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Abstract This research aimed to study the horizontal changes of macrozoobenthos structure
and several abiotic parameters of water and bottom sediments along with increasing depth in
the bradymictic Lake Urowiec. The samples were taken on six dates from April to October
2001, almost at monthly intervals, at the following depths: 2.5m, 5m, 7m, 9m, 10m, 11m, 15m,
20m and 30m. The high number of taxa and diversity (Shannon index) of bottom fauna were
found only at depths of 2.5m (34 and 1.98, respectively) and 5m (27 and 2.18, respectively).
From a depth of 9m, there were almost exclusively Chaoborus sp. larvae. The zoobenthos
density decreased with depth from 2247 ind. m* at a depth of 2.5m to 200 ind. m? at 30m
depth. The biomass of bottom fauna ranged from 6.51 g m* at a 2.5m depth to 0.43 g m? at a
depth of 30m. A significant decrease in the diversity and, to a lesser extent, in the abundance
of bottom fauna was most likely the consequence of the rapid decline in the water near bottom
oxygenation with depth. Starting from a depth of 7 meters and deeper, the average oxygen
concentration in the over-bottom water was very low - below 4 mg dm=,
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1. Introduction

The water dynamics in lakes have a substantial impact on their functioning. It significantly
influences the abiotic parameters of the aquatic environment, especially aerobic conditions
(Raczynska and Kubiak 2003), which in turn affects the structure of its biocenosis. The intensity
and range of water mixing in a water body depend primarily on its morphometric features, such
as depth and area, and a lake’s exposure to wind (Kajak 1998, Kubiak and Machula 2013, Bek
et al. 2018).

In the temperate climate, the majority of deeper lakes are dimictic ones. In turn, some

of these lakes are bradymictic, where the water mixing is hampered, prolonging thermal
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stratification. Consequently, in bradymictic lakes, especially eutrophic, with increasing depth,
there is usually a sharp decrease in oxygen concentration in the water near the bottom.

Benthic macroinvertebrates play a vital role in the functioning of aquatic ecosystems
(Graneli 1979; Svensson and Leonardson 1996; Dos Santos 2016, Nieto et al. 2017, Severiano
et al. 2023, Ozkan 2024). Moreover, they can reflect the ecological conditions of the aquatic
ecosystems they inhabit (Callisto et al. 2005; Behrend et al. 2012). The distribution of this
group is controlled by a variety of environmental factors such as depth, water quality (Hellawell
1986), substrate type (Reynoldson et al. 1995), sediment grain size (Tolkamp 1980), organic
matter content in sediments (Rodriguez et al. 2001; Ciutat et al. 2006) or contaminants
(Clements and Kiffney 1993; Phipps et al. 1995), so it is difficult to specify which one plays
the most crucial role. However, according to many authors, the key factors are oxygen
conditions near the bottom and the quality and availability of food (Cooper and Knight 1985;
Rasmussen 1988; Real and Prat 1991; Prat et al. 1992). Due to the place of living and poor
mobility, the zoobenthos is more dependent on the oxygenation in over bottom water than other
ecological formations.

This research aimed to study the horizontal changes of the macrozoobenthos structure
along with increasing depth in the bradymictic Lake Urowiec. We hypothesize that the diverse

and abundant benthic fauna will be present only in the shore zone of the lake under study.

2. Study area

Lake Urowiec is located in the Itawa Lake District, the western part of the Masurian Lake
District. It is a mid-forest water body surrounded by mixed forest, with a small inflow from the
south side of Lake Plajtek and an outflow to the east. The basic morphometric data of the studied
lake are as follows: surface area 26.1 ha, total volume 2 114 thous. m3, maximum length 880m,
maximum width 450m, mean depth 8.1m (maximum 31.8m).

Urowiec is a dimictic lake with strongly marked bradymixia features, characterised by
clear, prolonged thermal stratification. This lake's very low water dynamics is a consequence
of its great depth and small area, as well as the high banks covered with forest.

The shoreline is poorly developed. The lake's shores, except the northern part, are
overgrown with emergent vegetation with the dominance of common reed (Phragmites
australis). Despite the high water transparency, submerged vegetation is relatively poorly
developed. In some places the lake bottom is covered with a Canadian pondweed (Elodea

canadensis) and Hornwort (Ceratophyllum demersum).



In the epilimnion of Lake Urowiec, high concentrations of total phosphorus (0.28 mg -
dm) and total nitrogen (1.96 mg - dm) were found (Kentzer 2001). The high trophy of this
lake confirms also the dominance of Rotifera in the zooplankton (Bittel et al. 1965), while

diatoms and green algae dominate the phytoplankton.

3. Materials and methods

The samples were taken on six dates from April to October 2001, almost at monthly intervals,
at the following depths: 2.5m, 5m, 7m, 9m, 10m, 11m, 15m, 20m and 30m (Fig.1). The
sampling site at a depth of 2.5m was located in the sandy-bottom littoral zone. The site at 5m
depth was situated in the sandy-muddy bottom sublittoral zone. The other sites were located in
the upper (7m, 9m and 10m), in the middle (11m and 15m) and the lower (20m and 30m)
profundal zone, with muddy sediments.

We used the Ekman-Birge grab (catching area: 225cm?, 2-4 replicate samples) to collect
the bottom fauna. The samples were rinsed using a 0.5mm sieve and preserved in 4%
formaldehyde. To assess the fresh biomass of the macrozoobenthos, preserved animals were
dried on blotting paper and weighed to the nearest 0.0001g with an analytical scale PRL T A13
(Poland). Among the benthic fauna, a group referred to as "Littoral fauna™ was distinguished,
which included larvae of Ephemeroptera, Trichoptera, Odonata, Ceratopogonidae, Sialis sp., as
well as Mollusca, Hirudinea and Asellus aquaticus.

Along with collecting macrozoobenthos samples, several abiotic parameters of water
and bottom sediments were determined. Water transparency was measured with a Secchi disc.
Temperature and oxygen concentration were measured with a Multi-Line P4 (WTW GMBH,
Weilheim Germany) Universal Pocket-Sized Meter. To assess the water dynamic, these
parameters were determined at the surface and near-bottom water layer (2-3cm above the
sediments).

Selected parameters of the bottom sediments were measured in their surface layer (0-
5cm) taken using a Kajak core sampler. We determined the water content in the bottom
sediments (by their oven-drying to a constant mass at 104°C) and the organic matter content in

the sediments (by igniting dried sediments at 550°C for 2 hours).

Statistical analysis
To analyse the effect of the water depth on the particular parameters (oxygen
concentration, water and organic matter content in the bottom sediments, density and biomass
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of macrozoobenthos), we used Analysis of Variance (ANOVA). We run separate models for
each parameter, with the water depth as a categorical dependent variable. The significant effect
of the water depth on the parameter of interest was followed by Tukey-HSD post-hoc
comparisons to investigate differences between particular groups. All analyses were performed
using PAST v4.03 software (Hammer et al. 2001).

4. Results
4.1. Macrozoobenthos
Over the course of the study, 43 zoobenthic taxa were found. The relatively high number of
taxa at depths of 2.5m (34) and 5m (27) were only reported (Fig.2.). At depths of more than
9m, only 1 or 2 the macrozoobenthos taxa were noted. The high diversity of bottom fauna,
based on the Shannon index, was found only at depths of 2.5m (1.98) and 5m (2.18) (Fig.2.).
At depths of more than 7m, these index values were very low (below 0.5).

The total zoobenthos density decreased with increasing depth from 2247 ind. m? at a
depth of 2.5 to 200 ind. m at a depth of 30m (Fig.3.). At the former, the “Littoral fauna” (45%
of the zoobenthos density at this site) the Chironomidae larvae (39%) codominated. The
Oligochaeta (48%) and the Chironomidae larvae (38%) were dominant at a depth of 5m, while
at the deeper sites, the Chaoborus sp. larvae predominated (67-100%).

Among chironomids in the shallower parts of the lake, Tanypus sp., Tanytarsus sp., and
Cladotanytarsus sp. larvae dominated, while at the larger depths, there were only Chironomus
sp. and Procladius sp. larvae (Fig.4.). The Oligochaeta occurred only to a depth of 10m. At a
depth of 2.5m, Stylaria lacustris dominated. In contrast, at the larger depths, Potamothrix
hammoniensis was more numerous (Fig.5.). The “Littoral fauna” was practically present only
at a depth of 2.5 m. The most numerous were Ephemeroptera larvae (38% of the “Littoral fauna”
density at this site) and Mollusca (22%), among which small bivalves of the genus Pisidium
predominated (Fig.6.).

The biomass of bottom fauna ranged from 6.51 g -m= at 2.5m depth to 0.43 g - m2ata
depth of 30m (Fig.7.). The zoobenthos dominance structure based on this parameter was similar
to that determined on the density except for a depth of 2.5m. At this depth, the Sialis sp. larvae
predominated (31% of the total zoobenthos biomass).

In summary, the high number of taxa and diversity of the bottom fauna at depths of 2.5m
and 5m were only found. Relatively rich in quality was still the macrozoobenthos at a depth of
7m. At the larger depths, there were almost exclusively Chaoborus sp larvae. Also, the
abundance of zoobenthos was higher in the shallower zones of the lake under study.



4.2 Abiotic parameters

Water transparency based on the Secchi depth averaged 2.8m (Tab. 1). The temperature in the
very surface water layer was comparable at all sampling sites. However, from a depth of 2.5m
to a depth of 7m, there was a rapid decrease in the temperature (from 15.4°C to 8.9°C,
respectively) in the over-bottom water. At the larger depths, the changes in these parameters
were smaller. The temperature difference between the surface and over-bottom water layers
increased with depth, particularly up to 7m (Fig.8.).

Oxygenation of surface water was very similar across all sampling sites (averaging
approx. 11mg - dm=), showing no significant seasonal variation. In contrast, the oxygen
concentration in the bottom water layer decreased markedly with increasing depth, from 7.8mg
dm at a depth of 2.5m to 1.1mg dm™ at a depth of 10m, and subsequently remained at a very
low level (about 1mg dm) at greater depths (Fig.9).

The water content (WC) and the organic matter content (OC) in the bottom sediments
were by far the lowest at a depth of 2.5m (23.7%, 0.8%, respectively) (Fig.10.). Significantly
higher values of these parameters were found at depths of 5m (52.8%; 4.2%, respectively) and
7m (86.3%; 19.3%, respectively), while the highest and similar at the greater depths (WC from
94.5% to 97.0% and OC from 40.2% to 62.3%).

5. Discussion
The results of this study fully confirmed our hypothesis that in eutrophic, bradymictic lakes,
the diversity and abundance of macrozoobenthos are limited to a relatively shallow shore zone.
In Lake Urowiec, it was a depth of less than 9m because, at this depth, the bottom fauna was
very poor in quality. A significant decrease in the diversity and, to a lesser extent, in the
abundance of bottom fauna was most likely the consequence of the rapid decline in the water
near bottom oxygenation with depth. At a depth of 7m, the average oxygen concentration in the
over-bottom water was only about 4 mg - dm, and according to Caraco and Cole (2002), water
oxygen concentration of about 5mg - dm= may be a limiting factor for bottom fauna
development. As previously mentioned, the bottom fauna structure is shaped by many
environmental variables, but according to many authors, oxygen and food conditions play the

most critical roles. However, these studies suggest that oxygen conditions play a decisive role



because food availability, evaluated based on organic matter content in the bottom sediments,
increased with depth.

From a depth of 9m, the presence of taxa with high resistance to unfavourable
environmental conditions was almost exclusively found. These include Chaoborus sp. larvae,
the dominant in the studied lake from a depth of 9m and the sole representative of the
zoobenthos from a depth of 15m, Chironomus sp. and Procladius sp. larvae (Chironomidae),
as well as Potamothrix hammoniensis (Oligochaeta). They are highly tolerant organisms,
adaptable to poor environmental conditions, and unusually resistant to low water oxygen
concentrations (Armitage et al. 1995; Petridis and Sinis 1997; Risnoveanu and Vadineanu 2002;
Nyman et al. 2005). The above taxa generally dominate in a deep profundal of eutrophic lakes.
Still, it should be emphasised that in Lake Urowiec, their clear dominance from a depth of 9m
suggests terrible habitat conditions in the upper profundal.

At depths of 2.5 and 5m, the number of taxa and diversity of benthic fauna were
relatively high. It should be noted, however, that at the latter sampling site, there were almost
no organisms included in the "Littoral fauna". The main cause was not oxygen deficits, which
suggest both relatively good water oxygenation over the bottom at this depth (6mg dm™), as
well as numerous presence of Tanytarsus sp. larvae (Chironomidae), considered to be very
sensitive to low oxygen concentrations. Therefore, the occurrence of the aforementioned taxa
only at a depth of 2.5m could be associated with macrophytes, whose presence only in the area
of this site was found. Submerged plants significantly contribute to the increased bottom fauna
diversity through increased habitat heterogeneity and improved nutrient conditions (Hargeby et
al. 1994; Scheffer 1998; Declerck et al. 2005; Zbikowski et al. 2010).

In contrast to the other distinguished groups of benthic fauna, the largest number of taxa
and abundance of Oligochaeta at a depth of 5m were found. The limiting factor in aquatic
worms development at shallower depths was likely food shortage (only 0.9% organic matter
content in the sediments), while at greater depths it was to low oxygen concentration.

As stated earlier, benthic macroinvertebrates are an essential part of biocenosis of
aquatic ecosystems. However, their role is mainly dependent on the taxonomic diversity and
abundance. The results of this study suggest that in lakes with low water dynamics, such as
Lake Urowiec, the role of benthic fauna in their functioning is lower than in other lakes due to

the significant qualitative and quantitative depletion of macrozoobenthos with depth.

Acknowledgements



The Authors thank Doctor Mateusz Augustyniak for his assistance with statistical analyses and
two anonymous Reviewers for valuable comments and remarks, which enabled the

improvement of the previous version of the manuscript.

References

Armitage P.D., Cranston P.S., Pinder L.C.V., 1995, The Chironomidae biology and ecology of
non-biting midges, Chapman & Hall, London, 572 pp.

Behrend R.D.L., Takeda A.M., Gomes L.C., Fernandes S.E.P., 2012, Using oligochaeta
assemblages as an indicator of environmental changes, Braz. J. Biol. 72 (4): 873-884.

Bek, M.A., Lowndes, I.S., Hargreaves, D.M., Negm, A.M. (2018). Lakes and Their

Hydrodynamics. In: Negm, A., Bek, M., Abdel-Fattah, S. (eds) Egyptian Coastal Lakes
and Wetlands: Part I. The Handbook of Environmental Chemistry, vol 71. Springer,
Cham. https://doi.org/10.1007/698 2018 261

Bittel L., Grimm S., Ochocki S., 1965, The horizontal distribution of zooplankton in the Lake
Jeziorak, Zesz. Nauk. UMK 1: 3-19. (in Polish)

Callisto M., Goulart M., Barbosa F.A.R., Rocha O., 2005, Biodiversity assessment of benthic
macroinvertebrates along a reservoir cascade in the lower Sdo Francisco river
(northeastern Brazil), Braz. J. Biol. 65: 229-240.

Caraco, N.F., Cole, J.J., 2002, Contrasting impacts of a native and alien macrophyte on
dissolved oxygen in a large river, Ecol. Appl. 12: 1496-1509.

Ciutat A., Weber O., Gerino M., Boudou A., 2006, Stratigraphic effects of tubificids in
freshwater sediments: a kinetic study based on X-ray images and grain-size analysis, Acta
Oecologica 30(2): 228-237.

Clements W.H., Kiffney P.M., 1993, Assessing contaminant effects at higher levels of
biological organisation, Environ. Toxicol. Chem. 13: 357-359.

Cooper C.M., Knight L.A., 1985, Macrobenthos - sediment relationships in Ross Barnett
Reservoir, Mississippi, Hydrobiologia 126: 193-197.

Declerck S., Vandekerkhove J., Johansson L. and others, 2005, Multi-group biodiversity in

shallow lakes along gradients of phosphorus and water plant cover, Ecology 86: 1905-1915.

Dos Santos N.C.L., de Santana H.S., Dias R.M., Borges H.L.F., de Melo V.F., Severi W.,
Gomes L.C., Agostinho A.A., 2016, Distribution of benthic macroinvertebrates in a
tropical reservoir cascade, Hydrobiologia 765: 265-275.

Graneli W., 1979, The influence of Chironomus plumosus larvae on the oxygen uptake of



sediment, Arch. Hydrobiol. 87: 385-403.
Hammer, @., Harper, D. A. T., & Ryan, P. D. (2001). PAST: Paleontological Statistics Software
Package for Education and Data Analysis. Palaeontologia Electronica, 4(1): 1-9.

http://palaeo-electronica.org/2001 1/past/issuel 01.htm

Hargeby A., Andersson G., Blindow I., Johansson S., 1994, Trophic web structure in a shallow
lake during a dominance shift from phytoplankton to submerged macrophytes,
Hydrobiologia 279/280: 83-90.

Hellawell J.M., 1986, Biological indicators of freshwater pollution and environmental

management, Elsevier, London, 546 pp.

Kajak Z., 1998, Hydrobiologia — Limnologia. Ekosystemy wod $roédladowych, PWN,
Warszawa (in Polish).

Kentzer A., 2001, Fosfor 1 jego biologicznie dostepne frakcje w osadach jezior roznej trofii,
Rozprawa habilitacyjna, UMK, Torun, 111 pp. (in Polish)

Kubiak J., Machula S., 2013, Water thermal regimes in selected antropogenic resorvoirs in
Western Pomerania. Oceanological and Hydrobiological Studies 42: 155-163.

Nieto C., Ovando X.M.C., Loyola R., lzquierdo A., Romero F., Molineri C., Rodriguez
J.,, Martin P. R., Fernandez H.,Manzo V., Miranda M.J., 2017, The role of

macroinvertebrates for conservation of freshwater systems. Ecol Evol. 7: 5502-5513.

Nyman M., Korhola A., Brooks S.J., 2005, The distribution and diversity of Chironomidae (Insecta:
Diptera) in western Finnish Lapland, with special emphasis on shallow lakes, Global Ecol.
Biogeogr. 14: 137-153.

Ozkan N., 2024. Roles of benthic macroinvertebrates in the food web. Proceedings of VI.
International Agricultural, Biological & Life Science Conference, Edirne, Turkey:184-193.

Petridis D., Sinis A., 1997, The benthic fauna of Lake Mikri Prespa, Hydrobiologia 351: 95-
105.

Phipps G.L., Mattson V.R., Ankley G.T., 1995, Relative sensitivity of three freshwater benthic
macroinvertebrates to ten contaminants, Arch. Environ. Con. Tox. 28: 281-286.

Prat N., Real M., Rieradevall M., 1992, Benthos of spanish lakes and reservoirs, Limnetica 8:
221-229.

Raczynska M., Kubiak J., 2003, Warunki hydrochemiczne jezior Szczecinskiego Parku
Krajobrazowego ,,Puszcza Bukowa”, Acta Sci. Pol., Piscaria 2(2)2003: 97-116 (in
Polish).

Rasmussen J.B., 1988, Littoral zoobenthic biomass in lakes, and its relationship to physical,
chemical and trophic factors, Can. J. Fish. Aquat. Sci. 45: 1436-1447.

8


http://palaeo-electronica.org/2001_1/past/issue1_01.htm

Real M., Prat N., 1991, Changes in the benthos of five Spanish reservoirs in the last 15 years,
Verh. Internat. Verein. Limnol. 24: 1377-1381.

Reynoldson T.B., Bailey R.C., Day K.E., Norris R.H., 1995, Biological guidelines for
freshwater sediment based on BEnthic Assessment of SedimenT (BEAST) using a
multivariate approach for predicting biological state, Aust. J. Ecol. 20: 198-219.

Risnoveanu G.,Vadineanu A., 2002, Observations on the population dynamics of Potamothrix

hammoniensis (Michaelsen, 1901) (Tubificidae, Oligochaeta) in Lake Isacova, in the
Danube Delta, Hydrobiologia 479: 23-30.

Rodriguez P., Martinez M.M., Arrate J.A., Navarro E., 2001, Selective feeding by the aquatic
oligochaete Tubifex tubifex (Tubificidae, Clitellata), Hydrobiologia 463: 133-140.

Scheffer M., 1998, Ecology of shallow lakes, Chapman and Hall, London, 357 pp.

Severiano S., Lima E.R.P., Lucena-Silva D., Rocha D.K.G., Verissimo M.E.S., Figueiredo
B.R.S., Barbosa J.E.L. and Molozzi J., 2023. The role of bioturbation triggered by benthic
macroinvertebrates in the effectiveness of the Floc & Lock technique in mitigating
eutrophication. Water Research 246; https://doi.org/10.1016/j.waters.2023.120691

Svensson J.M., Leonardson L., 1996, Effects of bioturbation by tube-dwelling chironomids
larvae on oxygen uptake and denitrification in eutrophic lake sediments, Freshwater Biol.
35: 289-300.

Tolkamp H.H., 1980, Organism-substrate relationship in lowland streams, Thesis Agricultural
University Wageningen, The Netherlands, 211 pp.

Zbikowski J., Kobak J., Zbikowska E., 2010, Is Nuphar lutea (L.) Sm. a structuring factor for
macrozoobenthos and selected abiotic parameters of water and bottom sediments
throughout the year? Aquat. Ecol. 44(4): 709-721.



Fig. 1. Location of sampling sites in Lake Urowiec
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Table 1. Secchi disc visibility and water temperature (average values) on the particular depths

of Lake Urowiec

Parameter

Depth (m) 25 | 5 7 9 10 11 15 20 30

Secchi depth (m) 28

- average '
Secchi depth (m) ]

- range 1.0-51
Temperature (°C)

- surface 16.2 | 16.0 16.0 15.9 15.8 15.8 15.8 15.8 15.8
Temperature (°C)

- bottom

154 | 125 8.9 8.1 7.7 7.3 6.4 5.8 5.3
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