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ABSTRACT. The aim of the study was to determine the effect of increased stocking density on the
growth and survival of larval asp, Aspius aspius (L.), and European chub, Leuciscus cephalus (L.),
during mass rearing under controlled conditions. Fish larvae were obtained during artificial spawning
at a hatchery. The larvae were reared for 21 days in a semi-closed recirculating system at a water
temperature of 25°C. They were stocked at four densities (50, 100, 150, and 200 indiv. dm's) and were
fed freshly hatched Artemia sp. nauplii. The fastest growth rate for both species was obtained at the
smallest stocking density (ITL = 0.67 and 0.58 mm d! for asp and chub, respectively). The highest
mortality of larval asp was recorded at the density of 200 indiv. dm™ (11.68%), and for chub at the
density of 50 indiv. dm™ (40.4%). The results obtained indicated that the stocking densities applied do
not have an impact on larval growth or survival in the first week of rearing.
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INTRODUCTION

In addition to its primary function for food production, aquaculture is also a tool
that can be used for restoring threatened populations of fish through controlled larval
production and rearing (Philippart 1995, Kucharczyk 2002). One of the most impor-
tant aspects taken into consideration during the development of biotechnologies for the
production of stocking material is the profitability of the method implemented
(Turkowski 2002). High economic effectiveness can be achieved in the rearing of cypri-
nid fish in recirculating systems that permit high stocking densities (Kujawa 2004,
Wolnicki 2005).
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Asp, Aspius aspius (L.), is predatory fish inhabiting the flowing waters of central
and eastern Europe, southern Scandinavia, and catchment basins of the Black and Cas-
pian seas in Asia (Mamcarz 2000). They occur abundantly in dam reservoirs and in
lakes that are linked to rivers (Kirsipuu and Pihu 1996). This species is currently classi-
fied as endangered in the European Union. Although European chub, Leucisus
cephalus (L.), is a species of little economic value, it is a significant element of freshwa-
ter ichthyofauna in the flowing waters of Europe, Asia Minor, and South Caucasus.
This species is under considerable recreational fishing pressure in Poland, similarly to
asp, and this has led to decreased abundance in many local populations (Blachuta
1998, Penczak et al. 1998).

It is widely known that the stocking density of larvae during rearing significantly
influences growth rates and final larval survival. Despite this and the analysis of works
by many authors, it was impossible to determine unequivocally the impact larval stock-
ing density in a volume unit had on the growth rate or mortality of rheophilic larval
cyprinid fish. This was also rendered impossible by the various feeding regimes used
(feed type, quantity, frequency) water temperature, and photoperiod (Wolnicki 2005).
The aim of the current work was to determine the effect stocking density had on larval
asp and chub growth rates and survival during mass rearing under controlled condi-

tions.

MATERIALS AND METHODS

The study materials were larval asp and chub obtained from artificial reproduction
conducted at the hatchery of the Department of River and Lake Fisheries at University
of Warmia and Mazury in Olsztyn. Asp spawners were caught in the Pierzchalskie Dam
Reservoir (northeastern Poland) in fall 2007, and were held until the following spawn-
ing season in earthen ponds at the Czarci Jar Fish Farm near Olsztynek (northeastern
Poland). The cultivated brood stock of European chub came from the Knieja Fish Farm
near Czestochowa (southern Poland), and artificial spawning was conducted according
to methods described by Krejszeff et al. (2008). Ovopel (Unic-trade, Hungary) was
used to stimulate gamete maturation in both species.

Rearing was conducted for 21 days in a semi-closed recirculating system equipped

with regulation devices for water temperature (+0.1°C), photoperiod, and aeration.
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Water temperature during rearing was 25°C. The daily water exchange rate in the sys-
tem was 30% of its capacity. The rearing tanks (aquaria with a volume of 50 dms) were
illuminated with fluorescent lights for a photoperiod of 12L:12D. The light intensity
was not measured. Rain water was directed into each tank separately. The larvae were
stocked in the tanks at the moment they began active swimming, and they were fed
three times daily ad libitum. The feed was comprised of freshly hatched Artemia sp.
nauplii. Rearing was conducted at four stocking densities: 50, 100, 150, 200 indiv.
dm™ (asp at A50, A100, A150, A200 and chub at .50, 100, 150, L200). The experi-
ment with asp was conducted in three replicates, while that with chub in two, which
was because of an insufficient quantity of larvae. The concentration of ammonia,
nitrites, and nitrates was monitored with an LF250 photometer (Slangi, Poland), and
the dissolved oxygen content and pH were measured with an HI 9828 multi-parameter
instrument (Hanna Instruments, Italy).

The total length (£ 0.1 mm) of 30 individuals from each experimental variant were
measured at intervals of 7 days with the ProgRes® Capture Pro 2.5 (Jenoptik, Ger-
many) image analysis system. Prior to the measurements, the fish were anesthetized in
a solution of 2-phenoxyethanol (0.4 em® dm_g; Sigma-Aldrich, Germany), and then
released into the aquarium from which they were caught. The results permitted calcu-
lating the relative growth rates of weight (RGRw) and length (RGRy) (Myszkowski
1997) according to the formula:

RGR =100 {e% - 1] 1)
\ )

where: SGR = 100 (In W1 - In W) At™!, Wy - initial weight/length, W — final
weight/length, At - fish growth period (days).

The relative biomass rate (RBR) was calculated according to the formula:

RBR =100 (e% - 1] (2
\ )

where: SBR = 100 SGR = 100 (In (N2 W2) —In (N1 W1)) At_l, N1 - stock number at
the start of the experiment, N2 - stock number at the end of the experiment.

The index of increments of total length growth in a time unit (ITL) was calculated
according to the formula (Penaz et al. 1989):
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TL, — TL,
At

ITL = 3)
where: TLj - mean individual length (longitudo totalis) at the start of the experi-
ment, TLy — mean individual length (longitudo totalis) at the end of rearing.
Statistical differences between groups regarding larval length and weight were ana-
lyzed with analysis of variance (ANOVA) and Tukey’s post hoc test (P < 0.05).

RESULTS

The highest asp survival was noted in the A100 group, while the lowest was in the
A200 group (Table 1). The highest mortality was noted in larval asp during the first
week of rearing, and in group A200 until day 10 of the experiment (Fig. 1a). The fish
from variant A50 had the highest body length growth rate (Fig. 2a). Until day 14 of rear-
ing, no significant differences were noted in the growth rate of the larvae at the other
stocking densities. After another 7 days of rearing, the length of the larvae in tanks with
the highest density (group A200) differed significantly from that of the other groups (P
< 0.05). The highest value of the ITL index was confirmed in group A50 (0.67), while
the lowest was noted in group A200 (0.55). The most rapid growth in asp body length
was confirmed in group A50, and the slowest in group A200 (Table 1).

TABLE 1

Initial and final characteristics of the rearing of larval asp, Aspius aspius, (mean = SD)

Stocking density (indiv. dm’S)

Parameter 50 100 150 200
Mean initial weight (mg)* 32+0.2° 32+02% 32+02° 32+02%
Mean final weight (mg)* 884 +1731° 742+ 21.72° 720+ 1430° 605 + 16762
Mean initial length (mm)* 955+ 04  955+04 955+04" 955+ 04°
Mean final length (mm)* 2355+ 1.49° 2271+ 167" 2230+ 158" 2119 +1.78
Survival (%) 9275+ 172 9483+2.65 9411+176 8832+ 196

Index of incremental total length (ITL) (mm d'l) 0.67 £ 0.0 0.63 £0.1 0.61 £0.0 0.55 £ 0.1
Relative growth rate in weight (RGRw) (% d'l) 1719+ 02 1622+03 16.04+0.1  15.09 £0.2
Relative growth rate in length (RGRy,) (% d"l) 439+0.1 421+0.2 412+0.1 3.87+0.1
Relative biomass rate (RBR) (% d_l) 16.77+0.2  1592+03 1571+0.1  1441+0.2

*Results in the same row with different letter indices differ significantly statistically (P < 0.05)
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Fig. 1. Cumulative mortality of larval asp, Aspius aspius (a) and chub, Leuciscus cephalus (b), during rear-
ing under controlled conditions.

The RGRy in group A50 was 17.19% d! andin group A200 it was 15.09% dt
The final body weight of the fish in group A50 differed significantly statistically from
the other variants (P < 0.05). The fastest relative increase in biomass was noted in
group A50, and the slowest in group A200 (Table 1).

The highest survival in chub was noted in group L.100, and the lowest in group L50
(Table 2). Intense mortality in chub larvae was noted after day 11 of rearing (Fig. 1b).
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Fig. 2. Mean (+ SE) length of larval asp, Aspius aspius (a) and chub, Leuciscus cephalus (b) during rearing.
Data with the same letter index do not differ significantly statistically (P > 0.05).

The fish from group L50 had the largest body measurements at the end of the experi-
ment (Fig. 2b; P < 0.05). RGRw in group L50 was 21.61% d'!, while the slowest growth
was noted in group L150 at 18.01% d’l. The RGRY, values for the fastest (L50) and
slowest (L150) growth in body length were 4.54 and 3.77% dl, respectively. The high-
est ITL index recorded during chub rearing was noted in group L50, while the lowest

was in group L150 (0.58 and 0.44, respectively). The fastest relative biomass rate
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(RBR) was confirmed in variant L.50 (20.31% d'l), while the slowest was in group L150
(17.12% d’™h.

TABLE 2

Initial and final characteristics of the rearing of chub, Leuciscus cephalus (mean + SD)

Stocking density (indiv. dm_g)

Parameter 50 100 150 200
Mean initial weight (mg)* 13+03 13+03 13+03 13+0.3
Mean final weight (mg)* 764 +229° 498+235”  406+105° 49.6+ 106"
Mean initial length (mm)* 787+02%  787+02" 787+02° 787+0.2°
Mean final length (mm)* 1999 +197" 1725 +271% 1712 +122% 17.82 + 1143
Survival (%) 59.60 +3.70 7620 £ 2.94 70.77 226 71.89 +1.98

Index of incremental total length (ITL) (mm d-l) 0.58 £0.1 0.45 £ 0.2 044 0.1 0.47 £ 0.0
Relative growth rate in weight (RGRw) (% d"l) 2161+02 1916+03 180102 19.14+0.1
Relative growth rate in length (RGRy) (% d'l) 454+0.1 3.81+0.1 3.77+0.1 397+0.1
Relative biomass rate (RBR) (% d_l) 2031£02 1844+03 1712+02 1829%0.

*Results in the same row with different letter indices differ significantly statistically (P < 0.05)

DISCUSSION

The growth rate of cyprinid fish in controlled conditions depends on many factors
including water temperature; the type, availability, and quantity of feed; the length of
the daily feeding period; the stocking density of the fish; and tank size (Brown 1957,
Myszkowski et al. 2002, Kujawa 2004, Wolnicki 2005). Studying the impact of single
factors requires maintaining all the others at comparable levels. The relative growth
rate in weight (RGRwy) of larval asp at a stocking density of 50 indiv. dm™ (group A50)
was lower than that reported by Wolnicki and Myszkowski (1999) and Wolnicki
(2005) (21.1 and 19.9, respectively), who applied a slightly higher stocking density (60
indiv. dm_3). In turn, the RGRyy calculated for larvae reared at a stocking density of 25
indiv. dm™ (Kujawa 1998) was the same as that in the current work for a stocking den-
sity that was fourfold higher. There is a lack in the literature of information regarding
the rearing of asp at stocking densities higher than 100 indiv. dm3, which makes it
impossible to compare the current results with those of other researchers. However, the
results obtained do indicate that there is a negative link between density and growth

rate and survival, both of which decreased as larval asp stocking density increased.
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A similar relationship was noted in other fish species, including the spotted sand bass,
Paralabrax maculatofasciatus (Steindachner) (Alvarez-Gonzales et al. 2001), turbot,
Scophthalmus maximus (L.) (Irwin et al. 1999) and catfish, Clarias batrachus (L.),
(Sahoo et al. 2004). In the instance of asp rearing, this might have been linked with
both the higher stocking density applied as well as with the fluctuations in the
physicochemical parameters (mainly of oxygen) in the waters of tanks with higher
stocking densities. The negative impact of environmental factors on fish growth rate
was described previously (Harris 1999, Foss 2003, Biswas et al. 2006). The larval asp
survival obtained in the current experiment did not differ from the results reported by
other authors that at the end of rearing over 90% of the individuals survived (Kujawa
1998, Kujawa et al. 1998, Wolnicki and Myszkowski 1999, Wolnicki 2005). This
refers to groups A50, A100, and A150. The mortality of over 11% in group A200 could
have resulted from the excess larval stocking density, which had the greatest impact on
the mortality rate in the second week of rearing. The cumulative mortality curves for
both species were similar regardless of the stocking density, and were very similar to
those noted in earlier works (Kujawa 2004, Wolnicki 2005). This was probably linked
to the mortality of larvae that did not feed or those that had developmental abnormali-
ties that always lead to death at similar times (Kujawa 2004).

Shiri Harzevili et al. (2003), who reared chub at a stocking density of 10 indiv. dm™,
reported similar growth rates to those of group L50 in the current study. However, sur-
vival at such a low stocking density was similar to that of group L200. It is worth noting
that Shiri Harzevili et al. fed the fish rotifers (Brachionus calyciflorus) for five days prior to
feeding them brine shrimp nauplii. Kujawa (2004) pointed out that mortality in chub lar-
vae was nearly zero (0.1%) during a three-week rearing experiment at a stocking density
of 50 indiv. dm™. In the current experiment, mortality at the same stocking density was
over 40%. Such high larval mortality could have resulted from the use in the current
experiment of less developed larvae. However, it is also worth noting the greater differen-
tiation in larval chub length at stocking densities of 50 and 100 indiv. dm™ (groups L50
and L.100, respectively) than in groups L.150 and 1.200 as well as the higher survival rates
in group L200 than in group L50. Similar dependencies between survival and density
were observed with larval cod, Gadus morhua (L.), (Baskerville-Bridges and Kling 2000);
African catfish, Heterobranchus longifilis (Val.), (Imorou Toko et al. 2008); and perch,
Perca fluviatilis (L.), (Baras et al. 2003). While the negative impact of inappropriate feed-
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ing methods was confirmed with larval cod, higher survival in the case of the other two
species was influenced by weaker cannibalism at greater stocking densities. Kujawa
(2004) reared chub at different densities (25, 50, and 75 indiv. dm'g) and confirmed sim-
ilar dependencies. This might be linked to the fact that higher stocking densities (about
200 indiv. dm™ or even higher) can result in lesser losses strictly connected to the con-
firmed phenomenon of cannibalism. While cannibalism was confirmed during larval
European chub rearing, it was not noted among larval asp, which is classified as an oblig-
atory predator. Cannibalism in intensive larviculture is not a rare phenomenon, but it is
most frequently reported among predatory fish (Kucharczyk et al. 1998, Baras et al.
2003).

The results obtained in the current experiment indicate faster growth rates in both
asp and chub at a stocking density of 50 indiv. dm2in comparison with the other experi-
mental variants. There is a lack of significant differences in growth rate in the first week of
larval rearing for both species, thus indicating that it is possible to apply a stocking den-
sity in this period as high as 200 indiv. dm > without the risk of lowering growth rates. Itis
noteworthy that severalfold higher quantities of stocking material can be obtained from
the same volume of water at the highest stocking densities, which can have a significant
impact on the final profitability of production at hatcheries. Additionally, the lack of sig-
nificant differences in the growth rates among the L.100, L150, and L.200 groups during
chub rearing suggests that it may be possible to further intensify the production of stock-

ing material of this species under controlled conditions.

ACKNOWLEDGEMENTS

This study was financed as part of the project entitled “Optimizing the production of stock-
ing material of rheophilic cyprinid fish under controlled conditions”; Sectoral Operational
Programme “Fisheries and Fish Processing in 2004-2006” (00040-61535-OR1400009/07).

REFERENCES

Alvarez-Gonzalez C., Ortiz-Galindo J.L., Dumas S., Martinez-Diaz S., Hernandez-Ceballos D.E.,
Grayeb-Del Alamo T., Moreno-Legoretta M., Pena-Martinez R., Civera-Cerecedo R. 2001 - Effect
of stocking density on the growth and survival spotted sand bass Paralabrax maculatofasciatus
larvae in a closed recirculating system - J. World Aquacult. Soc. 32: 130-137.



380 D. ZARSKI et al.

Baras E., Kestemont P., Melard C. 2003 - Effect of stocking density on the dynamics of cannibalism in sib-
ling larvae of Perca fluviatilis under controlled conditions - Aquaculture 219: 241-255.
Baskerville-Bridges B., Kling L..J. 2000 - Larval culture of Atlantic cod Gadus morhua at high stocking

densities — Aquaculture 181: 61-69.

Biswas J.K., Sarkar D., Chakraborty P., Bhakta J.N., Jana B.B. 2006 — Density dependent ambient ammo-
nium as the key factor for optimization of stocking density of common carp in small holding tanks
- Aquaculture 261: 952-959.

Btachuta J. 1998 - Role and significance of endemic rheophilic cyprinid species in riverine ecosystems — In:
Rheophilic cyprinid fish (Eds) H. Jakucewicz, R. Wojda, Wyd. PZW, Warszawa: 17-21 (in Polish).

Brown ML.E.1957 - Experimental studies on growth - In: The physiology of fishes (Ed.) M.E. Brown, Aca-
demic Press, New York: 361-400.

Foss A., Vollen T., Giestad V. 2003 - Growth and oxygen consumption in normal and O2 supersaturated
water, and interactive effects of O saturation and ammonia on growth in spotted wolffish
(Anarhichas minor Olafsen) — Aquaculture 224: 105-116.

Harris J.O., Maguire G.B., Edwards S.J., Johns D.R. 1999 - Low dissolved oxygen reduces growth rate
and oxygen consumption rate of juvenile greenlip abalone, Haliotis laevigata Donovan -
Aquaculture 174: 265-278.

Imorou Toko I, Fiogbe E.D., Kestemont P. 2008 — Determination of appropriate age and stocking density
of vundu larvae, Heterobranchus longifilis (Valenciennes 1840), at the weaning time - Aquacult.
Res. 39: 24-32.

Irwin S., O’Halloran J., FitzGerald R.D. 1999 - Stocking density, growth and growth variation in juvenile
turbot, Scophthalmus maximus (Rafinesque) - Aquaculture 178: 77-88.

Kirsipuu A., Pihu E. 1996 - Fishes of Estonia — Estonian Academy Publishers, Talin.

Krejszeff S., Kucharczyk D., Kupren K., Targoniska K., Mamcarz A., Kujawa R., Kaczkowski Z., Ratajski S.
2008 - Reproduction of chub, Leuciscus cephalus L., under controlled conditions - Aquacult. Res.
39:907-912.

Kucharczyk D. 2002 - Controlled reproduction and the androgenesis of selected cyprinid fish species -
Rozprawy i monografie 63, Wyd. UWM, Olsztyn, 81 p. (in Polish).

Kucharczyk D., Mamcarz A., Kujawa R., Skrzypczak A. 1998 - Development of cannibalism in larval
northern pike, Esox lucius (Esocidae) - Ital. J. Zool. 65: 261-263.

Kujawa R. 1998 - Analysis of selected elements of the biology of early stages of asp, Aspius aspius (L.), un-
der controlled conditions — Doctoral thesis, Akademia Rolniczo-Techniczna w Olsztynie, Wydziat
Ochrony Srodowiska i Rybactwa Srodladowego, 64 p. (in Polish).

Kujawa R.J. 2004 - Biological foundations for rearing larval rheophilic cyprinid fish under controlled con-
ditions — Rozprawy i monografie 88, Wyd. UWM, Olsztyn, 88 p. (in Polish).

Kujawa R., Kucharczyk D., Mamcarz A. 1998 — Rearing hatchlings of asp (Aspius aspius L.) and ide
(Leuciscus idus L.) under controlled conditions using natural feed and granulated fodder - In:
Rheophilic cyprinid fish (Eds.) H. Jakucewicz, R. Wojda, Wyd. PZW, Warszawa: 85-88 (in Pol-
ish).

Mamcarz A. 2000 - Asp, Aspius aspius (L.) - In: The Freshwater Fish of Poland (Ed.) M. Brylinska, Wyd.
PWN, Warszawa: 294-300 (in Polish).

Myszkowski L. 1997 - Pitfalls of using growth rate coefficients — Pol. Arch. Hydrobiol. 44: 389-396.

Myszkowski L., Kaminski R., Korwin-Kossakowski M., Stanny L.A., Wolnicki J. 2002 - Daily manipula-
tion of water temperature to increase the effectiveness of rearing larval barbel Barbus barbus (L.) -
Komun. Ryb. 1: 30-32 (in Polish).

Penczak T., Kruk A., Koszalinski H. 1998 — Current threats to rheophilic fish based on the example of se-
lected rivers — In: Rheophilic cyprinid fish (Eds.) H. Jakucewicz, R. Wojda, Wyd. PZW, Warszawa:
7-15 (in Polish).



THE EFFECT OF STOCKING DENSITY ON THE GROWTH AND SURVIVAL... 381

Penaz M., Prokes M., Koufil J., Hamackowa J. 1989 - Influence of water temperature on the early devel-
opment and growth of the tench, Tinca tinca - Folia. Zool. 38: 275-287.

Philippart J.C. 1995 - Is captive breeding an effective solution for the preservation of endemic species? —
Biol. Conserv. 72: 281-295.

Sahoo S.K,, Giri S.S., Sahu A.K. 2004 - Effect of stocking density on growth and survival of Clarias
batrachus (Linn.) larvae and fry during hatchery rearing - J. Appl. Ichthyol. 20: 302-305.

Shiri Harzevili A., De Charleroy D., Auwerx J., Vught 1., Van Slycken J. 2003 - Larval rearing of chub,
Leuciscus cephalus (L.), using decapsulated Artemia as direct food — J. Appl. Ichthyol. 19:
123-125.

Turkowski K. 2002 - Economic conditions for the effective lake stocking with coregonids — Rozprawy
i monografie 68, Wyd. UWM, Olsztyn, 85 p. (in Polish).

Wolnicki J. 2005 - Intensive rearing of early cyprinid fish stages under controlled conditions — Arch. Pol.
Fish. 13: 5-87 (in Polish).

Wolnicki J., Myszkowski L. 1999 - Larval rearing of rheophilic cyprinids, Aspius aspius (L.) and Leuciscus
cephalus (L.), on live, dry or mixed diet — Eur. Aquacult. Soc. Spec. Publ. 27: 258-259.

Received - 12 July 2008
Accepted - 13 October 2008

STRESZCZENIE

WPEYW ZAGESZCZENIA OBSADY NA WZROST I PRZEZYWALNOSC LARW
BOLENIA ASPIUS ASPIUS (L.) I KLENIA LEUCISCUS CEPHALUS (L) W TRAKCIE
PODCHOWU W WARUNKACH KONTROLOWANYCH

Celem pracy byto okreslenie wptywu zaggszczenia na wzrost oraz przezywalnosc¢ larw bolenia Aspius
aspius (L.) i klenia Leuciscus cephalus (L.) w masowym podchowie w warunkach kontrolowanych. Mate-
rial do badan (larwy) pozyskano w trakcie kontrolowanego rozrodu w warunkach wylegarniczych. Pod-
chow prowadzono przez 21 dni w pétzamknietym obiegu wody o temperaturze 25°C. Larwy karmiono
$wiezo wyklutymi stadiami nauplialnymi solowca (Artemia sp.). Larwy przetrzymywano w czterech
zageszczenia (50, 100, 150 1 200 osobn. dm-3). Podchéw prowadzono w zbiornikach o pojemnosci 50 dm?
kazdy. Najszybsze tempo wzrostu larw obu gatunkéw uzyskano w najmniejszym zageszczeniu obsad (ITL
=0,6710,58 mm dt odpowiednio dla bolenia i klenia). Najwi¢ksza $miertelno$¢ larw bolenia stwierdzono
w grupie o zageszczeniu 200 osobn. dm™ (11,68%), a klenia w zageszczeniu 50 osobn. dm™ (40,4%). Uzy-
skane wyniki, z uwagi na brak réznic w tempie wzrostu larw obu gatunkéw w pierwszym tygodniu podcho-
wu, wskazuja na mozliwo$¢ obnizenia kosztéw produkcji poprzez stosowanie wiekszych zageszczen w tym
okresie.



