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An Ichthyophonus hoferi epizootic in herring
in the North Sea, the Skagerrak, the Kattegat
and the Baltic Sea
'Danish Institute of Fisheries Research, Department for Marine and Coastal Ecology. Fish Disease Laboratory. Biilowsvej 13.
DK-1870 Frederiksberg C, Denmark
'Danish Institute of Fisheries Research, Department of Seafood Research, Technical University, Bldg. 221,
DK-2800 Lyngby, Denmark

ABSTRACT: An epizootic caused by the internal parasite Ichthyophonus hoferi in herring Clupea
harengus was recorded from 1991 to 1993 in the waters around Denmark. A surveillance programme
from research vessels and commercial fishing boats was conducted in the North Sea, Skagerrak, Kattegat and Baltic Sea. A total of 15769 hearts of adult herring were examined macroscopically for evidence of infection. The prevalence of the infection in this period decreased from 10.6 to 2.0% in the
North Sea, from 8.0 to 5.6O!, in the Skagerrak, from 12.0 to 1.1% in the Kattegat and from 4.5 to 0.4 O/o
in the Baltic Sea. Prevalence rates in research vessel catches were significantly higher (by 1.8 times)
than in commercial fishing boat catches. The results show a high degree of temporal and spatial variation of the prevalence of I. hoferj. Infected fish were found to be significantly longer than unaffected
fish in the North Sea and the Skagerrak. The majority of the infected fish belonged to the age groups
2+, 3+ and 4+ except in the commercial catches from the North Sea where most of the affected flsh
belonged to the age groups 5+, 6+ and 7+. Annual mortality in the different areas, based on the
observed prevalences was roughly estimated at 12.8 to 36% in 1991, decreasing to a few percent in
1993. The spawning stock biomass of North Sea herring was reduced by 50% during the period 1990
to 1995 This reduction may have been due to a combination of increased fishing intensity and the general effect of the I. hoferi epizootic.
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INTRODUCTION

Ichthyophonus hoferi Plehn & Mulsow (1911) is an
internal parasite of many fish species. This microorganism was, until recently, believed to be a fungus
but new investigations have shown that I. hoferi
belongs to the protist kingdom (Spanggaard et al.
1996). I. hofen causes systemic infections in fish in
which the principal infection sites are the organs richly
supplied with blood. The fish are believed to be
infected by ingestion of spores and affected organs
reveal mainly thick-walled multinucleate cells of 'resting spores' that vary in size up to 200 pm in diameter.

'Addressee for correspondence. E-mail: bsp@ffl.min.dk
O Inter-Research 1997
Resale of full article not permitted

These resting spores produce aseptate hyphae immediately after death of the fish host (Dorier & Degrange
1960, McVicar 1982).
Ichthyophonus hoferi displays a remarkable physiological adaptability to a wide range of environmental
conditions and has been reported in a broad range of
both fresh water and marine fish. The parasite is a
potent pathogen in several important commercial fish
species, e.g. herring Clupea harengus, plaice Pleuronectes platessa, haddock Melanogrammus aeglefinus
and mackerel Scomber scombrus (Neish & Hughes
1980),and, recently, an epizootic among herring in the
waters around Denmark and Norway was reported
(Lang 1992a, b, Rahimian & Thulin 1996). Epizootics
have previously been reported in herring in North
American waters with consequential severe reductions
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in stocks ( u p to 5 0 ' h ) (Sindermann 1970). In the North
Sea, infections by I. hoferi have been described in haddock a n d plaice (McVicar 1979). Outbreaks have probably previously occurred in clupeids in Danish coastal
waters as evidenced by outbreaks of ichthyophoniasis
in farmed rainbow trout Oncorhynchus mykiss fed on
trash fish of marine origin (Rasmussen 1967). In addition, Baltic cod developed ichthyophoriasis in an experiment in which they were held in net cages a n d fed
on herring (Kock 1975). The infection has also been
demonstrated in wild cod Gadus morhua in the Baltic
Sea (Moller 1974, Reirner & Walter 1993).
Until 1991, epizootics similar to those observed in
North American waters had not been recorded in the
North Sea area (apart from increased mortality in local
plaice stocks observed along the Scottish coast;
McVicar 1981). However, in the late summer of 1991,
mass mortalities from ichthyophoniasis in Norwegian
spring spawning herring were reported (Hjeltness &
Skagen pers. comm.). A few months later, the disease
was recorded among herring stocks in the Kattegat
a n d the Sound between Denmark a n d Sweden.
The purpose of the present study was to investigate
the spatial distribution a n d the prevalence of the disease in European herring.

MATERIALS AND METHODS
The surveillance programme was carried out in the
North Sea, the Skagerrak, the Kattegat a n d the Baltic
S e a . Samples were collected from trawl catches of both
commercial fishing boat and research vessel catches.
Total numbers of 3061, 3600 a n d 9474 herring were
examined in 1991, 1992 and 1993, respectively. The
fish were kept frozen until the time of processing. Of
the examined fish, 9854 were length-determined and
10739 were age-determined. About one third of the
herring were sex-determined. The hearts from subsamples of approximately 50 herring were inspected
macroscopically. Infection with Ichthyophonus h o f e n
was diagnosed based on the presence of visible white
nodules on the surface the heart as recommended by
Anonyluous (i993).
A rough estimate of the annual mortality rate of the
herring stock was calculated as:
Annual mortality rate

=

Prevalence X 365 (days)
105 (life expectancy in days)-'

This formula is based on the assumptions that all
infected fish which are detected in a sample die of the
infection within 105 d (Anonymous 1993).The estimate
of disease rate a n d mortal~tyat 100% are both based
on aquarium experiments on 2000 hernng (Sindermann 1958).

Prevalence

H~.I-Io./,
0.1-5%
o
-,

> 10.1%

X

Flg 1 Spatial distribution of sampling and the prevalence of
Ichthyophon~~s
hofen ~nfectedherring in the North Sea, the
Skagerrak, the Kattegat and the Baltic from 1991 to 1993

Data analysis were carried out using StatistixB, version 4.1 (Analytical Software). The statistical tests
applled for the data treatment were chi-square test, 2sample I-test and Mann-Whitney rank sum test,
depending on the distribution of the variables.
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RESULTS

Disease symptoms observed in the Ichthyophonus
hoferi infected herring were white granulon~aformations in the heart muscles. Granulomas were also
observed in the liver, on the surface of the viscera and
in the lateral red muscle.
Determination of the spatial distribution of Ichthyophonus hoferj infected herring was based on commercial and research vessel catches for the last 2 quarters
of 1991, and the years 1992 and 1993 in the North Sea,
the Skagerrak, the Kattegat and the Baltic Sea (Fig. 1 ) .
The prevalence of I. hoferi was at a higher level in 1991
compared to 1992 and 1993 and showed a decreasing
trend from 1991 to 1993. The I. hoferi infection was
observed in herring from the northern North Sea, the
Skagerrak, the Kattegat and eastern Baltic Sea, while
the southern North Sea (south of latitude 56") seemed
to be free of the infection. The high prevalence found
in the Skagerrak in 1993 represents a series of samples
of highly infected l + herring.
The prevalence of Ichthyophonus hoferi was found
significantly higher (1.8 times) in research vessel
catches (n = 11049) than in commercial fishing boats
catches (n = 4750) (p < 0.001). Therefore, the data from
research vessel and commercial fishing boats were
considered separately in the analyses.
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A total of 1363 herring were examined from
research vessel catches from the North Sea in the
period 1991 to 1993 (Table 1 ) .A significant decrease in
the prevalence of Ichthyophonus hoferj infection from
10.6% in 1991 to 3 . 2 % in 1992 and 0 . 0 % in 1993 ( p <
0.001) was observed in these catches. From commercial fishing boat catches, 2201 fish were examined and
the prevalence decreased from 3.7% in 1991 to 1.8%
in 1992 and 2 . 0 % in 1993. The observed decrease was
not statistically significant. From the Skagerrak, a total
of 4805 herring originating from research vessel
catches were examined and, here, the infection rate
decreased significantly from 8.0 % in 1991 to 1.6 % in
1992 (p < 0.001), whereafter the infection rate increased significantly to 5.6% in 1993 (p < 0.001). This
increase was d u e to a series of samples of highly
infected l + herring caught during a research vessel
cruise in the beginning of May. From commercial
catches, 500 fish were examined a n d the prevalence
decreased significantly ( p < 0.05) from 8 % in 1991 to
1.3% in 1992 and, in 1993, none of the examined fish
were found infected. In the Kattegat, 3131 herring
originating from research vessel catches were examined a n d the infection rate decreased significantly
from 12.0% in 1991 to 0.5% in 1992 ( p < 0.001) followed by a minor increase to l .l % in 1993. From commercial fishing boat catches, 1050 herring were exam-

Table 1. Prevalence of Ichthyophonus hoferi infect~onin herring Clupea harengus In the North Sea, the Skagerrak, the Kattegat
and the Baltic Sea from 1991 to 1993. Date show number of herring investigated, number aged; number infected, number aged,
prevalence; estimated mortality rate
Research vessel
No.
No.
Prev. Estim.
( % ) mort ( % )
infect aged

Commercial vessel
No.
No.
No.
No.
Prev Estim.
invest. aged infect. aged
( % ) mort ( % )

Area

Year

No.
invest

No.
aged

North Sea

1991
1992
1993
1991-93

663
250
450
1363

656
250
450
1356

70
8
0
78

70
8
0
78

10.6
3.2
0.0
5.7

36.8
11.1
0.0
19.8

350
900
951
2201

348
889
939
2176

13
16
19
48

13
15
19
47

3.7
1.8
2.0
2.2

12.8
6.3
7.0
7.6

1991
1992
1993
1991-93

200
550
4055
4805

195
550
1458
2203

16
9
228
253

16
9
222
247

80
1.6
56
53

27.8
5.6
19 5
18.4

100
150
250
500

99
149
248
496

8
2
0
10

8
2
0
10

8.0
1.3
0.0
2.0

27.8
4.5
0.0
7.0

1991
1992
1993
1991-93

100
200
2831
3131

94
200
450
744

12
1
32
45

12
1
3
16

12.0
0.5
1.1
1.4

41.7
1.7
3.8
4.8

100
350
600
l050

98
349
595
1042

1
5
0
6

1
5
0
6

1.0
1.4
0.0
0.6

3.5
4.9
0.0
2.1

1991
1992
1993
1991-93

550
850
350
1750

535
844
349
1728

11
9
0
20

10
9
0
19

2.0
1.1
0.0
1.1

7.0
3.8
00
38

399
350
250
999

395
350
249
994

18
14
1
33

18
14
1
33

4.5
4.0
0.4
3.3

15.6
13.9
1.4
11.5

11019

6031

396

360

3.6

12.5

4750

4708

97

96

2.0

7.0

Total
Skagerrak

Total
Kattegat

Total
Baltic Sea
Total
Total
(all areas)

1991-93
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Table 2. Length of Ichthyophonus hofen infected and healthy herring In the North Sea, Skagerrak,Kattegat and Baltic Sea

Length
(cm)

North Sea --Skagerrak - -Kattegat - -Baltic Sea Research
Commercial Research
Commercial Research
Commercial Research
Commercial
Total Infect. Total Infect. Total Infect. Total Infect. Total Infect. Total Infect. Total Infect. Total Infect.

ined and the prevalence was 1.0% in 1991, 1.4 % in
1992 and 0.0 % in 1993. Finally, in the Baltic Sea, a total
of 1750 herring from research vessel catches were
inspected for the infection. Here the prevalence decreased from 2.0% in 1991 to 0.0% in 1993. The contribution from commercial catches was 999 herring and
the prevalence was 4.5 % in 1991 and 4.0 % in 1992 followed by a significant decrease (p < 0.05) to 0.4% in
1993.
A subsample of herring was sex-determined (2579
males and 2878 females) and the Ichthyophonus hoferi
infection was found to be evenly distributed between
males and females (chi-square).
Length distributions for Ichthyophonus hofer? infected and healthy herring in the North Sea, the
Skagerrak, the Kattegat and the Baltic Sea are illustrated in Table 2 and in Fig. 2a for research vessel
catches and Fig. 2b for commercial fishing boat
catches. Herring originating from research vessel
catches were within the length range 10 to 30 cm and

the I. hoferi infected specimens were within the range
20 to 30 cm, except for the Baltic Sea, where the length
distribution of infected fish reflects the distribution of
the unaffected stock. The commercial herring catches
were within the range from 15 to 35 cm and the I.
hoferi affected fish were from 21 to 35 cm in the North
Sea, the Skagerrak and the Kattegat while the length
distribution in commercial catches from the Baltic Sea
displayed a similar pattern to those observed for the
research vessel catches.
The infected herring originating from research vessel catches from the North Sea, the Skagerrak and the
Kattegat were significantly longer than the healthy fish
(p < 0.01, t-test) (Table 3) while no significant difference in the length of the fish between the 2 groups was
observed in the Baltic Sea. However, when selecting
fish longer than 20 cm (which included most infected
fish), only infected herring from the North Sea were
found to be significantly longer (p < 0.001) than uninfected fish. By further restricting the analyzed length

Table 3 . Clupea harengus. Distribution of length (t-test)and age (rank sum test) of Ichthyophonus hofen infected herring in the
North Sea, Skagerrak, Kattegat and Baltic Sea from 1991 to 1993. nd: not determined. Level of significance: ' p < 0.05; ' ' p < 0.01;
"'p < 0.001

Infected
Length mean (cm)

-

+

Length mean (cm)
(length > 20 cm)

North Sea
Research Commercial

Skagerrak
Research Commercial

Kattegat
Research Commercial

Baltic Sea
Research Commercial

22.7
25.6"'

26.8
28.8"'

21.4
23.5"'

24.6
26.5'

19.9
22.3"'

23.6
24.5

19.2
20.7

23.0
23.2

24.0
25.9"'

26.8
28.8"'

23.3
23.5

24.8
26 4 '

22.6
22.3

24.1
24.5

22.8
23.0

24.8
24.7

27.0
27.1

28.1
29.3

26.1
26.4

27.1
27.4

nd
nd

26.9
26.5

26.4
26.9

26.9
27.1

Length mean (cm)
(length > 25 cm)

+

Age (Yrl

-

2.2
2.9"'

3.7
5.2"'

2.1
2.0

2.6
3.0

l .7
2.1

2.9
3.3

2.3
2.8

3.4
3.5

Age (yr)
(length > 20 cm)

-

2.5
3.0"

3.7
5.2"'

2.8
2.0"

2.6
3.0

2.5
2.1

3.1
3.3

3.7
3.7

4.0
4.0

Age (Yr)
(length > 25 cm)

-

3.7
3.4

4.4
5.4 "'

4.1
2.4"

3.7
3.1

nd
nd

4.4
4.3

4.9
5.0

4.6
4.7

+

t

'
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Fig. 2. Clupea harengus. Length composition expressed in percentages of infected (black bars) and uninfected (open bars) herring, respectively, for the North Sea, the Skagerrak, the Kattegat and the Baltic Sea. (a) Research vessel catches, (b) commercial
fishing boat catches
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group to fish longer than 25 cm, the significant length
difference between the diseased and healthy fish disappeared from the North Sea. For the commercial
catches, the infected herring were significantly longer
( p < 0.05, t-test) in the North Sea and the Skagerrak
than the uninfected specimens. This also applied to the
length interval longer than 20 cm. This difference
remained for the North Sea herring when the length
group was further restricted to fish longer than 25 cm.
No significant difference between the lengths of infected and uninfected herring was observed in the Kattegat and the Baltic Sea.
The age compositions expressed in percentages of
infected and healthy herring for the North Sea, the
Skagerrak, the Kattegat and the Baltic Sea are illustrated in Fig. 3a for research vessel catches and Fig. 3b
for commercial catches. In general, the age interval of
infected fish reflected the distribution of the healthy
stock for both research and commercial boat catches.
The majority of the infected fish belonged to the age
groups l + , 2+ and 3+ (45 to 90%) while the remainder
of the affected fish were distributed within the range
from l + to 12+ except in the comnlercial catches from
the North Sea, in which most of the affected fish
belonged to the age groups 5+, 6+ and ?+ (60%).In the
North Sea, the mean age of infected fish was significantly higher than that of the healthy fish ( p < 0.01) for
both research and commercial boat catches. In contrast, the infected herring were found to be significantly younger than unaffected fish (p < 0.05) in
research vessel catches from the Skagerrak. The other
areas did not show any differences in the age composition of healthy and diseased herring (Table 2).
The estimate of the annual mortality based on the
observed prevalences in the different areas ranged
from 3 to 42% in 1991, 2 to 14% in 1992 and from 0 to
7 % in 1993, except for the Skagerrak, where the heavily infected samples of l + herring influenced the
results, suggesting a mortality of 19 % (Table 1).

DISCUSSION

The disease symptoms observed during this study
were similar to the those described by Sindermann &
Scattergood (1954) during outbreaks of Ichthyophonus
hoferi in North American hernng stocks. From 1991 to
1993, the prevalence decreased to a level below l % in
most areas. The results show a high degree of temporal as well as spatial variation of the prevalence. These
variations may reflect the fact that there was no
systematic sampling of herring during the period of
investigation and that the data originate from both
commercial landings and research vessel catches. The
significant difference between the prevalences ob-

served in research vessel catches and conlmercial fishing boat catches may be explained by the fact that
commercial fishing boats fish on dense concentrations
of fish while research vessels tend to fish on a more or
less fixed station pattern. This interpretation is supported by Hjeltness & Skagen (1992), who indicated
that infected herring tend to be scattered instead of
forming dense shoals.
The presence of a series of different herring stocks
in the investigated areas is an additional factor contributing to the variation of the results. In the North
Sea, 3 stocks of autumn spawners are present throughout the year. Two of these are confined to the central
and northern North Sea, where they undertake an
annual migration between areas of feeding, spawning
and overwintering, while the third stock spawns in the
southern Bight in the late autumn/early winter and
keeps within the southern and central North Sea (Parrish & Saville 1965, Popp Madsen pers. comm.). The
northern North Sea is also visited by components of 2
spring spawning stocks: the Norwegian Spring spawning herring stock, which is present along the Norwegian west coast during the spawning time from
approximately January to February, and spawners
from local stocks in the Kattegat. Additionally, Riigen
herring (22+) from the western Baltic undertakes a
feeding migration to the Skagerrak and adjacent parts
of the North Sea in the period from May to August. The
Skagerrak and the Kattegat are mainly transition
areas. The Skagerrak is a nursery area for young
immature herring (0+ and l + ) progeny of autumn
spawners from the North Sea, while adults (22+) are
spnng spawners from the Riigen stock. The western
Baltic, Belt Seas and the Sound are dominated by the
Riigen stock overwintering in the latter and spawning
in the western Baltic in January to April. Young herring from the Rugen spawning are found as far east as
Bornholm and spread northwards into the Kattegat
with increasing age ( l + to 2+). The eastern Baltic (i.e.
east of Bornholm) is inhabited by a number of almost
exclusively spring-spawning stocks. Their migrations
are restricted to the eastern Baltic, though some overlapping with Rugen hernng may take place in the
waters around Bornholm.
The age composition of infected fish reflected the
composition of the healthy stock for both research and
conlmercial boat catches. The majority of the infected
fish belonged to the younger age classes ( l + to 3+). In
the North Sea, however, most of the infected fish from
the comnlercial boats belonged to the age groups 5+ to
?+. This observation may b e due to the fact that most of
the commercial catches originated from the west coast
of Norway, resulting in catches containing a large proportion of Norwegian spring spawners. In the Skagerrak, most of the infected fish probably belonged to the
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North Sea herring stock as approximately 80% of the
affected fish were young ( l + or 2+) (Fig. 3a, b). The
older affected fish may belong to parts of the Kattegat
stocks as well as the Rugen herring stock. The main
contribution to the increase in the prevalence from
1992 to 1993 (from 1.6 to 5.6%) originated from samples of l + herring probably belonging to the North Sea
stock. As it is expected that most Ichthyophonus hoferi
infected fish die of the disease (Sindermann & Scattergood 1954), high infection level in the young age
groups might seriously influence the future size of the
North Sea herring stocks. In the Kattegat, approximately 50% of the infected fish were l + and 2+
(Fig. 3a, b). This result suggests that these young
infected fish belong to the local herring stocks while a
proportion of 5+ and 6+ infected fish (35%) observed in
the commercial catches probably originated from the
Riigen herring as it is only the older fish of this stock
(>2+)that migrate through the Kattegat area. Most of
the herring samples investigated from the Baltic Sea
originated from the western part and, therefore,
mainly include representatives of the Riigen herring
stock. However, the infection was also observed in the
Baltic herring stock in 1992 in a sample collected sou.th
of Gotland (Fig.1).
Ichthyophonus hofen infected fish were found to be
significantly longer than unaffected fish in the North
Sea, the Skagerrak and in research catches from the
Kattegat (Table 2). After excluding the group of herring below 20 cm (mainly representing l+) which
showed a low infection rate, the mean length of the
infected fish from the North Sea and from the Skagerrak (commercial catches) was still significantly longer
than the unaffected group. Further, among the
infected herring, 15 to 30% belonged to the l + group
(Fig. 3a, b). The combination of these 2 results indicates that the infected fish belonged to the fastergrowing part of the stock. Other observations of a positive correlation between prevalence of I. hoferi and
length have previously been reported for plaice, haddock (McVicar 1979) and herring (Lang 1992a, b). Support for this argument is that larger fish have a higher
food consumption rate and, therefore, are more likely
to eat infected material. The hypothesis is further supported by infection experiments showing that both
heavy doses and repeated exposure to I. hoferi were
needed to achieve infection (Sindermann 1958).
The results of the macroscopic examination method
for estimating the prevalence of Ichthyophonus hoferi
correspond well with those obtained with the microscoplc observations in haddock and plaice (McVicar
1979). In a methodology study conducted on 668 herring, Holst (1994) observed an approximately 10%
higher detection level by microscopic examination of
squash preparations of heart tissue than by macro-

scopic examination. This corresponds with our observations in a preliminary study (unpubl.). In contrast,
Rahimian & Thulin (1996) detected an approximately
4 times higher infection level in herring when using
microscopic examination of heart tissue compared to
macroscopic examination. During the present study,
the detection of I. hoferi infection was carried out
entirely by macroscopic observation as we regarded
the 10% underestimation as being within an acceptable level of accuracy. Therefore, the prevalences presented in this paper may have been underestimated.
However, the macroscopic examination enabled the
investigation of a much larger number of samples.
It is always difficult to evaluate the effect of an epizootic when dealing with migratory fish species (like
herring) as it is impossible to follow the same shoal for
a long period. As a result, demonstration of increased
mortality will always be based on circumstantial evidence. It must be emphazised that the rough estimate
applied for the calculation of Ichthyophonus hoferi
induced mortality does not account for predation. The
predation of infected herring may be increased due to
impaired condition of the fish and behavioural changes
(Hjeltness & Skagen 1992).
During an epizootic in herring in the Gulf of St.
Lawrence from 1955 to 1957, the prevalence of Ichthyophonus hoferi infection varied from 27 to 10 % (Sindermann 1958). According to analyses of data on herring
landings from the Gulf of St. Lawrence, Tibbo & Graham (1963) estimated that this I. hoferi epizootic
resulted in a 50% reduction of the herring stock. The
present study revealed a prevalence of 3.7 % in commercial boat catches in 1991 and 10.6% in research
vessel catches in the North Sea. These prevalences
were estimated to contribute a mortality between 12.8
and 36.8% in the North Sea herring population in 1991
to 1992. The prevalences were reduced in the following
2 years with a consequently lower mortality rate. The
spawning stock biomass of North Sea herring showed a
reduction of approximately 25% from 1991 to 1992
(ICES 1996). Furthermore, the most recent data on the
development of the size of the herring stock in the
North Sea demonstrated a 50 % reduction in the spawning stock biomass from 1.1 million tons in 1990 (preepizootic) to 0.5 million tons in 1995 (post-epizootic)
(ICES 1996).This reduction is probably a combination
of mortality in the spawning stock and in the recruits
(the 1- and 2-yr old fish) as well as an increased fishing
effort. The ICES Advisory Committee on Fishery Management did not find clear indications of a general recruitment failure but the fishlng intensity increased
during the period 1990 to 1995 (ICES 1996). Thus the
reduction in the spawning stock biomass may be due to
a combination of increased fishing intensity and the
general effect of the I. hoferi epizootic.
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