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During 5 research cruises in May/June '88. January and May / Jun e 
'89. and January and May '90 into the North Sea the occurrence of 
the pa1asites Lernaeocera branchialis, Clavella adunca . Diclido
phora merlangi, and Cryptocotyle lingua in whiting (Merlangiu s 
merlangus) was recorded . Out of these, D. merlangi turned out to 
be the most frequent one. followed by C. adunca, L. branchialis. 
and C. lingua. In the southern whiting stock. L. branchialis and 
C. adunca were predominating, whilst D. merlangi was the main 
parasite of the northern stock. C. lingua was quite evenly dis 
tributed amongst fish of the two stocks. In L. branchialis and C. 
lingua. there was evidence for a positive relationship between 
total length of fish and prevalence of infestation, which, how
ever, only was found in fish sampled during the spring cruises. 
In contrast, both the spring and winter data for C. adunca 
revealed a negative relationship. In D. merlangi sampled in both 
seasons. a first increase of prevalence with increasing total 
length was followed by a later decline. Comparing the preval ences 
found on the successiv~ cruises. there is indication for de crea
si ng prevalences of infestation with L. branchialis and C . adun
ca. whereas no such consistent trend seems to exist in the other 
parasites studied. 

INTRODUCTION 

Although whiting (Merlangius merlangusl is one of the most 
abundant and economically important fish species in the North 
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Se a. information on spatial and temporal distribution o f i ts 
main parasit es is sp a rse, and, if available. allmos t r es tri c ted 
t o Br itish waters. Exceptions are the studies by MULLER (1 98 2) 
and by PILCHER e t al . (1989). who recorded the infestation of 
wh i t ing with L . b r a nchialis, C. adunca. and D. me r langi for 
1977- 198 1 a nd 1985 - 19 86, respectively . 
To comple t e o ur knowledge on regional and seasona l tre nds of 
pa rasitic i nfes t a t i on. the examination of whiting f or a t least 
externally vi si bl e paras i tes has been included in the routine 
f ish diseas e mon i tor i ng programme of the Federal Research Bo ard 
f o r Fisher y c overing the whole North Sea area. 
The parasites under e x amination are the crustaceans Ler naeocera 
.bran c hi a l is (Cope poda: Pennellidae) and Clavella adunc a (Co pe 
poda : Lernaeopodidae ). and the trematodes Diclidophora merlangi 
(Mo nogenea : Pol yopisthocotylea ) and Cryptocotyle lingua CDigene a: 
Heterophy idae ) . 

The ob j ect ive o f this pa per is to provide some current data o n 
t he occurre nce of t he f our North Sea whiting parasites studied 
i n different s eas o ns (spring and winter) within the t ime s pan 
1988-1990 . I n fo r mation is given on regional and seasonal aspec ts 
o f infestation , and . additionally, results on the relat i onship 
be t ween l e ng t h of fish and prevalence of infestati o n are presen
ted. 
The t erm "e x ternally visible parasites" in the tit l e of this 
pape r was c h osen. sinc e apart from the ectoparasites L . branchia
lis . C. adunca . and D . merlangi also the endoparasiti c. but 
e x ternally v i s ib l e trematode C. lingua has been studied. It 
shoul d b e no ted . however. that L. branchialis is not generally 
ac c epte d as being an ectoparasite, due to the fact t h at large 
parts o f i ts body are anchored within the tissue o f its hos t . 

Out o f the 4 parasites, Lernaeocera branchialis is the best 
docume nted one , probab l y due to its impressive appearanc e . I n the 
North Sea. adult stages of L. branchialis (exclusi v el y f emales ) 
main l y i nfest gadids. where they can easily be found a tt ached to 
the wa ll o f the gill chamber. Fully developed parasi tes are 
bl o od- red, typi ca lly S-shaped , and reach a maximum size of ap
pr oximatel y 2 cm. 
The mai n host o f the juvenile stages in the North Sea is the 
f l ounder (P lathichthys f lesus), which is restricted to the shal
low c oas t al areas . 
More de t ailed inf o rmation on anatomy, taxonomy , bi o l o gy, and 
effects o f L. b r anchialis on its hosts can be found i n 
SCHUURMANS STEKHOVEN (1936). SCHUURMANS STEKHOVEN and PUNT 
(19 37). SPROSTON and HARTLEY (1941), MANN (1952 ), KABATA (1961) . 

SUNDNES (1971). SHOTTER (1 973 a.b). Van den BROEK ( 1978. 19 79bl 
HISLOP and SHANKS (19 8 1) . KABATA (1981). MULLER (1 982), KABATA 
(1984 ). POTTER e t al . ( 1988 ) , PILCHER et al. (1989). a nd ANS
TENSRUD (1 989 , 1990). 

The l ife-cyc le o f the copepod Clavella adunca only includes one 
host . wh ich in the North Sea also can be represented by different 
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members of the gadids. In infested fish. C. adunca can be seen in 
the gill chamber. where it is usually attached to the gill fila 
ments or rakers. Additionally, the buccal cavity and the tissue 
around the anus or the fins can be affected (the latter mainly in 
cod. Gadus morhua) . The parasite is white-yellow coloured and has 
a size of 5-7 mm. depending on its stage of development . As in 
case of L. branchialis, the conspicuous parasites are females , 
the males spend their lives as pigmy-males attached to their 
mates. 
For more comprehensive information see POULSEN (1939) , KABATA 
(1963) . SHOTTER (1971). KABATA (1984). Van den BROEK (19 79b), 

MULLER Cl982), POTTER et al. (1988). and PILCHER et al. (1989) 

The monogenean trematode Diclidophora merlangi inhabits the gills 
o f whiting , where it is attached to the gill lamellae mainly of 
the first gill arch. With increasing intensity of infestation 
(number of flukes per fish) also the other arches can be affec
ted . Macroscopically, the parasite appears to be coloured brown , 
roundish or rhombus-like, with a diameter of approximate ly 5 mm . 
The transmission of this parasite is direct without the interven
tion of an intermediate host. 
More details on the occurrence, host-specifity . and adhesive 
attitudes of D. merlangi can be found in LLEWELLYN (1956 . 1958). 
LLEWELLYN and TULLY (1969), SMITH (1969), ARME and HALTON (197 2), 
SHOTTER (1973a). and MULLER (1982), and PILCHER et al. (1989) 

Cryptocotyle lingua is a digenetic trematode of the northern 
hemisphere infesting a large variety of fish species. Its lif e
cycle inc ludes two intermediate hosts (snails and fish) and a 
definite host. which is represented by various piscivorous sea 
birds, mainly gulls. In fish, the metacercariae are encysted in 
the subcutaneous tissue, where they can easily be identif ied as 
small U .. lmm) black spots, frequently occurring in large numbers on 
the entire body surface of the fish infested, predominantly above 
the lateral line. For more information on the life-cycle and 
distribution of C . lingua in North Sea waters see STUNKARD 
(1930). WERDING (1969). SHOTTER (1973a), Van den BROEK (1 9 79a), 

KOIE (1983). and POTTER et al. (1988). 

MATERIAL AND METHODS 

During 5 cruises with RV "WALTHER HERWIG", altogether a tot a 1 of 
14994 North Se a whiting were examined for the occurrence of 
externally visible parasites. The dates of the cruises are list e d 
below. 

WH 90 26.05. 08.06.1988 
WH 94 03. 01. 17.01.1989 
WH 98 18.05. 08.06.1989 
WH 103 03. 01. - 19.01.1990 
WH 107 04.05. 24.05.1990 
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Whiting were sampled on 14 stations conducting up to 11 one hour 
hauls/ station with a GOV-bottom trawl with codend. Fig. 1 shows 
a map with the stations taken during different cruises. Included 
is the borderline between the two main whiting stocks in the 
North Sea, which had been introduced by MESSTORFF (1959). In the 
following, the southern area will be called area A and the north
ern one area B. 
From Tab. 1 the stations used during the different cruises and 
the number of whiting examined can be seen. 
Figures for the number of whiting examined per cruise and per cm 
total length within areas A and B are given in Tab. 2. Not inclu
ded is the number for station 9, which does not fit into MESS
TORFF's division of the North Sea . 

The examination of the whiting for parasites was conducted foll ow
ing the measurement of total length by carefully looking at the 
skin surface and into the buccal and gill cavity, while spreading 
the gill arches, which had been cleant before with running sea 
water. In case of Lernaeocera branchialis, apart from the alive 
stages also remains of freshly dettached copepods were counted as 
parasites. 

All input and calculations of data have been conducted using a 
special computer programme designed for disease monitoring 
purposes, which, at present, only allowes calculations of disease 
prevalences (including parasitic infestation). For this reason , 
within this article no information can be provided on intensities 
of infestation (number of parasites per fish). 

RESULTS 

Figures 2-5 give the percent prevalences of infestation with 
the 4 parasites found in all whiting examined at the different 
stations. The bars in each figure represent from left to right 
the prevalences found during successive cruises; the spring 
cruises are symbolized by dark bars, the winter cruises by light 
bars. The asterisks stand for cruises, during which no sampling 
of fish took place at the marked stations. 
When comparing prevalences of the 4 parasites, the different 
scales given in the right lower corner of each figure have to be 
taken into account. 

In Figures 6-9 the relationship between the total length of 
whiting examined and the percent prevalences of infestation is 
demonstrated for the different parasites studied. In the upper 
graphs, the data recorded during the spring cruises are depicted , 
in the lower ones those found on the January cruises. Only data 
from those areas are shown, which exhibited highest prevalences. 
For better clarity, the results are not presented stationwhise, · 
but summarized for all whiting sampled within the whole area . 
Percent prevalences are only depicted for cm-length classes with 
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N 2 10 (The number of fish examined per length class can be f ound 
in Tab. 2). 

1. Lernaeocera branchialis 

For L. branchialis the results clearly revealed the highest 
prevalences in whiting of area A, particularly in the eastern 
part at stations 1, 3, and 11 (Fig. 2). Whereas at stati o n 11 
only the spring-cruises resulted in high prevalences, the values 
found at stations 1 and 3 during all cruises were consistently 
elevated compared with the other stations. Maximum infestation 
rates in spring and winter were both recorded at station 1 in the 
German Bight with prevalences of 41.3 % (WH90) and 42.9 % (WH94), 
respectively. In area B (and station 9), only few infested rish 
could be caught during all of the cruises. 
Out of the data shown in the figure, there is no clear indication 
f or periodically occurring seasonal changes of prevalence , al
though the infestation rates registered in spring seemed to be 
elevated insignificantly. 
Comparing the results of the successive cruises, there seems t o 
be an overall decreasing trend of infestation from May/June '88 
until May '90. 

In Fig. 6 the relationship between total length of whiting exa
mined and prevalence of infestation with L. branchials is illu
strated for area A. The upper graph shows a clear positive rela
tionship between length of fish and prevalence of L. branchialis , 
which could be demonstrated independently for all three spring
cruises. In contrast to the cruises in '89 (WH98) and '90 (WH 
107), during which quite similar results were obtained, the 
values found in '88 (WH90) were considerably elevated, particu
larly in whiting between 20 and 30 cm total length. In the cours e 
of the winter-cruises (lower graph) no positive relationship was 
evident. The results of both cruises in January '89 (WH94) and 
' 90 (WH103) revealed a first maximum of infested fish at approx . 
19 Gm, followed by a decline of prevalence, and a second maximum 
in fish between 25 and 30 cm total length. In total, the preva
lences recorded in January '89 were much higher compared with 
those of the following year. 

2. Clavella adunca 

The spatial distribution of C. adunca and the time trends of 
infestation frequency are shown in Fig. 3. At first glance the 
graph indicates, that C.adunca did occur more frequently in 
North Sea whiting and wets more widely distributed than L. bran
chialis. The fish of area A seemed to be more affected than those 
of area B. Especially north of 57°00'N latitude the prevalences 
were found to be much lower compared with the region south of 5 7° 
OO'N. The maximum spring-prevalence was recorded in May/June '88 
(WH90) at station 10 with 81.2 %, and the maximum winter-preva-
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lence during the January-cruise '89 (WH94) at stati on 5 w1th 
76.5 %. 
Again , a clear trend for differences in the preva l ences between 
the seasons could not be demonstrated . 
Comparable to L. branchialis, also the data for C. adun ca seem to 
show a decreasing trend of infestation with time. 

The length-prevalence relationship in whiting of area A infested 
by C. adunca is shown in Fig. 7. The upper graph, giving the 
results of the spring-cruises, again clearly indicates a rela 
tionship between the length of whiting and the prevalence of 
infestation. In contrast to L . branchialis, however, thi s time a 
negative relationship is evident. The lower graph, illustrating 
the findings of the winter-cruises, shows a similar trend. al
though not that clearly. Again, the prevalences in whiti ng samp
led during the May/June cruise '88 (WH90) were much higher than 
in spring '89 CWH98) or '90 (WH107) , reaching values of more than 
90 % in whiting < 15 cm. The prevalences of C. adunca in January 
'89 (WH 94) shown in the lower graph were only elevated within 
the length range of 18-21 cm compared with the percentages fou nd 
in January '90 (WH 103). 

3. Diclidophora merlangi 

The spatial distribution of whiting infested by the gill fluk e 
D. merlangi differed from that found for L. branchialis and C. 
adunca. Fig. 4 shows highest prevalences of infestation in are a 
B , and there particularly at the stations farthest to the north. 
The maximum spring- prevalence was recorded at station 8 of cruise 
WH90 in '88 with a value of 91 . 7 %, the maximum winter-prevalence 
was 86.7 % at station 7a of the subsequent cruise WH94 in January 
'89. In total, D. merlangi was the most frequently found parasite 
in North Sea whiting. 
Consistent seasonal trends of pre valences again are not evident. 
In contrast to the other parasites, there is no indication for a 
decreasing trend of infestation during the period of investiga
t ion, although also in case of D. merlangi the highest prevalen
ces were mainly found on the fir s t two cruises in May/June '88 
and January '89. 

To demonstrate the length-prevalence relationship for D. merlan
gi, the findings in area Bare depicted, in which this paras ite 
did occur much more frequently than in area A. As can be seen in 
Fig. 8, both the spring data and the winter data revealed the 
same kind of relationship. At first, there seemed to be an in
crease of prevalences up to a total length of whiting of approx. 
24-25 cm, partly resulting in maximum prevalences of more than 
90 % during May/June '88 (WH90) and January '89 (WH94). After 
that, the percentages of infested fish remained on a plateau or 
even seemed to decline again. 
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4. Cryptocotyle lingua 

Out of the 4 externally visible parasites studied, C. lingua was 
the less frequently occurring one. Prevalences measured at the 
different stations of the 5 cruises are shown in Fig. 5. The 
differences between prevalences in areas A and B were only low, 
although the parasite tended to occur a bit more frequently in 
area A, where the maximum spring-prevalence was 6.3 % in May /June 
'88 (WH90). The maximum January-prevalence of 5.3 % could be 
r ecorded on cruise WH103 in '90 at station 6 of area B . Looking 
at the overall spatial distribution of C. lingua in the North 
Sea, it seemed as if it was concentrated at those stations, which 
are nearest to the coast. 
As in case of the other parasites, there are no clear signs f or 
seasonal changes of prevalences. However, looking at the bars in 
area A, the spring values seemed to be elevated. In area B no 
such trend was present. 
There is no evidence for a consistent time trend of prevalences. 
although the values found at stations 1, 2, 3, and 11 suggest 
some - although contradictory - changes during the period of this 
study. 
Whereas prevalences at station 11 decreased, they exhibit ed an 
increasing trend at stations 1, 2, and 3. 
A possible length-prevalence relationship in whiting of area A is 
only indicated in the spring data shown in the upper graph of 
Fig. 9. The number of whiting infested seemed to increase with 
increasing total length of the fish. Out of the January data no 
such trend could be noticed. 

DISCUSSION 

In the present paper some marked differences in the spatial 
distribution of L. branchialis, C. adunca, D. merlangi, and C. 
lingua in North Sea whiting could be shown. The findings concer
ning the first 3 parasites correspond well with the data prov ided 
by MULLER (1982) and PILCHER et al. (1989), revealing the highest 
prevalences for L. branchialis in the south-eastern North Sea, 
for C. adunca in the southern North Sea, and for D. merlangi in 
the northern North Sea. C. lingua, which was not investigated by 
the above authors, could be recorded in more coastal areas of the 
whole North Sea with a slight maximum in the southern part. 
Although difficult to compare. due to differences in the geogra
ph i ca l region of sampling station, sampling time, and probably 
length strata of whiting examined, the mean prevalences found at 
the different stations in the course of this study were in abou t 
the same range as in the above studies, although showing some 
strong fluctuations. Particularly the prevalences found in May/ 
June '88 (WH90) and Jan. '89 (WH94) were almost generally elEvated 
considerably. and showed mucl1 higher levels than MULLER (1982) 
and PILCHER et al. ( 1989) could register in their studi es. Seem
ingly, the conditions at that time enabled an optimal development 
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of the parasites. 
When looking for reasons for the characteristic regional distri
bution patterns of the 4 parasite species, several factors have 
to be taken into account. Out of the abiotic ones , b oth the 
salinity and the water temperature possibly may influence the 
spatial distribution. MULLER (1982) for example suggested tha t 
the decreasing prevalences of D. merlangi from the northern to 
the southern North Sea may be linked with the decline of salini
ty. In contrast, PILCHER et al. (1989) discussed the inf luence of 
the bottom temperature gradient from the northern to the southern 
parts of the North Sea as a possible cause for the distribution 
characteristics of D. merlangi. 
One of the most important biotic factors is the availabili ty of 
the different hosts for the parasites . In L. branchialis and C. 
lingua the spatial and temporal distribution is not only governed 
by the simultaneously occurrence of M. merlangus, but additi
onally by the presence or absence of intermediate hosts . In the 
first, the parasite can only be transmitted to the whiting via 
the flounder. In the latter, snails of the genus Littorina (pro
bably mainly the common periwinkle Littorina littorea) are in
volved in the life-cycle. In both intermediate hosts highest 
population densities can be found in coastal waters (MULLER 1982, 
KOIE 1983, LAUCKNER 1984), which is probably the reason that 
infested whiting can be found more frequently at stations near to 
the coast. 
As other important biotic factors, the population structure and 
the migratory behaviour of whiting in the North Sea have to be 
taken into account. From studies published by GAMBLE (1959. ci t . 
in HISLOP and MacKENZIE 1976), MESSTORFF (1959) , ROUT (1962), 
KABATA (1967, cit. in HISLOP and MacKENZIE 1976) and HISLOP and 
MacKENZIE (1976) there is strong evidence for the existence of at 
least two distinct whiting stocks, one distributed to the south 
and the other to the north of the Dogger Bank (the border li ne 
introduced by MESSTORFF (1959) has been applied in the present 
study in order to avoid a mixing of results derived from the 
different stocks). Additionally, there is also evidence for the 
presence of separated coastal and offshore stocks , which could be 
demonstrated either by tagging experiments or by using different 
parasites as biological tags (SHOTTER 1973a, HISLOP and MacKENZIE 
1976) . 
Although a fairly stationary species (MESSTORFF 1959, HISLOP and 
MacKENZIE 1976), whiting of different areas undertake small scaled 
southernly and northernly migrations (HISLOP and MacKENZIE 1976) and 
such from the coast to more offshore regions and vice versa (Van 
den BROEK 1978, 1979a , b, POTTER et al. 1988). 
There is evidence. that the first infestation with L. branchia
lis, C. adunca, and C. lingua mainly takes place in coastal 
and inshore waters, which are used as nursery areas by young 
whiting immigrating from their more offshore breeding grounds 
(Van den BROEK 1978, 1979a,b, POTTER et al . 1988) . When getting 
older, some of the whiting seem to leave their coastal habitats 
for more offshore areas, which may explain the findings of infes
ted fish in the central parts of the North Sea. However, the main 
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part of infested whiting seems to remain in coastal areas, thus 
accounting for the higher prevalences found there. 
In contrast to the above parasites, D. merlangi seems t o establish 
itself in older fish (about 6 months old) of more offshore re
gions. SHOTTER (1973a) suggested, that these older fish become 
more benthic in habitat and thus get more contact either with 
infective oncomiracidia or older already infested fi sh. 
I t s h ould be noted, however, that none of the stations used 
during the 5 cruises of this study was a real "coastal station". 
Thus , the differences in parasite burden between coasta l and 
of fshore whiting in most cases could only be indicated and not 
demonstrat e d clearly. 

The fact that out of the prevalences recorded on singl e stations 
no clear evidenc e for a seasonality of infestation could b e shown 
contradicts the findings and interpretations of PILCHER et al. 
(1989) comparing winter and summer data. They found sign ificantly 
hi gher levels of infestation with L. branchialis and C. adunca 
and significantly lower levels with D. merlangi in winter . How
ever, they did not use prevalences as indicator but mean intensi
ties, and, on the other hand, their conclusions were only based 
o n two sampling seasons (August '85 and February ' 86) and on a 
limited number of whiting examined. 
Explanations for the time trends found in the present study, on 
the one hand revealing overall decreasing trends for the occur
re nce of L. branchialis and C. adunca (Fig. 2 and 3) . and on the 
other hand a partly increasing level of C. lingua can not be pro
vided at present. 

Comparison of total length of whiting and the percent preval ences 
of infestation with the parasites under examination with in cm
length c lasses revealed some interesting trends (Fig . 6-9). In L. 
branchialis, D. merlangi, and C. lingua there is evidence for a 
positive relationship, in C. adunca for a negative. Possible 
r easons are only hard to find, but in case of the first 3 para
sites, the age-dependent increasing risk of getting into contact 
with the parasites may be responsible for this trend. 
Explanations for the decreasing prevalence found with C. adunca 
are much more complex. Increasing mortality due to parasitiza
tion, changes in immunocompetence of older fish. and age-depen
de nt differences in the ecology (including migration) of the 
whiting may account for this negative relationship. The latter 
factors speculated may also have been responsible for the decline 
in prevalence of D. merlangi in larger fish (Fig. 8). 
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Tab.1: Code of sampling stations and number of whiting examined 
per cruise and station 
(0 = no whiting caught. - = no sampling) 

WH90 WH94 WH98 WH103 WH107 
May/June Jan. May/June Jan. May 

Station 1988 1989 1989 1990 1990 

1 104 126 449 233 270 
2 52 54 263 485 535 
3 144 41 287 276 323 
4 76 116 328 0 381 
5 265 17 134 299 911 
Sa 96 680 
6 64 35 296 510 787 
7 81 108 280 300 692 
7a 165 64 336 
8 72 76 260 173 489 
Sa 214 
9 43 163 85 623 

10 101 97 406 
lOa 335 
11 64 0 254 538 338 
---------------------------------------------

2: 1066 738 3520 3235 6435 
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Tab.2: Number of whiting per cruise and cm total length 
exami ned for the occurrence of parasites in areas 
A and B 
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Fig . 1: Location and size o f sampling stations in areas A and B 
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