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In Norw·ay enclosure exper s been c d out every 
year since 1975 including a large number of commercial marine 
fish species (cod, herring, 1 and plaice) to study their 
populations dynamics relat to food supply and predators. 

The experiments have been 
volumes of 2 500 m, 4 400 m 
of fish larvae ranging a 
main conclusions can be drawn 

out in enclosures with 
m and with populations 

to 1.2 million~ Two 
experiments: 
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(1): fish larvae have a very high survival potent 1 
metamorphosis in systems without predators, as illustrated 
herring (70%) and cod (50%). Even at marginal 
tions leading to reduced growth rates, high 
been observed. 
(2): fish larvae are very sensit to predat 
markedly reduced survival rates have been observed. This is 
illustrated with both evertebrates fi larvae (in multi 
species experiments) as predators luding cannib sm. 

These results have important implications the rstanding 
of populations dynamics for ld populat 

INTRODUCTION 

1'1arine fish larvae have very high mortality rates but the 
reasons for this mortality should be further investigated. 
Although number of hypotheses have been suggested little 
evidence has been put forward of them. It has been 
almost dogma that starvation is rna reason, but ld 
studies seem to support this hypothesis, as starved 
seldom have been identified from sea samp s (Methot Kramer 
1979, O'Connel 1980). Given a daily mortali rate of 5 10% a 
fairly large fraction of fish larvae should at any time be in 
some stage of starvation if this is a ma cause of death 

Enclosure studies with fish larva populat , carr d out for 
many years, have made it possible to look at trophic relation 
ships related to the survival of sh larvae. The experiments 
have been reviewed by 0iestad (1982). 

HATERIALS AND METHODS 

Enclosure studies were carried out for s years at Fl~devigen 
Biological Station (FBS) outside Arendal (1975 1980) and for 
four years at the Institute of Marine Research, Marine Aqua
culture Station Austevoll (MASA), south of Bergen (1980 1983). 

At FBS the experiments were mainly carried out in a land-sited 
basin with a volume of 4 400 m3 and at }~SA in a dammed pond 
with a volume of 60 000 m3 . For more de 1, see El sen et 
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al. (1981), 0iestad et al. (1976) and 0iestad and Kvenseth 

(1981). 

Basin experiments at FBS 

In 1975 preliminary experiments were carried out with herring, 

cod, flounder and a flounder hybrid (0iestad.et al. 1976) . In 

1976 and the following years, large populations of fish larvae 

at the end of the yolk sac stage (EYS) were transferred from 

the laboratory and released in the basin (Table 1). In all 

years more than one species was released in the basin in order 

to look at possible interactions between fish species. However, 

the main purpose was to study the effect of the ambient feeding 

regime on growth and survival of the released larva popula·~ 

tions. As large populations were released in most cases, 

frequent sampling could be d out, with net hauls giving 

information on growth and survival rates. Both hydrography and 

primary and secondary production were monitored weekly. 

In 1976 and 1977 cod was the main species studied; other 

species were of secondary interest (Table 1). In 1978 and 1979, 

herring was the main species In these two last years, the 

basin experiment was supplemented with plastic bag experiments 

to examine growth and survival at more marginal feeding condi~ 

tions than those in the basin. In 1980, only experiments with 

turbot larvae were carried out. 

Pond experiments at MASA 

The larger volume of the MASA pond was compensated for by 

releasing larger populations of larvae (Table 2). 

Some weeks before larval release, the pond was treated with 

rotenone to kill predatory fish. No other control of potential 

predators was carried out. In most years the pond had an open 

connection to the sea, but this was closed from the day of 

larval release in the pond to mid-June (about 3 months). The 

ecosystem in the pond was somewhat more diverse than t~at 

observed in the basin at FBS. 
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Parallel groups of capelin larvae in plastic bags had high 

survival rates to the same age. 

In 1979 two populations of capelin larvae were released in the 

basin stocked with herring larvae. The first group, released 

when the herring were 30 days old, had a very high survival 

rate to a size of 17 mm (about 100%). At that time the herring 

started schooling, and within a week the capelin disappeared 

(Fig. 1). The second population was released during the initi

ation of herring schooling. This population also declined 

immediately and very rapidly, although its specific growth rate 

was high (16%) and its first feeding conditions were unusually 

good (Fig. 1 and Table 2). In parallel plastic bag experiments, 

the survival rate was far higher at lower specific growth 

rates. 

Pond experiments at MASA 

Most years the zooplankton conmunity was dominated by popula

tions of hydromedusae although they changed in density from 

year to year (Fig. 2), with 1981 outstanding. By number, 

Rathkea octopunctata dominated in all years. Sarsia sp. and 

Tiaropsis sp. also were rather numerous in all years. 

The other main component of zooplankton was different species 

of calanoid copepods (Fig. 3a). Among first fee'ding organisms 

for cod larvae, rotifers were of great importance (Fig. 3b). 

In all years the feeding conditions during first feeding were 

sufficient to give a rather high specific growth rate for the 

first two weeks after release, i.e. beyond point of no return 

and point of mass mortality in the laboratory (between day 

16-20). 

In 1980 and 1981 cod larvae mortality was high (Figs. 4a and 

b), although starving larvae were not observed or were observed 

in small numbers (Fig. 5). 
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In most cases specific growth rates to metamorphosis wer~ 

fairly high indicating good feeding conditions in the enclo

sures (Tables 1 and 2). It should be noted that condi

tions were comparable to those on spawning grounds all over the 

world (Arthur 1977) and consequently far lower than those used 

in laboratory experiments with the same species (Laurence 1978, 

Werner and Blaxter 1980). Furthermore, larval densities in the 

enclosure experiments were comparable to those observed in the 

sea during first feeding (Dragesund 1970), and far below those 

used in laboratory experiments (Laurence 1978, Werner and 

Blaxter 1980). The grazing pressure from the fish larvae should 

initially have been about the same as in the sea, but in later 

stages it was higher, and about metamorphosis far higher due to 

the high survival rates in enclosures compared with the sea. 

Nevertheless, the natural production of. food organisms in 

enclosures was suffic to the larval populations 

through metamorphosis even at fry densities of 15/m3 (1983). 

Against this background it seems obvious that larval ing in 

the open sea should seldom be main reason for a decline in 

zooplankton, as the production rate in coastal waters should be 

comparable to that in enclosures Consequently, other organism 

groups competing with fish 'larvae would be more likely to 

exhaust the food supply tential competitors would be jelly

fish, older schooling young fish and eupheusiids. 

Another aspect is the high survival at marginal feeding 

conditions in the 1976 and 1977 (first group of cod) basin 

experiments o Obviously, fish larvae are opportunist 

and are able to some extent to favour survival over growth in 

contrast to that suggested by Jones ( 1973). This ability is 

even more pronounced in as shown in a plastic bag 

experiment (0iestad and Moksness 1981). 

So far, systems without s and competitors have been 

considered. However, fish larvae themselves seem to be preda

tors when they reach a ce size. Metamorphosing cod (12 mm,) 

are cannibalistic and maintain this behaviour· for the rest of 

their lives, as demonstrated 1977 and 1983 (pond experiment) 

(Table 3). In addition they prey on other fish larvae. Even 
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Table 1. A review of larval fish populations transferred to the basin from 1976 - 1979: 

their density, feeding condition, spesific growth rate and survival. 

(f = female, m = male, +=actual value not monitored). 

Year and Transfer data SGR (%) Survival (%) 

species Date Number Density Food day 20 metam .. day 20 me tarn. 

3 density 
m /litre 

1976 

p1aice-l 18 .. 3 3000 0.7 1 + + + 9 

cod 25.3 200000 45 2 5.0 6 50 12 

plaice (f) X 4 .. 4 5400 1.2 4 + + + 10 
flounder (m) -1 

p1aice-2 27.4 3500 0 .. 8 6 - - 0 

plaice (f)x 27.4 3000 0 .. 7 6 - - 0 
flounder (m) -2 

herring 29 .. 4 3000 0 .. 7 6 - - 0 

1977 

cod-1 25.3 75000 17 1 4.2 8.2 10 3 

cod-2 22 .. 4 100000 23 8 12.5x 10 .. 8 10 6 

capelin 24.4 40000 9 .. 1 8 15.0+ - 0 

herring 28 .. 4 51000 12 8 ?.Ox - 0 

1978 

herring 18 .. 4 10000 2 .. 3 18 9.5 13.6 96 88 

capelin 22 .. 5 3000 0.7 lOO - - 0 

1979 

herring 8.4 25000 5.7 12 7.5 11.8 88 56 

capelin-1 8.5 3000 0.7 140 13.9 - 100 0 

cape1in-2 20.5 50000 11 100 
X 0 16.0 -

+: to day 10 posthatching; x: to day 13 posthatching 



Table 2. A review of cod populations transferred to the pond from 1980 - 1983: their density, 

feeding condition during first feeding, specific growth rate and survival. 

Year Transfer data SGR (%) Survival (%) 

Date Number Density Food org. Day 20 Metam. Day 20 Metam. 

/m3 /litre 

1980 12-.4 500000 10 110 11.0 13.4 7 2 

1981 29.3 610000 12 10 8.1 12.3 9 3 

1982 6 .. 4 60000 1.2 1 11 .. 3 11.8 50 15 

1983 

Cod-1 20.3 1200000 24 6 10.4 12.0 75 50 

Cod-2 30 .. 3 700000 14 10 13.2 10.8 65 30 

Cod-3 9.4 250000 5 8 11.1 - 4 0 

Cod-4 20.4 150000 3 4 - - 0 

Cod-5 29.4 80000 1.6 3 - - 0 



Table 3. Biological characteristics of predator and prey organisms 

Year Predator Prey 

Species SL Dry weight Age§ Density SL Dry weight Pred .. Density:': :ne:t~ctable (days); 
mm 11g /m3 mm pg period /rn3 ~-~ .. ·s.ur:vi val (%) 

t I • 

1976 Cod >12 >1000 >50 5 ! -

Herring 10 100 5-a-· ::~ 1 5 days; 0.1 
·.! 

Plaice-2 6 60 5-8 1 · 10 days; 0 

Hybrid-2 6 60 5~;8~ 1 10 days; 0 

1977 Cod-1 >12 >1000 >50 0.5 

Cod-2 5-7 50-250 5-15 4 >35 days; 15' (metam.) 

Herring 9-14 90-300 5-15 12 20 days; 0 

Capelin 6-12 60-200 S~1S 9 20 days; 0 

1978 Herring >25 >10000 >40 2.0 

Capelin 6 60 5-10 1 14 rlays; 0 

1979 Herring >25 >10000 >40 3.0 

Capelin-1 6-17 60-800 25-30 1 25 days; 0 

Cape1in-2 6-10 60-150 5-10 12 10 days; 0 

1980 Hydromedusae 2-15 15-300 - 200 

Cod 5-7 50-300 5-25 10 >35 days; 2 (metam.) 

1981 Hydromedusae 2-15 15-300 - 800 

Cod 5-7 50-300 5-25 _ 9 >3.5 ~:days; 3 (metam.) 

1982 Hydromedusae 2-15 15-300 - 180 

Cod 5-7 50-300 5-25 1 ·-:>35 -::days; 15 (metam.) 

1983 Hydromedusae 2-15 15-300 - 10 

Cod-1 >10 >1000 >35 14 

Cod-2 8-20 500-10000 25.;.;.50 5 >35 days; 30 {metam.) 

Cod-3/ 4/5 5-IO 50_;800 -5-30 - 2-4 -:30/5]1; "0/0/0 

§ 
Period with main predation 


