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Patterns of distance decay in similarity among communities of the fish Pinguipes brasilianus (Teleostei:
Pinguipedidae) from five areas in the southwestern Atlantic were investigated to determine whether
the rate of decay varied depending on the community level or the parasite guild analyzed (ectoparasites,
adult endoparasites and larval endoparasites). Similarities in species composition were computed at both
the component community and infracommunity levels. Similarity indices were calculated between all
possible pairs of assemblages from different zones. Infracommunity similarity values between and within
host populations were averaged. Significance of linear regressions for similarity values against distance
was assessed using randomization tests. Different patterns were observed for each guild, and similarity
among infracommunities within host populations varied accordingly. Decay in similarity over distance
was recorded for most communities. The slopes differed significantly between infracommunities and
component communities in all cases, and stronger decay was always observed for infracommunities.
Different geographical patterns in parasite communities were a consequence of variability in parasite
availability in the different regions, modulated by oceanographic conditions, as well as variation among
species in terms of host specificity and life-cycles strategies. Infracommunities showed a stronger effect
of distance than component communities, probably due to the influence of short term and local variabil-
ity of oceanographic conditions.

� 2009 Australian Society for Parasitology Inc. All rights reserved.
1. Introduction

Understanding geographical variation in the composition, abun-
dance and diversity of parasite communities is one of the most
important challenges for parasite ecology (Luque and Poulin,
2007; Poulin, 2007a). Parasite species richness has been commonly
shown as highly variable and poorly repeatable in space at local or
regional geographical scales (Poulin 2007b; Bordes and Morand,
2008). However, during recent decades, some large-scale geo-
graphical patterns in parasite diversity have been found, the most
conspicuous of those being a latitudinal gradient in species rich-
ness (Rohde, 1992, 1999, 2005; Rohde and Heap, 1998), which
shows that in marine fish, parasite diversity varies as a function
of latitude.

More recently, another macroecological pattern has been
uncovered by parasite ecologists, the distance decay of similarity
in species composition among communities (Poulin and Morand,
sitology Inc. All rights reserved.

: +54 223 4753150.
1999; Poulin, 2003). It consists of a decrease in the proportion of
species shared by two communities with increasing distance
between them, and is the outcome of ecological or evolutionary
phenomena shaping spatial patterns in biodiversity and biogeogra-
phy (Nekola and White, 1999; Soininen et al., 2007).

A negative relationship between community similarity and geo-
graphic distance is often attributed to environmental gradients
(Nekola and White, 1999; Soininen et al., 2007). However, non-
contiguous regions with similar environmental conditions harbor
distinct assemblages of vertebrates and plants, suggesting that
other factors can play a role (Bjorholm et al., 2008). Some authors
have emphasized dispersal limitation due to geographic barriers
(Nekola and White, 1999), but spatially limited dispersal can
generate distance decay in community similarity even when no
barriers are present (Bjorholm et al., 2008). A combination of both
environmental gradients and dispersal limitation is expected to
produce a negative relationship between community similarity
and geographic distance (Qian et al., 2005), and community ecolo-
gists have long debated whether spatial patterns of biodiversity are
limited by these factors.

http://dx.doi.org/10.1016/j.ijpara.2009.07.006
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The rate at which biological similarity decays with increasing
distance can shed light on some of the processes acting on it and
parasite communities, because all their species can be enumerated,
represent good models for investigations of such rates (Poulin,
2003). Therefore, the increasing number of studies reporting a dis-
tance decay of similarity for parasite assemblages is not surprising.
These studies have focused on helminth parasites of mammals
(Poulin, 2003; Brouat and Duplantier, 2007), freshwater fishes
(Poulin, 2003; Fellis and Esch, 2005; Seifertová et al., 2008), marine
fishes (Oliva and Gonzalez, 2005; Pérez-del-Olmo et al., 2009) and
marine molluscs (Thieltges et al., 2009), as well as of arthropod
ectoparasites of mammals (Krasnov et al., 2005; Vinarski et al.,
2007).

Although similarity in the composition of several parasite com-
munities investigated to date appears to decay exponentially or
linearly with increasing distance, many others showed no such
pattern. A variety of processes related either to the parasites, their
host or its habitat have been identified as causes of similarity de-
crease for those parasite communities displaying this pattern, such
as the vagility and dispersal rates of the host, phylogenetic distance
between host populations, the host geographic range and the exis-
tence of a favorable centre of distribution, as well as stochastic
events, environmental gradients, habitat fragmentation or the
composition and structure of the parasite supracommunity (Pou-
lin, 2003; Fellis and Esch, 2005; Krasnov et al., 2005; Oliva and
Gonzalez, 2005; Brouat and Duplantier, 2007; Vinarski et al.,
2007; Seifertová et al., 2008; Pérez-del-Olmo et al., 2009).

The present state of knowledge, however, makes it difficult to
discern any general rule governing the distance decay of similarity
in species composition among parasite assemblages. This is partic-
ularly due to the use of different measurements of similarity
(namely Jaccard́s, Sørenseńs qualitative and quantitative, and
Morisitás indices), the choice of which is still under discussion
(see Baselga, 2007; Soininen and Hillebrand, 2007) and the use of
different geographical scales, which preclude a comparison of rates
at which biological similarity decreases. However, almost all previ-
ous studies share a common feature: they all tested the distance
decay of similarity at the component community level. To our
knowledge, only Pérez-del-Olmo et al. (2009) have recently tested
the similarity-distance decay hypothesis on a marine host–parasite
system inferring the relationship at the component community
level, but also from abundance data at the infracommunity level
of the bogue, Boops boops, in Spain.

Component communities (the assemblage of populations of all
parasite species exploiting a host population at one point in time;
Bush et al., 1997) are long-lived assemblages that can last as long
as the host population persists in time (Poulin, 2007c). They are
formed over evolutionary time scales by different processes, such
as speciation, extinction, colonization or host switching (Poulin,
2007c). Their species richness is influenced by rare species, and
therefore by sampling effort (Guégan and Kennedy, 1996), and spe-
cies that are rare in one area but common in others can increase
considerably in similarity, especially qualitative similarity. On the
other hand, infracommunities (all parasites of different species in
the same host individual; Bush et al., 1997) are assembled over
ecological time scales by infection, intra- and inter-specific interac-
tions and demographic processes (Poulin, 2007c). Infracommuni-
ties also allow robust statistical testing and the effect of rare
species is negligible in comparisons between large samples. Fur-
thermore, infracommunities can be completely quantified, and
their similarity values are not estimated, but real. Therefore,
infracommunities could be useful indicators of local or regional
environmental conditions. Despite that, and with the exception
of the paper by Pérez-del-Olmo et al. (2009), no other studies of
similarity decay with increasing distance have been carried out
at this community level.
Coastal marine fish, which live in a continuous habitat without
real barriers, show the highest values of similarity among their
parasite communities among vertebrate host species (Poulin,
1997). However, Oliva and Gonzalez (2005), the first study on sim-
ilarity decay in parasite assemblages of marine fish, have found a
significant decay of similarity in the composition of parasite com-
munities of three of the four host species analyzed. On the other
hand, Pérez-del-Olmo et al. (2009) found no consistent evidence
to support the decay of compositional similarity over distance for
component communities, but detected that geographical distance
between localities contributes significantly to the decay of similar-
ity estimated from parasite abundance at the infracommunity le-
vel. These analyses were based on binary (presence–absence)
data for component communities and abundance for infracommu-
nities, and on similarity measurements different from those previ-
ously applied in other studies, namely distance matrices using the
neighbor joining method for component communities and Maha-
lanobis distances derived from a linear discriminant analysis for
infracommunities. Therefore, the present study is to our knowl-
edge the third one investigating such patterns in marine fishes,
the second one analyzing the similarity-distance decay at infra-
community level and the first one based on both binary and abun-
dance data, using similarity measurements previously tested in
other host–parasite systems (Jaccard and Sørensen similarity
indices).

The present study is based on our own data on parasite assem-
blages, which ensures taxonomic consistency, and also on hosts
gathered over a short time scale (around 1 year) avoiding the influ-
ence of longer-term processes. In addition, locality effects exceed
seasonal ones, indicating that short-term processes are also negli-
gible in the study system (Timi et al., 2009). Finally it covers the
entire distributional range of the host species, a geographical scale
not previously investigated in this kind of study in a marine
environment.

The first objective of this study was to determine whether the
similarity in the species composition of parasite communities of
a marine fish tends to decay exponentially with increasing distance
among host populations in the southwestern Atlantic. The second
objective was to assess whether the distance decay patterns that
have been shown for several parasite component communities also
apply to infracommunities and to determine whether the rate of
decay differed depending on both the community level and the
parasite guild analyzed (ectoparasites, adult endoparasites and lar-
val endoparasites). We expected a stronger effect of distance on
similarity decay at the infracommunity level than for component
communities, because short-term and local variability in oceano-
graphic conditions should produce a higher rate of distance decay
when individual hosts are considered as habitats.
2. Materials and methods

2.1. Fish and parasite sampling

The data set comprises the parasite communities of the Brazil-
ian sandperch, Pinguipes brasilianus Cuvier, 1829 from five areas in
the southwestern Atlantic (Fig. 1), including the northern and
southern boundaries of its range (Rio de Janeiro, Brazil and Nuevo
Gulf, Argentina) (Rosa and Rosa, 1997). Data from four zones in
Argentinean waters were obtained from previous studies which
aimed to use parasites as indicators for discriminating among fish
populations (Timi et al., 2008, 2009). Therefore, there are signifi-
cant differences among them. The data sets are summarized in
Table 1. Fifty fish were randomly selected from each of the four
zones in the Argentinean Sea, and an additional sample of 50
sandperches from Cabo Frio, Rio de Janeiro, was included in the
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comparisons. According to their geographic location, samples can
be assigned to different faunistic provinces in the Atlantic environ-
ment of South America: those from Rio de Janeiro (RJ) belong to the
Brazilian Province which occupies the area between the Orinoco
delta and State of Santa Catarina (Floeter and Gasparini, 2000),
whereas those from Villa Gesell (VG) and Miramar (MI) to the
Argentine Province (Bonaerense region), and those from north Pat-
agonian gulfs, Puerto Lobos (PL) and Craker Bay (CB) to the ecotone
between the Argentine and Magellanic Provinces (Floeter and
Gasparini, 2000; Bogazzi et al., 2005).

Fish were either kept fresh or deep frozen in plastic bags at
�18 �C until examination. After thawing, the total length was mea-
sured (TL, cm). Parasites were recovered from the body surface,
gills, branchial and body cavities and viscera (stomach, intestine,
liver, gonads, and mesenteries) by stereoscopic microscopy.

2.2. Community descriptors

The following community descriptors were calculated at the
infracommunity level: number of parasites in each infracommuni-
ty, species richness and Brillouin’s index of diversity, the latter only
for those fish harboring at least two parasite species (Magurran,
1988). Because data did not meet the requirements for parametric
tests, the effects of locality on each community descriptor were
analyzed with Kruskall–Wallis and a posteriori Tukey tests (Zar,
1999).

2.3. Similarity analysis

Similarity in parasite species composition and geographical
distance were computed at component community and infracom-
Table 1
Composition of samples of Pinguipes brasilianus in five zones of the southwestern Atlantic

Host population Locality code Latitude, longitude Date

Cabo Frio, Rio de Janeiro RJ 22�530S, 42�000W Febr
Villa Gesell VG 37�150S, 57�230W Febr
Miramar MI 38�030S, 57�300W July–
Puerto Lobos PL 42�000S, 65�100W Dece
Craker Bay CB 42�090S, 64�050W Dece
munity levels. Both the Jaccard and Sørensen similarity indices
(qualitative and quantitative, respectively) (Magurran, 1988) were
calculated between all possible pairs of host populations (compo-
nent communities) and pairs of hosts (infracommunities) from dif-
ferent zones. Similarity values of infracommunities between each
pair of host populations were averaged. Sørensen’s indices for com-
ponent communities were calculated on average total abundance.

As infracommunities can be purely stochastic assemblages,
coming together entirely at random (Poulin, 2007c), their similar-
ity among host populations could also vary randomly. Therefore
the ‘‘intrinsic” similarity (between all possible pairs of infracom-
munities within each host population) was calculated, averaged
and compared with those between host populations. The underly-
ing idea was that if intrinsic variability is higher than between host
populations, the species composition of such assemblage has a cer-
tain identity and structure.

Distance between pairs of host populations was calculated as
the shortest linear distance between sampling localities obtained
from a map, following the coastline below the 50 m isobath. Linear
regressions were calculated for log-transformed similarity values
against untransformed distance values (Poulin, 2003). The slopes
of regression lines were compared by means of Student́s t tests
(Zar, 1999). Each parasite assemblage was used in more than one
pairwise comparison, and consequently was not truly independent
from distance in a statistical sense. Therefore the significance of
each regression model was tested using a randomization approach
(Manly, 1997), with all regression probabilities based on 10,000
permutations. This was achieved using the RT 2.1 program (Wes-
tern EcoSystems Technology, Inc., Cheyenne, WY, USA).

3. Results

3.1. Comparisons of community descriptors

The parasite fauna of P. brasilianus comprised 39 parasite spe-
cies along its range. Parasite burdens, in terms of prevalence and
mean abundance, varied among the five component communities
from the considered zones (Table 2). Seventeen species were exclu-
sive to RJ, six to VG and two to CB, with the rest shared by two or
more zones. Only three species, Microcotyle pseudopercis, Scolex
polymorphus and Paracapillaria argentinensis, were present in all
five zones.

At the infracommunity level, for all parasite species combined,
the species richness was significantly higher in samples from RJ
than in all other localities, whereas the total number of parasites
was similar among the three northern zones and higher than in
the north Patagonian gulfs (Figs. 2A and B; Table 3). Diversity, on
the other hand, behaved the same as species richness; fishes from
PL always displayed the lowest values of all infracommunity
descriptors (Fig. 2C; Table 3). When component communities were
compared among zones, species richness and total number of
parasites showed a similar pattern to infracommunities (Figs. 2D
and E; Table 3), whereas diversity at both southern localities was
higher than in the two central zones (Fig. 2F; Table 3).

This general pattern changed when separating the parasite
species into the three guilds (Table 3). Both infracommunity ecto-
parasite species richness and total number of parasites were also
.

of capture n Total length (cm) ±SD Reference

uary, 2006 50 35.62 ± 4.29 Present study
uary, 2007 50 34.21 ± 3.50 Timi et al. (2009)
August, 2006 50 33.88 ± 2.74 Timi et al. (2009)
mber, 2006 50 33.05 ± 3.09 Timi et al. (2008)
mber, 2006 50 37.07 ± 3.10 Timi et al. (2008)



Table 2
Taxonomic composition, guild, prevalence and mean abundance of parasites of Pinguipes brasilianus in five zones of the southwestern Atlantic.

Parasite species Guild Prevalence Mean abundance ± SD

RJ VG MI PL CB RJ VG MI PL CB

MONOGENEA
Microcotyle pseudopercis Amato and Cezar, 1994 EC 26 6 26 12 16 0.7 ± 1.4 0.1 ± 0.2 0.4 ± 0.7 0.2 ± 0.5 0.2 ± 0.5
Pseudempleurosoma gibsoni Santos, Mourão & Cárdenas, 2001 EC 22 0 0 0 0 0.3 ± 0.7 0 0 0 0
Encotyllabe sp. EC 18 0 0 0 0 0.3 ± 0.7 0 0 0 0

DIGENEA
Neolebouria georgenascimentoi Bray, 2002 AE 0 4 0 52 72 0 0.1 ± 0.4 0 5.4 ± 10.3 7.6 ± 10.1
Aponurus laguncula Loos, 1907 AE 0 2 0 0 0 0 0.02 ± 0.1 0 0 0
Derogenes varicus Müller, 1784 AE 0 2 0 0 0 0 0.02 ± 0.1 0 0 0
Parahemiurus merus (Linton, 1910) AE 6 0 0 0 0 0.7 ± 3.0 0 0 0 0
Lecithochirium microstomum Chandler, 1935 AE 60 0 0 0 0 1.7 ± 2.1 0 0 0 0
Leurodera decora Linton, 1910 AE 30 0 0 0 0 0.7 ± 1.5 0 0 0 0
Bucephalus sp. AE 42 0 0 0 0 2.6 ± 4.3 0 0 0 0
Stephanostomum sp. AE 4 0 0 0 0 0.04 ± 0.2 0 0 0 0
Proctoeces sp. AE 40 0 0 0 0 0.6 ± 0.9 0 0 0 0
Opecoelidae gen. sp. AE 0 0 0 6 34 0 0 0 0.2 ± 0.8 5.1 ± 13.2
Didimozoidae gen. sp. LE 70 0 0 0 0 5.5 ± 7.6 0 0 0 0
Digenea fam. gen. sp. 1 LE 4 0 0 0 0 0.1 ± 0.4 0 0 0 0
Digenea fam. gen. sp. 2 LE 2 0 0 0 0 0.02 ± 0.1 0 0 0 0

CESTODA
Callitetrarhynchus gracilis (Rudolphi, 1819) LE 4 0 0 0 0 0.1 ± 0.4 0 0 0 0
Grillotia sp., plerocercus LE 54 100 100 10 0 0.8 ± 1.1 31.8 ± 45.1 33.6 ± 36.2 0.2 ± 0.5 0
Scolex polymorphus Müller, 1784 LE 20 46 58 2 4 0.4 ± 0.9 11.5 ± 42.9 6.6 ± 8.8 0.02 ± 0.1 0.04 ± 0.2
Anonchocephalus sp. AE 0 2 0 0 0 0 0.02 ± 0.1 0 0 0

NEMATODA
Anisakis simplex (Rudolphi, 1809) LE 0 2 2 2 4 0 0.02 ± 0.1 0.02 ± 0.1 0.02 ± 0.1 0.04 ± 0.2
Hysterothylacium sp. LE 18 4 2 0 0 0.5 ± 1.5 0.04 ± 0.2 0.02 ± 0.1 0 0
Hysterothylacium aduncum (Rudolphi, 1802) AE 0 2 0 0 0 0 0.02 ± 0.1 0 0 0
Raphidascaris sp. LE 66 0 0 0 0 2.3 ± 3.2 0 0 0 0
Paracapillaria argentinensis Timi, Rossin, Lanfranchi & Etchegoin, 2007 AE 22 28 4 28 30 1.7 ± 5.1 0.8 ± 1.7 0.4 ± 2.79 0.9 ± 1.9 0.5 ± 0.9
Terranova sp. LE 0 0 0 0 10 0 0 0 0 0.1 ± 0.4
Pseudoterranova sp. LE 0 0 0 0 10 0 0 0 0 0.1 ± 0.4
Cucullanus carioca Vicente & Fernandez, 1973 AE 14 10 8 0 0 0.4 ± 1.3 0.1 ± 0.3 0.1 ± 0.3 0 0
Ascarophis marina (Szidat, 1961) LE 0 4 0 0 0 0 0.1 ± 0.5 0 0 0

ACANTHOCEPHALA
Corynosoma australe Johnston, 1937 LE 0 96 94 64 50 0 35.5 ± 38.5 12.6 ± 16.8 2.0 ± 5.9 0.8 ± 1.0
Corynosoma cetaceum Johnston & Best, 1942 LE 0 6 2 0 0 0 0.1 ± 0.5 0.02 ± 0.1 0 0
Heterosentis brasiliensis Vieira, Felizardo & Luque, 2009 AE 24 0 0 0 0 0.2 ± 0.4 0 0 0 0
Heterosentis sp. AE 0 4 0 0 0 0 0.1 ± 0.3 0 0 0
Gorgorhynchus sp. AE 10 0 0 0 0 0.1 ± 0.3 0 0 0 0

HIRUDINEA
Piscicolidae gen. sp. EC 10 0 0 0 0 0.1 ± 0.3 0 0 0 0

COPEPODA
Neobrachiella spinicephala (Ringuelet, 1945) EC 0 46 32 26 42 0 0.8 ± 1.1 0.6 ± 1.1 0.3 ± 0.7 1.1 ± 2.0
Trifur tortuosus Wilson, 1917 EC 0 4 2 58 84 0 0.04 ± 0.2 0.02 ± 0.1 0.8 ± 0.9 1.7 ± 1.4

ISOPODA
Cymothoidae gen. sp. EC 8 0 0 0 0 0.1 ± 0.4 0 0 0 0
Gnathiidae gen. sp. EC 100 6 38 0 2 21.5 ± 22.6 0.1 ± 0.6 1.2 ± 2.0 0 0.02 ± 0.1

RJ, Rio de Janeiro; VG, Villa Gesell; MI, Miramar; PL, Puerto Lobos; CB, Craker Bay; EC, ectoparasite; AE, adult endoparasite; LE, larval endoparasite.
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Fig. 2. Mean infracommunity and component community descriptors of parasite assemblages of Pinguipes brasilianus in five zones of the southwestern Atlantic. RJ, Rio de
Janeiro; VG, Villa Gesell; MI, Miramar; PL, Puerto Lobos; CB, Craker Bay.

Table 3
Comparisons of infracommunity descriptors of parasites of Pinguipes brasilianus among five zones of the southwestern Atlantic.

H P RJ-VG RJ-MI RJ-PL RJ-CB VG-MI VG-PL VG-CB MI-PL MI-CB PL-CB

Species richness
Total 94.7 <0.001 RJ > VG RJ > MI RJ > PL RJ > CB ns VG > PL Ns MI > PL Ns PL < CB
Ectoparasites 55 <0.001 RJ > VG RJ > MI RJ > PL Ns ns Ns VG < CB ns Ns ns
Adult endoparasites 124.8 <0.001 RJ > VG RJ > MI RJ > PL RJ > CB ns Ns VG < CB MI < PL MI < PL ns
Larval endoparasites 139.1 <0.001 ns ns RJ > PL RJ > CB ns VG > PL VG > CB MI > PL MI > CB ns

Total number of parasites
Total 111.3 <0.001 ns ns RJ > PL RJ > CB ns VG > PL VG > CB MI > PL MI > CB ns
Ectoparasites 117.9 <0.001 RJ > VG RJ > MI RJ > PL RJ > CB ns Ns VG < CB ns Ns PL < CB
Adult endoparasites 119.2 <0.001 RJ > VG RJ > MI RJ > PL ns ns VG < PL VG < CB MI < PL MI < CB PL < CB
Larval endoparasites 187.1 <0.001 RJ < VG RJ < MI RJ > PL RJ > CB ns VG > PL VG > CB MI > PL MI > CB ns

Diversity
Total 65.4 <0.001 RJ > VG RJ > MI RJ > PL RJ > CB ns ns Ns ns ns ns
Ectoparasites 9.26 0.06 – – – – – – – – – –
Adult endoparasites 38.6 <0.001 RJ > VG – RJ > PL RJ > CB – ns Ns – – ns
Larval endoparasites 6.56 0.16 – – – – – – – – – –

H, Kruskall–Wallis statistics; P, probability; RJ, Rio de Janeiro, VG, Villa Gesell; MI, Miramar, PL, Puerto Lobos; CB, Craker Bay; ns, not significant.
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higher in RJ (Fig. 3A and B) and diversity showed no differences
among localities (Fig. 3C). Species richness and total number of
parasites in component communities showed a similar pattern to
infracommunities (Figs. 3D and E), but diversity was notably lower
in RJ (Fig. 3F).

Mean infracommunity species richness and diversity of adult
endoparasites were higher in RJ, richness being extremely low in
MI (Fig. 3A and C); on the other hand, CB showed the highest value
for the total number of parasites (Fig. 3B). A similar pattern was
observed for all indices at component community level (Fig. 3D–
F), but in this case species richness was also considerably higher
in VG when compared to that of infracommunities. Finally, infra-
community indices of larval endoparasites showed different
trends: species richness was similar among the three northern
zones and significantly higher than in north Patagonian gulfs, PL
and CB (Fig. 3A); the total number of parasite individuals was nota-
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bly higher in the central zones (Fig. 3B) and diversity showed no
variation among zones (Fig. 3C). At the level of component commu-
nity, differences among zones were less evident for species rich-
ness than among infracommunities (Fig. 3D) but similar to
infracommunities for the total number of parasites (Fig. 3E). Diver-
sity was similar among most zones except for its low value in PL
(Fig. 3F). The relative importance of each guild, in terms of relative
abundance, is shown in Fig. 4, with ectoparasites prevailing in RJ,
larval endoparasites in VG and Mi, and adult endoparasites in PL
and CB.
0%
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Ectoparasites

Fig. 4. Relative abundance of parasite guilds of Pinguipes brasilianus in five zones of
the southwestern Atlantic. RJ, Rio de Janeiro; VG, Villa Gesell; MI, Miramar; PL,
Puerto Lobos; CB, Craker Bay.
3.2. Similarity analyses

The qualitative ‘‘intrinsic” similarity, considering all parasites,
was higher in the central zone (MI and VG); a similar pattern
was observed for quantitative similarity, but in this case fish from
RJ showed similar values to those of VG (Table 4). On the other
hand, ectoparasite infracommunities were qualitatively and quan-
titatively more homogeneous at the northern and southern ends of
the study area (CB and RJ). Intrinsic similarity for assemblages
composed of adult endoparasites was higher among fish from CB
than in all other zones, with extremely low values in both Bonae-
rense samples; the opposite trend was observed for larval
endoparasites.

Similarity between pairs of zones also showed differences be-
tween analyses of the whole sample and those of individual guilds
(Table 5). For the whole sample, almost all mean values of similar-
ity were smaller than intrinsic similarity in the respective



Table 4
Mean (plus SD) for qualitative (Jaccard) and quantitative (Sørensen) similarity indices of parasite infracommunities of Pinguipes brasilianus within five zones of the southwestern
Atlantic.

Craker Bay Puerto Lobos Miramar Villa Gesell Rio de Janeiro

Total Jaccard 0.36 ± 0.22 0.30 ± 0.23 0.55 ± 0.16 0.51 ± 0.18 0.33 ± 0.14
Sørensen 0.29 ± 0.22 0.24 ± 0.22 0.46 ± 0.20 0.37 ± 0.21 0.38 ± 0.18

Ectoparasites Jaccard 0.48 ± 0.36 0.26 ± 0.37 0.15 ± 0.28 0.18 ± 0.37 0.54 ± 0.26
Sørensen 0.40 ± 0.30 0.24 ± 0.34 0.13 ± 0.24 0.15 ± 0.30 0.50 ± 0.26

Adult endoparasites Jaccard 0.38 ± 0.36 0.24 ± 0.37 0.004 ± 0.06 0.05 ± 0.18 0.22 ± 0.23
Sørensen 0.26 ± 0.28 0.13 ± 0.24 0.003 ± 0.05 0.04 ± 0.16 0.22 ± 0.24

Larval endoparasites Jaccard 0.20 ± 0.37 0.34 ± 0.43 0.77 ± 0.20 0.73 ± 0.20 0.37 ± 0.27
Sørensen 0.17 ± 0.32 0.25 ± 0.35 0.48 ± 0.21 0.39 ± 0.22 0.28 ± 0.24

Table 5
Mean (plus SD) for qualitative (Jaccard) and quantitative (Sørensen) similarity indices of parasite infracommunities of Pinguipes brasilianus among zones of the southwestern
Atlantic. Qualitative and quantitative similarity over and below the main diagonal, respectively.

Craker Bay Puerto Lobos Miramar Villa Gesell Rio de Janeiro

Total
Craker Bay – 0.31 ± 0.22 0.11 ± 0.11 0.13 ± 0.12 0.01 ± 0.04
Puerto Lobos 0.23 ± 0.21 – 0.17 ± 0.15 0.19 ± 0.15 0.02 ± 0.04
Miramar 0.03 ± 0.04 0.06 ± 0.08 – 0.50 ± 0.18 0.12 ± 0.09
Villa Gesell 0.04 ± 0.05 0.07 ± 0.12 0.37 ± 0.19 – 0.08 ± 0.08
Rio de Janeiro 0.01 ± 0.02 0.01 ± 0.03 0.05 ± 0.06 0.03 ± 0.04 –

Ectoparasites
Craker Bay – 0.36 ± 0.38 0.08 ± 0.17 0.12 ± 0.24 0.02 ± 0.06
Puerto Lobos 0.31 ± 0.33 – 0.06 ± 0.16 0.09 ± 0.23 0.01 ± 0.06
Miramar 0.07 ± 0.16 0.05 ± 0.16 – 0.11 ± 0.26 0.21 ± 0.30
Villa Gesell 0.10 ± 0.21 0.08 ± 0.21 0.09 ± 0.22 – 0.04 ± 0.16
Rio de Janeiro 0.01 ± 0.03 0.004 ± 0.02 0.13 ± 0.21 0.02 ± 0.10 –

Adult endoparasites
Craker Bay – 0.29 ± 0.37 0.01 ± 0.05 0.05 ± 0.15 0.02 ± 0.07
Puerto Lobos 0.17 ± 0.25 – 0.01 ± 0.07 0.06 ± 0.19 0.02 ± 0.09
Miramar 0.002 ± 0.03 0.004 ± 0.05 – 0.01 ± 0.09 0.01 ± 0.06
Villa Gesell 0.03 ± 0.11 0.04 ± 0.15 0.01 ± 0.07 – 0.03 ± 0.11
Rio de Janeiro 0.01 ± 0.05 0.02 ± 0.08 0.004 ± 0.04 0.02 ± 0.09 –

Larval endoparasites
Craker Bay – 0.26 ± 0.41 0.18 ± 0.20 0.18 ± 0.20 0.002 ± 0.02
Puerto Lobos 0.21 ± 0.34 – 0.28 ± 0.27 0.29 ± 0.26 0.02 ± 0.07
Miramar 0.04 ± 0.07 0.07 ± 0.10 – 0.75 ± 0.20 0.16 ± 0.15
Villa Gesell 0.05 ± 0.09 0.08 ± 0.14 0.38 ± 0.20 – 0.15 ± 0.15
Rio de Janeiro 0.001 ± 0.02 0.01 ± 0.06 0.04 ± 0.06 0.04 ± 0.06 –

Similarity between zones P similarity within one of the compared zones in bold.
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localities, the only exception being the qualitative similarity be-
tween the nearby sites CB and PL. The same trend was observed
for Jaccard and Sørensen indices applied to ectoparasite assem-
blages for this pair of localities and the two northern ones, RJ
and VG. Adult endoparasites, on the other hand, not only showed
the lowest values of similarity, but half of the comparisons showed
higher values of similarity than those within one of the compared
samples. Finally, for larval endoparasites, comparisons between CB
and PL behaved as for other guilds, and the mean Jaccard index
between VG and MI was also higher than within VG.

A decay in similarity of parasite assemblages over distance was
recorded for most communities analysed using both similarity
indices, the exception being the adult endoparasites, which
showed a decrease in qualitative similarity with distance only for
component communities (Table 6, Fig. 5). Therefore, this guild
was excluded from further analysis. The slopes differed signifi-
cantly between infracommunities and component communities
in all cases (P < 0.01).

The Jaccard similarity index for the total community, despite
showing the highest determination coefficient for both infracom-
munities and component communities (Table 6), decreased with
distance with a lower slope than individual guilds at the compo-
nent community level, whereas for infracommunities the highest
rate of decay was observed for larval endoparasites. In all cases,
stronger similarity decay was observed for infracommunities in
relation to component communities. A similar picture was ob-
served for Sørensen’s index, with the exception that the highest
determination coefficient was observed for ectoparasites at the
component community level, which also showed a more pro-
nounced slope than infracommunities. Jaccard́s index also showed
a weaker slope than Sørenseńs index for component communities,
whereas the opposite situation was observed for infracommuni-
ties, with the exception of ectoparasites.
4. Discussion

To our knowledge the present findings represent the first
description of parasite communities of P. brasilianus in Brazilian
waters, where this host showed the highest values of both species
richness and number of endemic species. Two of the three species
common to all zones, M. pseudopercis and P. argentinensis, are spe-
cific to pinguipedids in the studied zone (Amato and Cezar, 1994;
Timi et al., 2007) and contributed greatly to the similarity among
all studied fish populations. Scolex polymorphus, in turn, is a com-
plex of larval cestode species (Chambers et al., 2000; Braicovich



Table 6
Regression statistics for the decay of similarity with distance in parasite communities of Pinguipes brasilianus from five zones in the southwestern Atlantic. Intercepts are in units
of ln (similarity), and slope values are in units of ln (similarity) per 1000 km distance.

Similarity index Community level Parasite guild Intercept Slope r2 P

Jaccard Component community Total �0.352 �0.182 0.96 <0.01
Ectoparasites 0.093 �0.289 0.87 <0.01
Adult endoparasites 1.636 �0.233 0.66 <0.01
Larval endoparasites 1.876 �0.245 0.80 <0.01

Infracommunity Total �0.385 �0.430 0.84 0.03
Ectoparasites �0.721 �0.318 0.51 0.02
Adult endoparasites �1.526 �0.106 0.05 0.57
Larval endoparasites 0.117 �0.599 0.69 <0.01

Sørensen Component community Total �0.589 �0.331 0.53 0.02
Ectoparasites �0.047 �0.582 0.86 <0.01
Adult endoparasites �0.543 �0.206 0.34 0.08
Larval endoparasites �0.670 �0.419 0.54 0.01

Infracommunity Total �0.746 �0.418 0.73 <0.01
Ectoparasites �0.692 �0.459 0.66 <0.01
Adult endoparasites �1.748 �0.085 0.03 0.66
Larval endoparasites �0.614 �0.543 0.73 0.02
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and Timi, 2008); these parasites can have different geographical
distributions and cannot be used as a reliable indicator of similarity
among host populations. The rest of the species, with the probable
exception of Cucullanus carioca, Neolebouria georgenascimientoi,
Neobrachiella spinicephala and Heterosenis brasiliensis, which also
seem to be specific at the family or genus level (Vicente and Fernan-
des, 1973; Bray, 2002; Etchegoin et al., 2006; Vieira et al., 2009;),
are not host-specific parasites, and are commonly reported parasit-
izing unrelated fish species. Typical examples of this group include
several larval species (such as Corynosoma australe, Grillotia sp.,
Hysterothylacium sp.) in the central region of the study area, whose
presence in fish hosts depends mainly on their availability in the
compound community (Timi, 2007; Timi and Lanfranchi, 2009;
Lanfranchi et al., in press).

Variations in diet composition or preferences could also be
important in explaining the differences found in both faunal com-
position and burdens among zones. Accordingly, differential avail-
ability of both prey and infective stages of parasites have been
highlighted as causes of spatial changes in parasite burden at a re-
gional scale for P. brasilianus and other fish species in the same re-
gion (Timi, 2003, 2007; Braicovich and Timi, 2008; Timi et al.,
2008, 2009; Timi and Lanfranchi, 2009). Indeed, the geographical
distribution of ectoparasite species with direct life cycles is mainly
determined by environmental conditions. These conditions also
have an influence on the distribution of endoparasites, either di-
rectly or via their effects on other host species (MacKenzie and
Abaunza, 1998) and local environmental factors can regulate the
survival and transmission success of infective stages causing spa-
tial variations in parasite burdens (Pietrock and Marcogliese,
2003).

As a consequence of the differences in the parasite burdens
among the different regions, parasite communities varied with re-
spect to all descriptors. A more complex picture was observed
when these comparisons were made separately for each parasite
guild, which showed evident patterns of differential dominance
in the three regions analyzed (Brazil, northern Argentina and Pat-
agonian gulfs). A third level of variability was observed when par-
asite assemblages were analyzed at either infracommunity or
component community levels, especially for species richness and
diversity.

Therefore, the variation among parasite species (and guilds) in
terms of host specificity (at larval or adult stage), their life-cycles
strategies and availability evidently produce different geographical
patterns in parasite communities. Consequently, it is not surprising
that different responses to geographical distance were observed for
different guilds of parasites in a single host species. Such differ-
ences have been reported between ecto- and endoparasites in mar-
ine fishes from Chile (Oliva and Gonzalez, 2005), as well as for
allogenic and autogenic species in freshwater fishes (Fellis and
Esch, 2005). However, with the exception of Pérez-del-Olmo
et al. (2009), no previously published studies have attempted to
compare the effect of geographical distance between the two low-
est levels of parasite community hierarchy, although comparisons
between component and compound communities have been
achieved for mite assemblages in rodent hosts (Vinarski et al.,
2007).

An exponential decay of similarity, which implies a constant
proportional reduction in similarity per unit distance (Poulin,
2003), was observed for most communities analyzed. Distance de-
cay of similarity among parasite assemblages of P. brasilianus could
be due to the existence of geographic gradients in environmental
conditions. Indeed, South American Atlantic coasts are orientated
along a north–south axis. Two water currents characterize water
circulation in the southwestern Atlantic Ocean, the Brazil Current
(warm and saline waters) and the Malvinas Current (cold, low
salinity subantarctic waters) both running parallel to the coast
(Martos, 1989. Synopsis on the reproductive biology and early life
history of Engraulis anchoita, and related environmental conditions
in Argentine waters. The physical environment. Second IOC
Workshop on Sardine/Anchovy Recruitment Project (SARP) in the
Southwest Atlantic. Montevideo, Uruguay, 21–23 August 1989.
Workshop Report 584 N�. 65, Annex V, pp. 1–2. Montivideo: Inter-
governmental Oceanographic 585 Commission/UNESCO.). In this
area, several oceanographic variables show latitudinal gradients,
including water temperature, which decrease southwards (Bakun
and Parrish, 1991; Hoffmann et al., 1997). Temperature, as a corre-
late of energy input, is a good predictor of latitudinal gradients in
species richness and diversity (Rohde, 1992, 1999). The thermal
gradient characteristic of the southwestern Atlantic is therefore ex-
pected to have a sufficient influence on the structure of parasite
populations and communities, in terms of both composition and
abundance, to produce a gradual change in parasite community
structure in fish species inhabiting this region.

The localities of capture are distributed along this latitudinal/
environmental gradient, therefore it is expected that geographic
distance is correlated with this ‘‘environmental” distance, with
geographic distance thus emerging as a predictor of similarity for
parasite communities of P. brasilianus, probably due to differential
species responses to environmental variation (Vinarski et al.,
2007). However, similarity can also decrease with geographic dis-
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Fig. 5. Relationship between qualitative (Jaccard) and quantitative (Sørensen) log-transformed similarity and geographic distance in parasite species composition for both
parasite fauna and different parasite guilds in Pinguipes brasilianus from five zones of the southwester Atlantic. Black circles: mean infracommunity similarity; white circles:
component community similarity. Lines indicate that there is a significant relationship between the two variables.
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tance as a result of a higher probability that geographic barriers oc-
cur over greater distances, and of the limited dispersal abilities of
organisms, even in homogenous environments (Nekola and White,
1999; Brouat and Duplantier, 2007; Soininen et al., 2007).

Despite no geographic barriers existing in marine systems, the
Rio de la Plata, in the study area, can represent a barrier for the dis-
persion of many marine parasites through an important discharge
of freshwater in the Atlantic (mean river discharge estimated is
24,000 m3 s�1, Acha et al., 2008). Furthermore, the composition
and distribution of marine communities are governed by the
dynamics of oceanographic conditions on a regional scale. The
abundance and distribution patterns of marine parasites are deter-
mined mainly by temperature and salinity profiles (Esch and
Fernández, 1993) through the influence of physical conditions on
both food webs and the availability of infective stages for trophi-
cally transmitted parasites (Klimpel and Rükert, 2005).

The oceanographic conditions in the study are not homoge-
neous, and have been identified as a primary cause of the differ-
ences in parasite burdens of P. brasilianus, through their influence
on parasite transmission, as well as on the distribution of all hosts
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involved in their life cycles (Timi et al., 2009). Indeed, the zones
analyzed in the present study are located in different coastal ba-
sins, which display contrasting oceanographic and biological char-
acteristics. Southeastern Brazilian coastal waters represent a
region characterized by the convergence between two current sys-
tems, the warm, coast-hugging, southward-flowing Brazil Current
and the cold, northward-flowing Malvinas/Falkland Current (Braga,
2001). In particular, the Cabo Frio (RJ) area is strongly character-
ized by a year-round upwelling which is the major contributor to
the coldest surface water being found near this area (Castelao
and Barth, 2006), whereas the zone of Villa Gesell, although greatly
influenced by the Brazil current (tropical warm and saline waters),
is also affected by the discharge of the Río de la Plata (Martos,
1989; Bakun and Parrish, 1991; Guerrero and Piola, 1997), mainly
during spring and summer (Guerrero et al., 1997). On the other
hand, southern samples were caught in enclosed and semi-en-
closed areas, such as the semi-protected coastal areas of El Rincón
(Miramar), San Matías Gulf (Puerto Lobos) and Nuevo Gulf (Craker
Bay), which can generate their own oceanographic features. In the
Argentinean Sea, all these locally modified waters create frontal
zones with important biological properties (Acha et al., 2004). They
provide reproductive grounds and zones of concentration for
juveniles of several fish species by promoting retention of larvae
(Guerrero and Piola, 1997; Piola and Rivas, 1997). In fact, two
marine fronts are present in the central region of the study area,
one associated with the Río de la Plata Estuary and other in the
El Rincón Estuary (Acha et al., 2004). The processes associated with
the formation of these fronts also influence the distribution of
mesozooplankton between both zones, which have been classified
as different faunistic areas (Marrari et al., 2004). In contrast, the
San Matías Gulf is an isolated coastal basin, with oceanographic
conditions differing markedly from those on the continental shelf
(Gagliardini and Rivas, 2004). Furthermore, the geomorphology
of the gulf mouth restricts the interchange of water with the open
sea (Piola and Rivas, 1997), and its physical characteristics are
thought to be responsible for larval retention and therefore stock
discreteness in other fish species inhabiting the gulf (Di Giácomo
et al., 1993).

All evidence indicates that these zones, with contrasting ocean-
ographic characteristics, harbour different fish populations, mainly
of resident species, as has been indicated by some ichthyological
studies and others using parasites as biological tags (see Braicovich
and Timi, 2008). Therefore, the observed similarity decay with dis-
tance, due to the existence of a latitudinal/environmental gradient,
is probably enhanced by local oceanographic processes acting as
barriers for parasite dispersal.

However, similarity among assemblages of adult endoparasites,
although showing a negative relationship with distance, was only
significant at the component community level for the qualitative
Jaccard́s index. On the other hand, similarity based on abundance
data, such as the Sørensen index applied here, is probably affected
more by local conditions than by geographic distance (Fellis and
Esch, 2005).

Pérez-del-Olmo et al. (2009) attributed the lack of relationship
between similarity and distance for the component communities
they investigated to the dispersal of parasite colonizers across host
populations (horizontal neighborhood colonization), but the de-
tected spatial structure in quantitative comparisons was related
to a vertical neighborhood colonization associated with larval dis-
persion at a local level. In other words, the authors argue that the
structural, and not the compositional, divergence increases with
geographical distance, owing to different turnover distances in par-
asite communities at different scales. Whereas it is likely that the
influence of local environmental characteristics is higher for infra-
communities than for component communities of P. brasilianus, as
shown by the comparisons of the slopes of most regressions, the
findings by Pérez-del-Olmo et al. (2009) based on all parasite spe-
cies of the bogue could not be generalized to the present host–par-
asite system. Firstly, because in the present work each guild
behaved differentially in relation to distance, and second because
the compositional (qualitative) similarity always showed lower
slopes than structural (quantitative) similarity at the component
community level, indicating the influence of different methodolo-
gies to detect relationships. A quantitative analysis at the level of
component communities of bogue could shed some light on this
subject.

Other studies have found that geographic distance does not ex-
plain variation in similarity values of parasite component commu-
nities for several host species (Poulin, 2003; Krasnov et al. 2005;
Oliva and Gonzalez, 2005; Brouat and Duplantier, 2007), as was
the case for adult endoparasites in the present paper. For some
marine fishes, this has been attributed to the proportion of the host
geographic range analyzed or to homogeneity over the geographi-
cal area studied and qualitative similarity between adjacent areas
(Oliva and Gonzalez, 2005). In the present paper, the whole distri-
butional range of P. brasilienus was sampled, and the significant de-
cay observed for other guilds indicates that adjacent areas are not
homogeneous. Instead, the similarity was as low between neigh-
boring zones as between distant zones for adult endoparasites,
therefore environmental (oceanographic) heterogeneity, and not
homogeneity, could be responsible for the absence of a distance
decay pattern for adult endoparasites.

Due to the biological and oceanographic differences between
faunistic provinces, but also between regional coastal basins, the
study area can be likened to a fragmented habitat, where both host
and parasite dispersal levels could be very low. In the present
study, adult endoparasites seem to be more affected than other
guilds; in fact the proportion of endemic species (76.5%) was high-
er than those of ectoparasites (50%) and larval endoparasites
(57.1%). This assumption, however, requires further study because
some of the parasite species restricted to Brazilian waters, such as
Parahemiurus merus or Lecithochirium microstomum, are commonly
reported in other host species from Argentinean waters (Timi et al.,
1999), and their life-cycle pathways, rather than dispersal abilities,
could be affected differentially by local conditions.

The present study confirmed the occurrence of distance decay
patterns for infracommunities which, as expected, undergo a
stronger and significantly different effect of distance than compo-
nent communities, probably due to a higher effect of short-term
and local variability in oceanographic conditions when individual
hosts are considered as habitats. This level of parasite community
hierarchy can, therefore, be investigated to assess the effect of dis-
tance on assemblage similarity when higher levels, namely compo-
nent or compound communities, show no such patterns. It is also
evident that different parasite guilds respond differentially to the
effects of geographic distance, and should be analyzed separately.

The rates of similarity decay with distance found here for a mar-
ine fish (slopes ranging from 0.18 to 0.60) were similar to that re-
ported for the freshwater fish Esox lucius, and higher than that for
Perca flavescens, by Poulin (2003) in freshwater environments. This
result contrasts with the finding of Oliva and Gonzalez (2005), who
found that the slopes of the relationship between distance and
similarity in the marine fishes studied were lower (three orders
of magnitude) than those recorded by Poulin (2003). Oliva and
Gonzalez (2005) concluded that distance decay in similarity is
greater among fragmented freshwater habitats than in open and
continuous marine systems because exchange and dispersal of spe-
cies is probably constrained in the former. However, their result is
a consequence of the effect of the geographical scale utilized (nau-
tical miles) on the parameters of the regression function, whereas
the scale units used by Poulin (2003) and in the present study were
the same (1000 km). Therefore, with the available information,
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host (and parasite) dispersal probabilities over geographical dis-
tance seem to be no more constrained in freshwater than in marine
environments. The present results also agree with those by Pérez-
del-Olmo et al. (2009), in downplaying the importance of host
vagility as a primary determinant of similarity decay among para-
site assemblages in marine fish.

Finally, and in agreement with previous studies on the use of
parasites as biological tags for stock discrimination of P. brasilianus
(Timi et al., 2008, 2009), the differences at both population and
community levels, as well as the low similarity values between
Brazilian and Argentinean samples, indicate that sandperches from
the area of Rio de Janeiro clearly constitute an independent popu-
lation, as has been demonstrated for Cynoscion guatucupa (Timi
et al., 2005), the only previous study aimed at discriminating fish
populations between Argentinean and Brazilian waters.

Further studies, including other host species from the same
sampling localities, could test the generality of the similarity pat-
terns observed for each guild in order to determine whether the
oceanographic conditions in the southwestern Atlantic drive fish
parasite assemblages toward general geographical patterns.
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