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ABSTRACT. Sanitary and bacteriological studies were conducted during European catfish (Silurus

glanis L.) wintering from January 3, 2001 to March 7, 2001. Samples of water, skin and digestive tract

contents were collected every two weeks. Qualitative analyses included culturing heterotrophic

bacteria on a broth-agar medium at temperatures of 4�C for 7 days of incubation (TVC 4�C), 22�C for 72

hours of incubation (TVC 22�C) and 37�C for 24 hours of incubation (TVC 37�C). The total number of

coliforms (TC), the total number of fecal coliforms (FC) and the total number of fecal streptococci (FS)

were determined. The results obtained confirmed that the sanitary and bacteriological state of the water

in the wintering pond was good. The number of microbes per cm2 of skin varied from 103 to 104, and in

1 g of digestive tract contents from 103 to 105.
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INTRODUCTION

The biology of the majority of cultivated cyprinid species requires that these fish

be wintered. The most difficult form of fish to winter are fry. This is due to the low

weight of the fish and the meager amount of stored reserves. The successful wintering

of fry, i.e. without large losses, depends on the good condition of the fish and proper

supervision in the wintering ponds. This includes ensuring that there is a constant

supply of water with the appropriate physico-chemical and biological properties. Of

these, the sanitary and bacteriological quality of the water plays a significant role.

When the water temperature falls during the wintering period the metabolism of the

fish slows; this is manifested by the fish not feeding and the limited excretion of meta-

bolic wastes. The fish meet their energy needs from the reserves they have accumu-

lated during the vegetation period. The wintering period is that when temperatures

fall below 8 - 10�C and, in the temperate zone, it normally lasts from between 130 - 160

days (Guziur and WoŸniak 1993). During this period, the bacterial flora in the diges-

tive system of the fish undergoes both qualitative and quantitative changes. Limited

or suspended feeding causes only a decline in the abundance of bacteria in the diges-

Archives
of Polish Fisheries

Vol. 10 Fasc. 2 177-186 2002
Arch.

Pol. Fish.



tive system and not its total disappearance (L�sel 1979a, b). A low level of organic

substances in the water, low temperature, good oxygenation and the appropriate pH

assures that the bacteriological status of the water is good and that the abundance of

heterotrophic bacteria remains low. Large amounts of bacterial flora in wintering

ponds can contribute to the deterioration of the condition of the fish. This renders

them more vulnerable to disease and mass death.

The presence of bacteria in the aquatic environment which can be used to evalu-

ate its sanitary and bacteriological state also reflect the state of the fish living in it

(Zmys³owska et al. 2000b). The survival of these bacteria is dependent on the condi-

tions prevailing in the aquatic environment and fish are often simply their hosts

(Trust and Sparrow 1974, Del Rio-Rodriguez et al. 1997). The difference between the

abundance of bacteria in the external fish mucus and on fish skin itself is the result of

the fish inhabiting environments with varying degrees of heterotrophic bacterial flora

(Zaleski 1985, Zmys³owska et al. 2000a).

The majority of published works on fish in wintering ponds deal with carp

Cyprinus carpio L. (Jir�sek 1987, Trzebiatowski et al. 1987), and very few of these

works are microbiological studies. This prompted the authors to undertake the cur-

rent study, the goal of which was to use data on bacterial occurrence to describe the

contamination level and sanitary state of water and European catfish (Silurus glanis

L.) fry during wintering.

MATERIAL AND METHODS

STUDY SITE

The study was conducted at the Komorowie Fisheries Facility near £ukta in

northeastern Poland. The water used at the facility came from a lake. The studied fish

were wintered in a cement pond with a volume of 2.5 m3. The water was exchanged

every 18 minutes. The studied wintering stock was comprised of six thousand Euro-

pean catfish fry with a specimen weight of 4.9 g.

MICROBIOLOGICAL TESTS

Both the water and the catfish fry were subjected to microbiological tests during

the wintering period. These were conducted from January 3 to March 7, 2001. Sam-

ples were taken bi-weekly. Ten fry specimens were collected for each sampling ses-

sion. Skin samples with a surface area of 1 cm2 and 1 g of digestive tract contents were
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collected under sterile conditions. The samples were then ground in a sterile mortar

with sea sand using a 0.85% NaCl solution as a dilutor. The microbiological tests con-

ducted on samples of the wintering water and the skin and digestive tract contents of

European catfish fry indicated the following:

� total count of heterotrophic bacteria on broth-agar after 7 days of incubation at

4�C (TVC 4�C);

� total count of heterotrophic bacteria on broth-agar after 72 h of incubation at a

temperature of 22�C (TVC 22�C);

� total count of heterotrophic bacteria on broth-agar after 24 h of incubation at

37�C (TVC 37�C);

� total count of coliform bacteria on Endo medium (Burbianka and Pliszka 1983)

after 48 hours of incubation at 37�C (TC);

� number of fecal coliform bacteria on Endo medium (Burbianka and Pliszka

1983) after 24 h of incubation at 44.5�C (FC);

� number of fecal streptococci on Slanetz and Bartley medium (Merck) according

to Standard Methods (1980) after 72 h of incubation at 37�C (FS).

The above counts were done using the pour plate method. The results were recal-

culated and reported in colony-forming units (CFU) per 1 cm3 of water, 1 cm2 of skin

or 1 g of the digestive tract contents of catfish fry.

The water and fry samples collected at the wintering pond were transported to

the laboratory in a refrigeration unit at temperatures ranging from 4-6�C. The time

from sample collection to performing the tests did not exceed six hours.

CHEMICAL TESTS

In addition to microbiological tests, the basic physico-chemical parameters of the

water drained from the wintering pond were measured; these included temperature,

oxygen saturation, pH, ammonia contents and total phosphorous.

STATISTICAL TESTS

Following recommendations in the literature, the t-Student’s test for dependent

variables at a significance level of � = 0.05 was used to describe the significance of

differences between the various bacterial groups indicating contamination level

and sanitary state (Stanisz 1998). STATISTICA PL was used for statistical analyses.
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RESULTS

The total count of heterotrophic bacteria on broth-agar ranged from several to

several tens of thousands of CFU per 1 cm3 of water depending on temperature and

incubation time (Table 1). The lowest average count was noted in bacteria after 7 days

of incubation at 4�C (260 CFU cm-3), a higher count was recorded at 37�C

(3,070 CFU cm-3) and the highest bacteria count was after 72 h of incubation at 22�C

(5,010 CFU cm-3). During the first six weeks of the experiment, the fall in the total bac-

teria counts on broth-agar after 7 days of incubation at 4�C and the total bacteria

counts determined after 72 h of incubation at 22�C were accompanied by a rise in the

total bacteria count after 24 h of incubation at 37�C. No similar tendencies in counts of

the studied heterotrophic bacteria groups were observed during the remainder of the

study (Fig. 1).

TABLE 1

Counts of bacterial indicators of contamination levels and sanitary state of the water during European
catfish fry wintering (averages and ranges)

Bacteria group in water samples Bacteria counts

TVC 4�C 260 (18 - 1,000)
TVC 22�C 5,010 (630 - 22,000)
TVC 37�C 3,070 (5 - 10,000)
TC 10,400 (1,000 - 32,000)
FC 14 (1 – 27)
FS 6 (0 – 16)

TVC 4�C - total viable counts (CFU cm-3) on broth-agar at 4�C after 7 days of incubation

TVC 22�C - total viable counts (CFU cm-3) on broth-agar at 20�C after 72 h of incubation

TVC 37�C - total viable counts (CFU cm-3) on broth-agar at 37�C after 24 h of incubation

TC - number of total coliforms (CFU 100 cm-3) on Endo medium at 37�C after 48 h of incubation

FC - number of fecal coliforms (CFU 100 cm-3) on Endo medium at 44.5�C after 24 h of incubation

FS - number of fecal streptococci (CFU 100 cm-3) on Slanetz and Bartley medium at 37�C after 72 h of incubation

Of the bacteria which indicate sanitary status (Table 1), the lowest average count

was of fecal streptococci at 6 CFU per 100 cm3 of water. Faecal coliforms had a slightly

higher count at an average of 14 CFU per 100 cm3, while the highest total bacteria

count was observed for coliforms at an average of 10,400 CFU in 100 cm3 of water. No

regular tendency in the counts of indicator bacteria was observed in the water sam-

ples (Fig. 2).

The results of the level of bacteriological contamination of European catfish dur-

ing wintering is presented in Table 2. The average count on a 1 cm2 area of skin was
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Fig. 1. Average count of heterotrophic bacteria in 1cm3 water cultivated on broth-agar following incubation
at 4, 22 and 37�C.
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Rys. 2. Average counts of sanitary state indicator bacteria (TC, FC, FS) in 100 cm3 water observed during
European catfish fry wintering.



the lowest at TVC 4�C, higher at TVC 37�C and the highest at TVC 22�C at 2,000, 5,000

and 16,000 CFU cm-2, respectively. The bacteria which indicated the sanitary state of 1

cm2 of skin occurred as follows: FC - 1 CFU cm-2; TC - 300 CFU cm-2;

FS - 2,000 CFU cm-2.

TABLE 2

Counts of bacterial indicators of contamination levels and sanitary state per cm2 of skin and in 1 g of di-
gestive tract contents during European catfish fry wintering (averages and ranges)

Microbial group
Bacteria counts on the skin surface

(CFU cm-2)
Bacteria counts in the digestive tract

(CFU g-1)

TVC 4�C 2,000 27,000

(500 – 4,000) (10,000 - 42,000)

TVC 22�C 16,000 70,000

(4,000 - 18,000) (27,000 - 131,000)

TVC 37�C 5,000 10 000

(3,000 - 9,000) (7,000 - 14,000)

TC 300 1,000

(0 - 1,000) (1,000 - 3,000)

FC 1 4

(0 - 10) (1 - 14)

FS 2,000 6,000

(0 - 4,000) (5,000 - 7,000)

TVC 4�C - total viable counts (CFU cm-2 or g-1) on broth-agar at 4�C after 7 days of incubation

TVC 22�C - total viable counts (CFU cm-2 or g-1) on broth-agar at 20�C after 72 h of incubation

TVC 37�C - total viable counts (CFU cm-2 or g-1) on broth-agar at 37�C after 24 h of incubation

TC - number of total coliforms (CFU cm-2 or g-1) on Endo medium at 37�C after 48 h of incubation

FC - number of fecal coliforms (CFU cm-2 or g-1) on Endo medium at 44.5�C after 24 h of incubation

FS - number of fecal streptococci (CFU cm-2 or g-1) on Slanetz and Bartley medium at 37�C after 72 h of incubation

The highest count of bacteria in 1 g of digestive tract contents was observed at

TVC 22�C (average - 70,000 CFU g-1). It was lower at TVC 4�C (average -

27,000 CFU g-1) and the lowest at TVC 37�C (average - 10,000 CFU g-1). At the same

time, the average count of indicator bacteria in 1 g of digestive tract contents was as

follows: FC - 2 CFU g-1; TC - 1,000 CFU g-1; FS - 6,000 CFU g-1.

Table 3 presents the results of the chemical analyses of water drained from the

wintering ponds. An average temperature of 3.7�C and an average oxygen saturation

of 55% were recorded during the study. The average pH was 7.25. However, the aver-

age ammonia content recorded in the drained water was 0.18 mg NH4 dm-3 and the

average total phosphorus was 0.21 mg P dm-3.
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TABLE 3

Physico-chemical water parameters in the pond during European catfish fry wintering
(averages and ranges)

Parameters Unit Number

Temperature �C 3.7 (3.6 – 3.8)

Oxygen % 55 (52 – 57)

pH 7.25 (7.15 – 7.35)

Ammonia mg NH4 dm-3 0.18 (0.10 – 0.25)

Total phosphorus mg P-PO4 dm-3 0.21 (0.16 – 0.23)

DISCUSSION

The average physico-chemical parameters of the pond water which were

recorded during the experiment, including temperature (3.7�C), oxygen saturation

(55%) and pH (7.25), correspond to those prescribed for wintering ponds and also

ensured that the European catfish fry had appropriate conditions for wintering

(Guziur 1997).

Providing fish with an optimal habitat during the winter, and especially ensuring

that wintering pond water meets the necessary requirements, limits losses and guar-

antees good survival. The microbiological state of fish is a reflection of the microbio-

logical contamination of the aquatic environment (Lewandowska et al. 2001). The

results of the authors’ own studies indicate that counts and variations of bacterial

indicators of contamination levels and the sanitary state of the water, on the skin and

in the digestive tracts of the studied fish was dependent on the amount of feed matter

present in the aquatic environment. The occurrence of heterotrophic bacteria which

grows at 22�C indicates the presence of readily available organic matter which may

come from water supplying the wintering pond or from fish fecal matter. Low tem-

perature and limited fish feeding certainly limited the development of bacterial

microflora. The lower counts of heterotrophic bacteria on broth-agar at 4�C resulted

from the longer period required for their generation at the low temperatures during

wintering. However, the higher count of heterotrophic bacteria on broth-agar at 37�C

was due to its higher survival at this temperature (Zmys³owska 1993, Zmys³owska et

al. 2000b).

The values of the sanitary indicators TC, FC and FS show that bacteriological con-

tamination was low. This is confirmed by the count of fecal coliform bacteria (FC)

which did not exceed 27 CFU in 100 cm3 water (average - 14 CFU in 100 cm3). The
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results obtained for this group of bacteria meet the requirements set by the World

Health Organization (1989) for water used in the fish cultivation, which permit 103

fecal bacteria from the coliform group per 100 cm3 of water. Sanitary and bacteriologi-

cal tests of water are essential during the cultivation of fish as contaminated water can

be a source of infection for the fish. The presence of sanitary state bacterial indicators

in the digestive tract depends on water quality. If the bacteriological quality of the fish

is insufficient, they can transmit disease-causing bacteria to humans (Trust and Spar-

row 1974). As a food-product and a raw material in the fish processing industry, fish

should be subjected to bacteriological quality control.

The permissible counts of heterotrophic bacteria in the mucus of 1 cm2 of skin

ranges from 102 to 107; variations are linked to the degree of water contamination and

water temperature (L�sel and Peringer 1981, Zaleski 1985, Zmys³owska et al. 2000a).

Basic test results indicated that the counts of heterotrophic bacteria on the surface of

fish skin were not high and ranged from 103 to 104 per 1 cm2. These counts were influ-

enced by both the low counts of heterotrophic bacteria in the water and the low water

temperature.

Many authorities report that, following the mucus covering the exterior of the

fish, the area with the highest counts of bacterial flora is the digestive tract with a

range of 103 - 109 per 1 g of digestive tract content (L�sel 1979a, Zaleski 1985, Sugita et

al. 1991, Zmys³owska et al. 2000c). A variety of factors have an influence on the quan-

titative and qualitative composition of the bacteria, including environmental (con-

tamination, temperature, oxygen saturation, pH), diet type, developmental stage of

the fish, species and fish condition, winter apathy and the structure of the digestive

tract. These factors definitely had an impact on the values of the bacterial flora counts

that ranged from 103 to 105 per 1 g of the digestive tract contents of the European cat-

fish fry which were obtained in the current study. Water temperature had a signifi-

cant impact on the relatively low count of bacteria. European catfish feed most

intensively at water temperatures ranging from 20 to 25�C and cease feeding at those

below 5�C (Horoszewicz 1971, Bryliñska et al. 1986, Filipiak et al. 1993). During the

current study, the water temperature was 3.7�C. This is below the temperature at

which the studied fry in the wintering pond would feed. The authors’ own study

results indicate that when fish cease feeding this leads to a decrease in the bacterial

flora in the digestive tract, but not to its total disappearance, which coincides with the

results reported by L�sel (1979a, b).
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CONCLUSIONS

1. The heterotrophic bacteria count on broth-agar at temperatures of 4, 22, 37�C, sani-

tary indicator (TC, FC, FS) counts and the physico-chemical values of the water

(temperature, oxygen saturation, pH, ammonia content, total phosphorous level)

all indicate that the studied European catfish fry had the appropriate environmen-

tal conditions for wintering.

2. Counts of bacterial flora on the skin surface in the range of 103 - 104 per cm2 are evi-

dence of the good sanitary and bacteriological state of the water in the wintering

pond.

3. The low count of intestinal heterotrophic bacteria in the range of 103 - 105 per 1 g

was linked to the good bacteriological state of the water as well as the low tempera-

ture and fact that the fry were not feeding.

REFERENCES

Burbianka H., Pliszka A. 1983 - Food microbiology - PZWL, Warszawa (in Polish).
Bryliñska M. 1986 - Polish freshwater fish - PWN, Warszawa (in Polish).
Del Rio-Rodriguez R.E., Inglis V., Millar S.D. 1997 - Survival of Escherichia coli in the intestine of fish -

Aquaculture Research 28: 257-264.
Filipiak J., Trzebiatowski R., Sadowski J. 1993 – The impact of different total protein contents in feed on the

growth and body composition of Wels catfish (Silurus glanis L.) cultivated in ponds supplied with
post-refrigeration waters – Zeszyty Naukowe Akademii Rolniczej, Rybactwo Morskie i
Technologia ¯ywnoœci XX 156: 45 – 53 (in Polish).

Guziur J. 1997 - Fish production in small ponds - Oficyna Wydawnicza „HO¯A”, Warszawa (in Polish).
Guziur J., WoŸniak M. 1993 - The impact of feeding type, condition and the size of carp (K1) fry with vari-

ous scale patterns (fully scaled, mirror) on wintering effectiveness – In: Small Fisheries Farms Con-
ference, Olsztyn (in Polish).

Health guidelines for the use of wastewater in agriculture and aquaculture 1989. Report of a WHO Scien-
tific Group, World Health Organization, Geneva 1-74.

Horoszewicz L. 1971- European catfish – PWRiL, Warszawa (in Polish).
Jir�sek J. 1987 - Zm�ny vybranych ukazateli u kap�iho pl�dku (Cyprinus carpio L) u pr�b�hu zimow�ni.

Zivo�. Vyr. 32 (10): 865-867.
L�sel R. 1979a - Donnees preliminaires sur la microflore du tube digestif de la truite arc-en-ciel Salmo

gairdneri Richardson - Revue de Biologie et Ecologie m�diterran�enne 6: 167-174.
L�sel R. 1979b - Microflore bact�rienne du tractus digestif. Nutrition des Poissons – Actes du Colloque

C.N.E.R.N.A. Paris 89-99.
L�sel R., Peringer P. 1981 - Influence of temperature on the bacterial microflora in Salmo gairdneri Richard-

son - Arch. Hydrobiol. 93: 109-120.
Lewandowska D., Zmys³owska I., Go³aœ I. 2001 - Comparison of the microfloras present in the aquatic envi-

ronment, fish, and fish feeds - Folia Univ. Agric. Stetin. 218 Piscaria 28: 77-88.
Stanisz A. 1998 – An accessible statistical course based on STATISTICA PL with examples from the field of

medicine – Statsoft Polska Sp. z o.o., Kraków (in Polish).
Standard Methods for Water and Wastewater 1980, American Public Health Association 15 ed. APHA,

Washington, DC.
Sugita H., Miyajima C., Deguchi Y. 1991 - The vitamin B12 - producing ability of the intestinal microflora of

freshwater fish - Aquaculture 92: 267-276.

SANITARY AND BACTERIOLOGICAL STUDIES OF WATER... 185



Trust T.J., Sparrow R.A.H. 1974 - The bacterial flora in the alimentary tract of freshwater salmonid fishes -
Can. J. Microbiol. 20:1219-1228.

Trzebiatowski R., Filipiak J., Lubieniecka-Kryszko I. 1987 - Effect of feeding intensity on changes in chemi-
cal composition of carp (C1 - C2) body throughout a year. Proc. IV Wissenschaftliche Konferenz.,
Physiologie, Biologie und Parasitologie von Nutzfischen, Gustrow: 95-102.

Zaleski S.J. 1985 – The microbiology of food of animal origin - Wydawnictwa Naukowo-Techniczne,
Warszawa (in Polish).

Zmys³owska I. 1993 - The effect of temperature and organic substances on the survival of Escherichia coli
and Streptococcus faecalis in lake water - Pol. J. Env. St. 2 (2): 31 – 34.

Zmys³owska I., Lewandowska D, Guziur J. 2000a - Microbiological study of ide (Leuciscus idus L.) from
ponds of different trophy - Arch. Pol. Fish. 8: 259 - 269.

Zmys³owska I., Lewandowska D, Pimpicka E. 2000b - Microbiological evaluation of water and digestive
tract contents of tench (Tinca tinca L.) during tank rearing – Arch. Pol.Fish. 8: 95-105.

Zmys³owska I., Lewandowska D., Pimpicka E. 2000c - Microbiological studies of tench (Tinca tinca L.) and
water of Dga³ Wielki Lake - Arch. Pol. Fish. 8: 107-117.

STRESZCZENIE

BADANIA SANITARNO-BAKTERIOLOGICZNE WODY I NARYBKU SUMA (SILURUS

GLANIS L.) W CZASIE ZIMOWANIA

Badania sanitarno-bakteriologiczne prowadzone by³y w czasie zimowania suma (Silurus glanis L.) od
3 stycznia 2001 do 7 marca 2001 roku. Próby wody i narybku pobierano co dwa tygodnie. Ka¿dorazowo do
badañ przeznaczano 10 szt. narybku suma. Próby skóry o powierzchni 1 cm2 i treœci przewodów pokarmo-
wych o wadze 1 g pobierano z zachowaniem warunków sterylnoœci. Oznaczenia iloœciowe obejmowa³y:
bakterie heterotroficzne wyros³e na agarze od¿ywczym w temperaturach: 4�C po 7 dniach inkubacji
(TVC 4�C), 22 �C po 72 godzinach inkubacji (TVC 22�C) i 37�C po 24 godzinach inkubacji (TVC 37 �C).
Oznaczano równie¿ wskaŸniki sanitarne: ogóln¹ liczbê bakterii z grupy pa³eczki okrê¿nicy (TC), liczbê
ka³owych bakterii z grupy pa³eczki okrê¿nicy (FC) i liczbê paciorkowców ka³owych (FS). Na podstawie
uzyskanych wyników stwierdzono dobre warunki œrodowiskowe zimowania narybku suma (tab. 3).
Potwierdzeniem jest dobry stan sanitarno-bakteriologiczny wody w zimochowie (tab. 1, rys. 1, 2), niska
liczba bakterii heterotroficznych na 1 cm2 skóry, rzêdu 103 - 104 oraz liczebnoœæ mikroflory bakteryjnej w 1
g treœci przewodu pokarmowego, rzêdu 103 - 105 (tab. 2). Na t¹ ostatni¹ istotny wp³yw mia³a niska tempe-
ratura wody i zaprzestanie pobierania pokarmu przez ryby.
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