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Background. The climate changes observed in the world over the past several decades strongly affect global
aquaculture and fisheries. Ukraine is among the 24 countries, whose aquaculture and inland fisheries are currently
facing medium stress, and will be potentially under higher stress in the future. The purpose of our work was to
find a relation between air temperature and its impact on the spreading of infectious in freshwater aquaculture of
Ukraine in the context of global climate change.

Material and methods. During 2011-2017, an epizootiological survey on experimental fishery farms of different patterns
of ownership was conducted. The objects of research were the clinically healthy and diseased freshwater fish of different
age groups, as well as parasites and bacteria of different etiological groups that affect aquatic organisms. A review of
the clinical and parasitological study of different age groups and hybrids of silver carp, Hypophthalmichthys molitrix
(Valenciennes, 1844) and bighead carp, Hypophthalmichthys nobilis (Richardson, 1845), common carp, Cyprinus carpio
Linnaeus, 1758, and some cultured rainbow trout, Oncorhynchus mykiss (Walbaum, 1792), and brown trout, Salmo trutta
Linnaeus, 1758 were conducted. Research methods common for ichthyopathology, microbiology, and fisheries were used.
Results. The study on fish diseases was conducted both in aquaculture and natural waters, in particular in the
reservoirs of the Dnieper Cascade. Not only the growth and development of fish but also the signs and the course
of various diseases appeared to depend on water temperature. The resistance of the fish and other hydrobionts
to the influence of threshold temperatures depends on their adaptation to particular factors. In the years with a
relatively warm vegetation period, the infection rates significantly increased to 25% and above. A significant
broadening of the spectrum of parasitic infections over the last decade has been noted. An ecological misbalance in
the ecosystems, an increase in the level of organic pollution of water, and, as a result, in the number of pathogenic
microorganisms that may be harmful to fish and human health were registered.

Conclusion. Taking into account the results of the analytical studies regarding climate change in Ukraine, we
can predict outbreaks of bacterial and parasitic diseases in fish in the years to come, which may cause significant
economic damage to aquaculture farms.
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INTRODUCTION

The climate changes observed all over the world in the
past several decades strongly affect global aquaculture and
fisheries (Cochrane et al. 2009, Morgan and Wall 2009).
This is caused by different factors, such as the degradation
of habitats, changes in aquatic ecosystems, and the
introduction of non-indigenous biota (Kriticos et al. 2003,
Yazdi and Shakouri 2010). The influence of global warming
on the risk of the development of some diseases in aquatic
animals has already been registered (Karvonen et al. 2010).

There are 24 countries in the world, whose aquaculture
and inland fisheries are facing medium, and will potentially
be under higher stress in the future (Harrod et al. 2019).
Among the European countries, there are Finland,
Germany, Poland, Sweden, and Ukraine. At the current
stage of the economic development of Ukraine, one of the
most important tasks is to improve the living standards of
the population, to provide necessary foods, and to ensure
the safety of raw materials and food products (AndriiSenko
etal. 2014). The rising production and consumption of fish,
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which is currently two times lower compared to the level
in 1990 (Matvienko et al. 2015), is of great importance in
solving these problems.

In terms of nutritional value, the fish flesh is inferior
to the meat of domestic animals, but the assimilation
rate in the human body far exceeds that of beef (Olijnik
unpublished"). Increasing the volume of fish, fish products,
and ensuring a high quality of fish as food depends on
the animal health status of fish farms and on climatic
conditions. However, in recent years a continued increase
and conservation of commercial and pond fish stocks
has been largely hindered by almost annual outbreaks
of new and poorly known bacterial and parasitic fish
discases that caused mass mortalities (Davydov et al.
2012). The traditional aquaculture species in Ukraine is
common carp, Cyprinus carpio Linnaeus, 1758, however,
recently, rainbow trout, Oncorhynchus mykiss (Walbaum,
1792); sturgeons (fam. Acipenseridae); and Philippine
catfish, Clarias batrachus (Linnaeus, 1758), are actively
cultivated in closed water bodies (Matvienko et al. 2015).

The territory of Ukraine is rich with different types of
water bodies. The human population which inhabits the
river banks is commonly suffering from annual floods,
with extremely abnormal ones in the Danube at 2005, in
the Dniester and Transcarpathian rivers at August 2008,
as well extreme snowing in the western and central
Ukraine in December 2009 and March 2013, affecting the
economy of the regions (Diduh 2014). Thus, Ukraine fully
experiences the effects of climate changes, in particular,
those recorded for the western and southern regions of
Ukraine.

The rapid growth of aquaculture is primarily driven
by a significant decline in natural fish stock and the
development of inland water resources, as well as
the need to provide valuable food to the population
(Mansfield 2010). Year after year, the epizootic situation
in Ukraine in both specialized farms and natural water
bodies has been worsening. Among the important factors
for the emergence and spread of fish diseases under
modern environmental conditions are changes in climatic
conditions with relatively warm winters and hot summers
with high water temperatures, which contribute to an
accumulation of organic matter in water reservoirs; the
development of pathogens of fish diseases; as well as
the increase of anthropogenic load in aquatic ecosystems
accompanied by the release of various contaminants into

reservoirs (Evtusenko et al. 2015). Thus, the purpose of
our work was to find a relation between the air temperature
and its impact on the spreading of infectious in freshwater
aquaculture of Ukraine in the context of global climate
change.

MATERIALS AND METHODS

The epizootiological surveys in experimental fish
farms with different ownership profiles were conducted
in 12 administrative regions (oblasts) of Ukraine within
2011-2017 (Table 1). A total of 777 fish representing
14 species-level taxa and two hybrids were studied for
parasites and pathogens in pond aquaculture. The study
covered two species of sturgeons (Acipenseridae) and one
hybrid, three species of salmonids (Salmonidae), 8 species
and one hybrid of cyprinids (Cyprinidae), and one esocid
(Esocidae) (Table 1). The following fish species were
examined: Acipenser gueldenstaedtii Brandt et Ratzeburg,
1833; Acipenser ruthenus Linnaeus, 1758; Huso huso
(Linnaeus, 1758) x Acipenser ruthenus; Carassius gibelio
(Bloch, 1782); Ctenopharyngodon idella (Valenciennes,
1844); Cyprinus carpio; Hypophthalmichthys molitrix
(Valenciennes, 1844);  Hypophthalmichthys  nobilis
(Richardson, 1845); Hypophthalmichthys molitrix X
Hypophthalmichthys nobilis; Hypophthalmichthys spp.;
Rutilus rutilus (Linnaeus, 1758); Tinca tinca (Linnaeus,
1758); Esox lucius Linnaeus, 1758; Oncorhynchus
mykiss; Salmo trutta Linnaeus, 1758; Salvelinus fontinalis
(Mitchill, 1814) (Table 1). The fish were sampled in
different aquaculture and fisheries farms monthly from
April to September. The trout aquaculture farms were
studied only in three regions of Ukraine (Chernivtsi,
Lviv, and Zakarpattia oblasts), the sturgeon farms—in
two regions (Chernihiv and Odessa oblasts), in all other
regions, carp farms were studied.

The data from the annual reports of the Institute of
Fisheries, Kyiv (Matviénko and VaSenko unpublished™)
on studies of fish parasites in the reservoirs of the Dnieper
River Cascade (Kamyanske, Kaniv, and Kyiv Reservoirs),
in the Yavoriv Reservoir, and the Vistula River basin (Table
2) were used. These represent data on 440 fish related to 15
taxa, including 10 cyprinid taxa, one catfish (Siluridae), one
esocid (Esocidae), one goby (Gobiidae), and two percids
(Percidae): Abramis brama (Linnaeus, 1758); Blicca
bjoerkna (Linnaeus, 1758); Carassius gibelio; Cyprinus

carpio;  Hypophthalmichthys — spp.; Leuciscus — aspius

“ Olijnik [Oliynik] O.B. 2018. Krustaceozi koropodih rib: posirenna, diagnostika ta likuval'no-profilakti¢ni zahodi. [Carp fish Crustacean diseases: Spreading, diagnos-
tics and medioprophylactic measures.] Abstract of PhD Thesis in Parasitology. National University of Life and Environmental Sciences of Ukraine, Kiiv, Ukraine. [In
Ukrainian with English summary.]

" Matviénko [Matvienko] N.M., VaSenko [Vashchenko] A.V. 2015. Zvit pro naukovo-doslidnu robotu za zavdannam 28.00.02.02F “Dosliditi biologi¢ni ta ekolo-
go-geograficni osoblivosti posirenna zbudnikiv hvorob promislovih vidiv rib i vprovaditi molekularni metodi doslidzenna vidilennih patogeniv (2011-2015 roki)”.
[Report of Scientific Research Study on the task 28.00.02.02F “To study the biological and eco-geographical traits of spread of pathogens of commercial fish species and
to provide molecular methods of the study of isolated pathogens (2011-2015)”.] Institut rybnogo gospodarstva NAAN, Kiiv, Ukraine. [In Ukrainian.]

Matviénko [Matvienko] N.M., Vasenko [Vashchenko] A.V. 2016. Zvit pro naukovo-doslidnu robotu za zavdannam 33.00.00.04F “Dosliditi mehanizmi poSirenna
invazijnih ta infekcijnih zahvorGvan’ rib v umovah prisnovodnoi akvakulturi Ukraini. Etap 2016 roku: Dosliditi osoblivosti poSirenna invazijnih ta infekcijnih zah-
vor@van’ rib v umovah prisnovodnoi akvakulturi Ukraini”. [Report of Scientific Research Study on the task 33.00.00.04F “To study the triggers of spread of parasitic and
infection diseases of fish under conditions of freshwater aquaculture in Ukraine. Stage 2016: To study the traits of spread of parasitic and infection diseases of fish under
conditions of freshwater aquaculture in Ukraine™.] Institut rybnogo gospodarstva NAAN, Kiiv, Ukraine. [In Ukrainian.]

Matviénko [Matvienko] N.M., Vasenko [Vashchenko] A.V. 2017. Zvit pro naukovo-doslidnu robotu za zavdannam 33.00.00.04F “Dosliditi mehanizmi poSirenna
invazijnih ta infekcijnih zahvoravan' rib v umovah prisnovodnoi akvakulturi Ukraini. Etap 2017 roku: Ociniti situaciti §¢odo posirenna invazijnih zahvordvan’ osnovnih
promislovih vidiv rib u vnutri$nih vodojmah Ukraini”. [Report of Scientific Research Study on the task 33.00.00.04F “To study the triggers of spread of parasitic and
infection diseases of fish under conditions of freshwater aquaculture in Ukraine. Stage 2017: To evaluate the situation with the spread of parasitic diseases of main com-
mercial fish species in inland water bodies of Ukraine™.] Institut rybnogo gospodarstva NAAN, Kiiv, Ukraine. [In Ukrainian.]
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Table 1

The commercial fish species and their numbers (N), studied for parasite and pathogens in aquaculture farms in

different regions of Ukraine

Administrative region Sampling coordinates Fish species N
Chernihiv Oblast 51°26'00.9"N, 31°1522.4"E Acipenser ruthenus 6
Cyprinus carpio 15
Chernivtsi Oblast 48°21'16.9""N, 25°18'35.7"E Oncorhynchus mykiss 40
48°09'17.5"N, 25°1823.8"E Salmo trutta 20
Salvelinus fontinalis 12
48°21'55.7"N, 22°48'45.7"E Cyprinus carpio 6
Dnipropetrovsk Oblast 48°49'42.9""'N, 34°48'29.8"E Ctenopharyngodon idella 30
Cyprinus carpio 15
Hypophthalmichthys spp. 15
Donetsk Oblast 48°51'02.1"N, 37°31'53.5"E Carassius gibelio 25
48°5221.1"N, 37°32'15.0"E Cyprinus carpio 30
48°56'39.4""N, 37°2626.3"E H. molitrix x H. nobilis 10
48°58'59.9"N, 37°2620.9"E
Kharkiv Oblast 49°53'35.6"N, 36°15'45.5"E Cyprinus carpio 10
Hypophthalmichthys molitrix 10
Kherson Oblast 46°27'10.2"N, 32°22'45.6"E Cyprinus carpio 10
Ctenopharyngodon idella 10
Hypophthalmichthys molitrix 10
Hypophthalmichthys nobilis 10
Kyiv Oblast 50°06'11.9"N, 29°56'00.9"E Carassius gibelio 25
50°18'08.7"N, 30°27'09.7"E Ctenopharyngodon idella 10
50°28'40.5"N, 30°04'55.2"E Cyprinus carpio 25
Hypophthalmichthys nobilis 10
Rutilus rutilus 10
Tinca tinca 5
Esox lucius 5
Lviv Oblast 49°23"28.8"'N, 23°38'39.6"E Oncorhynchus mykiss 40
49°53'33.9"N, 23°4523.9"E
49°43'40.0"N, 23°42'54.2"E Carassius gibelio 20
49°27'56.5"'N, 23°54'38.4"E Ctenopharyngodon idella 10
Cyprinus carpio 40
H. molitrix x H. nobilis 30
Tinca tinca 6
Odessa Oblast 45°27'31.7"N, 29°33'02.2"E Acipenser gueldenstaedtii 6
Acipenser ruthenus 6
Huso huso x Acipenser ruthenus 6
Ctenopharyngodon idella 10
Cyprinus carpio 30
Hypophthalmichthys molitrix 10
Hypophthalmichthys nobilis 10
Rivne Oblast 50°1832.7"N, 26°08'11.3"E Oncorhynchus mykiss 25
50°12'08.2""N, 25°41'19.7"E Carassius gibelio 16
50°12"31.1"N, 25°19'36.5"E Ctenopharyngodon idella 15
Cyprinus carpio 12
H. molitrix x H. nobilis 10
Esox lucius 15
Zakarpattia Oblast 48°43'44.3""'N, 22°49'59.5"E Oncorhynchus mykiss 30
48°21'55.7"N, 22°48'45.7"E Cyprinus carpio 30
Hypophthalmichthys molitrix 30
Hypophthalmichthys nobilis 20
Zhytomyr Oblast 50°10'56.4""N, 29°13'36.5"E Carassius gibelio 10
Ctenopharyngodon idella 5
Cyprinus carpio 6
H. molitrix x H. nobilis 5
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(Linnaeus 1758); Leuciscus idus (Linnaeus, 1758); Rutilus
rutilus; Scardinius erythrophthalmus (Linnaeus, 1758); Tinca
tinca;, Silurus glanis Linnaeus, 1758; Esox lucius; Neogobius
Sfluviatilis (Pallas, 1814); Perca fluviatilis Linnacus, 1758;
Sander lucioperca (Linnaeus, 1758) (Table 2).

The research methods used are common/established
for ichthyopathology, microbiology, and fisheries domains
(Pritchard and Kruse 1982, Bauer 1987, Davydov et al.
2012). The parasites were preserved as permanent slides
and studied in light microscopy to identify species.
The epizootic survey of the aquaculture farms was
conducted as a planned inspection of fish farms adopted in
ichthyopathology (Gaevs'ka 2004). The microbiological
studies were provided in three stages:

* Preliminary sowing on tryptone-soya agar (TSA), which
was then incubated at 26°C for 24 h.

* obtaining pure cultures of the microorganisms and study
of their morphological features.

* determination of DNAse activity of obtained stains
(Bauer et al. 1981).

Standard examination for fish parasites was conducted
according to Buchmann (2007). Fresh mucus smears were

separately collected from gills, skin, and fins to identify
protozoan parasites by microscopic examination (Lom
and Dykova 1992). Morphological identification of the
protozoan parasites was performed directly on wet mounts
of gills, skin, and fins mucus under a microscope at 10x to
40x magnification.

Collected parasites were fixed in 70% ethanol for
subsequent identification. As regards the parasitic
diseases, the infection levels were evaluated by the
parasitological parameters, i.e., the prevalence (PR) [%]
which is the number of infected hosts divided by the
number of examined hosts (x100); the mean intensity
of infection (MI) which is the total number of collected
parasites divided by the number of infected hosts; and the
intensity range (IR) which is the number of parasites in
one infected host body, were calculated according to Bush
et al. (1997). The standard deviation (SD) was calculated
for mean parameters.

The identification was carried out following the
generally accepted recommendations by Bergey’s manual
of systematic bacteriology (Krieg and Holt 1984). The
express identification of bacteria was made using API 20E

Table 2

Commercial fish species and its number (/) studied for parasites in different dam reservoirs in Ukraine

Reservoir Sampling coordinates Fish species N
Kamyanske Reservoir 48°33'06.6''N, 34°29'38.1"E Abramis brama 23
Rutilus rutilus 20
Sander lucioperca 10
Esox lucius 10
Perca fluviatilis 25
Kaniv Reservoir 49°58'33.7"N, 31°03'32.3"E Abramis brama 35
Blicca bjoerkna 15
Leuciscus aspius 15
Rutilus rutilus 25
Sander lucioperca 10
Scardinius erythrophthalmus 10
Tinca tinca 10
Silurus glanis 6
Esox lucius 6
Perca fluviatilis 15
Kyiv Reservoir 50°52'11.3""N, 30°33'59.8"E Abramis brama 20
Blicca bjoerkna 10
Leuciscus aspius 10
Leuciscus idus 10
Rutilus rutilus 25
Sander lucioperca 10
Scardinius erythrophthalmus 10
Esox lucius 6
Perca fluviatilis 12
Neogobius fluviatilis 30
Yavoriv Reservoir 49°56'43.9"N, 23°28'18.7"E Carassius gibelio 10
Cyprinus carpio 12
Hypophthalmichthys spp. 10
Rutilus rutilus 8
Tinca tinca 6
Esox lucius 6

Perca fluviatilis 10
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standardized test system (BioMerieux, France) based on 21
biochemical tests. The cultures were incubated for 18-24 h.
The results were analyzed visually and assessed using the
color key table. The mean air temperatures for the growing
season (April-September) were used in the analysis.

The temperature regime is one of the most important
factors among the climatic and meteorological conditions
affecting the formation of the natural food base,
development, and growth of fish. Based on the number
of days in the year with the effective aquaculture air
temperature above 15°C, the territory of Ukraine was
divided into 4 aquaculture (fisheries) zones (Table 3). The
pond aquaculture areas in Ukraine are shown in Fig. 1.

All the zones are characterized by a temporary
continental climate. Then, we provide the characteristics
of individual zones in accordance with Osipcuk (2008).
The zone A (Polesic) has a relatively high level of

precipitation, 500—600 mm per year. Droughts are rare, the
warmest month (July) features air temperatures from 17 to
19°C. Zone B (Forest steppe and Carpathians) compose up
to 34% of Ukraine territory. The January air temperatures
are from —5 to —8°C, the July ones from 18 to 22°C. The
precipitation values range from 550-750 mm in the west
to 450 mm in the east. In the Carpathians, the precipitation
is 800-2000 mm and more. The vegetation period is 200—
210 days per year. The steppe zone in Ukraine comprises
39.7% of the territory and is divided into two parts: Zone
C (Northern Steppe) and Zone D (Southern Steppe). The
precipitation is about 300—450 mm per year and droughts
are frequent. The period without frosts comprises 160-220
days while the active vegetation from 160 to 195 days. The
mean annual air temperatures increase from the northern-
east (Zone C; +7.5°C at summer and —7°C at winter) to
the south-west (Zone D; +11°C at summer and 0°C at

Table 3
The aquaculture/fisheries zones of Ukraine in relation to the number of warm days per year (the zones shown on the
map, Fig. 1)
Code Aquaculture/fisheries zone Warm days number Administrative regions of Ukraine

A Polesie 91-105 Khmelnytskyi Oblast, Kyiv Oblast (northern part), Lviv
Oblast, Rivne Oblast, Sumy Oblast, Ternopil Oblast,
Volyn Oblast, Zhytomyr Oblast

B Forest steppe and Carpathians 106-120 Cherkassy Oblast, Chernivtsi Oblast, Ivano-Frankivsk
Oblast, Kharkiv Oblast, Kyiv Oblast (southern part),
Poltava Oblast, Vinnytsia Oblast, Zakarpattia Oblast

C Northern Steppe 121-135 Dnipropetrovsk Oblast, Donetsk Oblast, Kirovohrad
Oblast, Luhansk Oblast, Zaporizhzhia Oblast (northern
part)

D Southern Steppe 136150 Crimea, Kherson Oblast, Mykolaiv Oblast, Odessa

Oblast, Zaporizhzhia Oblast (southern part)

Warm days number = number of days per year with an air temperature higher than 15°C.
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Fig. 1. The map of aquaculture/fisheries zones of Ukraine territory. See Table 3 for zones codes
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winter). Mean diel air temperatures in July increased in a
spectacular way from +21.5°C to +23°C).

The analysis of the dependence of the -cases
of parasitic and bacterial diseases on the mean air
temperature in different years was carried out in four
different aquaculture/fisheries zones (Table 3, Fig. 1).
The air temperature data by months were provided by
the Ukrainian Hydrometeorological Center and used
in the analysis for each related zone of fisheries. Two
regions were chosen as representative samples for each
zone, except for Zone C (where only Dnipropetrovsk
oblast was representative). For Zone A Kyiv and Lviv
oblasts were used, for Zone B, Kharkiv and Zakarpattia
oblasts, and for Zone D, Kherson and Odessa oblasts. All
statistical analyses were conducted using the Quantitative
Parasitology 3.0 web application (Rozsa et al. 2000).

RESULTS

A total of 19 parasite species was found in
pond aquaculture in Ukraine (Table 4). 24% of the
present parasites were ciliates Apiosoma piscicola
(Blanchard, 1885), Chilodonella cyprini (Moroff, 1902),
Ichthyophthirius multifiliis Fouquet, 1876, Trichodina spp.
(Fig. 2). Four parasite taxa were presented by crustaceans,
namely Argulus sp., Ergasilus sp., Lernaea cyprinacea
Linnaeus, 1758, Sinergasilus major (Markevich, 1940),
Sinergasilus polycolpus (Markevich, 1940), which in
total accounted for 23% of the infection cases. The
digeneans (17%) are presented by Diplostomum spp.,
Posthodiplostomum cuticola (von Nordmann, 1832), the
cestodes (15%) by Caryophyllaeus fimbriceps Annenkova-
Chlopina, 1919, Khawia sinensis Hsi, 1935, Ligula
intestinalis (Linnaeus, 1758), Schyzocotyle acheilognathi
(Yamaguti, 1934), Triaenophorus nodulosus (Pallas,
1781), and the monogeneans (15%) represented by
Dactylogyrus vastator Nybelin, 1924, and Gyrodactylus
spp. The remining parasitic infections (8%) were caused
by the nematodes Philometroides sp. and leeches Piscicola
geometra (Linnaeus, 1761) (Fig. 2).

Furthermore, the epizootic situation in aquaculture
farms involved in the artificial reproduction of salmonid
fish was studied. We registered the mortality of the trout
fry caused by the infection with saprogenic fungi and the
ciliate Ichthyophthirius multifiliis; in the older age groups
of the trout. A detailed study revealed the infection with
metacercariae of Diplostomum spp. (Table 4).

The highest number of parasite taxa (9) occurred in the
fish from the Kyiv Reservoir, where 8 fish species (4bramis
brama, Leuciscus idus, Rutilus rutilus, Sander lucioperca,
Esox lucius, Perca fluviatilis, Neogobius fluviatilis) were
found to be infected, but three other species (Blicca
bjoerkna, Leuciscus aspius, Scardinius erythrophthalmus)
were not infected (Table 5). The most prevalent parasite
was the ciliate Ichthyophthirius multifiliis (PR = 85.7%),
found in skin and fins of Abramis brama and the nematode
Eustrongylides excisus Jagerskiold, 1909 (PR up to
85%), found in the viscera and mesenteries of Sander
lucioperca, Perca fluviatilis, and Neogobius fluviatilis.
In the Kamyanske Reservoir and the Kaniv Reservoir,

we registered 5 and 4 taxa of disease agents, respectively
(Table 5). Diplostomum spp. was found to be the most
prevalent in both water bodies. Metacercariae of the
opistorchid Pseudamphistomum truncatum (Rudolphi,
1819) from the muscles of Abramis brama only in the
Kamyanske Reservoir with low prevalence. Only three
taxa of the disease agents infecting three different fishes
(Carassius gibelio, Cyprinus carpio, Hypophthalmichthys
spp.) were registered in the Yavoriv Reservoir (Table 5).

With regards to bacterial diseases, the microbiological
study of both water and fish showed a wide species spectrum
of microorganisms: Aeromonas (PR =40%), Pseudomonas
(PR = 28%), and less frequently Edwardsiella, Proteus,
Yersinia, Flavobacterium, and Micrococcus (Table 6).
In particular, the bacteria of genera Aeromonas and
Flavobacterium were isolated mainly from fry and
fingerlings of rainbow trout (Oncorhynchus mykiss), while
Pseudomonas, Aeromonas were detected in cyprinids, i.e.,
common carp (Cyprinus carpio), and Yersinia recovered
from sturgeons (Table 6). The general situation with the
presence of fish bacterial diseases is shown in and Fig. 3.

Psychrophilic bacteria belonging to the genera
Pseudomonas, Aeromonas, and Flavobacterium prevailed
in fish studied in the cold season. In the warm season, the
microflora of the skin and internal organs was represented
by mesophilic microorganisms, i.e., various types of
bacteria of the genus Micrococcus, and Corynebacterium.
The representatives of the genus Profeus (i.e. Proteus
morganii) and the Enterobacteriaceae family (i.e.,
Escherichia coli) were also identified as indicators of
pollution of the water bodies.

Among bacterial diseases of fish, the erythroderma-
like disease of carp (caused by Aeromonas, Pseudomonas)
and the bacterial disease of trout (caused by Aeromonas,
Flavobacterium, Yersinia, and Renibacterium) were
recorded in fish farms under consideration. In young
sturgeons, diseases associated with an unbalanced diet and
bacterial infections were reported. The erythroderma-like
disease of carp was registered in examined fish from Lviv,
Sumy, and Kyiv oblasts (Table 6). Also, we registered the
necrosis of gills (Lviv Oblast), the chronic form of swim
bladder inflammation in carp (Rivne Oblast), and a bacterial
disease in young trout (Chernivtsi and Zakarpattia oblasts).

The analysis of parasitic and bacterial disease cases
revealed a dependence on the mean air temperature in all
representative regions for each of the four aquaculture zones
of Ukraine (Fig. 4-7). Having analyzed the situation from
both the quantitative and species viewpoints, we confirmed
a trend to increase of parasites numbers and their species
composition during the observation period, i.e., from 11
main groups in 20062010 to 17 in 2011-2017 (Fig. 8).

DISCUSSION

The fish production obtained from the natural forage
base depends on the condition of the water body and
consumption by the fish (Eggers et al. 1978). The material
and energy basis of all subsequent stages of the production
process in the water body implies the forming of organic
matter using minerals in the course of the producents’ life.
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Table 4
Parasites registered in aquaculture fish in different regions of Ukraine
Fish species Parasite species PR IR MI
Chernihiv Oblast
Acipenser ruthenus Lernaea cyprinacea 60 3-5 2.6£1.9
Cyprinus carpio Schyzocotyle acheilognathi 10 1-3 1.7+0.8
Piscicola geometra 10 2-3 22+04
Chernivtsi Oblast
Oncorhynchus mykiss Apiosoma piscicola 7 1-2 14+0.5
Dactylogyrus vastator 40 10-15 125+ 1.8
Gyrodactylus sp. 1 60 10-12 11.0£0.8
Salmo trutta Gyrodactylus sp. 2 25 5-7 6.0+0.8
Salvelinus fontinalis Argulus sp. 30 3-5 4.0+0.9
Cyprinus carpio Caryophyllaeus fimbriceps 40 6-15 10.2+3.6
Khawia sinensis 20 3-5 4.0+0.8
Dnipropetrovsk Oblast
Ctenopharyngodon idella Ligula intestinalis 8 1-2 1.5+0.5
Sinergasilus major 40 1-5 25+1.6
Cyprinus carpio Khawia sinensis 30 14 21+13
Schyzocotyle acheilognathi 10 1-2 14+0.5
Hypophthalmichthys molitrix Posthodiplostomum cuticola 20 1-3 1.6+ 0.8
Donetsk Oblast
Carassius gibelio Ichthyophthirius multifiliis 60 5-30 13.5+£8.8
Cyprinuscarpio Ichthyophthirius multifiliis 65 15-40 23.8+£9.0
Schyzocotyle acheilognathi 10 14 21+13
H. molitrixx H. nobilis Posthodiplostomum cuticola 50 5-13 92+29
Kharkiv Oblast
Cyprinus carpio Ichthyophthirius multifiliis 60 3-15 8.8+4.5
Lernaea cyprinacea 50 5-7 5.8+£0.8
Hypophthalmichthys molitrix Posthodiplostomum cuticola 50 5-8 64+13
Kherson Oblast
Cyprinus carpio Trichodina spp. 20 3-15 8.0+t44
Ctenopharyngodon idella Sinergasilus major 60 10-25 157+£5.2
Hypophthalmichthys molitrix Posthodiplostomum cuticola 50 7-11 9.0£1.5
Hypophthalmichthys nobilis Diplostomum spp. 60 2-6 33+14
Kyiv Oblast
Carassius gibelio Schyzocotyle acheilognathi 30 1-2 14+0.5
Ctenopharyngodon idella Sinergasilus major 25 10-15 11.8+1.8
Cyprinus carpio Chilodonella cyprini 30 1-10 45+3.0
Ichthyophthirius multifiliis 80 5-17 10.2+49
Dactylogyrus vastator 70 5-25 11.6+6.4
Khawia sinensis 25 3-12 6.5+3.5
Philometroides sp. 7 2-5 30£1.0
Argulus sp. 70 8-10 8.7+£0.8
Lernaea cyprinacea 40 6—-10 74+15
Hypophthalmichthys nobilis Sinergasilus major 20 7-12 87 £1.8
Posthodiplostomum cuticola 40 7-30 15.7+£9.9
Rutilus rutilus Khawia sinensis 30 3-5 3.8+0.8
Tinca tinca Lernaea cyprinacea 50 1-5 28+1.7
Esox lucius Not found
Lviv Oblast
Carassius gibelio Lernaea cyprinacea 70 7-11 83+14
Ctenopharyngodon idella Argulus sp. 30 2-7 40+1.6
Cyprinus carpio Ichthyophthirius multifiliis 70 5-18 10.1£4.0
Dactylogyrus vastator 60 3-15 6.7+3.8
Caryophyllaeus fimbriceps 40 7-15 9.6£2.5
Lernaea cyprinacea 90 5-24 11.0£5.5

Table continues on next page.
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Table 4 cont.
Fish species Parasite species PR IR MI

H. molitrix x H. nobilis Posthodiplostomum cuticola 40 5-12 8.0+£24

Tinca tinca Not found

Oncorhynchus mykiss Ichthyophthirius multifiliis 60 7-21 11.6+2.5
Diplostomum spp. 70 10-12 10.6 £ 0.9
Gyrodactylus sp. 60 7-20 13.3+43

Odessa Oblast

Acipenser gueldenstaedtii Not found

A. ruthenus Not found

Huso huso x A. ruthenus Argulus sp. 7 1-3 1.7+0.8

Ctenopharyngodon idella Argulus sp. 20 13 23+0.8
Sinergasilus major 80 7-30 157+£173

Cyprinus carpio Ichthyophthirius multifiliis 80 2040 26.8 +7.1
Caryophyllaeus fimbriceps 45 7-17 109+3.1
Khawia sinensis 30 3-6 48+1.0
Lernaea cyprinacea 90 15-30 20.2+4.8

Hypophthalmichthys molitrix Posthodiplostomum cuticola 40 5-12 85+£23

Hypophthalmichthys nobilis Diplostomum spp. 30 34 3.5+0.52

Rivne Oblast

Carassius gibelio Argulus sp. 35 3-5 4.0+0.8

Ctenopharyngodon idella Sinergasilus polycolpus 30 5-10 75+1.8

Cyprinus carpio Ichthyophthirius multifiliis 40 11-17 12.8+£2.2
Lernaea cyprinacea 30 5-7 5.7+0.8

Esox lucius Not found

H. molitrixx H. nobilis Diplostomum spp. 15 2-4 3.1+09

Oncorhynchus mykiss Apiosoma piscicola 12 5-20 11.4+53
Trichodina spp. 80 5-20 9.8+49
Gyrodactilus sp. 30 5-15 8.8+£3.3

Zakarpattia Oblast

Oncorhynchus mykiss Ichthyophthirius multifiliis 30 7-25 11.5+£5.5
Gyrodactylus sp. 60 7-20 12.7+£4.2
Diplostomum spp. 40 10-12 10.4 £ 0.6

Cyprinus carpio Caryophyllaeus fimbriceps 30 10-12 10.3+£0.6
Khawia sinensis 15 1-2 14+0.5

Hypophthalmichthys molitrix Posthodiplostomum cuticola 40 5-8 59+09

Hypophthalmichthys nobilis Lernaea cyprinacea 50 7-15 94+2.6

Zhytomyr Oblast

Carassius gibelio Trichodina spp. 60 8-17 11.1£29

Ctenopharyngodon idella Sinergasilus polycolpus 60 8-10 89+0.9

Cyprinus carpio Ichthyophthirius multifiliis 40 7-12 9.0+1.6
Khawia sinensis 30 3-7 44+1.6
Ergasilus sp. 18 3-10 55+2.4

H. molitrix x H. nobilis Diplostomum spp. 20 3-5 3.6+0.9

PR = prevalence (%), IR = intensity range, MI = mean intensity (+ standard deviation).

In Ukraine, fisheries-related calculations are based on the
mean value of natural productivity, which is determined by
fish and the biological standards (AndriiSenko et al. 2014).
Growth and development of fish depend not only on
water temperature but also on the nature and course of
various diseases. The resistance of fish and other aquatic
organisms to threshold temperatures depends on their
adaptation to particular temperatures. Different fish species
and their life stages (eggs, larvae, fries, and juveniles)
require certain temperatures for development. Abrupt
temperature fluctuations can cause severe stress, resulting
in a decrease in fish resistance to diseases. Temperature not

only influences fish condition, but also the development
of parasites and the occurrence of various diseases. Some
infectious diseases in fish, including the viral ones, occur
in relatively cold water (around 10-12°C), while bacterial
diseases are more acute at higher water temperatures
(18-25°C and higher) (Matvienko et al. 2015). Besides,
depending on water temperature, pathogens accumulate
some concomitant parasitic diseases (ichthyophthyriosis,
dactylogyrosis) (Khan et al. 2003, Davydov et al. 2012).
The increase in the water temperature contributes to the
acceleration of the parasites’ development cycles and
consequently increases the number of generations (Morgan
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Fig. 2. Parasite occurrence in fish in inland waters
Ukraine during period 2011-2017
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Fig. 4. Dependence of bacterial and parasitic diseases of fish in Ukraine on the air temperature in Aquaculture Zone A

(Polesie); (A) Kyiv Oblast; (B) Lviv Oblast

and Wall 2009). Also, the physiological state of the fish is
deteriorating, which also makes the fish prone to infection.
Simultaneously, fish parasites are the most sensitive
indicators of the state of the aquatic ecosystems. Their
abundance and possible structural anomalies objectively
reflect the trophic level of the particular water body and the
degree of its anthropogenic pollution (Valtonen et al. 2003).
High infection of fish with ciliates and microsporidians
indicates higher biogenic contamination of waters. A
significant level of fish infection with myxozoans is
characterized by the high density of the populations of
oligochaetes in the water reservoir. The absence of parasitic
crustaceans that are usually resistant to external toxicants

indicates that industrial water contamination is limiting
their number (Morozinska-Gogol et al. 1998, Morales-
Serna et al. 2019).

While analyzing the information presented in the
graphs (Fig. 4) we can ascertain the relation between
the rate of disease incidence and the temperature
regime. Thus, in the years with hot summers there were
outbreaks of infectious diseases mainly of bacterial nature
(2012, 2015, 2016). This is expected because the rate of
bacterial reproduction depends primarily on temperature,
as the bacteria divide faster if they encounter favorable
conditions. Increased water temperature causes a rapid
spread of diseases, and the absence of abrupt day and night



Rutilus rutilus
Tinca tinca
Esox lucius
Perca fluviatilis

Not found
Not found
Not found
Not found

342 Matvienko et al.
Table 5
Parasites registered in commercial fish in different reservoirs in Ukraine
Fish species Parasite species PR[%] IR MI
Kamyanske Reservoir

Abramis brama Ligula intestinalis 21.9 1-2 1.8+04
Diplostomum spp. 90.6 11-36 21.6 + 8.8
Posthodiplostomum cuticola 20.0 2-7 4.1+2.02
Pseudamphistomum truncatum 1.6 7-13 92+22

Rutilus rutilus Not found

Sander lucioperca Eustrongylides excisus 20.0 3-5 44409

Esox lucius Not found

Perca fluviatilis Eustrongylides excisus 30.0 7-12 8.6£1.6

Kaniv Reservoir

Abramis brama Diplostomum spp. 87.0 2-4 2.8+0.7

Leuciscus aspius Not found

Blicca bjoerkna Not found

Rutilus rutilus Diplostomum spp. 22.0 1-7 4.6+2.0
Posthodiplostomum cuticola 25.0 2-15 6.4+45

Sander lucioperca Dermocystidium sp. 7.0 1-3 2.0+1.0
Eustrongylides excisus 25.0 3-5 4.0+0.9

Scardinius erythrophthalmus Not found

Tinca tinca Not found

Silurus glanis Eustrongylides excisus 15.0 3-7 50£1.6

Esox lucius Not found

Perca fluviatilis Ergasilus sp. 10.0 2-5 35+13
Diplostomum spp. 15.0 1-3 1.84+0.9
Sanguinicola sp. 1.3.0 1-2 1.4+0.5
Eustrongylides excisus 43.0 10-12 10.7+ 0.9

Kyiv Reservoir

Abramis brama Ichthyophthirius multifiliis 85.7 1-30 14.4+83
Diplostomum spp. 76.2 7-12 82+1.6
Posthodiplostomum cuticola 40.0 2-4 3.0+0.9
Philometroides sp. 10.0 1-3 1.9+0.9

Blicca bjorkna Not found

Leuciscus aspius Not found

Leuciscus idus Diplostomum spp. 55.0 1-31 82+8.6
Posthodiplostomum cuticola 30.0 2-12 6.7+3.7
Triaenophorus nodulosus 5.0 1-3 1.84+0.9

Rutilus rutilus Caryophyllaeus fimbriceps 40.0 3-7 43+1.5

Sander lucioperca Dermocystidium sp. 15.0 3-10 69+24
Ichthyophthirius multifiliis 10.0 1040 248 +8.9
Eustrongylides excisus 45.0 7-10 82+1.2

Scardinius erythrophthalmus Not found

Esox lucius Triaenophorus nodulosus 60.0 3-5 3.7+0.8

Perca fluviatilis Eustrongylides excisus 85.0 10-12 10.8 +0.9

Neogobius fluviatilis FEustrongylides excisus 10.0 1-5 43+1.2

Yavoriv Reservoir

Carassius gibelio Caryophyllaeus fimbriceps 20.0 6-8 7.1£09

Cyprinus carpio Khawia sinensis 15.0 2-10 5.5+2.7

Hypophthalmichthys spp. Sinergasilus polycolpus 23.0 3-8 55+1.6

PR = prevalence (%), IR = intensity range, MI = mean intensity (+ standard deviation).
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Table 6
Bacterial pathogens registered in aquaculture fish in different regions of Ukraine
Fish species AE PS FL EN Other
Chernihiv Oblast
Acipenser ruthenus +
Cyprinus carpio + + +
Chernivtsi Oblast
Cyprinus carpio + + +
Salvelinus fontinalis + +
Oncorhynchus mykiss + +
Dnipropetrovsk Oblast
Ctenopharyngodon idella +
Cyprinus carpio + + +
Hypophthalmichthys molitrix + +
Donetsk Oblast
Carassius gibelio + +
Cyprinus carpio + + +
H. molitrix x H. nobilis +
Kharkiv Oblast
Cyprinus carpio + +
Hypophthalmichthys molitrix +
Kherson Oblast
Ctenopharyngodon idella +
Cyprinus carpio + + +
Hypophthalmichthys molitrix +
Hypophthalmichthys nobilis + +
Kyiv Oblast
Carassius gibelio +
Ctenopharyngodon idella +
Cyprinus carpio + + + +
Hypophthalmichthys nobilis + +
Rutilus rutilus + +
Tinca tinca +
Esox lucius
Lviv Oblast
Carassius gibelio
Ctenopharyngodon idella
Cyprinus carpio + + +
H. molitrix x H. nobilis + +
Tinca tinca Not found
Oncorhynchus mykiss + + +
Odessa Oblast
Acipenser ruthenus + + +
Acipenser gueldenstaedtii + +
Huso huso x Acipenser ruthenus + +
Ctenopharyngodon idella
Cyprinus carpio + + +
Hypophthalmichthys molitrix +
Hypophthalmichthys nobilis +
Rivne Oblast
Carassius gibelio + +
Cyprinus carpio + + +
H. molitrix x H. nobilis +
Oncorhynchus mykiss + +
Zakarpattia Oblast
Cyprinus carpio + +
Hypophthalmichthys molitrix +
Hypophthalmichthys nobilis +
Oncorhynchus mykiss + +
Zhytomyr Oblast
Carassius gibelio
Ctenopharyngodon idella +
Cyprinus carpio + + +
H. molitrix x H. nobilis + +

AE = Aeromonas, PS = Pseudomonas, FL = Flavobacterium, EN = Enterobacteriacea
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fluctuations is an additional favorable factor. The highest
indicators of the quantitative composition of the microflora
were observed in June and July when the pathogenic
(vibrioflora) and opportunistic pathogenic microflora
(aecromonads, pseudomonads, and enterobacteria) were
active. The opportunistic pathogenic bacteria of the
genera Pseudomonas, Aeromonas, and Flavobacterium
were dominant. At the same time, the representatives of
the family Enterobacteriaceac were identified in lower
quantity and bacteria of genera Staphylococcus, Proteus,
and Streptococcus were sporadically present.

In general, the maximum temperatures are not critical
for the bacterial accumulation and growth rate, but the
daily fluctuations within 3—5°C are important and should
be considered as environmental optimum (P¢kala-Safinska
2018). With daily fluctuations of the ambient water
temperature over 5°C, the rates of culture development
and bacterial mass accumulation are considerably lower.
During the warm period, instability of the temperature
does not act as a limiting factor for the development
of pathogenic bacteria. On the contrary, under certain

conditions, their population density may increase
markedly. This can explain the different incidence rates of
infectious diseases in fish in different regions. Thus, in the
fisheries of Zone A (Kyiv and Lviv oblasts), the incidence
of diseases, even in rather hot years, was much lower
than in Zones C and D, where abrupt daily fluctuations
in air temperature were absent. When the temperature
falls significantly in winter, most of the bacteria remain
alive and the following year they cause disease outbreaks
because of the significant number of environmental
blowouts that remained (Austin 2016, Kousar et al. 2019).

One of the main concerns of sustainable development
is to ensure adequate water quality. The hydrobiont status
affects the bacteriological contamination of the surface
water. Taking the high level of anthropogenic impact into
account, it can be predicted that the negative impact of
global climate change will further impact on the quality of
Ukraine’s major waterways.

The infectious agents are a real threat to the life and
health of the fish, and they cause significant economic losses
at specialized farms (Davydov et al. 2012, Matvienko et al.
2015). Among the parasitic agents, we registered only one
species, the opistorchid Pseudamphistomum truncatum,
which poses minimal risk to human health (Simpson et
al. 2005).

One of the negative consequences of the intensification
of agricultural production, including aquaculture, is the
pollution of the environment not only by various chemicals
but also by pathogenic and opportunistic pathogenic
microorganisms. By getting into the environment (soils,
waters), some of them can maintain their viability for
a long time, while individual species can even form
sustainable natural foci that pose a constant threat to fish.

There is a certain relation between the air temperature
and the intensity of parasitic diseases. Also, there is an
increase in the rate of the parasitic infection of fish
during the hot growing season (2012, 2016). Some of the
parasites in fish, i.e., ciliates Ichthyophthirius multifiliis
and monogenean Dactylogyrus vastator, forming 43%
of the total spectrum of parasitic infection, have a simple
life cycle, which strongly depends on the temperature.
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The temperature most favorable for their reproduction is
21-26°C. At higher temperatures, the development of the
parasites accelerates, but at lower temperatures, it becomes
slow (Olijnik unpublished”). This explains the outbreak
of fish damage in Dnipropetrovsk Oblast in 2012. The
temperature changes explain the spread of the parasitic
disease, lernacosis, on the territory of Ukraine. It was
caused by parasitic crustaceans of the genus Lernaea.
The optimum water temperature for the development
of this parasite is 23-30°C. Until now, this parasite was
characteristic for 4-6 aquaculture farms, but nowadays,
this copepod is widely registered in different fish farms in
Lviv Oblast. This can be explained by the change in the
temperature and the adaptive mechanism of the parasite.
In the natural ecosystems formed under the conditions
of intensive anthropogenic load, an unpredictable
change of components is observed. The most expressed
transformation occurs at the sites of accumulation with
the heaviest anthropogenic impact. As a result, there is a
violation of the balanced structure of their assemblages,
which affects all members of the aquatic communities

“See footnote on page 334.

(Buzevi¢ 2012). Parasites being an integral part of
the assemblages and able to act as an indicator of the
ecosystem’s status are not exceptions (Abbas et al.
2014). The observed relative well-being of the reservoir
from a parasitological point of view is unstable, and with
an increase in the supply of the biogenic load caused by
anthropogenic factors, the changes in water temperature
may cause mass outbreaks of fish diseases (ligulosis,
diplostomosis, eustrongylosis). Due to the eutrophication
in reservoirs of the Dnieper Cascade, another problem
arises, the expansion of species spectrum of invasive
diseases (Koop etal. 2011, Esipova 2013). The data of the
parasitological study of the main industrial carnivorous
fish of the Dnieper reservoirs (Kyiv, Kaniv, Kamyanske)
proves the detection of the genus Eustrongylides larvae
in pike-perch and perch. The adults of this parasite live
in the stomachs of cormorants and pelicans, but the
intermediate hosts are oligochaetes and the paratenic
hosts are different species of fish (Moravec 2013). The
most pathogenic species is Eustrongylides excisus,
recorded in the body cavity of sturgeon, carp, pike,
and perch. The third stage larvae can encapsulate in the
body cavity or migrate into the muscles or liver. In this
case, there is a capsule around the parasite formed by
the tissues of the host (Moravec 2013). When infected
with this parasite, the fish becomes unapt for food and
may also become unfit for reproduction (Measures 1987,
Hoffman 1999).

The infection of fish with helminth species is
characteristic of the general trends in the parasitefauna
changes in the eutrophic reservoirs (JuriSinec’ et al.
2012). Monitoring of the aquatic ecosystems, including
the fish and parasite faunas, is an important direction in
the development of the applied and theoretical aspects of
veterinary science and biology as well as the development
of conservation measures. The protection of human and
animal health as well as providing the population with
biologically and epidemiologically safe products is a
paramount task.
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CONCLUSIONS

Analysis of the results of monitoring studies in
fish diseases in the period of 2011-2017 in different
geographical areas of Ukraine showed the existence of a
relation between the disease level and the air temperature
regime. This pattern can be traced both in bacterial and
parasitic diseases.

It is noted that in the years with relatively warm
vegetation period, the pathogen infection extent increased
significantly to 25% and above. A significant expansion
of the range of parasitic infections over the last decade
was observed in Apiosoma piscicola, Ichthyophthirius
multifiliis, Trichodina spp., Dactylogyrus sp., Gyrodactylus
sp., Caryophyllaeus fimbriceps, Khawia sinensis, Ligula
intestinalis, Schyzocotyle acheilognathi, Diplostomum
spp., Philometroides sp., Piscicola geometra, Lernaea
cyprinacea, Sinergasilus polycolpus, Ergasilus sp.,
Argulus sp., and others.

The study identified the disturbances of ecological
balance in the ecosystems and, as a result, there is an
increase in the number of pathogens detrimental to fish
and human health. Accumulation of the opportunistic
pathogenic bacteria leads to outbreaks of bacterial
epizootics and mass mortality of fish the surviving fish is
often damaged and has no nutritional value. The diseases
are caused by associated bacterial infections.

Increased water temperature causes the rapid spread of
bacterial diseases in the fish, while the absence of sharp
fluctuations day and night is an additional favorable factor.

To prevent\adverse impacts of increased temperature
due to climate change on disease outbreaks in the
freshwater aquaculture in Ukraine, it is necessary to
constantly monitor, develop, and implement preventive
measures with due regard for the fisheries and the specific
nature of the farms.
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