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Summary. In a fourth order stream section of a lowland river with a strongly modified hydro-
logic regime (summarizing effect of impoundment and short term daily but abrupt releases of water)
resembling the fluctuations of rivers below storage electricity plants, the seasonal and spatial dy-
namics of the benthic (BPOM) and transported (TPOM) particulate organic matter over the annual
cycle was analysed. This hydrologic regime produced a mosaic of patches with different stabilities
on the river bed below the dam, which was reflected in the spatial and seasonal dynamics of the
benthofauna and in the composition of organisms in the drift.
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INTRODUCTION

The whole pool of organic matter in a given river section is a total of matter
inputs from various sources and the primary “in situ” production. Because organic
matter constitutes the main food sources for microorganisms and detritivorous
consumers, which are the main “route” along which the matter is transferred to
higher trophic levels, the main seasonal quantitative changes in various habitats,
processes of decomposition (fragmentation), and the role of water organisms in its
transformation constitute the subject of research in numerous riverine ecosystems
[20, 31, 32, 35].
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The aim of the study was to assess the seasonal dynamics of different types of
organic matter, both of allochthonous and autochthonous origin, in some domi-
nant habitats of a lowland river of strongly disturbed hydrologic regime and the
response of the benthic fauna, also the migration via drift, to such changes.

STUDY AREA

The lowland Drzewiczka River is part of the Vistula drainage basin. The Drze-
wiczka River rises at 248 m a.s.l, is 81.3 km long and empties into the Pilica
River at 130 m a.s.1. Its catchment area is ca. 1083 km? and the slope ranges from
2.7-2.5% in the upper reaches to 0.8-0.7% in the middle and lower course. The
study area (20°28° E and 51°27° N) was established within a fourth order stream
section, 28 km upstream of the mouth and 1.5 km downstream of the dam reser-
voir. This reservoir, called Lake Drzewieckie, has an area of (.84 km?, and was
constructed between 1932-1936, mainly in order to supply water to a metallurgic
factory and for recreation. In 1980 a wild-water slalom canoeing track (W-WSCT,
about 2 km long) of a mountainous character was built just below the dam reser-
voir. Due to these constructions the hydrological regime of the river downstream of
the dam became very variable and decisively different from the natural one. Every
day, mainly in the afternoon, over a two hour period, a large volume of water (3-5
times exceeding the median) was released to enable the training of canoeists.

In the 160 m long study site, 5 different dominant habitats, on average 0.5 m
deep, were identified (the figure of the study area is presented in [27]):

H, — this habitat is located on the left side of the river, close to the end of the
W-WSCT (the upper habitat). The average current velocity was 0.37 m s™ (range
0.20-0.55), average substrate index (SI) 8.9 mm (range 6.5-12.4), average benthic
chlorophyll a density 114.9 mg m™ (range 17.2-305.8),

H; — located along the left bank, was a depositional (stagnant) habitat, a very
low flow area with a large amount of fine and coarse particulate organic matter
and covered with emerged macrophytes; average SI was 8.1 mm (range 6.1-13.6),
average benthic chlorophyll a density 380.1 mg m™ (range 108.1-999.3),

Hj — this habitat was the most dominant in the investigated study area. Vege-
tation cover included large patches of Potamogeton lucens L. and Potamogeton
crispus L. Small patches of Potamogeton pectinatus L. also covered the riverbed
of this habitat (the macrophyte habitat). Cladophora glomerata (L.) Kutz fila-
ments coated these macrophytes, especially in June; average current velocity was
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0.33 m s (range 0.12-0.60), average SI 1.0 mm (range 0.2-2.4). Chlorophyll a
concentration in periphyton and epiphyton was 259.9 mg m™ (range 72.9-589.7).

H, — along the left bank (the bank habitat). Average current velocity was 0.37
ms™' (range 0.11-0.64), average SI 14.7 mm (range 3.6-23.6), average chlorophyll
a concentration in periphyton was 168.7 mg m™ (average 13.9-436.9),

H;s — consisted of an erosional, high-flow area along the right bank (the riffle);
average current velocity 0.56 m s (range 0.34-0.81); average SI was 10.8 mm
(range 6.2-14.8). Benthic chlorophyll a concentration was 107.4 mg m™ (range
15.6-240.3).

It is worth noting that the Drzewiczka River flows through agricultural land
overgrown by numerous grasses; the riparian trees were characterised mainly by
Alnus glutinosa (L.) Gaertn. and Populus sp.

MATERIAL AND METHODS

Benthic samples from the five sampling habitats were collected in the Drze-
wiczka River monthly, in the morning, from November 2000 to October 2001.
Ten samples were collected with a 10 cm? (100 cm? of stream-bed area); a tubular
sampler was used at each earlier described habitat (H,).

In each habitat (H,) temperature, depth, current speed, area of the habitat were
measured and presence of macrophytes was noted.

On the basis of obtained samples the following characteristics were estimated:

- the population parameters of zoobenthos,

- scale of inorganic particle size classification [9].

On the basis of these data the single inorganic substrate index was calculated —
SI [25], and amounts of benthic particulate organic matter (BPOM) were estimated.
Using sieves and filters this organic matter was divided into two fractions: [23]:
coarse (BCPOM > 1 mm) and fine particulate organic matter (BFPOM < 1 mm).

In order to estimate amounts of both fine and coarse transported organic mat-
ter and number of drifting macroinvertebrates three nets were mounted on 0.5x0.7
m frames and were 1.5 m in length; they were put into each habitat for ten min-
utes; see details in [16]. Collected coarse material was divided into three frac-
tions: terrestrial plants (allochthonous matter), unidentified detrital material (detri-
tus and others) and autochthonous matter (mainly Potamogeton). To measure total
amounts of transported organic matter (TPOM) triplicate water samples were
collected in 10 I plastic bags. These samples were filtered through Whatman fil-
ters; see details in [16].
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Migrating macroinvertebrates from nets were sorted, identified, counted and
then recalculated for 100 m>; see details in [13].

Additionally benthic samples of 50 cm* each were also taken at each location
in order to estimate chlorophyll a concentration. Periphyton was measured as
chlorophyll a concentration using the Golterman et al. method [12].

All statistical analyses were carried out using CCS Statistica [26]; see details
in [16].

RESULTS

Environmental variables

Significant statistical differences between given habitats were recorded be-
tween particular habitats over the annual cycle in current velocity, granularity of
inorganic substrate, benthic coarse particulate organic matter (BCPOM) and
transported fine particulate organic matter (TFPOM), amount of periphyton on the
river bottom and degree to which the bottom was overgrown by macrophytes
(Tab. 1). Submerged macrophytes (mostly Potamogeton) occurred only in the
main channel (Hj).
Table 1. A one-way ANOVA was used to determine significant differences of given environmental

parameters between five habitats of the Drzewiczka River (df = 4;55) and between dates (November
2000-October 2001, df = 11;48)

Habitats Time
Statistics F P F P

Parameters

Depth (m) 1.727 0.157 6.685 0.000
Current velocity (m s™) 43.561 0.000 0.260 0.990
SI (mm) 88.578 0.000 0.074 0.999
BFPOM (g m?) 2.248 0.076 3.329 0.002
BCPOM (g m™?) 20.777 0.000 0.349 0.970
TFPOM (g m™) 2.759 0.037 6.041 0.000
TCPOM (g m™) 1.092 0.369 2.371 0.020
Detritus and others (g m™) 3.099 0.023 1.009 0.453
Autochthonous matter (g m™) 1.998 0.107 0.760 0.677
Allochthonous matter (g m™) 0.353 0.840 3.790 0.001
Chlorophyll a (mg m?) 6.630 0.000 3.040 0.004

SI — granularity of inorganic substrate index, two benthic particulate organic matter (BPOM) frac-
tions: coarse (BCPOM) and fine (BFPOM) and two transported particulate organic matter fractions
(TPOM): coarse (TCPOM) and fine (TFPOM), chlorophyll a concentration in periphyton.
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Seasonal and spatial dynamics of the benthic (BPOM) and transported
(TPOM) particulate organic matter

The amount of fine particulate benthic and transported POM decisively varied
from season to season (Fig. 1). Fine particulate organic matter dominated in the
BPOM of each habitat; its highest values being recorded in bottom overgrown by
emerged macrophytes (BFPOM constituted over 60% of BPOM), while the low-
est amounts of benthic POM (ten and several percent each) were detected at the
fast current habitat (Hs) and in the habitat closest to the dam (H,).

Over the annual cycle the lowest percentages of BCPOM in total benthic
POM (ten and several percentages each) were recorded in the reophilous habitats.
In these habitats a high fluctuation in BCPOM amount deposited on the bottom
was observed: at Hy (variability coefficient of 69%), Hs (98%, respectively) and
H, (73%); consequently, high current speed did not contribute to CPOM retention
(Table 2).

Table 2. Pearson "r" correlation coefficients between abiotic and biotic parameters, also between
benthos density, in the investigated habitats

River parameters

Depth (m)

Current velocity (m s™) -BFPOM*, -BCPOM***, -TFPOM*, -TCPOM?*,
-chlorophyll g ***

SI (mm) Substrate garnularity -BCPOM***, -macrophytes***, -chlorophyll a*

Macrophytes BCPOM*, TCPOM*
Chlorophyll a BCPOM*

Taxa

Oligochaeta -SI+*, BCPOM**, chlorophyll a*
Ephemeroptera

Simuliidae -SI¥*, BCPOM*, macrophytes *

Chironomidae: Tanypodinae ~ TCPOM*
Chironomidae: Orthocladiinae cur. vel..***, -BCPOM*

Chironomidae: Chironomini ~ -SI*, chlorophyll a *
Chironomidae: Tanytarsini
Trichoptera SI**_ cur. vel, *** -BCPOM***, -chlorophyll @ **

Significance level of correlation coefficient:*P < 0,05, ** P < 0,01, *** P < 0,001; cur. vel. — cur-
rent velocity, other explanations as in Table 1

In transported POM, fine particulate organic matter (TFPOM) decisively
dominated, constituting 99% of total TPOM; its amount decisively differed from
habitat to habitat and varied in given habitats over the annual cycle (Tab. 1, Fig.
1). Such temporal differences were also noted in the coarse TPOM, particularly
its allochthonous fraction, and still more so in the autumn-winter season. Alders
and other trees and shrubs of the ecotone zone also considerably contributed to
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TCPOM. As regards autochthonous TCPOM the highest biomass of each sub-
merged macrophyte species was noted at H; in J uly.
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Fig. 1. Seasonal dynamics of benthic (histograms) and transported organic matter (solid line) in the
investigated habitats (H,) of the Drzewiczka River expressed in ash free dry weight (AFDW)
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The values of Pearson "r" correlation coefficient was used to examine the
relationship between abiotic and biotic parameters (Tab. 2).

Benthos and drift

The highest invertebrate density occurred Hj at Hs, only slightly lower in Hy,
and the lowest at H, (Fig. 2). Of Chironomidae, the following taxa dominated:
Orthocladiinae at H;, Hy (where they reached the highest density), H; and Hs,
Chironomini at Hy, H; (maximum density) and Hy, Tanytarsini at Hs, Tanypodi-
nae at H,, Hs (maximum density) and H;, while among other macroinvertebrates
Oligochaeta at habitats H,, H; (maximum density) and H,, Simuliidae at H;, and
Trichoptera: Hydropsychidae at Hs (max. density), Hs and H, and Psychomyidae
at Hs (max. density), Hy and H;.

Most transported organisms in the water column were recorded at habitat H,
and H; (Fig. 2). Among drifting invertebrates Chironomidae decisively domi-
nated; they were such as Orthocladiinae at Hs, H;, Hy and H; (max. density),
Tanytarsini at H, and H; (max. density), Chironomini at H;, and Tanypodinae at
H,. Of the other insects also Simuliidae at H;, H; (max. density), Hy, Hs, H, and
many of Ephemeroptera (mainly Baetis and Caenis) at H, were common compo-
nents of the drift. Oligochaeta were abundant at Hy (max. density) and H, (Fig. 2).

DISCUSSION

Seasonal and spatial dynamics of organic matter in ecosystems affected
by human impact

Dam reservoirs are constructed for various purposes; each of them also pos-
sesses its own specificity determined by geographic, climatic, hydrologic or geol-
ogy of terrain-related conditions. The discharge regime of water released from
Lake Drzewieckie to the river resembles that of storage electricity plants, which
operate according to diurnal fluctuations in energy demand [22, 29]. Conse-
quently, it may be assumed that short-term releases of a “large” water, which is
several times greater than a ‘normal discharge’, modifies the Drzewiczka section
downstream of the dam and the W-WSCT, thus making it very heterogenous in
environmental conditions (patchiness of habitats) and enable a greater number of
co-occurring species to exist [9]. In this section both habitats of high stability, at
which the development of emerged or submerged vegetation prevented the wash-
ing out of organic matter in periods of high flood, as well as typically reophilous
ones, for which high cumulating of POM was not observed, were detected.
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Generally, FPOM dominates both in sediment and in transported POM [16,
21], thus it is important in distributing energy and associated nutrients within
streams at multiple spatial and temporal scales. Particulate transported organic
matter is utilised by organisms filtrating food from the water column, such as
some trichopterans (Hydropsyche), Simuliidae or some chironomid taxa. The
abundance of suspension feeders can increase in response to a supply of food
released from the reservoirs, such as mainly phytoplankton, zooplankton and par-
ticulate organic matter. However, the specimens of this functional trophic group
may remove only a low percentage of suspended matter [3]. The zoobenthos of
the Drzewiczka River did not diverge from the typical structure of rivers below
dams — in those habitats where a possibility of attaching and constructing nets
occurred a considerable abundance of filtrators, Simuliidae and Hydropsychidae
was recorded [30].

Allochthonous organic matter was considerably transported in the Drzewic-
zka, but both the transport and retention depended not only on the kind of matter,
but also on physical features and hydraulics of the habitat. These results are con-
firmed by data from the literature [1]; the retention of coarse particulate organic
matter fluctuates depending on leaf type and increases at the presence of debris
dam and mechanical obstacles.

Macrophytes, periphyton

Macrophytes rarely contribute to the energy budget of a river; also, they are
no food for invertebrates. However, aquatic vascular plants form one of the most
important habitats for many invertebrates, chiefly because they offer relatively
stable and deposit-free surfaces on which it is easy to forage and/or construct
larval cases. Note that macrophytes offer additional surface areas allowing epi-
phytic forms to develop on them. In addition, submerged macrophytes are consid-
ered important refuges from predation and provide a heterogeneous substrate al-
lowing co-existence. Finally, macrophytes may create favourable conditions for
pelophilous zoobenthos by trapping fine particulate organic matter on the bottom
[11, 14, 34]. The composition of phytomacrofauna is dependent on numerous
factors, of which the leaf morphology and plant architecture are important [28].
On the whole, two taxa of dipterans, Chironomidae and Simuliidae, dominate on
aquatic macrophytes in rivers [15, 17]. Also in the Drzewiczka River scrapers
(Orthocladiinae: Cricotopus) and filtering collectors (Simuliidae) dominated in
the epiphytic fauna.
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The index of benthic coarse and fine POM in the Drzewiczka was highest in
the habitat overgrown by submerged macrophytes, which confirms their signifi-
cant role in the cumulating of organic matter. However, despite the retention of
BCPOM at that habitat no significant presence of shredders was detected; it
seems that the relatively high current velocity did not contribute to their develop-
ment. However, by increasing deposition of fine particulate organic matter
macrophytes contribute to the development of other pelophilous form of zooben-
thos [8, 14, 17], represented by Chironomini (Chironomidae) in the Drzewiczka.

In turn, at the Drzewiczka habitat overgrown by emerged vascular plants the
presence of shredders (A. aquaticus) was most pronounced. The percentage of the
specimens of this guild was highest in October, consequently, it correlated with a
great mass of coarse particulate organic matter inputs. Oligochaets and insects:
chironomids (Chironimini) and mayflies (Caenis) were mostly those that col-
lected food from the bottom (gathering collectors) at that stagnant habitat.

Intensive growth of algae (periphyton) in rivers below the dam was mainly
caused by increased availability of nutrients [5]. Riffle habitats of the Drzewiczka
River, with larger inorganic substrateparticles, were classified by the amount of
chlorophyll a, according to Dodds et al. [10], to meso-eutrophic ecosystems;at
other habitats, both emergedand submerged macrophyte-covered, the respective
chlorophyll a amounts were much higher. In the Drzewiczka periphyton scrapers
were represented by insects: Orthocladiinae (Chironomidae) and Psychomyia
pusilla (Trichoptera) [30].

Invertebrate drift

Discharge is considered one of the most important factors affecting drift den-
sity; considerable increase in discharge usually causes fast reaction of inverte-
brates and then essential increase in density of organisms migrating with the cur-
rent [6, 18]. The longer the stabilization period preceding the peak lasts the stron-
ger the reaction is [24]. Despite the varying discharge the density of animals mi-
grating in the Drzewiczka remained on a level approximate to values recorded in
other running waters [2, 7]. Also, the composition of the downstream moving
fauna was similar to those in other rivers — the drift was usually dominated by
mobile zoobenthos forms, such as Ephemeroptera, Simuliidae, and also Orthocal-
dinae (Chironomidae). The organisms of this chironomid taxon display a ten-
dency to drift during all their ontogeny period [33].
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CONCLUSIONS

Human impact-related heterogeneity of environmental conditions in the
Drzewiczka contributed to the high habitat diversity, to the occurrence of a high
number of species and habitat-specificity of particular organisms. Rich food re-
sources, such as POM and periphyton, may be exploited by highly abundant in-
vertebrate consumers, mainly represented by three functional trophic groups: col-
lectors, suspension feeders and periphyton scrapers.
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Streszczenie. W czwartorzedowym odcinku nizinnej rzeki, o silnie modyfikowanym rezi-
mie hydrologicznym (sumaryczny efekt pietrzenia wody oraz codziennego kroétkotrwalego, ale
gwattownego uwalniania wody), przypominajacym fluktuacje przeptywu rzek ponizej elektrowni
szczytowych, badano dynamikg sezonowa i przestrzenng bentonicznej (BPOM) i unoszonej
(TPOM) materii organicznej w cyklu rocznym. Ten rezim hydrologiczny spowodowat silng mozai-
kowos¢ siedlisk odcinka rzeki ponizej tamy; znalazla ona odzwierciedlenie w dynamice przestrzen-
nej i sezonowej bentofauny oraz w skladzie migrujacych zwierzat bentonicznych (dryfie).

Stowa kluczowe: rzeka, zaklocenia, POM, bezkregowce




