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Introduction
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The article describes cases of saprolegniosis in Pterophyllum scalare in private aquaristics and assesses the therapeutic efficacy of
acriflafin chloride against Saprolegnia parasitica infection. To establish the diagnosis, the clinical signs present in sick fish, the results of
mycological and microscopic examinations are taken into account. Some chemical and mycological indices of aquarium water have been
studied, and also mycological studies of fish feed have been carried out. It is established that the disease of fish develops against the back-
ground of adverse changes in physical, chemical composition and microbiocenosis of aquarium water. Low water temperature, high
levels of phosphates and pH, a significant level of organic pollution, compared to the norm, provoke the accumulation of opportunistic
microbiota, resulting in imbalance in the parasite-host system and the development of clinical manifestations of saprolegniosis in fish.
It was found that 44.4% of the studied feed samples fed to fish were contaminated with epiphytic micromycetes. Micromycetes are
represented by the genera Aspergillus, Penicilium, Fusarium, Mucor, Rhizopus. Among the studied feeds, the most affected by fungi were
larvae of Chironomus plumosus and dry Daphnia pulex. According to the results of our studies during outbreaks of saprolegniosis, the pH
of aquarium water was 8.1 + 0.7, the content of phosphates — 5.6 % 1.1 mg/L, micromycetes — 18.0 + 1.2 CFU/100 e’ Aspergillus fla-
vus, A. niger and Penicillium canescens were detected in the studied water samples. With saprolegniosis, the angelfish have a reduced
appetite, spots, ulcers, white thin threads, and a cotton-like plaque appear on certain areas of the skin, fins, eyes, and gills. It is established
that effective means for the treatment of sick fish are external use in the form of a long bath of acriflavine chloride and extract of Melaleu-
ca alternifolia. 1t is also effective to increase the water temperature to 25-27 °C, to ensure the normative fish-holding density in aquariums
and to exclude from the diet fish feed contaminated with micromycetes. After using the drugs for two weeks every other day, water was
replaced by 20% of the aquarium volume and aerated. As a result of the treatment, gradual healing of skin lesions and recovery of 65% of
fish with signs of lesions of the outer coverings were registered. Thus, the article analyzes the causes of saprolegniosis in angelfish com-
mon in private aquariums, describes the clinical signs of the disease and assesses the therapeutic efficacy of acriflavine chloride and Mela-
leuca alternifolia extract against Saprolegnia parasitica infection. Prospects for further research lie in search of more effective and envi-
ronmentally friendly means for the treatment of saprolegniosis in aquarium fish.
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Species of the genus Saprolegnia are classified by morphological
characteristics, molecular studies have established their significant diversity.

In the modem world, aquarium fish farming is actively developing
and gaining more and more popularity. Each aquarium is a unique ecosys-
tem, in which the biological imbalance causes corresponding conse-
quences. The most important factors that disrupt the qualitative and quan-
titative composition of the water microbiota are pathogens of infectious
and invasive diseases (Gallani et al., 2016; Lange et al., 2020).

Diseases affecting aquarium fish are a global problem and need to be
comprehensively studied (Carrias et al., 2012). Oomycetes are a diverse
group of filamentous eukaryotic microbiota that includes animal and plant
pathogens (Gaulin et al., 2010). Many representatives of Saprolegniales
(Oomycetes) cause fungal diseases of fish, among which the most com-
mon genera are Achlya and Saprolegnia (Kar, 2016; Wuensch et al.,
2018; Choi et al., 2019). Oomycetes are divided into three subclasses:
Saprolegniomycetidae, Rhipidiomycetidac and Peronosporomycetidae,
each of them can infect a wide range of hosts. Pathogenic oomycetes of
fish belonging to the series Saprolegniales of the subclass Saprolegniomy-
cetidae include three main genera: Saprolegnia, Achlya and Aphanomyces
(Van West et al,, 2010). An important role is also played by Saproleg-
niales of the genera Aphanomyces, Calyptralegnia, Dictyuchus, Leptoleg-
nia, Pythiopis and Thraustotheca, Pythium (Watkinson et al., 2016).

The most common species are S. diclina, S. ferax, S. australis and S. para-
sitica (Ke et al., 2009). A study performed in Korea from fish identified
seven isolates of saprolegniosis pathogens, morphological and molecular
phylogenetic analysis of which permitted them to be identified as Achlya
americana and A. bisexualis (Choi et al., 2019). Oomycetes isolated from
cichlids in South Africa have been identified as A. bisexualis (Greeft-
Laubscher et al., 2019).

Molecular studies and phylogenetic analysis of the DNA region of
isolates are used to identify pathogens. Mycological studies involve incu-
bation of isolates on potato agar dextrose (PDA) at different temperatures,
from 5 to 25 °C to monitor growth rates (Greeff-Laubscher et al., 2019).

Saprolegniosis is characterized by damage to the epidermis of fish.
The lesion begins on the fins or head and often spreads over the entire
body, manifesting as white or grey spots. Spores enter the body of fish,
usually through damaged gills. Saprolegnia can also infect fish eggs. Ulce-
rative mycosis and epizootic ulcerative syndrome, which can cause mass
mortality among fish, are mainly caused by Aphanomyces invadans.
Significant skin lesions that look like red spots, black or red sores with
white fringes, contain hyphae that can penetrate deep into the fish outside
the muscles, damaging the brain, vertebrae and other organs (Watkinson
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etal., 2016). There is a clear seasonal dynamic in the spread of Saprolegni-
ales with a slight decrease in the incidence of the disease in summer,
which is associated with an increase in water temperature. Pathogens do
not have a broad substrate specificity of fungi, but show specific activity
against substrates based on cellulose or chitin (Masigol et al., 2020).

There are promising studies aimed at finding cost-effective and sus-
tainable therapeutic agents for the treatment of fish saprolegniosis. It is also
important to elucidate the interaction between the pathogen and the host
during the use of drugs and the influence of environmental factors on these
interactions (Carrias et al., 2012). Understanding the environmental factors
that contribute to the evolution of pathogens on a modern scale is a neces-
sary factor in controlling disease outbreaks among fish (Pulkkinen et al.,
2018; Sundberg & Karvonen, 2018). It is important to develop effective
measures to combat and prevent infectious diseases of fish.

The purpose of our work is to analyze the causes of saprolegniosis in
angelfish common in private aquariums, to describe the clinical signs of
the disease and to establish the therapeutic efficacy of acriflavine chloride
and Melaleuca alternifolia extract against Saprolegnia parasitica infection.

Materials and methods

The study was performed in accordance with the requirements of the
European Convention for the Protection of Vertebrate Animals used for
Research and other Scientific Purposes (Strasbourg, 1986) and the Law of
Ukraine on the Protection of Animals from Cruelty (2006). The study
program is coordinated with the Commission on Bioethics of Poltava
State Agrarian University. Clinical and experimental studies were perfor-
med on the basis of the Department of Infectious Diseases, Hygiene,
Sanitation and Biosafety. Observation objects were eight aquariums with
the volume of 100 to 450 liters, with different species of fish: Prerophyl-
lum scalare, Puntius tetrazona, Balantiocheilos melanopterus, Trichogas-
ter leeri, Trichogaster chuna. The approximate number of fish in aqua-
riums for 250-450 liters ranged from 70 to 90 adults, in aquariums for
100-150 liters from 20 to 60. Water temperature was within the range
from 20 to 27 °C, lighting was provided by fluorescent lamps, external
filters were used for water purification. Fish were fed once a day — in the
morning, given dry, frozen (Daphnia pulex, Artemia salina), as well as
live food (larvae of Chironomus plumosus). Diagnosis was carried out
comprehensively: taking into account clinical signs and the results of
mycological and microscopic examinations. Clinical studies were per-
formed according to conventional methods, which included a detailed
history. Mycological studies included selection, microscopy and inocula-
tion of material on nutrient media, isolation and identification of the pa-
thogen, study of morphological, cultural and biological properties.
We took into account: the size of the colonies, their structure, colour and
nature of growth. During microscopic examination of cultures, the struc-
ture, thickness of the mycelium, shape and size of microconidia were
noted. Identification of fungi was performed on an atlas for identification
of micromycetes (Sutton, 2001).

Chemical parameters of water were determined using test systems
(Ptero, Ukraine, 2020), in particular: the content of nitrates, phosphates
and pH. Mycological studies of aquarium water samples were also perfor-
med: the total number of micromycetes was determined. Determination of
microscopic fungi in water was based on sowing water samples on a spe-
cific agar nutrient medium, followed by incubation, counting and identifi-
cation of colonies grown on agar. The technique includes preparation of
water samples, filtration through membrane filters, which were then appli-
ed to the surface of Saburo medium with dichlorane followed by incuba-
tion. The number of grown colonies of micromycetes was counted, taking
into account the multiplicity of sample dilutions. The result was expressed
in colony-forming units (CFU) in 100 cm” of the test water sample.

Mycological studies and determination of feed toxicity were perfor-
med in accordance with the guidelines for sanitary-mycological assess-
ment and improvement of feed quality (Obrazhe; et al., 1998). To identify
fungi, microscopic examinations of preparations from mycelial particles
with sporulation by the crushed drop method were performed. Identifica-
tion of fungi was performed using an atlas for identification of micromy-
cetes (Sutton, 2001). Mycological studies of different types of feed used
for feeding aquarium fish were carried out. In particular, fresh feed sam-
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ples: larvae of C. plumosus and frozen A. salina. Dry feeds fed to aqua-
rium fish were also studied: samples of dried D. pulex, granular feeds: dry
feed for aquarium fish in “TetraPro Energy” chips (Tetra, Germany) and
dry feed in “TetraMin” flakes (for all aquarium species) (Tetra, Germany)
(Fig. 1).

Fig. 1. Samples of dry fish feed: a — “TetraPro Energy” (Tetra, Germany),
b—“TetraMin” (Tetra, Germany), c — Daphnia pulex (dried)

Based on the studies performed, a set of measures to eliminate and
prevent the disease was developed. “Tetra Medica FungiStop Plus” (Te-
tra, Germany) was used to treat fungal and bacterial infections. The con-
tent of active substances in 1 ml of solution: 4.0 mg of ethacridine lactate
monohydrate, 2.75 mg of methithioninium chloride, 2.0 mg of acriflavine
chloride. “API MelaFix” (APl Aquarium Pharmaceuticals, USA) was
used to activate wound healing. The active substance is Melaleuca alterni-
Jfolia extract, which has antiseptic properties and promotes healing of wo-
unds and damaged parts of fish bodies. The drugs were used in the form
of a long bath. Mean values (x) and standard deviation (SD) were calcu-
lated to provide data. Statistical processing of absolute values was per-
formed according to generally accepted methods, the difference between
the average quantitative indices was assessed using the non-parametric
Mann-Whitney U-test. The difference at P < 0.05 was considered statisti-
cally significant.

Results

In all the studied cases, the disease in angelfish occurred suddenly,
and from the anamnesis data it was established that the release of new fish
in aquariums was not carried out during the two months before the out-
breaks of the disease. Clinical signs were recorded in 20-30% of the total
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number of individuals of P. scalare, other fish species (P. fetrazona,
B. melanopterus, T. leeri, T. chuna) which were kept with them in the
same aquarium showed no signs of damage. In 80% of cases, the disease
was registered in aquariums with a high density of fish stock, which cau-
sed a high level of organic water pollution. Also, in 50% of cases, the
water temperature in the aquarium was 20-23 °C, which did not meet the
standards for keeping P. scalare.

Decreased appetite, decreased motor activity during feeding, and total
feed intake were initially reported in diseased angelfish. At the beginning
of the disease in some areas of the skin, fins and gills of fish, in some

individuals — at the site of injury, white thin hyphae of fungi or white
spongy formations appeared on the skin with long fibers perpendicular to
the site (Fig. 2). Ulcers of various shapes and sizes were formed on certain
areas of skin, fins, eyes, gills of fish. Over time, fish with signs of damage
became immobile, or did not move at all, lay on the leaves of aquatic
plants, did not consume food. On the surface of the scales in most sick fish
a small number of white thin threads was recorded, in some individuals
clouding of the corea was observed (Fig. 3). In several individuals, the
entire surface of the body was covered with a cotton-like plaque of white
colour.

d

Fig. 2. Lesions of the skin of P. scalare with infections of S. parasitica (first— the third day of the disease):
a—small white spots on the gill cover, b — white spots of different shapes and sizes, located on different parts of the body,
¢ —round-shaped ulcer on the lateral surface, @ — white spongy formations over the oral cavity

Fig. 3. Lesions of the skin of P. scalare with infections of S. parasitica (fourth — the sixth day of the disease):
a—white thin threads on the surface of the scales, b — clouding of the comea
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During the first seven days of the disease, 40% of infected individuals
died. The dead fish were dissected and mycological studies were perfor-
med. When cultivating the affected fragments of fins and skin on Cha-
pek’s agar, on the fourth day, there grew large fluffy white, grey, greenish
or yellowish colonies consisting of unseptated hyphae with rounded zoo-
sporangia at their ends (Fig. 4).

c

Fig. 4. Colonies of S. parasitica on Chapek’s agar, the fourth
day of fish fin fragments’ cultivation with signs of damage:
a—inoculation of pectoral fins’ fragments, b — inoculation of
pectoral fin’s fragments, ¢ — inoculation of caudal fin’s fragments

Microscopic examinations revealed extensive diffuse mycelium
(Fig. 5). Hyphae were branched, hard. Hyphae were solitary, cylindrical or
irregularly rounded, thermal, emitted zoospores. The study of morpholo-
gical and cultural properties of colonies grown on agar, as well as micro-
scopic studies permitted us to establish the affiliation of the pathogen to the
Saprolegnia genus, a species of S. parasitica. The results of mycological
studies of feeds used for feeding aquarium fish are shown in Table 1.
Among dry feeds, the most affected by fungi were dry D. pulex (Fig. 6): in
all samples (100%) a significant level of micromycete contamination was
found — 24.0 + 1.3 CFU/g. Microscopic fungi were represented by the
genera Aspergillus, Penicilium, Fusarium, Mucor.

In samples of dry granulated feeds, micromycetes were found in two
samples (14.2%) in insignificant concentrations: in flakes — 6.0 +
1.1 CFU/g, and in chips — 2.2 + 0.8 CFU/g. Micromycetes were represen-
ted by the Penicilium genus. The most common species of live food were
larvae of C. plumosus. Their advantages are a significant amount of com-
plete protein, which is easily digested by fish. In addition, live food moves,
which allows the fish to maintain their natural reflexes. Live feeds spoil
water much less than dry feeds, but they can be a factor in the transmission
of various infections and invasions and contain toxins. The larvae of

C. plumosus have a bright red colour, are up to 25 mm in size, are the
most nutritious species of live food, the protein content is about 60%.
We studied samples of C. plumosus larvae — the food was examined fresh
(Fig. 6). It was found that all the studied samples (100%) were significant-
ly contaminated with microscopic fungi, after four days of cultivation on
agar was 31.0 + 1.4 CFU/g. Micromycetes were represented by the genera
Aspergillus, Penicilium, Fusarium, Mucor, Rhizopus.

Fig. 5. Diffuse mycelium of S. parasitica (the fourth day
of cultivation on Chapek’s agar): bar= 10 pm

Table 1
The content of micromycetes in feed for aquarium fish
with outbreaks of saprolegniosis in P. scalare (x £ SD, n=6)

The content of .
Studied feeds micromycetes, M"“’ergym’
CFUlg genus

“TetraPro Energy” (Tetra, Germany) L
(dry gran Jated feed) 22+08  Penicilium
( dlye"gma“ﬁ‘ mlat(;e'f‘;dG)mm” 60411 Penicilium
Daphnia pulex dried feed) 240413 <persilus, Peniclion,
Larvae of Chironomus plumosus 310414 Aspergillus, Penicilium,
(fresh feed) =" Fusarium, Mucor, Rhizopus
Artemia salina (frozen feed) 00+£00 -—

A. salina is a small crustacean that lives in saltwater, adults reach a
size of 8~10 mm. The advantage of Arfemia is the possibility of cultiva-
tion in artificial conditions, so it is the safest live food for fish. Mycological
studies of samples of frozen Artemia did not reveal microscopic fungi.

Thus, the presence of epiphytic micromycetes was found in 44.4% of
the total number of studied feed samples. Among the studied feed sam-
ples, the larvae of C. plumosus and dried D. pulex are the most affected by
fungi. Micromycetes in the studied feed samples were represented by the
genera Aspergillus, Penicilium, Fusarium, Mucor, Rhizopus. High con-
tamination of fish feed with micromycetes leads to their entry into the
aquatic environment and displacement of autochthonal microflora, which
provides self-purification of water. 8.3% and 5.5% of the studied feed
samples were toxic and slightly toxic. The vast majority of samples of dry
D. pulex had toxic properties. The studies performed confirm the necessity
of carrying out monitoring mycological studies of forages for aquarium
fishes.

Due to the existence of fish in a closed hydroecosystem, it is not ad-
visable to consider any infectious disease, including saprolegniosis, as a
problem of diseased fish only. Water is the natural habitat of aquatic orga-
nisms and most infectious diseases develop in the case of violation of the
ecobalance of a closed hydraulic system, resulting in the activation of pa-
thogenic microbiota. Therefore, it is not enough to treat only diseased indi-
viduals without taking into account changes in the hydrochemical regime
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and imbalance of the aquarium ecosystem. To determine changes in the
hydrochemical regime, a study of aquarium water during an outbreak of
saprolegniosis was performed, the results of the studies are presented in
Table 2.

Fig. 6. Colonies of micromycetes on Chapek agar:
a—inoculation of larvae of Chironomus plumosus (the fourth day
of cultivation), b — inoculation of Daphnia pulex (the seventh day

of cultivation), ¢ — spherical spore heads of Aspergillus spp.
(the seventh day of cultivation): bar =10 um

The chemical parameters of aquarium water during the outbreak of
saprolegniosis were as follows: nitrate content — 16.4 + 1.1 mg/L, phos-
phate — 5.6 + 1.1 mg/L, pH — 8.1 + 0.7. The data obtained indicate an
alkaline reaction of water, the level of nitrates was within normal limits,
but the phosphate content was exceeded. Such indices may be due to the
high density of fish in aquariums and excessive feeding of fish, when un-
consumed feed residues decompose to form phosphates.

In the aquarium water samples taken during the saprolegniosis out-
break, the micromycete content was 18.0 + 1.2 CFU/100 cnt’. The studied
samples were dominated by representatives of the Aspergillus and Penici-
lium genera, species: A. flavus, A. niger and P. canescens. Representatives
of the Saprolegnia genera also occurred, but much less frequently. On the
tenth day after treatment, the content of nitrates was 16.0 + 0.8 mg/L,
nitrites — 0.15 + 0.1 mg/L, phosphates —4.2 + 1.2 mg/L, pH — 7.8 £ 0.5.
The content of micromycetes decreased by 14.0% and was 15.6 +
1.4 CFU/100 cn’.

For the treatment of fish we used acriflavine chloride. For this it was
introduced into the aquarium water on the first day at the rate of 6 mg per
100 L, on the second day — 3 mg per 100 L. In the first two days after
treatment, the fish were not fed. On the 3—6th days of treatment, the drug
was not introduced into the water, the fish were fed twice a day with dry
granulated feed. On the seventh day, acriflavine chloride was added to the
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water at the rate of 6 mg per 100 L of aquarium water (fish were not fed).
To enhance wound healing, M. alternifolia extract was used, which was
added to water at the rate of 5 mL per 40 L of aquarium water daily for
seven days. On the eighth day after the start of treatment, 30% of the water
in the aquarium was replaced. After replacing the water to completely
remove the active substance residues, the water was filtered through acti-
vated carbon for two days, after which it was removed.

Table 2
Indices of aquarium water in outbreaks
of saprolegniosis in P. scalare (x £ SD,n=15)

Indices Before On the 10-th day 30 days after
of aquarium treatment after the beginning the performed
water of treatment treatment
pH 8.1+0.7 78+05 7.1+0.5%
Nitrates, mg/L 164+1.1 16.0+0.8 155+12
Phosphates, mg/L 56+1.1 42+12 1.5+0.5*
iﬁ’f&ﬁ’éﬁ“&ﬁ{ 18012 15.6:+14* 62+04*
Aspergillus, Aspergillus, Aspergillus,
Micromycetes, genus  Penicilium, Penicilium, Penicilium,
Saprolegnia Saprolegnia Saprolegnia

Note: * —P <0.05 compared to the indices before treatment.

During the treatment, the aquarium water was heated and the tempe-
rature was 2527 °C. Feed contaminated with micromycetes with toxic
and slightly toxic characteristics was excluded from the diet of fish, and
fish were only fed with dry granulated feed. We reduced the fish-holding
density in the aquariums. During the period of treatment and recovery, no
new fish were released, as they are primarily the most susceptible to the
microflora present in the water. Because our aquarium water had an alka-
line reaction with a high phosphate content and a high micromycete con-
tent, 20% of the aquarium volume was changed every two days during
two week treatment. For this purpose, filtered and remineralized water
was used and active water aeration was provided. As a result of the treat-
ment, gradual healing of skin lesions and recovery of 65% of fish with
signs of lesions of the outer coverings were registered. 30 days after treat-
ment, the chemical parameters of aquarium water were as follows: nitrate
content — 15.5 £ 1.2 mg/L, phosphate — 1.5 + 0.5 mg/L, pH — 7.1 £ 0.5.
The content of micromycetes was 6.2 + 0.4 CFU/100 cm’. These indices
answered the normative values for a balanced hydraulic system. During
the next two months, no new cases of the disease were detected among the
angelfish. Thus, the measures taken permitted us to eliminate the outbreak
of saprolegniosis in aquarium fish and to restore the biological balance in a
closed eco-hydraulic system of the aquarium.

To prevent saprolegniosis in angelfish optimal conditions should be
created for their keeping, to monitor the indices of the hydrochemical regi-
me, to ensure full feeding with quality feed. When catching and transplan-
ting and other manipulations with fish, care should be taken to avoid inju-
ring them. It is necessary to periodically maintain the proper sanitary
condition of the aquarium: remove unconsumed food, dead parts of plants,
carcasses, to prevent overpopulation of the aquarium and significant over-
growth of aquatic vegetation.

Discussion

The biocoenotic role of fungi is due to a set of abiotic factors characte-
ristic of a particular water body. It is the specifics of hydrology and hydro-
chemistry of these hydroecosystems that determine the uniqueness of the
relationship between representatives of the microbiota and other orga-
nisms (Rudenko et al., 2011). Micromycetes are widespread in the envi-
ronment, they are an integral part of it. Recently, however, micromycetes
have often been the cause of infectious diseases. A group of researchers
presented data on the presence of micromycetes in both surface water sup-
ply sources and tap water. A wide range of microscopic fungi was identi-
fied, among which the representatives of the genera Penicillium, Aspergil-
lus, Trichoderma dominated (Novak et al., 2016; Dogget, 2000). The Sap-
rolegnia genus (Saprolegniales: Oomycota) includes more than 20 species
that are widespread throughout the world. This genus includes pathogens
that cause a significant reduction in wildlife and aquaculture populations.
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In particular, the genus Saprolegnia includes pathogens that affect the em-
bryonic and adult stages of fish. Therefore, there is a need for a better
understanding of the biology of these microscopic fungi (Van den Berg
etal.,, 2013). Cases of mass death of angelfish caviar occurred in a private
farm for growing omamental fish in Egypt due to damage by fungi of the
Saprolegnia genus (Eissa et al., 2013).

Our studies have identified cases of disease in angelfish in aquariums
caused by S. parasitica. Outbreaks of saprolegniosis among angelfish
have been linked to a number of adverse factors during fish keeping,
In particular, high fish-holding density, significant levels of organic water
pollution, low water temperature for long durations. The obtained data of
chemical parameters of water indicate an alkaline reaction and high phos-
phate content. Such indices may be the result of overfeeding fish and a
significant fish-holding density. The content of micromycetes in the stu-
died samples of aquarium water was 18.0 + 1.2 CFU/100 cnt’. The fol-
lowing species dominated: A. flavus, A. niger and P. canescens. Repre-
sentatives of the Saprolegnia genus were also found, but much less frequ-
ently. Our data are consistent with studies by Davidov & Temnihanov
(2004), who report that the occurrence and exacerbation of mycoses
among fish is facilitated by poor feeding of fish and excessive water pollu-
tion by organic matter.

Saprolegnia spp. cause significant damage to aquaculture, so the
search for effective and environmentally friendly means to control these
oomycetes is relevant (Nardoni et al., 2019). Malachite green has previ-
ously been widely used to treat saprolegniosis, but is not currently used
due to possible genotoxicity, carcinogenicity, and residual toxicity (Van
West et al., 2010). Currently, there is an active search for chemicals that
would provide adequate protection against the disease (Yao et al., 2010).
The only compounds approved by the US Food and Drug Administration
to control the fungus are 37% formalin and 35% hydrogen peroxide, but
their efficacy is lower than that of malachite green (Straus et al., 2016).
The efficacy of boric acid in preventing infection of fish with saprolegnio-
sis (Oreochromis niloticus) (Ali et al., 2019) has been established. Ethanol
extracts of Punica granatum and Thymus vulgaris have shown potential
efficacy in inhibiting the growth of S. diclina mycelium at a concentration
of 0.5 mg/mL (Mostafa et al., 2020).

In our study, for the treatment of fish, acriflavine chloride and M. al-
ternifolia extract were used in the form of a long bath. During the treat-
ment period, the water was heated to a temperature of 2527 °C. As our
study showed that aquarium water had an alkaline reaction with a high
phosphate content, 20% of the aquarium volume was replaced every other
day for two weeks by using filtered and remineralized water and acrating it.
From the diet of fish we excluded feed contaminated with epiphytic mic-
romycetes, with toxic and slightly toxic characteristics. As a result of the
treatment, recovery of 65% of fish with signs of damage to the outer cove-
rings was registered. Thus, the measures permitted us to eliminate the
outbreak of saprolegniosis in aquarium fish and to restore the biological
balance in the closed eco-hydraulic system of the aquarium.

Conclusion

It is established that saprolegniosis in angelfish arose against the back-
ground of adverse changes in physical, chemical composition and micro-
biocenosis of aquarium water. During outbreaks of saprolegniosis, aquari-
um water had an alkaline reaction, pH — 8.1 + 0.7, and elevated phosphate
content — 5.6 + 1.1 mg/L. The content of micromycetes was 18.0 + 1.2
CFU/100 cm?®, with representatives of the Aspergillus and Penicillium
genera dominating, Mycological studies of feed for aquarium fish revea-
led contamination with epiphytic micromycetes in 44.4% of the studied
samples, which were represented by the Aspergillus, Penicilium, Fusari-
um, Mucor, Rhizopus genera. Toxic properties were found in 8.3% of the
studied samples, slightly toxic — in 5.5%. Among the studied feed sam-
ples, the most affected by micromycetes were larvae of C. plumosus
(31.0+ 1.4 CFU/g) and dry D. pulex (24.0 = 1.3 CFU/g). High contami-
nation of these feeds with microscopic fungi leads to their entry into the
aquatic environment and is a risk factor for cultured fish. It was found that
the use of acriflavine chloride (6 mg per 100 L of aquarium water) and
extract of M. alternifolia (5 mL per 40 L of aquarium water) in the form of
a long bath provides recovery of 65% of diseased angelfish. It is proved

that effective measures are raising the water temperature to 2527 °C,
compliance with the normative fish-holding density in aquariums, periodic
water replacement and aeration. It is also necessary to control the quality
of feed for aquarium fish, it is impossible to allow feeding with feed con-
taminated with epiphytic micromycetes. One month after treatment, the
content of nitrates in aquarium water was 15.5 + 1.2 mg/L, phosphates —
1.5+ 0.5 mg/L, pH — 7.1 £+ 0.5, the content of micromycetes — 6.2 +
0.4 CFU/100 cn’. These indices answer the normative values for a balan-
ced hydraulic system.
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