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ABSTRACT: Parasites of the European eel. Anguilla anguilla (LL.) in a section of the river Este, northern Portugal. were studied monthly for two ye-

ars. A total of seventeen species of parasites., seven protists (Trypanosoma granwlosum, Myxiditon giardi. Myxobolus portucalensis, Zschokkella
stettinensis, Hoferellus gilsoni, Ichilivophthirivs muliifiliis and Trichoding jadranica) and ten metazoans (Pseudodaciviogyrus anguillae, P. bini,

Bothriocephalus claviceps, Paraquimperia tenerrima. Cucullanus truttae, Pseudocapilluria tomentosa, Raphidascaris acus Jarvae, Anisakis sim-

plex larvae, Acanthocephalus clavula and Ergasilus gibbus), were detected. Almost all parasite species occurred throughout the year. but prevalen-

ces and abundances of P. tenerrima and C. truttae werve highest in spring/summer and those of Pseudodactylogyrus spp. and E. gibbus were highest
b= = E Rl &

in autumn. This parasite community shares similar membership as well as similar seasonal dynamics with communities observed in other European

cel populations. Differences in the community involved the commonness of C. truttae and the absence of Acanthocephalus anguilllae and A. lucii.

Kry Worps: European eel. Anguilla anguilla, parasite community, scasonality, Portugal.

INTRODUCTION

Few studies are available on parasites of European eels
Anguilla anguilla in Portuguese {reshwaters. Most have
dealt with one parasite species (PELETEIRO & MARTINS
MENDES, 1980; VENTURA & PAPERNA, 1984: EIRAS.
1988; AzEVEDO, LOM & CORRAL, 1989; SARAIVA &
MOLNAR, 1990: CRUZ E SILVA, GRAZINA FREITAS &
CARVALHO-VARELA, 1992); only three (CARVALHO VA-
RELA et al., 1984; SARAIVA & CHUBB, 1989; SARAIVA,
1994) provide information on the membership and struc-
ture of parasite communities. The present study describes
the scasonal dynamics of the parasile community of cels
caught in a section of the river Este. northern Portugal.

MATERIAL AND METHODS

Study area: The river Este is the last downstream tributary of the
right margin of the river Ave (Fig. 1). Samples were obtained ap-
proximately | km upstream from the confluence with the river Ave
and 5.5 km from the sca. The Ave catchment has an arca ol
1390 km"and is Jocated at 41715 - 41740° N and 8°00" - 8°45° W,
This catchment has an Atlantic-Mediterrancan climate with a mean
annual precipitation of 1800 mm and a mean annual sunlight of
2400 hours. Mean temperature in the warmest months (July-Au-
cust) is 207 C and in the coldest months (December-January) is 7
to 8° C (LOUREIRO & MACHADO. 1986).

The river Ave tish cominunity, excluding the estuary. 1s compo-
sed of eight fish species: brown trout (Salmo trutta), chub (Lewucis-
cis cephalusy, lberian nase (Chondrostoma polyvlepis), barbel
(Barbuy barbux bocager), cel (Anguilla anguilla), largemouth bass
(Micropterus salmoides). spined loach (Cobitis taenia) and crucian
carp (Carassius carassiny).

The macroinvertebrate community is dominated by Chironomi-
dac and Oligochacta. There are some Ephemeroptera. Coleoptera
and Mollusca (predominantly Physa sp.): Odonata and Hemiptera
are scarce; Cladocera and Copepoda are very rare (MACHADO
CRrRUZ et al.. 1989; SARAIVA. 1994).

[ig. |.— River Ave catchment showing the study site (arrow). [n-
sert shows the location of river Ave catchment in Portugal. Scale
bar =5 km.

Sampling of parasites: Ecls were examined monthly for parasites
over a two-year period (January 1988 to December 1989). Whene-
ver possible 15 specimens were collected cach month: sampling
was impossible in February and September 1988, A total of 290
cels were examined. Eels were caught by electric fishing and were
transported alive to the faboratory where they were maintained in
acrated containers betore being examined as soon as possible. Re-
cently killed cels were necropsted for parasites as outlined by By-
LUND, FAGERHOLM & WILGREN (198()).

Data analysis: Ecological terms follow MARGOLIS er al. (1982).
The significance of temporal changes in metazoan parasite preva-
lence and intensity im cach year was tested by using the Kruskal-
Wallis onc-way analysis of variance by ranks. I signiticant diffe-
rences were detected Mann-Whitney  U-tests were  employed
(GREMY & SALMON, 1969; SieGEL. & CasTELLAN. 1988). The sta-
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tistical analysis of the intensity of gill parasites showed that there
were no significant differences between lelt and right gill arches.
Therefore. the intensity of gill parasites was determined in left gills
only. Prevalence and mean intensity of . anguillae and P. bini, on
the one hand, and R. «cus and A. simplex larvae. on the other. were
determined together. This was done because in the lirst samples P.
anguillae and P. bint were identified only to genus level. while R.
acus and A. simplex larvae were treated as anisakids as a whole.

RESULTS

Seventeen species of parasites were found, including se-
ven protists | Trypanosoma granulosum Laveran et Mes-
nil, 1902; Myxidium giardi Cépede, 1882: Myxobolis
portucalensis Saraiva et Molnar,1990; Zschokkella stetti-
nensis Wierbicka, 1987; Hoferellus gilsoni (Debaiseux,
1925) Lom, Molnar et Dykova, 1986; Ichthyophthirius
multifiliis Fouquet, 1876; and Trichodina jadranica Hai-
der, 1964} and ten metazoans [Pseudoductylogyrus angui-
llae (Yin et Sproston, 1948) Gussev, 1965; P. bini (Kiku-
chi, 1929y Gussev, 1965: Bothriocephalus claviceps
(Goerze, 1782) Rudolphi. 1809: Paraquimmperia tenerrima
(Linstow, 1878) Baylis, 1934; Cucullanus truttae Fabri-
cius, 1794; Pseudocapillaria tomentosa (Dujardin, 1843)
Freitas. 1959; Raphidascaris acus (Bloch, 1779) Railliet
el Henry, 1915 larvae; Anisakis simplex (Rudolphi. 1809.
det. Krabbe. 1878) larvae; Acanthocephalus clavula (Du-
jardin, 1845) Grabda-Kazsubska et Chubb. 1968; and Er-
gasilus gibbus von Nordmann, 1832].
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The overall percentage of infected eels was 100% and
the number of parasite species per eel varied between |
and 9 species, with the majority (70%) infected with 3
(21,72%), 4 (24,14%) or 5 (24,14%) species.

Monthly prevalence values of protozoan specics, pre-
valence of metazoan specics and mean intensity arce
shown in Tables 1, 2 and 3 respectively.

Prevalence of Pseudodactylogyrus spp. was highest in
November 1988 (p<0,001) and October 1989 (p<0.05)
and lowest in April 1988 (p<0,05) and May 1989
(p<0,01) (Table 2). Intensity varied between | and 265
specimens and showed no significant seasonal change
(Table 3).

Prevalence of P. renerrima was highest in July 1988
(p<0,01) and May 1989 (p=0,01) (Table 2). The lowest
prevalence was observed from September to December
in both years (excluding November, 1989). Intensity va-
ried between 1 and 20 specimens and showed no signifi-
cant seasonal change (Table 3).

The prevalence of C. truttae in 1988 was highest in
July (p<0.05). In 1989 the highest prevalences occurred
in April and May (p<0,01 and p<0,001, respectively)
(Tablc 2). Intensity varied between 1 and 36 specimens
with no evident seasonal change (Table 3). The preva-
lence of E. gibbus was highest in September and October
1989 (p<0,001 in both months). No specimens were de-
tected between February and May. Intensity varied bet-
ween 1 and 179 with a significant increasc in October
1989 (p<0.001) (Table 3)

Trypanosoma  Trichodina Iclihyophihirius  Myxidium  Myxidium  Hoferellus  Zschokkella  Myxobolus
No. eels Year Month  granulosum Jjadranica multifiliis giardri giardi® gilsoni stetiinensis poriucalensis
11 JAN 90.9 9,1 27-3 100,0 63.6 ND* ND 273
- FEB
15 MAR 86.7 6.7 6.7 86.7 66.7 ND ND 66.7
15 APR 100.0 6,7 0.0 100,0 783 ND ND 80.0
12 MAY 83,3 0.0 8.3 57 66.7 ND ND 75.0
14 1988 JUN 100,0 7,1 0.0 100.0 64.3 ND ND 35.7
6 UL 100,0 333 0,0 100,0 50.0 ND ND 100.0
15 AUG 100,0 60.0 0.0 100.0 60,0 ND ND 333
- SEP
15 OCT 933 46.7 0.0 100.0 60.0 ND ND 40,0
14 NOV 78.6 0,0 0,0 92,9 78.6 ND ND 28,6
15 DEC 100.0 6.7 0.0 100.0 80.0 ND ND 60,0
14 JAN 100.0 14.3 14.3 92.9 78.6 0.0 214 57,1
e FEB 100,0 0.0 0.0 100,0 100.0 0,0 66,7 0,0
15 MAR 93.3 0,0 6.7 86.7 s 6.7 13.3 333
(5 APR D3.3 0.0 20.0 100,0 40,0 40,0 40,0 53.3
15 MAY 100.0 333 20.0 93.3 40.0 66.7 33,3 6.7
14 1989  JUN 100,0 28,6 214 92.9 50,0 71.4 50,0 14,3
{5 JUL 100,0 46,7 0,0 93.3 133 46.7 66.7 60,0
15 AUG 93.3 60,0 20,0 066.7 5.5 2.3 60,0 26,7
1.5 SEP 100.0 20,0 13,3 66.7 60.0 46.7 26.7 20.0
14 OCT 92.9 Bl 7.1 714 64.3 28.6 357 28.6
15 NOV 80.0 46.7 6.7 100.0 733 40,0 46,7 46,7
8 DEC 75,0 12,5 0.0 75.0 50.0 25.0 25.0 25.0
Table 1. Prevalence (%) of protozoan species found in Anguilla anguilla in the river Este. Portugal. * = cysts from gills: ® = cysts from or-

gans other than gills: © = no data (ND).
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Year Month  Pseudodactylo- Bothriocephalus  Paraquimperia  Cucullanus  Pseudocapillaria - Anisakid - Acanthocephalus Ergasilus

gvrus spp. claviceps tenerrima uttae tomentosa larvae clavula gibbus
JAN 36.4 9.1 455 8.2 9.1 9.1 0.0 9.1
FEB
MAR 26.7 6.7 20.0 0.0 0.0 0.0 0.0 13.3
APR 6.7 6,7 333 6.7 13.3 0,0 0.0 26.7
MAY 25.0 16,7 25.0 33.3 0.0 0.0 0.0 8.3
1988 JUN 214 14.3 5.7 214 0.0 0,0 7.1 357
JUL 33.3 16,7 83.3" 50,0 0.0 0,0 0.0 16.7
AUG 40.7 0,0 40,0 333 6.7 0,0 0.0 0.0
SEP
oCT 267 6.7 6.7 0.0 0.0 0.0 0,0 40.0
NOV 85.7 7.1 7.1 14.3 0.0 7.1 0.0 214
DEC 40.0 0,0 133 13.3 0.0 6.7 6.7 6.7
JAN 429 14.3 214 0.0 0.0 0.0 0.0 143
FEB 0.0 333 333 333 0.0, 0.0 0,0 0.0
MAR 60.0 133 40,0 6.7 0.0 0,0 26,7 0.0
APR 40.0 20,0 46.7 53.3 6.7 0.0 46.7 0.0
MAY 13,3 3.3 60.0° 93.3° 6.7 0.7 0.0 0.0
1989 JUN 571 14.3 429 28,0 7.1 7.1 14.3 4.3
JUL 40.0 20,0 33.3 20,0 0.0 0.0 0.0 20.0
AUG 533 6.7 13.3 20.0 6.7 6.7 0.0 20.7
SEP 333 6.7 0.0 13.3 6.7 0.0 0.0 66.7"
ocCT 78,6° 7.1 214 214 14.3 0.0 0.0 100.0*
NOV 60.7 0.0 40.0 0.0 13.3 0.0 0.0 40.0
DEC 62.5 12.5 12.5 0.0 0,0 0,0 0.0 50.0
Table 2.— Prevalence (%) of metazoan species tound in Anguilla anguilla in the river Este, Portugal. "1 p < 0.001: % p £ 0,01: % p <0.05.

Year  Myxidium  Myxobolus  Pseudodacty- Bothriocepha- Paraquimpe-  Cucullanus Pseudocapilla- Anisakid - Acanthoce-  Ergasilus
Month giardi portucalensis logyrus spp.  lus claviceps  ria tenerrima ruttae i tomentosa - larvae  phalus clavida  gibbus
1988

JAN 491 +863 11.7+18.35 1.0£0 1.0+0 20+1.2 1.0£0 1,0+ 0 1.0£0 [.0O+0
FEB

MAR 119180 7.7+8.0 25 +1.2 1,00 27x2.1 75+78
APR 4532642 149=x 147 120x0 1.0x0 1.8+0.8 1.0£0 3.0+x14 6.0+350
MAY 6181365 5240 3325 1,0£0 1.3 £06 1.5+ 1.0 200
JUN 5761117 16,6162 2306 3028 1.8= 1.1 1.3+£0,6 1.0x£0 2419
JULL 708 +£45,1 21.3+323 18,5+0.7 1,00 1409 2,010 1.0+0
AUG 574477 20,6225 34x26 20209 1.6 £09 1,0+0

SEP

OCT 28.0x29,6 142+ 181 235+45 1.0£0 1.0x£0 [5+08
NOV 428x61,0 138122 J4,1+20,1 1.0£0 1,0+ 2521 20£0 3.0£26
DEC 622965 6.7x44 4547 1.5+07 200 1.0£0 1.0x£0 1.0+0
1989

JAN 42256 140163 06086 1.0+0 20+ 1.7 3028
FEB 203 5,68 1.0x0 200 1.0£0

MAR 345%36,3 13.0x125 54+49 2014 6.8 0.7 1.0+0 15,0267

APR 331528 304=x37.1 25+2.1 1.0+£0 29=%2 659 6.0+0 79+94

MAY 233 x39.7 40=x0 1.5+0.7 1.0+0 =19 6.9+94 1.0x0 3.0x0

JUN 521 £61.5 26.0x325 326=+684 [.5+0,7 4.2+35 7.5+98 1.0£0 00 135177 40x42
JUL 261 £342 83=x]5.3 13+ 1.0 =0 1.8 +0.4 1.7+0.6 [.3x0.0
AUG 20,1 =196 151 589 +98,3 1.0+0 35=+21 1.3 0.6 30+0 1.0x0 35+38
SEP 1542104 1712 22+ 1.6 1.0+0 2507 200 18.4 +26.0
OCT 155141 158+ 13,1 44+48 1.0+0 33+40 4,7x3.2 20+ 1.4 644 £ 658
NOV 1477 x39.1 236=28 39.0x069 1.5£05 1.0+£0 65+53
DEC 552=71.9 5,0+£0 10,4+ 12.1 1.0x£0 1,0+£0 170179

Table 3.— Mean intensity of parasite species (means = standard deviation) found in Anguilla anguilla in the river Este, Portugal. *: p <

0.00].
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Specimens of A, clavula were obtained in June and
December 1988, and March, April and June 1989 only
(Table 2).

All other metazoan species (B. claviceps, P. tomentosa
and anisakid larvac) did not have significant changes in
prevalence and intensity.

DISCUSSION

Most of the previous studies of the European ecl para-
sites dealt with metazoan parasites or digestive tract hel-
minths only. As far as we know only KoiE (1988). Sa-
RAIVA & CHUBB (1989). SARAIVA (1994), ORTS ef al.
(1995) OUTEIRAL. PERIS & SANMARTIN (1995) and
GRACIA et al. (1995) carried out studies on European cel
parasites, including protozoan, in particular habitats. In
those studies species richness of protozoan parasites va-
ried between 3 und 7 species.

In freshwater localities, species ol metazoan parasites
of European eels detected by most authors varied bet-
ween 3 and 20 species. but mostly between 6 and 12, the
nematodes being the group of parasites that usually con-
tributed more to richness (SARAIVA, 1994). In our study
we found similar results (10 metazoan species, five
being nematodes).

Excluding A. simplex larvae, all other parasite species
detected have previously been reported in Anguilla an-
guilla. The ocenrrence of A. simplex, a generalist para-
site of marine fish, may indicate either that these ecls ac-
quired the infection during their estuarine glass eel
phase, or that they continue to feed in estuarinc waters.
This larva has been detected in other freshwater/migra-
tory fishes (BYKHOVSKAYA-PAVLOVSKAYA er al.; 1964:
WOOTTEN & SMITH, 1975: MORAVEC, NAGASAVA &
URAWA. 1985).

The present study reveals that the parasite community
of eels in Portugal is similar to other European regions.
Furthermore, the overall seasonal dynamics observed in
individual specics resemble those described by several
authors for different locations (JEACOCK, 1968: CONNE-
ELY & MCCARTHY. 1986; KOIE. 1988; NIE & KENNEDY,
1991, 1992). Nevertheless, some supply characteristics
appear in Portuguese populations. For example. KEN-
NEDY (19903 concluded that C. rruttae was an accidental
parasite ol the European eel, yet the present study identi-
fies C. fruttae as a common parasite. This observation
could be related with the occurrence of lamprey larvae.
probably the natural reservoir or intermediate host of C.
truttae (MORAVEC. 1976). in the river. Otherwise, scar-
city ol the acanthocephalan A. clavula seems to be rela-
ted to localized scarcity of its intermediate host, Proase-
Hus meridianus. Interestingly Asellus aquaticus, the
intermediate host of” Acanthocephalus anguillae and A.
Incii, docs not exist in the Iberian Peninsnla (HENRY &
MAGNIEZ., 1977), which explains the principle difference
in membership absence of these acanthocephalans.

Finally the parasite transmission or capture of parasi-

A, SARAIVA & J.C. EIRAS

tes from ichtyofauna had a minor effect on eel. Most of
the parasites were cel specialists. Only the generalist P.
tomentosa scems to occur because of the presence of the
cyprinids fish, the dominant fish in the river.
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