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Infection by endoparasites reduces maximum 
swimming speed of European smelt Osmerus 
eperlanus and European eel Anguilla anguilla 

G. Sprengel, H. Liichtenberg 

Institut fiir Meereskunde, Abteilung Fischereibiologie. Diisternbrooker Weg 20,  W-2300 Kiel 1, Germany 

ABSTRACT: Maximum swimming speed of European smelt Osmerus eperlanus and European eel 
Angudla anguilla from the Elbe estuary was investigated in a circular experimental tank in relation to 
infect~on with 3 parasite species: the muscle parasites Pseudoterranova decipiens (Nematoda) and 
Pleistophora ladogensis (Microspora), both in smelt, and Anguillicola crassus, a parasite of the swim 
bladder in eel, were considered. All 3 parasites reduced the swimming performance of their hosts 
significantly. Smelt were seriously affected by double infection with P. decipiens and P. ladogensis. The 
reduction in maximum swimming speed of heavily infected fish was 32.2 % in smelt and 18.6 % in eel 
compared with uninfected fish. The reduced swimming ability of parasitized fish is assumed to make 
them more susceptible to predators and to entrainment by the cooling-water intakes of power plants 
than are uninfected fish, and it may reduce their ability to migrate. Especially in eel, which must migrate 
extensively to spawn, the poss~ble effect of paras~tization on population level has to be considered. 

INTRODUCTION 

Population dynamics of fish in the lower Elbe River, 
Germany, have been the subject of extensive surveys 
carried out during the last decade (Moller 1984, 1988). 
Diseases and condition of fish were studied by Anders 
(1988) and Moller (1990). It has been suspected that the 
large number of fish trapped at the inlet screens of the 
nuclear power plant at Brunsbiittel is partly caused by 
the high parasitization of the local fish stocks (Moller et  
al. 1989). 

The aim of the present study was to determine max- 
imum swimming speeds of the 2 most important fish 
species subject to this problem, eel Anguilla anguilla 
and smelt Osmerus eperlanus, by comparing parasite- 
free with parasitized fish. Smelt was found to be the 
most abundant species at the inlet screens, while eel 
was the most commercially valuable species. 

About 49 to 71 % of the local eel population is 
infected with Anguillicola crassus (Moller et  al. in 
press), a nematode recently introduced from eastern 
Asia (Taraschewski et  al. 1987). Adult A. crassus occur 
as large dark nematodes in the swim bladder of eel. 
They use small crustaceans as first intermediate hosts 
(De Charleroy et al. 1990). 

Within the 11 to 18 cm groups of smelt, 36 to 69 O/O 

were found to be infected by Pseudoterranova deci- 
piens (Moller & Klatt 1990) and 2.1 to 9.6 % by Pleis- 
tophora ladogensis (Costa 1987). P. decipiens are pre- 
sent as L-111 larvae coiled in the dorsal and caudal 
muscles of smelt. Adults occur in seals; small crusta- 
ceans serve as first intermediate hosts. 

Pleistophora ladogensis occur as small, spindle- 
shaped, whitish cysts (pansporoblasts) in the muscula- 
ture and can be  detected by small streaks of destroyed 
dermis along the lateral line. Their life cycle is un- 
known. 

MATERIALS AND METHODS 

Smelt between 5 and 17 cm length and eel between 
17 and 45 cm length were collected from the water 
intake screens of the power plant at Brunsbiittel in the 
Elbe estuary, Germany. Water temperature was 15 to 
18"C, and salinity varied between 9 and 15 %o. The fish 
were transported to the Institut fiir Meereskunde, Kiel, 
and adapted for 12 to 36 h in aerated aquaria at 17OC 
and 15 %O salinity before their swimming performance 
was studied. For the experiment, 249 smelt and 161 eel 
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Fig. 1 Diagrammatic view of the tank from above, showing 
the direction of water flow (arrows), the water pump (center], 

and the water inlet 

without external damage were selected. 
In a circular channel, outer diameter 200 cm and 

inner diameter 50 cm (Fig. l ) ,  a current was provided 
by an  electric pump forcing water through jet pipes. 
Current speed could be  increased up to 1.1 m S-' and 
was continuously monitored by a flowmeter (measure- 
ment by propeller blade). During each test the current 
was steadily increased in increments of about 0.2 m S-' 

to a velocity at which the fish could no longer maintain 
their position. The flowmeter reading at this moment 
was defined as maximum swimming speed. Trials 
lasted 2 to 3 min. Immediately after the experiment 
muscle tissue of the smelt and swim bladders of the eel 
were examined for parasites. 

Smelt were grouped according to their parasitologi- 
cal condition into 4 categones: (1) no muscle parasites, 
(2) Pseudoterranova decipiens only, (3) Pleistophora 
ladogensis only, (4 )  both parasitic species. Addition- 
ally, the intensity of infection (number of parasites per 
infested fish) and the length of P. dec~piens were re- 
corded. 

To eliminate the effect of differences in length, the 
maximum swimming speed was standardized to a body 

Table 1 Osmerus epedanus and Anguilla anguilla. Relation- 
ship between maxin l~~m swimming speed ( v )  and body length 

(1) of uninfected smelt and eel 

Species No. of fish Function r 
examined 

Smelt 90 v(1) = -0.16 + 0.24 X ln(1) 0.79 I Eel 69 v ( ] )  = -0.82 + 0.45 X In(1) 0.98 

length of 15 cm for smelt and 32 cm for eel. A correction 
factor was calculated from regression of length against 
the swimming speed of uninfected fish (Table 1). 

Maximum swimming speed of parasitized fish and 
non-parasitized fish was compared. Reduction in swim- 
ming speed was plotted as a function of the parasitic 
species and intensity of infection. 

RESULTS 

Infection intensity increased from 1.0 Pseudoter- 
ranova decipiens in smelt between 7 and 10 cm long to 
3.4 nematodes m smelt of 17 cm. Mean length of P. 
decipiens increased from l 1  m m  in 7 r m  long smelt up 
to 28 mm in 17 cm smelt. The increase seems to be a 
linear function (r2 = 0.86). Similar observations have 
previously been made by Moller & Klatt (1990). 

The maximum swimming speed of uninfected smelt 
and eel increased with body length. Table 1 shows 
logarithmic funcbons between speed and length. Infec- 
tion by 3 or more nematodes seriously affected the 
maximum swimming speed of smelt, as shown in Fig. 2 .  

The maximum swimming speed of non-infected 
smelt of 15 cm standardized length was found to be 
0.49 m S-'. The presence of 1 nematode reduced aver- 
age  swimming speed by 14.7 %, to 0.42 m s-'. More 
than 3 nematodes reduced average speed by 32.2 '10, to 
0.33 m S-' (Table 2). 

Infection with Pleistophora ladogensis on average 
caused a reduction in swimming speed of 19.3% in 
smelt (Table 3). The differences between light and 
heavy infection were not quantified. 

The reduction in swimming speed of smelt infected 
by both parasite species (mean no. of nematodes 1.6) 
was 29.9 %. This is a much higher reduction than that 

Smelt infected with Eel infected with 
Pseudderranova dccipiens An~uillicola crassus 

z 
1 2 3 4 +  1 2 3  4  5-6 7-10 1 1 +  

Intensity of infection 

Fig. 2.  Osmerus eperlanus and Anguilla anguilla. Percentage 
reduction in swlmrning speed of smelt and eel relative to 
intensity of infection with Pseudoterranova decipiens (in 
smelt) and Anguillicola crassus (in eel). Data calculated for 

15 cm long smelt and 32 cm long eel 
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Table 2. Osmerus eperlanus infected by Pseudoterranova 
deciplens. Swimming speed of European smelt, 15 cm stan- 
dardized length, relative to intensity of infect~on with P, deci- 

piens 

P decip~ens Avg. speed Reduction In No. of fish 
(n) (m S-') speed ( % l  exanxned 

in smelt infected by 2 nematodes only or by micro- 
spondians only (Fig. 3, Table 3). 

Anguillicola crassus in the swim bladder of eel 
reduced swimming speed from 0.72 m S-'  in uninfected 
fish to 0.59 m S-' in eel with more than 10 nematodes 
(Table 4) .  The reduction in speed relative to that of 
non-infected eel increased from 2.9 O/O in eel infected 
with only 1 nematode to 18.6 '10 in eel with more than 
10 nematodes in the swim bladder (Fig. 2 ,  Table 4 ) .  

Table 3. Osmerus eperlanus infected by Pleistophora ladogen- 
sis and Pseudoterranova decipiens. Swimming speed of Euro- 
pean smelt, 15 cm standardized length, relative to infection by 

2 muscle parasites. Intensity of infection: P. ladogensis, not 
quantified; P decipiens, 1 6 

Parasite species Avg. Reduction No. of 
speed in speed f ~ s h  
(m S- ')  ('10) examined 

Parasite-free 0.491 90 
P ladogensis 0.396 19.3 19 
P ladogensis and 0.344 29.9 40 

P. decipiens 

- 
P ladogensk P ledogensis and 

only P decpiens 

Paraslte species 

Fig. 3. Osmerus eperlanus infected by Pleistophora ladogensis 
and Pseudoterranova decipiens. Percentage reduction in 
swimming speed of smelt relative to pa ra s~ te  species. Data 
calculated for 15 cm long smelt. Mean intensity of infection: P 

ladogensis, not quantified; P. decipiens, 1.6  

Table 4. Angullla anguilla infected by Anguillicola crassus. 
Swimming speed of European eel, 32 cm standardized length, 

relative to intensity of infection with A. crassus 

A. crassus 
in) 

Avg speed 
(m S-') 

0.725 
0.704 
0.691 
0.676 
0.674 
0.655 
0.624 
0.590 

Reduction ln 
speed (%) 

No. of fish 
examined 

DISCUSSION 

Information on the swimming speed of different fish 
species has been summarized by Webb (1975). It is 
common sense that swimming speed is closely related 
to body length of fish. This could also be demonstrated 
for uninfected smelt and eel from the Elbe estuary. In 
order to compare fish of different length groups without 
eliminating too much data, a mathematical transforma- 
tion to standardized body length was used. It is 
assumed that infected fish exhibit the same relation 
between length and swimming speed, although this 
has not yet been proved and might be a source of error. 

Webb (1975) indicated that prolonged activities in 
general are dependent on continuous functioning of 
the oxygen supply system and on removal of metabolic 
waste products. Any factor interrupting or affecting 
these systems, as well as those affecting the propulsion 
system itself, would affect swimming performance. 
Certain parasites are assumed to constitute such a 
factor. 

The appearance of dead fish suggested that the para- 
sites studied here might have serious effects on their 
hosts. Costa (1987) has demonstrated this with histo- 
pathological studies on Pleistophora ladogensis. In this 
case, the muscle fiber cells of hosts were destroyed and 
replaced by inflamed tissue or by pansporoblasts con- 
taining sporoblasts or mature spores. Kahl (1938a, b) 
described inflammation of the muscle tissue due to 
movements of nematodes. Moller & Anders (1986) 
reported that smelt older than 2 yr displayed a signifi- 
cant reduction of 11 to 14 O/O in condition factor due to 
infestation with Pseudoterranova decipiens. 

For both Pseudoterranova decipiens and Pleisto- 
phora ladogensis the intensity of infection increases 
with length of the host (Costa 1987, Moller & Klatt 
1990). Arthur et al. (1982) concluded 'that in general 
most larval or cyst-producing parasites infecting 
marine fishes may be accumulated with increased age ,  



34 Dis. aquat. Org. 11. 31-35, 1991 

given that the host is exposed to infective stages 
throughout its life history'. It is reasonable to assume 
that reduction in swimming speed is higher in older fish 
due to their heavy load of parasites. 

Although the relationship between host and parasite 
usually seems to be well balanced, infected fish 
become handicapped in the competition for feeding 
and become more susceptible to predation, including 
anthropogenic 'predation' by trawl fisheries and 
cooling-water intake. 

Changes in animal behaviour due to parasitism sup- 
port the transfer of the parasite from the intermediate to 
the predatory final host, through reduction of mobility 
and endurance of the intermediate host (Holmes & 
Bethel 1972. Schaub 1989). In the case of Pseudoter- 
ranova decipiens this makes ecological sense. The final 
host of P. decipiens in the southeastern North Sea is the 
seal Phoca vitulina (Lick 1989). Part of the seal's diet is 
smelt (Behrends 1985), and it is reasonable to assume 
that smelt infected with nematodes are more easily 
caught by seals than are parasite-free fish. 

Demonstration of pathological effects of Anguillicola 
crassus on eel has so far been restricted to histo- 
pathological findings and changes in blood composi- 
tion. Boon et al. (1990) found decreased levels of 
plasma proteins and a lower haematocrit in heavily 
infected eels. In addition, Neumann (1985) observed a 
high feed-conversion factor associated with infection 
by A. crassus in cultured eel. Recent investigations 
(Stemmer 1988, Banning & Haenen 1990) suggest that 
the health of eels can be impaired by large numbers of 
L-111 A. crassus. 

Our investigation demonstrates that even a small 
number of nematodes affects the host pathogenically. 
Considering that adult eel must migrate several 
thousand kilometers to spawn, it is reasonable to 
assume that fish affected by parasites are seriously 
handicapped and probably do not reach the spawning 
areas. 

Our results also open to question the reliability of 
infection rates calculated from trawled fish. Hemmings 
(1973) observed that fishes in towed fishing gear try to 
keep station with the moving net and swim at the 
speed of the net until they are exhausted or escape. As 
parasitized fish swim more sIowly, it is likely that fish 
infected with certain pathogens have less chance of 
escape and thus occur at higher prevalences in samples 
taken by trawling fishing gears than in the original 
population. 
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