e-ISSN 1734-9168

http://www.isez.pan.krakow.pl/en/folia-biologica.html

Folia Biologica (Krakow), vol. 72 (2024), No 2
https://doi.org/10.3409/fb_72-2.08

Effect of selected environmental factors on the growth and survivability
of the larvae of the Chinese sleeper Perccottus glenii Dybowski 1877

Accepted June 18, 2024

Original article

Maciej Beazesewskl — and Piotr HLiwa

Published online June 27, 2024 Issue online June 28, 2024

Brazesewski M., HLiwa P. 2024. Effect of selected environmental factors on the growth and survivability
of the larvae of the Chinese sleeper Perccottus glenii Dybowski 1877. Folia Biologica (Krakow) 72: 74-86.

The aim of this study was to determine the influence of the temperature (range 15 to 25°C), pH (6 to 9) and salin-
ity of water (between 0 to 10%o) on the growth, condition and survival of larvae of the Chinese sleeper. During
the 28-day experimental rearing, the highest average body weight of 81.3 + 16.3 mg was reached in fish from the
group maintained at a water temperature 25°C, and was almost five times higher than the weight at the tempera-
ture of 15°C (15.6 + 2.2 mg). A significantly higher body weight of Chinese sleeper larvae was also recorded in
the group reared in alkaline water (pH 9), compared to those kept in acidic and neutral water. Statistically signifi-
cant differences between the groups (p<0.05) were recorded for the condition index (K) values and relative body
weight (SGR) only in the experiment with different water temperatures of fish rearing. The highest number (16%
of the initial stock) of abnormal larvae, associated with a lower jaw and vertebral structure deformities, was re-
corded in the group reared at 5%o salinity (Z5). Simultaneously, 100% mortality of the stock was noted by the 10th
day of rearing in the 10%o salinity. The cumulative mortality of the Chinese sleeper larvae related to cannibalism
Types I and II in all the experimental rearing was low, oscillating between 0.5% and 11.5% in the groups bred in
water with a pH 9 and 0% salinity, respectively. The study results may help determine the critical values of water
parameters that promote or limit development in the early stages of the Chinese sleeper and could be used in ac-
tivities related to eradicating or significantly reducing the increasing abundance of this alien invasive fish species
in freshwater ecosystems.
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The Chinese sleeper is a representative of the
Odontobutidae family, whose natural range includes
the Amur River basin, i.e. the territory of China,
eastern Russia and Mongolia (Bogutskaya et al.
2008; Reshetnikov 2010). Currently, it is a perma-
nent component of the fish stock of many habitat-
diverse water bodies in Europe (Jurajda et al. 2006;
Grabowska et al. 2011; Kvach et al. 2021).

According to the provisions of the Act of 11 Au-
gust 2021 on alien species, the Chinese sleeper is
classified as an invasive alien species (IAS) that pos-

es a hazard to the entire European Union. This is be-
cause it competes for the habitat, breeding sites and
food, and it preys on the eggs and fries of native fish
species (Cambray 2003; Mills ef al. 2004; Reshetnikov
& Schliewen 2013; Szczerbik et al. 2023). The pres-
ence of the Chinese sleeper can be very detrimental,
especially in small-sized, isolated water bodies
populated, e.g. by the legally-protected and endan-
gered native lake minnow Eupallasella percnurus
(Rhynchocypris percnurus) (Wolnicki & Kolejko
2008), as well as the European mud minnow Umbra
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krameri (Grabowska et al. 2019) and amphibians
such as the European fire-bellied toad Bombina
bombina (L. 1761) or the smooth newt Lissotriton
vulgaris (L. 1758) (Pupina et al. 2018; Fayzulin
2021). Another documented serious threat associat-
ed with the presence of the Chinese sleeper is that it
is a vector for the transfer of exotic parasites,
e.g. Nippotaenia mogurndae Yamaguti & Miyata,
1940 and Gyrodactylus perccotti Ergens & Yukhi-
menko, 1973 that were previously unknown in cen-
tral European waters (Mierzejewska et al. 2010;
Ondrackova et al. 2012; Antal et al. 2015; Sokolov
et al. 2015).

The spread of the Chinese sleeper is most often
caused by ill-considered and unlawful human ac-
tivities. It is considered by aquarists to be an at-
tractive showcase species that is often released into
open water once it has reached an excessive body
size. In addition, it is used by anglers as live bait to
catch predatory fish, e.g. the pike, which has repeat-
edly contributed to its transfer between water bod-
ies (Cambray 2003; Kati et al. 2015). An additional
factor supporting the spread of the Chinese sleeper
in central Europe may also have been the transfer of
its juvenile stages (larvae/fry) along with stocking
material, e.g. of cyprinids (Bogutskaya & Naseka
2002).

The Chinese sleeper prefers heavily overgrown,
stagnant areas of water bodies, usually with muddy
bottoms, where periodic oxygen deficits are com-
mon (Jurajda et al. 2006). The females and males
reach sexual maturity in the first year of life, with
a body length of 3.7-3.8 cm (Kirczuk et al. 2024),
and multi-spawn during the spring and summer,
when the water temperatures reach 15-16°C. The
Chinese sleeper is distinguished from most native
fish species by its reproductive strategy, in which
the male provides active care to the eggs and larvae
(Kottelat & Freyhof 2007).

An important characteristic that promotes the oc-
cupation of new habitats by the Chinese sleeper is its
high resistance to variable environmental conditions
(short-term oxygen deficits and temperature fluctua-
tions) (Lushchak & Bagnyukova 2007; Grabowska
et al. 2010). Documented evidence of its occur-
rence in the mesohaline waters of the Black Sea, in
the Dnieper River estuary, confirms the habitat op-
portunism of this freshwater species (Kvach et al.
2021). In addition, the Chinese sleeper thrives in wa-
ters with a low calcium, potassium and magnesium
content, which occasionally results from the massive
growth of the algae characteristic of small-sized, iso-
lated water bodies. It is generally considered to be

a taxon that adapts more easily to such conditions
than, e.g. representatives of cyprinids (Martemyanov
etal. 2021).

Information on the effects of abiotic factors on the
growth or survivability of the juvenile stages of alien
invasive ichthyofauna representatives, including the
Chinese sleeper, is fragmentary. It has not yet been
established whether its success in occupying new
water bodies is determined by environmental chang-
es or is instead linked to its physiological plasticity.
Therefore, the aim of this study was to determine,
under experimental conditions, the effects of a few
selected environmental factors, i.e. temperature and
pH and water salinity, on the growth, condition and
survivability of the early developmental stages of
the Chinese sleeper, and to identify their critical val-
ues that can facilitate or limit its spread in freshwater
ecosystems.

Materials and methods

The larvae, used in all the experiments, were ob-
tained from the semi-natural reproduction of sexu-
ally mature Chinese sleeper specimens caught by
the electrofishing technique using an [UP-type pulse
power generator in the Wloctawek Reservoir, situat-
ed in the middle course of the Vistula River (Fig. 1).

The experiments were conducted in accord-
ance with the conditions set out in Decision
No. WOPN.672.3.2017.MJ.2 of the Regional Director
for Environmental Protection in Olsztyn of 7 August
2017 and Decision No. DZP-WG.672.208.2022.MK
of the General Director for Environmental Protec-
tion in Warsaw of 6 September 2022,

After the capture, the Chinese sleeper spawners
were transported in bags with oxygen to the labora-
tory of the Department of Ichthyology and Aquacul-
ture, University of Warmia and Mazury in Olsztyn,
Poland. After a quarantine period of a few days, once
the phenotypic sex of the fish was determined, they
were transferred to smaller spawning tanks with
a volume of 40 dm? each, arranged in a recirculating
system where, after a few more days, they began to be
fed with frozen chironomid larvae and small portions
of frozen fish (smelt and common bleak) (Katrinex,
Poland). The sex ratio of the fish being stocked and
used for spawning was 3:2 (male:female) each time,
while their total body length and weight ranged from
7.5 to 12.0 cm and 34.5-50.0 g, respectively.

Once the fish were acclimatised, the process of
photothermal stimulation was initiated in order to
obtain the intended values of the abiotic parameters;
namely, a photoperiod of 15L:9D (15 hours of light
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Fig. 1. Catching site of mature Chinese sleeper within the Wloctawek Reservoir.

and 9 hours of darkness) and a water temperature
of 19 £ 0.5°C. Approximately 72 hours after the pa-
rameters had stabilised, successful spawning was
recorded. It took place on an artificial substrate
comprised of pieces of PCV tubing. The process of
embryogenesis lasted seven days, followed by the
larval hatching. After the yolk sac resorption and
the initiation of active swimming and foraging, the
specimens began to be fed ad libitum with Artemia
salina nauplii (Ocean Nutrition Europe, Essen, Bel-
gium). After five days post-hatching (5 DPH), when
all the larvae were capable of taking food actively,
they were placed in a specially designed experimen-
tal system to initiate the proper rearing experiment.

Each time, the research material was comprised of
larvae whose initial total body length ranged from
4.9 to 5.3 mm, with their body weight ranging from
1.5 to 2.1 mg. The initial stocking density was 50
larvae per tank, in three replications, which means
that 450 larvae were used in each experiment. The
study applied the following water parameter vari-
ants:

(a) Temperature: 15°C (Group T15); 20°C (Group
T20); and 25°C (Group T25)

(b) Salinity: 0%o (Group Z0); 5% (Group Z5) and
10%o (Group Z10)

(¢) pH 6.0 (Group pH6); 7.5 (Group pH7.5); and
9.0 (Group pH9).

The rearing was carried out in small-sized, recir-
culating systems equipped with an independent me-
chanical and biological water filtering system, com-
prised of the main tank with a volume of 0.4 m?, in
which nine aquaria with a volume of 1.5 dm? each
were installed (3 for each experimental variant),
with an average water flow rate of 0.1-0.2 dm® per
minute. During all the rearing experiments, a con-
stant light cycle of 12L:12D was maintained, with
a light intensity of 300-400 Ix. In the variants ad-
dressing the effects of salinity and pH, the water
temperature was stabilised at a level of 20°C. In the
experiment concerning the effects of water salinity
and pH on the larval growth and survivability, non-
iodised salt was used to determine the desirable sa-
linity level and the pH value was stabilised using the
following preparations: Tetra pH/KH Minus, Aqua-
Vitro (Germany) and Natural Regulator by Seachem
(USA). During each experiment, the values of the
physicochemical parameters of the water (tempera-
ture, pH, oxygen concentration and salinity) were
verified twice a day, with the measurements taken
using a Hanna HI991300 multiparametric meter
and a Hanna HI96822 refractometer (Hanna Instru-
ments, USA).

During each of the 28-day rearing experiments,
the larvae were randomly sampled every seven days
to determine their body length and weight gains by
measuring the body length longitudo corporis (l.c.)
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and total length longitudo totalis (I.t.) with an ac-
curacy of up to 0.1 mm using a LEICA Stereozoom
S9D stereoscopic microscope equipped with LEICA
LAS X software (LEICA Microsystems Ltd, Swit-
zerland); and the body weight using an OHAUS Pio-
neer PA114CM analytical balance (OHAUS Corpo-
ration, USA) with an accuracy of up to 0.001 g. After
the completion of the experiments, all the remaining
fish were anaesthetised in an excessive concentra-
tion of the MS-222 preparation and were then pre-
served in a 2.5% glutaraldehyde solution for further
analyses of selected parameters, including:

(a) Body weight variation coefficient — ZMC (%) =
100 x SD/Mk

(b) Body length variation coefficient — ZDC (%) =
100 x SD/Ltk

(c) Specific body weight growth — SGR (%/d) =
100 % (In Mk — In Mp)/t

(d) Condition factor — K = 100 x Mk/Ltk?

where: Mk — final fish weight (g); Mp — initial fish
weight (g); Ltk — total fish body length (cm); SD —
standard deviation for Mk or Ltk; d — day; t — rearing
time (days); and In — natural logarithm.

During the experimental rearing, dead specimens
and food debris were removed daily from the tanks.
During these operations, the possible causes of death
was determined. The fish with signs of having been
attacked from the caudal side or with damage to the
trunk were classified as victims of Type I cannibal-
ism, while those with no external signs of damage
were classified as fish that had died of natural caus-
es. The number of victims of Type II cannibalism
(swallowed whole) was determined by calculating
the difference between the initial stock and the num-
ber of fish remaining in the tank after the experi-
mental rearing. The cumulative mortality (%) was
determined based on the total number of specimens
that had died.

Table 1

In order to compare the average values of the body
weight and length of the Chinese sleeper larvae, the
experiments concerning the effects of selected abio-
tic factors used the single factor variance analysis
(ANOVA). In cases where statistically significant in-
tergroup differences (p<0.05) were found, a further
statistical analysis was carried out using the post-hoc
Tukey test. The statistical differences in larval mor-
tality in the experimental variant, expressed as a per-
centage, were converted using the arcsin function
and analysed using the Brown-Forsythe test. The sta-
tistical analyses were conducted using STATISTICA
software, version 13.1 (StatSoft).

Results

Effect of temperature on the growth and surviv-
ability of Chinese sleeper larvae

During the experiment, the basic physicochemical
parameters of the water remained stable in the fol-
lowing ranges: pH of 7.6-8.3, with a water-dissolved
oxygen concentration of 7.5-9.0 mg/dm?®. The av-
erage values of the temperature, being a parameter
differentiating between the individual experimental
variants, were close to the expected ones in individ-
ual groups (Table 1).

Differences in the values of the average body
length of the larvae from Group T15, in relation
to the two remaining groups, which were reared at
a higher water temperatures (T20, T25), were al-
ready noted after the seven initial days of the experi-
ment. Ultimately, the fish reached an average body
length ranging from 9.4 + 0.3 mm in Group T15 to
14.3 + 0.8 mm in Group T25 (Fig. 2A). Similar dif-
ferences were also noted for the body weight of the
fish, which remained until the end of the experiment.

Parameters of the water during the experimental rearing depending on the effects of varying tem-
peratures on the growth and survival of the Chinese sleeper larvae

temperature (°C) pH oxygen concentration (mg/dm?)
group
range average (£SD) range average (£SD) range average (£SD)
T15 14.1-15.6 14.9+0.38 7.6-8.2 7.9£0.21 7.8-8.9 8.1+£0.46
T20 19.7-20.2 19.9+0.11 7.9-8.3 8.1+0.14 8.1-9.0 8.5+0.42
T25 24.1-25.2 24.9+0.43 7.8-8.3 8.0£0.14 7.5-8.5 7.8+0.41
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The lowest average body weight after the comple-
tion of rearing was exhibited by the Chinese sleepers
from Group T15, while the fish from Group T25 had
the highest average body weight (Fig. 3A). The low-
est value of the ZMC coefficient (11.5%) was calcu-
lated for the fish from Group T15, and it statistically
significantly (p<0.05) differed from that determined
for the two other groups. The same trend was noted
for the ZDC and SGR coefficients. The highest con-
dition factor (K) value was obtained in Group T25,
which was reared at the highest water temperature
of the selected water temperatures (Table 4). The
cumulative mortality recorded after the completion
of the experiment in Group T15 was 34.7%, which
was considerably higher than those recorded in the
other two groups, where the values were at a similar
level (Fig. 4A). At the same time, no intergroup dif-
ferences were noted for the intensity of both Type 1
and Type II cannibalism (Fig. 5A).

Fig. 2. Growth in body length of the Chinese sleeper larvae in the
experimental rearing concerning the effects of: A — temperatu-
re, B — salinity, C — pH.

Effect of water salinity on the growth and surviv-
ability of the Chinese sleeper larvae

During the experiment, the value of the physico-
chemical parameters of the water oscillated, depend-
ing on the experimental variant, within the range of
7.6-8.5 for the pH and 6.9-8.9 mg/dm’ O,, while the
average temperature was stable at 20.1 + 0.38°C.
On the other hand, the average values of salinity, as
a key factor considered in this study, were as follows:
0%o (Z0), 5.1 + 0.46 %o (Z5) and 10.0 + 0.37 %o (Z210),
respectively (Table 2).

The analysis of the Chinese sleeper larval body
length gains revealed variations within the groups
under study as early as during the seven initial days
of rearing, with the smallest sizes reached by the fish
from Group Z10. However, at the end of the experi-
ment, no differences were noted for the body length

Fig. 3. Growth in body weight of the Chinese sleeper larvae in
the experimental rearing concerning the effects of: A — tempe-
rature, B — salinity, C — pH.
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Fig. 4. Cumulative mortality of the Chinese sleeper larvae during the

Fig. 5. Mortality of the Chinese sleeper larvae related
experimental rearing concerning: A — temperature, B — salinity, C — pH.

to Types I and II cannibalism during the experimental

rearing depending on: A — temperature, B — salinity,
C—-pH.

Table 2

Parameters of the water during the experimental rearing depending on the effects of varying salin-
ity on the growth and survival of the Chinese sleeper larvae

salinity (%o) pH temperature (°C) oxygen concentration (mg/dm?)
group
range a(\ifsrz]i)g)e range a(ViesraDg)e range a(\fsr:]a)g)e range average (£SD)
Z0 0.0 0.0 7.6-8.2 7.9+0.18 19.7-21.5 20.1+0.38 7.8-8.9 8.1+£0.43
z5 4.0-6.0 5.1+£0.46 8.0-8.2 8.1+0.07 19.7-21.5 20.1+0.38 7.5-8.8 8.3+0.49
Z10 9.0-11.0 | 10.0+0.37 8.0-8.5 8.2+0.12 19.7-21.5 20.1+0.38 6.9-8.5 7.8+0.58

79
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of the Chinese sleepers originating from Groups Z0
and Z5 (p>0.05) (Fig. 2B), in contrast to the value
of the average final weight (p<0.05) (Fig. 3B). After
the completion of the experiment, the lowest values
of the ZMC and ZDC coefficients, which amounted
to 32.9 and 9.6%, respectively, were noted in Group
Z0 (p<0.05). On the other hand, the values of the
SGR coefficient and the K factor did not differ be-
tween Groups Z0 and Z5 (p>0.05) (Table 4).

The cumulative mortality in Group Z0 was 26.0%,
while that in Group Z5 was 41.5%. As for Group
710, a 100% mortality of the stock was noted be-
tween days 8 and 10 of the rearing (Fig. 4B). The
analysis of Type I and II cannibalism showed the
highest percentage of deaths resulting from such be-
haviour, for 6.0 and 5.3% of the stock, respectively,
in the group reared in freshwater (Z0). As for Group
75, it had an even lower value (Fig. 5B). On the
other hand, in this group, developmental anomalies
involving deformities in the head and lower jaw re-
gions of the fish, which occurred in 16.0% of the
reared specimens, were observed (Fig. 6).

Effect of water pH on the growth and survivability
of the Chinese sleeper larvae

The dissolved oxygen content during the experi-
mental rearing ranged from 6.8 to 9.0 mg/dm?, with
temperatures ranging from 19.5 to 20.8°C. The pH,
as a factor differentiating between the experimental
groups, had the following average values: 6.1 £ 0.3

(Group pH 6), 7.6 = 0.17 (Group pH 7.5) and 8.9+ 0.16
(Group pH 9) (Table 3).

The results of the experiment showed no signifi-
cant effect of the pH in the range from 6.0 to 9.0
on an increase in the body length of the Chinese
sleeper larvae (p>0.05) (Fig. 2C). By contrast, dif-
ferences were noted for the average body weight of
the studied fish from Groups pH 6 and pH 7.5, as
compared to those reared in water with a pH value
of 9 (p<0.05) (Fig. 3C). The final values of the an-
alysed zootechnical indices were, in this case, at a
similar level in all the groups (Table 4). The cumu-
lative mortality did not exceed 10.0% of the initial
stock of the tanks in any of the variants under study
(Fig. 4C). The level of mortality due to Types I and
II cannibalism proved to be minimal in each group,
ranging from 0.5 to 1.5% (Fig. 5C).

Discussion

The turn of the 21st century was the period when
most uncontrolled or unintentional transfers of al-
ien fish species, posing a hazard to the biodiversity
of freshwater ecosystems, were recorded in Europe
(Grabowska et al. 2010; Witkowski & Grabowska
2012; Havel et al. 2015). The expansion of the range
of the occurrence of such fish is promoted by human
activities, as well as by global climate warming re-
sulting in a gradual increase in the average tempera-

Fig. 6. Deformities in the Chinese sleeper larvae’s head and lower jaw regions: normal (up) and deformed fish (down).
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Table 3

Physicochemical parameters of the water during the experimental rearing depending on the effects
of varying pH on the growth and survival of the Chinese sleeper larvae

pH temperature(°C) oxygen concentration (mg/dm?)
group
range average (£SD) range average (£SD) range average (£SD)
pH6 5.5-6.3 6.1£0.30 19.5-20.8 20.0+0.3 6.8-8.9 8.0+0.79
pH7.5 7.4-8.0 7.6£0.17 19.5-20.8 20.0+0.3 7.5-9.0 8.2+0.55
pH9 8.5-9.4 8.9+0.16 19.5-20.8 20.0+0.3 7.8-8.5 7.9+£0.42
Table 4

Values (mean £SD) of the zootechnical parameter of the Chinese sleeper larvae after the experi-
mental rearing. Values denoted by different letter indices in the rows are statistically significantly

different (p<0.05)
factor/group
parameter temperature (°C) salinity (%o) pH
T15 T20 T25 Z0 z5 pH6 pH7.5 pH9

ZMC (%) 11.5+0.6° 19.242.7° 20.0+0.7° 32.9+£222 47.2+4 4° 21.3£2.9 19.7+1.4 21.3%1.7
ZDC (%) 3.24+0.5° 5.1£0.9° 5.94+0.9° 9.6+1.0° 21.0+4.0° 7.1+£1.2 6.1+1.0 6.5+1.0
SGR (%) 3.1240.15* | 5.10+0.07° 5.61£0.02° | 4.90+0.29 5.27+0.27 5.02+0.15 | 5.09+0.21 5.28+003

K 1244027 | 1.1740.01° | 1.39+0.03> | 1.17£0.03 | 1.35+0.04 | 1.18+0.04 | 1.16+0.03 | 1.19+£002

Descriptions: ZMC — body weight variation coefficient; ZDC — body length variation coefficient; SGR — specific body weight
growth; K — condition factor. The results of the Z10 group are missing due to 100% mortality recorded up to the 10" day of expe-

rimental rearing.

ture of the Earth’s waters and the homogenisation of
the abiotic parameters of such habitats (Occhipinti-
Ambrogi 2007; Petsch 2016). The reasons for the
relatively rapid spread of alien species, such as the
Chinese sleeper, topmouth gudgeon or Ponto-Caspian
gobies, are increasingly becoming the subject of
analyses addressing changes relating to, e.g. water
parameter fluctuations or the direct or indirect role
of humans in these processes.

The results of this study confirmed the high plas-
ticity and easy adaptation of the Chinese sleeper lar-
vae to the variable values of a few crucial abiotic
factors, namely, temperature, pH and salinity. At the

same time, it was demonstrated that a salinity level
of approximately 8-10 %o could inhibit the develop-
ment of its juvenile stages and thus limit the possi-
bility of its potential further expansion.

The environmental requirements of the early de-
velopmental stages of the fish are different from
those of adult specimens, as the eggs and larvae are
more susceptible to fluctuations in the abiotic water
parameters (Lopes et al. 2020). For the Chinese sleep-
er larvae, it was demonstrated that water tempera-
ture was potentially a crucial factor in the context
of differentiating between their rate of body growth.
This is because, as early as seven days after the ex-
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perimental rearing, significant differences in body
weight were observed in the groups of fish kept in
varying thermal variants. The specimens reared in
water at 25°C reached the highest final average body
weight (81.3 = 16.3 mg), which was five times high-
er than those kept in water at a temperature 10°C.
In addition, varied mortality of the Chinese sleeper
larvae was noted in the experimental variants. The
largest differences in the values of this parameter
were revealed for a four-week rearing, where the
differentiating factor was the water temperature.
The highest mortality rate was noted in the group
of fish reared in water at an average temperature of
15°C, and it was associated with both cannibalism
and a generally poorer fish condition. These results
suggest that water temperatures at a level of 15°C or
less can have an adverse effect on the early ontogeny
of the Chinese sleeper, and thus significantly limit
its survivability. This may be confirmed by the fact
that the natural spawning of this species is usually
initiated once water temperatures reach above 15°C
(Kottelat & Freyhof 2007). The greatest average
body length and weight were achieved by the Chinese
sleeper larvae reared at 25°C, with this result con-
firming the observations made by Golovanov et al.
(2013), who recognised temperatures in the order
of 27°C as preferable and close to the optimum for
juvenile forms of the Chinese sleeper. Given the ac-
celerated rate of warming of the Earth’s climate and
the associated progressive increase in surface water
temperatures, this may be an additional factor that is
positively affecting the reproductive success of the
Chinese sleeper. Consequently, this may translate
into an intensification of the process of the expan-
sion of this species into new territories in the dec-
ades to come (Pupins et al. 2023).

Fish, being poikilothermic organisms, are capa-
ble of regulating their physiological processes in
response to persistent changes in ambient tempera-
tures (Gunderson & Stillman 2015). In adult fish, the
acclimatisation to changing temperatures is carried
out by compensatory systems, with the involvement
of the thyroid hormone (Little et al. 2013). As for
juveniles, this response, which is induced during the
early stages of development, has primarily a genetic
basis, as the functioning of the endocrine system is
poorly advanced (Le Roy et al. 2017). The ability of
individual species to compensate for thermal chang-
es is important for the conservation of ichthyofaunal
biodiversity, as it will determine the vulnerability
of different taxa to both present and future climate
change (Little et al. 2020). On the other hand, higher
water temperatures can modify the social behaviour
of fish due to changes in their physiological mecha-

nisms, thus significantly affecting intra- and inter-
species interactions that can disturb the functioning
of ecosystems in a warmer environment (Alfonso
et al. 2021). This is manifested, for example, by an
increase in their locomotor activity or more frequent
aggressive behaviour (Angiulli ef al. 2020).

The Chinese sleeper is a species that gradually
colonises new water bodies. However, even though
its presence in brackish water has been noted (Popov
2014; Kvach et al. 2021), there is no available data
on its behaviour and reproductive capacity under
such conditions. The results of the experiment in-
volving the rearing of the Chinese sleeper larvae in
water of varying salinity (from O to 10%o) showed
a higher larval mortality at a level of 42.5% in the
group with a salinity of 5%o, and death of all the
specimens in the variant where the highest salinity
was applied. The 100% mortality of the stock, noted
over the initial eight days of the experiment, clearly
shows that a salinity value in the order of 10%o is
close to lethal for the Chinese sleeper in its juvenile
stages. On the other hand, a salinity in the order of
5%o has been observed to have a positive effect on
the larval growth rate. It needs to be noted, however,
that this simultaneously resulted in the emergence
of a small percentage of specimens (approximately
12% of the stock) with body deformities, such as
deformities in the head region. Nonetheless. these
anomalies did not affect the larval capacity to feed
or move freely, which confirms the high plasticity of
the species in response to environmental changes. It
can therefore be concluded that the Chinese sleeper
is not only able to survive in brackish waters, but
also to develop properly in them, indicating that it
may colonise and consequently generate a serious
threat to native ichthyofauna inhabiting, for exam-
ple, euryhaline areas in the estuarine zones of large
rivers.

The tolerance to varying salinity and its effect on
the growth and development of invasive species are
often dependent on the original range limit of the
fish. As for the round goby Neogobius melanostomus
(Pallas, 1814), which, in Poland, primarily inhabits
the Baltic Sea coast, a salinity at a level of 7.5%o has
a positive effect on its growth and condition (Hempel
& Thiel 2015). This characteristic probably stems
from its original origin, with a natural habitation
in the brackish waters (estuaries and river mouths)
feeding the Black Sea, Sea of Azov and the Caspian
Sea; namely, the Dnieper, Dniester, Don, Kuban and
the rivers of the Caucasus.

The responses in the early life stages of primar-
ily marine fish to changes in water pH are relatively
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well recognised, especially in recent decades, where
increasing CO, concentrations in the oceans have re-
sulted in the increased acidity of this environment,
thus contributing to an increased mortality of their
larvae (Kikkawa et al. 2003). In freshwater environ-
ments, acidification has become more common due
to increased acid leaching from the soil, pollutants,
acid rain, agricultural and mining runoff, or the in-
creased CO, levels caused by climate change (Hogs-
den & Harding 2012). The experiment, which was
aimed at determining the effect of a varying water
pH ranging from 6.0 to 9.0 on early post-embryonic
stages of the Chinese sleeper, showed no significant
intergroup changes with regard to the zootechnical
parameters under analysis. The observed low level
of stock mortality in the individual variants did not
exceed 10%, and the uniform growth and good con-
dition of the fish clearly indicate the high tolerance
of the juvenile forms of this species to changes in the
pH values.

A similar study on the effect of a varying water pH
on the early stages of ontogenetic development was
conducted on other species classified as invasive al-
ien species found in Poland, i.e. the racer goby and
topmouth gudgeon (Hliwa 2010). In four weeks of
experimental rearing, the analyses revealed differ-
ences in the average weight and length values for the
racer goby larvae, primarily between the specimens
from Groups pH 6.0 and pH 7.5. A high statistically
significant value of the intergroup cumulative mor-
tality was also noted, resulting mainly from inter-
individual cannibalism. Until Day 14 of the study
it did not exceed 20%, but gradually increased to
a level of 48.9% in Group pH 6.0, and reached as
much as 75.6% of the stock in the group of the racer
goby larvae kept in water with the highest pH value
of 9.0 (Hliwa 2010). The final value of this param-
eter proved, in general, to be considerably higher
compared to the results of a study conducted under
experimental conditions analogous to those used for
the Chinese sleeper. In general, the adaptability of
the Chinese sleeper to varying water pH values has
been confirmed, e.g. by reports of its habitation in
highly-acidic water bodies. This is because its pres-
ence has been recorded in places such as former peat
excavation sites where, in addition, there were peri-
odic mass deaths of fish in the summer and winter
periods (Baranov & Vasil’ev 2022).

The laboratory test results prove that the Chinese
sleeper exhibits high plasticity in many dimensions
with respect to changes in the environmental pa-
rameters. The experiments conducted on the larvae
of other fish species, including those of economic
significance, such as carp Cyprinus carpio L., pike

Esox lucius L. and perch Perca fluviatilis L., have
also confirmed that temperature, salinity and the wa-
ter pH usually have a crucial effect on the growth
and survivability of fish (Korwin-Kossakowski 1988;
Saat & Veersalu 1996; Jacobsen et al. 2007).

As for the Chinese sleeper, there is still little doc-
umented data available on its effect on the native
ichthyofauna. In general, however, alien fish spe-
cies may prove to be more efficient in competing
for food than native ones, or they may be unfamil-
iar and, therefore, much more dangerous predators
(Havel et al. 2015). The Chinese sleeper is perceived
as a potential food competitor with native fish spe-
cies, and such interactions are likely to intensify,
particularly in small biotopes with poor food re-
sources (Grabowska ef al. 2019). Homogenisation
or abrupt changes in abiotic factors, leading to the
disruption of previously stabilised interspecies re-
lationships in ecosystems, usually promote a range
expansion by the alien species. What is more, the
invasive taxa can sometimes strongly alter the hy-
drology, biogeochemical cycle or the biotic com-
position of the invaded ecosystems themselves and
thus modulate the effects of other stressors (Strayer
2010). In this context, it is particularly important to
extend the knowledge of the biology (particularly
with regard to reproduction) of the Chinese sleeper,
as this may indirectly contribute to the development
of optimal and universal methods aimed at the pro-
tection of ichthyofaunal biodiversity. This is because
the pressure exerted by the Chinese sleeper on the
native taxa is increasingly resulting in the displace-
ment of the latter, and thus, in the impoverishment
of the qualitative and quantitative structure of water-
based organisms inhabiting aquatic ecosystems.
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