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Abstract

To verify if and to what extent egg and nauplii development of
the salmon lice take place during winter, the development from
egg to the copepodid stage at 2,3,4,5 and 10°C was examined.
Newly extruded egg strings from a winter population of salmon
lice were individually placed in 6 ml stagnant hatching systems,
Initially, no significant differences in egg development time
were found between these and larger aerated systems, though a
tendency for less synchronised hatching of the total egg string
was detected in the stagnant systems (difference< 12 h). In light
versus dark conditions the time to hatching was significantly
prolonged by darkness (10-15%). The use of small stagnant
experimental units was a pronounced simplification of hatching
methods used earlier. At low temperature all but one pair of
€gg strings hatched. Time to first hatching was found to be
45.120.5 days at 2°C, 35.2+0.4 days at 3°C, 27.6+0.2 days at
4°C,21.6+0.1 days at 5°C and 8.7+0.1 days at 10°C. The develop-
mental time to hatching correlated to temperature fitted the
polynomial function: Days to first hatching=0.6638 T2- 12.492T
+67.116 (R2=0.99). A high proportion of the nauplii developed
to the copepodid (infectious stage) stage at 4°C and higher but
only a small proportion at 2 and 3°C. Total developmental time
to copepodid ranged from 12.7 days at 10°C to 68.5 days at
2°C or to the polynomial function Days to first copepodid =
1.0236 T2 - 19.129 T + 101.5 (R*=0.995). The «physiological
age» at hatching, i.e. the product of days and the respective
temperature, showed not to be linearly correlated to temperature,
but showed a maximum at 4°C. Average age at hatching was
90°days at 2°C and 110° days at 4°C. Thus the egg strings of
the winter population appeared to be adapted to very low
temperature by reducing the time for egé development. The
Present results show that eggs of salmon lice can develop to the
infectioys stage during winter along the Norwegian west coast.
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Introduction

While bacterial diseases like Furunculosis and cold
water Vibriosis have been successfully reduced by
development and rigorous use of vaccines, salmon
lice are still a major problem effecting salmon
farming in Norway. Total losses due to salmon lice
have been calculated to be between 200 and 500
mill NOK every year (Maroni et al., 1994). Salmon
lice are also a major problem in other salmon pro-
ducing countries such as Ireland, Scotland and
Shetland and Canada (Wootten, 1982; Pike, 1989;
Hogans & Trudeau, 1989; Costello, 1993; Jack-
son & Minchin, 1993).

The life cycle of salmon lice consists of 10 life
stages with each separated by a moult. The first
two stages are the nauplii, which are planktonic
and non-feeding. Following the naupliar stages there
is a single infectious copepodid stage which is also
planktonic and non-feeding until it locates a host

“(Kabata, 1979; Johnson & Albright, 1991). Fol-
lowing the copepodid stage there are four attached
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chalimus stages, two free-moving preadults and
an adult stage (Kabata, 1979; Johnson & Albright,
1991; Schram, 1993). Development for all stages
has been reported to occur between 5-22°C (Woot-
ten et al., 1982; Johannesen, 1978; Tully, 1989;
Johnson & Albright, 1991). Egg strings are reported
to hatch over a temperature range of 5-16°C when
the ovigerous females had been acclimatised in 9°C
(Johannesen, 1978).

It is not until recent years that severe problems
with salmon lice infections during winter have been
reported by Norwegian salmon farmers and few
reports are available on lice development at low
temperatures. Boxaspen (1997) found that the abun-
dance of lice was positively correlated to sea water
temperatures during the winter months, but reported
infections on fish also below 5°C. In Norwegian
coastal waters the sea water temperature can in
some years be close to zero (°C). It is therefore
relevant to question: Do salmon lice reproduce and
develop at these low temperatures? The objective
of this study was therefore to assess to what ex-
tent egg and naupliar development takes place at
temperatures below 5°C,

Several authors have described hatching systems
for both Lepeophtheirus salmonis (Johannesen,
1978; Johnson & Albright, 1991; Jackson et al.,
1994) and Caligus elongatus (Pike et al., 1993).
These have all been systems with either flow through
or aeration or both, and with volumes ranging from
100 ml to 45 L. In the present study we show that
small polystyrene dishes with six 10 ml wells could
be used. Similar systems were used by Bergh et
al. (1992) in experiments with individual fish lar-
vae.

Material and methods
Egg string collection

In the first experiments salmon lice were collected
from Atlantic salmon reared in net-pens. Oviger-
ous female lice with both egg strings intact were
removed and put into autoclaved sea water (see
below). Egg strings were removed if necessary by
cutting them from the female with a scalpel. Vi-
ability of egg strings was determined following
the method of Ritchie et al. (1993). Briefly, egg

strings were examined using dissecting microscope
and only those pairs of egg strings where both were
opaque with symmetrically stacked eggs were re-
garded as viable. Egg strings that totally lacked
the black pigmentation found in more mature egg
strings were regarded as newly extruded.

In the later experiments egg strings of known
age were obtained as follows: infected Atlantic sal-
mon were anaesthetised and all salmon lice ex-
cept for pairs in precopulae and virgin females were
removed. These salmon were then transferred to
indoor tanks (2 m*) and examined twice a day for
the presence of ovigerous females. When egg strings
were observed the salmon was anaesthetised and
the female removed. All pairs of egg strings were
thus the first eggs from each female louse. Egg
strings were then transferred to individual hatch-
ing systems.

Water quality

To control microbial activity in the hatching sys-
tems two sorts of pre treated sea water were used.
In the preliminary trials sand filtered autoclaved
sea water adjusted to 80% salinity before heat treat-
ment, was used. For the main trial we chose sand
filtered microbially matured sea water after the
method of Skjermo et al. (1997). The benefit of
the so called «aged» water is that slow growing
bacteria, thought to be benign, will dominate the
flora and as such prevent the development of other
bacteria. Ambient sea water salinity was 34.0£0.5

ppt.

Development of hatching systems

All experiments were conducted under static con-
ditions using filtered and either autoclaved or aged
sea water.

Method experiment 1; Aeration and volume of ex-
perimental units

In our preliminary trials we examined the effect
of aeration and container volume on the hatching
success of egg strings at 5 and 10°C (Table I). The
system with aeration was made up of 250 ml plas-
tic bottles, placed up side down with the bottom
removed. Aeration was provided by two aquarium
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Table 1. Hatching success of Lepeophtheirus salmonis egg strings

in different experimental units relative to volume and aeration

(n=6 in all experiments).

Volume Unit Aeration :Tempera- Hatching

(ml) ture (%)
(°0

150 Flasks + 10 100

150 Flasks + 5 100

30 Petri dish - 10 100

10 Multiwell dishes - 10 100

10 Multiwell dishes - 5 100

pumps with the air being introduced into the sys-
tem through the mouth of the bottle. Each bottle
was filled with 150 ml of autoclaved sea water.
For units without aeration, traditional petri dishes
(30 ml) were initially tried. Six pairs of egg strings
were used with one string of each pair placed in-
dividually in each of the culture vessels. Tempera-
ture was maintained at 10°C. A similar experiment
was conducted at 5°C using polystyrene dishes with
six wells (10ml) (Nunc, Roskilde, Denmark) in-
stead of petri dishes. All egg strings were exam-
ined three times a day until hatching.

Since there were no significant differences in
hatching success between containers with and
Wwithout aeration or between petri dishes or Nunc
multiwell dishes (Table I), we chose to use Nunc
trays without aeration for our subsequent studies.

Method experiment 2: Light versus dark conditions

Twelve ovigerous salmon lice were collected from
Atlantic salmon in net-pens. Egg strings were trans-
ferred into Nunc trays containing 6 ml of auto-
claved sea water with one of each pair of egg strings
being incubated in darkness, and the other under
24 h light. Egg strings were incubated at 10°C and
€xamined three times a day for hatching.

Low temperature experiments: hatching, nauplii
and first copepodids

Egg. strings were obtained from copepods on At-
lantic salmon being held in indoor tanks at
6;8i0.1°C. For each temperature tested (2,3,4 and
5°C) one of each of twelve pairs of egg strings
Were incubated at the test temperature and the other
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at 10°C as a control. The eggs were examined three
times a day and the time of hatching and the ap-
pearance of the copepodid stage registered. Ma-
tured sea water was used. The temperatures dur-
ing the experiment were stable at 2.01+0.01,
3.01£0.02, 3.98+0.04 and 4.99+0.02 °C respectively
(Temperature £SE).

Results

All egg strings in light and darkness hatched. A
small, but significant (t-test, paired comparisons,
p>0.05) prolonged time to first registration of
hatching was found in darkness (Fig. la). This
tendency was more pronounced in time to hatch-
ing of the whole egg string (Fig. 1b).

In the low temperature experiments, all but one
pair of strings from 5°C and the control hatched.
Time to first hatching was found to be 45.1+0.5
days at 2°C, 35.2+0.4 days at 3°C, 27.6+0.2 days
at 4°C, 21.6+0.1 days at 5°C and 8.7+0.1 days at
10°C (Fig. 2). The developmental time correlated
to temperature fitted the polynomial function: Time
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Fig. 1. Differences between time to first hatching (a) and time

«to complete hatching (b) of Lepeophtheirus salmonis egg strings
maintained under conditions of total darkness (dark box) and
24 hours light (open box). Eggs were incubated at 10° C and
ambient salinity under static conditions. -
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to first hatching =0.6255 T? - 11.993T + 66.039
(R?=0.99). Copepodids were obtained from 25%
of the egg strings reared at 2°C, 42% of the egg
strings at 3°C, 100% at 4°C and 75% at 5°C. All
egg strings at 10°C except one produced copepodids.
For 2 and 3°C only few animals were produced
from each of the strings hatching. Total develop-
mental time to copepodid ranged from 12.7 days
at 10°C to 68.5 days at 2°C (Fig. 2). The data fit-
ted the polynomial equation Days to first copepodid
=1.0236 T - 19.129 T + 101.5 (R>=0.995).

Discussion

In this study, eggs from cold (6.8°C) adapted L.
salmonis hatched and developed to the infectious
copepodid stage at temperatures as low as 2°C.
This suggests that development and hatching of
the eggs of this species can occur throughout the
winter. This is supported by the presence of cope-
podids and ovigerous females on net-pen reared
salmon in Norwegian waters during periods of low
water temperature (Boxaspen, 1997). However, de-
velopment from the egg to the infectious copepodid
stage takes up to 2 months at 2°C, Such long pe-
riod with 2°C is very uncommon along the west
coast of Norway where the general winter tempera-
ture is in the range of 3-6°C (Fig. 4).
Johannesen (1975) reported that the egg strings
of salmon lice did not hatch below 5°C. However,
in his studies the eggs were produced by copep-
ods living at temperatures of 9 or 11.5°C. Accord-
ing to Ritchie et al. (1993) it seems likely that the
females of the latter experiment was gathered from
a summer dominated population which might ex-
plain the absence of hatching success. To the au-
thors’ knowledge, no other studies on hatching of
salmon lice below 5°C have been published. At 5
and 10°C Johnson and Albright (1991), reports time
to hatching on average 17.5 and 8.6 days respec-
tively. This is approximately 23% lower at 5°C
than was found in the present study (21.6 days).
At 10°C the time to hatching was very similar. It
is not unlikely that there exist small physiological
differences between louse populations from the
Canadian west coast (Johnson and Albright, 1991)
and the eastern Atlantic. However, due to the use
of darkness during egg development in our experi-
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Fig. 2. Time to first hatching of Lepeophtheirus salmonis egg
strings (dark box) and time to first appearance of the copepodid
stage (open box). Eggs and nauplii were maintained in darkness
at various temperatures and ambient salinity. Lines are the fitted
polynomial functions, Time to first hatching =0.6255 T>- 11.993T
+ 66.039 (R=0.99) (whole line) and Days to first copepodid =
1.0236 T2 - 19.129 T + 101.5 (R?=0.995) (punctuated line).
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Fig. 3. Time to first hatching of Lepeophtheirus salmonis egg
strings measured in day degrees (i.e. the product of days and
the respective temperature). Each point represents one egg string.
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Fig. 4. Temperature development at 2 m depth in the net-pens
at Austevoll Aquaculture Research Station. Temperatures are
given for 1994 (punctuated line), an unusual cold winter, and
the year of the study (whole line).
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ments, a prolonged time to hatching was expected.
This was found to be 10-15% at 10°C (cf. Fig.1).
The presented numbers for nauplii and copepodid
developmental times and thereby the fitted func-
tions are therefore most probably higher than real
values.

The lack of success in producing copepodids be-
low 4°C could be an effect of low temperature.
However the use of small containers in this study
may also have effected these results. Further study
is required to determine both survival to the
copepodid stage and the infectivity of copepodids
produced at low temperatures.

A way to present the physiological age of the
eggs at hatching is to calculate the degree days at
hatching, i.e. the product of days and the respec-
tive temperature (C). A plot of this showed that
the «physiological age» of the eggs was not lin-
early correlated to temperature, but showed a maxi-
mum at 4°C (Fig. 3). Average time to first hatch-
ing ranged from 90.16 day degrees at 2°C to 110.59
day degrees at 4°C. Thus the egg strings of the
winter population appeared to be adapted to very
low temperature by reducing the time for egg de-
velopment.
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