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Abstract

The authors investigated fungal communities associated with eggs of Coregonus lavaretus holsatus
species Lake Wdzydze in Kaszuby. A total of 15 fungus species were found to grow on the studied eggs: 
Achlya americana, A. oblongata, A. treleaseana, Aphanomyces frigidophilus, A. irregularis, A. parasiticus, 
Aplanes androgynus, Saprolegnia ferax, S. parasitica, S. salmonis, S. shikotsuensis, Pythium aquatile, P. 
pulchrum, P. thalassium, and P. torulosum. Worth a special note was the finding of Aphanomyces frigi-
dophilus and Saprolegnia salmonis, new to Polish waters. The results obtained may be important to ich-
thyopathologists, because 8 of the above-mentioned fungi are known as necrotrophs or parasites of fishes.
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Introduction

Among several dozen fish species which inhabit 
inland waters of Poland there are three  coregonids, 
namely Coregonus albula, Coregonus peled, and Coregonus peled, and Coregonus peled Core-
gonus lavaretus. In  Polish waters, the last species is 
represented by four subspecies, generosus, lavaretus, 
maraena including Coregonus lavaretus holsatus liv-
ing in Lake Wdzydze [1,2]. It was first described by 
Thienemann [3], a well known German limnologist. 
These four forms differ not only in the structure of 
skeletal bones [4,5,6,7], but also in the number of 
branchial processes on the first branchial arc, but also 
in their biology, e.g. in the type of food [8,9,10]. The 
analysis of species composition of aquatic zoosporic 
fungi growing on eggs of three forms of Coregonus 
lavaretus, except for holsatus, revealed substantial 
differences [11,12,13]. In this context, to provide a 
complete picture of the fungi growing on eggs of all 
the four forms of Coregonus lavaretus, we decided to 

investigate the eggs of Coregonus lavaretus holsatus 
from Lake Wdzydze.

Material and Methods

A female of Coregonus lavaretus holsatus Thienemann, 
1916 was caught in Lake Wdzydze in December 2002. This 
female had 22 gill rakers on the first branchial arc.

Water samples for the experiments were collected 
from six different bodies of water: Cypisek spring, Fosa 
and Akcent ponds, the Biała and Supraśl rivers, and the 
Komosa Lake. Nineteen parameters of these water sam-
ples were determinated (Table l) according to the gener-
ally accepted methods [14].

The following procedure was followed while deter-
mining the presence of aquatic fungus species on the 
eggs. The eggs (50-75) were transferred to thirty 1.0- dm-3

vessels (altogether 18 vessels) and placed in the laborato-
ry at a temperature approaching that of a respective body 
of water. The subsamples from each vessel were observed 
under a microscope and the presence of mycelium (form-
ing zoospores, antheridia and oogonia) of aquatic fungi 
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growing on eggs was recorded. The methods were de-
scribed in detail by Seymour and Fuller [15]. The samples 
of eggs were examined for one (or one and a half) week. 
The experiments were carried out for three weeks.

The fungi were identified using the following keys: 
Johnson [16], Sparrow [17], Seymour [18], Batko [19], 
Dick [20], and Watanabe [21].

Results

The water samples used for analysis differed in nutrient 
content being the index of trophicity in these water reser-
voirs, as well as in other parameters (Table 1). The highest 
nitrogen content (the three forms altogether) was found in 
the ponds Akcent and Fosa. The lowest content of nitrogen 
was noted in Cypisek Spring, and that of phosphates in the 
Komosa Lake. Sulphates and chlorides serving as chemical 
pollution indices were also found in greatest amounts in 
the both ponds. The highest oxidability was observed in the 
ponds, and the lowest in the spring. 

15 zoosporic fungus species were found to grow on 
the eggs of Coregonus lavaretus holsatus, including 11 
representatives of Saprolegniales and 4 of Peronosporales 
(Table 2). Worth a special note was the finding of Apha-
nomyces frigidophilus and Saprolegnia salmonis, new to 

Polish waters (Fig. 1). Only 3 fungus species were found 
to grow on the eggs in the Fosa Pond, 5 in the Supraśl 
River and 5 in Komosa Lake.

Table 1. Chemical composition (in mg l-1) of water from the different sites (mean from 3 samples).

Parameter
Water bodies

Cypisek Spring Biała River Supraśl River Akcent Pond Fosa Pond Komosa Lake

Temperature (ºC) 6.0 2.0 0.5 3.0 1.0 1.8

pH 7.69 7.31 7.36 7.48 7.02 7.88

O2 10.46 11.04 11.88 0.05 1.82 12.24

BOD5 3.8 4.82 3.64 6.12 9.22 5.02

COD (Oxidability) 2.5 9.02 8.80 29.78 15.09 8.25

CO2 13.2 15.4 6.6 37.4 22.0 8.8

Alkalinity in CaCO3 (mval l-1) 5.2 4.7 4.0 6.8 5.5 4.3

N-NH3 0.045 0.642 0.324 1.470 0.854 0.245

N-NO2 0.027 0.011 0.012 0.292 0.112 0.008

N-NO3 0.021 0.05 0.06 1.04 0.05 0.036

P-PO4 0.804 1.504 1.108 7.182 3.590 0.735

Sulphates 50.60 68.0 30.85 90.50 23.04 32.91

Chlorides 22.5 40.0 18.0 43.0 44.0 14.0

Total hardness in Ca 117.36 92.16 68.42 128.16 79.20 76.32

Total hardness in  Mg 16.77 22.34 14.19 28.80 26.23 19.84

Fe (total) 0.60 0.90 0.90 1.95 1.05 0.85

Dry residue 456.0 532.0 236.0 604.0 429.0 230.0

Dissolved solids 420.0 496.0 199.0 593.0 370.0 218.0

Suspended solids 36.0 36.0 37.0 11.0 59.0 12.0

Fig. 1. New to Polish hydromycology fungi species.
A - Aphanomyces frigidophilus: 1 - oogonium (16-25 µm); 
2 - sporangium with zoospores (8-12 µm); 3 - elongated oogo-
nium (25-45 µm) between hyphae; B - Saprolegnia salmonis: 
elongated oogonium (90-150 x 50-72 µm) with diclinous an-
theridial attachment.
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Table 2. Aquatic fungi found on eggs of Coregonus lavaretus holsatus.

Fungi taxa Cypisek
Spring

Biała
River

Supraśl
River

Akcent
Pond

Fosa
Pond

Komosa
Lake

Saprolegniales

*Achlya americana Humphrey x x x

Achlya oblongata de Bary x

Achlya treleaseana (Humphrey) Kauffman x

*Aphanomyces frigidophilus Kitancharoen et Hatai x x

Aphanomyces irregularis Scott x x

Aphanomyces parasiticus Coker x

Aplanes androgynus (Archer) Humphrey x

*Saprolegnia ferax (Gruith.) Thuret x

*Saprolegnia parasitica Coker x x

*Saprolegnia salmonis Hussein et Hatai x

*Saprolegnia shikotsuensis Hatai et al. x x

Peronosporales

Pythium aquatile Höhnk x x x x

*Pythium pulchrum Minden x

Pythium thalassium Atkins x

*Pythium torulosum Coker et Patterson x x

Number of species 4 4 5 4 3 5

*known in literature as parasites or necrotrophs of fish

Discussion

A comparison of the number of zoosporic fungus spe-
cies found on eggs of Coregonus lavaretus holsatus co-
mine from Lake Wdzydze with the remaining three forms 
of Coregonus lavaretus found in Polish waters [11,12,13] 
revealed similarity to Coregonus lavaretus generosus. On 
the eggs of Coregonus lavaretus lavaretus we observed 
28 and on those of Coregonus lavaretus maraena 32 
fungus species. The number of fungi growing on eggs of 
a respective population is the result of the environmental 
conditions in a particular water reservoir. The less is the 
eggs are vulnerable to zoosporic fungi, the fewer stresso-
genic factors, known to reduce fish and eggs resistance to 
bacterial and mycotic infections [22]. This would suggest 
good environmental conditions in Lake Wdzydze for the 
population of Coregonus lavaretus holsatus. It is worth 
remembering that the annual increase in its population in 
Lake Wdzydze is high [2].

Among the Saprolegniales found, Aphanomyces frigi-
dophilus and Saprolegnia salmonis appear new to Poland, 
Aphanomyces irregularis and Aphanomyces parasiticus
are new to Coregonus lavaretus. These latter two fungi 
were observed on eggs of certain cyprinoid fish species 
[23] and other families [24,25,26,27]. Aphanomyces frigi-
dophilus was found on eggs of whitefish in Cypisek and 

Fosa. This species was previously described from eggs 
of Japanese charr (Salvelinus leucomaenis) from Tochigi 
Prefectural Fisheries Experimental Station, Utsonomiya, 
Japan [28]. It has also been observed on the eggs of masu 
salmon (Oncorhynchus masou) in Oshino Tront Hatchery, 
Yamanashi [29,30]. The eggs of Coregonus lavaretus hol-
satus  is a new substrate for this fungus, which is also new 
to Polish hydromycoflora.

In our study Saprolegnia salmonis was found to grow 
on eggs of Coregonus lavaretus holsatus in the water col-
lected for the experiment from the Biała River. It was first 
described from cultured sockeye salmon (Oncorhynchus 
nerka) raised in Hokkaido, Japan [31]. In later years, 
Saprolegnia salmonis was found in hatcheries in Hok-
kaido, Japan [32] and at immature stages (fingerlings) 
of rainbow trout (Oncorhynchus mykiss), masu salmon 
(Oncorhynchus masou), sockeye salmon (Oncorhynchus 
nerka), brown trout (Salmo trutta) and Japanese charr 
(Salvelinus leucomaenis) [33]. The eggs of Coregonus 
lavaretus holsatus is a new substrate for the growth of 
Saprolegnia salmonis.

Of the representatives of Peronosporales growing 
on eggs of Coregonus lavaretus holsatus, worth note 
is the finding of Pythium aquatile and Pythium thalas-
sium, new to salmonids and other fish species in Poland. 
Pythium aquatile was first described from an animal 
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substrate in the water of salinified peatbogs near Kiel 
(Germany) [34]. It was also observed in several springs, 
rivers, ponds, and lakes of northeastern Poland [35]. 
Moreover, its growth was noted on animal substrates, 
including 19 species of aquatic insects [36] and on the 
carapace of 17 dead aquatic plankton crustacean species 
[37]. Pythium thalassium was first described by Atkins 
[38] in salty estuary water in North Cornwall in Great 
Britain as a parasite and saprophyte of crab Pinnotheres 
pisum eggs. We observed its growth in Akcent Pond and 
Komosa Lake on hairs of several species of mammals 
[39]. Generally, the species included in the genus Py-
thium are better known as parasites of root systems of 
wild and cultivated plants [40], rather than animals. As 
for fish, the occurrence of fungi of the genus Pythium 
has been mentioned since the mid ‘70s of the previous 
century [41], without giving their species affiliation 
[29,30,42,43]. Our study on eggs of fishes of northestern 
Poland [44] revealed 16 species of the genus Pythium, 
including Pythium torulosum.

Of the 7 zoosporic fungus species known in litera-
ture as fish parasites and growing on eggs of Coregonus 
lavaretus holsatus worth note are four, namely Achlya 
americana, Saprolegnia ferax, Saprolegnia parasitica
and Saprolegnia shikotsuensis, known to cause great 
losses in fish farms, both in ponds and river-lakes. The 
parasitic nature of Aachlya americana was reported by 
Scott and Warren [41] for tropical fish. Its growth was 
observed by El-Sharouny and Badran [45] on  speci-
mens of two species of Tilapia in Egypt. In Polish wa-
ters, Achlya americana was found to grow on muscles 
of Neogobius gymnotrachelus, Perccottus glenii, and 
Pseudorasbora parva introduced to Polish waters [46]. 
Saprolegnia ferax and Saprolegnia parasitica are spe-
cies which most frequently cause saprolegniosis  of 
eggs in hatcheries [47,48], of fry [49], and grown-up 
fish [50,51]. These two fungus species are most fre-
quently encountered not only on eggs of salmonid fish 
[52,53], but also on eggs of other fish species [54,55], 
and lampreys [56]. Saprolegnia shikotsuensis was first 
described in Japan from the salmon Oncorhynchus 
nerka var. adonis caught in Lake Shikotsu on Hokkaido 
[57]. We found it on eggs of various fish species, in-
cluding two forms of Coregonus lavaretus, generosus 
and maraena. 

In conclusion, the number of zoosporic fungus spe-
cies growing on the eggs of Coregonus lavaretus hol-
satus from Lake Wdzydze in Kaszuby, particularly fish 
parasites is same as on the eggs of Coregonus lavaretus 
generosus, but smaller than on eggs of the two other 
forms - Coregonus  lavaretus lavaretus and Coregonus 
lavaretus maraena.
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