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Abstract. The aim of this study was to compare the
susceptibility to body deformities in juveniles of 13 common
European cypriniform fish, caused by intensive feeding with
the same commercial dry diet administered at 25°C according
to a similar feeding schedule. The final share of individuals
with body malformations differed considerably among species
and was 0.0-87.0%. Unaffected by the intensive feeding were
only Barbus barbus (L.), Chondrostoma nasus (L.), Cyprinus

carpio L. and Leuciscus aspius (L.). They can be safely fed with
the highest rations of dry diet constituting 2,5-3% of fish
biomass daily. Most of the species exhibited body
malformations in a short time of only 20-30 days of feeding.
Abramis brama (L.), Leuciscus idus (L.), Leuciscus leuciscus

(L.), Scardinius erythrophthalmus (L.), Carassius carassius

(L.), Rutilus rutilus (L.) and Squalius cephalus (L.) proved to
be highly prone to body deformities – daily ration of feed 2.5%
of fish biomass resulted in high incidence of malformed
individuals after 60 days of feeding (50-87%). For these
species safe daily ration of a dry diet should not exceed 2% of
total fish biomass. Tinca tinca (L.) and Vimba vimba (L.)
showed medium susceptibility to body deformities (11 and
24%, respectively). They can be fed with the daily ration of
a dry diet about 2,3% of fish biomass. Some regularities
connected with different susceptibility to fish body
deformities are discussed in the paper.

Keywords: cypriniform fish, dry diet, intensive feeding,
body malformations

Introduction

Body deformities are serious economical and health
problem in aquaculture, that concerns especially fast
growing young individuals of many cultured fish spe-

cies representing different families (e.g. V�gsholm
and Djupvik 1998, Rennert et al. 2003, Fjeldall and
Hansen 2010, Myszkowski et al. 2010, Boglione et
al. 2013a, 2013b, Kamiñski et al. 2017, Kasprzak et
al. 2018). Deformities can occur in different fish
body parts and organs, but the most common in the
spine (Rennert et al. 2003, Kamler and Wolnicki
2006, Kowalska et al. 2006, Baeverfjord et al. 2008,
Kamler et al. 2008, Fjelldal et al. 2012, Kamiñski et
al. 2017). Moreover, many authors described cul-
tured individuals with multiple deformities involving
spine, jaws, gill covers and/or fins (e.g. Dabrowski et
al. 1988, Madsen and Dalsgaard 1999, Afonso et al.
2000, Al-Harbi 2001, Lall and Lewis-McCrea 2007).
Deformities can affect physiological processes in fish
including growth, swimming and reproduction, sus-
ceptibility to predation and resistance to diseases
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(Al-Harbi 2001, Eissa et al. 2021). They also contrib-
ute to poor economic value of fish and reduced their
marketability (Eissa et al. 2021).

Fish sensitivity to factors inducing body malfor-
mations may change during the ontogeny (Mazurais
et al. 2009) – young, fast-growing stages are consid-
ered as particularly prone to body deformities

(V�gsholm and Djupvik 1998). Factors that might
cause body deformities in fish can be variable, but in
cultured fish they have been linked mainly to poor
rearing conditions (Boglione et al. 2001), with the
unsuitable diet and excessive feeding as the most fre-
quent reasons (e.g. Wolnicki 2005, Kamler et al.
2006, Kamiñski et al. 2017). Moreover, the likeli-
hood of inducing body deformities during fish rear-
ing increases at higher temperatures (Kamler et al.
2012, Kamiñski et al. 2017).

Among cultured freshwater fish, many European
cypriniform species are particularly susceptible to
body deformities under the influence of feeding with
dry formulated diets. This is because they do not pos-
sess functional stomach throughout their ontogeny.
In effect no acid and pepsine secretion in their gut oc-
curs, what makes the digestion considerable less ef-
fective as compared to fish species with functional
stomach (Kaushik 1995, Hertrampf and
Piedad-Pascual 2003, Barton 2007). Some dispersed
and sparse data, that cannot be directly compared
due to methodological differences, seem to indicate
that the response of young stages of Cypriniformes
fish to feeding with the same dry diet may differ sig-
nificantly among species (Myszkowski et al. 2002,
Rennert et al. 2003, Sikorska 2009, Kamiñski et al.
2010, 2017). Such a feature would obviously be an
important biotechnical obstacle in the development
of widely understood cyprinid fish aquaculture.

Therefore, the aim of the present paper was to
compare in juveniles of common European
Cypriniformes fish the susceptibility to body defor-
mities when fed intensively with the same dry diet ac-
cording to very similar feeding schedule. Some
regularities connected with the lower or higher sus-
ceptibility to body deformities in cypriniform species
reared under controlled conditions will be discussed.

Material and Methods

Juvenile fish of 13 species belonging to three families
in order Cypriniformes were used in the experiment:
barbel Barbus barbus (L.), crucian carp Carassius

carassius (L.), common carp Cyprinus carpio L., (all
Cyprinidae), bream Abramis brama (L.), common
nase Chondrostoma nasus (L.), asp Leuciscus aspius

(L.), ide Leuciscus idus (L.), common dace Leuciscus

leuciscus (L.), roach Rutilus rutilus (L.), rudd
Scardinius erythrophthalmus (L.), chub Squalius

cephalus (L.), vimba bream Vimba vimba (L.)
(Leuciscidae), tench Tinca tinca (L.) (Tincidae). Fish
were prepared to the experiment over 2-6 months to
attain wet body weight about 0.5 g (Table 1). In the
preparation period fish larvae were fed live freshly
hatched Artemia nauplii that were substituted with
commercial frozen Chironomidae larvae after meta-
morphosis (35-45 days post-hatch). Natural food
was administered until satiation at 23-25°C.

The experiment was carried out in the
Recirculation Aquaculture System (RAS) and lasted
60 days. Each species (n = 99-102) was investigated
in triplicate in the aquaria stocked with 33-34 indi-
viduals. The experiments were carried out at differ-
ent times in few series covering 2-4 species. Each
stock was prepared in the way ensuring the same size
distribution of the fish. Glass 20 dm3 flow-through
aquaria were fed with water at about 0.3 dm3 min-1

and water temperature was kept at 25.0 ± 0.5°C.
Photoperiod was set at 13L:11D (daily ~700 lx at the
water surface). Dissolved oxygen in the aquaria was
maintained at 70-95% of air saturation. Total ammo-
nia and nitrites maximum concentrations reached
0.3 mg dm-3 and 0.04 mg dm-3, respectively. Water
reaction ranged 8.0-8.5 pH.

Fish diet used in the experiment was commercial
dry feed Aller Futura GR 2 (0.9-1.6 mm, Aller Aqua,
Denmark) containing 62.1% crude protein, 11.9%
crude fat, 8.5% carbohydrates, 10.5% ash and 7.0%
moisture in raw matter, with a caloric value of 22
kJ g-1 dry matter (manufacturer’s data). Daily food
rations (Table 1) were equally distributed among
5 feedings at 08:00, 11:00, 14:00, 17:00 and 20:00.
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Feeding intensity was close to the level of satiation
determined on the basis of the previous experience
(Kamler et al. 2006, Sikorska 2009).

All fish were individually measured (total length;
accuracy to 0.1 mm) and weighed (wet body weight;
to 0.01 g) just before start of the experiment. During
the experiment the fish were weighed every 10 days
and then daily food rations were adjusted to the ac-
tual fish biomass according to the accepted feeding
protocol with taking into account also their appetite.
On these days and at the end of the experiment (D60)
the fish were inspected for the presence of any visible
external deformities of their body. The manipula-
tions were done after a food deprivation over the
night and under a short-term mild anesthesia in-
duced by 0.4 g dm-3 (for C. carpio and C. carassius –
0.5 g dm-3) water solution of 2-phenoxyethanol.

Relative growth rate (% day-1) was calculated as
RGR = 100 (eG - 1); G = ln(BWt0/BWt)/(t - t0), where
BWt0 and BWt are wet body weights at the beginning
and the end of growing period (at the moments of
time t0 and t), respectively. Final percentages of fish
with visible body deformities were normalized using
angular transformation (Sokal and Rohlf 1969) and
the differences were considered significant at P �

0.05. All growth data were tested for normality of dis-

tribution. No significant differences between means

(TL, BW) from three aquaria within each group were

found, therefore the data from triplicate aquaria were

pooled. The significance of differences among exper-

imental groups was tested with one-way ANOVA fol-

lowed by Duncan’s multiple range test, P � 0.05

(Statistica for Windows).

Results

In the course of the experiment no losses occurred in
any of the investigated fish species. Fish growth dif-
fered considerably – juveniles of each species at-
tained the final average body weight from 1.18 g (R.

rutilus) to the maximum of 3.78 g (C. carassius) (Ta-
ble 2). The relative growth rates for body weight
(RGR) ranged from 1.34 % d-1 in R. rutilus to 3.00 %
d-1 in C. carpio.

At the termination of the experiment external

body deformities were found in juveniles of 11 spe-

cies (Table 2). Two exceptions were B. barbus and

Ch. nasus. In C. carpio and L. aspius the final share of

individuals with deformities equalled to 2.0% and
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Table 1
Age, size and daily feeding rations in juveniles of 13 European cypriniform species intensively fed with a formulated dry diet for 60
days at 25.0°C (alphabetical order within fish families)

Species Initial age of fish (months) Initial wet body weight1 (g)
Daily ration of dry feed2 (%
fish wet biomass d-1 )

Barbus barbus 2 0.46 ± 0.05 2.6 (3.5�1.7)

Carassius carassius 6 0.81 ± 0.20 2.5 (3.4�1.6)

Cyprinus carpio 3 0.51 ± 0.08 2.6 (3.5�1.8)

Abramis brama 2 0.48 ± 0.06 2.5 (3.3�1.7)

Chondrostoma nasus 2 0.44 ± 0.04 2.6 (3.5�1.7)

Leuciscus aspius 2 0.44 ± 0.03 2.5 (3.4�1.7)

Leuciscus idus 2 0.50 ± 0.08 2.6 (3.4�1.7)

Leuciscus leuciscus 2 0.51 ± 0.08 2.7 (3.4�1.9)

Rutilus rutilus 2 0.53 ± 0.05 2.7 (3.3�2.0)

Scardinius erythrophthalmus 6 0.82 ± 0.06 2.5 (3.6�1.9)

Squalius cephalus 3 0.53 ± 0.08 2.6 (3.4�1.7)

Vimba vimba 2 0.47 ± 0.05 2.6 (3.4�1.8)

Tinca tinca 6 0.62 ± 0.10 2.6 (3.5�1.8)
1 mean ± SD, n = 99-102; 2 mean values, in brackets initial (max.) and final (min.) values.



2.9%, respectively. The highest share of fish with de-
formities, ranged 77.8-86.9%, was recorded in S.

erythrophthalmus, L. leuciscus, L. idus and A. brama.
In all these species the first deformities became no-
ticeable as early as on D20 or D30 of the experiment.

The most common type of body deformity was spi-
nal curvature, particularly scoliosis (Table 2, Fig. 1). It
occurred in all of 11 species showing any deformities.

In six species – C. carpio, L. aspius, V. vimba, T. tinca,
C. carassius and S. erythrophthalmus – only this type
of body abnormality was recorded. Other types of ab-
normalities in fish body were deformed jaws (found in
14-47% juveniles of R. rutilus, S. cephalus, L. idus and
L. leuciscus) and cranium deformities (24-41% in S.

cephalus and L. idus and L. leuciscus).
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Table 2
Final incidence of external body deformities and growth in juvenile fish of different cypriniform species intensively fed in 25.0°C
with Aller Futura dry diet (mean daily rations about 2.5% of fish biomass) for 60 days under controlled conditions

Species DD*

Share of fish with particular types of
deformities (%)

Total share of
individuals with
body deformi-
ties (%)

Final body

weight (g)
RGR
(% d-1)

spinal cur-
vature

jaw defor-
mities

cranium de-
formities

Barbus barbus - 0.0g 0.0c 0.0d 0.0g 1.95 ± 0.38 2.44

Chondrostoma nasus - 0.0g 0.0c 0.0d 0.0g 1.75 ± 0.33 2.33

Cyprinus carpio 40 2.0f 0.0c 0.0d 2.0f 3.01 ± 0.73 3.00

Leuciscus aspius 50 3.0f 0.0c 0.0d 3.0f 1.86 ± 0.15 2.43

Vimba vimba 30 10.0e 0.0c 2.0c 11.0e 1.77 ± 0.21 2.23

Tinca tinca 40 24.0d 0.0c 0.0d 24.0d 2.90 ± 1.39 2.60

Squalius cephalus 30 39.0c 14.0b 24.0b 50.0c 2.60 ± 0.46 2.69

Rutilus rutilus 30 36.0cd 44.0a 0.0d 58.0bc 1.18 ± 0.17 1.34

Carassius carassius 20 64.0b 0.0c 0.0d 64.0b 3.78 ± 1.09 2.60

Scardinius erythrophthalmus 30 78.0a 0.0c 0.0d 78.0a 2.28 ± 0.35 1.72

Leuciscus leuciscus 30 60.0b 47.0a 39.0a 80.0a 1.34 ± 0.23 1.62

Leuciscus idus 30 84.0a 14.0b 41.0a 86.0a 2.38 ± 0.62 2.63

Abramis brama 20 87.0a 0.0c 0.0d 87.0a 1.91 ± 0.43 2.33
*DD – day when first individuals with body deformities were recorded.
In columns data with different superscripts differ significantly at P � 0.05; n = 99-102. In some individuals, different types of
deformities occurred simultaneously, therefore the total share of individuals with body deformities does not have to be the sum of
the shares of their individual types.

Figure 1. Juvenile crucian carp with spinal curvature in the caudal region.



Discussion

The present work is the first ever attempt to compare

the susceptibility to body deformities induced by in-

tensive feeding with a commercial dry diet in differ-

ent species of fishes belonging to three Cypriniformes

families – Cyprinidae, Leuciscidae and Tincidae.

Most of them are particularly difficult in rearing ex-

clusively on dry formulated diets because of lack of

functional stomach and ineffective digestion of such

diets (Smith 1980, Hertrampf and Piedad-Pascual

2003). Commonly observed effects of intensive use of

commercial dry diets on cypriniform fishes are high

growth rates and high survival rates, but also exces-

sive body fat deposits and deficiency in

macromineral content what results in high incidence

of body deformities (Kamler et al. 2012). One of the

most important observations made in this work was

the finding of considerable differences in susceptibil-

ity of different cypriniforms to body deformities when

fed the same dry diet with the same intensity. Among

13 species studied, the final share of individuals with

body malformations was highly diversified and

ranged from 0.0% up to 87.0%. Only very few species

remained unaffected by intensive feeding with the

dry diet (B. barbus and Ch. nasus). Most of the spe-

cies exhibited body malformations in a short time of

only 20-30 days of feeding. Fact of the existence of

such big differences certainly has a considerable

practical aspect.

The fish used in our studies can be divided into
groups of species of low, medium and high suscepti-
bility to body deformities. The least prone to body de-
formities proved B. barbus, Ch. nasus, C. carpio and
L. aspius. In this group of fish, the share of juveniles
with deformities did not exceed 3.0% what can be
considered as a satisfactory result from the practical
point of view. These species can be fed safely with ex-
clusively dry diet at the mean daily level of 2.5-3.0%
of fish biomass. To group of medium susceptibility
can be included V. vimba and T. tinca (11.0% and
24.0% of deformed individuals, respectively). They
can be fed safely at slightly lower rates of about 2.3%
of fish biomass. As many as 7 of the 13 species

should be included to the group of high susceptibility
to body deformities with their final share of 50.0% or
higher. All of them require the mean daily rates of
a dry diet not exceeding about 2% of their total bio-
mass. To this group belong S. cephalus, L. leuciscus,
R. rutilus, C. carassius and S. erythrophthalmus, and
two species turned out to be the most prone – L. idus

with 86% of malformed fish and A. brama with
87.0%. Additional interesting finding is that only in
this group were recorded fish with multiple deformi-
ties.

The reasons for such a big diversity in suscepti-
bility to deformities in cypriniform fish fed dry diet
are not clear and obvious. Wild fish consume prey
with high moisture contents, whereas cultured fish
are generally fed with commercial dry diets of low
water content what makes them less digestible.
Moreover, increased feeding frequency with dry diets
can result in faster intestine evacuation, which has
been found to diminish the efficiency of digestion
and absorption of ingested food (Le et al. 2019).
However, this does not explain the great differences
in the incidence of body deformities among different
species of cypriniform fishes fed the same dry diet.
Susceptibility to body deformities in these fishes
seems to be diet- and species-related. In contrast to
dry formulated diets, natural food does not induce
external abnormalities in cypriniform fishes, regard-
less of the species and feeding intensity (Wolnicki
2005, Kamler et al. 2006, Kasprzak et al. 2018).
However, the cost of any natural food is high and its
availability on the market may be strongly limited.

In our study we recognized the particular fish
species as those of low, medium and high suscepti-
bility to deformities. However, there is no clear rela-
tion between susceptibility and their classification in
families, life strategies or habitats. Among the largest
group of fish highly susceptible to external abnor-
malities, we can find both rheophilic species (L.

leuciscus) and preferring stagnant waters C.

carassius. They may be herbivorous species as S.

erythrophthalmus or Ch. nasus, or omnivores feeding
on both plant material and various aquatic animals,
including larvae of insects and molluscs (e.g., R.
rutilus or species from genus Leuciscus) (Kottelat
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and Freyhof 2007). Similar diversity characterizes
species of low susceptibility to deformities. It can be
found there rheophilic B. barbus and V. vimba as well
as C. carpio preferring rather still waters. The latter is
omnivorous, whereas L. aspius is predatory species
though not in early juvenile period (Kottelat and
Freyhof 2007).

Beside of different natural food preferences, from
herbivorousness to piscivorousness, the gut struc-
ture in different species belonging to Cypriniformes
is quite similar – differs mainly in the longitude – and
characterizes with lack of stomach and pylorus
(Smith 1980), and therefore lack of acid and pepsin
secretion in the gut (Hofer 1991). Most of the dis-
cussed species have relatively short gut with only
a single loop – e.g. piscivorous L. aspius and many
euryphagous species with more or less carnivorous
tendencies, like L. leuciscus, S. cephalus, R. rutilus,

S. erythrophthalmus, T. tinca and V. vimba (Junger
et al. 1989). But some species with herbivorous or
omnivorous feeding tendencies have relatively long
gut showing a more complex pattern of loops and
coils (e.g. B. barbus, C. carpio and Ch. nasus) and
these species in our experiment turn out to be much
more resistant to deformities or at least less suscepti-
ble.

Histological analyses of the alimentary tracts in
fish fed with commercial dry diets revealed signifi-
cant pathologies including lowered hepatocyte and
enterocyte proliferation, as well as shortened intesti-
nal folds (Kasprzak et al. 2019). Another typical ef-
fect is excessive body fat deposits and lower content
of macrominerals essential for proper skeleton min-
eralization, i.e. P, Ca, Mg (Kamler et al. 2012,
Kamiñski et al. 2017, Kasprzak et al. 2018). It seems
that the content of fat in dry diets may, in general, ex-
ceed requirements of young cypriniforms, although
for most of the species the optimum lipid content in
their diets was not determined. High incidence of de-
formities in fish in our experiment may also be due to
the fact that juvenile cypriniform fish have a physio-
logical problem with enzymatic adaptation to compo-
sition of dry feeds. It is known fact that the content of
dietary lipid can stimulate the activity of lipase in the
gut, but only to the certain level (Buchet et al. 2000).

Another key enzymes seem to be phosphatases
secreted by the intestinal brushborder. They are re-
sponsible for hydrolysis of inorganic phosphates,
modification of amino acid chains, stimulation of Ca
ions absorption and transport of nutrients through
the brushborder membrane into the enterocytes
(López-Ramirez et al. 2011). The activity of
phosphatases could be a good marker in evaluation
of food digestion efficiency and nutrient absorption
in juvenile Cypriniformes (Kasprzak et al. 2019). Re-
garding amylase activity, the omnivorous species
demonstrate higher activity than the carnivores, al-
though digestive enzyme activities of fish are affected
by the diet composition and feeding habit (Al-Saraji
and Nasir 2013).

It is known that microflora of fish digestive tract
plays significant role in digestion and metabolism. In
the intestinal bacteriocenoses of the digestive tract of
freshwater fish inhabiting natural water bodies pre-
vail the bacteria of the genera Aeromonas,

Lactobacillus, Pseudomonas and Flavobacterium-

-Cytophaga. But in farmed fish fed on dry diets the
structure of the bacteriocenosis is different with
a dominant share of Enterobacteriaceae, which may
make up to 50% of all bacteria (Ganguly and Prasad
2012). Gastrointestinal bacteria take part in the de-
composition of nutrients and provide the host with
enzymes, some amino acids and vitamins. Thus the
microbial population of the gut represents an impor-
tant and diversified enzymatic potential, which inter-
fere with a host metabolism and dry food has an
adverse effect on the intestinal microflora (Ganguly
and Prasad 2012). These changes certainly have an
impact on digestion efficiency and fish performance.

Interesting are also some regularities that can be
found among fish from the groups of low and high
susceptibility to body deformities. Comparison of the
present results with some literature data concerning
response of larval cypriniform fish on the feeding with
dry starter feeds indicates some similarities in fish per-
formance. Such species as B. barbus, Ch. nasus, C.

carpio and V. vimba, in larval period of their life, are
characterized by relatively high growth rates and high
survival rates when fed exclusively dry diets just from
the first feeding (Krupka 1985, Wolnicki and
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Myszkowski 1998, Fiala and Spurný 2001, Wolnicki
2005). These four species in our classification were
categorized as fish of low or – at worst – of medium
susceptibility to deformities. By contrast, L. idus, L.

leuciscus, S. cephalus and T. tinca in larval period
were characterized by low ability to effective digestion
of dry diets and should not be fed exclusively with
them from the first feeding (Wolnicki and Górny
1995a, 1995b, Wolnicki and Myszkowski 1999,
Lepièova et al. 2002, Shiri Harzevili et al. 2004,
Wolnicki 2005). The same can be said about juveniles
of the aforementioned species because of their high
susceptibility to dry diet-induced deformities.

It is commonly observed in different fish species
that during the first month of life their gut undergoes
morphological changes that are related to the transi-
tion from endo- to exogenous feeding. But in juve-
niles the enzymatic contents in the gastrointestinal
tract were in the same order of magnitude as those
previously measured in adult individuals (Caruso et
al. 2009). Despite this, the data presented above in-
dicate that the ability of cypriniforms to use dry diets
effectively appears to be only slightly better in juve-
nile fish than in larvae of the same species. It means
that 2-6 months of the ontogeny, as in our experi-
ment, may not be enough to guarantee much more
effective utilization of dry feeds in juveniles as com-
pared to larvae.

The fact of existing among cypriniform fish spe-
cies considerable diversity in the response to inten-
sive feeding with the same dry diet seems to indicate
that there is a little chance for working out universal
formula of starter feed that would be equally appro-
priate for all species belonging to that order. From
the same reason it would be difficult to work out the
general method of intensive rearing of juvenile
cypriniforms with the use of exclusively dry diets.
This fact is an explanation why so many attempts
were made to date to improve the effects of fish feed-
ing with dry diets by suplementing them with small
amounts of natural food (Quirós and Alvariño 1998,
Celada et al. 2009, Kamler et al. 2008 and many oth-
ers) or with probiotics, prebiotics or symbiotics
(Ganguly and Prasad 2012, Akhter et al. 2015, Van
Doan et al. 2019), or else by treating them with

organic acids (Sugiura et al. 1998, Kamiñski et al.
2021). In fish farms the reduction in the number of
skeletal deformities that affect commercial fish value
may be also achieved by semi-intensive systems
characterized by lower densities and larger rearing
units (Boglione and Costa 2011). Otherwise, inten-
sive use of any dry diet after some time can lead to
body deformities in almost all species belonging to
Cypriniformes (Wolnicki 2005).

Acknowledgments. The study was supported with
funding from Project Z-005 of the National Inland Fish-
eries Research Institute, Olsztyn, Poland.

Author contributions. J.S. designed the work, investi-
gation, wrote the original draft, reviewed, edited; J.W.
investigated, wrote original draft, reviewed; R.K. inves-
tigated, reviewed. All authors approved the manuscript
for publication.

ORCID iD

Justyna Sikorska https://orcid.org/0000-0001-8575-7034

Jacek Wolnicki https://orcid.org/0000-0003-4396-390X

Rafa³ Kamiñski https://orcid.org/0000-0002-8138-3327

References

Afonso, J.M., Montero, D., Robaina, L., Astorga, N.,
Izquierdo, M.S., Ginés, R. (2000). Association of
a lordosis-scoliosis-kyphosis deformity in gilthead
seabream (Sparus aurata) with family structure. Fish
Physiology and Biochemistry, 22, 159-163.

Akhter, N., Wu, B., Memon, A.M., Mohsin, M. (2015).
Probiotics and prebiotics associated with aquaculture:
A review. Fish Shellfish Immunology, 45(2), 733-41.

Al-Harbi, A.H. (2001). Skeletal deformities in cultured com-
mon carp Cyprinus carpio L. Asian Fisheries Science, 14,
247-254.

Al-Saraji, A.Y.J., Nasir, N.A.N. (2013). Effect of different
dietary proteins and fats on the digestive enzymes activi-
ties in the common carp fingerlings (Cyprinus carpio L.)
reared in floating cages. Mesopotamian Journal of
Marine Science, 28(2), 121-130.

Baeverfjord, G., Hjelde, K., Helland, S., Refstie, S. (2008).
Restricted dietary level of phosphorus and zinc induces
specific skeletal deformities in juvenile Atlantic salmon
(Salmo salar L.). European Aquaculture Society Special
Publication, 37, 52-53.

Different susceptibility to body deformities in juveniles of 13 European species (Cypriniformes: Pisces)... 21



Barton, M. (2007). Bond’s biology of fishes. 3rd Edition,
Thompson, Belmont, CA, 891 p.

Boglione, C., Costa, C. (2011). Skeletal deformities and juve-
nile quality. In: M. Pavlidis, C. Mylonas (Eds.) Biology
and aquaculture of gilthead sea bream and other species.
Willey-Blackwell, Oxford, UK, 233-294.

Boglione, C., Gagliardi, F., Scardi, M., Cautaudella, S. (2001).
Skeletal descriptors and quality assessment in larvae and
post-larvae of wild-caught and hatchery reared gilthead
sea bream (Sparus aurata L. 1758). Aquaculture, 192,
1-22.

Boglione, C., Gavaia, P., Koumoundouros, G., Gisbert, E.,
Moren, M., Fontagné, S., Witten, P.E. (2013a). Skeletal
anomalies in reared European fish larvae and juveniles.
Part 1: normal and anomalous skeletogenic processes.
Reviewes in Aquaculture, 5 (Suppl. 1), 99-120.

Boglione, C., Gisbert, E., Gavaia, P., Witten, P.E., Moren, M.,
Fontagné, S., Koumoundouros, G. (2013b). Skeletal
anomalies in reared European fish larvae and juveniles.
Part 2: main typologies, occurrences and causative fac-
tors. Reviewes in Aquaculture, 5 (Suppl. 1), 121-167.

Buchet, V., Zambonino Infante, J.L., Cahu, C.L. (2000). Effect
of lipid level in compound diet on the development of red
drum (Sciaenops ocellatus) larvae. Aquaculture, 184,
339-347.

Caruso, G., Denaro, M.G., Genovese, L.M. (2009). Digestive
Enzymes in Some Teleost Species of Interest for Mediter-
ranean Aquaculture. The Open Fish Science Journal, 2,
74-86.

Celada, J.D., Aguilera, A., García, V., Carral, J.M.,
Sáez-Royuela, M., González, R., González, Á. (2009).
Rearing juvenile tench (Tinca tinca L.) under controlled
conditions using Artemia nauplii as supplement to a dry
diet. Aquaculture International, 17, 565-570.

Dabrowski, K., Hinterleither, S., Sturmbauer, C., El-Fiky, N.,
Wieser, W. (1988). Do carp larvae require vitamin C?
Aquaculture, 72, 295-306.

Eissa, A.E., Abu-Seida, A.M., Ismail, M.M., Abu-Elala, N.M.,
Abdelsalam, M. (2021). A comprehensive overview of the
most common skeletal deformities in fish. Aquaculture
Research, 52, 2391-2402.

Fiala, J., Spurný, P. (2001). Intensive rearing of the common
barbel (Barbus barbus L.) larvae using dry starter feeds
and natural diet under controlled conditions. Czech
Journal of Animal Science, 46, 320-326.

Fjelldal, P.G., Hansen, T. (2010). Vertebral deformities in
triploid Atlantic salmon (Salmo salar L.) underyearling
smolt. Aquaculture, 309, 131-136.

Fjelldal, P.G., Hansen, T., Breck, O., �rnsrud, R., Lock, E.-J.,
Waagb�, R., Wargelius, A., Eckhard Witten, P. (2012).
Vertebral deformities in farmed Atlantic salmon (Salmo

salar L.) – etiology and pathology. Journal of Applied Ich-
thyology, 28, 433-440.

Ganguly, S, Prasad, A. (2012). Microflora in fish digestive
tract plays significant role in digestion and metabolism.
Reviewes in Fish Biology and Fisheries, 22, 11-16.

Hertrampf, J.W., Piedad-Pascual, F. (2003). Handbook of
ingredients for aquaculture feeds. Kluwer Academic
Publishers, Dordrecht, Netherlands, 624 p.

Hofer, R. (1991). Digestion. In: I.J. Winfield, J.S. Nelson
(Eds.) Cyprinid fishes. Systematics, biology and exploita-
tion. Chapman & Hall, Fish and Fisheries, 3, 413-425.

Junger, H., Kotrschal, K, Goldschmid, A. (1989). Compara-
tive morphology and ecomorphology of the gut in Euro-
pean cyprinids (Teleostei). Journal of Fish Biology, 34(2),
315-326.

Kamiñski, R., Kamler, E., Wolnicki, J., Sikorska, J.,
Wa³owski, J. (2010). Condition, growth and food conver-
sion in barbel, Barbus barbus (L.) juveniles under differ-
ent temperature/diet combinations. Journal of Thermal
Biology, 35, 422-427.

Kamiñski, R., Sikorska, J., Wolnicki, J. (2017). Diet and
water temperature affect growth and body deformities in
juvenile tench Tinca tinca (L.) reared under controlled
conditions. Aquaculture Research, 48(3), 1327-1337.

Kamiñski, R., Sikorska, J., Wolnicki, J. (2021).
Extracorporeal acidic predigestion of commercial dry
diets can reduce the incidence of body deformities in the
stomachless fish crucian carp (Carassius carassius L.).
Fisheries and Aquatic Life, 29, 62-68.

Kamler, E., Wolnicki, J. (2006). The biological background
for the production of stocking material of 11 European
rheophilic cyprinids. A review. Archiv für Hydrobiologie,
Suppl. 158/4, 667-687.

Kamler, E., Myszkowski, L., Kamiñski, R.,
Korwin-Kossakowski, M., Wolnicki, J. (2006). Does
overfeeding affect tench Tinca tinca (L.) juveniles?
Aquaculture International 14, 99-111.

Kamler, E., Wolnicki, J., Kamiñski, R., Sikorska, J. (2008)
Fatty acid composition, growth and morphological defor-
mities in juvenile cyprinid, Scardinius erythrophthalmus

fed formulated diet supplemented with natural food.
Aquaculture, 278, 69-76.

Kamler, E., Kamiñski, R., Wolnicki, J., Sikorska, J.,
Wa³owski, J. (2012). Effects of diet and temperature on
condition, proximate composition and three major macro
elements, Ca, P and Mg, in barbel Barbus barbus juve-
niles. Reviews in Fish Biology and Fisheries, 22,
767-777.

Kasprzak, R., Ostaszewska, T., Wagner, B. (2018). The effect
of feeding commercial diets on the development of juve-
nile crucian carp (Carassius carassius, L.). Part 1: Skele-
tal deformations. Aquaculture Nutrition, 25, 78-87.

Kasprzak, R., Ostaszewska, T., Kamaszewski, M. (2019).
Effect of feeding commercial diets on the development of
juvenile crucian carp Carassius carassius: digestive tract
abnormalities. Aquatic Biology, 28, 159-173.

22 Justyna Sikorska et al.



Kaushik, S.J. (1995). Nutrient requirements, supply and utili-
zation in the context of carp culture. Aquaculture, 129,
225-241.

Kottelat, M., Freyhof, J. (2007). Handbook of European
Freshwater Fishes. Kottelat, Cornol, Switzerland and
Freyhof, Berlin, Germany, 646 p.

Kowalska, A., Zakêœ, Z., Demska-Zakêœ, K. (2006). The impact
of feeding on the results of rearing larval pikeperch,
Sander lucioperca (l.), with regard to the development of
the digestive tract. Electronic Journal of Polish Agricul-
tural Universities, 9(2), #05. Available Online:
http://www.ejpau.media.pl/volume9/issue2/art-05.html.

Krupka, I. (1985). Umelé rozmno�enie a odchov plôdika
mreny obyèajnej (Barbus barbus (Linnaeus, 1758)).
Práce Laboratória Rybárstva a Hydrobiológie, 5,
173-197.

Lall, S.P., Lewis-McCrea, L.M. (2007). Role of nutrients in
skeletal metabolism and pathology in fish – an overview.
Aquaculture, 267, 3-19.

Le, H.T.M.D., Shao, X., Krogdahl, �., Kortner, T.M., Lein, I.,
Kousoulaki K., Lie, K.K., S�le,�. (2019). Intestinal func-
tion of the stomachless fish, Ballan Wrasse (Labrus

bergylta). Frontiers in Marine Science, 6,140.
Lepièová, A., Hamáèková, J., Lepiè, P. (2002). Reading of

early fry of dace (Leuciscus leuciscus L.) under controlled
conditions. Bulletin VÚRH Vodòany, 37, 16-23.

López-Ramírez, G., Cuenca-Soria, C.A., Alvarez-González,
C.A., Tovar-Ramírez, D., Ortiz-Galindo, J.L.,
Perales-García, N., Márquez-Couturier, G.,
Arias-Rodríguez, L., Indy, J.R., Contreras-Sánchez, W.M.,
Gisbert, E., Moyano, F.J. (2011). Development of digestive
enzymes in larvae of Mayan cichlid Cichlasoma

urophthalmus. Fish Physiology and Biochemistry, 37(1),
197-208.

Madsen, L., Dalsgaard, I. (1999). Vertebral column deformi-
ties in farmed rainbow trout (Oncorhynchus mykiss).
Aquaculture, 171, 41-48.

Mazurais, D., Glynatsi, G., Darias, M.J., Christodoulopoulou,
S., Cahu, C.L., Zambonino-Infante, J.L, Koumoundouros,
G. (2009). Optimal level of dietary vitamin A for reduced
deformity incidence during development of European sea
bass larvae (Dicentrarchus labrax) depend on malforma-
tion type. Aquaculture, 294, 262-270.

Myszkowski, L., Kamiñski, R., Quirós, M., Stanny, L.A.,
Wolnicki, J. (2002). Dry diet-influenced growth, size vari-
ability, condition and body deformities in juvenile crucian
carp Carassius carassius L. reared under controlled condi-
tions. Archives of Polish Fisheries, 10, 51-61.

Myszkowski, L., Kamler, E., Kwiatkowski, S. (2010). Weak
compensatory growth makes short-term starvation an
unsuitable technique to mitigate body deformities of
Tinca tinca juveniles in intensive culture. Reviews in Fish
Biology and Fisheries, 20, 381-388.

Quirós, M., Alvariño, J.M.R. (1998). Growth of tench (Tinca

tinca (L.)) fed with and without the addition of the
cladoceran Daphnia. Polish Archives of Hydrobiology,
45, 447-451.

Rennert, B., Kohlman, K., Hack, H. (2003). A performance
test with five different strains of tench (Tinca tinca L.)
under controlled warm water conditions. Journal of
Applied Ichthyology, 19, 161-164.

Shiri Harzevili, A., Vught, I., Auverx, J., De Cherleroy, D.
(2004). Larval rearing of ide (Leuciscus idus (L.)) using
decapsulated cysts. Archives of Polish Fisheries, 12,
191-195.

Sikorska, J. (2009). Methods for counteracting negative
effects of intensive feeding of juvenile cyprinid fish with
dry starter feeds under controlled conditions – PhD The-
sis, Inland Fisheries Institute in Olsztyn, Poland, 121 pp.
(in Polish).

Smith L.S. (1980). Chapter 1. Digestion in Teleost Fishes. In:
Fish Feed Technology, United Nations Development
Programme, FAO, Rome, 395 p.

Sokal, R.R., Rohlf, J.R. (1969). Biometry. The principles and
practice of statistics in biological research. H.F. Freeman
and Co., San Francisco, 776 p.

Sugiura, S.H., Dong, F.M., Hardy, F.W. (1998). Effects of
dietary supplements on the availability of minerals in fish
meal; preliminary observations. Aquaculture, 160,
283-303.

V�gsholm, I., Djupvik, H.O. (1998). Risk factors for spinal
deformities in Atlantic salmon, Salmo salar L. Journal of
Fish Diseases, 21, 47-53.

Van Doan, H., Hoseinifar, S.H., Ring�, E., Ángeles Esteban,
M., Dadar, M., Dawood, M.A.O., Faggio, C. (2019).
Host-associated probiotics: A key factor in sustainable
aquaculture. Reviews in Fisheries Science and
Aquaculture, 28(1), 16-42.

Wolnicki, J. (2005). Intensive rearing of early stages of cypri-
nid fish under controlled conditions. Archives of Polish
Fisheries, 13, 5-87.

Wolnicki, J., Górny, W. (1995a). Controlled rearing of ide
(Leuciscus idus L.) larvae using live food and dry feed.
Aquaculture, 129, 255-256.

Wolnicki, J., Górny, W. (1995b). Suitability of two dry diets
for intensive rearing of larval tench (Tinca tinca L.) under
controlled conditions. Aquaculture, 129, 256-258.

Wolnicki, J., Myszkowski, L. (1998). Growth and survival of
larval nase Chondrostoma nasus (L.) fed different diets at
two water temperatures. European Aquaculture Society
Special Publication, 26, 276-277.

Wolnicki, J., Myszkowski, L. (1999). Larval rearing of
rheophilic cyprinids, Aspius aspius (L.), and Leuciscus

cephalus (L.) on life, dry or mixed diet. European
Aquaculture Society Special Publication, 27, 258-259.

Different susceptibility to body deformities in juveniles of 13 European species (Cypriniformes: Pisces)... 23




