
Introduction

“Fungi” comprise a heterogeneous and diverse group
of eukaryotic organisms. Assemblages living in aquatic
environments represent more than 1.000 species [1-4].
Members of the phyla Blastocladiomycota, Chytridiomy-
cota, Hyphochytriomycota, Labirynthulomycota, and the
classes Oomycetes and Phytomyxea are mostly aquatic and
commonly known as zoosporic true fungi, heterotrophic
straminipiles and plasmodiophorids [2, 5]. These organisms
are an ecologically similar but phylogenetically unrelated
group of eukaryotes that belong to the kingdoms Fungi,
Straminipila, and Protozoa [6-8]. 

They are widely distributed and ubiquitous, being pri-
marily saprotrophic in nature. As saprotrophs they play

an important role in decomposing plant and animal debris
[9-13]. Some species are parasitic on plants, aquatic ani-
mals and even other fungi [14-23]. They have a diverse
array of enzymes that hydrolyze chitin, keratin, lignin,
and cellulose, and thus they contribute to the release of
carbon and inorganic compounds in food webs [8]. 

The occurrence of zoosporic true fungi and het-
erotrophic straminipiles in different aquatic habitats from
various geographical regions worldwide have been inten-
sively studied [2, 8, 24, 25]. Preliminary studies in several
springs have demonstrated the occurrence of interesting
taxa and a high number of uncommon species [26, 27].

The aim of this study was to assess distribution of
zoosporic true fungi and heterotrophic straminipiles and
compare the frequency of the genera and species recovered
from three limnokrenic springs situated in the vicinity of
Białystok, Podlasie Province, Poland. 
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Abstract

In this paper I studied the occurrence and distribution of zoosporic true fungi (Blastocladiomycota) and

heterotrophic straminipiles (Hyphochytriomycota and Oomycota) from the water of three springs of the Biała

River (Sobolewo, Dojlidy Górne, and Kurjany springs) in the vicinity of Białystok. Twenty-one species of

zoosporic true fungi and heterotrophic straminipiles belonging to 10 genera of the orders Blastocladiales,

Hyphochytriales, Pythiales, and Saprolegniales were isolated using hemp seeds and snake skin as baits. The

most commonly encountered species were: Achlya apiculata, Aphanomyces laevis, Catenophlyctis variabilis,
Dictyuchus monosporus, Pythium debaryanyum, and Saprolegnia ferax. The highest species richness (S), the

largest, and relative frequency (RF) were noted from springs Dojlidy Górne (S=16, RF=76.19%) and Kurjany

(S=13, RF=61.90%), whereas the lowest richness and frequency were obtained from Sobolewo (S=9,

RF=42.85%). 
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Materials and Methods

The experiments were performed in March and
November 2007 and 2008. Three limnokrenic springs of
the Biała River in the vicinity of Białystok (Podlasie
Province, Poland) were investigated: Sobolewo (53º70’N,
23º17’E), Dojlidy Górne (53º06’N, 23º12’E), and Kurjany
(53º08’N, 23º27’E). The springs are mostly of limnokrenic
type and vary in the rate of discharge from less than 0.1 to
2.5 dcm3·s-1 [28-30]. The Biała River flows through
Białystok and the Knyszyńska Forest and represents a left-
bank tributary of the Supraśl River with a length of 29.9 km. 

Surface water samples with organic matter (twigs,
leaves etc.) were collected back to the laboratory in sterile
plastic bottles. 

Samples were processed in the laboratory by routine
methods commonly used to isolate these organisms [31].
Water samples (100 ml) of each site were homogenized and
four aliquots of 25 ml were placed in Petri dishes of 9 cm
diameter with sterile baits (a total of four dishes). The baits
used were halves of hemp-seeds, and small pieces of snake
skin (3-6 mm in diameter). Dishes were left overnight at
room temperature (20-23ºC) for 4-5 days. The colonized
seeds were transferred to new Petri dishes that contained
sterilized filtered spring or distilled water and crystalline
penicillin (2000 units per liter of water) to inhibit bacterial
growth [32]. Dishes were examined weekly for up to three
weeks in order to identify the species. 

Identification was performed based on morphological
characteristics, including qualitative and quantitative mea-
surements of vegetative (hyphae, gemmae), asexual
(zoosporangia and zoospores), and sexual structures (oogo-
nia, oospores, and antheridia). Taxonomic identifications
were made according to Batko [1], Scott [33], Karling [34],
Dick [35], and Johnson [36]. The systematics of straminip-
iles was used according to Dick [2], and of zoosporic true
fungi according to James et al. [37].

The occurrence of each species in each water sample was
recorded. At each sampling site the total number of species
(richness), total frequency (TF%), and relative frequency
(RF%) for each genera and species were determined [38]. 

Sorensen's similarity index (SI) was calculated between
the springs analyzed, according to Müeller et al. [12], Iqual
[39], Sarma and Hyde [40]: SI = [2c/a+b] × 100, where a is
the number of genera in spring a, b is the number of genera
in the spring b, and c is the number of genera common to
both springs.

The results were subjected to statistical analysis using t-
test to determine the significance of differences (p≤ 0.05)
between sampling sites (springs) in a) total number of
species (richness) and b) total frequency. 

Results 

Twenty-one species of aquatic fungi belonging to 10
genera in the orders Blastocladiales Hyphochytriales,
Pythiales and Saprolegniales were identified. Seven of
these genera belong to the class Oomycetes/

Peronosporomycetes: Achlya, Aphanomyces, Dictyuchus,
Myzocytium, Pythium, Saprolegnia, and Thraustotheca.
Only Catenaria and Catenophlyctis were found within the
Blastocladiomycetes, and Rhizidiomyces within the
Hyphochytriomycetes. Saprolegnia showed the highest
diversity (six species) followed by Achlya (five species),
while most of the genera were represented by single
species. The largest number of species (S) and the highest
total frequency were obtained from the springs Dojlidy
Górne and Kurjany, whereas the lowest number of species
and total frequency were recorded from Sobolewo Spring.
Differences in the total number of species and in total fre-
quency were found between the springs Sobolewo and
Dojlidy Górne (Table 1; p≤0.05). The distribution of total
frequencies between the genera was different and also the
species composition and the relative frequency of each gen-
era varied between springs (Figs. 1 and 2 and Table 1). 

The most commonly encountered species were: Achlya
apiculata, Aphanomyces laevis, Catenophlyctis variabilis,
Dictyuchus monosporus, Pythium debaryanyum, and
Saprolegnia ferax. The species in the genera Saprolegnia
(TF=28.57%) and Achlya (TF=23.81%) were the most fre-
quent, whereas the less common species were from the gen-
era Aphanomyces (TF=9.52%) and Pythium (TF=9.52%).
Similar relations were observed in all examined spring
sites. The similarity index (SI) showed a higher similarity
of genera between the springs Dojlidy Górne and Kurjany
(SI=67%), followed by Sobolewo and Kurjany (SI=61%),
and finally a less similar composition between Sobolewo
and Dojlidy Górne (SI=14%).
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Fig. 1. Relative frequency (RF%) of the genera in each of the
analyzed springs.
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Fig. 2. Total frequency (TF%) of the genera recovered in the study.



Discussion

Most of the species recovered in the present study were
commonly found worldwide [2] and have been previously
isolated from Polish waters [13, 41-44] such as lakes [45],
springs [26, 27], streams running through forests [46], and
the rivers Supraśl, Narew, and Bug, which are the biggest
rivers of the region [43, 44, 47]. 

In our study the most frequent genera were: Achlya,
Aphanomyces, Catenophlyctis, Dictyuchus, Pythium, and
Saprolegnia. Similar results were obtained by El-Hissy et
al. [48], El-Hissy and Khallil [49], El-Nagdy and Nasser
[50], Marano and Steciow [51], and Paliwal and Sati [24],
who reported that zoosporic assemblages in freshwater
habitats are mainly composed of Achlya, Dictyuchus,
Pythium, Saprolegnia, and Thraustotheca. 

Frequency and Distribution of Zoosporic... 925

Taxa (Kingdom, Class, Order, species) Spring Sobolewo Spring Dojlidy Górne Spring Kurjany

Straminipila

Hyphochytriomycetes

Hyphochytriales

Rhizidiomyces apophysatus Zopf x

Oomycetes (=Peronosporomycetes)

Pythiales

Myzocytium zoophthorum Sparrow x

Pythium debaryanum R. Hesse# x x x

P. rostratum Butler x x

Saprolegniales

Achlya apiculata de Bary# x x x

Ac. colorata Pringhs. x

Ac. crenulata Ziegler x

Ac. polyandra Hildebr. x x

Ac. treleaseana (Humphrey) Kauffman x

Aphanomyces irregularis W.W. Scott x x

Ap. laevis de Bary# x x x

Dictyuchus monosporus Leitg.# x x x

Saprolegnia delica Coker x

S. eccentrica (Coker) R. L. Seymur x

S. ferax (Gruith.) Thur.# x x x

S. glomerata (Tiesenh.) A. Lund x

S. parasitica Coker x

S. unispora (Coker et Couch) R.L Seymur x x

Thraustotheca clavata (de Bary ) Humphrey x x

Fungi

Blastocladiomycota

Blastocladiales

Catenaria anguillulae Sorokin x

Catenophlyctis variabilis (Karling) Karling# x x x

S 9 16 13

TF (%) 42.85a 76.19b 61.90a,b

Table 1. Species found at the analyzed springs. 

S – total number of species (richness); TF(%) – total frequency; # – species found in all springs. 
The different letters indicate significant differences (p≤0.05).  



Dojlidy Górne and Kurjany showed highest species
richness and total frequency of zoosporic true fungi and
heterotrophic straminipiles, and also the highest similarity
index (SI) in the genera composition. The lowest similarity
was found between the springs Sobolewo and Dojlidy
Górne. According to Christensen [52], a similarity index
greater than 70% indicates similar assemblages. Even
Sobolewo Spring is an affluent of the springs Dojlidy
Górne and Kurjany, the Sobolewo Spring is eutrophic.
Therefore at and the content of pollutants have exceeded
the range of tolerance of some species, and delimited their
occurrence [53]. This appeared to be the probable reason
for finding the lowest number of species and total frequen-
cy at Sobolewo.

Investigations of conidial fungi from the Class
Hyphomycetes in the Springs of Knyszyńska Forest
revealed a number of uncommon species [54]. The present-
ed study demonstrated that springs are not only rich in
Hyphomycetes species, but also provide favorable condi-
tions for the growth of numerous zoosporic true fungi and
heterotrophic straminipiles. Far less work has been carried
out on the ecology of these organisms in rivers and streams
than in lentic habitats [36]. Thus, it is important that studies
in lentic habitats continue to increase.

Conclusions

The obtained results are in most cases consistent with
previous studies recently made in fresh waters from
Podlasie Province of Poland. The species diversity of
zoosporic true assemblages at the investigated springs of
Biała River appeared to depended on ecosystem character-
istics. The most eutrophic was Sobolewo, which contained
the lowest number of zoosporic true fungi and heterotroph-
ic staminipiles species (9) compared to Dojlidy Górne and
Kurjany, where I found a larger number of species (Dojlidy
Górne 16, Kurjany 13). Most likely, therefore, at Sobolewo
the content of pollutants have exceeded the range of toler-
ance of some species, and delimited their occurrence.
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