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INTRODUCTION

Reviewing investigations on larval mortality and the critical
period concept for fish larvae, MAY (1974) concluded: "However,
it should simply be stated that with present sampling techniques
such collections are generally not precise or accurate enough to
disclose whether or not larval mortality is concentrated at the

end ot the yolk-sac stage'.

The critical period concept has been the aim of several laboratory
investigations, working on feeding behaviour and food demands of
the fish larvae under different environmental conditions (BLAXTER
&HEMPEL 1963, LASKER et al. 1970, HUNTER 1972).

On the basis of detailed knowledge of anchovy larvae obtained

in the laboratory, LASKER (1974) performed a larvae bioassay

in the field, This is a new approach to test the hypothesis of

the critical period concept of fish larvae, put forward by HJORT
(1914). The present investigation is the first step in developing

a larvae bioassay on cod larvae and is divided into three parts:
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1) Laboratory experiments to establish feeding success in

relation to light intensity and food density.

2) Rearing of cod larvae in a large basin (ELLERTSEN et al.
1975) to obtain data on first. feeding, feeding success, growth

and mortality.

3) Field investigations on the relation between feeding success

and food density.

MATERIALS AND METHODS

Artifically fertilized eggs of Arcto-Norwegian cod were obtained
in March from the Lofoten area. FEggs from different females
were kept separately and were sent by air to thé Institute of
Marine Research, Bergen, the day after fertilization. The
incubation of eggs and larvae at the laboratory are described
in another paper being presented at this meeting (TILSETH &
STROEMME 1976).

Cod larvae were placed in a 10 x 10 x 1 cm perspex chamber
in a thermostate at 5°C, and their feeding behaviour observed

through a dissecting microscope.

Upon hatching one group of cod larvae, all from the same female
were isolated. This larval population was not fed. Thirty
larvae were transferred daily from this population to each of .
three incubator cylinders together with newly hatched Artemia
salina mnauplii. The nauplii densities were: 0.1, 1.0 and

10 nauplii/ml., respectively. FEach cylinder contained 3 litres
of stagnant sea water (see Fig,2 in TILSETH & STROMME 1976).
An M"airlift" kept the density of food organisms homogenous
without disturbing the larvae. The experiments lasted for 6 hours,
then the larvae were anaesthetized in 1 : 20000 MS 222 and the
stomach contents investigated, The experiments was repeated
with new larvae and nauplii daily from hatching to death from
starvation of the larval cod population. The light intensity was

1000 lux. at the surface of the cylinders. The cylinders were

placed in a thermostat at 5°C.
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The very same method was used to study the feeding activity
of cod larvae on phytoplankton. Two different species of
different sizes were selected, and the feeding activity was

observed at the following densities:

1. Dunaliella sp., mean diameter 7.5 p, 1000, 10 000,
and 100 000 flagellates /ml.

2. Peridinium trochoidum mean diametre 25 P 10 50

100 and 1000 flagellates /ml.

Light intensity

The cod larval feeding activity on Artemia nauplii (1/m1):

was observed at the following light intensities, 1000, 10,
8.4, 4.2, 1.4, 0.4 and 0.1 lux. The feeding activity on
the flagellate P. trochoidum (1000/ml) was observed at 1000,
10, and 0 lux. The incubator cylinders were placed in a
light proof box in a thermostat at 5°C. The light intensity
was adjusted with neutral filters. The experiment started five
days after hatching and lasted until the thirteenth day after

hatching, following the procedure described above.

The cod eggs were collected from a spawning pond on March
9 and 10. The eggs from March 9 were incubated at the
laboratory at about 7°C, while the eggs from March 10 were
incubated at a somewhat higher temperature in order to obtain
simultaneous hatching. The hatching started for both groups
on March 19 and the age is calculated from March 21, the day
of 50% hatching. Concequently, the cod larvae can be regarded
as a homogenous group. About 200,000 of them were trans-
ferred on March 25 to a 1,700 m2 large basin situated on land
and with a maxiraum depth of 41 m. Daily sampling of larvae
with plankton nets gave information on larval growth and diet
and on stomach filling and feeding success. Point sampling

every week pelagically, near the bottom and at the bottom by




means of a centrifugal pump gave information on density and
composition of the plankton community from which the cod

larvae took their food. Siphon sampling was carried out weekly
at different depth to measure temperature, salinity, concentration
of nutrient salts, oxygen saturation, chlorophyll a and densities

of different phytoplankton species.

The spawning intensity was investigated from March 17 to

April 10 1976 with R/V "Asterias'". Egg samples were taken at

48 hour intervals at 3 localities, number of eggs younger than

48 hours used for computing the spawning curve, Fig, 1,

The spawning curve maximum, about April 1 1976, is approximately

10 days earlier compared to 1975.

On the basis of the spawning maximum and temperature condition
in the Vestfjord the larval survey with R/V "H.U.Sverdrup"

was carried out from April 23 to May 10.

In the Borgundfjord, Western Norway, a cod larvae survey was
carried out in the first part of April 1976 with R/V'Peder
Rgnnestad!, Larval distribution in the Lofoten area was obtained
by Juday-nets (0,5 or 0.1 m2 opening) with mesh size 500 u and
the net in the plankton - cup was 300 ju.

The distribution of food organisms was obtained by pumping

100 litres (monopump, 200 1/min) from each of the following
depths: 0,2,10,15, 20, 25 and 30 meters. Occasionally the 1,
7.5, 12.5, 35, 40, 45 and 50 meter depths were sampled.

The samples were filtered through a 90 u - net, and counted on
board, On the basis of the concentrations of cod larvae and

food organisms 4 localities were investigated during a 24 hour
period, except the stations 236-239 in Austnesfjord, see Fig, 2,
which was sampled for 12 hours. Profiles of food organisms

and cod larvae in the upper 30 meters were sampled every second

hour.




Length (from the mouth to the end of the notochord ),
yolk-sac stage, number and size of nauplii in stomach of the
cod larvae was partly worked up on board, to determine the

further progress of the survey.

Samples were preserved in 4 % buffered formalin, and examined
at the Institute of Marine Research, Bergen. The yolk sac

stages were divided into the following categories:

1. Large yolk sac, (more of less spherical)
2. Medium yolk sac (pear - shaped).

3. Small yolk sac (string - shaped).

4 No yolk sac.

RESULTS

Laboratory experiments

L B . T T R I

The cod larvae started active feeding on Artemia nauplii five days after
hatching (Fig. 3). Observations on the larval feeding behaviour, and
examination with a microscope, showed that the active feeding coincided
with the development of a functional jaw. The larvae manoeuvered
carefully up to the prey organism with the pelvic fins, opened the mouth
suddenly and expanded the oral cavity and the nauplius was sucked

into the mouth,

Starved cod larvae exhibited feeding behaviour until the day before mass
mortality of the larval population which occurred at 18 days after hatching

(Fig. 3).

The period of highest feeding activity on Artemia nauplii was from
the seventh to the twelfth day after hatching. The highest percentage

of cod larvae with nauplii in the gut was found at a density of
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1000 nauplii/litre. This seemed to be the optimum density, because
the feeding success was lower at densities of both 10 000 and 100
nauplii/litre (Fig.3). Observations on the feeding behaviour at the
highest density of nauplii, showed that the cod larvae avoided dense

concentrations and this consequently disturbed the feeding activity.

The cod larval feeding activity on small flagellates (Dunaliella sp.)
was passive, The experiment started the day after hatching, At
the highest concentration, more than 80 percent of the cod larvae
had flagellates in the gut (Fig. 4). Examination of the cod larvae
through microscope showed that the flagellates were concentrated on

the gill arches before entering the gut.

A significant reduction in the percentage of larvae with flagellates

in the gut occurred on the fourth to the fifth day after hatching. The
reduction was due to the development of a functional mouth apparatus,
and as the gill arches were cov'ered the flagellates were spit out.

At the end of the yolk sac stage and beyond the percentage increased
again, This could be due to the larvae at this stage actually feeding
on the flagellates, or more probably, that the larvae were enfeebled
and too weak to avoid clogging of the gill arches. At the end of the
experiment this was quite likely what happened, on the twelfth day
all larvae died 2 hours after being transferred to the incubator

containing 100, 000 flagellates/ml,

The feeding activity of cod larvae on the larger flagellate (25 p)

Peridinium trochoidum densities is shown in Fig., 5. Initial feeding
was observed five days after hatching (see Fig. 6), which again co-
incided with the development of a functional mouth apparatus. The
most active period was at the end of yolk resorption (EYS). On
the average 60 flagellates were found in the larval gut (Fig. 5), and
more than 90per cent of the larvae were found to have been feeding

on the flagellates (Fig. 6).

The larval cod feeding activity on Artemia nauplii (1000 nauplii/litre)

at different light intensities is shown in Figs. 7 and 8, Again the




first feeding larvae were observed five days after hatching., The
amount of larvae with nauplii in the gut increased to more than

80 per cent at the time of yolk resorption., The maximum was
obtained at a light intensity of 1,4 lux., Not more than 50 per cent
of the larval population was feeding on nauplii at 10 and 1000 lux
(Fig. 7). The number of nauplii found in the gut of feeding larvae
at different light intensities is shown in Fig, 8. The amount of
ingested nauplii increased to about 2.5 - 3 nauplii/larvae on the
eighth day after hatching at 1.4 - 4.2 and 8.4 lux, From this day
on the experiment was continued at the light intensities 1.4 and
1000 lux and in addition at 0,4 lux, The ingestion of nauplii was
found to be decreasing. The most active period was between seven
and ten days after hatching, Observations on the feeding activity
of cod larvae at 1000 lux showed that about 50 per cent of the larvae
tried to "escape' this light intensity by swimming deeper. This
obviously disturbed the feeding activity, No larvae were found

feeding on Artemia nauplii at 0,1 lux,

Cod larval feeding success on P.trochoidum (1000/ml) at 1000, 10
and 0 lux is shown inh Fig. 6. The highest percentage of larvae
with flagellates in the gut was found at 1000 lux., with a feeding
success of more than 90 percent at EYS. However, at this density
of flagellates, 1000/ml, a considerable part of the ingested cells
probably taken incidentally, In the most active feeding period, it was
found that 20 to 45 percent of the larvae in complete darkness had

ingested flagellates (Fig. 6).

Field observations

The cod larvae were transferred to the basin on March 25.

Both on this day and the next day when about 60% of the larvae
had either medium yolk sacs or yolk-sac remains no larvae
were observed with nauplii in the gut (Table 1). On March 28,
seven days after hatching, when 10% still had remains of yolk -
sacs, about 80% had started to eat nauplii. During the following
days the larvae continued to have a feeding success of between

60-100%, usually highest in the evening as shown in Table 1.



Lofoten area

275 larvae with large yolk-sac, stages 1 and 2 were all

without food organisms in the gut. Of the 308 larvae with yolk

sac stage 3, 53 larvae or 17% had food organisms in the gut.

The feeding success of these first feeders varied according to
density of nauplii, as shown in Fig.9. Numbers and mean length

of the different groups of yolk-sac 3 larvae are given in Table 2.

As earlier demonstrated, a higher percentage of the cod larvae

had food in the gut in the evening than in the morning (Table 1).
The number of food organisms in the gut also increased during

the day as seen from Table 3. The day and night sampling

on April 5 and 6 indicated that this was to some extent a result

of an accumulation of food in the gut. As will be seen from

Fig. 10 the larvae seemed to eat intensivly from 03 00 to 06 00

and from 13 00 to 17 00. A close study of Fig.10 seems to
indicate a feeding time of 12-15 hours in early April and a digestion
time of about 10 hours, Consequently, a summation of the gut contents
at 09,00 and 19. 00 should give an idea of the daily food intake, as

illustrated in the last column in Table 3.
Lofoten area

Fig. 11 shows the feeding success of cod larvae (all size groups)
during a 24 hour period. The material is from the 24-hour
stations 119-130, 330-343 and 360-371 (see Table 2). Data on

the larval concentration are also given,

Basin

The reduction in catch of cod larvae during the first months is
illustrated in Fig.l2. The reduction seems to be particulary
severe during the first week of April, when the larvae are about

two weeks old. The mean larval length increased from 3.8 mm
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at hatching to 5.3 mm 20 days later,
The increase since initial feeding on March 28 was 0,7 mm

(from 4.6 mm to 5.3 mm).

The larvae taken for investigation of gut contents were divided
into three length groups, as can be seen from Table 4. It is

obvious that the largest larvae at any time had the best feeding
success, while the smallest larvae seemed to stagnate in

their daily food intake at below five organisms as demonstrated

for the two periods March 28 to April 1 and April 7 to 9.

From this background of heavy mortality, moderate mean length
growth and large differences in daily food intake, it is of
interest to look at the density of nauplii in the basin at the time
when the larvae started to eat on March 28 and the feeding
conditions the following two weeks. As seen from Fig.13 the
mean density at that time was one nauplius per litre water.
However the vertical point sampling indicated a concentration
maximum of nauplii at a depth of about 2-3 meters as seen from
Table 5. At that depth a density of four nauplii per litre water
was observed. The densitydecreased rapidly in early April
(Fig.13), and the larvae had to hunt for food in concentrations of
0.1 - 1.0 nauplii per litre as seen from Table 6. During the
day and night sampling the highest observed density was 1.6

nauplii per litre water,

Nevertheless, the largest larvae increased their daily consumption
from about 13 nauplii at the end of March to about 23 at the end
of the first ten days in April (Table 4). The small larvae were

only able to increase the daily intake by one organism, from 4 to 5.
Lofoten area

Data on concentrations of nauplii as a mean for each 24-hour
station together with number aand mean length of the three size

groups of cod larvae are given in table 2.

Nauplii profiles from stations with high and medium concentrations

are given in Fig, 14,
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Fig, 15 shows feeding success of cod larvae ( larvae with food
in the gut), number of nauplii in the gut and number of cod

larvae per m for the four 24~-hour stations,

In Fig.9 the same larvae are split into 3 length groups and

the feeding success for each group shown.

The stomach contents were completely dominated by nauplii.
Only two larvae contained copepod eggs. The amount of
copepod eggs in the water was always low, ranging from 0 to

1.8 per liter.

DISCUSSION

e N R = el T R

In contrast to the darting and snapping behaviour described on
herring larvae by ROSENTHAL & HEMPEL (1971) and also observed
on plaice (ROLLEFSEN 1946) and anchovy larvae (HUNTER 1972),
cod larvae swim close to the prey organism and suck it into the
mouth as earlier observed by BROWN (1969).

Initial feeding by cod larvae with the remains of yolk-sac was
earlier observed by WIBORG (1948). The laboratory experiments
showed an increased feeding success with a maximum at the end of

the yolk-sac stage (Fig. 3).

Large phytoplankton species have been observed in the guts of cod
larvae by BAINBRIDGE & MCKAY (1968) and by NORDENG &
BRATLAND (1971), but seem to play a more important role for
anchovy (LASKER 1974) and plaice (SHELBOURNE 1957),

o e e O e e e e e e e o ke M S e e e o o o g a6 Mmoo bw et et 20 o fmm

The observed light threshold for feeding success at 0.1 lux is in
agreement with the value observed by BLAXTER (1965) for herring
larvae. Based on this threshold BLAXTER (1966) calculated a
feeding period of 16 hours for herring larvae in Southern Norway,

coinciding with the present observations in the basin (Fig. 10).
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The cod larvae seem to have two main feeding periods (Fig. 10 and
11) with a leveling out in the amount of féod in the gut during the
middle of the day (Fig. 10, Table 3), as earlier observed for herring
larvae by HENTSCHEL (1950). The laboratory results (Fig. 8)
indicate inhibiting effect resulting from the high light intensity at the
middle of the day, leading to reduced feeding activity.

- o ot B e e W me b e e bm o Em e e e e et et e oy o e e R g w ow e Ge e e e o e e e P e

Food concentrations are widely different in the laboratory experiments,
in the basin and in the field. In the laboratory experiments the
concentration range was 100-10,000 nauplii per litre and was chosen
from LAURENCE (1974), working on haddock larvae. Laurence
observed a threshold for survival at 500 nauplii per litre, a concen-

tration seldom found in nature,

The relevant data on feeding success and food concentrations for
the basin and field are given below. In spite of a considerably
lower density of food organisms in the basin, the feeding success
was much higher compared to feeding success in the field at all

food concentrations,

Basin Borgund and Lofoten area

Nauplii/litre 1.0 4,7 8.5 9.1 24.0
Feeding success, % 95 15 36 38 67
Mean larval length 4.6 4,5 4,8 4,8 4.6

The same high feeding success was found for herring larvae in the
basin at food concentration of 0.1-1.0 nauplius per litre
(ELLERTSEN et.al. 1975), in contrast to a field threshold concen-
tration above 10 nauplii per litre found by LISIVNENKO (1961)
working on Baltic herring larvae. Thus there must be environmental
conditions other than food concentration in the basin resulting in

higher feeding success than in the field.

Although high feeding success in the basin (Table 1), a large number
of larvae had a low daily intake (Table 3). The high death rate in
early April (Fig. 12), may indicate that these larvae did not get
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sufficient food to survive, Consequently, a seemingly high feeding
success may hide marginal feeding conditions, The time of mass
mortality in the basin coincides with that observed in the laboratory

for starved larvae. Actually, a mean daily intake of only three
organisms might be the same as no food intake and result in death

of starvation as pointed out by LASKER (1974) for Engraulis mordax.

The large and medium sized larvae increased their food intake during
the deterioration in feeding conditions in early April (Table 3 and
Fig. 13). This was probably due to an increase in search potensial

and hunting success, resulting in a higher survival rate,

The concentration of nauplii throughout a 24-hour period in the field,
seems to be constant. The vertical profile shows a maximum in the
upper 20 metres, varying somewhat according to time. The great
reduction in the concentration of nauplii from May 1 to May 6 in the
Austnesfjord clearly illustrates the different feeding conditions for
cod larvae hatched on the same place, but at different time. Both
the feeding success and the amount of food in the gut for the three
length groups of larvae are strongly influenced by the density of
nauplii in the field (Fig. 9). Similar results have been found for
other species (BAINBRIDGE & FORSYTH 1971, LISIVNENKO 1961,
ZAIKA & OSTROVSKAYA 1972).

SUMMARY

1, Studies on cod larvae have been carried out in the laboratory,

in a large basin and in the Borgund fjord and Lofoten area.

2. Observations from the Borgund fjord and the Lofoten area
indicated that feeding success was dependent upon concentration

of nauplii, particularly the initial feeding.

3. In the basin most of the larvae started to feed, but the daily
intake was very different for different size groups indicating

marginal feeding conditions.

4, The high mortality in the basin during the third week corre-
sponded with mass mortality of starved larvae in the laboratory.
This was another indication on marginal feeding conditions in

the basin,
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Light threshold for feeding success was about 0.1 lux.
Large phytoplankton was partly actively grazed.
Small phytoplankton was taken passively.

Feeding activity started five days after hatching, corresponding

to the development of a functional jaw.
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Table la. Percentage of larvae with food organisms in the

gut. Each estimate based upon 20 - 50 larvae.

Date 09 15 19 Pep@fgﬁage
volk sac

March 25 - 0 - 60

March 26 - 0 - 60

March 27 - 25" - -

March 28 - - 85 10

March 29 95 - 96

March 30 77 80 79

March 31 72 g5 100

April 1 62 88 .98

April 2 84 87 ' 85

April 3 80 84 -

April 5 84 84 91

April 7 85 - 80

April 9 80 g0 100

X

only four larvae

Table 1b. Percentage of larvae with food organisms in the

gut. Diurnal sampling on April‘5 and 6.

Hour 03 06 09 13 17 19 21 24
Percentage 70 68 84 84 100 91 90 100
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Table 3. Mean number of food organisms in the gut per larvae.
Daily intake estimated as the sum of gut content at

09 and 19.
09 15 T
. Mean per Total
Date
larvae with mplf mplf of 08
food (mplf) and 19 hrs.
March 28 - - 5.3 -
March 29 2.7 - 3.4 6.1
[ March 30 3.4 4,1 7.0 - . 10.4
| March 31 3.1 3.3 6.4 9.5
April 1 2.5 2.7 4.1 6.6
April 2 8 . 7.6
| April 3 ; . - -
| April 5 3.6 4.2 3.2 12.8
| April 7 4. - 8.1 12.5
| April 9 6.8 6.3 11.0 17.8 -

Mean for the ‘
period 3.7 3.7 6.5 10.2
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Table 5.

Vertical densities of nauplii per litre on March

29 and 30. Sampled by a plankton pump.
Station 1 Station 2 Station 2
Depth (March 29) (March 29) (March 30)
Om 0.3 0.0 0.5
2 0.4 0.5 0.5
Tm 0.3 0.9 0.4
1im 1.6 1.1 0.7
2m 2.9 1.5 c.8
25m 4.1 3.3 1.5
3m 1.6 3.6 1.4
3.2m 1.4 3.0 0.4
3.4m 0.4 1.9 0.2
Over the bottom 0.3 0.0 0.1
Bottom 2.2 1.6 0.8
Mean no. 1.4 1.6 0.7

Table 6. Vertical densities of nauplii per litre throughout
24 hours on April 5 and 6.
Hour 03 06 09 13 17 21 24
Depth
0 m 0.8 0.1 .0 0.5
i m 0.7 0.0 .1 0.8
1 m 0.8 0.1 4 1.2 .
2 m 0.8 . 1.0 0.1 1.1
3 m 0.3 1. 1.6 0.3 1.5
Over the bottom 0.8 0.3 1.3 0.1 0.1 .
Bottom 0.0 1 1.2 0.0 0.8
Mean no. 0.6 0.6 1.0 0.1 0.2 0.9 0.2
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Fig. 3. Feeding success of a starved cod larvae population
on Artemia nauplii, from hatching to mass mortality.
Each data point represents 30 larvae, feeding on
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Fig. 4. Feeding success of a starved population of cod

larvae on different concentrations of Dunaliella

sp. Each data point represents 30 larvae.
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Fig. 5. The mean number of flagellates in the guts of four
groups of cod larvae (30 starved larvae per group)
fed on different concentrations of Peridinium
trochoidum. The experiments were conducted six hours

per day, from the seventh to the tenth day after
hatching.
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Fig. 6. Feeding success of cod larvae sampled without replace-
ment from a starved population on Peridinium trochoidum
(L000/ml) at the following light intensities: 1000 lux
(o o), 10 lux (06— —o), and 0 lux (+ — +). The

experiments lasted six hours per day.
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Fig. 7 The feeding success of a starved population of cod on
a concentration of 1 Artemia nauplii/ml at different
light intensities. Each data point represents 30 larvae.

The experiments ran six hours.
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Fig. 12, Catches of cod larvae at 0900 hrs. from March 30 until
May 3.
number of larvae sampled by a 0.1 m2 Juday net,
sampling volume 10 m3 (1:440 of the total volume
of the basin).

Start population (March 25), estimate (May 12) after

ANDING STCCK OF COD LARVAE IN THOUSANDS

[
[

sampling 15 m3 at each of three depths at 2400 hrs.

with a bongo-like net, and the surviving cod fry
(August 1) collected after draining the basin.
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Fig. 13. Estimated standing stock of nauplii per litre in the
basin from March 22 to April 12 based on daytime pump
samples. The date of transfer of the larvae from the
laboratory to the basin (March 25) and the day of

initial feeding (March 28) are indicated with arrows
(1) and (2).
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Fig.l4. Examples of nauplii profiles from the 24-hour stations
330-341 and 236-239 in Austnesfjord.
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