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Abstract. The growth, size variability, condition coefficient
and percentage of fish with external deformities were
compared in juvenile crucian carp (initially 31 mm TL and
0.36 g BW) which were fed intensively four starters only for
120 days at 25°C. The best weight gain was achieved by fish
fed an experimental carp diet with the lowest fat content
(7.4%) and a commercial diet for eel containing 15.9% fat
(4.33 and 4.15 g BW, respectively). In contrast to the
experimental diets, both commercial diets produced fish with
high condition coefficient values and a very high (37.2 or
62.7%) percentage of individuals with different external
deformities. Size variability did increase over the course of the
experiment except in the fish fed the high-energy diet for eel.
Survival rates ranged between 96.5 and 99.5%. Our results
indicate that juvenile crucian carp can be successfully reared
exclusively on dry diets but not the commercial ones for eel or
carp used in the present experiment.
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Introduction

Long-term controlled rearing of cyprinid fish through
their juvenile stages may be a highly efficient alterna-
tive solution for pond production. In comparison to
the traditional outdoor technologies, indoor methods
can ensure either very low fish losses (e.g. Wolnicki
and Myszkowski 1998a, Wolnicki et al. 2002,
Wolnicki et al. unpublished data) or considerable
improvement in growth and development rates
(Myszkowski et al. 2000, Wolnicki et al. 2000a). The
problem is that the rearing under controlled condi-
tions should be based on the use of easily obtainable
dry commercial feeds that satisfy all the nutritional
requirements of fish.

However, in contrast to early juveniles of typical
predatory species such as pike Esox lucius L., wels
Silurus glanis L. or zander Sander lucioperca L.
which efficiently utilize most commercial starters
(Wolnicki and Gérny 1997, Zakes 1997, Wolnicki et
al. 1998, Wolnicki and Myszkowski 1998b), the
same diets prove to be much less effective for young
stages of the majority of cyprinids (e.g. Wolnicki
1996, 1997, Wolnicki and Myszkowski 1998a,
1999, Wolnicki et al. 2002).

Among the most commonly observed effects of
commercial starters on cyprinid fish are low growth
rate and/or low survival rate (Sierra et al. 1995,
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Quiros and Alvarino 1997, 1998, Wolnicki and
Myszkowski 1999, Quiros et al. 2002), poor food
conversion (Wolnicki et al. 2002), high variability of
individual size (Backiel 1986, Wolnicki et al. 2002),
biological  quality = (Wolnicki and
Myszkowski 1999) and body deformities (Rennert et
al. 2000, Wolnicki et al. 2000b, Wolnicki et al. un-
published data). At least some of these phenomena

lowered

seem to result from the generally high fat content in
commercial starters (Wolnicki et al. 2002).

No data are available on the use of dry diets for
intensive rearing of early stages of crucian carp
Carassius carassius L., which has become a desirable
species for restocking in Poland. The aim of the pres-
ent study was to compare some quantitative and
qualitative features of crucian carp juveniles fed dif-
ferent starters under controlled conditions.

Material and methods

Fish and their preparation for the
experiment

The crucian carp juveniles used in the present exper-
iment were the progeny of the artificial breeding of
six females and two males caught in a small name-
less pool in the vicinity of Gdanisk in northern Po-
land. Before the beginning of the experiment, the
progeny were reared from the first feeding over a
5.5-month preparatory period at a water temperature
of 22°C in 40 dm® glass aquaria. The fish were fed
with live Artemia nauplii (days 1-25), a combination
of Artemia nauplii and a dry diet (days 26-100) or a
dry diet alone (days 101-165).

Diets and feeding

Four dry diets of similar particle size were used in the
experiment (Table 1). Two of them were commercial
starters for common carp (Carp Starter, Aller Aqua,
Denmark; CS diet in this paper) or eel (EEL diet,
Trouw Spain) with a crude fat content of 10 or

15.9%, respectively. The two remaining diets were
the Polish experimental carp starters with crude fat
contents of 7.4 (ASTA I) and 9.8% (ASTA II). All the
starters were fed in excess to the fish manually every
three hours between 08.00 and 20.00. Daily feeding
rates, adjusted monthly, were similar in all the exper-
iment groups. They gradually decreased from around
5.5 to 2.5% of the fish total biomass on the first and
last day of the trial, respectively.

Table 1

General characteristics of dry diets used in the experiment
Diets

Dietary composition ~ CS EEL  ASTAT ASTAII

Crude protein (%) 450 512 507 52.4

Crude fat (%) 100 159 74 9.8

Gross energy MJ kg') 185 221 185 189

Particle size range (nm) 0.5-1.3 0.5-1.7 0.7-1.5  0.7-1.5

Experimental procedures

After the completion of the preparatory period, the
crucian carp were stocked in eight glass flow-through
aquaria with a water volume of 20 dm®. The aquaria
were supplied with water originating from a recir-
culation system with a biofilter, and the water ex-
change ratio was equal to once per hour. The water
was aerated and heated to 25°C (range + 0.5°C). Ar-
tificial illumination was provided between 08.00 and
21.00. Every evening the aquaria were cleaned of fe-
ces and uneaten feed. The dissolved oxygen satura-
tion in the aquaria was maintained at no less than
50%. The total ammonia and nitrite concentration in
the aquaria were kept below 0.1 and 0.02 mg dm?,
respectively.

A random sample of 100 fish was anesthetized
by immersion in a 2-phenoxyethanol solution at
a concentration of 0.45 g dm™, and their total length
(TL) and wet body weight (BW) were determined
individually to the nearest 0.1 mm and 0.01 g,
respectively. On the basis of this sample, the fish size
distribution in the population was estimated. Only
fish with a body weight between 0.25 and 0.60 g
inclusively were selected for the experiment.
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It was assumed that the fish size distribution in
each aquarium reflected its distribution in the popu-
lation. Therefore, for stocking purposes the fish were
divided into five body weight (g) categories:
(0.25-0.29); (0.30-0.34); (0.35-0.39); (0.40-0.44);
(0.45-0.60). While
aquaria, each fish was measured (to the nearest 0.1

stocking the experimental
mm) and weighed (to the nearest 0.01 g), then it was
placed in the appropriate aquarium. The number of
fish belonging to each size class already placed in
each aquarium was continuously monitored with a
specially designed computer program. Finally, each
aquarium contained 100 fish with an initial average
total length of 31 mm and average body weight of
approximately 0.36 g (Table 2).

Every 30 days, all the fish from one aquarium (al-
ways the same) from a pair constituting an experimen-
fished out,
2-phenoxyethanol, individually weighed, then placed

tal group were anesthetized in
on a flatbed scanner and a group image was taken.
The total length of each fish was then determined us-
ing a computer and an image analysis program.

The experiment lasted 120 days. On the final day,
all the fish from each aquarium were anesthetized and
then counted. The total lengths and wet body weights
were determined individually, and the number of fish
with body deformities was recorded.

Table 2

Calculations and statistics

The condition coefficient (K) was calculated with the
following formula:

K=10" [BW@UITL ) (1)
The daily increment in fish total length was cal-
culated according to the following formula:

ITL (mm d_l ) = (average final TL - average initial TL)/120  (2)

Student’s t-test was performed to examine the
differences in the final mean BW, TL and K between
the two aquaria in each experimental group. Since no
statistically significant (P > 0.05) differences were
found, it was assumed that fish from a pair of aquaria
constituted a homogenous population in all cases.

The differences in the final TL, BW, and K
between experimental groups were examined using
Duncan’s multiple range test. The differences were
considered statistically significant at the probability
level P <0.05.

Final survival percentages were normalized using
angular transformation (Sokal and Rolf 1969), and the

differences were considered significant at P < 0.05.

Initial and final characteristics of crucian carp juveniles reared at a temperature of 25°C for 120 days

cs EEL ASTA 1 ASTA I
Final survival (%) 99.5 96.5" 97.5% 98.5%"
Initial total length (mm + SD) 31.3+2.03% 31.1+2.07° 31.4+1.93% 31.3 +£2.05%
Final total length (mm + SD) 61.0 £5.44° 61.6 + 4.3¢ 64.0 +5.18" 67.7 £5.76%
Increment in TL (mm d'l) 0.25 0.25 0.27 0.30
Initial body weight (g + SD) 0.36 +0.07* 0.36 +0.08" 0.36 +0.07* 0.36 +0.08"
Final body weight (g + SD) 3.88+1.12" 4.15 +0.92% 3.75+1.01" 433 +1.24%
Initial condition coefficient (K + SD) 1.16 £ 0.08" 1.18 4 0.08% 1.15+0.08" 1.17 £ 0.08%
Final condition coefficient (K £ SD) 1.66 + 0.08" 1.75 + 0.09? 1.39 £ 0.09°¢ 1.36 + 0.08¢
Deformed individuals (%) 37.2 62.7 0.0 0.0

Data in the same rows with the same superscripts do not differ significantly at P = 0.05
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Results

Survival

The final survival rates were very high in all the ex-
perimental groups (Table 2). The lowest value of
96.5% was found for the fish fed the EEL diet and
was significantly (P < 0.05) lower than that recorded
for group CS.

Growth

Significantly the largest final average total length was
found for the fish fed the ASTAII diet (67.7 mm, Ta-
ble 2), whereas the fish fed the EEL and CS diets
showed the slowest growth in length at 61.6 and 61.0
mm, respectively. The daily increments in fish total
length ranged from 0.25 (CS and EEL) to 0.30 mm
(ASTA T0).

No significant difference was found between the
final fish body weight in the ASTAII (4.33 g BW) and
EEL (4.15 g BW) groups; however, both these values
were significantly higher than those recorded for the
CS and ASTA I groups (3.88 and 3.75 g, respectively
- Table 2).

Condition coefficient

The final condition coefficient values differed signifi-
cantly. The highest average value was recorded for the
EEL diet-fed fish (K = 1.66) whereas the lowest one
was found for the ASTA II group (K = 1.36, Table 2).

Body deformities

Over the course of the experiment an increasing
number of deformed fish was observed in groups fed
commercial starters. The deformities were mostly
scoliosis and bent fins. On the final day, the percent-
age of deformed individuals reached 62.7 and 37.2%
in the EEL and CS groups, respectively (Table 2). No
deformities were found in the fish fed either of the
ASTA diets.
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Figure 1. Changes of the total length variability in juvenile crucian
carp fed different diets (variability index = standard deviation-

/mean).
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Figure 2. Changes of the body weight variability in juvenile
crucian carp fed different diets (variability index - see Figure 1).

Size variability

From day 60 onwards, fish size variability increased
in all groups except for the one fed the EEL diet (Figs.
1 and 2). In this group the variability coefficient val-
ues for TL and BW were nearly constant until the end
of the experiment.

Discussion

Feeding juvenile cyprinids with commercial starters
formulated for salmonid fish usually produces poor
results (Wolnicki and Myszkowski 1999, Quiros
et al. 2002). Thus, it is necessary to try new ap-
proaches to find appropriate diets for cyprinid spe-
cies. It is known from previous studies with juvenile
tench Tinca tinca (L.) (Quiros et al. 2002) that the eel



Dry diet-influenced growth, size variability, condition and body deformities in juvenile crucian carp... 161

feed used in the present experiment is considerably
more efficient than some commercial trout starters.
The second commercial feed used in this trial, Carp
Starter, is one of only a few diets designed specifically
for cyprinid fish. However, our results proved both
these starters to be of no practical use for the inten-
sive rearing of crucian carp due to the high percent-
ages of abnormal individuals (Table 2). On the other
hand, it should be stressed that all of the fish fed
ASTA diets featured regular body shape.

In contrast to body deformities, the crucian carp
growth rates obtained in this study were similar for
all starters (0.25 to 0.30 mm d ' ITL, Table 2). These
results are comparable to those obtained with many
other juvenile cyprinids fed exclusively dry diets. For
instance, the nase Chondrostoma nasus (L.) fed Carp
Starter may attain 0.25 to 0.29 or even 0.32 mm d!
ITL when fed ASTA 1II diet (Wolnicki and
Myszkowski 1999, Wolnicki and Myszkowski un-
published data). Juvenile vimba Vimba vimba (L.)
obtained 0.30 mm d”! ITL on Carp Starter (Wolnicki
et al. unpublished data). On the other hand, with ju-
venile tench fed Carp Starter at a temperature of
24°C, Wolnicki and Myszkowski (1998a) observed
a growth rate of only 0.13 mm d”! ITL. Even at 28°C,
which is considered the optimal growth temperature
for tench, their growth rate on Carp Starter exclu-
sively or in combination with natural food was not
higher than 0.21 mm dtITL (Wolnicki et al. 2002).

The final survival rates of juvenile crucian carp
were extremely high (96.5 to 99.5%, Table 2) which is
not very common in the rearing of juvenile cyprinids on
dry diets exclusively (e.g. Wolnicki and Myszkowski
1998a, Rennert et al. 2000, Quiros et al. 2002). The
very high fish survival rates and satisfactory growth on
all diets in the present experiment would indicate that
25°C is very close to the temperature optimum for rear-
ing crucian carp juveniles. It is known from many stud-
ies that this temperature is favorable for the juvenile
stages of the majority of cyprinid species including bar-
bel Barbus barbus (L.), Ch. nasus, T. tinca or V. vimba
(e.g- Wolnicki 1996, 1997, Wolnicki and Myszkowski
1999, Wolnicki et al. 2000a).

Many results of feeding trials with fish juveniles
indicate that the condition coefficient value may be

positively influenced by the fat content in a dry diet
(Brecka et al. 1995, Wolnicki et al. 2000b, 2002, De
Pedro et al. 2001, Zakes et al. 2001). The results ob-
tained in this study of crucian carp (Table 2) are gen-
erally in agreement with the aforementioned
statement. However, the condition coefficient value
in the CS-fed fish proved to be significantly higher
than in the fish fed the ASTA II diet with only a
slightly lower fat content. Since the fish fed the for-
mer diet showed slower growth in comparison with
the latter, it can be concluded that this was a conse-
quence of the considerable differences in the protein
content in these diets (Table 1).

Commercial starters with a high crude fat con-
tent that are used at high water temperatures for
intensive feeding often result in the deposition of
large quantities of fat in fish tissues. This may be the
origin of pathological changes in their organs
(Gomutka et al. 2000) or body deformations (Hasan
et al. 1997, Rennert et al. 2000). In the present
experiment, body deformities occurred only in the
two groups with the two highest final K coefficients
(Table 2); however, this phenomenon cannot be
attributed only to the high fat content in these diets.
Deformities also occurred in Carp Starter-fed juve-
nile barbel, although these fish showed regular body
shape when fed commercial trout feed with an even
higher fat content (Wolnicki et al. 2000a). It seems
possible, then, that the excessive deposition of fat in
fish tissues might also be caused by a protein/fat
ratio in the diet that is too low. Moreover, the ability
to utilize different dry diets in fish seems to be spe-
cies specific.

Many authors suggest that in some species the
high variability of individual size could result from
strong food competition (e.g. Steffens 1979, Backiel
1986, Szlaminska 1987). In the present study, over
the course of the experiment, size variability
increased in all fish groups except the EEL group
(Figs. 1 and 2). Assuming that high size variability is
a result of competition for food, this fact could be
explained by the highest gross energy content in the
EEL diet (22.1 MJ kg_l, Table 1). It seems plausible
that crucian carp juveniles receiving more energy
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than others were less hungry while feeding so they
competed for food less intensively.

As evidenced by our results, exclusively dry
feeds may be successfully used for juvenile crucian
carp rearing in a controlled environment. However,
widely available commercial starters, even those for-
mulated for cyprinid species such as Carp Starter,
may be of extremely limited usefulness when used
intensively.
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