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INTRODUCTION

Overwintering is the crucial period in the life cycle of
aquatic animals in boreal communities. In argulid crus-
taceans, which are obligate fish ectoparasites, the
overwintering stages have not been well described.
Two argulid species, Argulus coregoni Thorell and A.
foliaceus, often coexist in lakes and fish farms in Fin-
land. The latter species is much better studied with
respect to its ecology and life cycle (Bower-Shore 1940,
Kollatsch 1959, Stammer 1959, Bauer 1970, Pasternak
et al. 2000). In A. foliaceus, overwintering was
described both for the adult stages (Bower-Shore 1940,
Hindle 1949, Bauer 1970) and resting eggs (Bower-

Shore 1940, Kollatsch 1959, Stammer 1959, Bauer
1970, Pasternak et al. 2000). Shimura (1983) in his thor-
ough ecological study of A. coregoni in Japan (36° N)
found that parasites overwintered as eggs and that
there were 1 or 2 generations yr–1.

Despite the serious problems that Argulus coregoni
sometimes causes at salmonid fish farms in Finland, its
life cycle and particularly its overwintering strategy
have not been studied in northern latitudes. In our pre-
liminary observations, we noted a pronounced peak of
small A. coregoni larvae at the end of May and the
beginning of June, but their source was unknown. To
establish effective control measures in early spring,
before infection spreads, it is necessary to know the
overwintering stages and their distribution. If eggs are
the main overwintering stage, one has to know the
patterns of hatching, which may be affected by a vari-
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ety of environmental factors. Hatching of A. japonicus
eggs was found to be faster and the proportion of
hatched eggs greater under fluctuating temperatures
(Shafir & van As 1986). A stimulating effect of sunlight
on hatching was suggested (Kollatsch 1959).

The main objectives of this study were to describe
the overwintering stages of A. coregoni; to explore the
potential microhabitats and describe the spatial distri-
bution of overwintering stages; and, if overwintered
eggs were found, to study their hatching dynamics in
the laboratory.

MATERIALS AND METHODS

Study site. Argulus coregoni was studied at a large
commercial fish farm in Central Finland. The fish farm
is supplied with water from a lake through 2 canals.
One of the canals (I) brings water into a number of
ponds containing brown trout Salmo trutta, rainbow
trout Oncorhynchus mykiss and Atlantic salmon Salmo
salar. The other canal (II) is a raceway divided with
grids into 9 sections and used to maintain a stock of 2+
O. mykiss. Excess water from some of the ponds drains
into canal II, which is 1.5 to 2 m deep with steep walls
and a bottom covered with sand, mud and stones. The
water temperature during the second half of May var-
ied from 9 to 13.9°C in 1999 and 11 to 14.8°C in 2000.
The water flow rate during the same period was 1050 l
s–1 in 1999 and 1100 l s–1 in 2000. The dissolved oxygen
concentration was between 6 and 8 mg l–1 in both
years.

Three sections of canal II were studied in 1999. Sec-
tion 1 was treated in the previous summer (1998)
(gravid females were removed mechanically from fish
placed into salt water [2% solution of NaCl]). Section 2
was untreated and section 3 (situated downstream
from section 2) did not contain fish.

The farm also possesses earth ponds of 100 m2 (1 to
1.5 m deep). Their bottoms are covered with mud, sand
and stones. The ponds are flow-through systems with a
very low current (10 to 25 l s–1). Their oxygen concen-
tration is slightly lower (5 to 6 mg l–1) and their water
temperature usually slightly higher than those in the
canal.

Sampling. From 15 to 29 May 1999, when the water
temperature increased from 9 to 13.9°C, 320 over-
wintered fish from different sections of the canal
and ponds (196 rainbow trout, 68 brown trout and 56
Atlantic salmon) were immobilized with MS-222 and
checked for the presence of argulid.

Stones from both the deep (1.5 to 2.0 m) and shallow
(0.4 to 0.6 m depth) parts of canal II, sections 1 to 3 and
a pond were sampled by a scuba diver. Sixty stones
were inspected from each habitat in the pond and sec-

tions 1 to 3 of canal II for the presence of egg clutches.
A total of 380 stones were checked. The length, width
and height of each stone and the length and width of
the clutches found were measured. The surfaces areas
were calculated by assuming the stones to be paral-
lelepipeds. Egg clutches were considered to be oval in
shape.

To assess potential viability of eggs, 15 randomly
chosen egg clutches from the deep and 15 from the
shallow parts of canal II sections 1 (where fish were
bred) and 3 (a site in the canal where no fish were
bred, but that was downstream from sections with 2+
rainbow trout) were inspected under a dissecting
microscope. Within each clutch, 30 eggs were assessed
and classified as either viable or unviable. The latter
category consisted of visually damaged eggs: they
were dark, shrunken or just empty shells.

Samples of mud and sand from the bottom of canal II
sections 1 to 3 and the pond were taken with a scoop.
To stimulate the hatching of buried eggs the samples
were placed for 2 wk in shallow tanks under about
5 cm of water.

Hatching experiments. We noted that egg clutches
on the stones were sometimes covered with mud or
sand. Could they retain their viability after being
buried for a long time? To answer this question, 60
stones with overwintered egg clutches were collected
from canal II section 1 on 8 June 1999, placed in groups
of 15 in 4 plastic boxes, covered either with sandy mud
(2 boxes) or gravel with sand (2 boxes), and put on the
bottom of the canal. To prevent washing up of the sub-
strata, each box was covered with a net. Before eggs
were put into the canal, a sample was examined under
a dissecting microscope and another sample was kept
in the laboratory at 20°C under daylight illumination.
Both tests proved that most of the eggs were viable.
The stones with buried eggs were excavated on 19
May 2000 after the second overwintering period and
held at room temperature with illumination from a
white fluorescent tube (Philips TLD 58w/33) (photo-
period: 14:10 h light:dark) to stimulate hatching. The
eggs were checked and the water replaced every
second day.

The hatching dynamics of normally overwintered
eggs from canal II sections 1 and 2 were studied under
the same conditions in the laboratory in 2000.

Our pilot observations showed that the percentage of
empty egg-shells was higher in the shallow than in the
deep habitats. More light reached the bottom in shal-
low areas of the fish farm, and the eggs there were
more illuminated (and received more UV illumination).
Furthermore, diurnal temperature fluctuations were
more pronounced.

To follow the hatching of eggs and to estimate how
hatching is affected by illumination and variation in
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temperature, collected egg clutches were subjected to
various laboratory treatments (Table 1). Egg clutches
from the deep part of 3 sections of canal II and also
from a pond collected at the end of May 1999, were
scraped from the stones and kept in transparent dishes
with 200 ml of filtered (100 µm mesh size) lake water.
Each experimental dish contained approximately
4 cm2 of egg plates. Hatching was monitored for 2 wk.
Newly hatched larvae were counted and removed, and
water was replaced daily. ‘Normal’ illumination was
provided with a white fluorescent tube (Philips TLD
58w/33) (photoperiod: 14:10 h light:dark). UV-enriched
illumination was provided from 11:00 to 15:00 h by a
combination of UV light from a 20 W Dala Samhall
fluorescent tube and the white tube illumination. The
overall intensity of illumination in both treatments was
900 lux. The temperature in the incubation room was
kept at 20 ± 1°C. To mimic temperature fluctuations in
shallow waters, some experimental boxes were placed
into a dark room at 7°C for 8 h every day.

RESULTS

Overwintered stages and their spatial distribution

Neither overwintered adults nor juvenile Argulus
coregoni were found on 320 inspected specimens of
brown trout, rainbow trout and salmon.

Clutches of overwintered eggs were found on stones
in the different sections of canal II and the ponds.
However, no larvae hatched from the samples of mud
and sand taken from the bottom of the canal and the
ponds which were held for 2 wk in the laboratory. Eggs
were not found in any of these samples either.

Argulus coregoni egg clutches were found in abun-
dance on stones of various size and shape from the bot-
tom of different sections of canal II where rainbow
trout were reared, and from a small pond containing
salmon. The greatest proportion of stones covered with

A. coregoni eggs was found in 1 of the sections (2) of
the main canal II (Table 2). Section 1, which was
treated the previous summer, and section 3 (without
fish) had a significantly lower percentage of stones
with A. coregoni eggs. In all sections of the canal, deep
areas contained stones with eggs 4 to 9 times more
prevalent than shallow water areas. The same effect
was observed in the pond (Table 2).

The abundance of Argulus coregoni eggs, measured
as a proportion of the stone surface covered with eggs,
was determined for sections 1, 2 and 3 of canal II and
the pond (Table 2). Eggs were much more abundant in
the untreated section of the canal (2); the 2 other sec-
tions, 1 and 3, contained significantly fewer eggs
(Table 2; Kruskal-Wallis ANOVA for the ‘canal effect’:
H [2, n = 360] = 10.15; p = 0.006). The influence of the
depth was even more pronounced (Kruskal-Wallis
ANOVA: H [1, n = 360] = 99.60; p < 0.0001).

A weak but highly significant positive correlation
was found between stone size and the proportion of
the stone surface covered with eggs (Spearman rank
order correlation, R = 0.22, p < 0.0001). Egg clutches
were over the entire stone surface, but rarely on sur-
faces buried in the sediments. However, vertical sur-
faces were usually more densely covered with clutches
than horizontal surfaces. Among the vertically oriented
surfaces, those facing downstream had more egg
clutches than those facing upstream. The stones har-
boring the highest numbers of Argulus coregoni eggs
were found in areas with the highest egg prevalence;
in these areas, parts of some stones were covered 2 or
even 3 layers deep with eggs.

Many empty or damaged eggs were observed
among the clutches from the canal. The proportion of
potentially viable eggs was significantly higher in
the deep habitats (mean = 40.2 ± 38.9%) than in
the shallow water ones (13.6 ± 23.9%) (Kruskal-Wallis
ANOVA: H [1, n = 58] = 8.338, p = 0.004).
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Table 1. Experimental treatment of overwintered eggs of Ar-
gulus coregoni. NORM: illuminated by a white fluorescent
tube; UV: white fluorescent tube together with a UV tube.
Temperature regimens: constant temperature of 20°C and
temperature varying from 20°C during the day to 7°C at
night. The number of replicates (separate dishes) is indicated

Source of eggs NORM UV
20°C 20–7°C 20°C 20–7°C

Pond 4 4 4 4
Canal section 1 2 2 2 2
Canal section 2 4 4 4 4
Canal section 3 2 2 2 2

Table 2. Proportion of a stone surface covered with egg
clutches and prevalence of stones with Argulus coregoni egg
clutches in shallow and deep areas of different sections of 

canal II and a pond at a fish farm in Central Finland

Site Depth No. Surface covered Prevalence
(m) stones (mean ±SD%) (%)

Section 1 0.5 60 0.3 ± 1.7 11.7
Section 1 1.5 60 1.7 ± 3.8 46.7
Section 2 0.5 60 0.06 ± 0.30 8.3
Section 2 1.5 60 6.4 ± 8.3 74.3
Section 3 0.5 60 0.1 ± 0.5 8.3
Section 3 1.5 60 2.6 ± 5.1 50.0
Pond 0.4 10 0.2 ± 0.5 27.0
Pond 1.0 10 3.6 ± 8.7 80.0
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Hatching dynamics of overwintered eggs

Overwintered eggs collected from canal II on 18 May
2000, when the water temperature was 13°C, were
held at 20°C in the laboratory and started to hatch after
several hours (Fig. 1). A well-pronounced peak of
hatching occurred after several days, after which the
hatching rate gradually decreased. After mid-June,
eggs hatched only occasionally. However, newly
hatched larvae were observed up to the end of August.

The eggs buried under the sediment in spring 1999
for the summer and the second winter were excavated
at the end of May 2000 and transferred to the labora-
tory on the same day as the ‘normally’ overwintered
eggs, but only started hatching in August (Fig. 2). The
hatching rate was low and comparable with that of
‘normally’ overwintered eggs (1 to 3 larvae d–1) until
the end of November, but markedly increased in
December.

There was no difference in hatching rate between
eggs exposed to night cooling (a lowering of the tem-
perature from 20 to 7°C for 8 h) and those held at a con-
stant temperature of 20°C (Kruskal-Wallis ANOVA: H
[1, n = 24] = 0.75; p = 0.386).

Additional UV illumination significantly influenced
the hatching success of overwintered Argulus coregoni
eggs taken from canal II (sections 1 and 2) and the

pond and transferred to the laboratory (Kruskal-Wallis
ANOVA: H [1, n = 24] = 5.61, p = 0.0179). During the
first 5 d period of the most intensive hatching, a mean
(± SD) of 65.0 ± 39.0 metanauplii per experimental box
was recorded under UV-enriched illumination, while
under ‘normal’ illumination there were, on average,
only 29.1 ± 32.4 metanauplii per box. The difference
between hatching rates was most pronounced at the
beginning of the experiment; eventually it decreased
(Fig. 3). By the end of the 2 wk experiment there was
a marked difference between UV boxes and ‘normal’
boxes in the total numbers of hatched metanauplii,
which were1018 and 628, respectively.

DISCUSSION

Unike Argulus foliaceus, which lays eggs in shallow
water (Kollatsch 1959, Bauer 1970), A. coregoni was
found to prefer deeper parts of the canal and ponds for
ovipositon. Our finding confirms the experimental data
of Shimura & Egusa (1980), who reported the highest
density of A. coregoni eggs on artificial substrata sus-
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Fig. 1. Spring peak of hatching in Argulus coregoni (upper
panel), recognized in a unimodal size-frequency distribution
in July (lower panel) (open bars: females; hatched bars: 

males)

Fig. 2. Hatching of Argulus coregoni larvae from the eggs
buried under the sediment from June 1999 to May 2000. Solid
line: stones with egg clutches covered with gravel and sand; 

dashed line: with mud and sand

Fig. 3. Hatching dynamics of Argulus coregoni under ‘normal’ 
(open bars) and UV-enriched illumination (filled bars)
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pended in the deepest layers of fish ponds. The distrib-
ution of the preferred hosts may account for the differ-
ence in habitat preference between A. foliaceus and A.
coregoni. Cyprinids and percids, which are the main
hosts for A. foliaceus, usually remain in shallow habi-
tats in summer, while salmonids, hosts of A. coregoni,
prefer deeper and well oxygenated waters (Kennedy &
Strange 1982, Gardiner 1984). Gravid females detach-
ing from the hosts to lay eggs have to find a suitable
substratum in the vicinity.

Larger stones and vertical surfaces were more den-
sely covered with Argulus coregoni eggs. These pref-
erences may be caused by an active choice of substrata
clear of sediments; this would also prevent eventual
burying of egg clutches. On the other hand, larger
stones may be encountered more often, and may be
more noticeable and thus more attractive for spawning
females. Multi-layer egg laying was observed in the
habitats with the maximum percentage of stones bear-
ing eggs; they suggest a possible substrata limitation in
the habitats with a high infection rate.

Even though the main pool of deposited eggs was
found in the deep parts of the canal, a certain number
were laid in shallow water and some were buried
under the sediment. The diversity of egg distribution
can further extend the prolonged hatching period in
argulids (Shafir & van As 1986, Pasternak et al. 2000).

The pronounced peak of hatching of overwintered
eggs lasted in the laboratory for only a few days. The
main period of recruitment of Argulus coregoni oc-
curred at the fish farm a week later (the last week of
May) and seemed rather restricted. The difference in
timing was probably connected to higher water tem-
perature in the laboratory (12 to 14°C in the canal ver-
sus 20°C in the laboratory). Hatching in A. coregoni
and A. foliaceus was shown to depend strongly on
water temperature and never occurred before temper-
ature reached 8 to 10°C (Stammer 1959, Shimura
1983). We observed hatching that took place soon after
temperature in the canal had reached the critical value
of 10°C. A pronounced cohort of mature adults (10 to
12 mm body length) that developed from the larvae
that hatched at the end of May was recorded in July
(Fig. 1, lower panel).

Microscopic examination revealed that there were
fewer embryos at the eyed stage in the overwintered
eggs buried into the bottom for the second winter
than in the normally overwintered eggs. However,
those eggs developed and started to hatch in August.
There was a peak in the hatching in December.
Under natural conditions, they would hatch in mass
only the next spring. Thus, accidentally buried eggs
can retain their viability for at least 2 yr and may
serve as an additional source of recruitment for the
Argulus coregoni population. The eggs in the nor-

mally overwintered clutches were not homogeneous
and not all of them hatched synchronously in spring.
We can speculate that the eggs that hatched during
the peak were ‘programmed’ (genetically determined)
for early hatching, while those that formed the ‘tail’
of hatching were programmed for delayed hatching.
The eggs that were buried in the sediments would
gradually hatch under favorable ambient conditions
and have a noticeable probability of survival. Despite
a long resting period, these eggs did not hatch soon
after they had been excavated. The dynamics of their
hatching consists also of a peak and a ‘tail’, which in
this case precedes the peak. Under fluctuating envi-
ronmental conditions characterized by both abiotic
stochasticity and poor predictability of the hosts, an
optimal recruitment strategy is to hedge a bet, with a
proportion of eggs hatching in a certain period and a
proportion remaining dormant, similarly to the model
of seed germination (Cohen 1966). Thus, delayed
eggs sacrifice their own reproductive prospects to
spread the risk over the genotype as a whole (Ellner
1986).

The proportion of empty shells in egg clutches in
the spring was greater in shallow than in deeper
waters. Temperature and illumination were suggested
to have major impacts on hatching (Kollatsch 1959,
Shafir & van As 1986). We considered that the greater
illumination with more UV light and more variable
temperature in the shallow water habitats were possi-
ble factors causing earlier hatching and, as a conse-
quence, the lower proportion of potentially viable
eggs on the stones there. However, no effect of fluctu-
ating temperature on hatching was observed in this
study. An increase in UV illumination considerably
accelerated hatching. This may have an adaptive
value during the natural spring water temperature
increase when salmonid juveniles tend to be closer to
the shore.

Life-history strategies and biological traits in para-
sites are as diverse as in free-living organisms, and
more than 1 strategy can lead to high fitness levels
(Poulin 1998). Argulus foliaceus was actually shown to
employ 2 overwintering strategies, as adults and as
resting eggs (Pasternak et al. 2000). In A. coregoni,
however, we have not found alternative strategies of
survival through the winter, and eggs are the only
source of recruitment in spring.
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