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(FWC) gradually increased as the time of initial feeding of vimba
bream larvae with A. salina nauplii grew (0.5648–0.7268) (Fig. 3). The
parameters of the length–weight ratio (TL:w), i.e. regressive coeffi-
cients (a,b), and the determining coefficient (R2) for individual
specimens are indicated in Table 3. Increased values of the coefficient
of variation (Cv) were found in samples of larvae fed over the whole
period with the ASTA starter feed (group E).

The lowest average value for specific growth rate of larvae of 8.05%d−1

(over the whole period of rearing— 20 days) was found in the group fed
over thewhole periodwith ASTA starter feed (group E) and consequently
the specific growth rate increased as the period of initial feeding using
brine shrimp nauplii increased. When initial feeding was for four days
(group B), the specific growth rate reached 9.32% d−1when initial feeding
was for eight days (group C) it was 10.43% d−1 and when initial feeding
was for twelve days (group D) it was 11.58% d−1. The highest specific
growth rate of 13.29% d−1 for thewhole period of rearingwas reached by
fry fed over the whole period on brine shrimp nauplii (group A). The
greatest differences in specific growth rate were found in the first time
period (DE=0–4) between group E (SGR=−1.52%) and the other groups
(SGR=8.97–11.03%).

Similar results to those of growth were reached in ontogeny
(Table 2). The quickest development was observed in larvae fed over
the whole period of the experiment on A. salina (group A) (L5–L6,
average 5.65) and conversely larvae fed over the whole period of the
experiment with ASTA (group E) (L4–L5, average 4.91) developed the
most slowly. An almost equally slow development was found in larvae
fed for 4 days with A. salina (group B) and 16 days with the ASTA
artificial feed (group D) (L4–L5, average 4.92; P=0.8146579). Other

specimens were very significantly different (P≤0.001). An analysis of
the development rate showed that at the beginning and the end of
individual stages of larval development, the size of the larvae (TL) was
smaller when feed conditions were worse and vice versa, see e.g. the
values in Fig. 2 (L5, groups A–E). The occurrence of macroscopic
morphological malformations and other abnormities (body and eyes
deformations) detected after Jezierska et al. (2000), including visually
detectable parasitoses, was minimal in the larvae examined (1.01%),
apart from specimens in group E at the end of experiment, where an
occurrence of Piscinoodinium pillularis was found (100%).

4. Discussion

The ability, which we have confirmed, of vimba bream larvae to
develop and grow with a good survival rate from the beginning of
exogenic feeding (L1) using only dry diet (ASTA feed) concurs with the
observations of Kujawa (2003), who showed this possibility also for
the common barbel (Barbus barbus). The use of existing starter feeds
(dry diets) for the rearing of the young larvae (L1–L3) of some other
rheophile cyprinids, like for example L. idus, is as a rule accompanied
by a high mortality rate and a low growth intensity (Hamáčková et al.,
2007). Kujawa (2003) recommends the larvae of L. idus, L. cephalus
and L. leuciscus be fed initially using live feed over 8–12 days.
Hamáčková et al. (2007) came to similar conclusions. The larvae at the
stated time of feeding are usually 17–18 days old after hatching (DAH)
and their morphogenetic level is labelled as L5 (=fifth stage step of
larval development — according to Lange et al., 1974, Peňáz et al.,
1983). In the given stage of development, larvae are fully able to accept

Table 2
Total length (TL), weight (w) and level of ontogeny (DS) in vimba bream (Vimba vimba) larvae at the end of the experiment (20 days from the start of exogenic feeding)

n TL (mm) w (mg) DS A.s./ASTA

Min. Max. Avr. SD Min. Max. Avr. SD Min. Max. Avr. SD (Days)

A 98 12.9 18.9 16.11a 1.42 14.0 52.0 31.37a 9.11 5 6 5.6a 0.48 20/0
B 99 11.6 14.7 13.20d 0. 70 8.0 21.9 14.18d 2.88 4 5 4.9c 0.27 4/16
C 104 10.9 15.9 14.05c 0.83 8.0 26.7 17.73c 3.97 5 6 5.2b 0.39 8/12
D 99 12.1 17.1 14.78b 0.91 11.0 33.0 22.28b 4.70 4 6 5.3b 0.50 12/8
E 100 10.3 14.1 12.42e 0.76 6.0 18.0 11.01e 2.65 4 5 4.9c 0.29 0/20

Notes: DS = larval developmental step after Peňáz et al., 1983; A.s. = Artemia salina; ASTA = artificial feed.
Different letters in the same column represent a significant difference (Pb0.05) between treatments.

Fig. 2. Total length (TL) and weight (w) of larvae (mm; mg; point=mean; box=standard
deviation; whiskers=1.96 standard deviation) at level of ontogeny L5 (larval five step,
after Peňáz et al., 1983) in the individual groups at the end of the experiment (20 days
from start of exogenic feeding). Different alphabetic superscripts show significant
differences (Kruskal–Wallis ANOVA; Pb0.05).

Fig. 3. Fulton's coefficient of condition (FWC) of larvae (point=mean; box=standard
deviation; whiskers=1.96 standard deviation) at level of ontogeny L5 (larval five step,
after Peňáz et al., 1983) in the individual groups at the end of the experiment (20 days
from start of exogenic feeding). Different alphabetic superscripts show significant
differences (Kruskal–Wallis ANOVA; Pb0.05).
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