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Abstract

A comparative analysis of parasite species richness was performed across 53
species of fish from the floodplain of the upper Parana River, Brazil. Values of
catch per unit effort, CPUE (number of individuals of a given fish species
captured per 1000m* of net during 24h) were used as a rough measure of
population density for each fish species in order to test its influence on
endoparasite species richness. The effects of several other host traits (body size,
social behaviour, reproductive behaviour, spawning type, trophic category,
feeding habits, relative position in the food web, preference for certain habitats
and whether the fish species are native or exotic) on metazoan endoparasite
species richness were also evaluated. The CPUE was the sole significant
predictor of parasite species richness, whether controlling for the confounding
influences of host phylogeny and sampling effort or not. The results suggest that
in the floodplain of the upper Parand River (with homogeneous physical
characteristics and occurrence of many flood pulses), population density of
different host species might be the major determinant of their parasite species
richness.

inconsistent (Poulin, 1997; Morand, 2000). One reason
for this inconsistency may be that most data sets used

Introduction

Parasite assemblages are playing an increasingly

important role as models for the study of biodiversity
and biogeography (Poulin & Morand, 2000). Different
events can lead to new species joining parasite
assemblages, but identifying key factors that have
caused certain parasite assemblages to diversify more
than others over evolutionary time remains a challenge
(Poulin, 1998). Yet, the results currently available are
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in previous analyses have been compiled from many
different sources. Differences in the methods used to
detect and identify parasites from a variety of sources
can generate too much error and statistical noise for
any existing signal to emerge. In addition, different
host species included in the same data set often come
from different geographical areas and the availability
of, and exposure to, different parasite species varies
across regions, adding another element of variability to
such data sets. Whereas these caveats are unavoidable
for investigations on geographical scales, they pose
problems for studies focusing on host traits. For the
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latter, one would ideally examine interspecific variation
in parasite species richness among a group of host
species from the same area, all examined in a standard
way by the same researcher(s).

Predictions about which host features may promote the
diversification of parasite assemblages have come from
two theoretical frameworks. Firstly, following from the
island biogeographical theory (MacArthur & Wilson,
1967; Kuris et al., 1980), host features that promote high
rates of parasite speciation or colonization by new parasite
species should be associated with high parasite species
richness. These features may include host body size,
geographical range size, diet breadth, etc. Empirical
support exists for most of these variables, but with the
inconsistencies alluded to above (see Poulin, 1997;
Morand, 2000). The second theoretical source of predic-
tions regarding parasite species richness has been
epidemiological modelling (Roberts et al., 2002). These
models indicate that host population density, which
regulates the contact rate between parasite infective stages
and hosts, is the key factor determining whether a parasite
species can invade and persist in a host population. Host
species occurring at higher population density should

harbour more species of parasites, because they exceed
the persistence threshold of more parasite species than
hosts with a low population density. A comparative study
on fishes (Morand et al., 2000) found support for this
prediction, as did studies on parasite richness of terrestrial
mammals (Morand & Poulin, 1998; Arneberg, 2002).
However, this prediction has not been tested across the
majority of host species recorded in a given ecosystem.

In the present study, the relationship between different
features of host species and the parasite species richness
of metazoan endoparasite assemblages are examined
across species of fish hosts from the floodplain of the
upper Parand River. This study represents the first serious
attempt to investigate patterns and causes of variation
in parasite species richness across most of the host species
in a given ecosystem.

Materials and methods
Study area

The floodplain of the Upper Parana River, Brazil
(22°43, 53°10'W) (fig. 1) has the shape of a large braided
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Fig. 1. Floodplain of the upper Parana River, Brazil.
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channel, and includes several lagoons, channels and
small rivers. The floodplain has a weak gradient
(0.09mkm™Y), and its area (in Brazil) is approximately
800,000 km?, constituting the last stretch not dammed
(until 1998 when the construction of the Dam of Porto
Primavera was finished) of the Parana River in Brazilian
territory (Souza Filho & Stevaux, 1997). The Parana River
floodplain has a period of high water levels from October
to January that can extend to April and July (the months
with higher temperatures). Oscillations in the water level
can reach up to 3m and are coupled with the occurrence
of many flood pulses (see Junk et al., 1989) in the same
hydrological cycle (Thomaz et al., 1992, 1997). The
ichthyofauna comprises approximately 103 known
species, dominated by characiform and siluriform fishes.
The majority of fish species are native, and only six exotic
species have been recorded in this region (Agostinho et al.,
1997a). Pavanelli et al. (1997) published a preliminary list
of the helminth parasites of fishes from the floodplain of
the Upper Parana River with data collected from 81 host
species. More detailed information about the biota of this
region can be found in Vazzoler ef al. (1997a).

Data collection

All fish were collected from the floodplain of the Upper
Parana River, Brazil, during the period 1986 to 2003. Fish
collections were carried out at the same time of year
(during the period of high water levels), and at the same
site in the floodplain (Porto Rico Town, see fig. 1). The
taxonomy of the fishes follows that of Reis et al. (2003).
Each individual fish was measured (standard length) and
examined for internal metazoan parasites using para-
sitological methods described in FEiras ef al. (2000).
Washings from the lumen of the gut were passed through
a sieve (154 um mesh size) to recover even the smallest
parasites. The metazoan parasites recovered consisted of
platyhelminths (trematodes and cestodes), acanthoce-
phalans and nematodes. All fish collections and dissec-
tions, and recovery of parasites were made using the
same methods, in the same laboratory, and all parasite
identifications were carried out or confirmed by the same
persons (GCP, MAPL and RMT). Thus the data represent
a single data set, and do not suffer from the problems
associated with data sets compiled from different sources
and based on different methods. Quantitative infor-
mation on the prevalence and intensity of infection by
different parasites and on parasite community descrip-
tors have been published previously for some of the fish
species in the data sets (Machado et al., 1994, 1995, 1996,
2000; Takemoto & Pavanelli, 1994, 2000; Pavanelli et al.,
1997; Pavanelli & Takemoto, 2000; Guidelli et al., 2003;
Lizama, 2003). The present analysis is the first to combine
all these data; and the entire data set of host species
included in the analyses is shown in table 1. For each host
species, the total number of fish examined for parasites
and the total number of endoparasite species (i.e. parasite
species richness) found were recorded. The number of
hosts examined, or sampling effort, is included as a
potential confounding variable.

Values of catch per unit effort, CPUE (number of
individuals of a given fish species captured per 1000 m? of
net during 24h) were obtained from Agostinho et al.
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(1997a,b) and used as an approximate measure of
population density for each fish species (King, 1996).
These values were obtained monthly throughout 1986-
1988 and 1992-1994, using a range of specific nets
installed to catch fish, with various mesh sizes (3—-16 cm)
covering the size range of the different fish species.

In addition to data on average host body length
obtained from the individual fish examined, data were
also obtained from Vazzoler, 1996; Agostinho et al., 1997a;
Hahn et al. 1997, 1998; Vazzoler et al., 1997b; Luiz et al.,
1998; Agostinho & Jualio, 1999 and from personal
communications with other researchers (see Acknowl-
edgements), on the following variables for each fish
species: (i) whether the fish species forms schools or not,
with species forming schools during only certain parts of
the year being classified as schooling; (ii) the trophic
category, where the fish species were distributed into
eight categories (according to Agostinho et al., 1997b):
herbivorous, planktivorous, insectivorous, iliophagous
(ingesting the top layer of bottom sediments with the
associated micro- and meiofauna), detritivorous, bentho-
phagous, piscivorous and omnivorous; (iii) the relative
position in the local food web (basal, intermediate or top
level); (iv) reproductive behaviour: species with external
fertilization, migratory; external fertilization, sedentary,
guarders; external fertilization, sedentary, non-guarders;
and internal fertilization; (v) spawning type, whether
having repeated bouts of spawning (iteroparous), or with
a single spawning effort (semelparous); (vi) preference of
certain habitat in the floodplain: lentic, lotic, semilotic;
(vii) whether the fish’s habitat is benthic, benthopelagic or
pelagic; and (viii) whether the fish species are native
(majority) or exotic. When local data were not available,
information from Froese & Pauly (2003) were included.

Statistical analyses

Data were analysed, on endoparasites only, in two
ways, i.e. one that highlighted any existing pattern in the
distribution of parasite richness among host species, and
one that emphasized those factors which may have
played a role in the evolutionary diversification of
parasite assemblages. In the first series of analyses, fish
species were treated as independent observations, using
standard parametric tests on log-transformed continuous
variables. In analyses using categorical variables
(e.g. schooling behaviour or feeding habits), it was not
possible to use multifactorial ANOVAs because there
were too few species in some categories and thus too
many empty cells in the factorial matrix. Nevertheless,
the analyses allowed us to determine which features of
host species are associated with richer parasite assem-
blages. In the second round of analyses, host phylogeny
was taken into account. Closely related host species are
likely to harbour similar numbers of parasite species
because these were inherited from a recent common
ancestor; and this means that they do not represent truly
independent statistical observations. We must therefore
control for phylogenetic influences when evaluating the
potential effects of host features (body size, schooling,
feeding habits, etc.) on the evolution of parasite
assemblages. To achieve this, we used the phylogeneti-
cally independent contrasts method (Felsenstein, 1985;


https://doi.org/10.1079/JOH2004264

I I € 4 € € L 4 $529 12 8 664 STIVULSIVIL STULDSDLIDS

I I z I € I I € 660 L€ S 0T avuvapdojiy uopoznps

I z z I € I I I 2091 g'6C 1T 198 11]1240q U0pOZIYIG

4 I € 4 ¢ 4 9 i4 ook 4 8T 4 4 vatapvddod vosadouvyvs

I z I I € € L z €0 g's/ S €T SISUIJISDAG STUIIDS

I I z I € z € id ¥6'L1 co1 € 18 sisuauvivd sap10gaoy

I I I z z € L 4 618 LS9 z GTI snudna uoporydiy

I I € z € € L i 840 86 I € oy shypyonyduiogy

I I I I I z 8 14 760 €¥s id 6 SNSOINUVLS SVAOPOII] ]

I z I z I € L 4 UT 9¢1 4 29 suwosn.iod vuiojshjudopnas g

I z I I € I i i 6001 T¥S 61 6% snjvaul] SnpojiyooLd

I I i 4 ¢ 4 9 4 SH0°0 gTe I 81 olojout uoSfiijouivioq

z I z I € € L i G9¥ i z 52 snuussisoutynbs u01s01v|J

I z I I I € L € 870 48 € €/ ndwwutnd sndwwiuig

I ¢ I I € z 8 4 €0 6'ST z 4 SNIVULO SHPOJaULL]

I I I I € z 8 € 959 cIe 0T 069 sngvnovL SnpojatL]

I z I I I I I I 1o 91¥ i 89 snonuvjodosaus SoVAVI]

I I 4 I I z 8 € es'/e 4 S 1S snjvav8 sniajdiuayonviv g

I I z I € z € I €5'IE 6 I 88 DIpAULI2IUL DISNDYYUIOIN

I I z I z z I € 88°0 1 z a1 sngvpnovu §2 suuhfjoy

I I € z I I S € 826 g'8¢ z €0¢  uodojauhiwyd shypyorivario]

I z I I € z 8 z 99°T L0T 8 47 suapisniqo snuioda]

< I I 4 I € z 8 I i 4 01 €T S143S1IV] SnuLioda]

5 I z 1 I € z 8 € G6T 1] 9 LLT “ds snupioday

° I z I I € z 8 z 8'S 80¢ Z 44 1ouapLy snutiodo]

S I I z 4 I z 9 4 €9 9'/T 4 T snsouqu] shiygyorSuriay]

g I I 4 I 4 I 4 € Pl v I g€ snywjuapa snujypydodhpy

~ I I € I I z 9 I 1901 ¥6l I 09 a]vi0331] winuia3s01dor]

= I I € 4 € € L 4 86'€T ¥'8¢ 61 s snatiwquiw sordoy

s I I € z r4 € L € 8cy V4 € 6% snjvavpun snutiyihiajdory

> I I I z I € L i 65T 718 a1 Gog  soyouhyufippyd ungniosiwary

I I 4 z € z € I /87T 43 LT 16T odv.ivo snjouhficy

I I z I € € L z €10 ¢z I 47 AU XVAVYI09[VD)

I I z I € z 9 z 91T Tee 0 T Vv DIUUDIIUISIT

I I z I € 1 i € 9%'1 G91 4 89 njpSvu xvivyooydhy

I I z I € I ¥ I /ST GGI I 81 snsapout xpivyooydhd

I I € 4 € z L z - ¥'81 4 q1 “ds vpyromai)

I I € z € z € I 9¢°€ 86l z 0s HYS314q V[YIOIUIAD)

I I € z € € L i A ger I 0T asuavuvivd vUL0SUYLD)

4 I € 4 € € L 4 ¥5T 8¢ 8 €81 SMINIoUOUL V1Y)

I z 1 I € z € z 90°0 1'6C 1 99 snuvhudiqio uoohig

I I i I z z € I 1S2I Vrd z gz xvjshuioajso sniajdiuaony

I I 4 I € 4 8 4 $87/8 |4 6L €0T avupivdny xvuvhisy

z z € z € € L € 71 LT I 12 SNIV][200 SNJOUOLIST

I I z I € 4 8 € s 9°¢l I T suiffv uoporaivdy

I I 4 I z € L € T gce 1 8T sisuapvfivon snsorauady

I I i z z € L z 6£0T 8y z Gl SHULIdUL SNSOIUISY

I I 4 I € € L I S/ ¥'9C L L0€ S143s1ov] SnioUAY 104520y

ENQ\VENZ OWCMC,\SNQW wHSOM\me@Q BEOSUm cwuﬁﬁﬁmm m1—>>n~ w\whowmawu mum”:n_wz NMDLU AEUV 9ZIS mm@ﬁ&uﬁ HE mwﬁuwﬂm

aanonporday orydoiy, piepueig oyisere J

0 ‘sasATeue o) ur papnpur 1Al euere addn aup jo ureidpoopy a3 woig sawads ysy ¢g ) uo ejep jo Arewrnwung ‘T 3[qe],

D~

https://doi.org/10.1079//OH2004264 Published online by Cambridge University Press


https://doi.org/10.1079/JOH2004264

Parasite richness in Brazilian freshwater fishes 79

o
e .
(] <¥
_E — I
[
Z
fo)
o0
=1
=
E|l ma——
2
[
(oW
wn
()
g2
TE | o~
£
g2
[
N
.
Qo
_8 N~
o]
n

o —

Benthic?®
3
1

— N

FWL?
3
3

4

<t O DN

Trophic
category
7
7
3; iliophagous = 4; detritivorous = 5; benthophagous = 6; piscivorous = 7; omnivorous = 8.

Migratory with external fertilization = 1; sedentary, guarders, with external fertilization = 2; sedentary, non-guarders, with external fertilization = 3; internal fertilization

~
=
<
r\l
o0
k=
-
=1
el
-
9]
(<1
K
o
g
o
S o
= !
S = 0
S 173}
B oo o =1 I
< el IS
£ : £
£ =
& T
o
H| s < b 2z
E QLY LG | 8 El
E=E=E] -5
@) & o 5
3 #
ol G k=
Eg — N1 &= 2
T~ O 0O O =1 ©
S o N~ F 2] . [o
58 Sl s 8
n'? bD<14§|| 2
Sllga 80
o @ Oﬁgg ‘B
- U n © o\ EEN
= QO —~ 2 O AN s —
@E 0 1O — o0 N g_(.:g”? I
<O T c 29 —_ .
&R =85 G I B
s
EFS-E NN -
C‘(‘ff Q0 T ¢
OO MmO o e a5 83
=I8E=ET | Bles2s8¢eY
SNs9
2 EEEEE A
Sog"TZrTL®
SEEE oS d
CSEL 4~ =080
@ X~ ||
=3 .E&S‘%q_‘” 25 5
= m_g E#-\E“S o ~
S SE | SEVAggEiws
= S = || - Q9 . .
5 T Z5_|2¥ - nSgtE]
] S 'N%"’o ﬁu'_;:”'?)q"“ 29
g T sss|E8ElLzp BT EG
'§ m§»:a_go “55"—73'-'_“5 %‘&
2] LV 03 - N} b0 173}
8 SSSER | 58152 25T
S-.S3S o el 2xu2880
H %) =SsEL= 2 e .Z ° < >
— = .5 S Heiit Q =
© 9 FET DS gu.._.,s—v:s.._.o B
= S| SESS¥| 5585888585282
< Ol SSRES | ZUATEAR 2K,
=l Nl vnuvn =N —~ & 1B O N O O

https://doi.org/10.1079//OH2004264 Published online by Cambridge University Press

Harvey & Pagel, 1991), implemented with the CAIC
version 2.0 program (Purvis & Rambaut, 1994). Contrasts
were derived from a host tree constructed from published
studies on the phylogenetic relationships of fish (Alves-
Gomes et al., 1993; Nelson, 1994; Orti et al., 1996; Orti &
Meyer, 1997; Kullander, 1998; Pinna, 1998; Farias et al.,
2000). Contrasts were computed on log-transformed
data and all regression analyses were forced through
the origin (Garland et al., 1992). We obtained contrasts
corrected for the influence of sampling effort as a
confounding variable by taking the residuals of
regressions of a selected variable (e.g. parasite species
richness) against the host sample size. For categorical
variables (schooling behaviour, feeding habit, reproduc-
tive behaviour, etc.), contrasts were computed following
Burt (1989). As many of the categorical variables
studied were not dichotomous, the original data was
reorganized to perform this analysis: Trophic category, (1)
Herbivorous + Planktophagous + Insectivorous + Ilio-
phagous + Detritivorous + Benthophagous, (2) Pisci-
vorous + Omnivorous; Food web level, (1) Basal +
Intermediate, (2) Top; Reproductive behaviour, (1)
Migratory, (2) Sedentary; Preference of certain habitat,
(1) Lentic, (2) Lotic 4 Semilotic; Benthic/pelagic, (1)
Benthic + Benthopelagic, (2) Pelagic. The values of
parasite species richness for sister taxa in different
categories were compared using paired f-tests.

Because the aim was to reveal associations between
host features and measures of parasite species richness,
a Bonferroni correction was not applied to the present
results. Applying the correction could possibly mask
interesting trends worthy of further investigation (Moran,
2003).

Results

In total, data from 87 fish host species were obtained,
which represent 84.5% of 103 species recorded in this
ecosystem by Agostinho et al. (1997a). These data were
derived from an examination of 9501 fish, for an average
of 158.5 hosts per species (range 1-861). For comparative
analyses only fish species with ten or more individuals
examined (53 species) were used (table 1). Data from the
other 34 species are included in appendix 1.

Using data on metazoan endoparasites across all fish
species, the number of hosts examined per species
correlated positively with parasite species richness
(r=10961, n =53, P <0.0001). Thus, in all comparative
analyses, parasite species richness is corrected for
sampling effort (using residuals from a regression).

Using species values as independent statistical
observations, CPUE was found to be correlated positively
with parasite species richness (r=0.539, n =51,
P < 0.0001). This pattern is independent of sampling
effort, and is repeated when using phylogenetically
independent contrasts (r = 0.674, n =37, P =0.0001)
(fig. 2). No significant relationships were found between
parasite species richness and any of the other variables
studied either using species values as independent
statistical observations or phylogenetically independent
contrasts (table 2).
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Fig. 2. Relationships between metazoan endoparasite species
richness and catch per unit effort (CPUE) (number of individuals
of a given fish species captured per 1000 m? of net during 24 h).
Measures of species richness are corrected for host sampling
effort using residuals of a regression of species richness against
number of fish examined. A. Relationships between logarithmic
(In) values of corrected parasite species richness and In values
of CPUE. B. Relationships between metazoan endoparasite
species richness and CPUE using independent contrasts of In-
transformed values.

Discussion

The search for key determinants of parasite species
richness has blossomed in recent years (see reviews in
Poulin, 1997; Morand, 2000; Poulin & Morand, 2000). Yet,
there is no consensus view regarding the role, if any, of
various host traits in the evolutionary diversification

of parasite faunas. This may in part be due to the nature of
previous studies, which have often suffered from
important limitations. Here, we found that parasite
species richness in freshwater fish species shows no
association with several host characteristics, with the
exception of host population density. We have examined
some features long thought to be associated with parasite
acquisition in ecological time by individual fish, and over
evolutionary time by fish species (see Dogiel et al., 1961).

The floodplain of the Upper Parana River is a region
extensively studied with respect to its physical and
biological aspects (see Vazzoler et al., 1997a). It was
therefore possible to collect information about local hosts
that allowed us to test new ecological variables, e.g.
reproductive behaviour and spawning type, as possible
determinants of parasite species richness. For instance,
differences among fish species in reproductive and social
behaviour could affect the transmission of parasites
(Bartoli et al., 2000). Yet, none of these host features
showed any association with parasite species richness.

Considering both the approach and the results, the
present study includes both key improvements on earlier
studies of this kind and novel findings, making its
contribution particularly relevant. The majority of earlier
studies on the richness of freshwater fish parasites have
used data from fish species that do not occur in the same
geographical areas (e.g. Bell & Burt, 1991; Aho & Bush,
1993; Poulin, 1995). While relationships between parasite
species richness and host features may still be detected in
such studies, they are confounded by the fact that the
different fish species come from different areas and are
therefore not exposed to the same pool of parasite species.
The size of the pool of available parasite species must differ
from one geographical area to the next, and thus it can limit
how many parasite species a host can acquire over time,
regardless of the characteristics of this host species. The
present study focused on a set of fish species from the same
general area (the floodplain of the upper Parana River,
Brazil), thus minimizing any differences in parasite
availability. In addition, the study was the first investi-
gation of parasite species richness based on a representa-
tive data set of freshwater fishes from the Neotropical
Region, and focused on a single type of environment (a
river floodplain) for the first time in this type of analysis.

The key result in the present study was the clear
positive relationship between the host species density and

Table 2. Values obtained from analyses of the different ecological variables versus the corrected values of

parasite species richness.

Using species values as

independent statistical
observations

Variables

Using phylogenetically
independent contrasts

Fish standard length
Habitat preference
Trophic category

Food web level
Benthic?

Schooling?
Reproductive behaviour
Spawning type
Native/exotic species

r=0.129, n =53, P = 0.357
F(3,49) = 1379, P =0.260
F745=0.274, P = 0.961
F(2,50) = 0176, P =0.839

F 2,50) = 1618, P =0.208

F (.51 = 0.059, P = 0.809

F 3,49) = 0158, P=0924
F(1,51) = 0289, P = 0593
F(1'51) = 0002, P =0.963

r=0.213,n =38, P = 0.193
t=-0.035,n=13, P =0.735
t =-0.950, n = 10, P = 0.389
t=-0.767, n =10, P = 0.463
t=1135n=4,P=0379
t=-1772,n=9,P=0.114
t=0.508, n =6, P = 0.633
t=-1.018, n=7,P=0.348
t=-4.138, n=2,P = 0.151
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parasite species richness. This pattern is in concordance
with epidemiological theory (see introduction) predicting
that hosts with larger or denser populations will more
readily sustain several parasite populations. Because
parasites in our study use fish as either intermediate or
definitive hosts, depending on species, this situation
might reflect a combination of large intermediate and
definitive host populations facilitating parasite trans-
mission and reproduction, respectively (Morand et al.,
2000). The present results, combined with those on
mammalian hosts (Morand & Poulin, 1998; Arneberg,
2002), suggest that host density may play a general role in
maintaining parasite species richness.

Other ecological variables tested did not show any
influence on parasite species richness and this might
reflect the ecological homogeneity of the floodplain of the
upper Parand River. Spatial and temporal variations of
abiotic and limnological variables are frequently recorded
in floodplain systems and are strongly correlated with
variation in the hydrological level; in addition, the
occurrence of different pulses during the same hydro-
logical cycle could influence the biology of the host
species (Junk et al., 1989), and consequently the parasite
fauna. Some relationships expected between parasite
species richness and host ecological variables may not
become established because the interconnection between
the various microhabitats during the period of high water
levels minimizes the heterogeneity of the ecosystem and
its biota. This result could be viewed in the light of habitat
modifications resulting from human activities. Recently,
reservoirs created by dams in the floodplain of the upper
Parana River have altered the ecosystem, and the trophic
behaviour of some fish (Lizama, 2003). A potential
consequence of human-induced modifications to the river
could be changes in the density of key fish species and
based on the present results, this could influence the
richness of their parasite faunas. The impact of human
activities on the parasite fauna of fishes from the
floodplain is unknown, but this is a question that should
be addressed in future studies.
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