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INTRODUCTION

From the physiological standpoint, fungi occurring in an aquatic environment
constitute a diverse group of organisms. Some of them grow on living plant and
animal organisms such as parasites, others play an important role in the decomposi-
tion of dead plant or animal remains thus constituting the phyto- or zoosaprophyte
groups (S parrow, 1968). Within this latter group, there are a number of species
on growing animal substrate which is not easily hydrolyzed such as feathers, hair,
skin, horns or hoofs formed, from keratin. The remains of these parts of animals,
whose bodies had already decayed on the land, were washed by streams of rain
water into a body of water or water-course. Frequently a considerable amount of the
animal remains containing keratin comes from municipal or industrial wastes.

‘The aim of the present study was (o determine those species of fungi the aquatic
fungi which are capable of hydrolyzing keratin proteins which are in various types
water bodies with reference (o the chemism of water.

1Part 31 in the series “Studies of Aquatic Fungi”
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STUDY AREA

The following types of water bodies were investigated study: a slough, 1 pond,
1 pool, 2 lakes and 2 rivers. The characteristics of these waters and the sites from
which samples were taken are presented below:

— the slough — this is a mirey puddle, 1 x 0.5 m in dimensions, situated in the
Jower part of the Branicki Palace Park in which water overflowing from the foun-
tains in the middle of the park collects. Rain water from the palace roofs also col-
lects here.

— the pond in the Palace Park (2.5 ha max, depth of 1.75 m), in which swans
are bred and where wild ducks also come. In addition, crucian carp and tench are
bred for anglers.

— the beach pool (27.2 ha, max. depth 2.5 m), is located in the Dojlidy (district
Bialystok) and serves as a swimming pool in summer for the inhabitants of the city
and for water sports. The samples were collected from the west side of this pool
which the inhabitants use as a beach.

— Lake Biale (485 ha, max. depth 30 m), is surrounded by extensive coni-
ferous woods of Augustéw Forest. The western part of the lake is adjacent to
Augustéw Forest. The site for sampling was on the western part of the lake next to
the Military Recreation Centre.

— Lake Necko (area 518 ha, max. depth 25 m). The northern shores of the
lake adjoin Agustéw Forest while the south-western shores border with the town of
Augustow. For this reason most of the municipal and industial wastes of the town
are drained into the lake. The sampling site was on the eastern side of the lake next
to the Polish Tourist Country-Lovers’ Association Centre; the shore is sandy for
1L5m.

— the River Biala (lenght 9.8 km) — a left-bank tributary of the Supras] River
flowing through Bialystok City. Three sites differing in the degree of pollution were
chosen:

Site - the upper course of the Biaa River, the waler was the least polluted.

She I - il of the e, e e shued i e crae of Bialystok — ai this site numerous drains
empty the municipal and indusirial wasles into the i

She 1 ~ lowe coure of the Bt River blow he ity just whee the Figh Procesing Plant drsins
‘wastes rich in Keratin ino the river.

— the River Supras] (length 106.5 km) — this is the right-bank tributary of the
‘middle part of the Narew River, flowing through the Knyszyn Forest. The river is
polluted with municipal wastes from the towns of Grodek, Michalowo, Suprasl and
above all, from Biatystok city (lower course). Along a stretch of 1 km of the Supras]
River, 3 sites were chosen:

e 1 - above the municipal swimming pool at the siuice of an arm of the Supcasl River flowing just
through the town of Supradl,

Site 1 - stuated several score meters below Sie I at the municipal swimming pool and the junction of
two arms of the river above the main drain of Supra town,

Site 11 - below 1 town about 500 m away from Site Il
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MATERIALS AND METHODS

In order to determine to species composition of keratinophilic fungi were col-
lected once a month (for fungi) in the years 1989-1990. From each site one sample
was taken for hydrochemical analysis (every other month) and two samples for the
mycological studies. Water was collected in S-litre Ruttner bucket from the depth at
which the bucket was immersed. In the water, the temperature was measured and the
following determinations were carried out: the pH, CO,, dissolved oxygen, oxidability
of water and its alkalinity, hardness of water calculated in Ca and Mg, amonium,
organic nitrogen, nitrates, phosphate, chlorides, iron and sulphate concentrations,
dry residue, substances dissolved in water and suspensions in water (Table 1). For
the determinations of the different chemical elements in the water the methods recom-
mended by Standard Methods (Golterman, Clymo, 1969) were employed;
details of these methods were described in a previous paper (Czeczuga, Proba,
1980). For mycological studies the water samples from each of the sites were trans-
ported in sterile glass containers of 1.5 Jitres capacity. Subsequently, in the myco-
Togical laboratory, they were placed in sterilized beakers (capacity of 0.61), to which
the appropriate baits were added in accordance with the general principles of culture
(Fuller, Jaworski, 1986) and those of the To-Ka-Va method for keratinophilic
fungi (Vanbreuseghem,1952; Beden ek, 1972). Human hair, snippings of
finger-nails, chips of hoofs, feathers and snake exuviae were used as bait. The above
materials were previously cut into small pieces, washed carefully, boiled in a weak
seap solution, rinsed thoroghly and then boiled several times. The samples thus pre-
pared from each site were kept in the laboratory for 3-6 months and precautions
were laken 1o ensure that the thermo-lighting conditions were as close as possible to
those prevalent outside the laboratory. The fungi found were determined by their
morphological features, measurements being made of the shreds oogonia, and
oospores by means of an ocular microscope. Species of the keratinphilic fungi were
determined from the mycological keys (Skirgietlo,1954; Sparrow, 1960;
Batko, 1975).

In order (o determine the relation between the number of species of fungi at
a given sile and the various factors in the aquatic environment, statistical calcula-
tions were made. For this purpose the multiple correlation coefficient was used; de-
tails of these methods were described in a paper of Czeczuga and Proba
(1987). The regression programme with a choice of variables was applied on
a ODRA-1204 digital computer.

RESULTS

As regards the water from the slough, pond, pool and lakes it was found that in
respect of such properties as oxidability and the content of various forms of nitrogen
and phosphorus, the slough contained water nearest to the eutrophic type, whercas
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the others can be classified in descending order of trophicity as fallows: the beach
pool, the palace pond, Lake Necko and Lake Biale. The highest mean concentration
of calcium and magnesium was noted in the slough that, of sulphates in the palace
pond, and that of iron — in the beach pool. In the running water of the rivers Biata
and Supras] River, the former was richer in biogens particularly at Sites 11 and Sites
111 A Site I, the Biala River had lower values of nearly all the properties. The mean
values noted in the water from the indicated that Site I was rather richer in biogens,
having greater oxidability and alkalinity and a higher concentration of calcium and
chlorides.

In the investigated water bodies 25 species of keratinophilic fungi were noted,
most of which have previously been found as keratinophilic fungi (B a Lk o, 1975).
However, some new species of keratinophile rung. were also reported i
chytrium catenoides, stellatus, L caudata and Achlya
oligacantha. Among these species 12 belonged to Chytridiomycetes, 1 to Hypho-
chytridiomycetes, 10 to Oomycetes and 2 to Endomycetes (Table 2). During the two
year study the lowest number of species occurred in Lake Necko (8) whereas the
highest number of species was nmed in| the nvers panxcuraly in the Supm{l River

(23 species). Such specics as parva,
Aphanomyces irregularis and Achlya megasperma were found in all the water bo-
dics, whereas Catenaria C: is variabilis and

regale occurred only in the rivers. Aphanomyces keratinophilus was reported only
from the slough and from the palace pond whereas Leptolegniella caudata occurred
in the palace attractive substrae was found (o be the snake exuviae on which 18
fungus species grew whereas the lowest number of species (only 4) developed on
feathers. The development of Leptolegniella piligena was observed in these waters
in which this fungus grew only on feathers (Table 3).

Seasonal changes in the occurrence of the various keratinophilic fungus spe-
cies in the investigated waters are presented in Tables 4-6. The data show that in
cach water body some species were presented throughout most of frequently species
oceur in the slough: Blu\mclaxlmpus para and Aphanomyces irregularis, in the

L

palace pond — par irregulari
keratinophila, Aphanodictyon paplllalum and Achlya oligacantha, and in the beach

annulatus and parva. The most frequently no-
ted species in Lake Biale were irmegularis, Achlya ol andin
1989 Rhizopodi inophilum, Chytri oculatus and Blastocladiopsis

po
parva while during a six months’ period only Rhizopodium keratinophilum was re-
ported from Lake Necko occurrance.

In the investigated rivers, the frequency of occurrence of the various species
differed at various siles and in the years of investigations. In 1989 the species fol-
lowing were most frequently encountered at all three Sites in the Biata River.
Blastocladiopsis parva and Aphanomyces irregularis whercas, in 1990, only Apha-
nomyces irrcgularis was found. In the Biata River such species as Hypochytrium
catenoides and Trichosporon cutaneum did not appear at Site I during the whole
period of the study but were quite frequently encountered at the other two Sites.
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We also observed that some species apperared only in one month during the
two years study. In the river Suprasl, Catenaria spaerocarpa occurred only in Octo-
ber of 1989 and 1990. Mitochytridium regale was noted only in March. On the other
hand, there were some species which appeared during the two-year study in some of
the waters studied only once whereas in the other water bodies they were found
quite of en. w|u||n this group of species the following species noted: Aphanomyces

slough,
Ch,vmomycem poculatus in the Palace Park pond, Lagenidium humanum, in the
Biala River, C: is (Site 1) and L inophila (Site

111) in the Supras River.

DISCUSSION

The studies showed, that the investigated water bodies differed not only mor-
phologically but also o a greater or lesser extent, in the chemism of the water; there
were marked differences between the various sites in the Biala River. The compari-
son of the degree of pollution of the water (due to municipal wastes at Site IT and
municipal wastes and garbage from the Fish Processing Plant at Site I1I) and the
number of keratinophilic fungus species, showed that number of species and their
regularity of appearance increased with the degree of pollution. This problem has
been studied from a similar aspectby Simordova and Hejtman ek (1969)
and U1fig(1990). Alaser or greater variety of species of keratinophilic mycoflora
and their frequency of occurrence in the various seasons was also noted in the inves-
tigated water bodies. Tlus physnologncal gmup or fung) grew on substrates contai-
ning keratin in an ition of which varied in
each body of water in lime and space. Slallsllcal data confirmed the relation between
the number of species and the values of some hydrochemical parameters. These
correlations differed greatly in the various water (Table 4, S, 6). The studies con-
ductedby Fischer and Wernershowed (1955, 1958 a, b) that the attraction of
the same substrate for the zoospores of representatives of the Saprolegniales de-
pends not only on the age of the zoospores but above all on the chemism of water
and concentration and appropriate proportions of chlorides, sodium, potassium, cal-
cium and magnesium. The presence of minute quantities of amino acids enhances
the attraction of the substrate for the zoospores of some Saprolegniales representa-
tives. Furthermore, the zoospores and planozygotes of some species of Allomyces
react differently to certain amino acids water (M achlis, 1958; Carlile, Ma-
chlis, 1965 a, b). This applies not only to zoosporophytes but also to phytopatho-
genic fungi (Hickman, Hi, 1966). It is beyond doubt that temperature excerts
a decisive effect on the development of some keratinophilic fungi (C o u ¢ h, 1935;
Karling, 1948 Cooke, 1961; Irneco, Do gma, 1969). In our case, this
applied to Achlya megasperma; this fungus occurred in all the water bodies only in
the autumn and winter. It should be noted that the use of substrate containing keratin
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by one and the same species of fungus differed in the various water bodies.
Rhizophydium keratinophilum grew only on snake skin in the ponds, rivers and in
Lake Biale whereas in Lake Necko it also grew on human hair and in the slough it
was noted on snake skin, hair, features, hoofs and finger-nails. K arlin g (1946 2, b)
isolated Rhizophydium keratinophilum on hair only. The same results were in the
case of Aphanomyces irregularis and both species of Achlya. In the slough, Apha-
nomyces irregularis grew on hair, hoofs, finger-nails and snake skin but in all the
remaining water bodies it developed only on hoofs and snake skin. Similarly, both
Achlya species grew on the chips of hoofs in all the water bodies but in the slough it
grew on hair and finger-nails in addition to hoof chips. It should be noted that the
slough has the lowest volume of water (circa 1.5 m?), the lowest mean temperature
of water and the highest mean value of pH, phosphorus and sulphates. It is possible
that one of these factors alone or perhaps all of these factors together make these
substrates attractive to these fungi.

‘The investigation showed that, the most frequently encountered fungi were
Blasrocladmpsns parvaand Aphanomces irregularis wheteas Catenaria sphacrocarpa,

is variabilis and Mit only in the rivers, and
Aphanomyces keratinophilus in the slough and the palace pond (they are situated
next to each other) while Leptolegnia caudata was found only in the water of the
palace pond and the Suprasl River.

Blastocladiopsis parvais a species which occurs as saprophyte in north-castern
Poland in various types of waters ranging from springs (Czeczuga etal., 1989) o
rivers (Czeczuga,191a,b; Czeczuga, Brzozowska, Woronowicz,
1990) and in meny lakes of various types. Aphanomyces irregularis, on the other
hand, is a well known keratinophilic fungus quite frequently found on substrates
containing chitin (S p a £ r o w, 1968). It was a common keratinophilic fungus in
Lake Allahabad throughout the year (Dayal, Tand on, 1962). It has also been
found in the water of Iceland (J o hn's o n, 1968). As regards Aphanomyces
keratinophilus, this fungus has been described so for as a representative of soil my-
coflora (Ookubo, Kobayasi, 1955 Sparrow, 1965; Karling, 1968;
Seymour, Johnson, 1973). Karlin g (1968) isolated it on snake exuviae.
Catenaria sphaerocarpa was firstisolated by Karlin g (1938). Ro thw e 11(1956)
stated that this fungus, like other keratinophilic species of the genus Catenaria (¢ hi-
da,1968; Nolon, 1970), grows best with a slightly alkaline pH and an optimum
temperature of 25°C. In our case, the species of genus Catenaria also developed in
low temperature. Catenophlyctis variablis was found in a ditch containing very little
water (Karlin g, 1947). It was isolated on such bait as human skin, hair, chips or
horn, hoofs, human nails and wool from the soil of Brazil and the USA (Karling,
1951). In our study it occurred only in the rivers and was isolated only on snake skin.
Booth and Barret(1971) cultured Catenophlyctis variabilis on snake exuviac
even in water from Arctic ice. C 0 u ¢ h (1945), who studied the taxonomy and life
cycle of Catenaria spp., concluded that the earlier descriptions of this species under
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the name Catenaria anguillulae Sorokin represented more than one species. S p a -
row (1960), Karling (1970) and S in g h (1989) gave similar comments on the
above fungus owing o its morphological variation. Mitochytridium regale also oc-
curred only in the investigated rivers. This fungus was first isolated and described by
Hassan (1986 b) who found it in a small pool in the Lazienki Park in Warsaw. The
rivers in which we found this species would, therefore be the second place of occur-
rence of this fungus o be reported. Leptolegniella caudata is considered to be an
aquatic and soil saprophyte or a parasite of the pelagic crustacean, Leptodora kindtii,
frequently causing the complete of ions of this an (P e-
terson, 1910). Itis also included in the group of acid water fungi (B a tk o, 1975).
Another finding worthy of note was the presence of the only representative of the
Hydrochytridiomycetes, Hyphochytrium catenoides in the water of the beach pool,
Lake Biate and the Biata River. This fungus is considered to be more common in soil
than in water (B arr, 1970).

Its development was obseved in water on the remains of Chara sp. and on higher
plants. Itis also known to be a parasite of Charales of the Nitella genus. In addition,
this fungus has been isolated from waters of varying degrees of purity. Several au-
thors (Harder, Persiel, 1962; Willoughby, 1971; Ellis-Evans, 1985)
isolated this fungus from pure waters of the Antarctic whereas in our earlier studies
we found it in the littoral area of Lake Niegocin, one of the most polluted lakes in the
Masurian Lake District (Czeczuga, Woronowicz,1992). It was also isolated
from a small pond near Warsaw (H as s an, 1986 a). K ar1in g was the first to
describe this species (1939) and it has been found to be a cosmopolitan species
occurring in soil, air and water in USA (K ar1in g, 1939), Australia (Persiel,
1960 a, b), Iceland (H o h n k, 1960), India (K ar1in g, 1966) and New Zeland
(Karling,1967).

‘The investigated lakes surprisingly differed in the number of species. In the
water of Lake Necko the presence of 8 species of keratinophilic fungus was deter-
mined, while in the nearby Lake Biale (divided from the former lake by 100 m of
land and connected to it by a canal for inland navigation) as many as 17 were noted.
When comparing the hydrochemical analysis of the water of these two lakes, it was
found that the mean values of pH, oxidability, alkalinity, phosphorus, calcium,
sulphates and iron were higher in Lake Necko than in Lake Biate.

On the other hand, the mean values of such parameters as carbon dioxide,
tride and nitrate nitrogen, chlorides, magnesium, dry residue and substances di
solved in the water were far higher in Lake Biate. Furthermore, the localization of
the spots for sampling differed. While the sampling site on Lake Biale was near the
west shore where it was not affected by waves, the site on Lake Necko was near the
east shore which is markedly affected by waves due to the north-west winds blowing
in this part of Poland. As we know, a strong movement of water masses limits the
development of hydromycoflora (S parr o w, 1968).
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It may therefore, be assumed that the species composition of keratinophilic
fungi in a given body of water is the resultant of the relations between the morpho-
logy of the water bodies, availability of substrate and chemism of water. The rela-
tions between these factors differ in time in the various water bodies. Thatis why, as
is the case with plant saprophytes (Cz e czuga, Pr6ba, 1987), the factors limi-
ting the number of keratinophilic fungus species differ in the various water bodies
and also in different years in the same water body.
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