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Background. This study aimed to determine survival rate, extent of cannibalism, and growth rate of northern pike (Esox
lucius L.) larvae fed live zooplankton during a grow-out period, i.e., the time prior to when fish become valuable as stock-
ing material. An attempt was also made to assess the food conversion ratio (FCR) with respect to the natural food applied.
Materials and Methods. Grow-out operations began with 1-day-old pike larvae and involved experimental in-ground
tanks with no artificial aeration, forced water flow, artificial circadian lighting, or temperature control. Differently struc-
tured habitats (black polyethylene foil, vascular plants, or plastic netting) were placed in all the tanks to separate larvae
and provide cover. Feeding live zooplankton to the larvae began on day 3 and food was administered such that larvae
were always surrounded by a zooplankton “cloud.”

Results. The survival rate during the first- (days 1-7) and second (days 8—27) stage of culture was 92.3% and 95.7%,
respectively. Highest survival rates were associated with tanks with polyethylene foil habitats, while lowest survival
rates were associated with tanks containing plastic netting. No cannibalism was observed in any tank. During the grow-
out period, the total length of larvae increased by an average of 20.88 mm. Although the length increase observed in
the three experimental treatments was similar; the significantly highest (P <0.01) mean length (32.66 mm) was associ-
ated with larvae raised in tanks containing polyethylene foil. Until day 13, the mean weight of the larvae did not differ
between the three treatments (P =0.21). Atand beyond day 20, fish kept in tanks equipped with polyethylene foil exhib-
ited higher weight increments and on termination of the experiment the mean individual weight of larvae was signifi-
cantly higher (P < 0.05) than those of larvae in tanks with vascular plants and plastic netting. The food conversion ratio,
calculated for the entire culture period was 4.9.

Conclusion. High survival rate of the cultured pike larvae demonstrated the success of pike larvae grow-out under

uncontrolled conditions.
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INTRODUCTION

Because of the decreasing abundance of northern pike
(Esox lucius L.) in Polish waters (Szczerbowski 1993),
cultured pike fry are particularly valuable for stock enhan-
cement (Johnson et al. 1992). Studies investigating meth-
ods of pike grow-out reveal a trend of culture operations
being strictly controlled and larvae being fed artificial
food (Wolnicki and Gorny 1995, 1997, Wolnicki and Ka-
minski 1998). One reason for not feeding pike larvae live
food probably stems from the difficulty of providing an
adequate amount of such food during the culture period
(Adamek 1986, Poczyczynski 1996), as an inadequate
food supply is one of the major causes of cannibalism in
pike larvae (Zatachowski 1970, Skov et al. 2003). How-
ever, not feeding zooplankton to pike larvae during the

first period of exogenous feeding also has other adverse
consequences. For example, Luczynski (1992) demon-
strated that pike larvae, fed live zooplankters, exhibited
better condition and were more resistant to pathogens
when compared to larvae fed artificial feeds. One reason
for such results stems from the fact that the activity of
digestive enzymes in fish larvae is lower than that in con-
specific adults (Luczynski 1992). Thus, the deficiency of
proteolytic enzymes in larvae is partly compensated for
by enzymes contained in the zooplankton digested (Po-
czyczynski 1996). In an effort to contribute to our under-
standing of the husbandry of pike larvae, the purpose of
this study was to determine survival, cannibalism, and
growth rates of pike larvae reared on live feed under
uncontrolled conditions.
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MATERIALS AND METHODS

Pike grow-out operations began on 3 May 1997, with
1-day-old larvae obtained from the Division of Fish Ana-
tomy and Embryology, Agricultural University of Szcze-
cin. Larvae were transferred from a Weiss apparatus to six
outdoor, 13-L, plastic containers embedded 15 cm in the
ground and filled with tap (chlorinated) water. Water tem-
perature in the tanks fluctuated in synchrony with air tem-
perature variations, the changes being particularly exten-
sive during sunny days (up to 9°C). Because water con-
dition in the study tanks was not controlled (e.g., cf. with
conditions detailed in Gorny 1992, Wang and Eckmann
1992, Gorny and Wolnicki 1993, Gres et al. 1996), nor did
they mimic natural conditions (e.g., cf. with conditions
detailed in Mejza et al. 1996, Desvilettes et al. 1997, Mor-
row et al. 1997), we considered our grow-out operation to
represent uncontrolled field conditions.

Each grow-out tank contained one of three types of
habitat that provided shelter and separated pike larvae
from each other, thus preventing cannibalism. The three
types of habitats used were:

® black-colored, heavy-duty polyethylene gardening
foil strengthened with copper wire; tanks F1 and F2;

® vascular plants (Ceratophyllum demersum, Elodea
canadensis); tanks R1 and R2;

® plastic netting (2.83 mm mesh diameter) strength-
ened with copper wire; tanks S1 and S2; tanks were cov-
ered with a protective netting to prevent contamination
and to ward predators.

Each tank was stocked with 100 larvae 8.74 to 9.94
mm long (total length, measured to 0.02 mm); average
larva length was 9.32 mm. On day 7, the stocking densi-
ty was reduced, by randomly removing larvae, to achieve
a density of 50 larvae per tank (3.8 individuals per L). The
feeding of larvae began when they were 3 days old, ini-
tially by offering small planktonic crustaceans, mainly
Cyclops strenuus (various developmental stages, with sta-
ge-V copepodids predominant) harvested from a natural
water body and juvenile Daphnia magna. The cladocer-
ans were cultured as described by Wolska-Neja (2002). As
of day 7, pike were exclusively fed Daphnia magna of var-
ious size. Pike in all tanks were fed at identical frequen-

cies and identical amounts per day. Throughout the 26-day
experiment, larvae were surrounded by a zooplankton
“cloud.”

To determine growth in length and weight, 1-, 7-, 13-,
20-, and 27-day-old larvae were sampled. At each sam-
pling, 10 larvae were harvested per tank, fixed in 5% form-
aldehyde, measured with calipers (total length) to 0.01
mm, and weighed (10 larvae together) to 0.0001 g. Gut
contents of all fed and measured larvae (n = 240) were
examined to look for evidence of cannibalism. The food
conversion ratio was estimated by dividing the mean
amount of food (zooplankton wet weight) applied to a tank
up to the sampling time to single larvae by the mean lar-
val weight increment during the same time period.
Zooplankton wet weight was calculated as described by
Wolska-Neja (2002). Significance of differences in sur-
vival rates and mean larval lengths and weights among
culture treatments were each tested using a one-way
ANOVA and Student’s t-test for small samples (n < 30).

RESULTS

Larval survival rate during the first stage of the exper-
iment (days 1-7) averaged 92.3% and ranged from 72.0%
to 99.0%, regarding all treatment tanks (Table 1). Alth-
ough this stage involved larval acclimatization to culture
tank conditions and switching to exogenous feeding, pro-
nounced losses (28%) were recorded in only a single tank
(tank S1 with netting barriers). The mean survival rate
during the second experimental stage (days 8-27) was
higher and averaged 95.7%. Higher survival rates (100.0%
and 96.7%) during this period were associated with the
polyethylene foil-containing tanks, while only slightly
lower rates (100.0% and 93.3%) were associated with
tanks containing plants (Table 1). The significantly (P <
0.05) lowest survival (83.3%) during the second experi-
mental stage was observed in the tanks equipped with net-
ting barriers. Overall, evidence of cannibalism was not
observed in any tank throughout the study or via the exam-
ination of gut contents of sampled larvae. During the 26
days of the experiment, the total length of the larvae in-
creased by an average of 20.88 mm. The longest mean
length at the end of the experiment (32.66 mm) was cal-

Table 1

Survival rate [%] of pike larvae reared under uncontrolled conditions; tanks F1 and
F2 with black garden polyethylene foil; tanks R1 and R2 with vascular plants; tanks
S1 and S2 with plastic netting

Culture stage Tank
F1 F2 R1 R2 S1 S2  Mean
First 95 99 99 91 72 98 923
(1-7 days post hatching)
Second 100 96.7 933 100 833 833 957

(8-27 days post hatching)
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Fig. 1. Mean length [mm] of pike larvae during the growing-out operation in tanks with different habitats; tanks with black garden poly-
ethylene foil (F) denoted with O; tanks with vascular plants (R) denoted with O; tanks with plastic netting (S) denoted with A

culated for larvae reared in tanks containing black poly- The changes in growth (length) rate were similar in all
ethylene foil (Fig. 1) and was significantly higher (P <0.01) the treatments until day 20 of larval life (Fig. 2). A slight
than mean lengths recorded for larvae reared in the net- acceleration of the larval growth was observed between
ting- and plant-equipped tanks, the latter two treatments day 13 and 20 only in F1. Past day 20 of culture, the mean
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Fig. 2. Growth rate of pike larvae during growing-out operation in tanks with different habitats; tanks with black garden polyeth-
ylene foil (F1, F2) denoted with O and @; tanks with vascular plants (R1, R2) denoted with O and B; tanks with plastic net-
ting (S1, S2) denoted with A and A; 1, 2, replicates; arithmetic mean denoted with +
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except for F2. The decrease coincided with a decrease in
water temperature in the tanks (Table 2).

Individual growth (weight) increment over the 26 days
of culture averaged 298.5 mg (Table 3). Until day 13 of
larval life, the mean individual weight did not differ sig-
nificantly (P = 0.21) among the treatments (Fig. 3). On
day 20, the larvae in treatments F and R were heavier than
those kept in tanks with netting, but differences in mean
weights still were not significant (P> 0.05). As of day 20,
F treatment larvae showed decidedly higher weight incre-
ments and this trend continued until the experiment’s ter-
mination (Fig. 3), when the larvae in F treatment exhi-
bited a significantly higher (P < 0.05) mean individual
weight than did larvae in treatments R and S. The food
conversion ratio, calculated for the entire length of the
experiment, was 4.9 and varied during the study from 0.9
to 6.1 (Table 3). The best ratio (0.9) was observed during
the first stage of the grow-out operation.

DISCUSSION

Survival rate is an important indicator of fish rearing
success. The 92.3% survival rate observed in this study
during stage one, a period of feeding transition for the lar-
vae, as well as the survival rate of 95.7% recorded on ter-
mination of the 26-day-long rearing period confirmed that
the grow-out operations under uncontrolled field condi-
tions can be successful for pike. Controlled experiments
using newly hatched pike larvae showed varying survival
rates: 54%—-80% (Gorny 1992), 18%—-74% (Luczynski
1992), and 25.8%—88.0% (Luczynskiet et al. 1993). Accor-
ding to Gorny (1992) and Luczynski (1992), the survival
rate decreases with increasing temperature of culture. In
addition, Bry et al. (1992) observed a positive correlation
between larval pike mortality and stocking density. In this
experiment, water temperature was identical in all exper-
imental tanks and fish density was identical at the begin-
ning of the experiment. Thus, the observed differences in

Table 2

Mean growth (total length) [mm] of pike larvae reared under uncontrolled conditions; tanks F1 and F2 with black
garden polyethylene foil; tanks R1 and R2 with vascular plants; tanks S1 and S2 with plastic netting;
s, standard deviation; CV, coefficient of variation

Age Mean Tank Length range Mean n K CV  Mean growth
[days] water [mm] length [mm]
temperature [mm]
[°C]

2 F,R,S 8.74-9.94 9.32 10 0.423 4.534 —

7 13.5 F1 11.70-12.84 12.34 10 0.343 2.780 3.02
F2 11.68-12.54 12.04 10 0.320 2.654 2.72
R1 11.50-12.60 11.95 10 0.355 3.000 2.63
R2 10.80-12.20 11.70 10 0.383 3.273 2.38
S1 11.10-11.90 11.46 10 0.243 2.123 2.14
S2 11.14-11.88 11.57 10 0.218 1.883 2.25

13 17.5 F1 15.10-18.16 17.43 10 0.903 5.182 5.09
F2 15.88-17.38 16.72 10 0.504 3.014 4.68
R1 16.58-17.78 17.27 10 0.425 2.464 5.32
R2 15.08-17.10 16.27 10 0.620 3.814 4.57
S1 15.84-16.76 16.21 10 0.341 2.101 4.75
S2 14.26-17.00 1591 10 0.807 5.071 4.34

20 18.5 F1 24.40-27.52 26.18 10 1.242 4.744 8.75
F2 22.70-25.10 23.69 10 0.754 3.183 6.97
R1 22.80-27.80 25.46 10 1.563 6.139 9.19
R2 20.48-24.90 22.76 10 1.289 5.664 6.49
S1 21.06-23.60 22.98 10 0.795 3.460 6.77
S2 21.48-23.50 22.61 10 0.738 3.263 6.70

27 16.6 F1 30.40-35.10 33.59 10 1.685 5.017 7.41
F2 28.96-34.82 31.69 10 1.718 5.421 8.00
R1 30.00-32.00 31.26 10 1.140 3.646 5.80
R2 24.58-29.60 27.58 10 1.323 4.799 4.82
S1 27.20-30.12 28.53 10 1.238 4.340 5.55
S2 25.82-32.88 28.55 10 1.864 6.529 5.94
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Table 3
Food ration (mg wet weight) and growth (weight) of pike larvae reared under uncontrolled conditions
Age Food ration No. of fish in Food ration Mean Growth Growth Food
[days] [mg] sample/stocking per fish fish since over conversion
density [mg - ind!] weight day 1 period ratio
[inds. - L71] [mg] [mg] [mg]
1 — 100/ 7.69 8.90 — —
3 95.96 100/ 7.69 0.96 — — —
5 246.64 100/ 7.69 2.47 — — —
7 2346.43 50/3.85 46.93 12.67 3.77 3.77 09
8 2135.79 50/3.85 42.72 — — —
9 2407.26 50/3.85 48.15 — — —
10 626.60 50/3.85 12.53 — — —
13 — — 37.34 28.44 24.67 6.1
13 2792.72 40/3.08 69.82 — — —
15 4266.07 40/3.08 106.65 — — —
18 14521.88 40/3.08 363.05 — — —
20 — — 152.21 143.31 114.87 4.7
20 6395.69 30/2.31 213.19 — — —
22 11762.16 30/2.31 392.07 — — —
24 4674.87 30/2.31 155.83 — — —
27 — — 307.38 298.48 155.17 4.9
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Fig. 3. Mean individual weight of pike larvae during growing-out operation in tanks with different habitats. Tanks with black
garden polyethylene foil (F) denoted with O; tanks with vascular plants (R) denoted with [J; tanks with plastic netting (S) denot-

ed with A
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survival rate were likely associated with differences in the
type of structured habitat within the treatments. The high-
est survival, observed in tanks equipped with polyethylene
foil barriers, could have been a result of the highest func-
tionality of the barriers. Most probably, a beneficial effect
of periphytic organisms that preferentially colonize poly-
ethylene sheets submerged in water (Szlauer and Szlauer-
Lukaszewska 1994) played a role in that functionality.
The periphyton, settled on an 0.42 m? surface area in a rel-
atively small volume of water (13 L), was likely important
in reducing water contamination, and the effect of this
probably intensified over time (Szlauer 1979, 1995, Szla-
uer and Swierczynska 1988, Piesik et al. 1991). The high-
est losses of pike larvae occurred in tanks equipped with
netting barriers, both during the first and second stage of
the experiment. The use of plastic translucent netting may
have resulted in some attack attempts, whereby larvae
became physically damaged due to contact with the sharp
and hard surface of the netting. Such damage probably
caused mold to appear on the snouts of a few individuals,
as observed at the end of the experiment. Said damage
could also have been instrumental in increasing mortality
rate among the larvae.

Since the beginning of exogenous feeding (day 8—10 of
life), pike larvae were observed to hunt only moving ob-
jects (Zatachowski 1973, Koch et al. 1982), including their
conspecifics (Giles et al. 1986). Cannibalistic behavior
occurs in very early larvae only when other food is not
available (Zatachowski 1970, Korwin-Kossakowski 1997).
Cannibalism may also be provoked by size diversity
among the fish (Giles et al. 1986, Desvilettes et al. 1997).
Therefore, the absence of cannibalism in the pike larvae
reared in this experiment probably resulted from three
causes. Firstly, the larvae were always surrounded by an
excess of food. Secondly, the larvae were very uniform in
size on the onset: the largest differences within the newly
hatched larvae was 0.8 mm. Thirdly, the structured habi-
tats efficiently prevented aggressive behavior. These con-
clusions are in agreement with Skov et al. (2003), who
noted that highest survival in pike larvae was found among
pike stocked in the “complex habitat.”

Under natural conditions, pike larvae grow at an aver-
aging rate of 0.5-0.7 mm - day~! during the first 20 days of
life (Franklin and Smith 1963). In an aquarium experi-
ment, Ivanova and Svirskaa (1995) determined larval
growth rate as 0.12-0.80 mm - day~!. In a fully controlled
rearing operation, when pike larvae were fed high-protein
starter food, a growth rate of 1.8 mm - day~! was observed
(Wolnicki and Gorny 1995). Thus, the larval growth rate
of 0.75 mm - day~! (average) reported here was close to
that observed under natural conditions. Apart for temper-
ature, the reduced growth rate of the larvae between the 20
and 27 day sampling periods may have been also caused
by inappropriate food. Under natural conditions, pike lar-
vae at that developmental stage (stage VIII of Zatachow-
ski 1970) show a sharp decline in the amount of zoo-
plankton they ingest when they switch from feeding on

crustaceans and insect larvae to consuming larvae of other
fish. This dietary switch results in faster growth of juve-
nile pike (Zatachowski 1970).

The nutritive value of live planktonic organisms as
food is decidedly lower than that of concentrated feeds
used in commercial rearing of fish larvae (Brett 1971,
Marmulla and Résch 1990). However, natural food has
some advantages over commercial feed. Digestive enzy-
me activity is lower for fish larvae than that for conspecific
adults, and the deficiency of proteolytic enzymes in larvae
is partially compensated for by enzymes contained in the
zooplankton they ingest (Poczyczynski 1996). Therefore,
an energy-rich food is not always a better source of nutri-
tion. The food conversion ratios obtained when feeding
larvae natural vs. artificial foods are very different. Wol-
nicki and Gorny (1995) reported an exceptionally favor-
able food conversion ratio when pike were fed high-pro-
tein starter (0.7); ratios of 1.3—1.7 were shown by other
aquaculturists (Gorny 1992, Szczepkowski et al. 1999).
The cladoceran conversion ratio in juvenile pike is 11.5
(Karzinkin 1952), the copepod ratio being 17 (Scholz
1932). The conversion ratio of Daphnia magna and Cy-
clops sp. as food for the cultured pike larvae, calculated in
this experiment as 4.9, can therefore be regarded as a good
grow-out operation. It has to be added that food (plank-
ton) losses due to natural mortality were not assessed.
However, using results of Marmulla and Résch (1990),
who estimated such losses due to natural mortality at
18%—32%, it may be assumed that the true food conver-
sion ratio was lower and ranged from 4 to 3.3.

Sakowicz (1939) promoted stocking natural water bo-
dies with fertilized or eyed eggs and newly hatched larvae
as a way to increase the abundance of pike. However, bet-
ter stocking effects are obtained by growing out the newly
hatched larvae, even for a short time (Wolnicki and Gorny
1993). It is thought that the length of 20-50 mm, a length
at which the larvae are efficient swimmers, is sufficient to
qualify the larvae as quality stocking material (Przybyt
1992, Mejza et al. 1996). On the other hand, Szczerbowski
(1993) considered exogenously feeding larvae as suitable
stocking material. The larvae cultured for 26 days, as in
this experiment, meet all the basic criteria of appropriate
stocking material.
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