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Abstract

This paper characterizes the pattern of ectoparasite and endoparasite communities in an assemblage of 35 sympatric fish from
different trophic levels in a tributary from the Amazon River system, northern Brazil. In detritivorous, carnivorous, omnivo-
rous and piscivorous hosts, the species richness consisted of 82 ectoparasites and endoparasites, but protozoan ectoparasites such
as Ichthyophthirius multifiliis, Piscinoodinium pillulare and Tripartiella sp. were dominant species predominated, such that
they were present in 80% of the hosts. The taxon richness was in the following order: Monogenea > Nematoda > Digenea >
Crustacea > Protozoa > Acanthocephala = Cestoda > Hirudinea. Among the hosts, the highest number of parasitic associations
occurred in Satanoperca jurupari, Aequidens tetramerus, Hoplerythrinus unitaeniatus, Hoplosternum littorale, Cichlasoma
amazonarum, Chaetobranchus flavescens, Squaliforma emarginata, Chaetobranchopsis orbicularis and Hoplias malabaricus.
A weak positive correlation between ectoparasite abundance and length of the hosts was observed. Ectoparasite communities
of detritivorous, carnivorous and omnivorous hosts were similar, but these differed from the communities of piscivorous hosts.
Larval endoparasite species with low host specificity were the main determinants of the parasite infracommunity structure of
the fish assemblage. Fish assemblage had few species of helminth that were specialist endoparasites, while many were para-
sites at the larval stage, infecting intermediate and paratenic hosts. Finally, carnivorous and omnivorous hosts harbored en-
doparasite communities that were more heterogeneous than those of detritivorous and piscivorous hosts. This result lends
supports to the notion that the feeding habits of the host species are a significant factor in determining the endoparasites fauna.
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Introduction

Part of the Amazon river system consists of varzea, i.e.
floodplains alongside the rivers. These are areas that are sea-
sonally inundated by the rivers and form very rich ecosys-
tems that support complex trophic webs. The Amazon river
basin has diverse tributaries draining its water levels, which
vary enormously during the year. Most tributaries of the
Amazon river system are accompanied by large fringing
floodplains of differing shape and vegetation cover, which
vary according to the flood regime and regional climate.
These factors strongly influence the communities of inver-
tebrates and fish that inhabit these areas (Garcez et al. 2017).
These environments are important habitats for various na-
tive fish species, given that they provide feeding, reproduc-
tion and nursery areas.

Understanding parasites community structures in wild fish
populations has been the topic of numerous studies, in which
the roles of interactive and/or non-interactive processes have
been addressed. Parasites provide an interesting model for
studies on organization and structure of parasite communities
in wild fish populations (Marcogliese 2002; Bittencourt ef al.
2014a; Alcantara and Tavares-Dias 2015; Tavares-Dias et al.
2014; Hoshino et al. 2016; Ruehle et al. 2017). One important
point that has been highlighted is the role of interactions,
mostly in relation to the trophic level of the fish population, in
determining the parasite abundance and species richness (Luque
and Poulin 2008; Valtonen et al. 2010; Poulin and Leung 2011;
Timi et al. 2011; Beevi and Radhakrishnan 2012). Wild fish
populations can generally harbor ectoparasite and endoparasite
species of diverse taxa, which display a variety of strategies in
their life cycles, which may be either direct or indirect.
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Many parasite species, particularly endoparasites, have
life cycles that involve transmission through a trophic web of
intermediate, paratenic and definitive hosts. Among these, en-
dohelminths are uniquely suited for providing information
about trophic interactions because they possess complex life
cycles that, for completion, require multiple hosts at different
trophic levels. Transmission is often dependent on predator-
prey relationships (Luque and Poulin 2008; Valtonen et al.
2010; Beevi and Radhakrishnan 2012). Thus, the trophic lev-
els of hosts have been used as predictors in studies on the
trophic web of fish assemblages. The assumption in doing this
has been that host species at higher levels would be exposed
to greater numbers of infective endohelminth larvae from a
broader range of parasite taxa through their diet than would
those at lower trophic levels over evolutionary time (Choud-
hury and Dick 2000; Luque and Poulin 2008; Valtonen ef al.
2010). However, earlier studies also suggested that fish species
in the middle of food webs, which feed on both invertebrates
and small fish, should harbor the greatest richness of en-
doparasite species (Marcogliese 2002).

In contrast, the ectoparasite species infect their hosts
through active dispersion, allowing them to be more specific
in their host choices. In addition, transmission of ectoparasites
is unaffected by the feeding habits and ontogenetic changes of
their hosts, or the availability of different prey species in the
environment (Valtonen ef al. 2010; Salgado-Maldonado et al.
2016).

In fish populations, the body length of hosts has emerged
as a significant predictor of the burden of parasites (Grutter
1994; Poulin 2004a; Poulin and Leung 2011). Several studies
on fish populations have shown that parasite abundance in-
creases or decreases according to host age (Grutter 1994;
Poulin 2004a; Valtonen ef al. 2010). However, any relationship
between the body size of the fish and the burden of parasites
using it as an intermediate host should be positive, because
large hosts are unlikely to serve as prey. Interest in the patterns
and process of parasite communities in freshwater fish as-
semblages of tropical areas have been demonstrated in several
studies (Guégan ef al. 1992; Choudhury and Dick 2000; Poulin
2001; Pérez-Ponce de Ledn and Choudhury 2005; Luque and
Poulin 2008; Bellay et al. 2013; Bellay et al. 2015; Salgado-
Maldonado et al. 2016). Factors such as the biogeography,
ecology of both tropical freshwater fish and parasites, as well
as environmental conditions, all contribute towards parasites
fauna in such studies. Nevertheless, we know little about par-
asite communities structure in fish assemblages from the South
American tropics, though these approaches are important be-
cause they provide a representation of local diversity and de-
fine the possible patterns of these communities. Parasites com-
munity structure in fish assemblages in the Amazon region also
have been little addressed. Hence, it is no surprise that the true
diversity of parasites of Amazonian fish is poorly understood,
given that they form an invisible fauna.

In this paper, we investigated the pattern of the communi-
ties of ectoparasites and endoparasites of an assemblage of

sympatric fish at different trophic levels in a tributary of the
Amazon river system, in Brazil. We tested two main hypothe-
ses: (i) detritivorous, omnivorous, carnivorous and piscivorous
hosts in a basin within the Amazon river system present dis-
similar patterns of ectoparasites and endoparasites; and (ii) the
length of hosts influences the abundance of ectoparasites and
endoparasites.

Materials and Methods
Fish and study area

This study used the fauna of 82 species of ectoparasites and
endoparasites distributed in 1574 fish of 35 host species in 12
families (Table I). We collected the fishes between 2011 and
2016 in the Igarapé Fortaleza basin (Fig. 1), which is a tribu-
tary of the Amazon river system in the state of Amapa, north-
ern Brazil. All fishes were collected with nets of different
mesh size.

The Igarapé Fortaleza hydrographic basin (Fig. 1) has an
area of 195 km? and a length of 27.3 km, and its source is to
the north of the city of Macapa. Its southern and eastern lim-
its are the Amazon River; its western limit is the city of San-
tana and its northern limit is the region of the Curiat river basin
(Takiyama et al. 2004, Silva et al. 2009). It is an important trib-
utary of the Amazon river system in the state of Amapa, in the
eastern Amazon region of Brazil, and it is located at the estu-
arine coastal sector. It is characterized as a river system with
extensive floodplains, constituting physical systems connected
via a silted-up river that forms a drained for freshwater. It is in-
fluenced by high rainfall and the daily tides of the Amazon
River, to which it is connected. The main channel of the
Igarapé Fortaleza basin carries rich organic matter that is
brought in by the tides of the Amazon river and is carried to
the floodplain, which are protected environments.

Access to these floodplains is difficult for large predators
and thus these areas form an environment that is favorable for
development of different species of small and medium-sized
fish. Several species of native fish are known in this basin and
some are endemic. During the rainy season, the waters are rich
in nutrients because of the fast decomposition of grass and an-
imal remains and because the layer of humus that the forest
produces is spread across the floodplain. This leads to great
growth of vegetation and invertebrate biomass (insects, crus-
taceans and mollusks), which are used as food by fish
(Takiyama et al. 2004). In addition, this hydrographic basin has
been strongly influenced by invasion of Oreochromis niloticus,
an exotic fish with a large population that preferentially con-
centrates in floodplain areas (Bittencourt et al. 2014b). The
vegetation is formed by species of Poaceae, Cyperaceae and
Arecaceae, which form the varzea forest along the waterways,
along with species of the macrophytes Cabombaceae, Len-
tibulariaceae, Salviniaceae and Cyperaceae (Thomaz et al.
2004).
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Fig. 1. Site of the fish collection in Igarapé Fortaleza hydrographic basin, a tributary of the Amazon river system in the state of Amapa, north-
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Table I. Host species, families, trophic level, number of hosts (N), parasites richness and dominant taxon of parasites in fish of a tributary
from the Amazon River, northern Brazil. * Based in Froese and Pauly (2017)

Species of hosts Host family Trophic level* N E‘?:l?ziet:ss Dominant taxon
Ageneiosus ucayalensis Auchenipteridae Carnivorous 34 9 Digenea
Acestrorhynchus falcatus Acestrorhynchidae Piscivorous 61 10 Protozoa
Acestrorhynchus falcirostris Acestrorhynchidae Piscivorous 33 11 Protozoa
Leporinus friderici Anostomidae Omnivorous 50 6 Protozoa
Auchenipterus nuchalis Auchenipteridae Carnivorous 27 4 Protozoa
Trachelyopterus coriaceus Auchenipteridae Omnivorous 35 7 Protozoa
Trachelyopterus galeatus Auchenipteridae Omnivorous 37 6 Protozoa
Callichthys callichthys Callichthyidae Omnivorous 38 5 Digenea
Hoplosternum litorale Callichthyidae Omnivorous 43 2 Protozoa
Megalechis thoracata Callichthyidae Omnivorous 38 5 Digenea
Hemibrycon surinamensis Characidae Omnivorous 93 7 Protozoa
Aequidens tetramerus Cichlidae Omnivorous 92 11 Protozoa
Astronotus ocellatus Cichlidae Carnivorous 33 9 Protozoa
Chaetobrachus flavescens Cichlidae Omnivorous 39 11 Protozoa
Chaetobranchopsis orbicularis Cichlidae Omnivorous 32 9 Protozoa
Cichlasoma amazonarum Cichlidae Omnivorous 112 7 Protozoa
Cichlasoma bimaculatum Cichlidae Omnivorous 37 4 Protozoa
Laetacara curviceps Cichlidae Omnivorous 20 7 Protozoa
Mesonauta acora Cichlidae Omnivorous 38 7 Protozoa
Pterophyllum scalare Cichlidae Omnivorous 42 7 Protozoa
Satanoperca jurupari Cichlidae Omnivorous 30 9 Protozoa
Curimata incompta Curimatidae Omnivorous 40 6 Protozoa
Curimata cyprinoides Curimatidae Omnivorous 65 5 Protozoa
Hoplerythrinus unitaeniatus Erythrinidae Carnivorous 69 15 Protozoa
Hoplias malabaricus Erythrinidae Carnivorous 67 20 Protozoa
Ancistrus sp Loricariidae Detritivorous 20 4 Monogenea
Harttia duriventris Loricariidae Detritivorous 40 2 Protozoa
Hypostomus ventromaculatus Loricariidae Detritivorous 21 5 Digenea
Peckoltia braueri Loricariidae Detritivorous 39 7 Digenea
Pterygoplichthys pardalis Loricariidae Detritivorous 33 3 Digenea
Squaliforma emarginata Loricariidae Detritivorous 40 3 Protozoa
Metynnis lippincottianus Serrasalmidae Omnivorous 80 10 Protozoa
Triportheus angulatus Triportheidae Omnivorous 31 7 Protozoa
Triportheus curtus Triportheidae Omnivorous 33 5 Protozoa
Triportheus rotundatus Triportheidae Omnivorous 32 8 Monogenea

Because this basin is located in a periurban area at the bor-
der between two municipalities, it is under pressure from ur-
ban land occupation. This has led to land reclamation from the
water bodies for construction of housing, occurrences of burn-
ing of vegetation and solid waste dumping, and buffalo-rear-
ing activities. Thus, the pH of the water varies from 5.5 to 7.5
and the oxygen levels from 2.5 to 6.0 mg/L, depending on the
area of basin and the seasonality (Takiyama et al. 2004).

Data analysis

Data from 82 parasite species that were found in 35 species of
host fish were analyzed in relation to species and taxonomic
group richness, prevalence, mean intensity and mean abun-
dance (Bush et al. 1997), according to host trophic levels. The
abundance and intensity data on the parasites, according to
trophic level, were tested for normal distribution and ho-
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moscedasticity of variances. Since the abundance data did not
present normal distribution, the Kruskal-Wallis test was used
to investigate differences between trophic levels (Zar 2010).
The network of 35 host fish species and 80 parasite associa-
tions was analyzed to evaluate parasite-host interaction pat-
terns using the R statistical software (R core team 2017) and
the bipartite package, which focuses on defining web patterns
(Dormann et al. 2009).

In order to ascertain the similarity between the trophic
levels of the hosts, a data matrix was constructed using the
abundance of ectoparasites and endoparasites for each host
population, according to the trophic levels of the host fish. This
data matrix was subjected to cluster analysis using the Bray-
Curtis index (Krebs 1999), to test the null hypothesis of no dif-
ference in composition and abundance of the ectoparasite and
endoparasite communities between detritivorous, carnivorous,
omnivorous and piscivorous hosts, using the PAST software
(Hammer ef al. 2001). Non-metric multidimensional scaling
(NMDS) with Bray-Curtis similarity distances, also using the
ectoparasites and endoparasites abundance data for each host
population, was used to evaluate the general pattern of simi-
larity between host species. In this analysis, we used the R sta-
tistical environment (R core team 2017) and the "Vegan" li-
brary (Oksanen et al. 2017).

Spearman’s correlation coefficient (rs) between ectopara-
sites and endoparasites abundance and length in each host
population was used to ascertain whether larger fish tended to
have higher abundance of parasites. Firstly, the normality of the
data was evaluated through the Shapiro-Wilk test, since the
data did not present normal distribution, even after logarithmic
transformation and obtaining the arcsine square root, the Spear-
man correlation test was then used (Zar 2010).
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Results

Among the 82 species of ectoparasites and endoparasites in
the 1574 host fish, ectoparasites predominated. These were
mainly protozoan species and they were present in 28 hosts
(80%). Metacercariae of Posthodiplostomum sp., Digenea gen.
sp. and Clinostomum sp. were the parasites found, both in the
gills (ectoparasites) and in the intestine (endoparasites) of the
hosts. Hoplerythrinus unitaeniatus and Hoplias malabaricus
presented the greatest richness of parasites, while Hoploster-
num littorale and Harttia duriventris were the hosts with the
lowest richness (Table I).

In the fish assemblage, the species richness of ectopara-
sites was greater than that of endoparasites (Fig. 2). Regard-
ing the parasites taxa found, the greatest richness was of
species of monogeneans, followed by nematodes and dige-
neans (Fig. 3).
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Fig. 2. Species richness of parasites in fish of a tributary from the
Amazon river system, northern Brazil
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Fig. 3. Species richness of parasites according to zoological group, in fish of a tributary from the Amazon river system, northern Brazil
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Fig. 4. Network of interactions between parasites and host fish species of a tributary from the Amazon river system, northern Brazil. IMULT:
Ichthyophthirius multifiliis, PPILL: Piscinoodinium pillulare, DIASP: Diaphorocleidus sp., DACGSP: Dactylogyridae gen. sp., BPATA:
Braga patagonica, ETURU: Ergasilus turucuyus, DIGSP: Digenea gen. sp., GPGA: Gussevia disparoides and Gussevia alioides, TNTT: Tri-
chodina nobilis and Tripartiella tetramerii, DLONG: Dolops longicauda, CBDSP: Cosmetocleithrum bulbocirrus and Demidospermus sp.,
GASO: Gussevia asota, POSSP: Posthodiplostomum sp., AMULT: Argulus multicolor, CSTR: Cosmetocleithrum striatuli, HIRU: Hirudinea,
SGEO: Sciadicleithrum geophagi, GDIS: Gussevia disparoides, UROSP: UrocleiDOldes sp., SPISP: Spironucleus sp., ASPI: Argulus spin-
ulosus, TMOU: Trinigyrus mourei, ANASP: Anacanthorus sp, CLINSP: Clinostomum sp., DGEA: Dolops geayi, APEST: Argulus pestifer,
UUNIL: Unilatus unilatus, SJOA: Sciadicleithrum joanae, TRISP: Tripartiella sp., GSPIL: Gussevia spilocirra, APITO: Anacanthorus
pitophallus, TETSP: Tetrahymena sp., UERE: UrocleiDOldes eremitus, UPTSPTP: UrocleiDOldes paradoxus, Tereacistrum sp., Tereacistrum
parvus, ECOA: Sciadicleithum satanopercae, SSATA: Ergasilus coatiarus, ASPIAF: Ancistrohaptor sp., Anacanthorus pithophallus and
Anacanthorus furculus, ERSP: Ergasilus sp., DOLSP: Dolops sp., UUNSP: Unilatus unilatus and Nothogirodactylus sp., AJTEGUI: Anacan-
thorum jegui, UUTM: Unilatus unilatus and Trinigyrus mourei, CMARG: Clinostomum marginatum, CONSP: Contracaecum sp., PHISP:
Philometra sp., PINOP: Procamallanus (Spirocamallanus) inopinatus, NPTE: Neoechinorhynchus pterodoridis, DIGSP: Digenea gen. sp.,
GSPEC: Gorytocephalus spectabilis, PSESP: Pseudoproleptus sp., ANIGSP: Anisakidae gen. sp., PROTEO: Proteocephalidae, GGEN:
Genarchella genarchella, PSBEL: Procamallanus (Spirocamallanus) belenensis, CAGEN: Cucullanus ageneiosus, CMHSP: Clinostomum
marginatum and Herpetodiplostomum sp., POSSP: Posthodiplostomum sp., THSP: Thometrema sp., PGIB: Proteocephalus gibsoni, EUSSP;
Eustrogylides sp., RHADSP: Rhaddochona sp, GEGS: Gussevia elephus and Gussevia spilocirra, EPGS: Echinorhynchus paranensis and
Gorytocephalus spectabilis, EPNP: Echinorhynchus paranensis and Neoechinorhynchus pterodoridis, EARA: Echinorrhynchus paranensis,
POLSP: Polymorphus sp., GELON: Gorytocephalus elongorchis, CCUL: Cucullanus cucullanus, DERO: Derogenidae gen. sp, CLINSP: Cli-
nostomum sp., NMAT: Nomimoscolex matogrossensis, PROSP: Proteocephalus sp., ICHSP: Ichthyouris sp., CPTER: Capillaria pterophyl-
lum, DPARA: Dadaytremoides parauchenipteri, CYSTSP: Cystidicoloides sp., AGNER: Acanthostomum gnerii, PROCSP: Procamallanus
sp., DNEI: Dendrorchis neivai, SOXY: Spinoxyuris oxydoras, PPINE: Procamallanus pimelodus, DPAC: Dadayus pacupeva, RSSP: Raphi-
dascaris Spentascaris sp.

Information on 80 associations of parasites with 35 species  piscivorous fish. The mean intensity of ectoparasites was
of hosts were analyzed. Ichthyophthirius multifiliis, Piscinoo-  higher in detritivorous and omnivorous fish, while the mean in-
dinium pillulare and Tripartiella sp. were the species of para-  tensity and abundance of endoparasites were higher in car-
sites that presented the greatest prevalence in hosts investi-  nivorous and omnivorous fish (Table II).
gated. Among the hosts, the highest numbers of associations Clustering according to trophic levels among the ec-
with the parasite species occurred in Satanoperca jurupari, Ae-  toparasite species presented a cophenetic correlation coef-
quidens tetramerus, Hoplerythrinus unitaeniatus, Hoploster-  ficient of 0.979 with 1,000 permutations. This showed that
num littorale, Cichlasoma amazonarum, Chaetobranchus  the species of detritivorous, omnivorous and carnivorous
flavescens, Squaliforma emarginata, Chaetobranchopsis or-  hosts formed a well-defined group, with greatest similarity
bicularis and Hoplias malabaricus. Among detritivorous hosts,  between the detritivorous and omnivorous hosts (Fig. 5A).
1. multifiliis and Gorytocephalus elongorchis were most preva-  Clustering according to trophic levels among the endopar-
lent; among omnivorous hosts, 1. multifiliis, Piscinoodinium  asite species presented a cophenetic correlation coefficient
pillulare, Procamallanus (Spirocamallanus) inopinatus and  of 0.567 with 1,000 permutations. This showed that there
larvae of Contracaecum sp. and Posthodiplostomum sp.; ~ was low similarity among the trophic levels of the hosts, be-
among carnivorous hosts, /. multifiliis, Contracaecum sp. and  cause the piscivorous and detritivorous fish were different,
P, (S) inopinatus; and among piscivorous hosts, /. multifiliis, ~ while the omnivorous and carnivorous fish were closer
P, pillulare and larvae of Clinostomum marginatum and Con-  (Fig. 5B).
tracaecum sp. were most prevalent (Fig. 4). The NMDS order indicated that the ectoparasites presented

The prevalence of ectoparasites and endoparasites was  greater similarity among omnivorous, carnivorous and pis-
lower in detritivorous fish than in carnivorous, omnivorous and  civorous fish species (R? = 0.999; stress = 0.011) (Fig. 6B).
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However, the NMDS order for endoparasites did not present
any defined pattern, since the species of these parasites demon-
strated random distribution among the hosts at the different
trophic levels (R?=0.997; stress = 0.0581) (Figure 6A). In ad-
dition, the order showed a low stress value in relation to the
number of axes.

A significant positive correlation (s = 0.230; p = 0.0001)
was found between ectoparasites abundance and host length,
but it was low. There was no correlation (rs = —0.041; p =
0.185) between endoparasites abundance and host length
(Fig.7A-B).

Discussion

The Amazon river basin is a center of diversity for most
groups of Neotropical fish, with accordingly high levels of
species richness of fish, as well as high richness of aquatic in-
vertebrates and macrophytes (Albert and Reis 2011; Junk
2013; Garcez et al. 2017). This may influence the abundance
of parasites in fish populations. Therefore, the aquatic vege-
tation of the hydrographic basin of this study plays an impor-
tant role in structuring aquatic communities through providing
breeding, refuge and feeding areas for the fish assemblage. At
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2 L. b . the same time, this vegetation increases the possibilities that
g § ; a ; px these fish will acquire parasites (Tavares-Dias et al. 2014;
= § H H H H OH Tavares-Dias et al. 2017; Garcez et al. 2017). Thus, the para-
§ PR BN = S site community of the fish assemblage investigated was
,—é = v a8 formed by 82 parasite species comprising protozoans, mono-
= . . geneans, digeneans, cestodes, nematodes, acanthocephalans,
k) * B o T - crustaceans and hirudineans. However, monogeneans, nema-
Z — f Oj ﬁ E ﬁ todes and digeneans predominated. These taxonomic groups
E 2 = A - e — have also presented greater predominance in other Neotropi-
g = § 23 A = cal fish assemblages in different ecosystems (Luque and
B g Poulin 2007; Bellay et al. 2015). Therefore, the parasite com-
-§_ § AR munities in this host ass.emblage reflect th.e presence of di-
§ ST SR SHATEN i § Yetrse \Zie.rt:brate tanq 1nzile;tet:brit.e Sﬁ)ectles gllat ac.t as
= intermediate, paratenic and definitive hosts in the environ-
2 » ment, thus supporting the life cycle of these parasitic taxa.

S Z i ; : T
g Ele =g o | E1sh parasites represent a large portion of. aquatic b10F11-
§ é v§r51ty and can be d1.rect1y affected by the env1r0nmept or in-
2 directly through their hosts (Grutter 1994; Marcogliese and
8 o o a Cone 1997; Choudhury et al. 2000; Poulin 2004a; Lafferty
% g e N~ et al. 2008, Alcantara and Tavares-Dias 2015; Hoshino ef al.
g o = © ?i? § =3 § 2016). Thus, p.arasite species are a significant part of food
23 - — webs, have an impact on the trophic structure and may even
z é L comprise half of the host organizational diversity (Marcogliese
2% 22 de 2 and Cone 1997; Lafferty et al. 2008; Ruehle et al. 2017). De-
s _; 3 g @ spite the importance of parasite populations, these ecological
gg § ﬁ f ﬁ f i colmponents of A(Ilnazonian eclosystemhs have1 ‘tzleen neglect‘fed for
& O O <+ = e a long time. Studies extrapolating the total diversity of para-
é Z E % 5 §r é sites in fish assemblages have been conducted in some geo-
—‘é E = e T graphical areas (Poulin 2004b). Choudhury and Dick (2000)
Y conclude that in communities of tropical freshwater fish the
g 8 mean helminth species richness is species-poor and not ex-
g g “f ‘i: ii e 3 ceeded two. Later, Poulin (2001) found also a low helminth
_E 98X species richness in freshwater fish of tropical areas. We found
%2 — K € o E 5 three species of parasites (protozoans and metazoans) per host
«E‘ § > :j_ :1 :j_ :; ;"") fish. However, the estimates of the total richness of parasite
52 - species for certain host groups in certain geographical areas are
Eys |3 AN IR always much larger than the number of known parasite species
§ % é - - (Poulin 2004a), especially in tropical ecosystems like in pres-
i = i _ ent study. Therefore, parasites communities of tropical fresh-
5‘:,.; SIS deEn water fish are in fact species-poor, mainly endoparasites
§ s [H & species. Parasites community structure and organization are
= 2 highly complex due to the long and continuing interaction in-
g %; é © o - volving both host and parasite populations. Thus, parasite
5 e = o ! communities are influenced by the sum of a complex set of bi-
Z % & otic (e.g. diet, size of hosts) and abiotic (e.g. geography of re-
i = o gion, environmental conditions) factors which directly im-
‘*i § = § 2 § = § pact on processes that will affect the transmission dynamics of
§ p E Zae 3 parasites, rflalnly helminth species (Ke'nnedy. 1990; .Gufzgan
<3 - = g et al. 1992; Choudhury and Dick 2000; Poulin 2001; Pérez-
=5 Ponce de Ledén and Choudhury 2005; Bellay et al. 2015).

3 o _ In the food web, the trophic level of host populations may
%E E % é’ g 2 bef a gooq indicator regarding these hosts’ exposure to parasit§s.
= g o § S § g F1sh at higher levels may be more frgquently ex.posec.l to in-
2 § 'E_ g E g = E fective larval forms of a greater diversity of helminths in their
s < SIS RS E &S diet than are those at lower trophic levels (Luque and Poulin
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2008; Valtonen et al. 2010; Poulin and Leung 2011; Timi
et al. 2011; Beevi and Radhakrishnan 2012; Alcantara and
Tavares-Dias 2015). The qualitative dissimilarity of the en-
doparasites was very marked for the herbivorous hosts. The
two species of piscivorous hosts in the present study, Aces-
trorhynchus falcatus and Acestrorhynchus falcirostris (Aces-
trorhynchidae), were dissimilar regarding their ectoparasite and
endoparasite communities in comparison with the detritivo-
rous, omnivorous and carnivorous hosts. In addition, H. uni-
taeniatus and H. malabaricus (Erythrinidae), which are both
carnivorous hosts, had greater parasite richness, mainly com-
prising ectoparasites. These species of Erythrinidae are car-
nivorous fish when young, feeding on plankton, crustaceans,
aquatic insects and fish, and are usually active and do not mi-
grate for spawning (Alcantara and Tavares-Dias 2015). There-
fore, host trophic levels have a direct influence on the abun-
dance and composition of endoparasite communities.

Host specificity also appears to be an important factor re-
lating to the distribution of parasites, since the distribution of
helminths reflects that of the fish families that they parasitize
(Choudhury and Dick 2000; Poulin 2001; Pérez-Ponce de
Leén and Choudhury 2005; Salgado-Maldonado ef al. 2016).
Given that assemblages of tropical fish can be very rich in
species, they have parasites that may be equally available to
most hosts. Thus, generalist parasites may also be numerous
(Salgado-Maldonado ef al. 2016). Among the taxa of parasites,
we found greater richness of ectoparasites than of endopara-
sites, and with predominance of species of monogeneans,
crustaceans and protozoans. Ichthyophthirius multifiliis,
P, pillulare and Tripartiella sp. were the protozoans with the
highest numbers of associations with the host species of this
study, because they are opportunistic ectoparasites with a di-
rect life cycle, which is favored by poorer environmental con-
ditions (e.g. low pH and oxygen) in which urban eutrophica-
tion has a high impact (Takiyama et al. 2012; Bittencourt
et al. 2014a,b; Hoshino et al. 2016). In contrast, the abundance
of endoparasites can be negatively affected by these environ-
mental characteristics, as well as by the behavior and density
of host populations, among other factors (Bittencourt et al.
2014a; Bellay et al. 2015, Alcantara and Tavares-Dias 2015).
Variations in endoparasite communities and in the abundance
of these species can also be determined through changes to the
host diet or the volume of food consumed containing infective
parasites and through ontogenetic changes in immunocompe-
tence, modification of the likelihood of contact and the degree
of efficiency of potential intermediate hosts and parasites
(Bellay et al. 2015; Salgado-Maldonado et al. 2016).

Native parasite species within a rich fauna generally occur
in only a few species of host fish, since they are specialists,
while the parasites in poor fauna are mostly generalist species
(Bittencourt et al. 2014a). The specialists are an important part
of the component community, but generalists dominate more
often. However, when generalist parasites are absent, or scarce,
do specialists dominate communities (Kennedy 1990). The par-
asite communities of the fish assemblage studied here pre-

sented a small number of generalist ectoparasites such as
1. multifiliis, Tripartiella sp., P. pillulare, Posthodiplostomum
sp metacercariae, Braga patagonica, Ergasilus turucuyus and
Dolops longicauda, and endoparasite species such as Genar-
chella genarchella, Posthodiplostomum sp., Gorytocephalus
spectabilis, Proteocephalus gibsoni, Contracaecum sp. and
Procamallanus (Spirocamallanus) inopinatus. In addition, this
fish assemblage included a great number of specialist ec-
toparasites (e.g. Unilatus unilatus, Trinigyrus mourei, Gusse-
via disparoides, Gussevia alioides, Gussevia elephus, Gusse-
via spiralocirra, Sciadicleithrum geophagi, Sciadicleithrum
Jjoanae, Sciadicleithrum satanopercae and Gussevia asota)
and a small number of specialist endoparasites (e.g. Goryto-
cephalus elongorchis and Neoechinorhynchus pterodoridis).
Therefore, for these parasite species, the generalist or special-
ist strategy may increase or reduce their ranges of host species.
Given that the same endoparasite species are present in more
than one host species; this indicates the existence of new in-
termediate hosts in the environment, along with the fact that
different species of fish share one or more food items in the en-
vironment (Marcogliese 2002).

We found high prevalence of both ectoparasites and en-
doparasites in the fish assemblage. However, the prevalence of
ectoparasites and endoparasites was lower in detritivorous
hosts than in carnivorous, omnivorous and piscivorous fish.
The mean intensity of ectoparasites was higher in detritivorous
and omnivorous hosts, but the mean intensity and abundance
of endoparasites were higher in carnivorous and omnivorous
hosts. A previous study on the fauna of metazoan parasites in
herbivorous, omnivorous and carnivorous freshwater fish also
found that both the prevalence and mean intensity were higher
in omnivorous and carnivorous hosts, thus indicating that the
feeding habits of hosts was a determining factor relating to the
parasite fauna (Beevi and Radhakrishnan 2012). According to
Valtonen et al. (2010), piscivorous hosts (which appeared to be
dominant consumers) and relatively large omnivorous hosts
were heavily parasitized and were presumably important pred-
ators. On the other hand, small planktivorous and benthivorous
hosts were likely to be important prey and had lower preva-
lence and abundance of parasites.

In host-parasite networks, the host body provides a mi-
crohabitat for parasite species of different lineages and with
different life history strategies (Bellay et al. 2013). Host size
has been correlated with trophic level and vulnerability, and
also possibly with how many burden parasites are harbored.
Since predators are larger than their prey, host body size within
a food web tends to increase burden parasites with increasing
trophic level (Valtonen et al. 2010; Poulin and Leung 2011).
The detritivorous hosts of our study have lower chances of be-
coming infected by endoparasites because of the limited feed-
ing of detritus, which decreases the chances of acquiring in-
fections by heteroxenic parasites in comparison with
omnivorous, carnivorous and piscivorous hosts that has several
invertebrates in feeding. Both species of piscivorous hosts
that were examined here (4. falcatus and A. falcirostris) are
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fish of medium size, like the species of carnivorous hosts and
a large number of omnivorous hosts (e.g. species of Cichlidae),
and had similar loads of endoparasites. Smaller species of
omnivorous hosts (e.g. Hemibrycon surinamensis, Triportheus
angulatus, Triportheus rotundatus, Triportheus curtus and
Metynnis lippincottianus), which are prey for piscivorous,
carnivorous and omnivorous fish with a tendency towards
piscivorous behavior, were also found to have similar loads of
endoparasites (Alcantara and Tavares-Dias 2015; Hoshino
et al. 2016). However, we used parasites and host fish as in-
dicators of trophic interactions independent of the items of the
hosts’ diet (which we did not evaluate), to infer links in the
food web. In addition, the life cycle of most of the endopara-
sites found, which use different hosts at different stages of their
development, remain unknown. However, according to Valto-
nen et al. (2010), parasites transmitted through trophic inter-
actions may be used to help construct vertebrate sub-webs and
derive information about food web processes. The parasites
alone provided equivalent if not more information than ob-
servations regarding diet. However, resolution is improved by
using parasites and the observed diet together.

For parasites in particular, the host body size constitutes
another crucial variable influencing their ecology and evo-
lution (Guégan et al. 1992; Walker et al. 2017). Host body
size has long been considered a determinant of parasite
species richness, although it generally explains only a portion
of the interspecific variance in the numbers of parasite
species infecting different host species (Guégan ef al. 1992;
Poulin 2004a; Valtonen et al. 2010; Poulin and Leung 2011).
However, correlation of parasite abundance with host body
size is far from universal (Grutter 1994; Poulin 2004a; Al-
cantara and Tavares-Dias 2015). Body length in fish assem-
blage of the present study showed a positive correlation with
ectoparasites abundance, although the coefficient of this cor-
relation was low, such that only 23% of the data showed a
correlation. In contrast, for endoparasites, no correlation be-
tween length and parasite abundance was observed. In larger
hosts, the niches available to parasites for colonization are
more diverse, thus allowing hosts to harbor a higher parasite
species richness (Kuris et al. 1980; Grutter 1994; Poulin
2001; Poulin 2004b) and parasites load, especially of ec-
toparasites. The ectoparasites recorded here were mostly
(90%) species that parasitize the gills. In larger hosts, the gills
have more space to harbor parasites, thus influencing para-
sites abundance (Grutter 1994).

In conclusion, we found that in the fish assemblage inves-
tigated here, most of the host species had similar ectoparasites
fauna and species richness, independent of the trophic level,
except for piscivorous hosts. Carnivorous and omnivorous
hosts harbored parasite communities that were more homog-
enous than those of detritivorous and piscivorous hosts, thus
indicating that the feeding habits of hosts were an important
factor influencing the presence of parasites. Therefore, hosts
in the middle and higher parts of the food web, which fed on
both invertebrates and small fish, harbored greatest diversity

of endoparasite species. A small number of helminth en-
doparasites were specialist parasites, with specificity for in-
termediate and definitive hosts. Many generalist endoparasites
had life cycles consisting of larval stages and probably only
spent short spans of their lives in intermediate and paratenic
hosts. These characteristics seem to be adaptations to the food
web and to the high densities of organisms distributed over
wide spatial scales that are common in Amazonian ecosystems.
The parasite communities of the fish assemblage were a set of
the local fauna and the parasite richness found here was not a
reflection of all the fauna that exists in the ecosystem. The
species richness of the parasites in the component communi-
ties may have been influenced by the availability of local par-
asite species and probability the availability of hosts for col-
onization. Finally, the body length of the hosts was not an
important predictor of parasite abundance in this fish assem-
blage.
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