
Vol. 197: 293-297.2000 ~ MARINE ECOLOGY PROGRESS SERIES 
Mar Ecol Prog Ser 

l 

l Published May 12 

NOTE 

Does the midnight sun increase the feeding rate and hence 
the growth rate of early juvenile Arcto-Norwegian 

cod Gadus morhua in the Barents Sea? 
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ABSTRACT: The growth rate of Arcto-Norwegian cod juve- 
niles in the Barents Sea during their first 4 mo of life is about 
twice that of cod juveniles in areas farther south, such as 
Georges Bank and the Flemish cap. Cod larvae and juveniles 
in the Barents Sea experience 24 h of daylight and thus the 
larvae and juveniles may continuously search for and capture 
prey. The stomach contents of cod juveniles caught in July 
1989 were examined to determine if there were any diurnal 
patterns in stomach fullness or degree of digestion. No signif- 
icant diurnal trends were detected. This suggests that feeding 
is continuous throughout the day, which enables the Barents 
Sea cod larvae and juveniles to grow more quickly than do 
cod juveniles farther south. 
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Suthers & Sundby (1996) obsenred that the daily 
growth rate of larval and early juvenile cod was about 
twice as high for cod larvae and juveniles in the Bar- 
ents Sea compared with those off Nova Scotia. Though 
water temperature is considered to be the most signifi- 
cant external factor influencing fish growth (Campana 
& Hurley 1989, Brander 1994), prey abundance also 
affects growth considerably (Ellertsen et al. 1980, Lau- 
rence et al. 1981, Bailey 1989, Suthers et al. 1989). At 
the early larval stage, feeding and hence growth is 
affected by small-scale seasonal changes in turbulence 
(Sundby & Fossum 1990). Genetic differences have 
been hypothesised to cause the differences in growth 
rates among cod stocks (Suthers & Sundby 1996). 

Another difference between the cod juveniles in the 
Barents Sea and juveniles in areas farther south is the 
light level. North of 70" N the midnight sun appears in 
early May and continues until early August. This gives 
the larvae and early juvenile cod in the Barents Sea at 

70" N approximately 48% more time for visual feeding 
than those in areas off south-western Nova Scotia at 
43" N (Suthers & Sundby 1996). 

Blaxter (1966) found that larval herring are visual 
feeders and that feeding ceases below a certain light 
level. Ellertsen et al. (1980) found that larval cod are 
also visual feeders and that the light intensity thresh- 
old, above which larval cod can visually search for 
prey, is between 0.1 and 0.4 lux, or approximately the 
intensity of moonlight. Since the light level in the Bar- 
ents Sea will be above 0.4 lux 24 h a day, early juvenile 
cod may feed continuously. If so, t h s  may be the rea- 
son for the high growth rate of Arcto-Norwegian cod 
juveniles in the Barents Sea compared with those in 
areas farther south. 

Arcto-Norwegian cod's main spawning grounds are 
around Lofoten (Fig. 1). The spawning starts in March, 
the main peak is in April and spawning ends in May 
(Ellertsen et  al. 1987). The ambient temperature for the 
eggs during this period is 1 to 4OC. The eggs and larvae 
are transported by the Atlantic current and the Norwe- 
gian coastal current north and east into the Barents 
Sea (Ellertsen et al. 1981, Bergstad et al. 1987). By 
early May the larvae and early juveniles that have 
drifted to areas north of 70" N experience 24 h of day- 
light and, therefore, Light should not be a limiting fac- 
tor for foraging. 

Early juvenile cod were collected around the clock in 
July 1989 during an early juvenile fish survey in the 
Barents Sea. The degree of stomach fullness, the 
degree of digestion and the wet weight of stomach 
contents were determined for a total of 895 juvenile 
cod from 81 stations. The data were examined to detect 
if juvenile cod appear to feed continuously throughout 
the day or if  there is a diurnal feeding cycle. 

Materials and methods. An annual early juvenile 
survey was conducted by the Institute of Marine 
Research (IMR) in June and July along the coast of 
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I Norwegian Sea ) 

Fig. 1. The survey area and sub-areas. The numbers in pa- 
rentheses are the numbers of stations where stomach sam- 
ples were taken. (-) 500 m bottom contour, and (-----) 

300 m bottom contour 

northern Norway and in the western Barents Sea dur- 
ing the years 1977 to 1991. The main purpose of these 
surveys was to generate indices of abundance for early 
juvenile fishes with particular emphasis on early juve- 
nile cod (in this paper defined as cod 2 to 3 mo old). 
In 1989,2 vessels sampled a total of 160 stations during 
the period 2 to 23 July. The sampling started in the 
eastern part of the survey area moving westwards 
against the general current direction (Fig. 1). The sur- 
vey region was divided into 3 sub-areas following 
Bjerrke & Sundby (1987); sub-area 1 is the spawning 
grounds around Lofoten and the Norwegian Sea, sub- 

area 2 is the shallow bank area, Tromssflaket, and sub- 
area 3 is the southwestern part of the Barents Sea. 
Sampling was conducted around the clock and the dis- 
tance between each station was 30 nautical miles. 

Juvenile fish were sampled with a midwater trawl 
that had a 29 X 29 m opening and the cod end con- 
tained a 4 m liner with 5 mm meshes. The trawl was 
towed for 30 min at 3 depths: 40 and at 20 m for 
7.5 rnin each and at the surface for 15 min. Juvenile 
cod were counted and standard length of individuals 
was measured. Measurements were made on all indi- 
viduals in small catches (<50) or of a sub-sample i f  the 
catch was large (>50). The sample was then preserved 
in 80% alcohol buffered with Tris (hydroxy methyl) 
aminometane saturated solution (6.6 m1 1-' alcohol) and 
the alcohol was changed at the end of the survey. 

Regwgitation can be a source of error for analyses of 
stomach contents, but due to the looped gut of gadoids, 
this seems to be a minor issue (Sherman et al. 1981). 
No regurgitated prey were found while measuring the 
juveniles before preservation and no prey were found 
in the alcohol when it was changed. 

In the laboratory, the stomach and esophagus of the 
early juvenile cod were removed and the contents of a 
random sub-sample from each station (total of 895 cod 
juveniles from 81 stations) were examined, both quan- 
titatively and qualitatively. To estimate the degree of 
stomach fullness and digestion, standard IMR proce- 
dures (Anonymous 1990, Borge et al. 1999) were used 
(Table 1). The degree of stomach fullness is divided 
into 5 classes rating from 1 (empty) to 5 (distended) and 
the degree of digestion ranges from 1 (digestion not 
started) to 5 (digestion almost finished). Due to the sub- 
jective nature of these indices, a third method was 
used to quantify stomach fullness (Hyslop 1980): 

Table 1 .  Classification of degree of stomach fullness and degree of digestion 

Degree of stomach fullness classification 

Not determined - 
1 

The stomach is empty, except maybe some 
water 
Verv little cant& 2 
So little the stomach has to be opened to dist- 
inguish between degree of f i g  1 and 2 

Some con- 3 
There is external evidence that the stomach is 
not empty 

U 
The stomach is full but not distended 

The stomach is clearly expanded. The content 
is  visible on the outside 

Degree of digestion 

Not observed - 
Diaestion not started 1 
The content seems fresh 

U e s t i o n  s ta red  
It is stdl possible to identify the species 

Diaestion advanced 3 
The species can no longer be identified, but can be 
divided into coarse taxa 

Diaestion verv a d v a  4 
Eyes and other identifiable prey parts can be found 

. . on ne- 5 
The stomach contents are not idenhfiable 
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Total stomach content weight 
X l00 

Total fish weight 

Since the station is the primary sampling unit, 
the average value of an index was calculated for 
each station. The station averages were grouped 
into 2 h intervals (irrespective of date) and a 2- 
way analysis of variance (ANOVA) (Snedecor & 
Cochran 1980) was used to determine if the 
mean (of the station averages) of the degree of 
stomach fullness, the degree of digestion or the 
index of stomach fullness, respectively, differed 
significantly among sub-areas or by time of day. 
The 3 indices are based on the same data set and 
thus the tests are not statistically independent, 
but the results will indicate if  the way an index 
was calculated influences the conclusions. 

Results. Two-way ANOVA (the model factors 
were 'Time' and 'Area' with Time X Area inter- 
action terms) of the degree of digestion, degree 
of stomach fullness and the index of stomach 
fullness indicated that there were no significant 
interactions between time and area (all 3 p's > 
0.88). The indices did not vary significantly over 
the 24 h period (Time effect; all p's > 0.47) nor o 
did the indices vary significantly among the 3 11 2 4 6 8 10 12 14 16 18 20 22 24 

sub-areas (Area effect; all p's > 0.16). In Fig. 2 Time 
are plots of the average values of the 3 indices in 14 
the entire area versus time of day along with 12 
95% confidence intervals based on a l-way ,o 
ANOVA (factor; Time). The I-factor ANOVA 2 
also detected no significant variation over time 2 

c 6 for the degree of digestion (p = 0.84), degree of 
E 4 stomach fullness (p = 0.87) or the index of stom- B 

ach fullness (p = 0.18). The estimated mean val- 
ues (ignoring time) of the 3 indices in the entire $ O 
area and in each sub-area are in Table 2. - -2 

Discussion. It appears that early juvenile cod -4 

in the Barents Sea (estimated mean standard -6 

length = 3.19 cm, standard deviation = 0.52 cm) 2 4 6 8 10 12 14 16 IS 20 22 24 

feed continuously, while juvenile cod living in Time 

areas south of the Arctic Circle have a distinct 
Fig. 2. Average value of (a) the degree of stomach fdluess, (b) the 

feeding pattern' Grant & Brown degree of digestion, and (c) the index of stomach fullness in the 
examined the diurnal foraging cycle for juvenile entire survey area versus time of day. The bars denote 95% confi- 
cod at a near-shore area off Newfoundland and dence intervals 

Table 2. Estimated means of the degree of digestion, degree of stomach fullness and index of stomach fullness for the entire 
survey area and for the 3 sub-areas, along with their standard errors (SE) 

Entire SE Sub- SE Sub- SE Sub- SE 
area area 1 area 2 area 3 

Degree of digestion 2.57 0.06 2.59 0.11 2.70 0.10 2.34 0.11 
Degree of stomach filling 2.95 0.05 2.98 0.10 2.85 0.09 3.07 0.11 
Index of stomach fullness 3.18 0.30 2.73 0.55 2.78 0.50 4.31 0.57 
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found a significant increase in gut fullness during the 
day and then a decline during the night for cod juve- 
niles with standard length between 4.9 and 6.3 cm. 
Bromley et al. (1997) examined the diurnal feeding 
pattern of 0-group cod in the northern North Sea and 
observed that 2 to 3 cm cod consumption peaked 
between 12:OO and 20:OO h, while for cod 3 to 5 cm in 
length, peak feeding was between 00:OO and 08:OO h 
(at the time of sampling the sunset was about 22:OO h 
and sunrise was at 04:OO h). For cod 3 to 5 cm in length, 
the timing of peak feeding is consistent with observa- 
tions by Robb (1981). 

Temperature is considered to be the dominant factor 
affecting the growth and condition of cod larvae 
caught in the open ocean (Campana & Hurley 1989, 
Brander 1994). Rearing experiments show that after 
5 wk t i e  weight of ldrval cod reared at :C°C is approx- 
imately twice that of cod reared at 4 or 7°C (Laurence 
1978). 

Since a high inflow of warm Atlantic water and the 
abundance of zooplankton in the Barents Sea appear 
to be linked (Skjoldal et al. 1987, Skjoldal & Rey 1989, 
Helle & Pennington 1999), temperature may be a proxy 
for enhanced growth. Prey abundance can have a 
demonstrable effect on the growth and condition of 
cod larvae in the open ocean (Koslow et al. 1985, Bai- 
ley 1989, Karakiri et al. 1989, Suthers et al. 1989, 
Suthers & Sundby 1993). Laurence et al. (1981) showed 
that after 5 wk the body weight of larval cod increased 
?-fold when reared at food densities of 3000 versus 500 
copepods 1-I and hence varying food abundance may 
influence the growth of juvenile cod in the field con- 
siderably. Helle & Pennington (1999) examined the 
correlation of zooplankton abundance, temperature 
and wind-driven water flux with the daily growth rate 
during the period 1978 to 1984 and found that growth 
appeared to be more highly correlated with zooplank- 
ton abundance and short-term water flux than with 
temperature. 

The daily growth rates of larval and juvenile cod in 
the Barents Sea at about 70°N are much higher than 
those for larval and juvenile cod in areas farther south 
(Anderson et al. 1995). Suthers & Sundby (1996) deter- 
mined that in May to early August Arcto-Norwegian 
cod grow approximately twice as fast as juvenile cod 
off Nova Scotia. The temperature during the sampling 
period ranged from 6.3 to 9.8"C in the Barents Sea and 
3.3 to 8.2OC for the areas off Nova Scotia. From early 
hlay to early August the Barents Sea receives about 
48 % more daylight than regions off Nova Scotia. 

The hypothesis that longer days enhance the growth 
of larval and juvenile cod in the sea is supported by 
laboratory experiments. Cod larvae and juveniles 
grew more quickly when reared under conditions of 
continuous artificial light than under a daily cycle of 

16 h light:8 h dark (Folkvord 1991, Folkvord & Otterd 
1993). However, even with 24 h of daylight, the growth 
rate of early juvenile cod in the Barents Sea varies con- 
siderable from year to year. Loeng et al. (1995) found 
that the daily growth rate varied from 0.58 to 1.08 mm 
d-' during the period 1977 to 1991. 

The estimated mean degree of stomach filling was 
uniform (average = 2.95, SE = 0.05) and relatively high 
in the entire survey region and in the 3 sub-areas 
(Table 2). The degree of digestion was also uniform 
(average = 2.57, SE = 0.06) and it was, for the most part, 
possible to identify the prey. The relatively uniform 
amount of fresh prey in the stomachs of the early juve- 
nile cod supports the hypotheses that early juvenile 
cod in the Barents Sea can and do eat 24 h a day, which 
is possibly the reason that the growth rate of juvenile 
cc:! in the Bxents Sea is greater than the growth rate 
of juvenile cod inhabiting areas farther south. 
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