009)
and birds (Locke et al. 2011). In several cases a decay in simi-
larity with distance was observed, although many other factors,
such as the type of habitat and the host’s dispersal ability (Poulin
2003; Soininen et al. 2007), as well as time (Hubbell 2001) are
also important. Clearly therefore, for broader generalizations
there is a need to test other host taxa, for example reptiles.

*Corresponding author: castieleholanda@gmail.com
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Contrary to what happens in free-living species, the envi-
ronmental similarity for parasites involves not only the phys-
ical environment, but also the environment resulting from the
species composition of the parasite community in the host
(Vinarski et al. 2007), or even the intraspecific geographical
variation in the host’s response to parasite attacks (Ardia
2005). In general, the parasites’ dispersal potential is much
smaller than their hosts’ dispersal potential (Poulin 2003), be-
cause parasites usually depend on their hosts for dispersion.
The similarity of parasite communities between host popula-
tions is also affected, among other things, by the parasites’
colonization ability and by the vagility and the degree of
connectivity between host populations, both in the present
and as a reflection of the past (Brouat and Duplantier 2007;
Karvonen and Valtonen 2009).

Generally, the composition similarity of parasite commu-
nities decays exponentially as the geographical distance be-
tween the host populations increases. However, this is not a
rule for all species, since there is significant temporal and spa-
tial variation, as well as short-term effects and local processes
that are associated with the structure of parasite communities
that bar the generality of conclusions reached for individual
systems (Poulin 2003; Karvonen and Valtonen 2009).

Hemidactylus mabouia (Moreau de Jonngés, 1818) (Squa-
mata, Gekkonidae) is a lizard species widely distributed in
Africa (Carranza and Arnold 2006), where it is native, and in
America (Vanzolini 1978; Baldo et al. 2008; Rocha et al.
2011), where it is exotic. In Brazil, H. mabouia is well estab-
lished in anthropic environments, but it is also found in natu-
ral ones (Rocha et al. 2011). Aspects of its ecology have been
well elucidated (Vitt 1995; Rocha and Anjos 2007; Anjos and
Rocha 2008), as well as studies concerning its parasites (Anjos
et al. 2005; Avila and Silva 2010). However, parasite studies
of H. mabouia only described the composition of parasite
species from isolated populations. Since this lizard species has
a wide distribution, relative abundance and several ecological
aspects are well-known, it is a good model organism for eco-
logical studies.

Since biological communities tend to be more similar as
the distance between them decreases, we expected to find
decay in similarity with the distance of parasite component
communities in populations of H. mabouia. Therefore, our ob-
jective was to investigate how geographical distance influences
the similarity of parasite communities (helminths and pentas-
tomids) of the exotic lizard H. mabouia, and to compare the
patterns observed with those determined in other host groups.
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Fig. 1. Map of the Northern Coast of Northeast Brazil with the sampled sites of the lizard host populations Hemidactylus mabouia (Source:

R Program)
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Fig. 2. Rarefaction curve of parasite communities of the lizard host Hemidactylus mabouia from sampling sites: 1-Paulino Neves, 2-Parnaiba,
3-Acarat, 4-Sdo Gongalo, 5-Fortaleza, 6-Aracati, 7-Icapui (Source: R Program)

Material and Methods

We collected lizards in urban areas from seven towns on the
North East coast of Brazil (Fig. 1), between March and June
2013, the wet season. The linear distances between the towns
vary from 48 to 619km. This study area is a biogeographically
complex region, with species from several Brazilian biomes,
including Caatinga and Cerrado savanna, Atlantic and Ama-
zon rainforests and vegetation from restinga, typical of the
Brazilian coast (Ab’Saber 2002). Annual rainfall ranges from
986 to 1222mm/year and average temperature from 26 to
27.5°C across all collection sites (Santos-Filho 2009; Castro
et al. 2012; Oliveira and Frota 2011). We performed the lizard
collections in the same season, in places with similar climatic
and vegetation features to reduce the effects from other factors
that may affect the composition of parasite communities aside
from geographical distance.

We collected lizards manually or with a rubber band, be-
tween 18.00 and 05.00h. Individuals that were not killed dur-
ing capture were anesthetized with Ketamina and euthanized
with potassium chloride (CFMV 2002). We preserved the li-
zards in formaldehyde and deposited them in the ‘Colegdo de
Herpetologia do Nucleo Regional de Ofiologia da Universi-
dade Federal do Ceara (CHUFC)’.

To obtain parasites, we dissected the lizards and inspected
their organs (stomach, intestines, lungs, liver, gall bladder
and body cavity) for endoparasites. We removed the parasites
and preserved them in ethanol. Then, we identified the
helminths and pentastomids and deposited them in ‘Colecdo
Helmintologica do Departamento de Parasitologia do Instituto
de Biociéncias (CHIBB), Unesp, campus de Botucatu’.

We used terms of parasite ecology from Bush, Lafferty,
Lotz and Shostak (1997). We used the rarefaction method to
test if species richness was biased by sampling effort (Gotelli
and Colwell 2001). We estimated the prevalence and the mean
intensity of infection for each parasite species and estimated
overall prevalence, overall mean intensity, overall richness,
overall diversity (Shannon index) and mean diversity (Bril-
louin index) for each sampled community (site). The Shannon
and Brillouin indices were estimated using PAST (Hammer
et al 2001).

We used two indices to determine the similarity between
the parasite communities. First we used the Serensen index
for presence/absence data to measure the similarity in com-
position of parasite species, with C = 2j / (a + b), where j is
the number of parasite species common between the two host
populations; and a and b are the numbers of species found in
the first and in the second populations, respectively. Second,
we used the Serensen quantitative index to measure the simi-
larity in abundance of parasite species between populations,
with C, = 2j, / (a,+ b,), where a,,is the sum of the abundance
means of parasite species in the first host population, b, is the
sum of the abundance means of parasite species in the second
host population and j, is the sum of the lowest of the two
species abundances of the two host populations (Magurran
1988). Both indices ranges from 0 to 1, where 0 represents
two totally different communities and 1 represents two totally
similar communities. We used the software program Esti-
mateS (Colwell 2013) to measure these indices.

In order to analyze the effect of the geographical distance
on the similarity of communities, we performed linear regres-
sion analyzes with the distance between each pair of sampled
sites and their qualitative and quantitative similarities (pres-
ence/absence and abundance, respectively) of parasite com-
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Table 1. Parasite species of the lizard host Hemidactylus mabouia. Kind of transmission: direct (D) and indirect (I). Site of collection:
1-Paulino Neves, 2-Parnaiba, 3-Acarat, 4-Sdo Gongalo, 5-Fortaleza, 6-Aracati, 7-Icapui. Prevalence (P). Mean Intensity of Infection
(MII) + Standard Deviation (SD). Infection Sites (IS): S = stomach, SI = small intestine, LI = large intestine, BC = body cavity, LU = lung,

LI = liver, GB = gall bladder

Species Transmission Site P (%) MII + SD (range) IS
NEMATODA

Parapharyngodon alvarengai (Freitas, 1956) D All 32.15 243 £2.15(1-11) SI, L1
Physaloptera retusa (Rudolphi, 1819) 1 1,3,4,5,7 6.16 321 £4.21 (1-10) S,SLLI
Skrjabinodon sp. (Inglis, 1968) D 5 1.32 11.33 £1.19 (1-30) LI
TREMATODA

Digenea:

fé%’sy:aocif”fg’lnoip' (Looss, 1907) and Paradistomum sp. I All 3171 94+11.78(1-59) GB,SLBC
CESTODA

Oochoristica sp. (Liihe, 1898) 1 1,2,3,4,5,7 6.16 1.28 +£2.75 (1-5) SI
Plerocercoid larvae 1 3,5,6,7 2.2 6.4 +8.53 (1-21) BC,LI
Proteocephalidae (La Rue, 1911) I 3 0.88 1+0(1) SI
ACANTHOCEPHALA

Centrorhynchidae (larvae) (Van Cleave, 1916) I 1,2 1.76 3.75 £ 1.7 (2-6) BC
PENTASTOMIDA

Raillietiella frenatus (Ali, Riley and Self, 1981) I 1,3,5 3.96 3.33+£3.5(1-11) LU

munities. Additionally, we performed a cluster analysis with
the parasite communities from each site and used the Serensen
presence/absence index as a similarity measure using PAST
(Hammer et al. 2001). Statistical analyses were performed
using the R platform (R Development Core Team 2012).

Results

From all 227 lizards collected, we registered one pentastomid
species and nine helminth species, including one acantho-
cephala, two digenea, three cestodes and three nematodes
(Table I). Although we could identify the digenean species,
the identification of most digenean specimens was not possi-
ble because of methodological procedures and thus we will
just refer to the group Digenea. Parapharyngodon alvarengai
was the most prevalent species, present in 32.15% of the
lizards, and Digenea was the most abundant taxon, with a

mean intensity of 9.4 + 11.78 individuals per lizard and repre-
senting 63.9% of all parasite specimens found.

The rarefaction curves shows tendency to established lines
for all sampling sites, indicating sampling sufficiency (Fig. 2),
hence it is unlikely that the sampling effort has biased the re-
sults. The parasite community with the largest Shannon and
Brillouin indices was from the host population from Icapui,
which had the third lowest richness and the lowest overall
prevalence (Table II), highlighting that a greater number of in-
fected lizards does not necessarily represent a greater number
of parasite species.

The most similar parasite communities are those from the
host populations from Icapui and Sdo Gongalo, which are sep-
arated by more than 200 km (Figs 1 and 3). The community
from the host population from Aracati was the most distant in
terms of similarity of all communities, possibly associated
with it having the lowest richness, total and mean diversities
(Table II).

Table II. Infection patterns and diversity indices of parasite communities of the host Hemidactylus mabouia among sampled sites: 1-Paulino
Neves, 2-Parnaiba, 3-Acarat, 4-Sdo Gongalo, 5-Fortaleza, 6-Aracati, 7-Icapui

st Ovrlpestace Membsiy  ganes Doy Vet
1(30) 53.3 14.1£15.5 6 0.821 0.779
2 (30) 433 6.4+93 4 0.847 0.786
3@31) 54.8 11+11.9 7 1.095 1.038
4 (34) 47.0 6.3+4.1 4 1.038 0.979
5@39) 66.6 6.7+6.7 7 1.363 1.299
6 (31) 45.1 13.9+17.0 3 0.368 0.342
7 (32) 37.5 7.3+£10.2 5 1.436 1.348
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Fig. 3. Cluster analysis of the parasite communities from each sam-
pling site of the lizard host Hemidactylus mabouia according to their
qualitative similarity (presence/absence) (Serensen index) (Source:
PAST)

We did not find a relationship between geographical dis-
tance and the similarity of the parasite communities, neither
in presence/absence similarity (R? = 0.025; Fl,=152,p=
0.23) nor in abundance similarity (R* =-0.052; F, |, = 0.003;
p = 0.95) (Fig. 4). Since Karvonen and Valtonen (2009) sug-
gest that patterns of organization of communities may be
masked by the most abundant species, we performed the re-
gression tests excluding first the most abundant taxon (Di-
genea) and then the two most abundant taxa (Digenea and P.

alvarengai) but this did not change the results.
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Discussion

Populations of exotic species usually have lower numbers of
parasite species than native populations (Torchin ez al. 2003),
because parasites are often left behind during the course of the
host range expansion (Phillips et al. 2010), and this is cited as
one of the reasons for the success of many introduced species
(Keane and Crawley 2002). Contrary to what was expected
for an exotic species, H. mabouia has about the same number
of parasite species compared to native populations of other
Brazilian lizard species (Menezes et al. 2004; Anjos et al.
2011; Barreto-Lima ef al. 2011; Anjos ef al. 2012).

The similarity in composition of parasite communities pres-
ents an exponential decrease as the distance increases in many
host species (Poulin 2003). However, many other factors play
arole, which explains why various other studies apart from this
one also did not find this correlation (Felis and Esch 2005; Oliva
and Gonzalez 2005). Hemidactylus mabouia is an exotic species
with a great power of dispersion and colonization (Baldo et al.
2008; Rodder ef al. 2008; Rocha et al. 2011) and that already
has about 20 metazoan endoparasite species (helminths and
pentastomids) registered only in South America (Anjos ef al.
2005; Avila et al. 2012). Most of the parasite species recorded
here are generalists, parasitizing other native hosts (Avila and
Silva 2010), except the pentastomid Raillietiella frenatus, which
has an African origin and probably followed the colonization
pattern of the host (Anjos et al. 2008). Similar results were
founded in an invasive species in Australia, H. frenatus, where
the parasite fauna was predominantly composed by generalist
species, but with one species that did not occur in the invaded
area (Barton 2015). Knowing that H. mabouia has a parasitic
fauna composed mainly of generalist species, which is charac-
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Fig. 4. Relationship between the Serensen indices of qualitative similarity (presence/absence) a and quantitative similarity (abundance) b and
the geographical linear distances between each pair of sampled sites for the parasite communities of the lizard host Hemidactylus mabouia

(Source: R Program)
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teristic of exotic host species, it should be influenced by para-
site communities of other host species from each site and this
can possibly mask the effect of the distance in the similarity of
parasite communities in this host species.

Parasite communities dominated by direct life cycle species
provide important information about the spatial dynamics of
the contact between hosts (Biek et al. 2006), where the host
dispersal may be the main determinant of the spatial variation
of the parasite communities’ composition, features that may
lead to a distance decay of similarity. However, in the present
study, most parasite species found has indirect transmission,
which involves more than one host species (Table I). In this
case, the parasite communities’ composition may be more in-
fluenced by other factors (that have more influence in other
stages of the parasite’s life cycle) rather than by the contact be-
tween H. mabouia populations. Furthermore, the expansion of
H. mabouia into this region of Brazil is recent. Exactly how
this expansion took place is also unknown, although exotic
Hemidactylus in North American expand rapidly through a mix
of jump and diffusion dispersal (Locey and Stone 2006). This
may well obscure any simple correlation between similarity in
parasites and distance, making it likely that other exotic hosts
will also not demonstrate this pattern. Furthermore, the speed
of the spread may mean that parasite communities are not yet
in equilibrium. With time, more parasite species may be ac-
quired that may alter the current findings.

Brouat and Duplantier (2007) proposed two explanations
for the absence of the distance decay of similarity in parasite
communities in a mammal species (Mastomys natalensis) that
lives in anthropic environments. One possibility is that the
habitat fragmentation for this species makes the movement of
individuals between the populations difficult. Another is that
those individuals that disperse have little or no parasites,
avoiding the transmission of parasites between populations
and masking the effect of the distance. The first hypothesis
has some congruencies with this study. Like M. natalensis, H.
mabouia is found in urban areas and the population connec-
tivity of this lizard may be more dependent on anthropogenic
flow between towns, with the lizards transported passively,
rather than active dispersal by itself.

On the other hand, the second hypothesis seems less likely
over the geographic distances involved. Juveniles inside popu-
lations do have greater tendencies to disperse, induced mainly by
aggressive interactions with larger individuals (Bonfiglio et al.
2006) and an ontogenetic spatial differentiation in habitat use
was observed in populations of this study (Bezerra ef al. unpub-
lished data). Considering that juveniles usually have lower in-
fection indices than adults (Poulin 1997), the greater dispersal
of juveniles may result in a low rate of parasite dispersal through
diffusion, but jump dispersals (Locey and Stone 2006), such as
those between cities, would be unaffected.

Environmental differences between two sites will affect
the similarity in their parasite communities regardless of the
geographical distance (Poulin ez al. 2011a,b). Although we
did not measure the environmental variables in each sam-

pled site, they are all in the same latitudinal range, in the
Northern Coast of Northeast Brazil, and have similar cli-
matic characteristics, which should minimized the effects of
environmental differences in the parasite communities of AH.
mabouia. However, it would be interesting to further test
this, by comparing the diet of different populations to verify
if it varies, and also to verify if dietary similarities reflect
parasite community resemblance.

In general, the absence of a relation of distance decay of
similarity in parasite communities in the host H. mabouia may
be explained by several factors, many of which are associated
with the exotic nature of the host species. Assessment of other
introduced species will therefore be useful in refining the gen-
eral patterns and expectations behind this relationship.
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