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1. Introduction

Lakes are variable ecosystems characterized by pro-
gressive succession (Mikulski, 1982). The vast majority 
of lakes belong to harmonic water bodies subject to a pro-
cess of natural or human-induced evolution from the oligo-
trophic to eutrophic state. However, natural lakes are also 
non-harmonic, i.e. ones having a strong dominance of one 
environmental factor (Kajak, 1988). The transition from 
a state of harmony to a disharmonic one can take place 
at different stages of succession (Choiński, 2007) and be 
a consequence of the interaction of factors coming from 
the catchment area or the effect of transformations taking 
place within the lake itself (Mikulski, 1982). The examples 

of non-harmonic lakes are acidotrophic lakes characterized 
by low pH of water.

The water acidification is usually an anthropogenic 
process, caused by substances of industrial origin (sulfuric 
acid, nitric acid) which reach water bodies with precipita-
tion, as well as drainage from the catchment area (Kajak, 
1988). Their influence on pH of water in a lake depends 
on its buffering capacity and the parent rock in the catch-
ment area. Acidotrophic lakes are also characterized by 
a low concentration of Ca2+ ions in water, which prevents 
their acidic reaction from being neutralized. They occur 
predominantly in areas with a predominance of crystal-
line minerals in the substrate (Lampert & Sommer, 1996). 
A common cause of the acidification of the waters is also 
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the presence of acid humic substances in the catchment 
area of a given water body (Kajak, 1988). 

The acidification of water bodies is a widespread phe-
nomenon that has been extensively characterized in terms 
of chemical and biological changes (Carbone et al., 1998). 
The effect of acidification is, among other things, an in-
crease in the solubility of aluminum, which is accompanied 
by the formation of toxic Al3+ ions. In addition, acidotrophic 
lakes often have also a low concentration of phosphates 
in the water, due to the binding of the aluminum ions with 
phosphate ions and their accumulation in the bottom sedi-
ments (Pliński, 1992). Thus, the pH of water significantly 
influences the functioning of the water body by shaping its 
physico-chemical properties (Lampert & Sommer, 1996). 
In turn, it results in changes of biocoenosis of the reservoir, 
because the living organisms are directly dependent on the 
characteristics of the local environment and they clearly 
reflect the ecological conditions of the aquatic ecosystems 
they inhabit (Callisto et al., 2005; Behrend et al., 2012). 

Investigations dealing with the effects of water acidi-
fication on biological systems are numerous. However, 
literature data concerning the relationship between struc-
ture of bottom fauna and the pH of the water are ambigu-
ous. Some of them show that the structure and distribution 
of bottom fauna, like other groups of aquatic organisms 
in lakes with low pH of water, differ significantly from 
the structure of zoobenthos in neutral or alkaline reservoirs 
(Żytkowicz, 1982). According to Moiseenko (2005), as the 
pH of the water in the reservoirs decreases, as a rule, the 
number of macrozoobenthos species is rapidly decreases. 
In other studies the number of species decreased mark-
edly with increasing acidity, while the biomass and den-
sity of bottom fauna showed no significant correlation with 
this parameter (Mossberg & Nyberg, 1979; Meriläinen 
& Hynynen, 1990). However, some investigations did not 
show influence of water pH on the diversity and the num-
ber of zoobenthos taxa (Collins et al., 1981; Kownacki et 
al., 2000; Kownacki et al., 2006). Dougherty and Morgan 
(1991), as well as Carbone et al. (1998) also reveal lack 
of overall changes in species richness and abundance re-
lated to acidity, although significant shifts in community 
composition occur.

Taking into account the above divergences and the very 
important role of bottom fauna in the functioning of water 
bodies (Graneli, 1979; Wiśniewski & Planter, 1985; Svens- 
son & Leonardson, 1996), the aim of the paper was to 
evaluate the structure of bottom fauna and its horizontal 
changes in Jasne Lake, characterized by low pH and high 
transparency of water. We hypothesize that in the analyzed 
lake the structure of the macrozoobenthos and its horizon-
tal changes will be different compared to harmonic, eu-
trophic lakes with low water transparency. We also assume 
that the benthic fauna of the lake will be dominated by the 
taxa characteristic of water with a low pH.

2. Study area

Jasne Lake is located in Iława Lake District, which is the 
western part of the Masurian Lake District. In the distance 
of 50–100 m, to the west and north, runs the boundary 
of the catchment area of the Drwęca river (which Jasne 
Lake belongs to) and the catchment area of the Liwa river. 
The lake lies at the highest altitude in this part of the lake 
district (108.6 m above sea level) (Żytkowicz, 1982), so the 
area of the direct catchment (12.6 ha) is not much greater 
than the lake area (10.7 ha), while the whole catchment is 
8 times greater. 

The basic morphometric data of Jasne Lake are pre-
sented in Table 1. It is a reservoir of glacial origin. On the 
west and north sides the banks are steep, while the rest are 
relatively gentle. The regular and deep bowl of the lake lies 
on the sand bed of about 30 m thickness. This layer sepa-
rates the lake water from lower-lying beds of moraine clay, 
rich in soluble substances (Żytkowicz, 1982). Probably for 
this reason, as well as due to the lack of surface inflows, 
the small area of a typical forest catchment in relation to 
the lake area and the lack of agricultural crops in the imme-
diate vicinity, Jasne Lake is characterized by exceptionally 
low trophic waters. Based on the total nitrogen (0.514 mg 
dm-3) and total phosphorus concentrations (0.051 mg dm-3) 
in water recorded in the 1990s, the reservoir should be 
classified into oligotrophic lakes (Kentzer, 2001).

Table 1. Basic morphometric data of Jasne Lake (Żytkowicz, 1982)

Parameter Value

Surface area (ha)
Volume (m3)
Maximum length (m)
Maximum width (m) 
Maximum depth (m) 
Mean depth (m)

10.74
873 300 

500
342 
19.8 
8.1
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The lake is surrounded by a dry coniferous forest with 
small patches of marshy coniferous forest and beech-pine 
forest. Due to the presence of forests in the immediate vi-
cinity of the lake and its small area, the water dynamics is 
low. It is a dimictic lake and the thickness of its epilimnion 
reaches 6–8 m (Żytkowicz, 1982). 

The basic properties which distinguish the lake are as 
follows: very low concentration of dissolved substances, low 
pH and high water transparency (Żytkowicz, 1982). First 
of all, attention should be paid to very low calcium content 
(3.7 mg dm-3), whose concentration is 7–20 times lower than 
in other lakes of Iława Lake District. Based on the water pH, 
the lake should be classified into acidotrophic reservoirs. Its 
pH is extremely low (4.3), due to the previously mentioned 
low calcium concentration as well as the presence of peat 
deposits in the catchment area (Żytkowicz, 1982). In turn, 
the high water transparency is the consequence of the small 
amount of suspension in the water, which enables the pene- 
tration of light up to the lake bottom and results in a very 
good oxygenation of the water (Żytkowicz, 1982). 

In this lake the littoral zone extends to a depth of ap-
prox. 15 m. This zone can be divided into a typical sandy lit-

toral, largely covered with coarse detritus, mainly of plant 
origin (up to a depth of 6–7 m) and the bottom overgrown 
with moss Drepanocladus fluitans (depth from 7 to 15 m). 
From a depth of about 7–8 m the bottom is covered with 
an increasingly thick layer of muddy sediment. 

In Jasne Lake, due to its acidotrophy, there is low diver-
sity and abundance of phytoplankton, zooplankton, fish as 
well as aquatic plants (Żytkowicz, 1982). The main com-
ponents of phytoplankton are unicellular flagellates, while 
the dominant group of zooplankton are Cladocera (Zienie-
wicz, 1995). Fish fauna of the lake is also poor in terms 
of quality and quantity. This group is represented almost 
exclusively by the low pH resistant perch (Perca fluvia-
tilis) (Żytkowicz, 1982).

3. Materials and methods

The samples were taken on five dates: 25.11.1997 and 
13.05., 01.07., 07.08. and 21.10. in 1998. The sampling 
sites were located in two transects at the following depths: 
5 m, 10 m, 15 m and 19 m (Fig. 1). Due to the lack of sig-

Figure 1. The bathymetric plan of Jasne Lake. The location of the sampling stations
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nificant differences in the macrozoobenthos structure and 
the measured parameters of the water and the bottom sedi-
ments between the transects, in this paper the mean values 
of the obtained results are shown. The sampling sites were 
located in four clearly different zones of the lake bottom. 
The stations at a depth of 5 m (1) were located in the gravel-
sandy littoral zone, characterized by the presence of a large 
amount of plant remains, mainly of allochthonous origin. 
The stations at a depth of 10 m (2) were located in the re-
gion of occurrence of moss Drepanocladus fluitans. The 
stations at a depth of 15 m (3) were located out of the moss-
covered zone, where still single but already decaying indi-
viduals of moss were encountered. In turn, the station at 
the deepest part of the lake – 19 m (4) – was located in the 
muddy bottom zone completely devoid of plants.

To collect the bottom fauna we used the Ekman-Birge 
grab (catching area: 225 cm2). The samples were rinsed 
using a 0.5 mm sieve and preserved in 4% formaldehyde. 
To assess the fresh biomass of the macrozoobenthos, pre-
served animals were dried on blotting paper and weighed 
to the nearest 0.0001 g with an analytical scales PRL T 
A13 (Poland). 

Together with the collection of the macrozoobenthos 
samples, several abiotic parameters of the water and sedi-
ments were determined. Water transparency was measured 
with a Secchi disc. Temperature and oxygen concentration 
in the near-bottom water layer (2–3 cm above the bottom) 
were measured with a MultiLine P4 (WTW GMBH, Weil-
heim Germany) Universal Pocket Sized Meter. 

Selected parameters of the bottom sediments were 
measured in their surface layer (0–5 cm) taken by means 
of a Kajak core sampler. We determined water content 
in the bottom sediments (by their oven-drying to a con-
stant mass at 104°C) and the organic matter content in the 
sediments (by igniting dried sediments at 550°C for  
2 hours).

4. Results

Abiotic parameters 

The values of abiotic parameters of water and bottom sedi-
ments are shown in Table 2. Due to the very high values 
of Secchi disc visibility, the water transparency was meas-
ured only at the deepest sampling site, where on average 
it was 11.1 m. The pH of the water at all stations was only 
4.3. The water temperature above the bottom decreased 
with increasing depth – at a depth of 5 m, the average 
temperature was 15.5°C, while at 19 m it was half lower  
(7.1°C). The oxygen concentration of the water above 
the bottom was comparable at stations 1 and 2 (7.4 and  
7.7 mg dm-3, respectively) and more than twice as high 
as at stations 3 and 4 (3.0 and 2.6 mg dm-3, respectively). 
Generally both the water content and the organic matter 
content in the bottom sediments increased with depth. The 
greatest difference in respect of these two parameters at 
station 1 was found. In this zone the water content was 
75.9%, while organic matter content was 17.5% of dry 
mass of bottom sediments. At the other stations the values 
of the parameters in question were comparable. The wa-
ter content of the sediments ranged from 95.4% to 96.1%, 
while the organic matter content ranged from 68.5% to 
76.5%. 

Bottom fauna

During the course of the study, 23 benthic macroinver-
tebrates taxa were found (Table 3). The number of taxa, 
as well as the diversity of the macrozoobenthos (Shan-
non index) decreased with increasing depth of the lake. At 
a depth of 5 m these values were: 19 and 2.54, while at 
a depth of 15 m: 6 and 1.82, respectively. At the deepest 
station (19 m) no bottom fauna was recorded. 

Table 2. Measured abiotic parameters of water and bottom sediments (average values) in the distinguished zones of Jasne Lake

   Parameter             Depth: 5 m 10 m 15 m 19 m

Water
Secchi depth (m) - - - 11.1

pH 4.3 4.3 4.3 4.3

Temperature1 (°C) 15.5 12.5 8.4 7.1

Oxygen concentration1 (mg dm-3) 7.4 7.7 3.0 2.6

Bottom sediments
Water content (%) 75.9 95.4 96.4 96.1

Organic matter content (%) 17.5 68.5 72.5 76.5

1 the values measured 2–3 cm above the lake bottom. The Secchi depth was measured only at a depth of 19 m
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Table. 3. Taxonomic composition, total number of taxa and diversity, as well as average density (ind. m-2) of the macrozoobenthos 
in the distinguished zones of Jasne Lake

Macrozoobenthos             Depth: 5 m 10 m 15 m 19 m

 CHIRONOMIDAE
Shannon index 1.81 1.95 1.50 0.00

Number of taxa 13 6 3 0

Pseudochironomus sp. 676 0 0 0

Chironomus sp. 576 85 0 0

Procladius sp. 107 18 0 0

Ablabesmyia monilis 25 54 0 0

Cladopelma lateralis 45 0 0 0

Dicrotendipes sp. 18 20 0 0

Ablabesmyia sp. 2 7 0 0

Ablabesmyia phatta 4 0 2 0

Thienemanniola sp. 7 0 0 0

Orthocladius sp. 7 0 2 0

Microchironomus sp. 4 0 0 0

Tanytarsus sp. 0 0 4 0

Psectrocladius sp. 2 2 0 0

Endochironomus sp. 2 0 0 0

Chironomidae pupae 4 0 0 0

Chironomidae n.d. 98 7 0 0

CHIRONOMIDAE – total 1577 193 8 0

 OTHERS
Number of taxa 6 7 3 0

Asellus aquaticus 0 702 38 0

Trichoptera 56 604 14 0

Ceratopogonidae 231 9 0 0

Sialis sp. 136 20 0 0

Stylodrilus heringianus (Oligochaeta) 11 84 0 0

Hirudinea 0 7 0 0

Turbellaria 0 2 7 0

Anisoptera (Odonata) 2 0 0 0

Plecoptera 2 0 0 0

 MACROZOOBENTHOS – total
Number of taxa 19 13 6 0

Shannon index 2.54 2.03 1.82 0.00

Macrozoobenthos – density 2015 1621 67 0
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Among the Chironomidae larvae 14 taxa were dis-
tinguished. The number of taxa of this group of organ-
isms decreased from 13 at a depth of 5 m to 3 at a depth 
of 15 m, while the values of Shannon index were similar 
(range from 1.50 to 1.95) (Table 3). Chironomus sp. and 
Pseudochironomus sp. larvae predominated, the latter was 
found only at a depth of 5 m. Both the density and the 
biomass of this group of zoobenthos reached the highest 
values at station 1 (1577 ind. m-2 and 2.00 g m-2, respec-
tively) and decreased with increasing depth.

The density of total macrozoobenthos also decreased 
with increasing depth, however at stations 1 and 2 signifi-
cantly higher values of this parameter were found (2015 
and 1621 ind. m-2, respectively) compared to stations 3 and 
4 (67 and 0 ind. m2, respectively). 

The macrozoobenthos dominance structure based 
on the density was similar at stations 2 and 3 but com-
pletely different at station 1 (Fig. 2). At the latter the domi-
nant group of the benthic fauna were Chironomidae larvae 
(almost 80% of the total macrozoobenthos density). At this 
station Ceratopogonidae and Sialis sp. larvae were also 
relatively numerous. In turn, at stations 2 and 3 Asellus 
aquaticus (Isopoda) (43% and 57%, respectively) and Tri-
choptera larvae (37% and 21%, respectively) dominated. 
The share of the Chironomidae larvae at these stations 
were identical and accounted for only 12% of the total 
macrozoobenthos density. The share of sole representative 
of Oligochaeta – Stylodrilus heringianus – was the highest 
at a depth of 10 m. 

The biomass of benthic fauna was correlated to their 
density. The values of this parameter at depths of 5 m 
and 10 m were significantly higher (6.87 and 11.45 g 

m-2, respectively), than at depths of 15 m and 19 m (0.99  
and 0.00 g m-2, respectively) (Fig. 3). At station 1 Sialis sp. 
(45%) predominated in this regard while the Chironomi-
dae larvae, strong prevailing at this station in terms of den-
sity, constituted only 29% of the total zoobenthos biomass. 
As in the case of density, in terms of biomass at stations 2 
and 3 Asellus aquaticus (45% and 78%, respectively) and 
Trichoptera larvae dominated.

5. Discussion

Jasne Lake is characterized by extremely low pH 
of the water. The value of this parameter decreased from 
6.1 in 1961 to 4.3 in 1979–1998 (Żytkowicz, 1982). The 
acidification of the lake is crucial for its functioning, as 
it contributes to changes in other physico-chemical pa-
rameters of the water, which in turn affect the lake bio-
coenosis. 

The water transparency in the lake under study was 
very high, due to the small amount of suspension in the 
water, which was associated with its acidification and low 
trophic level (Żytkowicz, 1982). High water transparency 
is a typical feature of acid lakes (Szkokan-Emilson et al., 
2010; Wesolek et al., 2010a). The values of this param-
eter in eutrophic lakes are usually much smaller due to 
the intensive processes of biological production. The oxy-
genation of the water near bottom was quite good up to 
a depth of 10 m. The highest values of oxygen concen-
tration recorded at station 2 were probably related to the 
occurrence of moss Drepanocladus fluitans that produced 
oxygen during photosynthesis. 

Figure 2. Percentage share of the particular taxonomic groups in the total density of macrozoobenthos in the distinguished zones 
of Jasne Lake
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The organic matter content in the bottom sediments 
of Jasne Lake was relatively high. It could be the con-
sequence of the slow rate of mineralization of organic 
compounds. The low rate of organic matter decomposi-
tion in acid water bodies is also indicated by Kownacki et 
al. (2006) and Wesolek et al. (2010b). This may be due to 
the low abundance and metabolic activity of heterotrophic 
bacteria in the bottom sediments (Donderski & Stopiński, 
1977). However, Dermott et al. (1986) inform that the 
high organic matter content of lake sediments in poorly 
buffered and oligotropic lakes may be partly due to an 
increased percentage of refractory debris from terrestrial 
sources, rather than a reduction of sediment bacterial ac-
tivity. 

The water content in the bottom sediments in the stud-
ied lake was very high at all depths, which can be ex-
plained by high organic matter content in the sediments. 
As it is well known, organic matter is much more hydrated 
than mineral matter (Hakanson & Jansson, 1983). Similar 
values of both discussed parameters of the bottom sedi-
ments were also found in other acid lakes (Dermott et al., 
1986). The water and organic matter content in the sedi-
ments showed a positive correlation with the lake depth, 
which is characteristic of most of the water reservoirs.

The bottom fauna of Jasne Lake was represented by 
23 taxa. A similar number of macrozoobenthos taxa was 
also found in many other acidotrophic lakes in the Czech 
Republic (Ungermanova et al., 2014), in the Canada (Der-
mott et al., 1986; McNicol et al., 1995; Reid et al., 1995; 
Parsons et al. Szkokan-Emilson et al., 2010; Wesolek et al., 
2010a) and in the USA (Dougherty & Morgan, 1991). On 
the other hand, in a significant number of acid lakes clearly 

lower number of bottom fauna taxa were also recorded 
(Dermott et al., 1986; Kownacki et al., 2006; Parsons et 
al., 2010; Szkokan-Emilson et al., 2010). 

The species richness, the diversity, and the density 
of the macrozoobenthos decreased as the depth increased, 
which is typical feature of most water bodies. However, 
it is important to emphasize the differences in the horizon-
tal changes of the bottom fauna in Jasne Lake compared 
to eutrophic lakes. The zoobenthos structure at station 1 
(a depth of 5 m) and at station 2 (a depth of 10 m) was 
very similar in terms of diversity and above all abundance. 
In eutrophic lakes, the high diversity and abundance of the 
zoobenthos is generally limited to the shallow littoral zone 
(Kajak, 1988). By contrast, in Jasne Lake the zone colo-
nized by diverse and abundant macrozoobenthos extends to 
a depth of at least 10 m. The reason for the small changes 
in the diversity and abundance of the bottom fauna be-
tween stations 1 and 2 was probably good water oxygena-
tion at both depths. The station 2 was located in the moss 
area of Drepanocladus fluitans, which, in addition to im-
proved oxygen conditions and habitat heterogeneity also 
contributed to better nutritional conditions for zoobenthos. 
However, it should be noted that there is a clear differ-
ence in the dominance structure of bottom fauna between 
the stations 1 and 2, which may have been a consequence 
of the different quality of food for zoobenthos – coarse 
detritus at station 1 and moss at station 2. In turn, quan-
titatively and qualitatively poor bottom fauna at a depth 
of 15 m and their absence at a depth of 19 m could result 
from the low oxygen concentration over the bottom and the 
high water content in the sediments, impeding the exist-
ence of this group of organisms. According to Meriläinen 

Figure 3. Percentage share of the particular taxonomic groups in the total biomass of the macrozoobenthos in the distinguished zones 
of Jasne Lake
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and Hynynen (1990) in deeper zones of acid lakes, diver-
sity and abundance of benthic fauna is generally low. 

The Chironomidae larvae were an important compo-
nent of the bottom fauna of the studied lake. They also 
prevailed in acid Finnish (Meriläinen & Hynynen, 1990) 
and Canadian lakes (Dermott et al., 1986). Several genera 
of Chironomidae larvae are tolerant of poor water condi-
tions including increased acidity (Mackay & Kersey, 1985; 
Lenat & Barbour, 1994; Parsons et al., 2010). Meriläinen 
and Hynynen (1990) suggest that many chironomid spe-
cies tolerate pH of 4–4.5. Thus, they are common inhabit-
ants of acid waters. Lento et al. (2012) also report that the 
share of this group of organisms increases with increasing 
of water acidification. 

Among the chironomids Pseudochironomus sp. and 
Chironomus sp. larvae prevailed. A significant share of the 
latter was also reported in acid Canadian lakes (Dermott 
et al., 1986), American (Uutala, 1981), Sweden (Moss-
berg & Nyberg, 1979) and other European lakes (Rad-
dum & Saether, 1981; Henrikson et al., 1982). Moreo-
ver, according to the authors cited its share increased with 
increasing acidification. Chironomus sp. is considered to 
be very acid tolerant often being the only taxon present 
in very acidic waters (Harp & Campbell, 1967; Tom- 
kiewicz & Dunson, 1977; Dougherty & Morgan, 1991). 
In Jasne Lake, there were also relatively numerous taxa 
such as: Procladius sp., Ablabesmyia monilis, Cladopelma 
lateralis and Dicrotendipes sp. These taxa in significant 
densities also in acidic Canadian (Dermott et al., 1986; 
Carbone et al., 1998) and American lakes (Dougherty 
& Morgan, 1991) were found.

In conclusion, in Jasne Lake, as in others acidotrophic 
as well as eutrophic lakes, among Chironomidae larvae 

common, ubiquitous taxa predominated. The numerous oc-
currences of these taxa in the lake under study testify to 
their tolerance also for low pH of water. It is worth noting 
that among the chironomids we did not find the presence 
of taxa, characteristic only for acid waters (except for Ab-
labesmyia monilis). 

There was relatively high density (but only at station 1) 
of Ceratopogonidae larvae in Jasne Lake. These organisms 
are also commonly found in other acid water bodies due to 
their resistance to low water pH (Carbone et al., 1998). The 
cited authors, studying the Canadian lakes, significantly 
higher densities of this group of animals in acidotrophic 
than in neutral lakes have noted. 

The Trichoptera larvae and Asellus aquaticus were the 
next two important groups of the macrozoobenthos, pre-
vailing in density at depths of 10 m and 15 m of the studied 
lake. According to Stańczykowska (1979), they are mainly 
herbivores, which do not tolerate low water oxygenation, 
typical for a littoral zone. The occurrence of these ani-
mals at relatively large depths can be explained by good 
food and oxygen conditions resulting from the presence 
of Drepanocladus fluitans at the lake bottom. The moss 
can also provide a shelter for these organisms. In addition, 
A. aquaticus tolerates low water pH and is relatively abun-
dant in acid waters (Økland & Økland, 1986; Moiseenko, 
2005). However, Trichoptera larvae do not belong to in-
vertebrates commonly found in acid water bodies and their 
share in the abundance of bottom fauna decreases with in-
creasing acidification of water in a reservoir (Lento et al., 
2012). Thus, so numerous occurrences of the Trichoptera 
larvae in such a low pH lake can be surprising. It may have 
been beneficial for this group to have Drepanocladus flui-
tans moss. It seems that the discussed group of zoobenthos 

Table 4. The average biomass (g m-2) of the macrozoobenthos in the distinguished zones of Jasne Lake

   Macrozoobenthos         Depth: 5 m 1 m 15 m 19 m

Asellus aquaticus 0.00 5.10 0.77 0.00

Trichoptera 0.96 4.13 0.17 0.00

Sialis sp. 3.10 1.02 0.00 0.00

Chironomidae 2.00 0.39 0.01 0.00

Stylodrilus heringianus (Oligochaeta) 0.06 0.74 0.00 0.00

Plecoptera 0.41 0.00 0.00 0.00

Ceratopogonidae 0.23 0.03 0.00 0.00

Anisoptera (Odonata) 0.11 0.00 0.00 0.00

Turbellaria 0.00 0.02 0.04 0.00

Hirudinea 0.00 0.02 0.00 0.00

MACROZOOBENTHOS – total 6.87 11.45 0.99 0.00
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should be identified to a species level, which could allow 
the identification of acid-tolerant species. 

Stylodrilus heringianus was the only representative 
of Oligochaeta in Jasne Lake. It is a species characteristic 
for low-pH oligotrophic lakes (Rosenberg & Resh, 1993). 
There were no other representatives of this group of organ-
isms most likely due to the very acid water. Although many 
Oligochaeta taxa are considered quite acid-tolerant (Par-
sons, 1968; Roff & Kwiatkowski, 1977; Lento et al., 2008; 
Parsons et al., 2010), however, in reservoirs with pH below 
5, oligochaetes are now present at very low densities (Un-
germanova et al., 2014). The availability of organic matter 
due to the reduced abundance and activity of the bacteria 
in the bottom sediments may also limit the development 
of this group of definitely detritivores animals.

It is also worth noting that there were no Mollusca repre-
sentatives in the studied lake, a group of aquatic organisms, 
which are an important part of macrozoobenthos of har- 
monic lakes. This is characteristic of most acid water bod-
ies. The presence of this group of animals has also not been 
reported in acid Canadian (Dermott et al., 1986) and Ameri-
can lakes (Dougherty & Morgan, 1991), while in Swedish 
(Mossberg & Nyberg, 1979) and Czech lakes (Ungermanova 
et al., 2014) Mollusca occurred in very small densities. The 
Mollusc’s high sensitivity to acidification is also reported 
by Moiseenko (2005) and many other authors (Meriläinen 
& Hynynen, 1990; Muniz, 1991; Raddum & Skjelkvele, 
2001). The main factor limiting the development of Mol-
lusca in acid water bodies is shortage of calcium, necessary 
for building their shells (Moiseenko, 2005). 

This study did not reveal the presence of Chaoborus 
sp. larvae in Jasne Lake. There are conflicting information 
in the literature on the occurrence of this taxon in acid wa-
ter bodies. Ungermanova et al. (2014) indicate the absence 
or low densities of Chaoborus larvae in low-pH waters. 
On the other hand, according to some authors these organ-
isms are commonly found in highly acidified reservoirs 
(Walker et al., 1985; Dermott et al., 1986). In turn, Havas 
& Rosseland (1995) state that Chaoborus sp. tolerates acid 
water, but probably due to the limited availability of food 
(zooplankton) does not exist in a such reservoirs. Due to 
the small abundance of fish in Jasne Lake, it is rather un-
likely that the absence of Chaoborus larvae may be a con-
sequence of the high water transparency increasing the 
availability of these larvae for fish.

6. Conclusions

The taxonomic composition of the macrozoobenthos 
of acid, oligotrophic Jasne Lake was similar to that of other 
acid reservoirs, i.e. common, ubiquitous taxa dominated. 
The only taxa characteristic of acid waters were Stylodrilus 
heringianus (Oligochaeta) and Ablabesmyia monilis (Chi-

ronomidae). On the other hand the little surprise could be 
relatively large abundance of Trichoptera larvae – organ-
isms considered to be sensitive to low pH water.

The horizontal changes of the macrozoobenthos struc-
ture in Jasne Lake were different than in “typical” eu-
trophic lakes. Owing to the good oxygen conditions and 
habitat heterogeneity, this lake is characterized by diverse 
and abundant bottom fauna even at relatively large depths.
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