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Abstract

Recently, the water temperature significantly exceeded the climatic norms for the studied
region of Ukraine. Water is heated to 30<€ with a decrease in the concentration of dissolved
oxygen in shallow water. In this connection, the change in the hormone content in the blood
plasma of carp, roach, rudd, perch and ruff in response to these factors has been studied. Most
of the fish species studied in June respond by increasing the cortisol content in the blood by
1.2-3.3 times to an increase in water temperature. Fish quite successfully adapts after a
month's stay in conditions of high water temperature to 31<€, and the level of cortisol is
reduced. The content of thyroid hormones in the blood of the rudd, roach and ruff is quite
high and after a month of adaptation to the existing factors. This indicates an increased
activity in their metabolic processes. The content of somatotropin and prolactin in the blood
of the studied fish species decreases 2.4-5.0 and 1.9-7.7 times, respectively, in response to an
increase in temperature and a decrease in the oxygen concentration in water. This should lead
to a decrease in the rate of fish growth and change in the activity of osmotic exchange.
However, hormonal reactions are species-specific in nature to the existing factors. Perch and
roach are less plastic to increase water temperature. Carp most favorably tolerates an increase
in water temperature and a decrease in oxygen concentration.
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1. Introduction

Agquatic organisms are constantly exposed to various environmental factors (Nemova &
\Wysotskaya 2004). Recently, the trend of global warming has significantly affected aquatic
organisms (Comte & Olden 2017). The processes of eutrophication of water bodies increase
with an abnormal increase in water temperature in the summer. At the same time, primary
production in reservoirs may increase even in the absence of nutrient inputs. (Rui Xia et al.
2016). Climatic anomalies lead to large-scale transformations of ecosystems under conditions
of increasing anthropogenic pressure (Ogorodnikova et al. 2004). Temperature is one of the
main limiting factors for the growth and development of hydrobionts. Changes in the thermal
and hydrochemical characteristics of water bodies determine the physiological state of the
organisms (Jobling 1981).

The effect of minor temperature fluctuations on the body of aquatic organisms is noted in
many studies. Temperature has a significant impact on all levels of the structural organization
of aquatic organisms. This is especially important for exothermic organisms, including fish.
They are convenient model objects for studying the mechanisms of thermoadaptation
(Goldspink 1995, Nemova & Vysotskaya 2004).

Fish are sensitive indicators of stress. The change in their physiological and biochemical
parameters reflects the hydroecological situation of the water bodies. The lifespan, size and
resistance of fish to the sublethal effects of stressors make it possible to use them as
biomarkers of the ecological state of the reservoir. The physiological and biochemical
parameters of fish reflect the complex adverse effects of the aquatic environment (Nemova &
\iysotskaya 2004).

The effect of cyclic temperature changes on different aspects of the ectotherm biology has
been the subject of many studies (Klyashtorin & Lyubushin 2007, Yadav 2008). However, the
effects of arrhythmic temperature changes have rarely been studied. It is known that
organisms can undergo rapid and sometimes unpredictable temperature fluctuations in both
natural and anthropogenically modified aquatic systems. This applies to pelagic organisms
during their daily diurnal vertical migrations and to littoral organisms that are subject to
significant daily fluctuations in temperature (Malinin et al. 1996). Obviously, such a
stimulating effect can occur not only with cyclical fluctuations, but also with one-time,
stepwise temperature changes (abrupt warming up or cooling of water) (Konstantinov et al.
2003).

Reactions to harsh, non-cyclical effects of temperature have not been studied for most of the
dominant fish species. The values of the upper limit of the temperature tolerance are not
defined. The change in physiological reactions in fish under temperature conditions has also
not been sufficiently studied. The reactions of the organism / population continue to manifest
themselves after the completion of the influence of the temperature factor, which is also
currently little studied.

The temperature factor that regulates all life cycles of hydrobionts has always attracted and
continues to attract the attention of researchers of various specialties. In connection with this,
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the problems of studying the temperature norm, the consequences of temperature stress
(Vinagrea et al. 2012), thermotolerance (Lund & Tufts 2003), the mechanisms of temperature
perception and the strategy of thermoregulation remain of relevance. An important place in
the range of these problems is the establishment of the values of the temperature optimum
and the boundaries of tolerance of species (Handeland et al 2008).

It is known that each species of fish has its optimal range of temperatures for life, in which
they are most active (for the vast majority it is 15-24<€). Scientists observe changes in
physiological reactions beyond the optimum temperature, and in particular the inhibition of
certain functions (Nilsson & Lefevre 2016).

Changes in the hydrological and hydrochemical regime of water bodies are the main factors
determining the normal or stressful state of the fish. The fish neurohumoral system
determines the functioning of various processes during dynamic changes in aquatic
ecosystems. The timely transmission of signals from the neurohumoral system adequately
regulates the physiological state of the fish during changes (sometimes critical) in
environmental conditions (McCormick & Bradshaw 2006, McCormick 2011, Little et al.
2013).

2. Material and Methods
2.1 Object of Research

Carp Cyprinus carpio Linnaeus, rudd Scardinis erythrophthalmus Linnaeus, roach Rutilus
rutilus Linnaeus, perch Perca fluviatilis Linnaeus and ruff Gymnocephalus cernuus Linnaeus
were investigated. The mass and zoological length of carp were 100-150 g, 2025 c¢cm; rudd —
30-40 g, 10-12 cm; roach — 40-50 g, 10-15 cm; perch — 50-60 g, 12—-15 cm; ruff — 20-25 g,
10-14 cm. Age of fish was 2--3 years. It is known that the rudd lives in the surface layers of
water; carp, perch and roach - in the water column or its bottom layers; ruff - in the bottom
layers of water (Movchan 2011). The fish were placed in experimental water bodies in April
2017.

2.2 Experimental Water Reservoirs

The research was carried out on four water bodies. No. 1 is a small storage reservoir on the
Ros river (Kyiv region, Ukraine). The water temperature fluctuated in the reservoir in June
from 20.3 to 23.5°C (on average — 21.8°C), in July — 20.2-25.2°C (23.3°C) (Fig. 1).
Fluctuations in water temperature during the day did not exceed 1<€. The temperature regime
of this reservoir was accepted for conditional control. It did not exceed the climatic norms for
the investigated region of Ukraine. The depth of the reservoir reached 5-7 m.
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Water temperature at 12 noon, °C
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Fig. 1. Temperature (A) and oxygen (B) conditions in experimental water body’s

The water bodies No. 2 — No. 4 are shallow water ponds with a depth of up to 1.2 m. The
average temperature for June was 24.7°C in the second reservoir with oscillations during the
month from 19.0 to 31.5°C (24.8<€), in July — 19.2-30.5°C (27.2°C). In the reservoir No. 3 —
June: 18.9-30.0°C (24.4°C), July — 18.9-30.2°C (26,7°C). In the reservoir No. 4, respectively,
the water temperature was 18.9-27.8€ (22.9€) and 18.9-27.9€ (25.1<€). Water
temperature fluctuations in all experimental waters reached 3-5€€ during the day. The
difference in water temperature between experimental ponds increased significantly in the
predawn hours.

The most stable temperature was in the control, where no significant fluctuations in
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temperature were observed both during the day and during the month. The average
temperature in reservoir No. 4 was higher than in the control, and there were considerable
fluctuations during the day. The water temperature in reservoirs No. 2 and 3 was sometimes
above 30.0C, and its significant difference in reservoirs was only at night and in the
morning.

The control reservoir also differed in stable conditions for the oxygen regime. The
concentration of dissolved oxygen in water was 6.5-8.8 mgL™. In general, the oxygen
content was satisfactory in the reservoir No. 4, where it reached values from 5.1 t0 9.7 mg L.
in the predawn hours. The most difficult conditions for this indicator were in the reservoir No.
3, especially in July. The oxygen content ranged from 4.2 to 8.0 mg L™ with a predominance
of its level from 4.2 to 4.9 mgL™. The content of dissolved oxygen at 4 o'clock in the
morning was from 3.9 to 9.7 mg L in reservoir No. 2, and it was largely dominated by
5.7-7.2mg L™t

Thus, the small storage reservoir was characterized by a stable temperature and oxygen
regime. Moderately elevated temperature and satisfactory oxygen conditions were observed
in reservoir No. 4. The water temperature significantly prevailed in the climatic norm in other
water bodies. The difference in their temperature was insignificant. However, the oxygen
conditions in the early morning hours were worse in water body No 3.

There were no significant differences hydrochemical indicators between the studied
reservoirs. The pH of the medium was 8.1-8.3, water hardness was 5.9-6.3 mg-eq. L™, the
content of calcium ions — 58.2-67.1 mg L, magnesium — 31.8-35.2 mg L, chlorides —
29.8-31.2 mg L%, phosphorus phosphates — 0.048-0.062 mg L™, nitrates — 0.075-0.090 mg
NL™

2.3 Methods of Biochemical Research

Fish caught active fishing methods. Their blood was collected from the heart immediately
after being caught. Blood plasma was obtained by centrifugation at 5 thousand rpm for 15
minutes. Blood plasma was frozen at —18<€€. The content of cortisol, prolactin and
somatotropin was determined in blood plasma using an enzyme immunoassay analyzer
(Rayto RT-2100C) and commercial kits «DS-IFA-Steroid> and <«DS-IFA-Prolactin>» (NPO
Diagnostic Systems, Russia), Human Growth Hormone (hGH) ELISA (Calbiotech, USA).
The total content of thyroxine (T4) and triiodothyronine (T3) was determined in the blood
plasma using the enzyme immunoassay and commercial Kits «T3-ELISA>; «T4-ELISA»
(NPL Granum Ukraine).

2.4 Statistical Analysis

The significance of differences between the mean values of the hormone content was
determined with using Student’s t-test probability level (p < 0.05) (Rokitskyi 1973). The
statistical data was processed with Statistica 5.5. All bioethical norms were observed
throughout the experiment.
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Research have shown that most of the studied fish species in June react to increased and
fluctuating temperature conditions of water bodies with an increase in the content of cortisol
in the blood plasma. At the same time, perch and roach are most sensitive to the action of this
factor. The amount of cortisol in their blood increases at a maximum temperature of 3.4 and
2.2 times, respectively, compared with the conditional control (Fig. 2). Only carp responds to
the increase in temperature regime by reducing the content of cortisol in the blood plasma.
Perch and ruff are fully adapted to the new conditions of existence in July, and the content of
cortisol in the blood is significantly reduced compared with June. Roach and rudd reveal no
significant differences in blood cortisol levels in June and July. However, they react to a rise
in water temperature or a slight up to 30% decrease in the hormone content (roach) or a slight
increase up to 11% (rudd) compared to the control. Carp continues to respond to rising water
temperatures in its own way in July. The level of cortisol in it increases with a rise in the
average temperature to 26.7<C. A decrease in the content of cortisol in his blood is observed
with a further increase in temperature to 27.2°C.
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Fig. 2. The content of cortisol in the blood plasma of fish under various environmental
conditions, n = 6

Note: A — carp, B — perch, C — ruff, D — roach, E — rudd; e — p < 0.05.

The content of thyroxin in the blood increases with a rise in the temperature regime of the
reservoir against the background of a slight decrease in the oxygen concentration in water in
all studied fish species (Fig. 3). The content of thyroxin in the blood decreased in perch in
July compared with June, while maintaining the tendency of its growth with increasing
temperature. This indicator did not significantly differ at various temperatures in July at
roach.
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Fig. 3. The content of thyroxin in the blood plasma of fish under various
environmental conditions, n = 6

Note: A — carp, B — perch, C — ruff, D — roach, E — rudd; e — p < 0.05.

Triiodothyronine is a more active form of thyroid hormones compared with thyronine. The
change in its content is species specific under the action of temperature. Carp, ruff and roach
are characterized by a decrease in the level of the hormone with an increase in water
temperature in June, rudd — an increase (Fig. 4). The influence of other factors on this
indicator of blood in the perch is noted. Fish also responded species-specific to elevated and
fluctuating temperature conditions in July. Namely, the content of triiodothyronine in the
blood plasma increases in ruff, roach, and rudd with increasing water temperature, while in
carp and perch it decreases.
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Fig. 4. The content of triiodothyronine in the blood plasma of fish under various
environmental conditions, n = 6

Note: A— carp, B — perch, C — ruff, D —roach, E — rudd; e — p < 0.05.

It should be noted that the content of somatotropin in the blood plasma of all studied fish
significantly decreases with increasing water temperature during the month and with its daily
fluctuations. This is especially characteristic of a perch with an increase in water temperature
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to 30.5<€, the content of somatotropin in its blood decreases in June by 9.9 times, in July 6.4
times compared with a stable temperature regime of 20.3-25.2<€ (Fig. 5).
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Fig. 5. Content of somatotropin in blood plasma of fish at various environmental conditions
of existence, n =6

Note: A — perch, B — ruff, C — roach, D —rudd; e — p < 0.05.

Similarly, the content of prolactin in the blood plasma of fish changes under the action of
elevated water temperature and a reduced concentration of dissolved oxygen (Fig. 6).
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Fig. 6. The content of prolactin in the blood plasma of fish in different environmental
conditions of existence, n = 6

Note: A — perch, B — ruff, C —roach, D — rudd; e — p < 0.05.

4. Discussion

The nature of the hormonal response of fish to environmental factors depends on the biology
of the species. It has been established that the content of cortisol in the ruff blood plasma
does not change under the influence of the temperature-oxygen conditions of the water body.
Ruff lives in the lower layer of water with less temperature fluctuations and is not exposed to
this stress factor (Hdker, Thiel 1998). This species is more resistant to reducing the dissolved
oxygen content in water. An increase in blood cortisol indicates a worsening of living

conditio

ns.

Another group of fish (perch, roach, and rudd) responds to the oscillatory regime of
temperature and dissolved oxygen in June by a sharp increase in the level of cortisol in the
blood. The main role in the growth of this hormone is played by the temperature factor, and
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not the concentration of dissolved oxygen in water. In July, only the perch, as the most
cold-water species of the studied fish species, reacted in a similar way. Moreover, this
occurred in the perch with a significantly lower level of cortisol, both in the control and in the
experiment. The content of cortisol in the rudd blood plasma increased in July compared with
June, the differences of this indicator among different groups of fish were not significant. The
roach reacted more to a lower water temperature. This indicates that this species has fully
adapted to the summer conditions of existence.

Carp differed from other fish species in the nature of changes in plasma cortisol content.
Increased water temperature is more favorable for him. The carp reacts by increasing the
plasma cortisol content only to a decrease in the dissolved oxygen content.

The overall activity of the passage of metabolic processes can be assessed by the content of
thyroid hormones in the blood plasma of fish (Dolomatov et al. 2013). According to our
research, for all species of fish there is a direct relationship between the total content of
thyroxin and the average daily temperature in the water body. The highest content of thyroxin
is observed in carp from 4.2 to 12.3 nmol L, in roach and rudd from 0.3 to 1.8 nmol L™
The lowest content of thyroxin from 0.01 to 0.06 nmol L ™ is observed in the blood plasma of
predatory fish species (perch and ruff). We note an increase in the total metabolic activity (in
terms of thyroxin content) with a lower concentration of dissolved oxygen in water only for
the rudd.

Interspecific differences in the content of triiodothyronine in the blood are the same as for
thyroxin. Among the fish species studied, the maximum content of triiodothyronine was in
carp — 1.8-8.7 nmol L., average in rudd and roach — 0.5-2.2 nmol L., and in predatory fish
the minimum — 0.02-0.18 nmol L ™. A direct relationship between the water temperature and
the content of triiodothyronine in the blood plasma is noted only for rudd and roach. The
opposite relationship between these indicators is marked for carp and ruff. Only perch reacts
negatively to a decrease in the content of dissolved oxygen in water.

Somatotropin in fish enhances the growth of muscle and bone tissue, regulates the
metabolism of proteins, carbohydrates, fats, calcium, phosphorus and nitrogen in the tissues
(Davidson 1987, Yousefian 2011). It is able to mobilize spare lipids and increase fat oxidation,
which leads to a decrease in the peripheral use of carbohydrates, thereby increasing blood
sugar levels (Sangiao-Alvarellos et al. 2003). We have shown interspecies differences in the
content of this hormone in the blood plasma of fish. Obviously this is due to the
species-specific features of the functioning of the pituitary of these fish. It draws attention
that a higher content of hormone in the blood of fish is observed at normal temperature
conditions of the water body compared with those that were in conditions of elevated water
temperature. Thus, the content of somatotropin in acceptable conditions in roach, perch and
ruff was higher in 6.1; 6.8 and 2.6 times in June than in fish from water bodies, in which the
water temperature periodically reached 29.3%€. This pattern is reversed for the ruff in July. In
particular, this is expressed in the equal content of this hormone in fish with stable and
oscillatory temperature conditions. Obviously, this is due to an increase in the rate of growth
of this species during this period. Feeding the ruff is more effective in low light, in our case,
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this is due to the increased development of algae and reduced water clarity (Hdker, Thiel
1998). The number and diversity of benthic organisms (the basis of nutrition of this species)
increases in response to the growth of the synthesis of new organic substances in water
bodies.

However, the content of somatotropin in the blood plasma of all fish species decreases in July
with increasing water temperature. By reducing the content of somatotropin, which regulates
the main energy processes, less energy-intensive substances are used to maintain the
homeostasis of the body with increasing water temperature. Water temperature plays a direct
role in the regulation of the content and synthesis of this pituitary hormone. Elevated levels of
somatotropin in the blood plasma under normal temperature conditions may be associated
with significant lipid costs of high fish growth rates. This is confirmed by the fact that the
weight and length of the fish were large with stable temperature conditions corresponding to
climatic norms as compared with altered temperature conditions.

It is known that somatotropin, along with prolactin, is involved in the regulation of the
formation of germ cells in most fish (Yousefian 2011). Considering that the temperature
optimum for fish species with a low oxygen concentration in the early morning hours was
observed in experimental reservoirs, their fluctuations had a significant effect on the intensity
of feeding, the general physiological state of fish, the activity of metabolism and the
formation of oocytes in females. The optimal temperature and oxygen conditions in the
reservoir are manifested in an increased level of somatotropin in the blood plasma of fish,
which has a positive effect on the intensity of their growth. Thus, according to the level of
somatotropin, which is involved in the regulation of many physiological processes, in
particular, in the metabolism of lipids, proteins, carbohydrates and ions (Yousefian 2011), one
can judge the ability of various fish species to biochemical adaptation under the influence of
environmental factors caused by climate change.

Prolactin in fish regulates the processes of ionic and lipid metabolism. It is known that it is
actively involved in the regulation of thermal homeostasis in aquatic animals through the
synthesis and distribution of lipids in body tissues (Sautin 1986). The synthesis and release of
prolactin into the blood is activated in fish under hypoosmotic conditions (Manzon 2002).
Prolactin regulates the water-salt balance, which, in turn, causes changes in the growth and
development of fish. Metabolism, behavior, reproduction and activity of the immune system
are changed under the influence of this hormone (Weber, Grau 1999, Harris et al. 2004).

We found that the content of this hormone in the blood of all fish decreased significantly with
increasing temperature. The content of prolactin in the blood plasma of roach, perch, and ruff
was higher by 1.2, 1.15, and 2.6 times under normal temperature conditions compared to fish
that were at elevated temperatures.

It is noteworthy that the content of prolactin significantly decreases in July, which is
obviously due to its participation in the regulation of lipid metabolism, aimed at the growth of
fish. Moreover, the content of this hormone in the blood plasma of fish was significantly
lower with excessive temperature conditions of the water body. This fact is explained by the
studies of Yu. Yu. Sautin, who proved the importance of prolactin in the acclimation of fish to

13
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changes in ambient temperature (Sautin 1986). In addition, this hormone regulates both the
metabolism of lipids and amino acids, and energy processes. Since acclimation to the existing
factors is quite an energy-consuming mechanism, fish need additional preservation of energy
resources for growth potential with a change in water temperature, which is regulated by a
lower content of prolactin into the blood.

Rudd had a low content of prolactin, perch had the highest content, which indicates the
existence of species specificity in its synthesis. The greatest variability of this indicator was
observed in perch and roach compared with other studied species. This is probably due to
their metabolic and behavioral patterns.

5. Conclusions

The nature of the hormonal response to the current environmental factors depends on the
biology of a particular species. The increase in the content of cortisol in the blood primarily
indicates the presence of stress phenomena in fish. The studied fish can be divided into four
conditional groups according to the change in the content of cortisol in the blood in response
to the action of elevated water temperature: the rudd is practically unresponsive to this factor;
perch is constantly under stress; roach and ruff - able to adapt to this factor; carp - tolerates a
rise in water temperature.

The content of thyroid hormones in the blood of fish increases under the influence of atypical,
oscillatory and elevated temperature conditions, which indicates an increased activity of
metabolic processes.

The content of somatotropin in the blood plasma of fish decreases under the influence of
water temperature, which exceeds the optimum for a particular species. This can slow the
growth rate of fish in the summer.

The content of prolactin in the blood of all studied fish species decreases with increasing
temperature, which indicates its participation in the processes of adaptation of fish to unusual
conditions. This phenomenon is probably related to the processes of conservation of energy
resources in the process of adapting fish to the operating factors.
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