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Abstract. This study determined the effects of stocking
density and water temperature on the rearing parameters and
survival of larval blue bream under controlled conditions.
Two experimental larval blue bream rearing variants were
conducted. In the first experiment, larval blue bream were
reared at different stocking densities of 20, 40, 80, and 120
indiv. dm™ at 25°C. In the second experiment, larvae were
reared in water at 15, 20, 25, and 30°C at a stocking density of
40 individuals per dm®. The larval blue bream achieved the
highest growth rate at the lowest density tested (20 indiv.
dm™; 69.4 mg at an average length of 26.8 mm) and at the
highest temperature tested (30°C; 80.1 mg at an average
length of 28.4 mm). The final larval survival rate during
rearing at different temperatures ranged from 95.2 to 97.6%,
while the final larval survival rate at different stocking
densities ranged from 91.4 to 94.6%. The lowest growth and
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Introduction

Protecting the biodiversity of fish fauna has become
a key element in preserving fish stocks in lentic and
lotic inland waters. Biodiversity conservation is not
possible without effective environmental protection,
which refers to reducing progressive anthropogenic
pressure such as water pollution, excessive land rec-
lamation, riverbed aggregate extraction, etc.
(Goryczko and Witkowski 2009). In situ and ex situ
methods, from designating conservation sizes to es-
tablishing broodstocks, are also important elements
of species conservation. This applies mainly to fishes
that are threatened with extinction, commercially im-
portant for human consumption, or important to rec-
reational fisheries (Szmyt et al. 2021). Maintaining
fish populations at adequate levels in inland waters is
supported by the production of stocking material in
aquaculture (conservation aquaculture; Sliwinski et
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al. 2016, Zakes et al. 2016). As a rapidly growing in-
dustry, aquaculture has become an essential tool in
combatting the deteriorating state of the environ-
ment. As a result of the development of aquaculture,
many mechanisms, including artificial spawning
protocols, breeding protocols, and indoor cultured
stock, have been developed to protect not only eco-
nomically valuable species, but also species impor-
tant for the biodiversity of reservoirs, including
indicator species and endangered species (Radwan et
al. 2002, Gorzel and Kornijow 2004, Kujawa et al.,
2019, Kucharczyk et al. 2021, Kujawa and Piech,
2021). High costs of water, production, and staff sal-
aries are often barriers to starting to farm/rear new
species (Haku¢-Btazowska et al. 2010). Despite this,
growing global awareness and concern for ecosys-
tems provides an opportunity for farmers to intro-
duce new species into aquaculture and to develop
their rearing protocols for stocking purposes and
supporting natural populations.

One such species is blue bream, Ballerus ballerus
(L.), a rheophilous cyprinid that inhabits the lakes and
lower reaches of the larger rivers of the North Sea and
Baltic Sea catchments (Weser, Elbe, Oder, Vistula, up to
the Neva Basin, southern Sweden and southern Fin-
land), the Danube basin (from upper Austria, Lake
Neusiedler and Platten), the northern tributaries of the
Black Sea and the Sea of Azov (Dniester, Dnieper, Don),
up to the Volga and the Urals (Hesse and Witkowski
1996, Tadajewska 2000). The body shape of blue bream
resembles those of white bream, Blicca bjoerkna (L.),
and white-eye bream, Ballerus sapa (Pallas), but unlike
these species, it has a relatively high number of scales on
the lateral line 62-77 (white bream 50-58; white-eye
bream 47-52; Levin and Levina 2014). It feeds on
cladocera and copepod zooplankton and benthos. De-
spite its negligible economic value, it is an important spe-
cies in the food pyramid of aquatic habitat reservoirs,
especially in the Oder River catchment.

Developing efficient protocols for the production
of stocking material under controlled conditions re-
quires intensive, wide-ranging research on important
aspects of breeding. Good examples are recent stud-
ies on the effects of temperature, stocking density,
and feeding regime on larval maraena whitefish

(Coregonus maraena (Bloch) (Sebesta et al. 2018,
Stejskal et al. 2021a, 2021b), which facilitated devel-
oping a complete protocol for producing stocking
material of this species. A suitable reproduction
method under controlled conditions using hormonal
agents has already been successfully developed for
blue bream, Ballerus ballerus (L.) (Piech and Kujawa
2021). A feeding model for this species has also been
developed (Piech and Kujawa 2022), and the effects
of different levels of water salinity on the breeding
parameters of the larvae of this species have been in-
vestigated (Piech and Kujawa 2023).

The aim of this study was to investigate the ef-
fects of stocking density and water temperature on
the growth and survival of larval blue bream, B.
ballerus, under controlled conditions.

Materials and Methods

The blue bream spawners were caught with gill-nets
in mid-May during their natural spawning period in
Lake Dabie (northwest Poland). The larval blue
bream originated from reproduction carried out un-
der controlled conditions (Piech and Kujawa 2021).

Stocking density

Larval blue bream were reared in a RAS comprising
12 flow-through tanks designed for rearing larvae.
Each tank had a working volume of 25 dm®. The lar-
val blue bream (5 days post hatch (DPH); 7.6 mm av-
erage body length) were counted and placed in the
tanks at densities of 20, 40, 80, and 120 indiv. dm,
The stocking densities of single tanks were 500,
1,000, 2,000, and 3,000 larvae. The water tempera-
ture during rearing was 25.0 = 0.2°C. The stocking
densities tested in this study were chosen based on
Kujawa (2004).

Temperature

Each experimental system consisted of three rearing
tanks, each of which had a working volume of 25
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dm®. Larval blue bream, 5 DPH with an average body
length of 7.6 mm, were counted and placed in each of
the rearing tanks at a density of 40 indiv. dm™. The
stocking density of a single tank was 1,000 larvae.
The water temperatures in the variants were 15.0,
20.0, 25.0, and 30.0 = 0.2°C. The temperatures
tested in this study were chosen based on Kujawa et
al. (2015).

Each of the experimental systems used to test the
effects of temperature on the growth and survival of
larval blue bream included a 200 dm? filter tank with
a floating medium biological bed. The filter medium
was bactoballs used in denitrification filters (AB
Aqua Medic GmbH, Bissendorf, Germany). In the
mini circuit, in which the effects of stocking density
on larval blue bream growth and survival were
tested, the filter tank had a capacity of 800 dm?>. To
ensure adequate oxygen conditions, a RESUN LP
100 membrane blower (Shenzhen XingRisheng In-
dustrial Co. Ltd., Shenzhen, China) was also used.
Air was distributed in the filter tanks using silicon
tube diffusers (Akwatech Systemy Sp. K., Poznan,
Poland). Aeration cubes were installed in each of the
rearing tanks through which air from the blower was
also pumped. A sprinkler system provided a continu-
ous supply of oxygenated, purified water to the tanks.

The water oxygen content was measured with
a YSI multiparameter meter (YSI Incorporated
Brannum Lane Yellow Springs, Ohio, USA) and was
within 6.5-7.8 mg Op dm>, the water pH range was
7.1-7.3. The ammonia and nitrite contents were
measured in the morning with a HANNA INS HI
83200 with reagents (Hanna Instruments,
Woonsocket, RI, USA), and neither was detected in
the water during the experiment (Nowosad et al.
2013).

Sample collection

Monitoring measurements of larval weight and total
length were done every 4 d (on days 1, 5, 9, 13, 17,
and 21 of rearing). Each sample comprised thirty in-
dividuals (n=30) caught randomly from each tank.
These were collected in the morning before feeding.

The fish were weighed to the nearest 0.1 mg and
measured to the nearest 0.1 mm.

During the experiment, the number of dead lar-
vae was counted daily and the final survival rate per-
centage was calculated. This was expressed as the
ratio of the number of larvae at the end of rearing to
the number of larvae at the start of the experiment.
Cumulative mortality curves were plotted for each
rearing variant based on daily counts of dead larvae.
Average larval weight gain (mg) was calculated for
larvae from each experimental group at the end of the
three-week rearing period (Imanpoor et al. 2012).
Measurements were used to calculate survival, the
index of total length gain per unit time (ITL), specific
growth rate (SGR), survival, and larval biomass
(SBR) (Brown 1957, Penaz et al. 1989). These values
were used to calculate the relative growth rate (RGR)
and the relative biomass growth rate (RBR) from the
beginning of feeding to the end of the experiment
(Myszkowski 1997). Growth rates (SGR and RGR)
for body length were calculated in the same way.

Fish feeding

The larval blue bream were fed manually ad libitum
four times daily at three-hour intervals (08:00,
11:00, 14:00, 17:00; Piech and Kujawa 2022). The
food was live brine shrimp, Artemia sp., nauplii
Belgium)

(Ocean Nutrition Europe, Essen,

(Sorgeloos et al. 1977).

Data Analysis

The number of dead fish recorded daily were used to
plot cumulative mortality curves for each fish rearing
variant. To compare results, the relative final mean
length (RFL), the relative final mean weight (RFW),
and the relative final mean biomass (RFB) of the ex-
perimental fish were calculated, assuming that the
length, weight, and biomass of the control fish (21 d
feeding regime with live brine shrimp nauplii) at the
end of the experiment was 100%. Duncan’s multiple
range test (P < 0.05; Duncan 1955) was used to de-
termine the significance of differences in mean
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Table 1

Results of rearing larval blue bream (B. ballerus) at stocking densities of 20,40, 80, and 120 indiv. dm™. Mean value * SD. Results
in rows with the same letter index are not statistically significantly different (o = 0.05)

Experimental groups

Parameter 20 40 80 120

Initial mean body length (mm) 7.6+0.1% 7.6+0.1% 7.6+0.1% 7.6+0.1%
Initial mean body weight (mg) 2.2+0.1% 2.2+0.1% 2.2+0.1% 2.2+0.1%
Final mean body length (mm) 26.8+0.9° 24.60.7° 22.4+0.9" 20.1+1.2°
Final mean body weight (mg) 69.4+3.2° 64.2+3.5% 56.1+3.2" 49.5+3.1¢
Initial stock (indiv.) 500 1000 1500 3000

Final stock (indiv.) 473.0+10.97 942.0+14.11 1397.0+37.0 2743.0+57.0
Survival (%) 94.6+1.1° 94.2+1.4° 93.1+3.7% 91.4+5.7%
Increase in total length (ITL) (mm d_l) 0.91+0.04° 0.81+0.03* 0.70+0.04" 0.60+0.06°
Relative growth rate (RGR) for weight (% d™')  17.86+0.26° 17.43+0.31% 16.68+0.32" 15.98+0.35°
Relative growth rate (RGR) for length (% d!)  6.18+0.187 5.75+0.15% 5.28+0.20" 4.74+0.30"
Relative growth rate (RBR) for biomass (% d!) 17.55+0.26° 17.09+0.31" 16.28+0.32° 15.49+0.34%
Biomass (g) 1.31+0.064 2.42+0.13° 3.13+0.18" 5.43+0.34%
Biomass (g dm™) 32.83+1.51¢ 60.48+3.30° 78.37+4.47 135.78+8.50°

lengths and weights among the fish from different ex-
perimental groups. Survival percentages were nor-
malized (angular transformation), and differences
were significant at o = 0.05 (Sokal and Rohl 1981).
The results were processed statistically in Excel 16.0
(Microsoft, Redmond, WA, USA) and Statistica 13.0
for Windows (StatSoft, Inc., Tulsa, OH, USA).

Results

The smallest larvae obtained were reared at a stock-
ing density of 120 indiv. dm™. On the last day of rear-
ing, their average weight was 49.5 = 3.1 mg at an
average length of 20.1 = 1.2 mm. At a stocking den-
sity of 80 indiv. dm, the average weight was 56.1 +
3.2 mg at an average length of 22.4 * 0.9 mm. At
a stocking density of 40 indiv. dm’, the average
weight of the larvae was 64.2 + 3.5 mg at an average
length of 24.6 = 0.73 mm. The average weight of the
largest larvae was 69.4 + 3.2 mg at an average length
of 26.8 = 0.94 mm at a stocking density of 20 indiv.
dm™ (Figs. 1-2).

The highest larval blue bream biomass of
135.78g (8.5 g dm™) was obtained at the stocking
density of 120 indiv. dm™. The lowest larval biomass

was obtained at the stocking density of 20 indiv. dm™
atjust32.83g(1.51g dm>). Table 1 presents the re-
sults of other breeding indicators studied such as
RGR and ITL (Table 1).

During the 21-day rearing period, the lowest
mortality was observed at the stocking density of 20
indiv. dm™ (Fig. 3). Nearly 94.6% of the individuals
from the initial stock survived the experiment. The
survival percentages at the stocking densities of 40
and 80 indiv. dm™ were slightly worse, but statisti-
cally insignificant, at 94.2 and 93.1%, respectively.
The lowest larval survival rate was observed at the
stocking density of 120 indiv. dm’® with 91.4% of lar-
vae from the initial stock surviving (Figure 3). The
larvae reared at a water temperature of 15°C were
the smallest (Figs. 4-5).

On the last day of rearing, the average weight of
larvae from the water temperature of 15°C was 34.2
+ 3.1 mg at an average length of 16.8 + 1.14 mm. At
a water of temperature 20°C, the average weight was
51.3 £ 0.1 mg at an average length of 21.1 + 0.73
mm. At the water temperature of 25°C, the average
larval weight was 65.8 + 0.1 mg at an average length
0f 25.3 + 0.95 mm. The highest average larval weight
was 80.1 = 0.1 mg at an average length of 28.4 + 1.4
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Figure 1. Increases in total lengths of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm?.
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Figure 2. Increases in the body weights of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm™,
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Table 2

Results of rearing larval blue bream (B. ballerus) at water temperatures of 15, 20, 25, and 30°C = 0.2°C. Mean value + SD.

Results in rows with the same letter index are not statistically significantly different (o = 0.05)

Experimental groups

Parameter 15 20 25 30

Initial mean body length (mm) 7.6+0.1% 7.6+0.1% 7.6+0.1% 7.6+0.1%
Initial mean body weight (mg) 2.2+0.1% 2.2+0.1% 2.2+0.1% 2.2+0.1%
Final mean body length (mm) 16.8+1.144 21.1+0.73° 25.3+0.95" 28.4+1.4°
Final mean body weight (mg) 34.2+3.1¢ 51.3+0.1° 65.8+0.1 80.1+0.1°
Initial stock (indiv.) 1000 1000 1000 1000

Final stock (indiv.) 976.0%5.6 949.0+7.5 954.0+9.5 952.0+4.6
Survival (%) 97.620.56° 94.9+0.75" 95.4+0.95" 95.2+0.46"
Increase in total length (ITL) (mm d'}) 0.44+0.05% 0.64+0.03° 0.84+0.05" 0.99+0.07*
Relative growth rate (RGR) for weight (% d ') 13.96+0.49%  16.18+0.38°  17.5620.27°  18.67+0.24%
Relative growth rate (RGR) for length (% d ') 3.85+0.34% 4.98+0.17° 5.89+0.19" 6.48+0.25°
Relative growth rate (RBR) for biomass (% d ™) 13.83+0.497  15.89+0.38°  17.30+0.27°  18.39+0.24
Biomass (g) 1.34+0.12¢ 1.95+0.13° 2.51+0.12" 3.050.13
Biomass (g dm™) 33.38+3.03¢  48.68+3.32°  62.77+3.05°  76.26+3.24%

mm at a water temperature of 30°C. The highest lar-

val blue bream biomass of 76.26 (3.24 g dm's) was
obtained at a water temperature of 30°C, while the
lowest of just 33.38 g (3.03 g dm'3) was obtained at
a water temperature of 15°C (Table 2).
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The lowest mortality observed was at a water
temperature of 15°C during the 21-day rearing pe-
riod (Figure 6), and almost 97.6% of the individuals
from the initial stock survived. Slightly lower, but sta-
tistically insignificant, survival rates were observed at
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Figure 3. Cumulative mortality of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm™.
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Figure 4. Increases in total lengths of larval blue bream (B. ballerus) reared in water temperatures of 15, 20, 25, and 30 + 0.2°C.
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Figure 6. Cumulative mortality of larval blue bream (B. ballerus) reared in water temperatures of 15, 20, 25, and 30 = 0.2°C.

water temperatures of 25 and 30°C at 95.4 and
95.2%, respectively. The lowest larval survival rate
was observed at a water temperature of 20°C, in
which 94.9% of the larvae from the initial stock sur-
vived (Table 2).

Discussion

The main role of aquaculture is to produce fish and
aquatic invertebrates as sources of valuable, healthy
food. Additionally, it is a conservation tool for species
and specific populations. Consequently, breeding
and rearing technologies have been or are being de-
veloped not only for fish species that are, or poten-
tially could become, valuable raw materials for food
production, but also for species the abundance of
which in open waters is declining to the extent that
they are threatened with extinction (Kujawa et al.

2019, Lepi¢ et al. 2020, Kujawa and Piech 2021,
Nowosad et al. 2021b, Szmyt et al. 2021). Re-
searchers in this field are also interested in fish spe-
cies that are of no economic importance, but are
valuable components of aquatic ecosystems and their
biodiversity. This was the case for several species of
rheophilous cyprinid fishes that are of no economic
importance and/or do not have a high conservation
status, including: ide, Leuciscus idus (L.) (Cejko et al.
2010, Kupren et al. 2011, Targonska et al. 2011a,
2012, Kucharczyk et al. 2020); chub, Squalius
cephalus (L.) (Krejszeff et al. 2008, Krejszeff et al.
2010, Kupren et al. 2011); common dace, Leuciscus
leuciscus (L.) (Cejko et al, 2012, Nowosad et al.
2014, Targonska et al. 2015, Kucharczyk et al.
2019); barbel, Barbus barbus (L.) (Targonska et al.
2011b, Zarski et al. 2011, Nowosad et al. 2016,
2020, 2021, Prusinska et al. 2020); rudd, Scardinius
erythrophthalmus (L.) (Kucharczyk et al. 1997a);
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and asp, Leuciscus aspius (L.) (Kujawa et al. 1997,
Targonska et al. 2010).

For many fish species, variation in individual
growth can lead to changes in population productiv-
ity since size affects survival, fecundity, and repro-
duction. Variation in growth results from a number
of aspects that are dependent and independent of
stocking density (Matthias et al. 2018). This is impor-
tant for intensive rearing under controlled conditions
(Karakatsouli et al. 2007, 2015), and particularly so
for larvae. Aste et al. (2009) investigated the effects
catfish  (Clarias
(Burchell)) stocking density in RAS on rearing pa-

on larval African gariepinus
rameters ranging from 1 to 25 individuals per I, and
they report that the optimum density level was 15 lar-
vae per L. Santos et al. (2020) reared larval cachama
(Colossoma macropomum (Cuvier)) in a RAS and an-
alyzed the effect of initial stocking densities of 10, 30,
and 50 indiv. dm™ on rearing parameters. They
found it was possible to rear this species successfully
at the highest stocking density. Szkudlarek and
Zakes (2007) analyzed the effects of stocking density
on larval pikeperch, Sander lucioperca (L.), growth
and survival and found that increasing maximum
larval density (100 indiv. dm™>, range 25-100) be-
tween 4 and 18 DPH had a favorable effect on sur-
vival. In further larval pikeperch rearing at densities
of 6 to 15 indiv. dm™, the highest survival and growth
rates were obtained at the highest density. However,
the proper density depends on the species, initial lar-
val size, feeding regime, food type, and water temper-
ature. One example is the mass rearing of larval
burbot (Lota lota (L.)) at a density of 1,000 indiv.
dm™ (Zarski et al. 2009).

In the present study on larval blue bream, the lar-
vae grew fastest at the lowest density (20 indiv. dm'B).
In this group, they had the highest, statistically signif-
icant RGR values for weight and length (%—d'l) and
the highest mean length and weight at the end of
rearing. Similar observations were recorded for asp,
chub, and ide, which also had the highest weights
and total lengths at the lowest stocking densities
tested (Zarski et al. 2008, Kupren et al. 2011). Statis-
tically significant differences in the mean weights of
larvae from different test groups appeared on 17 d of

rearing, while differences in length were noted
slightly earlier on 13 d of rearing. However, Kupren
et al. (2011) reported differences in larval lengths in
the first (asp) or third (ide, chub) weeks of rearing.
The survival rate of larval blue bream after the end of
rearing in all density variants was high and ranged
from 91.4 to 94.6%, and no statistical differences
were found among the experimental groups. Kupren
et al. (2011) reported similar results and found that
stocking density had no significant effect on larval
asp, chub, or ide mortality, and they demonstrated
that the larvae of all three species could be reared at
densities of up to 400 indiv. dm> witha slight reduc-
tion in growth rates and no negative effects on sur-
vival or development.

In addition to determining the correct stocking
density and food for larval fish, determining opti-
mum rearing temperature is important. This temper-
ature should be one at which the larvae have a high
survival rate while they simultaneously grow to simi-
lar individual sizes. Research continues to be con-
ducted on determining the ranges of optimum
temperatures for embryonic and larval development
in fishes. This is because it is one of the most impor-
tant abiotic factors influencing larval growth rates,
growth, and survival during intensive rearing under
controlled conditions. Studies conducted on cyprinid
fish such as asp, sichel (Pelecus cultratus (L.)), and
common bream (Abramis brama (L.) have shown
that, in many cases, the optimal temperature range
for their rearing under controlled conditions is be-
tween 25°C and sometimes even 30°C (Kucharczyk
etal. 1997a, 1998, Kujawa et al. 1997, 2015). These
temperatures are often significantly higher than
those occurring during embryonic and larval devel-
opment in the wild (Kujawa et al. 1997, Kupren et al.
2011). Learning about the aspects of temperature ef-
fects on development, survival, and the possibility of
developmental deformities is extremely important
for rearing efficiency and the quality of stocking ma-
terial (e.g., Kupren et al. 2010, 2011, Laczynska et al.
2016, Nowosad et al. 2021b).

In the present study, as for most of cyprinid
fishes studied, temperatures in the range of 25-30 °C
can be considered optimal. These are very similar to
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the results obtained during the rearing of larval
sichel (Kujawa et al. 2015) and common bream
(Kucharczyk et al. 1997b, 1998) and marginally
higher, although they overlap, with those for asp
(Kujawa et al. 1997), ide, dace, and chub (Kupren et
al. 2010, 2011). For other freshwater fish species
that often live in the same area as blue bream, such
as European whitefish, the optimum temperatures
for larval development are much lower in the
15-19°C range (Sebesta et al. 2018). However,
a similar pattern is also observed here in that the op-
timum temperatures for larvae reared under con-
trolled conditions are higher than those found in the
wild. Regardless of the species studied, this indicates
that larvae exhibit extremely high plasticity with re-
gard to thermal conditions. It is clear, however, that
these conditions cannot be compared indiscrimi-
nately. Optimal thermal conditions are generally ap-
plied in RAS during fish reproduction and embryonic
and larval development (e.g., for ide and dace
12-14°C - Targonska et al. 2011, Cejko et al. 2012,
Nowosad et al. 2014, Kucharczyk et al. 2019, 2020).
However, temperature fluctuations do occur in the
wild, especially in lotic waters and in lake shallows,
which are, after all, the usual spawning grounds of
these fishes and the rearing sites of their juveniles.
Studies conducted under controlled conditions and
in the natural environment indicate that large tem-
perature fluctuations, even within the range of opti-
mum temperatures, can disrupt spawning, reduce
fecundity and gamete quality, cause high embryo
and larval mortality, and the occurrence of develop-
mental deformities (Kupren et al. 2010, 2011,
Nowosad et al. 2014, Targonska et al. 2014). How-
ever, this provides very important information for
producers of stocking material; namely, that while
larval rearing temperatures do not have to hit the op-
timal point precisely, they should be fairly constant.

The present study confirmed that larval blue
bream are highly tolerant of high stocking densities
and high temperatures that are optimal for rheophilic
fish. The best larval blue bream rearing results and
the lowest mortality rates were obtained when this
species was reared at the lowest stocking density of
20 indiv. dm™>. The highest temperature tested

(30°C) was optimal and produced the highest larval
blue bream survival and growth rates. For large-scale
blue bream stocking material production, it is recom-
mended to apply lower densities and a temperature
of 25° to obtain optimal rearing results both biologi-
cally and to lower costs of heating water in the RAS.
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