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Abstract
The study shows how water temperature, water hardness, and color of tank affect the
swim bladder inflation effectiveness (SBIE) and survival in Eurasian perch larvae in
controlled conditions. Three separate experimental rearings (in 50-L tanks) were con-
ducted, where (1) water temperature (12 days, 3000 ind./tank; 15, 20, and 25 °C), (2)
water hardness (12 days, 4600 ind./tank; 15 °C; and 5, 10, and 15°n), and (3) tank wall
color (20 days, 25,000 ind./tank; tanks with black and white walls; 15 °C) constituted
tested variables. During all of the experiments, the photoperiod was 24 h (24L:0D),
and the intensity of light was 1500 lx at the water surface. In experiments 1 and 2,
perch larvae were not fed and in experiment 3, from 5-day post-hatch (DPH), they
were fed ad libitum with Artemia sp. nauplii. In experiment 1, the highest SBIE was
observed for larvae reared at 15 °C (20.6 ± 1.1%) for 20 °C and 25 °C; the maximum
SBIE was significantly lower (8.4 ± 2.9% and 13.0 ± 5.8%, respectively; p < 0.05). The
mortality trend was similar for all of the tested temperatures, although at higher
temperatures, the larvae were seen to die sooner. In experiment 2, there were no
statistical differences (p > 0.05) in mortality of larvae and in final SBIE. The results
of experiment 3 clearly suggests that the white tanks caused a significant (p < 0.05)
reduction in survival rate (4.9 ± 3.2% and 24.6 ± 6.4%, for white and black tanks,
respectively) as well as SBIE (7.7 ± 2.7% and 32.9 ± 3.6%, for white and black tanks,
respectively; p < 0.05). The outcomes indicate that Eurasian perch larval rearing at
15 °C in black tanks is preferred.
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Introduction

The Eurasian perch, Perca fluviatilis L., is one of the most promising candidates for diversi-
fication of European intensive freshwater aquaculture. Despite the huge progress in the field of
Eurasian perch larviculture, there is still very limited data available on the factors determining
the effectiveness of the initial larvae rearing—during the first days and weeks of life—under
controlled conditions and that is when, most of the crucial changes in fish morphology and
physiology occur (Urho 2002), as for example the commencement of exogenous feeding and
swim bladder inflation (Battaglene and Talbot 1993; Czesny et al. 2005).

Papers aimed at larviculture of perch have been focused mainly on the final outcome of the
rearing. The data available in the literature provide some general principles of larval rearing
where, e.g., optimal thermal regimes (around 18–23 °C), first feeding protocols (small Artemia
between 2 and 4 DPH), and weaning strategies (co-feeding between 21 and 24 DPH) could be
found (see Kestemont et al. 2008). However, the data published so far has mostly been
obtained from different, not standardized initial rearing protocols, which makes a comparison
of the published data very difficult (see Table 1). The published results are sometimes even
contradictory, where the same variable (i.e., black tank wall color) was reported to have both a
positive (Jentoft et al. 2006) and a negative (Tamazouzt et al. 2000) effect on the rearing
effectiveness. In effect, according to the published data, aquaculturists have accessible proto-
cols for rearing juveniles and adult fish, but almost no protocols for efficient initial rearing
phase of the larvae.

Swim bladder inflation is an extremely important event during the early larval stage in
most fish species. Fish with a non-inflated swim bladder (if they are able to survive) spend
more energy to keep the body in horizontal position, have problems with finding food, and
more often exhibit skeletal deformities (Ostaszewska 2005; Ostaszewska et al. 2005;
Kestemont et al. 2015). It has been reported that the effectiveness of swim bladder
inflation is highly dependent on abiotic factors, including photoperiod, turbidity of water,
salinity, and temperature (Hadley et al. 1987; Battaglene and Talbot 1993; Martín-
Robichaud and Peterson 1998). Although Eurasian perch is a species which can survive
without an inflated swim bladder (Egloff 1996), swim bladder inflation effectiveness
(SBIE) is one of the most limiting factors in larviculture of freshwater percids (e.g.,
Bein and Ribi 1994; Kestemont and Melard 2000). Perch is a physoclistous fish species
in which swim bladder is formed as a dorsal part of a gut. Connection of swim bladder
with the gut is lost during the larval metamorphosis. Around 4 DPH perch larvae starts to
fill their swim bladder by swimming to the surface and swallowing the air (this moment
also coincided with the onset of exogenous feeding). Air gulped from the surface is forced
through the pneumatic duct into the swim bladder (e.g., Żarski et al. 2011). This makes the
inflation of swim bladder highly crucial process in this species, especially that in both—
commercial and lab conditions—highly variable and very often low (sometimes did not
exceed 10%) inflation of swim bladder is observed (own data and personal communication
of P. Fontaine). But to date, information about factors that determine swim bladder
inflation in Eurasian perch larvae is still very scarce and contradictory. It also includes
the temperature which was found to be important factors affecting fish rearing effective-
ness (e.g., Nwosu and Holzlohnev 2000; Trottera et al. 2003; Silva et al. 2005).

The aim of the study was to investigate how water hardness, water temperature, and tank
wall color affect the swim bladder inflation effectiveness and survival of Eurasian perch larvae
reared under controlled conditions.
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Materials and methods

Larvae source for experimental studies

Eurasian perch larvae, used in experiments, were obtained after induced spawning of wild
spawners. Twenty females (with an average weight of 240 ± 55 g) and 15 males (with an
average weight of 130 ± 80 g) were kept in the hatchery of the Aquaculture and Ecological
Engineering Center (University of Warmia and Mazury, Olsztyn, Poland) where they were
reproduced with the method described by Żarski et al. (2017). Fertilized egg ribbons were
incubated in a recirculating aquaculture system (RAS) in square-shaped 50-L tanks at 14 ±
0.1 °C at constant light conditions (~ 100 lx). The temperature was raised to 15 °C when the
first hatched larvae were observed. Twelve hours after the first larvae hatching, the unhatched
eggs were removed. This moment was considered as 0 DPH (0 days post-hatched). The
average wet body weight (WBW) and total length (TL) of 0 DPH larvae were 1.01 ± 0.06 mg
and 5.83 ± 0.18 mm, respectively.

Rearing conditions and measurements

Three different experiments on Eurasian perch larvae were conducted: (1) “water
temperature” rearing, (2) “water hardness” rearing, and (3) “tank wall color” rearing.
During all of the experiments, larvae were reared in the same RAS systems, consisting
of head and sump tanks with rearing tanks in between. Moreover, systems were
equipped with biological filtration (moving-bed filter), aeration, UV sterilizers, auto-
matic control of temperature (± 0.2 °C), and light control system. The photoperiod was
24 h (24L:0D), and the intensity of light was 1500 lx at the water surface. The
concentration of ammonia was measured every day (with the photometer DR5000 Hach
Lange, Berlin, Germany) and it was below 0.01 mg L−1 throughout all of the rearing
periods. The determination of oxygen saturation was made twice a day, with a use of
an oxygen probe (with a Handy Polaris 2.0 OxyGuard, Farum, Denmark), and all the
time was greater than 80%. All tanks were supplied with water from the top-inlet (full
water exchange in the rearing tanks occurred after 1 h), but no surface skimmer was
applied and the water level in the tanks was set at 10 cm. In experiments 1 and 2, TL
(± 0.01 mm, with the use of stereo microscope; Zeiss steREO Discovery V.20, Jena,
Germany), WBW (± 0.1 mg, with the use of electronic precise balance, Kern ABJ 120-
4M, Germany), and swim bladder inflation effectiveness (SBIE, %) were determined
daily. The evaluation of WBW, TL, and SBIE in experiment 3 was made only on the
last day of the experiment.

Determination of SBIE was made with the use of stereo microscope, by triple counting (on
Petri dishes) the randomly caught larvae with and without swim bladder filled (in total, around
400 larvae were counted each time). Moreover, measurements of the WBW were performed
by a harmless method. This was done by means of a platform of nylon net with a 200 μm
mesh. Larvae (n = 60 for each experimental treatment) were placed on the net and excess water
was drained off with the use of filter paper. This method helped to avoid any physical damage
to the body of the larvae (as described by Krejszeff et al. 2013). Before manipulations related
with measurements, larvae were anesthetized in MS-222 solution (at a dose of 150 mg L−1).
After the measurements, larvae were recovered in a separate tank and returned to the rearing
tanks from which they were collected.
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“Water temperature” rearing

During these experiments, the effect of different thermal regimes (15, 20, and 25 °C) on the
SBIE and survival of the larvae was investigated. Freshly hatched larvae (0 DPH) were
stocked into rearing tanks (3000 ind. in each tank) with black tank wall color, working in
RAS. For each temperature, separate RAS systems (with the same construction) were used. At
the beginning, the temperature in all of the tanks was set at 15 °C. In the tanks where
temperatures of 20 °C and 25 °C were required, the initial temperature was raised steadily
(1° every 1 h) just after stocking the larvae. Eurasian perch larvae were not fed throughout the
entire experiment. Every day, TL and WBW of 20 randomly chosen larvae from each tank
(n = 60 for each water temperature) were determined. At the end of day 0, dead larvae were
removed and counted in order to estimate the initial mortality of the larvae. Also, each
morning, dead larvae were carefully removed and counted in order to determine the daily
mortality rate. Starting from 4 DPH (when the first larvae were found to inflate the swim
bladder), the SBIE of the larvae were determined every day until the end of the rearing period,
which was manifested by the excessive mortality of the larvae (for larvae kept at 15 °C, it was
12 DPH, and for larvae at 20 °C and 25 °C, it was 10 and 7 DPH, respectively). The
experiment was performed in three replications for each treatment group.

“Water hardness” rearing

During the experiment, the effect of different water hardness (WH) (5, 10, and 15°n, where 1°n =
10 mg CaO/dm3) on the SBIE and survival of the larvae was investigated. Freshly hatched larvae
(0 DPH) were stocked into rearing tanks (around 4600 ind. in each tank) with black tank wall
color at 15 °C, working in RAS (the same as in experiment 1). For each WH, separate RAS
systems (with the same construction) were used. To keep the proper WH in each tank, the total
WH, magnesium (Mg 2+), and calcium (Ca 2+) were determined every day by the wersenian
method (according to Siepak 1992; Hermanowicz et al. 1999). Perch larvae were not fed during
all of the rearing period. Every day, TL and WBWof 30 randomly chosen larvae from each tank
(n = 60 for eachWH)were calculated.Moreover, every day, mortality of the larvae from each tank
was counted, and starting from 4 DPH, also the SBIE of the larvae were determined until the end
of the rearing. The experiment was performed in three replications for each treatment group.

“Tank wall color” rearing

Freshly hatched larvae (0 DPH) were stocked into a six rearing 50-L tanks (25,000 ind. in each
tank)—threewithwhite tankwall color (wTWC) and threewith black tankwall color (bTWC). In
this experiment, a much higher stocking density was used to mimic the common high density
commercial conditions (up to 500 ind. per L). For this experiment, three different RASwere used.
Each RAS was composed of two tanks—one with wTWC and one with bTWC. The water flow
and light conditions were the same as in experiments 1 and 2. In each tank, the temperature was
set to 15 °C. In this experiment, larvae were fed ad libitum two times a day with Artemia sp. (SF
origin, Inve Aquaculture, Belgium) from 5 DPH, and starting from this day, tanks were also
cleaned once a day (every morning before feeding). On day 20 of the experiment (the last day of
rearing), SBIE, TL, and WBW were recorded (on the basis of n = 60 of Eurasian perch larvae
from each tank). Survival rate (S,%) was verified only at the end of the experiment on the basis of
the number of live larvae at the end of the experiment in each rearing tank. The number of dead
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larvae was not counted during the rearing period (as in experiments 1 and 2) since uneaten food
and feces made the counting of the dead larvae unreliable (the counting of dead larvae was
hindered by the uneaten food and feces). Additionally, on the last day of the experiment, the
presence of food in the digestive system was recorded (by observing larvae under a stereoscopic
microscope) during the evaluation of the SBIE, which allowed the foraging rate of the larvae
between the treatments to be compared (Table 2).

Data analysis and statistics

The statistical differences for “water temperature” and “water hardness” rearingwere analyzedwith
one-way analysis of variance (ANOVA) and Tukey’s post hoc test at the significance level below
5% (p < 0.05). For “tankwall colour” rearing, the data were analyzedwith the t test at a significance
level of 5% (p < 0.05). Before the analysis, the data expressed in the percentage values (S and
SBIE) were arcsine transformed. The statistical analysis was performed with Microsoft Excel and
STATISTICA (data analysis software system) version 10 (StatSoft Inc., Tulsa, USA).

Results

“Water temperature” rearing

For 0 DPH, there were no significant differences between the temperature treatments (15, 20,
and 25 °C) for TL, WBW (p > 0.05), and SBIE (p > 0.05) (see Figs. 1, 2, and 4). At the first
DPH, larvae reared at 25 °C had the highest TL (p < 0.05). The TL of larvae reared at 15 °C
and 20 °C was similar until 5 DPH. Significant differences between temperature treatments
occurred on 6 DPH and 7 DPH for TL, WBW, and SBIE (see Figs. 1, 2, and 4). The
significantly different (p < 0.05) order of preference was 15 > 20 > 25 °C for TL, WBW, and
SBIE. Although in the general trend, larvae reared at lower-tested temperatures reached
maximum TL later, in effect, they were able to reach higher TL during the experimental
period (Fig. 1). For WBW, regardless of the temperature tested, from the moment that the fish
reached the maximum WBW, this parameter continuously decreased until the end of the
experiment (Fig. 2). The cumulative mortality increased over time in all of the treatments, and
the larvae at higher temperatures were found to die sooner (Fig. 3). For 15 °C and 25 °C
treatments, SBIE increased initially but later decreased over time (Fig. 4). For 20 °C treatment,

Table 2 Final characteristic (TL, total length; WBW, wet body weight; SBIE, swim bladder inflation effective-
ness; final survival; and foraging rate) of Eurasian perch larvae reared in different water hardness (experiment 2)
and in different tank wall colors (TWC): white (wTWC) and black (bTWC) (experiment 3)

Final TL (mm) Final WBW (mg) Final SBIE (%) Final survival (%) Foraging larvae (%)

Experiment 2. The effect of water hardness
5°D 7.23 ± 0.32a 1.17 ± 0.57a 17.7 ± 4.8a – –
10°D 7.25 ± 0.50a 1.16 ± 0.62a 17.5 ± 8.2a – –
15°D 7.22 ± 0.31a 1.16 ± 0.59a 16.9 ± 6.4a – –
Experiment 3. The effect of tank wall color
wTWC 10.36 ± 1.15b 7.35 ± 3.41b 7.7 ± 2.7b 4.9 ± 3.2a 75.3 ± 9.1a

bTWC 12.07 ± 1.00a 14.35 ± 3.25a 32.9 ± 3.6a 24.6 ± 6.4b 81.2 ± 8.4a

Data (mean ± SD) in columns marked with different letters were statistically different (p < 0.05)

936 Aquaculture International (2019) 27:931–943



SBIE did not have a distinct trend. The highest SBIE for larvae reared at 15 °C and 20 °C was
observed on 8 DPH (20.6 ± 1.1% and 13.0 ± 5.8% for 15 and 20 °C, respectively; p < 0.05).

“Water hardness” rearing

There were no differences (p > 0.05) in TL and WBW of the larvae from the tanks with
different water hardness (WH) at the end of the experiment (Table 2). There were also no

Fig. 1 Changes in Eurasian perch larvae total length (TL, mm) reared till 12 DPH (days post-hatch) in three
temperatures 15, 20, and 25 °C. Data (mean ± SD) between the groups among the same DPH marked with
different letters were statistically different (p < 0.05). For clarity, neighboring data points without statistical
differences were encircled

Fig. 2 Changes in Eurasian perch larvae wet body weight (WBW, mg) reared till 12 DPH (days post-hatch) in
three temperatures 15, 20, and 25 °C. Data (mean ± SD) between the groups among the same DPH marked with
different letters were statistically different (p < 0.05). For clarity, neighboring data points without statistical
differences were encircled

Aquaculture International (2019) 27:931–943 937



statistical differences (p > 0.05) in CM of larvae during all of the experiment period
(Fig. 5). The final SBIE was 17.7 ± 4.8%, 17.5 ± 8.2%, and 16.9 ± 6.4% for 5, 10, and
15°n of WH, respectively) but there were also no statistical differences observed
(p > 0.05) (Table 2).

“Tank wall color” rearing

On the last day of rearing (20 DPH), Eurasian perch larvae from wTWC had significantly
lower TL and WBW (p < 0.05) than those from bTWC (Table 2). The survival rate and SBIE
of larvae from wTWC were also lower (p < 0.05) than those from bTWC. There were no
differences in terms of the foraging rate between the two treatments (Table 2).

Fig. 3 Cumulative mortality (CM) of Eurasian perch larvae reared till 12 DPH (days post-hatch) in three
temperatures 15, 20, and 25 °C. Data (mean ± SD) between the groups among the same DPH marked with
different letters were statistically different (p < 0.05). For clarity, neighboring data points without statistical
differences were encircled

Fig. 4 Swim bladder inflation effectiveness (SBIE, %) of Eurasian perch larvae reared till 12 DPH (days post-
hatch) in three temperatures 15, 20, and 25 °C. Data (mean ± SD) between the groups among the same DPH
marked with different letters were statistically different (p < 0.05)
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Discussion

It has to be pointed out that freshwater larviculture suffers from a very little information
available on the initial rearing protocols. That is why, it is very important that obtained result
showed—for the first time—how water temperature, water hardness, and tank wall color affect
the swim bladder inflation effectiveness and survival in perch larvae, during first weeks of
rearing in laboratory conditions. Obtained data enable also to create standardized protocols for
early rearing of Eurasian perch larvae, what could have important meaning both for aquacul-
turists and scientist.

In the case of fish that are ectothermic vertebrates, water temperature is one of the main
factors that has important influence for eggs development, hatching and survival of the larvae,
behavior, utilization of yolk sac, and what goes with it for growth rate (e.g., Szumiec 1988;
Nwosu and Holzlohnev 2000). The percids are classified as temperature mesotherms, for
which the optimum temperature for adult fish is 25 °C (Hokanson 1977). However, lack of the
standardize protocols for rearing perch larvae caused that they were reared in the entire
temperature range from 10 °C (Bein and Ribi 1994) to 23 °C (Kestemont et al. 2003;
Mandiki et al. 2004, 2007) (see also Table 1). Meanwhile, as Hokanson and Kleiner (1974)
showed in the yellow perch, Perca flavescens, temperature has a huge influence on the life
expectancy of larvae with yolk sac feeding. This knowledge is important for aquaculturists to
the extent that it may have an impact on success or failure of whole rearing. Data obtained in
this study showed clearly that in 25 °C, the perch larvae quickly gained weight and become the
longest, but it was connected also with the fastest mortality if the proper time of food
application would be overlook. Meanwhile, the larvae from the tanks with 15 °C died at the
slowest, which resulted in the higher SBIE (20.6 ± 1.1%), while larvae reared in 25 °C reached
SBIE only 8.4 ± 2.9%. Obtained results cannot be compared unambiguously with other data,

Fig. 5 Cumulative mortality (CM) of Eurasian perch larvae reared till 12 DPH (days post-hatch) in three different
water hardness 5, 10, and 15°n. Data (mean ± SD) between the groups among the same DPH marked with the
same letter were statistically the same (p < 0.05). For clarity, neighboring data points without statistical differ-
ences were encircled
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because similar experiment, to this date, was never conducted on perch larvae, only on the
larvae of different fish species, as for example on striped trumpeter, Latris lineata, which
requires totally different rearing protocols (Trottera et al. 2003).

Water hardness as a concentration of calcium (Ca2+) and magnesium (Mg2+) can affect
many stages of fish rearing. It has been shown, for example that eggs swelling is faster and
more efficient in water of low hardness (Spade and Bristow 1999), while hatching and survival
of the larvae according to water hardness are species-specific (e.g., Ketola et al. 1988; Silva
et al. 2005; Kalenda et al. 2007), and Kalenda et al. (2007) observed also SBIE and survival in
pikeperch, Sander lucioperca, larvae according to water hardness. Still, there were no data
about potential effect of different water hardness on SBIE in perch larvae. Data obtained
during experiment 2 shows that water with different degrees of hardness (5, 10, and 15°n) had
no significant effect, neither on TL and WBW of the perch larvae nor on their SBIE and
survival. The lack of correlation between water hardness and SBIE was observed also by
Kalenda et al. (2007) in pikeperch larvae. But in contrast to perch larvae, Kalenda et al. (2007)
observed the highest survival, TL, and weight of pikeperch larvae in the group with the
highest, from the applied, water hardness (174.85 mg/L CaCO3). Observed differences resulted
most likely from the other needs of pikeperch and perch larvae (as a different species) and
because Kalenda et al. (2007) conducted their experimental rearing longer and fed the
pikeperch larvae ad libitum with Artemia sp. nauplii.

Artificial environments, wherein most of the fish rearing took place, are mostly totally
different than natural habitats. Tank wall color (as one of the artificial environment elements)
was found to be modulatory factor affecting the behavior of particular fish species and thus
having a direct effect on the rearing effectiveness. This concerns, among others, foraging
behavior (by having influence on the visibility and contrast of the food in the tank) as well as
SBIE (Martín-Robichaud and Peterson 1998; Cobcroft et al. 2012; Sebesta et al. 2018). In
Eurasian perch, it was reported that tanks with black walls had a positive effect on the growth
rate during the first 5 weeks of rearing without a negative effect on survival rate (Jentoft et al.
2006). On the other hand, Tamazouzt et al. (2000) reported that the black tanks significantly
affected lower survival (3%) compared to the white tanks (17% survival rate) within the first
2 weeks of rearing the perch. However, none of those studies investigated the effect of tank
wall color on the SBIE. In the current study, the lower SBIE for the larvae reared in wTWC
could be associated with the “walling behavior,” reported to be a significant issue in marine
species (Cobcroft and Battaglene 2009; Cobcroft et al. 2012). In white tanks, photopositive
larvae (such as percids; Manci et al. 1983) exhibited a tendency to gather close to the tank
walls being attracted by the bright wall rather than the less “attracting” surface. The current
study clearly indicates a positive effect of bTWC, which affected not only significantly higher
growth and survival rate but also SBIE compared to fish reared in wTWC. There was also no
effect on the foraging rate, indicating that larvae in both cases could easily find the food
offered (see Table 2). A clear comparison of the factors responsible for the differences
observed is very difficult, as all studies used different approaches. The main common feature
of the work of Jentoft et al. (2006) and the present study is the constant light condition
provided, which, regardless of the intensity (maximum 150 lx applied by Jentoft et al. (2006)
and 1500 lx in our study), could be recommended to be applied during the initial larvae rearing
of Eurasian perch.

Obtained data for the first time showed how water temperature, water hardness, and the
tank wall color affect the SBIE and survival in perch larvae. It was observed that during the
first 12 DPH, the slowest cumulative mortality and what is associated with it, the significantly

940 Aquaculture International (2019) 27:931–943



higher SBIE was in perch larvae kept at temperature 15 °C. It was also proven that in the early
period of perch larvae life, water hardness did not have any significant effect neither on
survival nor on SBIE. Eventually, proven that larvae kept in the bTWC have much higher
survival rate than larvae kept in wTWC, also the SBIE was significantly higher in the case of
larvae from bTWC.

The process of filling the swim bladder involves breaking the water surface by larvae
and gulping the air which then passes from the digestive tract and through the pneumatic
duct into the swim bladder, and it often coincides with the beginning of exogenous
feeding. There are two events conditioning SBIE. First, consider pneumatic duct—
connecting the digestive tract to the swim bladder—which undergoes atrophy over some
time being limiting factor strictly related to developmental advancement of the fish and,
consequently, time period when this process is practically possible to occur. Second
event, consider the size of the air bubbles swallowed by the larvae. If they will be too
big, they will not pass through pneumatic duct and may stay in the gut creating potential
threat to the larvae (Rieger 1995; Suchocki 2017). It has to be pointed out, however, that
in our study, the larvae were not fed throughout the experiment. It cannot be ruled out
that the SBIE could be even more improved when the larvae would have food offered,
but in order to verify this hypothesis, a very detailed study involving separate rearing of
a single individual should be proceeded.

All of these results are very important from the point of view of the introduction of
standardized rearing protocols for perch larvae and serve as a basis for further improve-
ment of perch production effectiveness and for its cost-effectiveness. However, it would
be interesting to examine in greater detail in the future, whether feeding the larvae will
affect in any way the efficiency of filling the swim bladder in perch. Nevertheless, the
outcomes of this study allow to state that in order to achieve the highest SBIE and the
highest survival rate in perch, the larvae should be reared for at least 12 DPH at 15 °C in
black tanks.
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