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Summary

European eels (Anguilla anguilla) from four rivers in nort-
hern Portugal were examined for their intestinal helminth
communities. Simultaneously macroinvertebrates were col-
lected for determination of biological water quality by the
Belgian Biotic Index. Seven species of intestinal helminths
wcere observed in the eels: two cestodes (Bothriocephalus
claviceps and Khawia baltica), Tour nematodes (Paraguim-
peria tenerrima, Spinitectus inermis, Rhabdochona anguil-
lae and Cucullanus trutice) and one acanthocephalan spe-
cies (Acanthocephalus clavula). Species richness varied
between 3 and 4 and all the four communities studied were
dominated by once generalist or specialist nematode spe-
cies. Diversity characteristics of intestinal helminth com-
munities of eels [rom several lotic systems in Burope were
compared to those from rivers from northern Portugal.
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richness; Portugal

Introduction

The European cel Anguilla anguilla L. is an economically
important fish that inhabits most European waters, occur-
ring in very different ecological environments.

Only a few studies provide information on the composition
and structure of parasite communities of the Buropean eel
A. anguilla from Portuguese rivers (Carvalho Varela et al.,
1984; Saraiva & Chubb, 1989; Saraiva, 1994: Saraiva &
Eiras, 1996; Pereira, 2000) and none was carried out at
both component and infracommunity levels.

Tt is well known that the presence or absence of many para-
siles in an ecosystem depends on a variety of [actors inclu-
ding the capability of survival of their intermediate hosts in
more or less heavily polluted waters.

The aim of the present study is to compare the intestinal
helminth community of the European ecl A. anguilla from
four rivers from northern Portugal with different pollution

levels and to analyse the temporal variation in two of them
by comparing the data obtained in this study (o those ob-
tained in 1994 by Saraiva and in 2000 by Pereira. The au-
thors also compare the characteristics of intestinal helminth
communities of eels from several lotic systems in Europe.

Material and Methods

Samples of eels and macroinvertebrates were collected
from the rivers Trovela, Cove, Este and Sousa, (ributaries
of the Lima, Cévado, Ave and Douro systems, respectively
(Fig. 1), in cach year scason (cxcept in spring in the River
Este) from November 2001 to July 2002, in order to mini-
mise seasonal fluctuations in the parasile communities.
The eels were captured by electrofishing. A total of 274
cels were cxamined, 55 (total length: 26.6 = 6.4 cm,
weight: 32.7 £ 23.5 g) from the River Trovela, 79 (253 +
6.3 cm; 30.4 £ 22.7 g) from the River Covo, 47 (23.2 £9.2
cm; 29.0 + 39,1 g) from the River Este and 93 (19.6 + 3.8
cm: 13.1 £ 8.9 ¢) from the River Sousa. The fish were tran-
sported alive to the laboratory where they were killed, dis-
sected and the digestive tract examined for the presence of
helminth parasites. Parasite species were assigned to the
categories of gencralist or specialist as defined by Bush et
al. (2001).

Macroinvertebrates were collected (sampling time 10 min)
with a hand-net (300 pm mesh size), fixed in 4 % formalin,
processed and identified to the taxonomic categories sug-
gested for the calculation of the Belgian Biotic Index
(BBI). The Belgian Biotic Index (BBI) of De Pauw and
Vanhooren (1983) provides informations about the biolo-
gical waler quality based on the sensilivily of dilferent ma-
croin-vertebrates groups to pollution, and BBI values vary,
according Lo the pollution degree, between 0 (strongly pol-
luted water) to 10 (unpolluted water).

The terms prevalence, intensity, mean intensity, abundance
and mean abundance were used according to Bush et al.
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Fig. 1. Location of the sampling siles [rom the river Trovela (A), the river Covo (B), the river Este (C}and the river Sousa (D} iributaries ol the
Lima, Cavado, Ave and Douro systems, respectively

(1997).

Characterization of intestinal helminth community structu-
re was carried oul al both component and infracommunity
levels (sensu Bush er al., 1997), using the total number of
helminth species (species richness), the Simpson’s recipro-
cal Index (1/D), the Shannon-Wiener Index (H') and its
Evenness (Index of Pielow) (E), the Berger-Parker Domi-
nance Index (d). the mean number of parasites and species
per cel and the Brillouin’s Index (HB). All these indices
were adopted in order to facilitate comparisons with results
from other authors and calculated in accordance with Ma-
gurran (1989) and Krebs (1999). Component species were
defined as those with a prevalence of 10 % or greater in a
sample (see Kennedy, 1993). Community similarities bet-
ween the rivers studied were measured al the component
level using Sorensen’s Index (qualitative measure) and the
Percentage Similarily Index (quantitative measure) (Ma-
eurran, 1989; Krebs, 1999).

Results

Composition of the intestinal communities

Data on the intestinal parasites found in eels from the 4 ri-
vers localities are recorded in Table 1.

Seven species ol intestinal hehminths were observed in the
eels: two cestodes (Bothriocephalus claviceps and Khawia
baltica), four nemalodes (Paraguimperia tenerrima, Spi-
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nitectus inermis, Rhabdochona anguillae and Cucullanus
truttae) and one acanthocephalan species (Acanthocepha-
lus clavula). P. renerrima was the only species detected in
all rivers. B. claviceps and C. truttae were detected in three
rivers and the other species were detectled in one river only.
The highest prevalence and mean abundance in the River
Trovela were recorded for P. renerrima, in the River Covo
and the River Este for C. trutfae and in the River Sousa for
R. anguillae.

The lowest prevalences and mean abundances were obtain-
ed for B. claviceps in all rivers excluding the River Este
where this species was not observed. In this river the lo-
wesl prevalence and mean abundance was obtained for K.
baltica.

Component COmmMuURity structure

Data on the community structure of the intestinal hel-
minths found in eels from the 4 rivers studied are recorded
in Table 2,

The highest helminth species richness and diversity (Simp-
son’s and Shannon-Wicner Index) were [ound in the rivers
Trovela and Sousa. These rivers exhibited the same species
richness and the same number of component species but
diversity was higher in the River Trovela due to the occur-
rence of more identical relative abundances of parasite spe-
cies, including the dominant species (Berger-Parker Index)
which conducted Lo evenness near the maximum theore-
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Table 2. Diversity characteristics of component communities of intestinal helminths of eels from the rivers studied

Rivers

Characteristics TROVELA COvo ESTE S50USA
No. of species (species richness) 4 3 3 4
No. of component species 3 2 1 3
Simpson’s Reciprocal Index 3.39 1.83 1.20 2.44
Shannon-Wienner Tndex 1.30 0.69 0.35 1.01
Eveness Index of Piclou 0.94 0.63 0.32 0.73
Berger-Parker Dominance Tndex 0.42 0.67 0.91 0.52
Dominant species™® Pt Ct. C.t. R.a.

¥ 1, Paragimperia tenerrima; C.f., Cucullanus truttae; Roa., Rhabdochona anguillae

Table 3. Percenlage Similarity Index and Sorensen’s Index (in parenthesis) between the communilies of intestinal helminths of eels from Lhe rivers

studied
Rivers
Rivers TROVELA COVQO ESTE S50USA
TROVELA 50 (0.80) 20 (0.57) 12 (0.50)
COvVO 73(0.67) 11(0.57)
ESTE 6 (0.29)
Table 4. Diversity characteristics of infracommunitics of intestinal helminths of eels from the vers studied
Rivers
Characteristics TROVELA COVQO ESTE SOUSA
Mean number of helminths (£ SD) 0,95 (£1.52) 0.91 (£3.34) 0.72 (£0.55) 248 (£7.31)
Mean number of helminth species (+ SD) 0.49 (+0.63) 0.33 (+0.55) 0.32 (£0.56) 0.57 (0.70)
Maximum number of helminth species per ecl
2 2 2 4

Brillouin’s Index
Mean 0.035 0.013 0.012 0.024
SD 0.111 0.068 0.076 0.096
Max. 0.461 0.366 0.398 0.549
Brillouin’s Index *
Mean 0.087 0.046 0.057 0.050
SD 0.165 0.125 0.140 0.134
Proportion of cels with 0 or 1 helminth species

0.91 0.96 0.95 0.94

* infected eels only

tical value. Both rivers had a dominant eel-specific species.
The lowest helminth species richness and diversity were
found in the rivers Covo and Este. These communities
showed the same species richness but the number of com-
ponent species and diversity were lower in the River Este.
The low values of diversity and cvenness from this river
reflect the very high relative abundance of the dominant
species (Berger-Parker Index) since this community was
composed almost exclusively by C. fruttae specimens. C.
trutrae was also the dominant species in the River Covo
and, for this reason, the River Covo and the River Este we-
re quantitatively (Percentage Similarily Index) the most si-
102

milar communities studied (Table 3). Qualitatively (Soren-
sen's Index) the most similar communitics were from the
River Trovela and the River Covo (Table 3) which reflects
the high number of species in common (3). The most dissi-
milar communities, quantitative and gualitatively, were
from the River Este and the River Sousa (Table 3) which is
not surprising since these rivers had only one helminth spe-
cies (P. tenerrina) in common and at low relative abundan-
Cces.

Infracommunity struciure
Data on the infracommunily structure ol the intestinal hel-



Table 5. Macroinvertehrates observed, number of taximomic categories and biotic index in the studied rivers localities

Trovela Covo Este Sousa
PLECOPTERA Leuctridae 8
Nemoura 3 6
TRICHOPTERA Ecnomidae 2
Glossomatidae 9
Hydropsychidae 9 7 3 10
Philopotamidac 14
Phryganeidae 2
Polycentropodidac 7
Rhyacophilidae 4 1 18
Psychomyiidac 12 2
EPHEMEROPTERA Baetis 74 128 12 32
Caenis 39 22
Centroptilum 14 10
Ephemera 15 18
Ephemerella 2F
Ephoron 26 23
Habrophiebia 2
Heptagenia 1 9
Potomanthus 1
Procloeon 3 1
ODONATA Coenagrionidae 1
Corduliidae 3 2
Lestidae 1
Libellulidae 2
COLEOPTERA Dryopidae 2
Dytiscidae 2
Elmidae 108 8
Gyrinidae 5
Haliplidae 1
Helodidace L
Hygrobiidae 4
MOLLUSCA Bithynidac 2 19
Neritidae 2
Pisidium 11
CRUSTACEA Gammariis 2
MEGALOPTERA Sialidac L
HEMIPTERA Gerris 3 3
Vellidae 2
DIPTERA Chironomidae 22 55 67
Culicidae 3 2 1
Empididae 2
Limoniidac 8 l 5
Tabanidae 2 6 3
Simulidae 3
HIRUDINAE Hemiclepsis 3
OLIGOCHAETA Lumbricidae 18
Lumbriculidae 83 56 11
Tubiflicidae 3
PLATHELMINTA Dugesia 14 2 1
Polycelis ]
TOTAL OF SYSTEMATIC UNITS * 32 16 3 18
BIOTIC INDEX (BI) 10 8 4 9

* The syslemalic unils with one specimen only are not quantifying o the caleulation of the Bl
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Table 6, Diversity characteristics of component communities of intestinal helminths of eels from several lotic systems in Turope

Portugal England Ireland Poland Germany
Characteristics Saraiva Pereira Kennedy Kennedy Comneely & McCarthy Kennedy & Seyda O-Gi& W' Sures et Sures & Streit
(1994)' (2000 (1993) (2001)° (19%6)' Moriuarty (1973)" (1994)' al.(1999)* (2001)
(2002)
R. Este R. R, Cyst R. Exe R. R. R. R. R. R. R
1984 1989 Sousa 1979 to Y2 System Ahbert Lrimmeen Shannon Odra Odra Rhine’ Rhine
{min, —max.) (min. —max.)
No. of species (sp. richness) 5 5 6 0-9 3-10 5 7 1-5 6 3 6 4 4 06
No. ol component species 2 3 3 0-3 -3 3 4 | 6 3 1 2 1 6
Simpson’s Reciprocal Index 3.05 3.37 2.30 0-2.67 1.33 - 3.08 2.88 2.54 1.00 - 1.15 2.63 3.85 1.18 1.25 1.23 2.12
Shannon-Wienner Index 1.32 1.32 0.97 0-1.04  046-128 1.88 1.68 0.04 —0.30 1.84 2,07 0.39 044 042 1.11
Eveness Index of Pielou 0.82 0.82 0.54 0-095' 0.41-089 0.81 0.60 0-0.17 0.71 0.89 0.22 0.32  0.30 0.62
Beraer-Parker Dominance Index  0.48 (.38 0.52 0-088 0.44-0388 0.40 0.50 0.93-1.00 0.57 (.34-030 092 090 050 0.67
Dominant species® Pt Ct. R.a. A, Pt, Be Pt S.i, Pl Pt Pl Al At A, Al Pa. Pa. Pa Pa.

'"Walues calculated from data given by the authors: *Values calculated from data given by the author from localities with a sample size equal or higher to 15 eels; * O-Gi & W - Orecka-Grahda and Wierbicka:
“Values recalculated for intestinal helminths only; *Values from 2 sampling sites* A.a., Acanthocephales anguillae; A.c., Acanthocephalus clavula; A.l., Acanthocephalus lucii; B.c., Bothriocephalus claviceps;

C.t., Cucullanus truttae; Poa., Paratenuisentis ambiguus: P, Pomphorhyachus laevis: P, Paraguimperia tencrrima; Ra., Rhabdochona anguillae; 5.5, Spinitecins incrmis
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minths found in eels trom the 4 rivers are recorded in
Table 4.

The highest values of mean number of helminths/eel, as
well as the highest values of mean and maximal number of
species/eel, were observed in the River Sousa. These re-
sults reflect the occurrence in this river of the two more
abundant species (R. anguillae and 5. inermis) (see Table
1) and it was the only river where one eel was infected
with 4 helminth species. In general, the diversity character-
ristics of infracommunities analysed, including the Bril-
louin’s Index, were low in all rivers. These results were as-
sociated with the low percentage of eels infected with two
or more helminth species (less than 10 %) and with the low
values of mean intensity and mean abundance observed.

Biological water qualiry

Data on the macroinvertebrates collected and values of the
Belgian Biotic Tndex obtained in the 4 rivers are recorded
in Table 5.

The River Trovela had the richest and the River Este the
poorest benthic macroinvertebrate community. The biolo-
gical water quality analysis showed that the River Trovela
(BI = 10) and the River Sousa (BI = 9) were not polluted in
the study area, the River Covo (BI = 8) was slightly pollut-
ed but the River Este (BI = 4) was heavily polluted. Since
the macroinvertebrate community richness of the River
Sousa is similar to that observed in the River Covo (as can
be seen by the number of systematic units) a similar degree
of pollution could be expected in these rivers. The difter-
rence observed can be explained by the presence and ab-
sence of Plecoptera, which is the most sensitive group to
pollution, in the River Sousa and in the River Covo, res-
pectively.

Discussion

Altogether 7 different intestinal helminth parasites occur-
red in the eels with different richness between the rivers: 4
species were found in the rivers Trovela and Sousa, while
3 species were detected in the rivers Covo and Este. In the
River Este the presence of one specimen of K. baltica in
one sample only and the knowledge of its preference for
other host species (Chubb ef al., 1997) scems to indicate
this specie is accidental in this host. Comparison of the
present data with those obtained by Saraiva (1994) in the
same locality of the River Este, and Pereira (2000) in the
same locality of the River Sousa, it can be seen that the in-
testinal helminth community richness decreased in these
two rivers in recent years.

The intestinal helminth communities” richness from Portu-
guese eels are within the range obtained in the majority of
studies conducted on eels from lotic systems in other Euro-
pean countries (Table 6), since the most frequent values
reported are 5 and 6 or, according to Kennedy (1990), 3.
The 4 communitics studied were dominated by one gene-
ralist or specialist nematode species. These results support
the opinion of Kennedy (1990) that cel helminth commu-
nities are usually dominated by a single parasite species. In

all the studies conducted in Portugal, nematode species do-
minate the intestinal helminth community of eels. In Po-
land and Germany, the dominant species were always
acanthocephalan, and in England and Treland, both groups
were observed.

The dominance and diversity indexes values observed in
the intestinal helminth communities of eels from the rivers
[rom northern Portugal are similar to those observed in lo-
tic systems in Europe (Table 6). The dominance value was
low and diversity indexes were high in unpolluted water
(River Trovela and River Sousa) and the dominance value
was very high and diversity indexes were very low in hea-
vily polluted water (River Este).

The proportion of eels that were uninfected or harboured a
single helminth species was very high, and the mean num-
ber of species per eel was low in all the rivers studied. The-
se results are in accordance with those from Kennedy
(1990, 1993) who found that in the majority of localities
over 8(} % of the eels were uninfected or infected with 1
species of helminth only and the mean numbers of species
per cel scldom excecded L.

The mean values of Brillouin’s index are very low in all
the studied rivers but similar to those obtained by Kennedy
et al. (1986).

The geographical distribution of intermediate hosts is an
important factor influencing the occurrence of parasites.
Eels are opportunistic feeders, feeding on almost any avai-
lable organism. In unpolluted water, communities are rich-
er and there are more food species available and cones-
quently intestinal helminth communities tend to be more
varied. However, other factors could be responsible for the
community structure variation. The introduction of new
species is an example, as probably happens in the River
Rhine where the low diversity and high dominance due to
P. ambiguus (Sures ef al., 1999; Sures & Streit, 2001) was
probably caused by the recent introduction of this species
into Europe.
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