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Abstract
The endoparasites of whiting, Merlangius merlangus euxinus from the Turkish Coast of the Black Sea were investigated
during the years 1990±1993. Only the endoparasite, Hysterothylacium aduncum (Nematoda: Anisakidae) was recorded in all
visceral organs examined. The prevalence and intensity of H. aduncum were signi®cantly higher in the warm season (July±
August) than in the colder period (January±February) (P<0.01). Infection increased signi®cantly with age and length of the
®sh (P<0.01). The relationship between fecundity and length for infected and uninfected ®sh was calculated as
log F2.492 log L1.531 and log F2.611 log L1.408, respectively. No signi®cant difference between infected and
uninfected ®sh was seen in either the fecundity-length data or the condition factor (P>0.01). # 1999 Elsevier Science B.V. All
rights reserved.
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1. Introduction
Whiting, Merlangius merlangus euxinus Nordmann, 1830 (Teleostei, Gadidae) is one of the most
abundant and economically important ®sh species in
the Black Sea. The average annual landings by all
Black Sea nations during the period 1984±1991 was
about 23 000 t (GFCM, 1993). The major component
of these landings (on an average 85%) came from the
Turkish Black Sea Coast, especially from the eastern
part. However, there is no information on spatial
and temporal distribution of its parasites in the Black
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Sea. Such information is almost restricted to British
coastal waters and the North Sea. Van den Broek
(1978), Potter et al. (1988), Pilcher et al. (1989)
and Lang (1990) studied the infection of whiting by
four of the most abundant parasites of this species,
namely Lernaeocera branchialis, Clavella adunca,
Diclidophora merlangi and Cryptocotyle lingua in
the North Sea. Young (1972), Wootten and Waddell
(1977) and Smith (1974) recorded the infection of cod
and whiting with larval nematodes (Anisakis sp. and
Phocanema sp.).
This paper presents some information on the prevalence and intensity of infection of the whiting by
anisakids (Nematoda) off Turkish Black Sea Coast. In
addition, the effect of infection with these parasites on
whiting fecundity was studied.
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2. Materials and methods
Samples were collected from 66 sampling stations
located along the continental shelf of the Turkish
Black Sea Coast during the period 1990±1991, and
from three stations (BesikduÈzuÈ, Trabzon, SuÈrmene) in
the Eastern Black Sea between June 1992 and May
1993 (Fig. 1). Stations were sampled using bottom
trawl nets by R/V BIÂLIÂM in April 1990 and September
1990. In September 1991 and from June 1992 to May
1993, sampling was performed by R/V SURAT-1. A
total of 3223 individuals were examined (Table 1).
Length and body weight were determined to the
nearest mm and 0.01 g for all ®sh. Estimation of age
was based almost exclusively on interpretation of
otolith structures for the presence of hyaline and
opaque zones which are assumed to represent winter
and summer growth periods, respectively (Gamble
and Messtorff, 1964).
The study of whiting parasites was conducted by
examining the stomach, intestine and the body cavity.
With practice anisakids may be seen by the naked eye
(Wootten and Waddell, 1977). Anisakid species were
identi®ed from all the samples. The number and

Table 1
Numbers of Merlangius merlangus euxinus examined by sex and
periods
Sample
April 1990
September 1990
September 1991
June 1992
July 1992
August 1992
October 1992
November 1992
December 1992
January 1993
February 1993
March 1993
April 1993
May 1993
Total

Male

Female

Total

672
139
120
41
44
38
9
19
51
34
45
51
40
53

783
140
144
109
87
78
27
20
54
58
74
98
79
116

1455
279
264
150
131
116
36
39
105
92
119
149
119
169

1356

1867

3223

locations of endoparasite present in individual ®sh
were recorded. The data were analysed with respect to
parasitic prevalence (percentage of ®sh infected) and
mean intensity (mean number of parasites per ®sh
examined) (Wootten and Waddell, 1977).

Fig. 1. Location of sampling stations along the Turkish Black Sea Coast.
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The condition factors for infected and uninfected
whiting were calculated from the monthly samples by
the equation W/L3 (W: body weight (g), L: total length
(cm)) in order to determine whether the parasite
affects the growth of ®sh.
Ovaries considered suitable for fecundity estimations, i.e., those that were swollen, creamy in colour
and with very few, if any, translucent eggs visible
through the ovary wall, were stored in modi®ed Gilson's ¯uid which broke down the connective tissue
and helped to separate the eggs from one another
(Holden and Raitt, 1974). The egg numbers were
estimated using the volumetric method described by
Bagenal (1978). Of 188 ovaries counted, 88 (46.8%)
were infected. The length ranges of the infected (13.1±
26.5 cm) and the uninfected ®sh (13.1±25.6 cm) were
similar. The data were analysed by least squares
regression using log±log (base 10) transformations
as described by Hislop and Hall (1974). Analysis of
covariance (Rohlf, 1986) was used to test the signi®cance of the differences between regression coef®cients.
3. Results
In the endoparasitic examination, only nematodes
were recorded in the stomach, intestine and body
cavity of all samples examined. All of the nematodes
were identi®ed as Hysterothylacium aduncum1 (Anisakidae). There was no signi®cant differences in the
prevalence of the nematode between three stations in
the eastern Black Sea (P<0.01) and therefore the
results have been pooled. Table 2 gives the prevalence
of nematodes for the different length groups and
months.
As can be seen in Table 2, there are signi®cant
differences in the prevalence of nematodes between
January/February and the other months for the samples of June 1992±May 1993 (P<0.01). The highest
prevalence (54.8%) was in July/August. After these
warm months, there was a decrease in the number of
whiting infected and in January/February the lowest
value (21.8%) was recorded. With increasing temperature, the prevalence increased again. In April
1
Kindly identified by Dr. T. Lang from Bufo fur Fischereiokologie-Lab., Cuxhaven, Germany.
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1990, September 1990 and September 1991, it reached
33.6%, 27.6% and 27.7%, respectively.
Analysis of regression indicated that there was a
clear positive relationship between length of ®sh and
prevalence of nematodes except in July/August 1992,
January/February 1993 and March/April 1993
(P<0.01). The overall prevalence rose from 32.7%
to 90% with an increase in length from 7/8 to >25 cm
(Table 2).
The prevalence of infection of different age groups
is shown in Table 3. Analysis of regression of the
prevalence±age data indicated a signi®cant relationship between the level of infection and age of the host
(P<0.01). The overall prevalence rose from 28.7% in I
age group to 51.7% in >V age group.
Prevalences and mean intensities of nematodes in
all samples are shown in Table 4. The analysis of
intensity levels has demonstrated considerable
changes in parasite levels between January/February
and the other months in the Turkish Black Sea Coasts.
The lowest mean intensity was recorded in January/
February (0.35 parasites per ®sh), and the highest
values were found in July/August and November/
December. The highest number of nematodes in one
®sh (at length 9.5 cm, nematode number 32; at length
14.5 cm, nematode number 38) also occurred in April
1990 samples.
3.1. The effects of infection with anisakids on whiting
fecundity
The fecundities of infected and uninfected ®sh are
plotted against length in Fig. 2, showing a curvilinear
relationship. An appropriate form for the relationship
observed is fecundityalengthb. The values of the
parameters a and b were estimated by carrying out an
ordinary least squares regression of log fecundity on
log length. Log fecundity/log length regression equations for the two groups of ®sh are:
infected fish : log F  2:492 log L  1:531;
uninfected fish : log F  2:611 log L  1:408:
A comparison of the two equations indicated no
signi®cant difference between the two slopes and
intercepts (P>0.01). The con®dence limits of the slope
(infected ®sh: 2.492; uninfected ®sh: 2.611) are
0.435 and 0.396, respectively.
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Length groups (cm)

April 1990
September 1990
September 1991
May/June 1992
July/August 1992
November/December 1992
January/February 1993
March/April 1993

7/8

9/10

11/12

13/14

15/16

17/18

19/20

21.4 (145)
17.0 (47)
± (±)
25.0 (16)
100 (2)
± (±)
± (±)
0.0 (1)

32.1 (299)
25.5 (153)
7.6 (13)
20.9 (43)
39.3 (28)
36.4 (11)
25.0 (12)
66.7 (6)

36.6
28.8
15.7
20.8
65.6
58.3
12.2
47.8

32.3
41.2
29.4
32.1
41.0
35.5
30.9
38.6

35.4
87.5
32.8
47.6
65.5
46.2
17.1
32.5

34.3
50.0
31.9
42.9
50.8
45.8
23.5
46.4

53.8 (26)
± (±)
41.7 (12)
56.7 (30)
64.3 (28)
71.4 (7)
33.3 (3)
41.7 (12)

(560)
(50)
(70)
(24)
(32)
(24)
(41)
(46)

(288)
(17)
(51)
(56)
(39)
(62)
(68)
(57)

(96)
(8)
(61)
(63)
(55)
(39)
(70)
(80)

(35)
(4)
(47)
(63)
(61)
(24)
(17)
(56)

21/22
60.0 (5)
± (±)
40.0 (5)
57.9 (19)
50.0 (2)
100 (1)
± (±)
40.0 (5)

23/24
100 (1)
± (±)
± (±)
60.0 (5)
± (±)
± (±)
± (±)
0.0 (2)

>25

Total

± (±)
± (±)
80.0 (5)
± (±)
± (±)
± (±)
± (±)
100 (4)

33.6
27.6
27.7
44.8
54.8
52.1
21.8
41.4

(1455)
(279)
(264)
(319)
(247)
(144)
(211)
(268)

A. Ismen, F. Bingel / Fisheries Research 42 (1999) 183±189

Table 2
The prevalence of nematodes in the visceral organs of whiting Merlangius merlangus euxinus from the Turkish Black Sea Coast (values in parentheses are the numbers of fish
examined)
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Table 3
The prevalence of nematodes in each age group of whiting from the Turkish Black Sea Coast (values in parentheses are the numbers examined)
Age group (year)
I
April 1990
September 1990
September 1991
May/June 1992
July/August 1992
November/December 1992
January/February 1993
March/April 1993

II

32.6
25.7
14.1
21.5
50.0
47.9
11.1
26.7

(922)
(257)
(92)
(65)
(52)
(71)
(18)
(15)

33.6
40.0
34.2
35.0
57.3
47.6
20.2
42.6

III
(431)
(15)
(117)
(80)
(82)
(59)
(109)
(115)

39.8
71.4
28.9
43.7
54.5
76.9
26.2
40.6

(83)
(7)
(45)
(135)
(112)
(13)
(84)
(128)

IV

>V

Total

57.9 (19)
± (±)
40.0 (5)
66.7 (37)
0 (1)
100 (1)
± (±)
33.3 (6)

± (±)
± (±)
80.0 (5)
0 (2)
± (±)
± (±)
± (±)
75.0 (4)

(1455)
(279)
(264)
(319)
(247)
(144)
(211)
(268)

Table 4
Prevalences and mean intensities of infection of whiting from all samples for each sex and pooled data
Sample no.

April 1990
September 1990
September 1991
May/June 1992
July/August 1992
November/December 1992
January/February 1993
March/April 1993

Prevalence (%)

Mean intensity

M

F

Total

M

F

Total

M

F

Total

672
139
120
94
82
70
79
91

783
140
144
225
165
74
132
177

1455
279
264
319
247
144
211
268

31.5
30.2
23.3
38.3
54.9
54.3
25.3
40.7

35.4
25.0
31.3
47.6
54.8
50.0
19.7
41.8

33.6
27.6
27.7
44.8
54.8
52.1
21.8
41.4

0.68
0.51
0.51
0.69
1.43
1.16
0.42
0.96

0.93
0.50
0.73
1.17
1.38
1.73
0.30
0.93

0.81
0.50
0.63
1.03
1.40
1.45
0.35
0.94

Fig. 2. Relationship between fecundity and length for whiting infected and uninfected from the Turkish Black Sea Coast for 1990±1993.
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The condition factors for two groups of ®sh were
calculated and a comparison indicated no signi®cant
difference between the slopes and the intercepts
(P>0.01). The condition factors were 0.636 and
0.644 for infected and uninfected whiting, respectively.
4. Discussion
Anisakids, and particularly larval anisakids, are
among the most common nematodes of marine ®shes.
They cause pathological symptoms and possibly mortalities, and reduce the commercial value of ®sh
(Kinne, 1984).
The prevalence of nematodes in the stomach and
intestine found here is high when compared with
results given by Gordon (1977). He found that the
prevalence of nematodes in the stomachs of similarly
sized whiting in the west coast of Scotland was under
38%. However, the prevalence of nematodes in the
Black Sea whiting falls into the lower limits of the
range (about 60%) obtained by Nagabhushanam
(1964) from whiting of similar size in the Isle of
Man waters. By examining the whole gut of ®sh from
the same area, Shotter (1973) found that over 90% of
whiting contained nematodes.
In the present study, a seasonal change in the
prevalence of nematodes was found. Neither Nagabhushanam (1964) nor Shotter (1973) working in the
same area recorded seasonal differences. Gordon
(1977) observed a seasonal change detecting a decline
in prevalence during cold months. The highest prevalence on the examined whiting was recorded in July/
August. Avsar (1993) working on Black Sea sprat
found that the prevalence of nematodes in January was
relatively lower than that for warm periods (May/
September). Although different ®sh species were
examined for the prevalence of nematodes, there is
good agreement between the results obtained in the
present study and those found by Gordon (1977) and
Avsar (1993).
When comparing the total lengths of whiting in
1 cm length class intervals with the prevalence of
nematodes, the results revealed a clear prevalence±
length relationship except in July/August 1992, January/February 1993 and March/April 1993 (P<0.01).
The overall prevalence of nematodes rose from 32.7%

to 90% with an increase in length from 7/8 to >25 cm.
There was also a stronger correlation between the age
of ®sh and the prevalence. For almost all months, the
prevalence increased with ®sh age, and overall rose
from 28.7% in I age group to 51.7% in >V age group.
Gordon (1977) reported the prevalence of nematodes
for different length groups and months, and did not
®nd a prevalence±length relationship for whiting.
Wootten and Waddell (1977) stated that accumulation
of larval nematodes with increasing age and length of
whiting probably occurs because nematodes are longlived and are continually acquired by most ®sh
throughout their lives. In addition, larger and older
®sh consume greater quantities of food which will
probably result in larger numbers of larval nematodes
being ingested. Kùie (1993), provided a detailed
account of the life cycle of H. aduncum from eelpout,
stated that further development in the ®sh host are
apparently dependent only on the length of the larva.
Thus, a two-host cycle occurs, when ®shes ingest
crustaceans harbouring third-stage larvae longer than
3 mm, and a cycle of three (or more) hosts when ®shes
ingest third-stage larvae less than 3 mm long. Depending on the size of the larva, non-crustacean invertebrates and ®shes may act as obligate second
intermediate or transport hosts. Fishes, especially
predatory ®shes such as gadoids, are the de®nitive
hosts. Potter et al. (1988) recorded that whilst prevalence in young whiting was approximately 5±30%,
prevalence in 1 and older ®sh was often very high,
with over 90% of whiting being infected in most
months. Avsar (1993) stated that the prevalence of
nematodes generally increased with increasing age of
the Black Sea sprat. Elkin (1955, cf. Gordon, 1977)
found a low prevalence of nematodes in older whiting
off the Irish Coast. The variations observed between
the studies on parasite infections with respect to age
and length of the ®sh are possibly due to differences in
the geographical distribution of the invertebrate and
vertebrate hosts of the parasites (Wootten and Waddell, 1977).
A seasonal difference in the intensity of infection
was found in this study. However, no comparison
could be made as no other literature exists about
the infection of Black Sea whiting with endoparasites.
The only comparable study is that of Shotter (1973)
who examined whiting parasites in the Isle of Man. In
general terms, Shotter's ®ndings on seasonality par-

A. Ismen, F. Bingel / Fisheries Research 42 (1999) 183±189

allel those of the present study, namely, that the
intensity of infection with H. aduncum is higher in
summer than in winter. Avsar (1993) did not mention
any seasonality of endoparasites. However, considering that whiting prey mainly upon sprat, this would
lead to the conclusion that whiting probably become
infected by eating infected sprat since, as Kinne
(1984) underlines, such infections mostly occur as a
result of ingesting infected food.
The present study did not show that the parasite
caused any signi®cant effect on the condition and the
fecundity of ®sh. However, the studies made on the
effects of H. aduncum on various other species of
marine ®sh showed a reduction on the condition of ®sh
by the parasites (Kinne, 1984).
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