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Abstract
A parasitological examination of cultured herring larvae (14.5-46.0 mm) fed natural zooplankton
at start-feeding revealed an ectocommensal ciliate, 6 helminths and a copepod parasite. Casual
Vorticella sp. was found attached to dying herring larvae; true micro-ectoparasites were not de-
tected. In the stomach, immature specimens of the digeneans Hemiurus luehei and Derogenes varicus
were found. Intestinal parasites detected were Scolex pleuronectis and pseudophyllidean
metacestodes. A single Hemiurus communis (Digenea) was found in the rectum of a larva.
Extraintestinal helminths were larvae of the nematode Hysterothylacium aduncum in the visceral
cavity and didymozoid (Digenea) metacercariae in the musculature. Externally, the herring lar-
vae were attacked by copepodid larvae of Caligus elongatus (Copepoda), that in some cases caused
significant wounds. Chalimus stages of C. elongatus were rare. All parasites except the didymozoid
larvae disappeared following transfer from natural zooplankton to parasite free Artemia and dry
feed. The cause was likely a combination of parasite induced larval mortality and parasite ex-
pulsion.

Introduction
During semi-intensive rearing of marine fish
larvae, live natural zooplankton is often col-
lected and used as first feed. Many planktonic
organisms are intermediate hosts to helminth
parasites (Ho and Perkins 1985, Théodoridès
1989), and zooplankton collected by filtering
seawater may also include larval stages
(nauplii, copepodids) of copepod parasites
(Karlsbakk et al. 2001). Thus helminth and
copepod parasites may be introduced to cul-
tured fish larvae. Herring is not a relevant
species for aquaculture, but is often cultured
for experimental purposes. Mortalities among
herring larvae may ensue from mechanical
damage caused by endoparasitic helminths
(Rosenthal 1967, Ivanchenko and Grozdilova
1971;1981;1985, Balbuena et al. 2000) or
copepodid larvae of ectoparasites (Rosenthal

1967, Karlsbakk et al. 2000). More benign para-
sites may cause anorexia (Rosenthal 1967,
Heath and Nicoll 1991) and thereby ultimately
additional mortalities. During experimental
rearing of herring larvae, live natural
zooplankton was collected and used as first
feed. The herring larvae, to be used in preda-
tor-avoidance experiments, were attacked by
macroscopically visible external parasites. A
parasitological study followed, reported be-
low.

Materials and methods
Eggs and sperm were stripped from herring
caught in Herdlefjorden, near Bergen, W Nor-
way October 11th 1999. Eggs and larvae were
kept at constant temperature (10°C). Larvae
were reared in 4 tanks (1 x 1 m, c.500 l) with
aerated stagnant water. The tanks were si-
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phoned weekly at start, but after transfer to
Artemia, dead or moribund larvae were re-
moved daily. At first feeding (last week of
October) the larvae were offered natural
zooplankton, collected at 6 m depth with a
Hydrotech drum-filter at Espegrend marine
station. Initially, the filtering provided
zooplankton filtered and retained by 80-250
µm filters, which following the growth of the
larvae were changed to 80-500 mm and finally
to 80-1000 mm. Feeding with natural
zooplankton was terminated December 20th,
later, enriched Artemia nauplii were used and
finally also dry feed.

Three samples (“random samples”) of c. 50
larvae were collected from one tank, first at
termination of natural zooplankton use 20
December 1999, then 4th January and 7th Feb-
ruary 2000. In addition, moribund (beating

heart) larvae removed daily from all tanks
were examined (“moribund sample”). Each
herring was killed by pinching the brain with
a pincer, and the total length measured. Para-
sites were detected in whole herring larvae
examined under the light microscope (40-
400x), viewed from both left and right sides.
In a Leica MZ12 dissecting microscope (8-
100x), copepod parasites were removed, and
helminths were dissected free in physiologi-
cal saline. Apparently uninfected larvae or the
remains of dissected larvae were then
squeezed between two slides. These prepara-
tions were then further examined in the light
microscope for previously undetected para-
sites. The copepod parasites were stored in
70% ethanol. Helminths (except the
didymozoid larvae in the musculature) were
killed in boiling hot ethanol, stained in pa-
racarmine, dehydrated in an ethanol series,

Table 1. Infection with parasites in cultured herring larvae in three random samples following the termination
of natural zooplankton use (20 Dec. 1999) (“random group”). Under the sample No.’s (1-3) is given the
sample dates. “Prev” is prevalence (%), N gives sample size and “Mean length” is the average length of the
herring larvae in the sample.
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cleared in clove oil and mounted in Canada
balsam. Unless otherwise stated, parasite
measurements given in the text are taken from
such whole mounts. Some didymozoids were
instead mounted in glycerine jelly (see
Karlsbakk 2001). Some herring larvae were
fixed whole in a modified Karnovsky fixative
(phosphate buffered, 4% sucrose). These, and
a sample of cod larvae (for comparison), were
stained with alizarine, cleared in clove oil and
mounted in toto in Canada balsam.

Correlations were examined with Spearman’s
rank correlation coefficients (rs). Temporal
changes in prevalence were examined with G-
tests (heterogeneity), unless there were low
expected values and Fisher’s exact test (two-
tailed) had to be used. When comparing
didymozoid abundance in consecutive larval
samples, one way ANOVA was performed on
(x+1) transformed data.

Results
A total of eight parasite species and an
ectocommensal were detected, representing

seven endoparasitic helminths, larvae of an
ectoparasitic copepod and a sessiline ciliate
(Tables 1 and 2). The helminths comprised two
types of cestode larvae, four immature
trematodes and a nematode larva.

The stalked ciliate Vorticella sp. was exclu-
sively found on moribund herring larvae, in
the period from December 29th to January 14th.
They were attached in low numbers over the
entire body (55%) and on the unpaired fins
(45%), particularly dorsal and caudal. The
ciliates had unbranched contractile stalks
(reaching 150 µm), with zooids 42-48 µm long
and an adoral disc 42-63 µm in diameter (Fig.
1a).

Didymozoid metacercariae (Fig.
1c)(Didymozoidae gen. sp. Karlsbakk, 2001)
occurred free in the body musculature. The
majority was found in the epaxial muscula-
ture at level of or just anterior to the dorsal
fin (Figs. 1b & 2). They were equally common
on the right (46%) and left (54%) hand side of
the body (χ2

1=0.58, P=0.45). Measured live in
situ, the didymozoids measured 0.27-0.50
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Table 2. Infection with parasites in samples of moribund herring larvae siphoned from culture tanks
(“moribund group”) Dec. 1999-Feb. 2000. The larvae are arranged into 5 samples following the termination
of natural zooplankton use (20 Dec.). Under sample No.’s (1-5) is given the dates covered by the sample.
“Prev” is prevalence (%), N gives sample size and “Mean length” is the average length of the herring larvae
in the sample.
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(0.41±0.04) µm in length. The prevalence of
the didymozoid larvae did not change signifi-
cantly during the 7 weeks after feeding with
natural zooplankton ceased in the “random”
group (G2=2.55, P=0.28) or in the “moribund”
group (G4=6.06, P=0.19). Abundance corre-
lated with herring length (sample 1: rs=0.366,

P=0.005; overall: rs=0.282, P<0.001) (“random
group”). There was no significant change in
abundance (ANOVA, F2,1542=2.41, P=0.09).

Gastrointestinal trematodes were represented
by three immature stomach infecting species,
Hemiurus communis (0.46 mm long), H. luehei

Figure 1. Symbionts and parasites infecting cultured herring larvae. A. Vorticella sp., B. Didymozoid
metacercaria in situ in the epaxial musculature of a herring larva, C. didymozoid dissected free, D,
pseudophyllidean metacestode (fine arrow) attached to the mucosa in the posterior intestine. Note opacity
(dark) of intestinal mucosa in the vicinity of the parasite (thick arrow). Inset: the same cestode when dissected
free. E. Copepodid of Caligus elongatus detached from a herring larva. OS: oral sucker, BR: brown region,
AR: agranular region, VS: ventral sucker, CC: caecal chambers.
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(0.56-0.67 mm) and Derogenes varicus (0.31-
0.40 mm). H. luehei and D. varicus were found
in the stomach, while the single H. communis

was found in the rectum. The herring infected
with H. luehei was 21-22 mm long; with D.

varicus 22-23 mm, and H. communis was found
in a 27 mm long larva.

Pseudophyllidean metacestodes occurred in
posterior intestine and rectum (Fig. 1d). They
measured 0.14-0.26 mm in length, the small-
est without clear bothria. There were no
proglottids. The intestinal mucosa was seen
to be opaque in the vicinity of the parasite
(Fig. 1d).

A small metacestode with four unilocular
bothridia and an apical sucker was found in
the mid intestine of a 28.5 mm long herring
(cestode lost during dissection).

Nematode larvae, Hysterothylacium aduncum,
were found in the visceral cavity of two her-
ring larvae, 22 and 26.5 mm long. The nema-
todes measured 1.4 and 1.7 mm in length.

With the exception of the didymozoid larvae,
most helminths were found at the time natu-
ral zooplankton use ceased. The “disappear-
ance” of gut-trematodes, cestodes and visceral
helminths combined were significant (Fisher
Exact tests, 0.04<P=0.05).

Juvenile stages of the caligid copepod Caligus

elongatus (Fig. 1e) had highest prevalence and
abundance at termination of natural
zooplankton use (33%, 20th December). There-
after prevalence and abundance declined, and
C. elongatus was not seen after January 7th

(Fisher exact tests (prevalences),
0.001<P<0.05). In sample 1 of the “random”
group, 11 copepodids and a chalimus I was
found, while the four lice in sample 2 were
two copepodids, a chalimus I and a chalimus
II. Caligus elongatus abundance was not
detectably related to the length of the herring
larvae (rs=-0.15, P=0.24) (Sample 1). Most
copepodids were attached ventrolateral in the
region between the pectorals and the vent.
Two copepodids had penetrated deep into the
tissues towards the vertebral column, caus-
ing significant wounds. A chalimus was at-
tached with an exceptionally long frontal fila-
ment deep in the tissues, close to the verte-
bral column. Two other chalimus were at-
tached to the caudal fin base.

At onset of Artemia feeding, an examination
of water samples from the surface in the “ran-
dom” tank revealed C. elongatus copepodids
(5 copepodids in 5 litres screened).

Figure 2. Sites (%) of Didymozoidae gen. sp. metacercariae (n=139) in the body musculature of herring
larvae.
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Table 3. Endoparasitic helminths recorded from herring larvae. “C” designate observations from cultured
larvae, while “W” designate “wild” fish. The term “tetrabothridial forms” is used for cestode larvae with
four lateral suckers or bothridiae, since these may involve tetraphyllideans, proteocephalideans and
cyclophyllideans. All records from White Sea concerns White Sea herring larvae, Clupea pallasii marisalbi. *
Syn. of H. luehei, **syn. of S. pleuronectis, ***likely Hysterothylacium aduncum
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Discussion
The helminths detected in the herring larvae
are all introduced by zooplankton copepods,
acting as first (cestode and nematode) or sec-
ond (trematodes) intermediate hosts. As is
evident from Table 3, the same types of
helminth parasites infect herring larvae in
nature, although Hemiurus communis and
Derogenes varicus have not previously been
identified from larval herring.

The most common parasite encountered was
the didymozoid larvae. Karlsbakk (2001) con-
sidered the mackerel (Scomber scombrus) as the
likely final host, and also identified the
calanoid copepod Temora longicornis as an in-
termediate host. The parasite does not grow
noticeably in herring larvae, but the longev-
ity of infections suggests that herring larvae
may be important transport hosts in nature.
Also, the persistent abundance of this para-
site suggests it is benign, i.e. no parasite-in-
duced-mortality following parasite establish-
ment. However, since parasite migration
through gut wall and musculature obviously
occur, the didymozoid may cause mechani-
cal damage and perhaps mortality in that
phase, not studied here.

The second intermediate hosts for Hemiurus

luehei, H. communis and Derogenes varicus are
mainly calanoid copepods (Køie, 1979, 1990,
1995). H. luehei has previously been found in
herring larvae in nature (Ogilvie 1927,
Grozdilova 1989), while D. varicus is known
only from larger herring (MacKenzie 1988).
Hemiurus communis does not occur in herring
(Gibson and Bray 1986), and our finding of
this stomach trematode in the rectum of a
herring larva suggests it is being expelled. The

related hemiuroids Brachyphallus crenatus and
Lecithaster gibbosus cause mortality among
White Sea herring larvae, by damaging the
gastrointestinal mucosa, causing embolisms,
anorexia and thereby death (Ivanchenko and
Grozdilova 1971).

Most records of cestodes in herring larvae
concerns Scolex pleuronectis, a collective term
for tetraphyllidean larvae. However, among
these there are small unilocular metacestodes
from copepods that may be cyclophyllideans
(Marshall et al. 1934, Marshall and Orr 1955).
Scolex pleuronectis is common in North Sea
herring larvae (Hentschel 1950, Heath and
Nicoll 1991), and infected herring show re-
duced feeding incidence (Heath and Nicoll
1991). Reduced prey uptake probably reduces
growth and contributes to mortality. Also,
there is evidence that S. pleuronectis infections
cause irritation; both Rosenthal (1967) and
Gallego in Heath and Nicoll (1991) observed
staggering or erratic swimming by infected
herring larvae.

Pseudophyllidean metacestodes have previ-
ously been found in herring larvae, and
Cohen and Lough (1983) identified them as
Bothriocephalus scorpii while Grozdilova (1989)
distinguished Eubothrium sp. Larvae of Both-

riocephalus spp. are common in the gut of small
fish acting as paratenic hosts (e.g. Robert et
al. 1988, 1990). Nothing is known about the
effect of pseudophyllidean metacestodes on
herring larvae, but the present observation of
apparent irritation of the gut mucosa suggests
similar effects as from Scolex pleuronectis (see
above).

The nematode Hysterothylacium aduncum can
infect planktivorous fish through calanoid
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copepods acting as first-intermediate hosts
(Køie 1993). Larvae of the nematode establish
in the body cavity of herring larvae, grow fast
and can kill its host through interference with
organ function or by causing mechanical dam-
age (Rosenthal 1967, Balbuena et al. 2000).
Although infected herring >20 mm in length
should survive with H. aduncum infection for
weeks (Rosenthal 1967), we found the nema-
tode only in the “random” group at the time
natural zooplankton feeding ceased. The
parasite was not detected in moribund her-
ring.

Caligid copepodids (including Caligus

elongatus) may kill herring larvae by attach-
ing to them and cause wounds (Rosenthal
1967 vide Karlsbakk et al. 2001, Karlsbakk et
al. 2000). In cod postlarvae copepodids and
later developmental stages of C. elongatus was
common, without causing detectable lesions
(Karlsbakk et al. 2001). Also Rosenthal (1967)
noted that lesions and mortality in herring
was connected with copepodids, while
chalimus stages appeared to be benign. His
copepodids may have included those of C.

elongatus (see Karlsbakk et al. 2001). In the
present study a mechanism for this apparent
differential pathogenicity of C. elongatus

copepodids was found. Alizarine staining of
herring and cod larvae revealed extensive
skeletal ossification in cod (8-11 mm long),
while in herring (15.5-26 mm long) chiefly the
vertebral column was alizarine-positive (see
also Pavlov 1999). C. elongatus copepodids
anchor the frontal filament to ossified struc-
tures, after excavating the covering tissues.
The attachment site is typically scales in large
fish (Pike et al. 1993), and bones like fin rays,
operculum and jaws in small fish (Neilson et
al. 1987, Karlsbakk et al. 2001). This behav-

iour probably explains the present observa-
tions, where copepodids penetrated the tis-
sues of the herring towards the vertebral col-
umn. Also a chalimus was found attached
with the end of the frontal filament close to
the columna. In cod and other small fish (e.g.
Russell 1933, Karlsbakk et al. 2001) superfi-
cial bones are available for frontal filament
attachment, with little damage caused.
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