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Effect of substrate change on macrozoobenthos structure
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Abstract. The aim of the study was to determine the impact of the increase in the organic matter content in the bottom sediments
on the benthic fauna structure. The research was carried out in a strongly rheolimnic the Wtoctawek Dam Reservoir (Poland). The
samples were taken on eight dates from March 1988 to February 1989. The sampling sites were located at the following depths: 1
m,2m,5m,8 mand 10 m.

The organic matter content in the bottom sediments increased with depth from 0.6% at a depth of 1 m to 13.2% at a 10 m depth.
To a depth of 8 m, the bottom fauna was relatively rich in quality. The significant decline in the diversity and, above all, the number
of taxa of the macrozoobenthos groups, only at a depth of 10 m were found. In turn, the abundance (density and biomass) of the bot-

tom fauna increased with depth of the site.

The analysis of the increase in Oligochaeta abundance with depth suggests that at the level of about 4% of the organic matter
content in the bottom sediments, the food conditions are no longer a factor limiting the Oligochaeta occurrence.
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1. Introduction

Benthic macroinvertebrates play extremely important role
in the functioning of aquatic ecosystems (Graneli, 1979;
Wisniewski & Planter, 1985; Svensson & Leonardson,
1996; dos Santos, 2016). Moreover, they can clearly reflect
the ecological conditions of the aquatic ecosystems they
inhabit (Callisto et al., 2005; Behrend et al., 2012). Due to
their weak moving ability, the bottom fauna is a very good
indicator reflecting also changes in an aquatic ecosystem
(Moreno & Callisto, 2006). Thus, identifying the spatial
distribution of benthic macroinvertebrates allows determi-
nation of their responses to environmental gradients (Wills
et al., 2006; Angradi et al., 2009; Pelletier et al., 2010).
The distribution of aquatic macroinvertebrate species
and communities is controlled by a variety of environmen-
tal factors such as depth, water quality (Hellawell, 1986),

substrate type (Reynoldson et al., 1995; Chapman et al.,
1997), sediment grain size (Tolkamp, 1980), organic mat-
ter content in sediments (Rodriguez et al., 2001; Ciutat
et al., 2006) or contaminants (Clements & Kiffney, 1993;
Phipps et al., 1995). The occurrence of macrophytes is also
of great importance for macrozoobenthos (Hargeby et al.,
1994; Scheffer, 1998; Declerck et al., 2005), as well as the
presence of a “coarse” detritus (particle diameter > 480
pm) in sediments (Moss & Timms, 1989; Kornijow et al.,
1995; Merritt et al., 2002) which arise mainly from plant
decomposition. Their impact relates, among other things,
to improved nutritional and habitat conditions for macro-
zoobenthos. Because of the relationships and dependen-
cies between all the above mentioned factors shaping the
zoobenthos structure it is difficult to specify which one
plays the most important role. According to many authors,
the oxygen conditions near the bottom and the quality and
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availability of food are of the utmost importance (Sieg-
fried, 1984; Cooper & Knight, 1985; Rassmusen, 1988;
Real & Prat, 1991; Prat et al., 1992).

With the increase in the water depth significant de-
creases in the number of taxa and diversity and sometimes
also in the abundance of bottom fauna are noted. It is diffi-
cult to identify the main cause of horizontal changes in the
macrozoobenthos structure as the depth increase results
in changes in many different above mentioned factors in-
fluencing this structure.

However, to some extent, such a possibility exists
in the highly rheolimnic the Wloctawek Dam Reservoir.
The right shore zone of the reservoir is characterized by
a high inclination angle of the bottom. Due to the high
water dynamics in this part of the reservoir, resulting from
the flow of Vistula river waters through the reservoir, the
values of most of the abiotic water parameters, including
those very important in shaping the bottom fauna struc-
ture, such as its oxygenation above the bottom, do not
show significant differences despite the marked increase
in depth except for the deepest site (Zbikowski, personal
information). The only abiotic parameter showing signifi-
cant horizontal changes, and at the same time important
in shaping the macrozoobentos structure, is the substrate
type. Namely, as the depth increases, there is an increase
in the organic matter content in the bottom sediments. This
provides an excellent opportunity to evaluate the impact
of this parameter on macrozoobenthos structure.

The aim of this study is therefore to determine the im-
pact of the increase in the organic matter content in the
bottom sediments on the benthic fauna structure. We put
forward the following working hypotheses: 1. the high
water dynamics in the reservoir will allow a deeper oc-
currence of taxa considered to be typical for the littoral
zone, sensitive to oxygen deficiency; 2. the increase in the
organic matter content at the bottom will result in the in-
crease in the share of Oligochaeta in the total macrozoo-
benthos density.

2. Study area

The Wtoctawek Dam Reservoir (WDR) was created
in 1970 and is situated between the 618th and the 675th
kilometre of the Vistula river course (Fig. 1). It is the larg-
est Polish reservoir with respect to surface area and the
second largest considering volume, so the WDR is one
of the greatest midland water bodies in Poland. The basic
morphometric parameters of the WDR, according to Grze$
(1983) are the following: surface area 75 km?, total vol-
ume 400 mln m?, usable volume 55 mln m?, mean width
1,210 m (range 500-2,500 m), mean depth 5 m (maximum
15 m), mean water flow 900 m® s™'.

The WDR is a strongly rheolimnic reservoir (run-off-
river reservoir), of very elongated, riverine, channel-like
shape, characterized by extremely short water residence
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Figure 1. Location of the sampling stations in the Wioctawek Dam Reservoir. 1, 2, 3, 4, 5 — sampling stations
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time (ca. 47 days). It is a highly eutrophic water body
(Zytkowicz et al., 1990; Kentzer et al., 1999), but many
negative consequences of the high trophic level are re-
duced by its hydrodynamic conditions, such as the high
water flow rate and intensive wind mixing resulting from
the large area and high exposure to the wind. For exam-
ple, the lack of a strong, long-lasting thermal stratification
results in relatively good oxygen conditions at the bottom
of the reservoir. A very important factor, influencing the
hydrological conditions in the reservoir, is its small usable
volume (14% of the total volume), resulting in low fluctua-
tions of the water level — usually below 0.5 m (Zbikowski
et al., 2007).

In the study area the shore of the WDR is high and
steep. Below the water table there is a very short (about
2-3 m), shallow and sandy shore-platform after which the
bottom drops rapidly to a maximum at this region depth
of 10 m (Fig. 1). As already mentioned, the analyzed area
is characterized by strong homogenisation of its environ-
mental conditions. In addition, there are no macrophytes
and “coarse” detritus particles in this zone.

3. Materials and methods

The samples were taken on eight dates: March 21th, April
25th, June 20th, July 28th, August 30th, September 22th,
November 8th in 1988 and February 27th in 1989. The
sampling sites were located at the following depths: 1 m
(st. 1), 2 m (st. 2), 5 m (st. 3), 8 m (st. 4) and 10 m (st. 5)
(Fig. 1). Site 1 was on the sandy shore platform, while
sites 2 and 3 at the sandy-muddy very steep bottom, yet
relatively close to the shore were located. Sites from 1
to 3 were originally on the land areas, flooded by the
damming of water after the dam reservoir was built. In
contrast, sites 4 and 5, with muddy bottom, were located
in the former Vistula river bed, the latter approx. 100 m
from the shore.

To collect the bottom fauna at depths of 1 m and 2 m
a core sampler was used (catching area of 22.5 cm?, 10
pooled samples), whereas at the deeper sampling stations,
due to a high abundance of the bottom fauna, a Kajak core
sampler with the catching area of 40 cm? (4-5 pooled
samples) was used. The samples were sieved through
a 0.5 mm mesh size and the collected macrozoobenthos
was preserved with 4% formaldehyde. To assess the fresh
biomass of the benthic invertebrates, preserved animals
were dried on blotting paper and weighed to the near-
est 0.0001 g with an analytical scales PRL T A13 (Po-
land). The Chironomidae larvae were determined on the
basis of Wiederholm (1983), while taxonomic identifica-
tion of Mollusca was carried out using keys by Piechocki
(1979) and Piechocki and Dyduch-Falniowska (1993).
In order to assess the organic matter content in the bot-

tom sediments, their surface layer (0—5 cm) was taken
by means of Kajak core sampler with an area of 10 cm?.
This parameter was measured by igniting dried sediments
at 550°C for 2 hours.

4. Results

The organic matter content in the bottom sediments in-
creased with depth. At a depth of 1 m, it was 0.6%, at
a depth of 2 m — 1.9%, at a depth of 5 m —3.7%, at a depth
of 8 m — 7.0% and at a depth of 10 m — 13.2% of the dry
mass of the sediments.

Bottom fauna

Over the course of the study 34 macrozoobenthos taxa
were found (Table 1). The number of taxa was comparable
at depths of 1 m to 8 m (range from 22 to 27) and clearly
lower at a depth of 10 m (14 taxa). In turn, the diversity
of benthic fauna (Shannon index) was similar (from 1.29
to 1.42) at depths of 1 m, 8 m and 10 m and higher than
at depths of 2 m and 5 m (0.69; 0.94, respectively).

The density of benthic fauna increased with depth.
(Table 1). The rapid increase in this parameter occurred to
a depth of 5 m (from 22 thous. ind. m? to 81.5 thous. ind.
m?2), while at depths of 5 to 10 m the zoobenthos density
was comparable (from 81.5 thous. ind. m? up to 93 thous.
ind. m?). Oligochaeta dominated at all sites (especially
at depths of 2 m and 5 m). They accounted for 72% to
91% of the total zoobenthos density. Chironomidae larvae
(especially at a depth of 1 m — ca. 19%) and Mollusca
(mainly at depths of 8 m and 10 m — about 20%) were
also important groups of the bottom fauna.

In contrast to the density, clear differences in the to-
tal zoobenthos biomass between the sampling sites were
found (Table 2). To a depth of 8 m there was a marked in-
crease in the value of the discussed parameter (from about
300 g m to about 1000 g m?), while at a depth of 10 m the
decrease in the total bottom fauna biomass (approx. 600
g m?) was noted. Mollusca clearly dominated at all sites.
The share of this group of zoobenthos was comparable at
depths of Im to 8 m (over 90% of the total zoobenthos
biomass) and higher than at a depth of 10 m (75%). The
opposite situation was found in the case of Chironomi-
dae larvae and Oligochaeta. The share of these organisms
in the total biomass of bottom fauna at a depth of 10 m
was at least twice as high as at the other sites. However,
it should be noted that Mollusca were weighed together
with their shells, which contributed to the overestimation
of their biomass. For this reason, the zoobenthos biomass
without Mollusca was also calculated. The values of this
parameter increased with the depth (Table 2) and ranged
from 25 g m? (1 m) to 154 g m? (10 m).
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Chironomidae

Among the Chironomidae larvae, 14 taxa were distin-
guished. The largest taxonomic richness was found at
a depth of 1 m (11 taxa). The number of taxa at the other
sampling sites was lower and comparable (from 6 to 8).
The Shannon diversity index values were similar at depths
of 1 m to 8 m (from 1.82 to 2.11) and clearly higher than
at a 10 m depth (1.12). The chironomid densities at depths
of 1 m, 5 m, 8 m, and 10 m were similar (from 3,252 ind.
m? to 5,495 ind. m?). Slightly lower values of this param-
eter were found at a 2 m depth (1,990 ind. m™).

Among the chironomids Chironomus sp. and Procla-
dius sp. larvae dominated. Their share increased with the
depth (together from 17% to 98% of the total chironomid
density) (Fig. 2). The shallower parts of the reservoir were
characterized by a higher share of taxa such as Glypto-
tendipes sp., Cryptochironomus sp., Dicrotendipes sp. and
Cladotanytarsus sp. larvae. The latter were present only at
a depth of 1 m. Polypedylum gr. nubeculosum larvae were
also relatively numerous. Their share at depths from 1 m
to 5 m was similar (approx. 12%) and nearly twice lower
than at 8 m depth (approx. 22%), while at a depth of 10 m
their share was negligible.

The total chironomid biomass at depths of 1 m to 5 m
were comparable (from 4 g m? to 10 g m?) and clearly
lower than at depths of 8 m and 10 m (28 g m?and 64 g
m?2, respectively).

Mollusca

The number of Mollusca taxa was similar at depths of 1 m
to 8 m (89 taxa) and twice smaller at a 10 m depth
(4 taxa) (Table 1). The diversity of this group was higher
at depths of 1 m (1.39) and 2 m (1.29), lower and similar
at the greater depths ranging from 0.94 to 1.03. The Mol-
lusca density increased rapidly to a depth of 8 m (from
1,006 ind. m? to 19,402 ind. m?), while at depths of 8 m
and 10 m the values of this parameter were comparable
(approx. 18-19 thous. ind. m?).

Among Mollusca small clams Sphaerium sp. and Pi-
sidium sp. dominated. The share of Sphaerium sp. was
comparable at each sampling sites and ranged from 65%
to 83% of the total Mollusca density, while the share of Pi-
sidium sp. increased with depth from 1% to 34%. Valvata
naticina was also quite numerous, especially at depths of 5
m and 8 m as well as Viviparus viviparus mainly at depths
of I mand 5 m.

As in the case of density, the significant increase in the
molluscan biomass to a depth of 8 m (from 282 g m? to
956 g m?) was found. In turn, at a depth of 10 m the bio-
mass was twice lower than at 8 m depth.

Hirudinea

The number of Hirudinea taxa was comparable at depths
of 1 m to 8 m (from 4 to 6) and twice higher than at 10 m

Table 1. Taxonomic composition, number of taxa and diversity, as well as average density (ind. m?) of the macrozoobenthos at the

particular depths of the Wloctawek Dam Reservoir

Macrozoobenthos Depth: 1m 2 m 5m 8 m 10 m
CHIRONOMIDAE

Shannon index 1.82 2.11 1.82 1.91 1.12
Number of taxa 11 7 8 8 6
Chironomus sp. 691 670 549 1578 2913
Procladius sp. 8 125 1834 1850 2483
Glyptotendipes sp. 2422 723 338 331 66
Polypedylum nubeculosum 493 235 402 1081 11
Cryptochironomus sp. 114 193 43 35 5
Dicrotendipes sp. 136 30 32 26 0
Cladotanytarsus sp. 135 0 0 0 0
Parachironomus arcuatus 16 3 0 6 6
Tanypus sp. 0 0 17 0 0
Cricotopus sp. 11 0 0 0 0
Stictochironomus sp. 8 0 0 0 0
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Macrozoobenthos Depth: 1m 2 m 5m 8 m 10 m
Cladopelma lateralis 0 0 6 0 0
Prodiamesa olivacea 0 0 0 3 0
Tanytarsus sp. 1 0 0 0 0
Chironomidae pupae 57 3 23 29 0
Chironomidae n.d. 32 8 8 12 11
Chironomidae — total 4124 1990 3252 4951 5495

MOLLUSCA
Shannon index 1.39 1.29 1.03 0.94 1.01
Number of taxa 8 9 9 9 4
Sphaerium sp. 714 1205 5685 15780 11757
Pisidium sp. 11 19 207 2582 6063
Valvata naticina 24 16 506 693 183
Viviparus viviparus 79 39 262 188 0
Dreissena polymorpha 159 236 74 29 0
Valvata piscinalis 10 32 46 88 32
Bithynia tentaculata 8 16 51 31 0
Anodonta sp. 0 18 12 0 0
Unio sp. 1 11 8 6 0
Planorbarius corneus 0 0 0 5 0
Mollusca — total 1006 1592 6851 19402 18035
HIRUDINEA
Shannon index 2.26 1.16 1.29 1.49 0.94
Number of taxa 6 4 5 5 2
Helobdella stagnalis 40 100 728 239 0
Glossiphonia hetercoclita 16 34 224 337 11
Glossiphonia complanata 24 3 80 69 0
Boreobdella verrucata 0 6 23 0 0
Herpobdella octooculata 16 0 0 6 6
Haementeria costata 8 0 6 6 0
Cystobranchus respirans 3 0 0 0 0
Hirudinea — total 107 143 1061 657 17
Oligochaeta 16773 39235 70220 65290 69391
Nematoda 75 54 126 91 61
Ceratopogonidae 0 0 0 6 0
ZOOBENTHOS - total

Shannon index 1.42 0.69 0.94 1.42 1.29
Number of taxa 27 22 24 25 14
Zoobenthos — density 22085 43014 81510 90397 92999
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depth (2 taxa). Although the greatest diversity of this group
was recorded at a depth of 1 m (2.26) and the lowest at
a depth of 10 m (0.94), no close relation between this pa-
rameter and the depth was found. The Hirudinea densi-
ties were higher at depths of 5 m and 8 m (1,061 ind. m
and 657 ind. m?, respectively), clearly lower and similar
at depths of 1 m and 2 m (107 ind. m?; 143 ind. m?, re-
spectively) and the lowest at 10 m depth (only 17 ind. m?).

Among Hirudinea Helobdella stagnalis and Glossipho-
nia heteroclita dominated. The highest share of these taxa
in the total Hirudinea density at depths of 2 m, 5 m and
8 m (approx. 90%) was recorded. Glossiphonia compla-
nata (especially at a depth of 1 m — approx. 22%) was also
relatively numerous.

Oligochaeta

The Oligochaeta density was clearly higher and higher to
a depth of 5 m (from 17 thous. to 70 thous. ind. m?) while
at depths of 5 m to 10 m the values of this parameter were
now comparable (from 65 thous. to 70 thous ind. m?). In
turn, the Oligochaeta biomass increased with depth from
14 g m? (1 m) to 89 g m? (5 m).

To sum up, to a depth of 8 m, the bottom fauna of the
reservoir under study was relatively rich in quality. The
significant decline in the diversity and, above all, the num-
ber of taxa of the macrozoobentos groups, were found only
at a depth of 10 m. In turn, the abundance (density and bio-
mass) of the bottom fauna increased with depth of the res-
ervoir. This parameter (especially biomass) showed clear
differences between the sampling sites.

5. Discussion

The results of this study have shown that the macrozoo-
benthos was diverse and abundant even at relatively large
depths. This was a consequence of the deeper occurrence

of taxa sensitive to low oxygen concentration which usual-
ly inhabit only the shallow, littoral zone. One of the possi-
ble explanations could be a high water dynamics in a reser-
voir, providing good oxygenation of near bottom water.
However, it should be stressed that most probably anoth-
er important factor facilitating deeper penetration of the
benthic animals was also the large inclination angle of the
reservoir bottom resulting in small horizontal distances be-
tween the sampling sites and allowing to slip some benthic
invertebrates down the slope.

As the depth increased, there was the increase in the
organic matter content in the bottom sediments. This is
a typical feature of water bodies (Kajak, 1988). The values
of that parameter at the shallower depths were small prob-
ably due to the high water dynamics and, consequently,
the low intensity of sedimentation processes, as well as the
favorable conditions (good oxygenation) for mineralization
of the organic matter at the bottom. The highest organic
matter content was found in the sediments at depths of
8 m and 10 m. Probably this is due to the fact that only
these two sites were located in the former Vistula river bed.
The values of this parameter were typical of the muddy
bottom sediments of dam reservoirs (Zbikowski, 1995).

The substantial decrease in the species richness of the
total bottom fauna, as well as a relatively low diversity
of the analyzed zoobenthos groups were found only at
a depth of 10 m. It was probably the consequence of the
deterioration of the aerobic conditions over the bottom.
According to Merritt et al. (2002) even short-lived oxygen
deficiencies can be effective in reducing the occurrence
of less tolerant benthic animals.

The analysis of the macrozoobenthos taxonomic com-
position in the deeper parts of the reservoir may raise some
doubts. On one hand, the dominance of Chironomus sp.
and Procladius sp. larvae among Chironomidae, as well
as Sphaerium sp. and Pisidium sp. among Mollusca, in-
dicate poor habitat conditions. According to the literature
data, these organisms are extremely tolerant, resistant to

Table 2. The average biomass (g m™) of the macrozoobenthos at the particular depths of the Wloctawek Dam Reservoir

Macrozoobenthos Depth: 1m 2m Sm 8§ m 10 m
Mollusca 282.37 522.40 783.95 955.47 463.53
Oligochaeta 14.24 38.18 54.16 70.43 89.32
Chironomidae 10.23 4.37 8.94 28.51 64.26
Others* 1.06 0.89 3.16 3.46 0.76
ZOOBENTHOS - total 307.90 565.84 850.21 1057.87 617.87
ZOOBENTHOS — without Mollusca 25.53 43.44 66.26 102.40 154.34

* Hirudinea, Nematoda, Ceratopogonidae
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unfavorable environmental conditions, especially low oxy-
gen concentration in water or presence of toxic substances
(Piechocki & Dyduch-Falniowska, 1993; Armitage et al.,
1995; Nyman et al. 2005). On the other hand, at the same
depths, the relatively large abundance of taxa considered
to be typical of littoral zone, intolerant of low oxygen level
in water, was found. This refers both to Hirudinea (espe-
cially Glossiphonia heteroclita and Helobdella stagnalis)
and to Gastropoda (especially Valvata sp.). The interpreta-
tion of the above inconsistencies is not easy. Perhaps the
dominance of taxa considered tolerant and resistant does
not necessarily indicate very poor habitat conditions. How-
ever, another possible explanation is that sensitive species
that require good water oxygenation, as a result of the in-
creasing eutrophication of water bodies, extend the range
of their tolerance and adapt to less favorable habitat condi-
tions. The above contradictions indicate the need to con-
tinue the research aimed to investigate the relationship be-
tween benthic organisms and their habitat.

The favorable habitat conditions in the studied area
of the reservoir were also confirmed by very large abun-
dance of the macrozoobenthos. The density and biomass
of the benthic fauna increased with depth. Oligochaeta
dominated in this respect, which is characteristic of most
dam reservoirs (Dusoge et al., 1990; Real et al., 1993; Di
Giovanni et al., 1996; Shao et al., 2006; Findik, 2013;
Georgieva & Uzunov, 2015). The strong dominance of this
zoobenthos group has now been recorded at depths of 1 m
and 2 m, which seems to be quite surprising, due to the
very low organic matter content in the bottom sediments at
these sites. The analysis of the horizontal increase in Oli-
gochaeta abundance suggests that at depths of up to 5 m,
the limiting factor for their existence could be food short-
age. In turn, at depths of 5 m to 10 m, despite the further
increase of the organic matter content in the sediments,
the Oligochaeta density was similar. Therefore the results
indicate that at the level of about 4% of the organic matter
content in the bottom sediments, the food conditions are no
longer a factor limiting the Oligochaeta occurrence.

6. Conclusions

As mentioned earlier, the taxonomic composition and
abundance of bottom fauna depend on many environmen-
tal factors. Most researchers agree that among these fac-
tors, oxygen and food conditions are of great importance.
The results of this research may suggest that the reduc-
tion in diversity and abundance of macrozoobenthos with
depth, observed especially in eutrophic water bodies, is
most likely due to poor oxygen conditions near bottom
rather than limitation of food availability. The confirma-
tion of this hypothesis could be the occurrence of diverse
and abundant the bottom fauna at the greater depths, de-

spite the relatively low organic matter content in the bot-
tom sediments.
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