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ABSTRACT: Overwintering of Calanus finmarchicus and C. helgolandicus was studied in the field and 
in laboratory experiments in a shallow (120 m) Swedish fjord and in a deep (650 m) Norwegian fjord. In 
the Norwegian fjord 2 populations were found in late summer and autumn: in the surface layer the 
copepods were smaller and more active with high respiratory and digestive enzyme activities. The 
deep population, consisting of Copepodid stage V (CV) and a few females, was torpid, had large oil sacs 
and empty guts. Their respiratory and digestive enzyme activities were very low. In the Swedish fjord 
CV in deep layers weighed much less than those in the Norwegian fjord. Weight-specific respiration 
was intermediate between deep and surface population in the Norwegian fjord. It is concluded that 
overwintering copepodids do not feed. Metabolic rates allowed successful overwintering only in the 
Norwegian fjord. Experiments performed on several occasions during overwintering witnessed - in 
contrast to the situation in field populations - increased rates of respiration and moulting. Mortality 
during moulting and time span between capture and onset of moulting decreased during autumn and 
winter. These observations suggest internal development during overwintering. 

INTRODUCTION 

Many calanoid copepod species overwinter in deep 
water generally as Copepodid stage V (CV). There is, 
however, conflicting published information concern- 
ing the physiology and behaviour of this overwintering 
stage. Marshall and Orr (1958) and Butler et al. (1970) 
concluded from respiration and excretion measure- 
ments on Calanus finmarchicus and C. helgolandicus 
that, although the overwintering stages utilised little 
oxygen, there was a requirement for food intake during 
winter when phytoplankton is scarce. They therefore 
suggested that microzooplankton and detritus formed 
the overwintering-diet. Detrital feeding was also sug- 
gested by Harvey (1950) and Corner et al. (1974), while 
Comita et al. (1966) found increases in weight and 
calorific content that could only be the result of winter 
feeding. On the other hand, several workers failed to 
detect stomach contents in overwintering stages of C. 
finmarchicus (Ussing, 1938), C. hyperboreus (Conover, 
1962), Calanoides acutus (Andrews, 1966), C. cristatus 
(Omori, 1970) and C. plumchms (Fulton, 1973). 

These contradictory findings concerning food uptake 
by overwintering stages possibly result from ecological 
differences in the respective samples or populations. 
Evidence for winter feeding, particularly in Calanus 
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finmarchicus and C. helgolandicus (Marshall and Orr, 
1958; Butler et al., 1970), comes from specimens caught 
in the upper water layer in rather shallow areas, 
whereas evidence for fasting stems from deep-water 
samples. Since C. finmarchicus and C. helgolandicus 
are both found in shallow waters of the Central North 
Sea and in the deep Norwegian Sea during winter it 
was possible to test whether metabolic activity and 
feeding are related to overwintering depth. 

This paper reports in-situ measurements of respira- 
tory and digestive enzyme activities in Calanus fin- 
marchicus and C. helgolandicus from 2 fjords (120 m 
and 650 m deep, respectively). In addition, experi- 
ments were carried out to study the influence of exter- 
nal stimuli such as food, light and temperature on 
respiration, digestive enzymes and development of 
copepods from different water depths. 

MATERIAL AND METHODS 

Sampling 

Samples were obtained from the deepest part of 2 
fjords, the Gullmarfjord on the Swedish west coast 
(58'20'N 1lo30'E, maximum depth 120 m) and the 
Korsfjord near Bergen, Norway (60Â°12' 5'14'E, max- 
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imum depth 650 m) on various occasions (Table 1). A 
Beyer's low-speed midwater trawl (Beyer, unpubl.; 
mesh size 500 [xm) was used to catch material. Unfortu- 
nately, this type of net has no closing device. This was, 
however, thought to be of no great disadvantage at 
either site. In the Gullmarfjord during autumn and 
winter virtually no CV of Calanus finmarchicus nor C. 
helgolandicus occurred in the surface layers although 
many CV's occurred in deeper waters (Hirche, in 
press). The net was towed obliquely from bottom to 
surface, hence all CV in the catch will have come from 
deep water. In the Korsfjord Matthews (quoted in Kir- 
kesaether, 1977) recognized 2 distinct groups: a sur- 
face group (0 to 60 m depth) and a deep group (200 to 
600 m). In this study, the deep group was sampled by 
towing Beyer's midwater trawl horizontally on a 
900 m warp. To minimize contamination by the surface 
group the net was veered and hauled as quickly as 
possible. The surface group was sampled with a Nan- 
sen net (300 [xm mesh size). Glass jars of 1 1 (Nansen 
net) or 3 1 (Beyer's low-speed midwater trawl) capacity 
were secured in the cod end of the nets to avoid 
damaging the catch. The samples were immediately 
transferred to 10 1 buckets containing water from the 
respective depths. They were stored in the dark pend- 
ing sorting into developmental stages under a micro- 
scope in a laboratory ashore. 

Homogenate preparation 

For digestive enzyme assays and for ETS, 15 to 20 
individuals respectively were homogenised in 2 ml 
iced distilled water using a Potter-Elvehejm 
Homogenizer on crushed ice. Following centrifugation 
at 6000 rpm for 10 min the supernatant liquid was 
either used directly in the case of ETS measurement or 
deep frozen at -20 'C for digestive enzyme assay. 
Where possible, all parameters were measured from 
the same homogenate. 

ETS measurement and respiration 

From the activity of the electron transport system 
(ETS), according to Owens and King (1975), in-situ 
respiration rates can be estimated after determination 
of the ETS/respiration factor. All respiration values 
except those of freshly caught copepods from the Gull- 
marfjord were calculated from ETS activities. ETS 
activity was determined according to the procedure 
described by Owens and King (1975) except when 
using distilled water for homogenization instead of a 
homogenization buffer. For each duplicate assay 
0.5 ml samples of freshly prepared homogenate were 

used and 1 blank. On 2 occasions calibration series 
with the Winkler technique (cf. Conover, 1956) were 
run to convert the ETS activities into true oxygen 
respiration. A factor for ETS/respiration of 4.85 (S.D. 
0.42) was found in 10 measurements. Respiration rates 
were calculated per copepod and sometimes also per 
unit dry weight ('specific respiration'). Dry weight was 
determined by drying ca. 50 individuals at 70 OC to 
constant weight. ETS assays were incubated at 6 OC for 
all in-situ measurements and at experimental tempera- 
tures for all experiments. The temperature of the deep 
water in the Gullmarfjord below 50 m throughout most 
of the year (Anderson et al., 1979) and in the Korsfjord 
below 100 m (Matthews and Sands, 1973) is 6 'C. In the 
Korsfjord the temperature in the upper 60 m varied 
from 10 to 16 OC in August. 

Digestive enzymes 

Amylase activity was measured by the method of 
Street and Close (1965) at pH 6.8; trypsin was deter- 
mined according to Samain et al. (1977) at pH 8.3 and 
39 OC. Incubation time was 15 min in each case. Calib- 
ration was made with amylase (Merck 24 507) and 
trypsin (Merck 8214) from bovine pancreas. Digestive 
enzyme activities are given as 'specific activities', 
related to protein. Protein was measured after Lowry et 
al. (1951), with bovine serum albumin (Serva 11 930) as 
a standard. 

Experiments 

Experimental flasks were incubated at either 6 or 
15 OC and kept either in total darkness ('dark experi- 
ment') or in a 12/12 h light/dark cycle ('light/dark 
experiment'). Light was provided by a 20 W fluores- 
cent tube (5 [xEm2s1) .  Copepods from the Korsfjord 
were incubated in 500 ml flasks. Each flask contained 
40 CV in 300 ml of filtered seawater. Where food was 
added, experimental flasks contained a mixture of 
Skeletonema costatum and Cricosphaera carteri cul- 
tured in f/2 medium (Guillard and Ryther, 1962). 
Copepods from Gullmarfjord were incubated without 
food. For each 'dark experiment' 60 to 120 CV were 
kept in 1 1  flasks. For 'light/dark experiments' 300 to 
400 CV were kept in 5 to 10 1 jars except in March, 
when 40 individuals were used for each experiment. 

Determination of species and body size 

Calanus finmarchicus GUNNERUS and C. helgolan- 
dicus CLAUS were determined in preserved samples 
(5 % formalin). The curvature of the fifth swimming leg 
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(P5) of CV and females, described by Rees (1949) and 
Fleminger and Hulsemann (1977), was used for species 
differentiation. Males could not be differentiated, as 
very often the exopodites of P5 were broken. Prosome 
length was taken as body length; this was measured at 
25x magnification and read to the nearest micrometer 
unit (0.04 mm). 

Gullmarfjord in June all stages belonged to C. finmar- 
chicus, whereas in August CV were C. finmarchicus 
and adults C. helgolandicus. From September to 
March both species were more or less equally abun- 
dant. A fuller description of seasonal variations 
between the distribution of the species is given in 
Hirche (in press). 

RESULTS 
Description of overwintering stage 

Field studies 

Species distribution 

In the Korsfjord only CV and females of Calanus 
finmarchicus were found, whereas in the Gullmarfjord 
C. helgolandicus also occurred. The species have a 
different seasonal distribution (Hirche, in press). In the 

In the Gullmarfjord, from August to December 99 % 
of the population were CV. They were found almost 
exclusively below 50 m (Hirche, in press). During the 
first hours after capture these CV floated motionless, 
with their heads upwards. Antennules were stretched 
backwards along the body, legs pointed forward, and 
the abdomen was slightly bent backwards. The 

Table 1. Calanus finmarchicus and C. helgolandicus. Specific activities of trypsin (lo4 U pg l )  and amylase U ug-l), 
respiration (p1 0, ind."' hrl, direct measurement in Gullmarfjord, based on ETS in Korsfjord), specific respiration (pl0,  mg-I dry 
weight h-I), dry weight (pg ind."') and body length (pm) of Copepodid stage V and adults (index s = from surface layers, d = 

deep layers, k standard deviation) from two fjords 

Stage Date Specific 
trypsin 

Gullmarfjord 

Specific n Respiration 
amylase 

Specific 
respira- 

tion 

0.30 

0.44 
0.35 
1.49 
0.48 

n Dry- Length n 
weight 

Korsfjord 
Stage Date Specific Specific n Respiration Specific n Dry- Length n 

trypsin amylase respira- weight 
tion 
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copepods did not show any escape reaction when duced. The oilsac was conspicuous with a bright red 
touched with a laboratory needle. Several hours later tip on the posterior end. In March, CV were found in 
they reacted with weak jerks and sluggish movements the whole water column. They swam actively, had full 
of their antennules and occasional abdomen quivering, guts and produced faecal pellets. 
but then fell back into a motionlessness. Their guts In the Korsfjord, 2 populations were found in the 
were always empty, performing very slow, irregular samples taken in August and November. Deep sam- 
peristaltic movements. Faecal pellets were never pro- ples consisted mostly of CV and circa 5 % females. 

Table 2. Calanus finmarchicus. Korsfjord. A Trypsin (lo4 U kg"') and amylase ( l o 5  U pg l )  activities, respiration (pI 0, ind."' h-I, 
based on ETS) and faecal-pellet production of Copepodid stage V and females kept at 2 temperatures in the dark with food. 
B Trypsin (lo4 U pg l )  and amylase ( l o 5  U pg-') activities and respiration (1x1 O2 ind."' h-l, based on ETS) of Copepodid stage V 
from the deep population caught on 23. 8. 78, kept with food in the dark (a) and in a light/dark cycle (b), or without food in the 

dark (c) at 2 temperatures 

Stage Day Trypsin Amylase Respira- Faecal Trypsin Amylase Respira- Faecal 
tion pellets tion pellets 

23.8.78 

Temperature Day Trypsin Amylase Respiration 

1 ' Egg production 
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Both stages were rich in fat and showed the same 
behaviour as described above for CV from the Gull- 
marfjord. The surface population sampled at the same 
time exhibited a behaviour quite different from that of 
the deep population. Females and CV swam actively, 
had full guts but almost no lipid reserve. 

Length measurements (Table 1) show that copepods 
from deep water in Korsfjord were larger than those 
from the surface population. CV from deep water had 
over twice the weight of those in the shallow-water 
population, although the higher lipid content of the 
former may have accounted for most of the differences. 
Copepods from the Gullmarfjord and the surface popu- 
lation of the Korsfjord were of the same length but CV 
from Gullmarfjord were somewhat heavier. 

Digestive enzymes and respiration 

In the Gullmarfjord, digestive enzymes and respira- 
tion of males, females and CV were studied (Table 1). 
In comparison with the spring value (May 1977, for 
details see Hirche, 1981), enzyme activities of CV 
during August and throughout the winter were greatly 
reduced. In June, activities were already approaching 
overwintering levels. Trypsin activity was lowest in 
overwintering CV and in males at all times of the year. 
Females had high activity levels both in winter and 
summer. Amylase followed a similar activity pattern to 
trypsin except that males in summer had activity levels 
similar to those of the CV and females. 

There were also great differences between the respi- 
ration rates of CV in late spring (June 1979) and 
winter. Although respiration of overwintering CV was 
only 1/3 to 1/5 of that in summer these results cannot 
be used to investigate overwintering trends since they 
were obtained from measurements in different years. 

In deep-living CV from the Korsfjord, digestive 
enzyme activities were similar to those of the Gull- 
marfjord. In addition, the females found in the deep 
population also had reduced activities. 

The specific respiration rate of Korsfjord CV was 
only half of that of the Gullmarfjord CV, whereas the 
specific respiration rate of Korsfjord females was simi- 
lar to that of the CV from Gullmarfjord. 

The differences in behaviour between deep and sur- 
face populations noted above are reflected in differ- 
ences in respiration rates and digestive enzyme 
activities of CV and females from the Korsfjord in 
summer. 

Experiments 

The effects of temperature, light and food upon 
digestive enzyme activity, respiration and develop- 

ment were studied in overwintering stages from Kors- 
fjord and Gullmarfjord on different occasions (Tables 2 
and 3). 

Korsfjord 

In the Korsfjord, differences between deep and sur- 
face populations remained throughout the experiments 
(Table 2A): the surface population immediately pro- 
duced faecal pellets, females laid eggs, and digestive 
enzyme activities remained high. Respiration rates, 
however, increased in both populations at the 2 experi- 
mental temperatures. For females the increase was 
generally lower than for CV; in November it was in 
both stages lower than in August. 

CV from the deep population produced a few faecal 
pellets after 2 days only in August; in November no 
pellets were produced. In the deep population trypsin 
remained unchanged. Amylase in CV increased con- 
siderably in August, but only slightly in November. In 
females there was an increase in amylase activity in 
both months. Temperature did not influence digestive 
enzyme activities, but ETS activity was much higher at 
15 OC. In simultaneous 'light/dark experiments' and in 
starvation experiments in August (Table 2B) digestive 
enzymes and respiration did not differ markedly from 
comparable values obtained in the 'dark experiments'. 
Therefore, neither light conditions nor food influence 
digestive enzyme activities and respiration signifi- 
cantly. 

Gullmarfjord 

Experiments with CV from the Gullmarfjord were 
run over longer periods than those at Korsfjord on 3 
occasions (Table 3). The time between the start of the 
experiment and the first appearance of adults as well 
as the mortality rate decreased from October to March 
(Table 4). At the higher temperature moulting occurred 
earlier. In October after about 2 wk at 15 OC many CV 
were found lying on the bottom with their exuvia only 
partly shed and their antennules shrunk and distorted. 
Within a few days they all died. Very few moulted 
successfully and these all had deformities. Very often 
setae, especially on the caudal furca, were stuck 
together. At 6 OC the same happened a few days later. 
In December mortality was much lower than in 
October, but still most deaths occurred during 
moulting. 

Respiration rates from all experiments are shown in 
Fig. 1. At 6 'C, respiration rate increased from the 
initial level, but not consistently. At 15 O C ,  the increase 
was more rapid and a plateau was reached within a 
few days; the plateau height varied on each occasion. 
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Table 3. Calanus finmarchicus and C. helgolandicus. Gullmarfjord. Trypsin (lo4 U pgi) and amylase ( l o 5  U pg l )  activities and 
respiration (pl 0, ind.' h l ,  based on ETS) of Copepodid stage V kept at 2 temperatures in the dark respectively in a 12/12 h 

light/dark cycle without food 

Date Day Dark Light/dark Dark Light/dark 
Specific Specific Respira- Specific Specific Respira- Specific Specific Respira- Specific Specific Respira- 
trypsin amylase tion tqpsin amylase tion trypsin amylase tion trypsin amylase tion 

Table 4. Calanus finmarchicus and C. helgolandicus. Gull- 
marfjord. Time between start of experiment and first appear- 
ance of adults and mortality after 28 d. Based on 3 experi- 

ments with CV 

Start of First adults Mortality 
experiment after (d) (%I  

6'C 15OC 6'C 15'C 

06.10.78 22 18 95 100 
14.12.78 11 7 40 65 
21.03.80 1 1 10 25 

As at 6 O C ,  respiration was highest in October and 
lowest in December. 

Where no food is ingested, respiratory metabolism 
must be maintained at  the expense of body material. 
This results in a reduction in  dry weight; the degree of 
such reduction depends on respiratory rate and the 
substrate metabolized. In this situation it is reasonable 
to assume that pure lipid was metabolized (Kir- 

kesaether, 1977). The conversion factor I g fat = 
2041 ml O2 (Geigy, 1968) was therefore used to esti- 
mate the respiration rate from differences in dry 
weight (Table 5). The results reveal good agreement 
between estimated and measured values. 

As regards digestive enzymes, with few exceptions 
trypsin activity remained consistently low (Table 3). 
There was, however, greater variation in amylase 
activity. This usually increased after a few days and 

Table 5. Calanus finmarchicus and C. helgolandicus. Com- 
parison between respiratory rates estimated from dry weight 
differences (A w) and measured respiratory rates of CV kept 
at 6OC in the dark without food. Estimation is based on pure 

lipid metabolism. Conversion factor 1 g fat = 2041 ml0,  

Date A t  A W  Respiratory rate 
(d) (pg ind-') ((il0, ind-I h-') 

measured estimated 

14.12.78-12.01.79 29 19 0.076-0.121 0.088 
12.01.79-20.02.79 39 68 0.121-? 0.148 
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Fig. 1. Calanus finmarchicus and C. helgolandicus. Respira- 
tory rates of copepodid stage V from Gullmarfjord kept at 2 
temperatures in the dark (d) resp. in a 12/12 light/dark cycle 

(1) in March (111), October (X) and December (XII) 

then tended to decrease again towards the end of an 
experiment, although in these experiments no food 
was offered. 

The results from the October experiments suggest 
that light has a negligible effect on respiratory rate, 
digestive enzyme activity and developmental rate. 

DISCUSSION 

Field study 

With regard to the literature, 3 observations reported 
here on overwintering stages of Calanus finmarchicus 
and C. helgolandicus are remarkable: 

(1) The respiration rates of deep-living CV from both 
fjords investigated are the lowest hitherto reported (for 
comparison see Marshall, 1973). 

(2) The torpid behaviour described in this study has 
not been noticed before in Calanus finmarchicus and 
C. helgolandicus, although it has been reported for C. 
hyperboreus by Conover (1962). 

(3) Dry weight data of CV from the Korsfjord agree 
well with the data of Kirkesaether (1977) and are the 
highest reported so far. Marshall et al. (1934) found a 
maximum dry weight of 350 pg individual1 in the 
Clyde Sea; other measurements from the English 
Channel (Bogorov, 1934; Cowey and Comer, 1963; 
Gatten et al., 1979), Loch Fyne (Orr, 1934), Bute Chan- 
nel (Comita et al., 1966), Georges Bank and Gulf of 
Maine (Conover, 1960) were even lower. 

A possible explanation for the fact that these obser- 
vations have not been made before is separation of the 

Calanus population into a surface-living and a deep- 
living population. Only the deep-living specimens 
show overwintering features. The existence of 2 verti- 
cally separated populations of Calanus finmarchicus 
and C, helgolandicus has been reported by Nicholls 
(1933) and Marshall et al, (1934) for the Clyde Sea, and 
by 0stved (1955) and Krause (1978) for the southern 
Norwegian Sea. 

When overwintering stages from both fjords are 
compared, torpidity and strongly reduced digestive 
enzyme activities characterise copepods from both 
fjords, whereas their weight-specific respiratory rate is 
lower and dry weight is much higher in the Korsfjord. 
These differences are not species dependent, as they 
were present in August when all CV in both fjords 
were of one species, Calanus finmarchicus. 

A decrease in dry weight from 450 to 180 pg indi- 
viduall from September to February was found by 
Kirkesaether (1977) for CV of Calanus finmarchicus in 
the Korsfjord. The respiration rates measured here 
would facilitate survival over a much longer period of 
time than required for this dry weight to be metabol- 
ised without feeding. For the lowest respiration rate 
measured and a decrease in dry weight down to values 
obtained during my expriments, the CV from Gull- 
marfjord could survive for only 120 d. A possible 
explanation for the dry-weight differences may be a 
different food supply in the 2 fjords. Another factor that 
is different in the 2 fjords is water depth. Overwinter- 
ing CV in the Korsfjord live much deeper than in the 
Gullmarfjord. In the open sea C. finmarchicus spends? 
the winter in depths below 300 m and down to more 
than 1000 m (Semme, 1934, 0stved, 1955; Williams 
and Hopkins, 1976; Vives, 1978; Longhurst and Wil- 
liams, 1979). Thus, environmental factors like pressure 
or light could affect metabolism in a way not yet 
understood. 

In places like the Gullmarfjord the species consid- 
ered here cannot overwinter. Hence the question 
arises: where do the CV found in winter come from? 
Studies of the population dynamics of Calanus finmar- 
chicus and C. helgolandicus in the Gullmarfjord (Hir- 
che, in press) showed that the formation of the over- 
wintering stock commences at the end of May by accu- 
mulation of CV. In the Korsfjord, according to Mat- 
thews (quoted in Kirkesaether, 1977), overwintering 
CV are aggregating in June in deep water. This deep 
stock is built up throughout the summer. In the Gull- 
marfjord, however, in July both Calanus species have 
virtually disappeared, although by the end of August 
and during September and October large numbers of 
CV are found again, their origin is unclear and is 
discussed in detail by Hirche (in press). The same 
phenomenon has also been reported for the Irish Sea 
and the North Sea (Rees, 1949; Marshall and Orr, 1958). 
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Laboratory experiments 

In general overwintering stages of calanoid 
copepods do not recommence development until the 
end of winter. In the North Atlantic Ocean, Calanus 
finmarchicus starts moulting in December and January 
(Marshall and Orr, 1955). In the experiments reported 
here, behaviour and metabolism of CV were different 
from CV observed in the field at the same time. Amyl- 
ase activities and respiratory rates increased and 
moulting took place under all experimental conditions 
but this was associated with high mortality in autumn 
and early winter. High mortality during moults in 
autumn was also reported by Raymont and Gross 
(1942). Moulting success was not affected by light, food 
or temperature, except for an accelerating effect at 
higher temperatures. Gardner (1972), working with 
overwintering C. plumchrus found that neither light 
nor the physical disturbance associated with changing 
the water were factors that could elicit moulting. Some 
other factors which may induce moulting and changes 
in the metabolism are stress due to changes in hydro- 
static pressure during sampling, mechanical stimuli 
during sorting and sudden exposure to daylight. 
Mechanical stimuli seemed to be most important as an 
awakening factor for cyclopoid copepods in diapause 
(Nilssen and Elgmork, 1977). 

The responses of CV collected at different times of 
the year differed under identical experimental condi- 
tions. Time between capture and onset of moulting, as 
well as mortality during the moulting process, 
decreased during autumn and winter, and the respira- 
tory response to experimental temperatures was vari- 
able. Progressive decrease in the time-to-ecdysis of CV 
of Calanus finmarchicus through July until November 
was also described by Grigg and Bardwell (1982) from 
the Irish Sea. In contrast to the results presented here 
only low premoult mortality and a few unsuccessful 
moults occurred in their experiments throughout the 
year, while moulting of CV during autumn occurred 
much earlier. These observations indicate that some 
internal development takes place during the overwin- 
tering period. It appears that in areas like the Gull- 
marfjord it is only after the termination of this develop- 
mental phase that the overwintering stages are able to 
moult successfully. In other areas such as the Irish Sea 
the physiological changes during the state of overwin- 
tering do not appear to be as profound, so that moult- 
ing can take place more rapidly and throughout the 
year. 

It is likely that overwintering metabolism and moult- 
ing are under hormonal control, since Carlisle and 
Pitman (1961) have reported seasonal differences in 
the neurosecretory cells of Calanus finmarchicus. 
Endocrine processes could act as the 'biological clock', 

that controls termination of the overwintering stage, as 
has been suggested by Banse (1964), Conover (1965) 
and Gardner (1972). 

CONCLUSIONS 

The results of the field studies and experiments 
presented here for Calanus helgolandicus and C. fin- 
marchicus corroborate observations from other 
calanoid copepod species which indicate that overwin- 
tering CV, under natural conditions, do not feed. 
Instead, their metabolism is low. They are torpid, the 
epithelium of the midgut (Hallberg and Hirche, 1980) 
and the activities of digestive enzymes (see also Tande 
and Slagstad, 1982) and trimethylamine monooxygen- 
ase (Strem, 1979) are reduced. These adaptations allow 
survival in winter, providing sufficient fat reserves can 
be stored. The conditions necessary for such storage 
are, however, not known. Decreasing time between 
capture and onset of moulting, as well as increasing 
moulting success during autumn and winter, suggest 
that overwintering behaviour, metabolism and moult- 
ing are to a large extent under endocrine control, and 
are possibly triggered by the photoperiod (Grigg and 
Bardwell, 1982). 

Many of these observations agree with descriptions 
of overwintering freshwater cyclopoids (Elgmork and 
Nilssen, 1978) and insects in diapause (Mansingh, 
1971). This subject requires further research. 
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