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ABSTRACT

A to ta l  o f 890  specim ens o f  th e  A tlan tic  cod G adus m o rh u a  L. (O steich thyes, G adidae) have been 
ex am in ed  fo r in festa tio n s w ith  d igenetic  trem atodes. T h e  cods w ere caugh t a t  15 sam pling  sta tions 
in  D an ish  an d  ad jacen t w a te rs  w ith  sa lin ities rang ing  from  8 %o (the Baltic o ff  B ornholm ) to  35 %o 
(th e  N o r th  Sea and  th e  A tlan tic  O cea n  off th e  Faroes), a n d  from  shallow  w a te r  dow n to  a dep th  o f 
2 3 0  m . 18 species (m etacercariae  a n d  adu lts) w ere found.

T h e  fo llow ing  species w ere fo u n d  in  the a lim en tary  trac t: P rosorhynchus squa m a tu s  O dhner, 
1905 (B ucephalidae), P o d o co ty le  a to m o n  (R u d o lp h i, 1802), P. reflexa  (C rep lin , 1825) (O pecoe­
lidae), L epidapedon  e longatum  (L ebour, 1908), L. rachion  (C obbold , 1858), O pechona bacillaris 
(M o lin , 18 5 9 ) (L epocread iidae), S tep h a n o s to m u m  pristis  (D eslongcham ps, 1824) (A canthoco l­
p id ae ) , D erogenes varicus  (M ü lle r, 1 7 8 4 ), L ecithaster g ibbosus  (R udo lph i, 1802), Brachyphallus  
crena tus  (R u d o lp h i, 18 0 2 ), H em iu ru s co m m u n is  O dhner, 1905, H. luehei O dh n er, 1905 , H. 
lev insen i O d h n e r , 1905 , im m atu re  en cap su la ted  L ecithoch irium  sp. (H em iuridae), and  th e  m eta- 
ce rca ria  o f  O to d is to m u m  sp. (A zygiidae). T h e  m etacercaria  o f  B ucephaloides gracilescens (R u­
d o lp h i, 1819) (B ucephalidae) w as fo u n d  in the b ra in  cavity , the m etacercaria  o f D ip lo sto m u m  
sp a th a c eu m  (R u d o lp h i, 1819) (D ip lo sto m atid ae) w as found  in the eye lens, and  th e  m etacercaria  
o f  C ryp to co ty le  lingua  (C rep lin , 1825) (H eterophy idae) occurred  in th e  skin th ro u g h o u t the fish 
b o d y . O . bacillaris, H . luehei a n d  L ec ith o ch iriu m  sp. have n o t previously been repo rted  from  the 
cod.

T h e  in fe sta tio n  in re la tion  to  h o s t size o f  the m ost com m on cod d igeneans w as exam ined. The 
inc idence  o f  in festa tio n  a t  all s ta tio n s  is com pared  w ith  the geographical d istrib u tio n  o f  th e  first 
in te rm e d ia te  h o s t (w hen know n) to  exam ine w h eth er th e  digeneans m ay be used as n a tu ra l tags.

T h e  n u m b er o f  d igenean  species increased  from  the Baltic to the n o rth e rn  0 re s u n d  an d  the 
w es te rn  K atteg a t, w here it  reached  a m ax im um  value, then  decreased again  in the N o rth  Sea and 
F aro ese  w a te rs , reflec ting  th e  d iffe ren t d iversity  o f  th e  ben th ic  fauna in the d ifferen t areas.
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IN T R O D U C T IO N

The commercially im portant Atlantic cod, Gadus morhua L., has been the 
subject of many parasitological studies, and it is apparently the marine fish 
from which most helminth species have been recorded. Dollfus (1953) reviewed 
m ost o f the literature on cod parasites up to about 1950, and since then many 
papers have appeared, e.g. by Shulman &c Shulman-Albova (1953), Polyanski 
(1955), and Appy &  Burt (1982).

N obody has examined the digenetic trematodes of the cod from Danish 
w aters, but Thulin (1971) and M öller (1975) have examined cods from the 
western coast o f Sweden and the Kiel Fjord (the western Baltic), respectively.

In the present study, 890 cods were examined from 15 sampling stations 
ranging from the Faroes to the Baltic off Bornholm, but mostly from the North 
Sea and the 0 resund . The cods from the northern 0 resund  were examined 
throughout a tw o-year period. Among gadoid fishes in Danish and adjacent 
w aters the cod harbours most digenean species. 18 species of Digenea (meta- 
cercariae and adults) were found.

A p p rec ia tio n  is exp ressed  to  D rs H . G islason and  E. N ie lsen , th e  D anish  Institu te  for F isheries and 
M a rin e  R esearch , C h a rlo tte n lu n d , fo r research  space a b o a rd  th e  research  vessel D ana, a n d  to  the 
s ta ff  o f  F isk iran n só k n a rs to v an , T ó rsh av n , fo r fishes, to  D rD . Block, M useum  o f  N a tu ra l H istory , 
T ó rsh a v n , th e  F aro es, fo r  excellen t w ork ing  facilities d u rin g  m y stay  th ere , and  to  M r A . Barnes, 
F acu lty  o f  Science, U niversity  o f  Q ueensland , B risbane, A u stra lia , w ho  did the p rincipal coord inate  
analysis.

M A TERIA LS AND  M E T H O D S

The cods were caught at 15 sampling stations (Fig. 1, Table 1). The cods from 
stations 1 &  4 were caught in nets; those from station 6 in an eel trap, and those 
from  station  14 on long lines. The remaining cods were caught by trawl. The 
cods from  each o f the stations 2-4, 7-13 and 15 were caught within a few hours, 
whereas the cods from the remaining stations were caught over a longer period.

All the cods from stations 1, 6 and 14, and most of those from station 5 were 
kept dry at about 4°C and examined within 24 hours after capture. The re­
maining cods from  station 5 were kept alive in tanks for up to one week before 
being examined. The whole alimentary tract of the cods from station 2 was 
fixed in 4 %  formaldehyde shortly after capture. The cods from stations 7-13 
were traw led by the research vessel Dana and deep-frozen almost immediately, 
except for a few specimens from each station, which were examined on board 
w ithin a few hours after capture, whereas all the cods from stations 3 &  15 
were deep-frozen shortly after capture.

The to tal length of each cod was measured to the nearest cm. W ith a few 
exceptions the external surface and the brain cavity were examined for meta-
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FlG. 1. L ocation  o f  sa m p lin g  s ta tio n s  1-15. N u m b er o f  exam ined cods from  each s ta tio n  show n  in 
sm aller n u m erals beside th e  bold  sta tio n  num bers.

cercariae. The eye lenses of all the cods from stations 1 &  4 were examined 
(before freezing) using a stereomicroscope. The whole alimentary tract was 
removed and divided into sections. Each section was placed in a petri dish with 
diluted sea w ater (about 10%o salinity), opened and scraped thoroughly, after 
which the contents were examined using a stereomicroscope. All the digeneans 
were removed, identified, counted, and divided into three groups according to 
degree of development. For specimens occurring in large numbers, round figures 
are given. The numbers o f metacercariae are minima as only fully developed 
specimens were counted, bu t the magnitude of error was considered to be the 
same for all samples.

Incidence (= prevalence) refers to the percentage of fish infested and intensity 
refers to num ber of parasites per infested fish.

The geographical distribution of the molluscan and fish hosts are based on: 
Davis (1925), Spärck &  Thorson (1933), Jensen &c Spärck (1934), Ankel 
(1936), Jaeckel (1952), M uus &  Dahlstrom (1964), Tebble (1966), Joensen &c 
Táning (1970), Petersen (1968, 1977), Jägerskiöld (1971), and Dr J. Knudsen, 
Zool. M us., Copenhagen (pers. comm.).
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T A B L E  1. D igcnc tic  trem átodos in Gadus morhua from  D anish and adjacent w aters. For explanation  o f  figures in 
th e  trem atode entries see footnotes to the Podocotyle atomon!station l a  entry.
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la T h e  B altic , o f f  the n o rth  o f  
B o rn h o lm . 10-50 m

O ct. 1980 35 41.3
(21-69)

—  2 .9%  
6(6)

65.75b
5 0 "
(3-250)

— —

l b do . M ay 1981 65 39.9
(24-58)

20 .0%
35
(1-200)

2 W este rn  Baltic, 
K iel B ay , 15 m

D ec. 1980 35 32.3
(20-55)

—  — 37.1%
10
(1-60)

— —

3 L illebæ lt, o f f  Frcdoricia, 
20 m

July  1984 30 42.8
(25-59)

—  — 10.0%
3.7
(1-9)

10.0%
6
(2-11)

—

4 0 r e s u n d ,  sou th  o f  C openhagen 
(K o g e  B ay) 5-10  m

Sep. 1983 60 41.7
(27-55)

—  — 8.3%
6.4
(1-10)

— —

5 0 r e s u n d ,  n o rth  o f  C openhagen Jan . 1980- 268 33.9 [5 % ] 0 .4 % 4 .1 % 42.2% 2 .2 %
a +  b (n o rth  o f  V een), 25-28  m N ov . 1981 (17-58) 1

0 )
1.8
(1-10)

3.2
(1-40)

5.0
(1-10)

5a do . Jan . 1980- 
D ec. 1980

(136) [5 % ] - 1 .5% 36.8% 3 .7 %

5b do . Jan . 1981- 
N o v . 1981

(132) [5 % ] 0 .8% 6 .8 % 47.7% 0 .8 %

6 W este rn  K attegat, 
o f f  F rederikshavn , 10 m

Ju ly -A ug . 
1980,1982

42 27.9
(18-47)

[2 0 % ] —

“

23 .8%
1.3
(1-3)

14.3%
7.0
(2-12)

7 Skagerrak ,
J a m m e r  B ay, 20 m

M ay 1983 70 25.5
(15-47)

7 8 .6%  —  
7.3 
(1-100)

1 .4%
1
(1)

2 .9%
1
(1)

8 T h e  N o r th  Sea, 
w es t o f  F Iclgoland, 37 m

M ay 1983 50 32 .2
(18-49)

[2 5 % ] — 2.0 %
1
d )

9 T h e  N o r th  Sea, o f f  the w est 
coast o f ju t la n d , 17m

M ay 1983 25 23.6
(16-44)

12 .0%  —
1.7
(1-2)

4 .0 %
1
(1)

10 T h e  N o r th  Sea, o f f  th e  w est 
coast o f ju t la n d , 40 m

M ay 1983 13 21.8
(15-32)

3 8 .5%  —  
1.2 
(1-2)

7 .7%
1
(1)

11 T h e  N o r th  Sea,
o f f  n o rth e rn  Ju tla n d , 27 m

M ay 1983 55 27.8
(17-45)

3 0 .9%  —
3.3
(1-10)

1 .8%
1
(1)

12 T h e  N o r th  Sea, 
o f fE g e rs u n d , 82 m

A pr. 1983 62 34.0
(18-49)

100.0%  —  
50 
(10-200)

13 T h e  N o r th  Sea, 
V ik in g  B ank, 144 m

A pr. 1983 40 36.5
(15-49)

100 .0%  —  
?

— — —

14 T h e  Faroes, 
coastal w a te rs , 40 m

O ct. 1981 20 39.8
(32-57)

100.0%  40 .0%  
? 5.0

(1-13)

— 35 .0%
2.7
(1-6)

—

15 T h e  Faroes, sou th w est o f  
M u n k ag ru n n u r 
(M u n k en  rock ), 230 m

O ct. 1981 20

890

51.6
(34-67)

100.0%  30 .0%  
? 4.8

(1-11)

'in c id e n c e ; 'in te n s i ty ,  m ean; 1 in tensity , range; data  o f  C h r. Jacobsen (pers. com m .); [ ]  app rox . in­
cidence as n o t  all the cods w ere  exam ined.
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5 1 .4 %  —  
20
(1-125)

2 .9%
3
(3)

5 .7 %  17.1%  
125 8.3 
(50-200) (2-19)

7 3 .8 %  —  
60
(1-500)

10.8%
4.1
(1-10)

7 .7%
4.2
(2-10)

3 .1 %
150
(100-
200)

13.8%
6.9
(1-14)

9 4 .3 %  —  
150 
(1-1000)

5 .7%
1.5
(1-2)

42 .9%
3.6
(1-10)

2 .9%
30
(30)

17.1%
100
(30-
1000)

6 0 .0 %  3 .3 %  
125 3 
(7-800) (3)

6 .7 %
1
(1)

30 .0%
5.7
(1-11)

80 .0%
15.3
(3-57)

96 .7%
250
(10-
1000)

6 6 .7 %  —
50
(1-200)

1 .7%
1
(1)

50 .0%
8.7
(1-60)

66 .7%
5.5
(1-26)

16.7%
2.6
(1-5)

96 .7%
65
(1-300)

1 .7%
11
(11)

7 1 .3 %  6 .7 %  
60 4.2 
(1-1000) (1-21)

16 .4%
1.3
(1-3)

4 9 .3 %
2.6
(1-11)

1 .1%
1.3
(1-2)

1 .1%
8.7
(1-24)

25.4%
2.2
(1-10)

4 .9%
4.8
(1-12)

[90% ]

6 4 .0 %  8 .8 % 17.6% — 4 1 .9 % — — 31 .6% 3.8% — — [90% ] —

7 8 .8 %  4 .5 % 15.1% — 5 6 .8 % 1 .5% 2 .3 % 18.9% 6.1 % — — [90% ] —

5 7 .1 %  4 .8 %  
150 10.5 
(1-1000) (7-14)

45 .2%
10.3
(1-100)

— 5 0 .0 %
3.6
(1-18)

4 .8 %
1
(1)

2 .4 %
40
(40)

47 .6%
2.5
(1-12)

4 .8%
21.5
(3-40)

— 14.3%
1
(1)

[80% ] —

1 4 .3 %  —  
100
(10-300)

91 .4%
13.8
(1-60)

8 4 .3 %
3.9
(1-23)

11.4%
1.5
(1-3)

10.0%
1.1
(1-2)

1 .4%
30
(30)

2 .0 %  —
30
(30)

80 .0 %
10.3
(1-50)

8 4 .0 %
7.8
(1-36)

12.0%
1.2
1-2)

30 .0%
6.7
(1-17)

~
8 8 .0%
12.4
(1-40)

6 4 .0 %
2.3
(1-5)

12.0%
1
(1)

8 .0 %
2
(2)

7 .7 %  —
70
(70)

76 .9 %
29.0
(10-60)

100.0%
5.8
(1-14)

7 .7 %
1
0 )

85 .5 %
20.6
(1-70)

7 0 .9 %
4.4
(1-18)

21 .8%
1.7
(1-4)

16.4%
1.1
(1-2)

14.5%
1.3
(1-3)

7 .3 %
100
(2-200)

1 .6%
1
(D

4 6 .8 %
2.7
(1-12)

1 .6%
1
(1)

40.3%
3.2
(1-11)

27 .5%
4.3
(1-12)

15.0%
1
(1)

3 2 .5 %
1.7
(1-3)

2 .5 %
1
(1)

97.5%
30
(4-80)

4 5 .0 %  2 0 .0%  
40 6.8 
(1-100) (1-14)

100.0%
22.3
(6-50)

5 .0%
1
(1)

15.0%
1
(1)

5 .0 %  —
30
(30)

100 .0%
9.1
(1-20)

100.0%
7.4
(3-20)
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RESULTS

B u c e p h a l i d a e  Poche, 1907

Bucephaloides gracilescens (Rudolphi, 1819) Hopkins, 1954

M etacercariae o f B. gracilescens were found in the intra-cranial fluid sur­
rounding the brain. They were found at all sampling stations except stations 1- 
4 (Table 1, Fig. 2A).

Only the brain cavity was examined. As the metacercariae in other gadoids 
have been found in other parts of the nervous system, e.g. in the spinal cord 
(M atthew s 1974, Johnston &  Halton 1981), the intensity — and probably also 
the incidence -  is probably higher than listed. From the northern Oresund and 
the w estern Kattegat only about half of the cods were examined. Metacercariae 
were only found in the largest cods from the northern Oresund, whereas they 
also occurred in smaller size groups from the western Kattegat. However, in all 
localities the largest size groups showed the highest incidence and intensity 
(Fig. 3A).

The bivalve Abra alba is described as the only first intermediate host (M at­
thews 1974) (Table 2). The cercariae penetrate gadoid fishes in which they 
encyst, mainly in the nervous system. The cercaria of B. gracilescens has ap­
parently only been found in British waters (see Matthews 1974). It was not 
found in Danish waters, although hundreds o f A. alba from the northern Ore­
sund and the western Kattegat were examined.

It is apparent that neither the vertical nor the horizontal distributions of
A. alba and infested cods coincide (Fig. 2A). A. alba is a shallow-water bivalve. 
M atthew s (1974) found infested A. alba at a depth of 70 m, which according to 
Tebble (1966) is the greatest depth for A. alba in British waters.

M etacercariae o f B. gracilescens were found in all the cods caught at a depth 
o f 230 m in Faroese waters, as well as in the other gadoids caught at the same 
depth, including the blue ling Molva dypterygia (Pennant), Norway pout Tri­
sopterus esmarkii (Nielsson) (new host records), and blue whiting Micromesis­
tius poutassou  (Risso). M etacercariae were also found in the silvery pout Gadi­
culus thori Schmidt (new host record) from the northern N orth Sea (between 
stations 12 & 13) at a depth of 150-200 m. None of these gadoids, except T. 
esmarkii, enter shallow water where A. alba lives. This indicates that another 
bivalve m ust function as first intermediate host for B. gracilescens in areas 
where A . alba does not exist. One or more of the three species belonging to the 
genus Abra (A. nitida  (Müller), A. longicallus (Scacchi), A. prismatica (M on­
tagu)) w hich occur in the northeast Atlantic Ocean are most likely to act as 
interm ediate host and they all live at greater depths than A. alba.

The only final host is the angler Lophius piscatorius L., which lives in the 
Skagerrak and in the western Kattegat, but it is not common in these areas. It
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TABLE 2. T h e  life-cycle o f  d igeneans in Gadus morhua from  Danish and adjacent w aters.

Species

M ain  o r  only 
1. in term edia te  
host(s)

M ain 2. interm , 
host and /or 
transport host(s) 
(3. in term , host)

M ain o r only 
final host(s) References

B ucephalidae
Bucephaloides graci­
lescens (m etac.)

Abra alba (W ood) Gadidae Lophius pisca­
torius L.

M atthew s 1974

Prosorhynchus M ytilus edulis L. Liparis spp. Cottidae, O d h n er 1905
squamatus Musculus discors (L.) C ottidae Pleuronectidae C hubrik  1952

O pecoelidae
Podocotyle atomon 

Podocotyle reflexa

Littorina saxatilis (O liv i) 

Buccinum undatum L.

A m phipods, 
isopods, m ysids

V arious fish 
families.

H unninen  & 
C able 1943

Neptunea antiqua (L.) Shrim ps Gadidae Koie 1981
Lepocreadiidae

Opechona bacillaris Nassarius pygmaeus 
(Lam arck)

M edusae, cteno-
phores,
chaetognaths

Scom bridae,
Gadidae

Koie 1975

Lepidapedon Onoba aculeus (G ould) Polychaetes Gadidae Koie 1985
elongatum
Lepidapedon ? ? Gadidae
rachion

A canthocolpidae
Stephanostomum
pristis

Natica alderi 
Forbes

G obiidae Gadidae Koie 1978

A zygiidae
Otodistomum  sp. ? Pleuronectidae Elasm obranchs
(m etacercaria)

H em iuridae
Derogenes varicus Natica spp. C opepods, chae­

tognaths, c teno- 
phores, a.o.

V arious fish 
families

Koie 1979

Lecithaster
gibbosus

(?) Odostomia spp. C opepods V arious fish 
families

(see Koie 1983)

Brachyphallus
crenatus

(?) Rissoa spp. C opepods, chae­
tognaths, ctcno- 
phores

V arious fish 
families

(see K oic 1983)

Hemiurus communis ? C opepods, chae­
tognaths, 
ctenophores

V arious fish 
families

Hemiurus luehei ? (?) Copepods V arious fish 
families

Hemiurus levinseni ? (?) C opepods, 
chaetognaths

V arious fish 
families

Lecithochirium sp. 
(im m ature)

? (?) C opepods; 
(Ctenolabrus 
rupestris (L.))

Anguilla anguilla 
(L .), Conger 
conger (L.)

H etero p h y id ae
Cryptocotyles lin­
gua (m etacercaria)

Littorina littorea (L.) V arious fish 
families

Laridae, a.o . S tunkard  1930

D ip lostom atidae
Diplostomum spa­
thaceum

Lymnaea spp. V arious fish 
families

Laridae, a.o . Szidat 1924

(m etacercaria)



2 0 2 M A R I A N N E  K 0 I E

Bucephaloides gracilescens
m etac .

P rosorhynchus squam atus

,’tdus edulis 
d u s discors

P odocotyle reflexaP odocotyle a tom on

dcU num -undatum  
N ep tunea  antiquaLittorina saxatilis

O pechona bacillaris Lepidapedon  elongatum
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does not occur in the Baltic and in the 0 resund  south of Copenhagen, which 
may explain the absence of the metacercariae in the cods from these areas.

B. gracilescens is a common parasite in the cod (see Dollfus 1953, Johnston 
&  H alton  1981). Thulin (1971) found it in cods from western Sweden. Joensen 
&  T âning (1970) found a high proportion of Faroese cods with a Gastero­
stom um  infection in their brain. B. gracilescens has the same geographical 
distribution as its final host L. piscatorius, i.e. the Atlantic Ocean and adjacent 
seas including the Barents Sea and the M editerranean Sea.

Prosorhynchus squamatus Odhner, 1905

P. squamatus was found in the stomach, pyloric caeca and intestine of cods 
from  north of Bornholm, the northern Oresund and Faroese waters (Table 1, 
Fig. 2B).

The life-cycle was elucidated independently by Odhner (1905) and Chubrik
(1952) (Table 2). The cercaria was redescribed by M atthews (1973).

The cercaria of P. squamatus was found in Musculus discors and Mytilus 
edulis from the northern Oresund, and in M. edulis from Bornholm and the 
w estern Kattegat. In Danish waters Liparis spp. are the main second inter­
m ediate hosts. Liparis spp. from Bornholm, the Oresund, the western Kattegat 
and Faroese waters were heavily infested w ith immature and progenetic speci­
mens, which occur in all tissue of the fish body and also occasionally free in the 
intestinal lumen. In Danish and adjacent waters species belonging to the Cot­
tidae function as main final hosts.

In one cod from Bornholm and in one from station 14, the Faroes, immature 
and m ature P. squamatus were found together with remains of Liparis sp., and 
it is evident that cods become infested by eating Liparis sp. L. liparis (L.) lives at 
the Faroes from the tidal zone to several hundred metres depth (Joensen & 
Tâning 1970). About half of the infested cods from the Faroes had P. squa­
m atus  in the intestine, where they have no possibility to attach. Matthews 
(1973) m entions that P. squamatus has a comparatively small rhynchus and 
th a t it may be significant that the site of infection of this parasite in Cottidae, 
cod and whiting is the pyloric caecum, where it will be less likely to be dislodged 
by the passage of food through the intestine. He further writes that as some 
m etacercariae are progenetic the finds of adults in the intestine of predatory fish 
m ight not indicate that these were normal hosts, although predation would be 
an im portan t mechanism in the release of eggs from metacercariae in the tissue 
of interm ediate hosts.

T o  show w hether the cod is a suitable host for this parasite, four cods (about 
30 cm long) were kept in individual tanks. 10 Liparis sp. were added to each 
tank. Ten control Liparis each contained 40-100 P. squamatus of different 
developm ental stages. All the Liparis were eaten within a few hours. Two days
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later one cod had 10 m ature specimens scattered throughout the intestine. Six 
days after the ingestion of the Liparis two cods were w ithout parasites. The 
fourth cod harboured two specimens; they were found in the apical end of 
different pyloric caeca. The parasites contained several hundreds eggs and were 
identical w ith the most developed specimens found in the second intermediate 
host. This experim ent shows that the cod is an unsuitable host for this parasite. 
Only if progenetic specimens happen to enter a pyloric caecum do they become 
established and survive.

P. squamatus (as P. grandis) has previously been reported from cods from 
English waters by Lebour (1908), who found four cods infested, each with one 
specimen. P. grandis Lebour, 1908 was regarded as a valid species by Dollfus
(1953), but o ther authors, e.g. Shulman &c Shulman-Albova (1953) and M at­
thews (1973) consider P. grandis as a synonym of P. squamatus. Shulman & 
Shulman-Albova (1953) found two specimens in one of 83 cods from the White 
Sea. Up to 44%  of cods from Canadian Atlantic waters had a mean intensity of 
6 (Appy &  Burt 1982).

P. squamatus has an arctic-boreal distribution and is found in Cottidae, 
Pleuronectidae and occasionally in other fish families from the north Atlantic 
Ocean, the Arctic Ocean and the north Pacific Ocean.

O p e c o e l i d a e  O z a k i ,  1 9 2 5

Podocotyle atom on  (Rudolphi, 1802) Odhner, 1905

P. atom on  was found in the pyloric caeca and the anterior part of the intestine 
o f cods from  stations 1-5 (Table 1, Fig. 2C).

The first host is the littoral snail Littorina saxatilis which has been found 
infested on the rocky shores o f northern Bornholm and in the northern Oresund 
(Koie 1981, 1983). The L. saxatilis from Bornholm was more heavily infested 
than the snails from the northern Oresund, which is in accordance with the 
higher incidences and intensities of infestation in the cods caught in the coastal 
area north o f Bornholm compared with those from the northern Oresund. Small 
specimens were found from autum n and spring (station 1) and throughout the 
year (station 5) showing that the cods become infested all the year round. The 
second interm ediate host o f P. atomon  at Bornholm, Gammarus sp., was found 
in both small and large cods (Fig. 3B) together with free metacercariae and 
metacercariae embedded in the transformed amphipod muscles (see Koie 1981). 
In the northern Oresund P. atom on  was only found in cods less than 32 cm 
long. At stations 2 &C 3, P. atom on  only occurred in cods less than 40 cm (Fig. 
3B). Polyanski (1955) found that P. atomon  dominated in cods less than two 
years old, and Karasev (1983) found only the fingerlings from coastal areas 
infested.
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P. atom on  has been recorded from a large number of fish families; it is most 
com m on in sheltered areas with reduced salinity (see Koie 1981, 1983). This 
fact and the fact that the cods from most stations were caught at depths where 
the interm ediate hosts do not live may explain the absence of P. atomon  at all 
the euhaline stations (S >  3 0 %o) (stations 6-15).

P. atom on  is reported from the cod from Canadian Atlantic waters (Heller 
1949, Appy &c Burt 1982), from the White Sea (Shulman &  Shulman-Albova 
1953), from the Barents Sea (Polyanski 1955, Karasev 1983), and from the 
w estern Baltic (M öller 1975). P. atomon  has an arctic-boreal distribution and 
has been recorded from the north Atlantic Ocean, and the north Pacific Ocean.

Podocotyle reflexa (Creplin, 1825) Odhner, 1905

P. reflexa  was found in the pyloric caeca of cods from the northern Oresund, 
the Lillebælt, the western Kattegat, the Skagerrak, three stations in the North 
Sea and in Faroese coastal waters (Table 1, Fig. 2D).

The distribution of the infested cods nearly coincides with the geographical 
distribution of the first intermediate hosts (Table 2, Fig. 2D). Immature P. re­
flexa  were found throughout the year, and no seasonal variation in incidence 
was found in the northern Oresund. Cods were not found infested with P. re­
flexa  in the western Baltic, probably because the snail hosts are rare in this area 
w ith reduced salinity. In coastal Faroese waters (station 14) only cods less than 
42  cm were infested. M ost cods from deep Faroese water (station 15) were more 
than 42 cm. This and the fact that N. antiqua and B. undatum  at the Faroes 
principally live at depths of 5-40 m may explain the absence of P. reflexa at 
station 15.

The decreasing incidence with increasing host size (Fig. 3 C) is in accordance 
w ith e.g. the results of Daan ( 1973 ) who found that the number of Crangonidae 
and Pandalidae in the stomachs of North Sea cods decreased in cods longer than 
30 cm. Polyanski (1955) found that P. reflexa dominated in cods less’ than two 
years old.

P. reflexa has been recorded from cods from the Atlantic coast of North 
America (often under its synonym P. olssoni Odhner, 1905, see Dollfus 1953), 
and in addition from western Greenland (Brinkmann 1975), the Barents Sea 
(Polyanski 1955) and Canadian Atlantic waters (Appy &  Burt 1982). P. reflexa 
has an arctic-boreal distribution and is found in Gadidae from the north Atlantic 
Ocean, the Arctic Ocean, and the north Pacific Ocean.



D I G E N E T I C  T R E M A T O D E S  F R O M  G A D U S  M O R H U A  L. 209

L e p o c r e a d i i d a e  Nicoli, 1935

Opechona bacillaris (Molin, 1859) Looss, 1907

O. bacillaris was found in the pyloric caeca of cods from the northern 0resund , 
the western Kattegat, the Skagerrak and one station in the N orth Sea (Table 1, 
Fig. 2E).

Infested cods were found in all size groups. The finds of immature worms and 
worm s w ith a few eggs only indicate that the cods are infested by ingesting the 
interm ediate hosts (Table 2) and not e.g. whitings, which together with the 
mackerel are the main final hosts of O. bacillaris in Danish and adjacent waters. 
In the northern 0 re su n d  it was only found in June-August. The distribution of 
infested cods in Danish and adjacent waters coincides with the distribution of 
the snail host (Fig. 2E). O. bacillaris has not previously been recorded from the 
cod. It has a lucitanian-boreal distribution, being recorded mainly from the 
coast of western Europe and the M editerranean Sea.

Lepidapedon elongatum  (Lebour, 1908) Nicoli, 1910

L. elongatum  occurred in the pyloric caeca and, in heavily infested cods, also in 
the anterior part of the intestine. It was found at all stations apart from four in 
the N orth  Sea (Table 1, Fig. 2F).

The cercaria o f  L. elongatum  was found in August 1984 in the rissoid snail 
O noba aculeus (Gould). Nereis diversicolor Müller and other polychaetes were 
used as experim ental second intermediate hosts (Koie 1985). Metacercariae 
identical w ith those obtained from experimentally infected polychaetes have 
been found in N . pelagica L. from the littoral zone in the Barents Sea (recorded 
as L. gadi (Yamaguti, 1934)) (Amosova 1955).

The distribution of the snail host nearly coincides with that of infested cods 
(Fig. 2F). O. aculeus has been found at Bornholm (as O. striata (Adams), a 
synonym of O. semicostata (M ontagu), with which it often has been confused) 
(Jaeckel 1952), but it does apparently not extend further into the Baltic. L. 
elongatum  has no t been found in cods off Poland (Markowski 1933, Studnicka 
1965, Rokicki 1975) indicating that these cods do not migrate to the area 
around Bornholm or west o f Bornholm. The few infested cods caught at stations 
8 &  10 m ust have acquired the infestation in an area where the snail host lives. 
O. aculeus has no t been recorded at the Faroes, but O. striata, with which it 
m ight have been confused, lives at the Faroes to a depth of about 40 m. L. 
elongatum  was common in coastal, shallow-water cods caught off Bergen (own 
observations, August 1975).

In the northern  0 re su n d  recently excysted worms were found in all size 
groups of cods and throughout the two-year period. Here the incidence and 
mean intensity increased w ith increasing host size (Fig. 3D). At stations 1-4 the
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incidence decreased slighdy with increasing host size. Polyanski (1955) found 
that L. elongatum (as L. gadi, see below) dominated in cods less than two years old.

Specimens apparently identical with L. elongatum  have been described, e.g. 
L. m icrocotyleum  Odhner (in Dollfus 1953) and L. gadi (Yamaguti, 1934) and 
others. Based on descriptions and figures in the literature it seems reasonable to 
consider L. microcotyleum  and L. gadi to be synonyms of L. elongatum , as most 
authors do, although nobody has proven the synonymity of these forms. In 
addition to the records mentioned by Dollfus (1953), L. elongatum  has been 
reported from cods from the Barents Sea (Polyanski 1955, as L.gadi, and 
Karasev 1983, as L. elongatum), from the W hite Sea (Shulman &c Shulman- 
Albova 1953, as L. gadi), from Scottish waters (Williams et al. 1970, as L. 
m icrocotyleum ), from the east coast of Greenland, the Atlantic coast of Canada, 
and the west coast of Sweden (Brinkmann 1975, Bray 1979, Appy &  Burt 1982, 
and Thulin 1971, all as L. elongatum). It was found in cods from coastal, 
shallow w ater off Holsteinsborg, western Greenland (own observations, August 
1984).

L. elongatum  has an arctic-boreal distribution, as it is recorded mainly from 
Gadidae from the north Atlantic Ocean, the Arctic Ocean, and the north Pacific 
Ocean.

Lepidapedon rachion (Cobbold, 1858) Stafford, 1904

L. rachion  was found in the intestine of cods from the northern Oresund, the 
Lillebselt, the western Kattegat and Faroese coastal waters (Table 1, Fig. 2G).

The life-cycle is unknown. Lebour (1908) suggested that a cercaria developing 
in the bivalve Cardium  (=  Cerastoderma) edule L. was that of L. rachion, but 
this cercaria has recently been shown to belong to the M onorchiidae (see Sannia 
e ta l.  1978).

The cod is an accidental host. The main host in Danish waters is the haddock 
M elanogram mus aeglefinus (L.). In the northern Oresund the few infested cods 
were found evenly distributed throughout the period of investigation. The smal­
lest specimens, which measured 300 /xm in length, were found in a cod from this 
area. The three infested cods from stations 3 &  6 were 23, 26 and 47 cm long. 
However, in the northern Oresund 4 .5%  of the cods ^ 3 9  cm were infested, 
whereas 10.9 % of the cods ^  40 cm had this parasite. In Faroese coastal waters 
(station 14) only cods ^ 3 9  cm were infested. M ost cods from Faroese deep 
w ater (station 15) were more than 40 cm long; this may explain the different 
degrees o f infestation at these stations.

L. rachion has often been recorded from the cod (see Dollfus 1953). Later it 
has been found in this host by Williams et al. (1970) from Scottish waters, by 
Thulin (1971) from the Swedish west coast, and by Bray (1979) and Appy &c 
Burt (1982) from the Atlantic coast of Canada. L. rachion has been recorded 
mainly in Gadidae from the north Atlantic Ocean, and in addition from the 
Barents Sea and the Black Sea.
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A c a n t h o c o l p i d a e  Lühe, 1909

Stephanostom um  pristis (Deslongchamps, 1824) Looss, 1899

S. pristis was found in the pyloric caeca of cods from all stations except those at 
the Faroes, the Baltic, the Lillebælt, and the southern 0resund (Table 1, Fig. 2H).

The life-cycle and different developmental stages were described by Koie 
(1978) on basis of specimens from the northern 0resund. All the examined 
specimens (metacercariae and adults) had 24-25 oral spines in each of the two 
rows, and the worm s were therefore classified as S. caducum  (Looss, 1901), 
which only differs from  S. pristis by the number of oral spines. S. pristis is 
recorded to have 2 x  18 o r 36 oral spines (see Koie 1978). Examination of 
hundreds of adult specimens from the western Kattegat and the N orth Sea 
revealed that the number o f oral spines ranged from 2 x  18 to 2 x 2 6 ,  with a 
dominance of specimens with 2 x 2 3 -2 5 , however. Although 2 x  18 oral spines 
rarely were found it is concluded that S. caducum probably is a synonym of S. 
pristis.

The distribution o f the infested cods nearly coincides with the geographical 
distribution of the snail host (Fig. 2H ). N . alderi is rare at the Faroes, which 
may explain the absence of S. pristis in the cods from this area. The absence of 
S. pristis in the cods from  the Lillebælt (station 3) may indicate that these cods 
had spent the previous time in the western Baltic where N. alderi does not live.

In the northern  0 resu n d  small and mature specimens were found throughout 
the tw o-year period. The incidence of S. pristis in the cods from the northern 
0 re su n d  has a m axim um  in the intermediate size groups (Fig. 3E) in accordance 
with, e.g. the results by Arntz (1974) who found that gobies were preferred by 
cods between 21 and 30 cm long but were replaced by other prey fishes by 
larger cods. However, the incidence in the cods from the N orth Sea did not 
reveal such a m aximum (Fig. 3E).

S. pristis is recorded from cods from English and Scottish waters and the west 
coast of Sweden (see Dollfus 1953, Williams et al. 1970, Thulin 1971). The 
report o f S. pristis in cods from the Kiel Fjord (western Baltic) (Möller 1975) 
needs confirmation. S. pristis has a lusitanian-boreal distribution and has been 
recorded mainly in Gadidae from the European west coast from Scandinavia to 
the M editerranean Sea.

A z y g i i d a e  L ü h e ,  1 9 0 9  

Otodistom um  sp.

M etacercariae o f O todistom um  sp. occurred free or encapsulated in the stomach 
wall of cods from station 13 only (Table 1, Fig. 2 0 ) .
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The first host is unknown. The smallest specimen, which occurred free in the 
stom ach o f a 21 cm long cod, measured 780 fxm in length and probably re­
presents the body o f a recently ingested cercaria (see Koie 1983). Similar worms, 
but 2 and 3 mm long, were found encapsulated in the stomach wall of five cods. 
Identical metacercariae were commonly found in flatfishes from localities be­
tween stations 12 &  13. The metacercariae from the flatfishes and the cod 
probably  belong to O. veliporum  (Creplin, 1837) (see Koie 1983).

Im m ature O todistom um  sp. has previously been recorded from cods from 
C anadian Atlantic waters only (Appy &c Burt 1982).

H e m i u r i d a e  L o o s s ,  1 8 9 9

Derogenes varicus (Müller, 1784) Looss, 1901

D. varicus was found in the oesophagus and the very first part of the stomach 
o f cods from all stations except the two in the Baltic (Table 1, Fig. 21).

The distribution of the infested cods nearly coincides with the geographical 
distribution of the first host Natica spp. (Fig. 21). As the cod may become 
infested by ingesting other fishes, e.g. herrings (Koie 1979) which migrate 
over long distances, it is not unexpected to find D. varicus in a cod from station 
4 w here the snail hosts do not occur. The incidence of infestation in relation to 
the size o f the cods from the northern 0 resu n d  shows a maximum in the inter­
mediate size groups (Fig. 3F), which gives no clue to which animals function as 
interm ediate host o r transport host in this area. In the N orth Sea, however, the 
incidence increased with increasing host size (Fig. 3F). In the Barents Sea D. 
varicus was more common in cods older than two years than in smaller cods 
(Polyanski 1955). M eskal (1967) found that the largest cods off the west coast 
o f N orw ay harboured more D. varicus than small cods (< 6 0  cm). In these 
areas, as well as in the N orth Sea, it is m ost likely that the cod acquires the 
parasite by preying upon fishes.

In the northern 0resund  small specimens were found throughout the two- 
year period, and no seasonal variation in incidence was found.

D. varicus is a common cod parasite (see Dollfus 1953). Later it has been 
found in cods from  the west coast o f Greenland (Brinkmann 1975), Canadian 
A tlantic waters (Gaevskaya &  Umnova 1977, Bray 1979, Appy &  Burt 1982), 
Scottish waters (Williams 1959, Williams et al. 1970), the Barents Sea (Poly­
anski 1955, Karasev 1983), the W hite Sea (Shulman &c Shulman-Albova 1953), 
the west coast of Sweden and N orw ay (Thulin 1971, Meskal 1967), and the 
Kiel Fjord in the western Baltic (Möller 1975). D. varicus has a bipolar distribu­
tion and is found in several fish families.
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Lecithaster gibbosus (Rudolphi, 1802) Lühe, 1901

L. gibbosus occurred in the intestine of cods from the northern 0 resund , the 
western Kattegat and two stations in the N orth Sea (Table 1, Fig. 2J).

The life-cycle has no t been worked out experimentally, but the parasitic snail 
O dostom ia  spp. probably function as first host (see Koie 1983). The few in­
fested cods from the northern 0resund  and the western Kattegat occurred 
throughout the size range o f the host. The incidence in relation to the size of the 
cods from  the N orth  Sea decreased with increasing host size (Fig. 3G ), in­
dicating that the cods probably become infested by eating copepods (or plank­
tonic invertebrate transport hosts). In the northern 0resund  L. gibbosus was 
only found in spring, bu t the finds are so few that nothing can be said con­
cerning a possible seasonal variation in infestation.

L. gibbosus has only been recorded from the cod from Scottish waters (Wil­
liams et al. 1970) and Canadian Atlantic waters (Bray 1979, Appy &  Burt
1982). Polyanski (1955) found a juvenile unidentified Lecithaster in a small cod 
from the Barents Sea. L. gibbosus has an arctic-boreal distribution and has been 
found in several fish families from the north Atlantic Ocean, the Arctic Ocean, 
and the north  Pacific Ocean.

Brachyphallus crenatus (Rudolphi, 1802) Odhner, 1905

B. crenatus was found in the stomach of cods from all stations, apart from two 
stations in the northern N orth  Sea and in Faroese waters (Table 1, Fig. 2K).

The life-cycle has not been worked out experimentally, but the small snails 
Rissoa spp. are likely to  function as first intermediate hosts (see Koie 1983). 
The incidence in relation to the size of cods from the N orth Sea (Fig. 3H ) 
indicates that the cods may become infested by eating small fishes, e.g. clupeids, 
which are common hosts for this parasite.

B. crenatus has previously only been found in cods from the White Sea 
(Shulman &  Shulman-Albova 1953) and Canadian Atlantic waters (Appy & 
Burt 1982). This arctic-boreal species occurs in various fish families from the 
north Atlantic Ocean, the Arctic Ocean, and the north Pacific Ocean.

Hemiurus communis Odhner, 1905

H. com m unis was found in the stomach of cods from all localities, apart from 
the Baltic off Bornholm, Faroese waters and two stations in the N orth Sea 
(Table 1, Fig. 2L).

The m olluscan host is unknown, but the metacercariae have been recorded 
from copepods, chaetognaths and ctenophores (see Koie 1983). H. communis 
occurred throughout the two-year study period in the northern 0 resund  with
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no obvious seasonal variation. The increasing incidence w ith increasing host 
size (Fig. 31) suggests that the cod acquires the parasite by eating fishes. How­
ever, the low intensity found in most cods compared with the importance of 
fish, e.g. small gadoids, in the cod diet indicates that some of the parasites are 
digested together w ith the prey fish. The parasites are apparently not expelled 
as H. communis was found only in the stomach. In other areas, e.g. in coastal 
w aters off Bergen, Norway, most cods (< 6 0  cm) contained 10-100 H. com­
m unis  (Meskal 1967, 120 cods investigated throughout one year; own observa­
tions, August 1975). W ith one exception, none of the cods from station 13 
contained H. communis. Thus the deep-water, offshore cods off Bergen (station 
13) apparently do not intermingle with the inshore, shallow-water cods caught 
close to Bergen. The stomach of the large coastal cods from Bergen, August 
1975, were filled w ith calanoid copepods, some of which were infested with 
m etacercariae of H. communis. It thus appears that the cods also may become 
infested by preying upon the second intermediate host.

H. communis has a boreal distribution, being common in several fish families 
from  Scandinavian and northwest European coastal waters. It has previously 
been recorded from the cod (see Dollfus 1953, and in addition, Williams 1959, 
W illiams et al. 1970, Meskal 1967, Thulin 1971, and M öller 1975).

Hemiurus luehei Odhner, 1905

This species was found in the stomach of cods from the Oresund, the Baltic and 
the western Kattegat (Table 1, Fig. 2M ).

The life-cycle is unknown, but pelagic copepods are suggested to function as 
second interm ediate hosts. The main final hosts in Danish waters are clupeid 
fishes (herring and sprat), and it is obvious that the cod become infested by 
feeding upon these fishes. Clupeid remains were often found in the stomachs of 
infested cods. It appears that the cod is an unsuitable host as a higher incidence 
and intensity should be expected considering the importance of clupeid fishes in 
the cod diet.

H . luehei has no t previously been recorded from the cod. It has a mainly 
lusitanian distribution and is especially common in clupeid and salmonid fishes 
from  the Atlantic Ocean and the M editerranean Sea.

Hemiurus levinseni Odhner, 1905

H. levinseni was found in the stomach of cods from the northern N orth Sea and 
Faroese waters (Table 1, Fig. 2N ).

The molluscan host is unknown. Pelagic copepods are suggested to function 
as second interm ediate hosts. Sagitta elegans Verril may act as transport host as 
m etacercariae have been found in this chaetognath from the White Sea and
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Canadian Atlantic waters (Kulachkova 1972, Weinstein 1974). Only one worm 
was found in the cods from Faroese shallow, coastal waters, whereas all the 
deep-water, offshore cods were infested. The increasing incidence and intensity 
w ith increasing host size (Fig. 3J) indicate that the cod becomes infested by 
eating fishes. Partly digested small gadoids containing H. levinseni in their 
stomachs were commonly found in the cods from stations 12, 13 and 15. 
However, m ost worms are apparently digested as a much higher intensity should 
be expected considering the large number of infested prey fishes. Polyanski 
(1955) found th a t H. levinseni was common in older cods but relatively rare in 
cods less than  tw o years old.

H. levinseni is a common cod parasite (Dollfus 1953). It has later been 
recorded from cods from western Greenland (Brinkmann 1975), the Barents 
Sea (Polyanski 1955, Karasev 1983), the White Sea (Shulman & Shulman- 
Albova 1953), and north o f Scotland (Williams 1959). H. levinseni has an 
arctic-boreal distribution as it occurs in several fish families from the north 
Atlantic Ocean, the Arctic Ocean, and the north Pacific Ocean.

Lecithochirium  sp.

The im m ature encapsulated specimens found in the external wall of the pyloric 
caeca of cods from  Faroese coastal waters and the western Kattegat (Table 1, 
Fig.2P) probably belong to L. rufoviride (Rudolphi, 1819) Lühe, 1901. Ident­
ical worm s were common in the mesenteries and external wall of the alimentary 
trac t of the goldsinny Ctenolabrus rupestris (L.). M ature L. rufoviride were 
common in eel Anguilla anguilla (L.) caught in the same trap as the cods 
(station 6). Only one worm  was found in each infested cod, but as the mesent­
eries and the external wall of the alimentary tract were examined only super­
ficially the num ber of worms is probably much higher. The cod is presumably 
an accidental host. The molluscan host is unknown. Copepods are supposed to 
act as second interm ediate host, and small fishes as goldsinny, as third inter­
mediate host. Eel, conger and angler are final hosts. The infested cods were all 
less than 37  cm long and may have become infested by ingesting copepods. 
Im m ature Lecithochirium  sp. has not previously been recorded from the cod.

H e t e r o p h y i d a e  Odhner, 1914

Cryptocotyle lingua (Creplin, 1825) Fischoeder, 1903

M etacercariae o f C. lingua were found under the skin throughout the body of 
cods from all stations except five in the N orth Sea and the two in Faroese waters 
(Table 1, Fig. 2 0 ) .
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The littoral snail Littorina littorea acts as first host. The absence of C. lingua 
in the cods caught in the N orth Sea shows that these cods did not spend their 
first years in coastal, shallow water, but the fact that the snail host is rarer on 
the sandy beaches of western Jutland than in stony sheltered areas may also 
play a role. L. littorea is infested with C. lingua in the German Bay (see Koie
1983). C. lingua is common in cods from coastal waters off Bergen, western 
N orw ay (own observations, August 1975), indicating that these coastal cods do 
n o t m ix w ith the offshore, deep-water cods (station 13). L. littorea does not live 
a t Bornholm , so the cods caught there must have acquired the infestation in 
m ore saline areas, e.g. the western Baltic or the 0resund.

The few infested cods from stations 7 &  11 were between 18 and 30 cm long, 
w ith the greatest intensity occurring in the smallest cods. The four infested cods 
from  the Baltic, north of Bornholm, were all more than 45 cm long, and ap­
parently harboured old metacercariae only. In the western Baltic, the Lillebælt, 
the 0 re su n d  and the western Kattegat both small and large cods were infested, 
w ith  only a slight tendency to accumulate in the largest (oldest) cods.

M etacercariae of C. lingua have been recorded from cods from North American 
Atlantic waters (see Dollfus 1953), Denmark (Christensen &  Roth 1949), Sweden 
(Thulin 1971), the western Baltic (M öller 1975) and Canadian Atlantic waters 
(Appy &  Burt 1982). C. lingua has an arctic-boreal distribution and is especial­
ly com m on in shallow-water fishes from the north Atlantic Ocean, the Barents 
and W hite Seas, and the north Pacific Ocean.

D i p l o s t o m a t i d a e  Poirier, 1886

D iplostom um  spathaceum  (Rudolphi, 1819) Olsson, 1876

The metacercariae of D. spathaceum  were found in the eye lens of cods from 
stations 1 &  4 (Table 1, Fig. 2P).

The snail host in the Baltic and adjacent areas is the pulmonate snail Lymnaea 
peregra (Midler). About 10%  of the L. peregra living on the northern coast of 
Bornholm  were infested with D. spathaceum  (October 1980). The infested cods 
caught north  of Bornholm may have acquired the infestation at Bornholm or 
east and northeast of Bornholm, as L. peregra is rare in the Baltic west of 
Bornholm  due to the higher salinity there. Small specimens were found in cods 
less than 49 cm long caught in both May and October. Dead metacercariae were 
found in cods longer than 40 cm. These results and the slightly increasing 
incidence and decreasing intensity with host size (Fig. 3K) indicate, although 
based on only a few infested cods, that the metacercariae apparently do not 
survive for years in this host. In freshwater fishes D. spathaceum  has a tendency 
to  accum ulate throughout the life of the fish host, and there they have been 
reported to  live for up to four years (Burrough 1978).
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D. spathaceum  has previously been found in the cod from the Baltic only. 
Shulman (1949, cited by Polyanski 1958) found that the infestation increased 
northeasterly from Kaliningrad to the Gulf of Finland. D. spathaceum  is a com­
m on freshw ater fish parasite in Europe.

Comparison o f  the incidences at different stations

A relative measure o f the similarities of the sampling stations was obtained 
using data o f the incidences o f the 18 digenean species (Table 1). The data from 
stations 3 &  4 are not included. The samples from the northern 0 resund  and 
the Baltic north of Bornholm (stations 5 &  1) were both divided into two 
periods, thus giving 15 ‘stations’ in all. The incidences were compared using 
principal coordinate analysis. The variability accounted for in the first two axes 
was 45 % , and the first three axes 63 % (Fig. 4). N o confidence limits can be put 
around the points because the analysis used did not take into account the 
variability w ithin the ‘stations’.

N o t taking into account that the cods, except those from stations 7-13 which 
were collected w ithin a period of one month, were caught at different seasons 
and years, and that the mean size and the numbers of the cods differed from 
station to  station , the results were as follows: The two samples from the Baltic

5a

12

13

FlG. 4. T he relative position  o f  the digenean 
fau n a  o f  cods from  the d ifferen t sam pling  sta ­
tio n s  (stations 3 &  4  are no t included) on  the 
firs t three axes, calculated  from  the principal 
coo rd in a te  analysis.

15
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north  of Bornholm (1A, IB) fall close together. Their closest neighbour is 
station 2, also in the Baltic. Similarly stations 5A &c 5 B fall close together; their 
closest neighbour is station 6. Stations 7-11 form a distinct group, indicating a 
sim ilar parasitological fauna. The deep-water stations 12, 13 and 15 also form 
a distinct group. Station 14 is separate from  all other stations, but its closest 
neighbour is station 15, also in Faroese waters.

D ISC U SSIO N

C om pared with other marine fishes from the north Atlantic Ocean and adjacent 
seas, the cod has an extremely rich parasite fauna, both in numbers of species 
and intensities of infestation (see Polyanski 1955, Appy &  Burt 1982). Ac­
cording to Polyanski (1955) this may be explained by a) the great variety of 
food items consumed by the cod, b) the longevity of the cod, and c) the migra­
tion  o f the cod which facilitates food utilization at different depths and regions.

The stom ach contents of cods from Danish and adjacent waters have been 
studied by, e.g. Blegvad (1916), Poulsen (1931), Herding (1940), Rae (1967a, 
b), Daan (1973), and Arntz (1974, 1978). It appears that the cod feeds on 
nearly everything digestible, but that, in m ost areas, crustaceans appear to be 
the dom inating food items in their first years of life, whereas fishes dominate in 
the older cods. Polychaetes, echinoderms and molluscs play a minor role in the 
diet.

Schultz (1911) and Nordenberg (1963) compared the food of the cod with its 
parasite fauna. Unfortunately they did not find (Schultz 1911), or ignored, 
(N ordenberg 1963) the digeneans.

The cercariae of B. gracilescens, C. lingua and D. spathaceum  penetrate the 
cod, and the cercaria of Otodistomum  sp. is probably ingested directly. The cod 
become infested w ith P. atomon  and P. reflexa and probably with Lecitho­
chirium  sp. and L. gibbosus by eating crustaceans, with O. bacillaris by eating 
planktonic invertebrates, with L. elongatum  by eating polychaetes, and with P. 
squam atus  and S. pristis by ingesting fishes. It is unknown whether a hemiurid 
as L. gibbosus, which does not occur in the stomach, may be transferred from 
one fish to  another, but all the remaining cod hemiurids, D. varicus, B. crenatus 
and Hem iurus  spp., may be transm itted to the cod both through pelagic inverte­
brates and fishes. O f the cod digeneans, only the second intermediate host of L. 
rachion is unknown. Thus the great variety of food items does not appear to 
explain the rich digenean fauna of the cod, as all the digeneans which use the 
cod as final host, except the lepocreadiids, enter the cod via crustaceans and 
fishes.

M ost cods from stations 1-6 belong to age groups I-III; the largest from the 
Bornholm samples may belong to age group IV (Poulsen 1931), whereas most 
cods from the N orth Sea samples belong to  age groups I-II (Daan 1974). The
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cods from the Faroes belong to age groups II-IV (Joensen & Tâning 1970). As 
most digeneans in the final host are supposed to survive for one to two years 
only, the longevity o f the cod may not explain the high incidence and intensity 
o f adult digeneans in Danish cods. Only the metacercariae of C. lingua -  and 
probably also of B. gracilescens -  may accumulate in large (old) cods.

The salinity a t the sampling stations ranges from 8 %o (station 1) to 35 %o 
(stations 7-15), and the depths from 5 to 230 m. This may explain the high 
num ber o f digenean species, as different species replace each other at the dif­
ferent localities and depths.

The num ber of digenean species at the different sampling stations varied 
between 5 and 14. M ost digeneans were found at station 5 which, however, also 
was the station from which the largest number of cods was examined. None 
o f the cods harboured more than seven species. No cods were completely w ith­
out digeneans.

The low num ber o f digeneans found in the cods from stations 1 &  2 (7 and 6 
species, respectively) may be explained by the reduced salinity in the Baltic, 
w ith a concurrent decrease in number o f benthic invertebrates and thus of inter­
mediate host. A part from D. spathaceum  the Bornholm cods must have ac­
quired their digeneans close to Bornholm or west of Bornholm. A large number 
of cods from  the Baltic have previously been examined for parasites (M arkow- 
ski 1933, 4 cods; Studnicka 1965, 290 cods; Rokicki 1975, 7 cods; all from off 
Poland, and Schultz 1911, 17 cods, from Kiel Bay to south of Bornholm), but 
no digeneans were found (the eyes were apparently not examined). Eight species 
were found in the transitional areas between the Baltic and the more marine 
localities (stations 3 &  4).

13 and 14 species were found in the western Kattegat and the northern 
0 resund  (stations 6 &  5, respectively). The rich digenean fauna in these cods 
reflects the diverse benthic invertebrate fauna in these areas. 6-8 species were 
found in the samples from the Skagerrak and the N orth Sea, 17-40 m (stations 
7-11), whereas only 5 and 6 species were found at the deep-water localities in 
the N orth  Sea and Faroese waters (stations 12, 13 and 15). The number of 
molluscan interm ediate hosts decreases with increasing depths, which explain 
the low diversity of cod digeneans at the three deepest stations. The shallow- 
w ater Faroese cods (station 14) had 8 species.

The absence o f a seasonal variation in incidence and intensity of digeneans in 
the cods from the northern 0 resund  does not necessarily indicate that a sea­
sonal variation is absent in other areas as, e.g. M öller (1975) found that both 
the incidence and intensity o f P. atomon  in cods from the Kiel Fjord, 1-3 m, the 
western Baltic, were highest in late summer and autumn. A seasonal variation is 
m ost likely to occur in shallow-w ater areas with great seasonal fluctuations in 
tem perature. The m igration of cods may also cause a seasonal variation within 
a limited area, if the cods belong to different stocks.
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Only P. atomon, P. reflexa, L. elongatum, C. lingua and D. spathaceum  fulfil 
the criteria mentioned by Koie (1983) for digeneans to be suitable as indicator 
species (natural tags). However, even though the remaining cod digeneans have 
unknow n life-cycles, or have a previous host in their life-cycles which is plank­
tonic o r free-swimming, their different incidences and intensities at the different 
stations may serve to discriminate cod stocks.
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