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Laboratory experiments with cod larvae (Gadus = t L.}

during optimum feeding conditions showed that cod larvae were
sporadic feeders rather than continuous feeders. Digestion
rate of copepod nauplii was less than 30 min, but varied with
gut content volume. The cod larval gut evacuation rate
varied with food availability and state of digestion of the
gut content. Criteria for larval gut content analysis for
the evaluation of the cod larval feeding conditions in the
sea are given.

INTRODUCTION

Several studies have been carried out to find cod larval
prey species and size selection, both in field studies
{Wiborg, 1948; Marak, 1960; Bainbridge and McKay, 1968; Last,
1978; Ellertsen et al., 1877}, laboratory studies (Ellertsen
et al., 1980), and in enclosure studies (Ellertsen et al.,
1981). These authors found that the main cod larval prey
organism was copepod nauplii. The size range of nauplii most

freguently captured by first feeding cod larvae was within
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100-500 um {carapace length}. Conclusions have conseguently
been made on the early cod larval selection of prey species
and sizes. The larval gut £illing rate, gut evacuation rate
and digestion time of the main prey organism are, however,
not well known. This information combined with gut content
analyses of field sampled cod larvae and plankton can enable
better estimates on the larval feeding conditions at the
place and time of capture.

The objectives of this study are to present data on cod
larval feeding rate, gut evacuation time and digestion time
of copepod nauplii and applying these results in defining
criteria for cod larval gut content analyses for the evalua-
tion of larval feeding conditions in the sea.

The present study is based on laboratory experiments on
first feeding cod larvae under optimal feeding conditions as

described by Ellertsen et al. (1980).

MATERIALS AND METHODS

Cod eggs were stripped from different female fish kept
separate and artificially fertilized. Ten ml of eggs trom each
group were incubated in 10 1 agquaria in stagnant filtered (7

um and 1 um Fulflo filters in series) and UV-irradiated sea

; . o -
water. The temperature was kept constant at 5°C. Antibi-
ctics were administered according to  Shelbourne (1963},

upplemented with 2.5 I.E. mycostatine/ml. The antibiotics

were only given in one dose on the first day of incubation.
The aguaria were gently aerated with filtered air (0.22 um
Millipore filter) during the period of incubation.

& homogenous age group of larvae were made by removing all
larvae hatched during the first 24 h of the hatching period
and all wunhatched eggs 48 h later. ALl experiments were
performed 7 days post-hatching.

Natural plankton was sampled by an automatic pump system

described by Tilseth et al. (1983). The size range of the
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prey wvaried, due to the filters of the system within 90~500
L.

The feeding experiments were performed in 5 1 black walled
agquaria at constant temperature (SOC}. The light condition

was kept constant at 100 lux by neutral filters. The light
intensity was measured at the surface by a Tektronizx J16
photometer with an illuminance probe J6511 (color corrected
within 2% of the C.I.E. photopic curve} with a maximum
sensitivity at about 550 nanometer. The aguaria were gently
bubbled to keep the prey as evenly distributed as possible
during feeding. After the feeding period, cod larvae were
preserved in 4% formaline in 10%/00 sea water to avoid

shrinkage.
Feeding experiments

A total of 160 cod larvae from each of two different
female fish (A and B} were transferred from their incubators
to 16 feeding aguaria, which were stocked with 20 larvae.
These aguaria were stocked with prey organisms (0.5/ml} just
prior to the experiments. Twenty larvae were sampled for gut
content analysis at 15 min intervals for 1 h followed by 1 h
intervals. The experiments were terminated after 4 h {group

A} and 5 h {group B} respectively.
Digestion time

Cod larvae were observed in vivo during feeding. The
larvae change swimming pattern when capturing prey (described
by Ellertsen et al., 1%81). After successful capture of prey
these larvae were transferred to a small aquarium (Fig. 1)
where the gut content of the transparent larvae could be
observed by a binocular microscope. The gut content of these
larvae were after 30 min dissected out and stained with 1%

toluidine blue in 1% borax.
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Fig. 1. Cod larvae in vivo observation aguarium (10 c¢m x 10
cm x 2 cm). The aguarium was submerged in a glass thermosta-
tically controlled waterbath (57C} during observation.

Gut evacuation time

One hundred and fifty larvae (group B) were fed 0.5
prey/ml for 1 h., Immediately after the feeding period twenty
larvae were preserved for gut content analysis. The remai-
ning 130 larvae were gently transferred to a 1 1 beaker with
filtered sea water. As a procedure to get rid of the prey
organisms, about 2/3 of the volume were siphoned out, and the
same volume of filtered water was added. This procedure was
repeated two times before the larvae were transferred to a 5
1 aquaria of filtered water. Twenty larvae were sampled
for gut content analysis in 30 min intervals for 2 h followed

by 1 h intervals for 2 h.
24 hour feeding experiment
Five hundred cod larvae {group C} were transferred to a 70 1

agquarium stocked with 0.1 prey organism/ml. The prey organ-

isms were evenly distributed in the aguarium through an "air
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1ift system”. Twenty larvae were sampled r gut content
analysis every hour through a 24 hour period. The aguarium
was covered by a 10% neutral filter. The light intensity

varied between 100 lux and 200 lux during day time, decreas-
ing from 1900 h to 2400 h when it reached a minimum of 0.5
lux and increased to 100 lux at 0500 h the next day when the

experiment was terminated at 1130 h.

RESULTS
Feeding experiments

Ninety-seven percent of the prey organisms identified in
the gut content analysis were copepod nauplii, 1.6% could not
be identified and 1.4% were bivalve veliger larvae, rotifers

and copepod eggs.
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Fig. 2. Percentage of cod larvae with stomach contents

(feeding incidence) during a feeding experiment, group A
larvae {(A) and group B larvae (B). All larvae are 7 days
post-hatching.

The results of the gut content analysis are given as cod
larval feeding incidence (Fig. 2} and ced larval feeding
ratio (Fig. 3)}. Cod larval feeding incidence is defined as

the percentage of cod larvae with gut contents. Fig. 2 shows
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the feeding incidence during the feeding experi
4 h in group A larvae and 5 h in group B larvae. The feeding
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incidence increased rapidly and reached a leve
both groups during the first 2 h.

In group A larvae the feeding incidence variad between 8§3%
and 100% through the next 2 h and between 80% and 93% during
the next 3 h in group B larvae.

The cod larval feeding ratio is defined as the ratio
between the number of prey found in the gut contents to the
number of larvae examined in the sample. Fig. 3 presents the

feeding ratio against time during the feeding experiment.
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Fig. 3. The ratio between the number of prey items found in
the larval gut contents to the number of larvae examined in
group A larvae (A} and group B larvae (B). All larvae are 7
days post-hatching.

The feeding ratic increased during the first 3 h of feeding
in group A larvae and for 4 h in group B larvae, reaching a
maximum of 3.1 nauplii/larval gut in group A, and 3.2 naup-
iii/larval gut in group B larvae. This seems to be the
maximum level of gut filling. An estimate of the volume of a
mean size nauplius most freguently captured by first feeding
cod larvae gave a volume of 91 ul (estimated to be spherical
with its appendages, r=130 um). The mean volume of a dis-
tended gut (cylindrical) of a 4.5 mm standard length cod
larvae was estimated to be 329 pl. This gives a maximum
estimated feeding ratio of 3.5 nauplii/larval gut, which

shows that the average larva cannot f£ill its gut with more
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than 3 or 4 nauplii at & time., As demonstrated in Fig. 3 the
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time to reach the maximum gut filling level was 2 h and 45
1 in

min in group A larvae and 4 h roup B larvae. A linear

e}

regresgsion analyses of the data within these time intervals
gave a feeding rate of 1.13 nauplii/larval gut per hour
(y=0.10+1.03 x, rz = 0.97) in group A, and 0.94 nauplii/lar-
val gut per hour (y=0.18+0.76 x, r2 = 0.96) in group B
larvae. A t -~ test showed that the difference in slope le.g.
feeding rate) was highly significant (p>0.0001).

This means that the larvae in group A were more efficient
feeders than group B larvae. The mean standard length of

o
larvae in group A was 5.1 mm and 4.4 mm for those in group B.
Digestion time

The digestion time of prey captured by cod larvae is, in
the present study, defined as the time for the gut content to
become transparent.

The results from the visual observation of a nauplius {220
+
i

s
pm carapace length) in the gut of a 7 days old cod larvae
showed that the nauplius became transparent within 30 wmin.
Smaller nauplii were observed in a transparent state after

approximately 15-20 min. Fig. 4 shows a photo of 3 nauplii

Fig. 4. Nauplii dissected from a 7 days cold larvae after a
30 min feeding period. The nauplii are colored with 1 %
toluidine blue in 1 % borax prior to photographing.
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all dissected out from the gut of 7 day old cod larvae,
which had been feeding for 30 min. Nauplius A is not or very
little affected by the process of digestion and is defined as
digestion category 1 ({(dcl}. In nauplius B wost of the soft
parts are dissolved, defined as digestion category 2 (dc2},
and in nauplius C only the exuviae are left, defined as
digestion category 3 (dc3}. Exuviase were never observed to
be affected by the digestion process, but often the appen-

dages fall off and the exuviae collapse.
Gut evacuation time

The gut content analysis from the gut evacuation experi-
ments with group B larvae are presented in Fig. 5. The

experiment was run in two steps, starting with a 1 h feeding

period followed by a 4 h starvation period.
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Fig. B5A. Percentage of cod larvae with stomach content
(feeding incidence) during a gut evacuation experiment
performed on 7 days old group B larvae. For further expla-

nation see text.

In Fig. B5A is presented the observed feeding incidence
showing that the larvae had reached 56% feeding incidence

during the feeding period. The feeding incidence was reduced

to 30% during 1 Rk of starvation. In the following 3 h of



starvation wveary little variation in the cod larval feeding
incidence was observed. This shows that about 50% of the
larvae which had been able to feed emptied their gut comp-
letely during the £first hour o©f starvation, while the other
half retained their gut contents. This is demonstrated in

more detail in Fig. 5B.
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Fig. 5B. Feeding ratio calculated for larvae found with
stomach contents in gut evacuation experiment (a), and the
volume of prey based upon different digestion categories (b}.
For further explanation see text.

The larval feeding ratio is in this case only calculated
for the larvae with gut contents from each sample. Fig.
5B{a} shows a feeding ratio of 2.4 nauplii/larval gut after
the termination of the feeding period. This was reduced to
1.3 nauplii/larval gut during 2 h of starvation. During the
next 2 h no further reduction in larval feeding ratio was
observed.

The reduction in amount of digestable gut content 1is
presented in Fig. 5B(b}. The volume of the digestable
organic material of prey is given in arbitrary units based on
the different digestion categories, where dcl is given the
value 1.0, dc2 the value 0.5 and dc3 the value 0.1. {In dc3

the exuviae are almost always observed in a collapsed state)



Fig. 5B(b) shows that the volume of the gut content was 0.55
at the start of the starvation period and decreased to 0.13
after 1 h and 30 min, with no further reduction in the

following 3 h and 30 min.

24~hour feeding experiments

The main prey organisms sampled and fed to thée cod larvae
during the 24 h feeding experiment were bivalve verliger lar-
vae (62%), and copepod nauplii (35%). Only a few rotifers and

copepod eggs (3%) were found.
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Fig. 6A. Percentage of cod larvae with stomach content
(feeding incidence) during a 24 h feeding experiment. For
further explanation see text.

The results from the gut content analyses from the 24 h
feeding experiment are presented in Fig. 6. The variation in
cod larval feeding incidence during the 24 h period is
presented in Fig. 6A. A level of 87% feeding incidence was
observed 3 h after the start of the experiment. During the
next 6 h only minor variation in feeding incidence was found.
A decrease in feeding incidence was observed during the hours
of light reduction to a minimum level of 40% at 2330 h,
showing that about 50% of the larval population which h

3

been able to feed had evacuated their gut. The feedil

. & o

ncidence increased again after midnight with increasing

fete

light intensity, varving between 77% and 90%.
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arval feeding ratio, presented as
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Fig. 6B shows the cod

the number of prey/larval gut (a}, the number of bivalve

[us

veligers/larval gut (b} and the number of nauplii/larval gu
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Fig, 6B. Average number of prey items in the cod stomachs
(feeding ratio) during a 24 h feeding experiment (a), the
number of bivalve veligers/larval gut (b}, and the number of
nauplii/larval gut {(c).

The feeding ratio increased to 4.0 prey/larval gut during
the first 3 h of feeding which gave a feeding rate of 1.3
prey/larval gut per h. The gut content analyses showed that
the larvae contained 59% bivalve veliger larvae and 41%
copepod nauplii. The cod larvae population stopped active
feeding after this pericd, as demonstrated by the reduction
in feeding ratic from 4.0 prey/larval gut to 3.0 prey/larval
gut during the following 3 h.

These two periods were followed by another 3 h period of
active feeding, demonstrated by the increase in feeding ratio
from 3 prey/larval gut to 5.1 prey/larval gut from 1630 h to

30 k., This gives a feeding rate of 0.7 prey/larval gut per
h. The cod larval feeding ratio then decreased concomitantly
with the reduction in light intensity from 1930 h to 0030 h.

Both bivalve veligers and nauplii were defecated.



The feeding ratic was less than 2 prev/larval gut during
night time {2230 h to 0430 h). An increase in cod larval
feeding ratio on bivalve veliger larvae was, however, ob-
served from 0030h, indicating that these prey organisms might
be more easy to capture at low light intensities. nftex
midnight 2 feeding periods were observed, from 0230 h to 0530
when the feeding ratio increased to 3.5 prey/larval gut,
followed by a passive pericd from 0530 h to 0730 h with a
reduction in feeding ratio to 3.1 prey/larval gut. The
feeding ratio increased again during the last 4 hours of th
30

when the experiment was terminated. The bivalve veliger
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experiment, reaching a level of 5.1 prey/larval gut at 1

larvae dominated the gut contents in all samples after mid-
night. These prey organisms were, however, found digested
(the two shells separated and the content dissolved) in only
3 samples, the first one 4 hours after the start of the
experiment. The veliger larvae were, however, observed
stuffed like plates when these prey increased in numbers.
While in all samples the majority of the copepod nauplii were
found in digestion category 3, only between 4% to 20% were
found in decl and de2.

Newly captured copepod nauplii {dcl) were found in the gut
content of cod larvae in all samples, with the exception of

two samples during the dark period at 2330 h and at 0130 h.

DISCUSSION

During the present feeding experiments of cod larvae, the
conditions for feeding both with regard to light intensity
{Ellertsen et al., 1980} and prey density (Solberg and
Tilseth, 1984) were kept at an expected optimum level. Under
these conditions evidence presented in this paper suggests
that cod larvae do not feed continuously (Fig. 6B), but are
sporadic feeders having intervals between feeding to digest
food. This was also suggested by Marak (1960} from £field

studies on cod larvae. Other fish larvae, however, have been



demonstrated to be continuous feeders (largemouth bass,
Micropterus salmoides, Laurence, 1971, and herring, Clupea
harengus, Werner and Blaxter, 1981}). This contrast could be
due to the relatively small gut volume and rapid digestion
rate in cod larvae. The digestion time is understood as the
time from ingestion of the prey until it becomes transparent.
This proved to be dependent on the amount of digestable
organic material in the gut. The digestion time increased
from less than 30 min for a single nauplius to 1 h and 30
min when the average larval gut content was 2.5 nauplii/
larval gut (Fig. 5B).

The cod larval feeding rate was evidently dependent on the
strategy of feeding as demonstrated in Fig. 3 and 6B, showing
a linear increase in number of prey captured until gut
maximum filling was reached. The shape and volume of the
digested nauplii are still intact in this period and become
later collapsed.

Even 1if the prey density was kept at an optimum level,

difference in feeding rate between larval groups of different

standard length was observed. The larger larvae proved to
have a higher feeding rate than smaller ones (Fig. 3). The
maximum gut filling however, did not differ. The feeding

rate was obviously also modified by the previous feeding or
rather the volume of the gut content. This was demonstrated
in the continuous feeding experiment (Fig. 6B} showing a
feeding rate of 1.3 prey/larval gut per hour during the first
period of active feeding, being reduced to 0.7 prey/larval
gut after the period of digestion. The larval gut maximum
filling seems to be a function of volume and state of di-
gestion of the gut content. This is also demonstrated in
Fig. 3 and 5B, showing that, when the larvae were allowed to
feed for only 4 to 5 h the maximum filling was 3.1 nauplii/
larval gut (group A} and 3.2 nauplii/larval gut (group B)
(Fig. 2). When the larvae were allowed to feed for 24
h, however, the maximum filling increased from 3.2 prey/lar-

val gut to 5.1 prey/larval gut during 9 h (Fig. 6B}.
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e passage of prey through the gut varies with tempe-

rature (Laurence, 1971} and prey density {(Werner and Blaxter,
1980). This is probably also true for cod larvae, but varies
also with larval gut filling or volume of gut content related
to prey availability. This is demonstrated in Fig. 54 and B,
showing only a minor drop in feeding incidence and that the
larvae did not defecate undigestable remains during starva-
tion. During the in vivo experiments cod larvas were also
fed coloured prey in order to study the passage of prey
through the larval gut as described by Laurence (1971}).
Inspection of these larvae by microscope showed that when the
larvae had filled their gut with 2 to 3 nauplii the peristal-
tic movement of the gut increased. This action altered the
position of the nauplii in the larval gut. Conseguently the
staining method described by Laurence (1971) could not be
applied in the study of food passage through the cod larval
gut.

Cod larvae were never observed during the feeding experi-
ments to defecate theilr gut due te handling or preservation,

which has been observed in herring larvae {Blaxter, 1965;
Rosenthal and Hempel, 1970}. When food was available all the
time, the larvae filled their gut volume in 3 h, but did not
evacuate the gut (Fig. 6B), indicated by no reduction on

feeding incidence during the following digestion period of 3

hours (Fig. 6A). The volume of the larval gut content was

evidently reduced through this period. The larvae started
evacuation of their gut content when the gut filling had
reached a level of 5.1 prey/larval gut, 9 h after the start
of the experiment. At this level the gut volume was cbvious-
ly filled with undigestable prey or remains. The larval gut
content at this stage contained 45% nauplii and 55% bivalve
veliger larvae. Only a few bivalve veliger larvae were found
digested, indicating that cod larvae do not seem to be able
to digest bivalve veliger larvae. This was also observed in
first feeding herring larvae by Fossum (1983}.

Cod larvae started to evacuate the gut concomitantly with

the reduction in light intensity, which could have influenced
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the process of gut evacuation. The light intensity did not,
however, drop below the threshold for visual feeding which is
reported to be close to 0.1 lux by Ellertsen et al. (1980}.
Newly captured nauplii, dcl, were found in the gut content
showing that the larvae were able to feed during the "dark
hours”. This was also observed by Gigseter and Tilseth
{1982} in cod larvae sampled at night in the Lofoten area.
The objective of the present study. was also to find
criteria for cod larval gut content analyses for the evalua-
tion of larval feeding conditions in the sea. Based on the
results from these investigations the cod larval feeding
incidence must be evaluated together with the larval feeding
ratio. A high percent feeding incidence does not necessarily
indicate good feeding conditions, because cod larvae could
keep the gut content for several hours during starvation.
Cod larval feeding ratio is in the present study defined as
the ratio between the number of prey found in the gut content
to the number of larvae examined in the sample. A feeding
ratio <1.0 prey/larval gut clearly indicates several larvae
of the sample with empty guts, and if no newly eaten copepod
nauplii are found then there are good reasons for believing
that the larval population has been starving for several
hours, Good feeding conditions however are indicated in
larval gut content analyses when the feeding incidence is
>90% and feeding ratio is >3.0 prey/larval gut. If copepod
nauplii are the main prey organisms and more than 10% are
found in dcl {(newly eaten), then the availability of food to

first feeding cod larvae may be considered as good.
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