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FIELD EXPERIMENT REVEALS NO RELATION BETWEEN 
SUBSTRATE COMPOSITION AND CHIRONOMUS 

ABUNDANCE 

ABSTRACT: In the field experiment no rela
tion between organic matter content (0-83%) in 
substrates provided and C'hironomus plumosus (L.) 
abundance was found. Numbers of larvae and their 
age structure were usually similar on the mineral 
substrate and various bottom sediments but someti
mes differed up to 2-3 times (at the same site and 
date of sampling); there was however no correlation 
with the quality of substrate. This indicates that the 
feeding of Chironomus plumosus did not depend on 
the bottom deposit the larvae lived in, but mostly on 
sedimenting tripton, which formed a thin layer on 
the top of substrates provided. Also mutual relations 
of individuals and the period of exposure of the se
diment (from 3 weeks to few months) did not mat
ter . Very high abundance ofCh. plumosus (up to 90 
thousands ind. m -2) found already after 3 weeks ex
position in the sediment initially without that spe
cies indicates a very high growth potential of the 
Chironomus population at the study site. 

KEY WORDS : Chironomus, substrate quality, 
intra-population relations 

1. INTRODUCTION 

The variation of Chironomus abundance 
and of the pattern of its dynamics in various 
environments is en01mous and the role of 
sediment for it is unclear. Many authors stress 
the high flexibility of this species (review of 
papers - Brinkhurst 1974, Sokolova 
1983, Resh and Rosenberg 1984, Kajak 
1987, Armi tage et al. 1995). So far no stud-

ies on these topic have been carried out in the 
field conditions. 

The main goal of this paper was to com
pare Chironomus populations (total numbers 
as well as numbers of size classes) on sub
strates differing in organic matter contents 
(the mineral, artificial substrate and bottom 
sediments), in the same study site, under 
natural conditions - in the field experiment. 
We also wanted to check the importance of 
several other factors as the exposure period 
and the term of the experiment, the thickness 
of the substrate layer and the relations be
tween larvae. 

As the study site a lowland, eutrophic 
shallow reservoir was selected. The Chirono
mus plumosus population has been investi
gated there for several years (Du so g e 198 9, 
Kajak and Dusoge 1996, Kajak 1997) 
and the general pattern of its dynamics (with 
two peaks of abundance - in the spring and 
late summer) was found to be similar in each 
year, despite great differences of larval abun
dance. 

Much higher abundance of Chironomus 
larvae have been found in previous studies 
(Kajak andDusoge 1996,Kajak 1997)in 
the sediment located in plastic containers (30 x 
30 x 12 cm) installed 0.4--1.2 m above the bot
tom than in the bottom itself. It was most 
probably due t0 better oxygen conditions 
above the bottom than at the bottom surface. 
This is why in that work we located containers 
with different substrates 0.4--0.8 m above the 
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bottom. It made possible the comparison of 
the abundance and the development of larvae 
on different substrates in favourable condi
tions and eliminated the possible influence of 
oxygen deficits, which can occur at the bot
tom of the reservoir. 

2. STUDY AREA 

The study site was located in the lowland 
eutrophic dam reservoir Zegrzynski (30 km 
from Warsaw), supplied by rivers Narew and 
Bug. A point of a slight water flow (up to few 
centimetres s- 1 at the medium and low water 
flow), with a depth of 5.5-6.0 m, in the mid
dle, broad part (2 x 4 km) of the reservoir, 
some 200 m from the closest shore was 
choosen. The bottom was flat, muddy, the or
ganic matter content in the deposit was about 
9.0%, Si02- 36.0, Ca- 16.0, Mg- 2.1, Fe-
0.6, P - 0.2, N - 0.6, C- 4.4% (Kaj ak and 
Dusoge 1989 , Kajak 1990a, b). The aver
age P10 1 concentration in the water during the 
vegetation season was 150-200 llg r', N101 -

2.7 mg r' , Secchi disc visibility 0.6-0.7 m. In 
the inflowing rivers the chlorophyll concen
tration was in 1997 up to 120 11g r' , BOD5 -

15 .0, oxidability KMn04- 18.0 mg 0 2 r' , 
COD - K2Cr20 1- 57.0 mg 0 2 r' and Corg up 
to 18 mg r '. Small diatoms (mainly Cyclo
tella meneghiniana Kiitz. and Stephanodis
cus hantschii Griin. and green algae (in 
summer) were domjnant in the phyto
plankton (Bubien 1989, Simm 1990). 
About 50% of the phytoplankton biomass 
sedimented, mainly in the part of the reser
voir the study was carried out (Bubien 
1989). The sedimenting tripton was a bit 
richer than bottom deposits in the study site: 
accordingly organic matter 13.6 and about 
9- 10, Ptot- 0.34 and 0.23, N10 1 - 0.72 and 
0.58%. 

The benthos in the reservoir was very 
abundant, the biomass reaching sometimes

21000 g m- . Chironomus abundance in con
tainers with the sediment above the bottom 
was as a rule, during the whole season, sev
eral times higher (occasionally reaching 90 
thousands ind. m-2) than in the bottom, where 
the highest numbers reached were 30 thou

2sands ind. m- , during a short period only, in 
the spring (Kaj ak and Dusoge 1996 , Ka
j a k 1997). The proportion of the Chirono
mus (the main dominant) in the total benthos 
biomass at the study site was on average 

about 80%, Tubificidae - Pothamothrix ham
moniensis (Mich.), Limnodrillus hoffmeisteri 
(Clap.), Tubifex tubifex (0. F. Mill.) - 20%. 
Other chironomids and Pisidium sp. were 
sporadic (Dusoge et al. 1985, Dusoge 
1989, Kuklinska 1989, Kajak 1990a, b). 

3. METHODS 

Square plastic containers (30 x 30 cm 
and 12.5 cm deep) were filled with substrates 
to 0.5-1.0 cm below the upper edge of the 
container. They were installed by a diver in 3 
metal stands, 80 cm high, 4 containers in each 
stand in 1997. In 1993 (a pilot study) 2 con
tainers in 1 stand, 40 cm high were used. The 
rationale of locating containers with sub
strates above the bottom was to obtain fa
vourable and stable conditions and high 
abundance of Chironomus; both were proved 
in other papers (Kaj ak and Dusoge 1996 , 
Kaj ak 1997). The distance of containers 
from the bottom was relatively small (80 or 
40 cm), as compared to the depth of this site 
(about 6 m), so the supply oftripton, eggs and 
the youngest larvae was the same to the con
tainers as to the bottom. 

Containers were located in the reservoir 
a short time (12 days) before the mass appear
ance of the spring Chironomus generation 
and the highest abundance of larvae in the 
season (Table 1 ). The following substrates 
were used (data for lakes deposits - Ry bak 
1969): 
-the mineral substrate - 70% bentonite plus 

30% chalk (0% of the organic matter). 
- bottom deposit from the study site i.e. the 

eutrophic, polimictic Zegrzynski reservoir 
(9% of the organic matter), 

-bottom deposit from the eutrophic, dimictic 
lake Mikolajskie (23% organic matter), 

- bottom d,eposit from the eutrophic, polimic
tic lake Sniardwy (38% organic matter), 

- bottom deposit from dimictic, polyhumic 
lake Flosek (83% organic matter). 

The local bottom deposit with its benthos 
was located in containers by the diver on the 
spot. The substrates from other water bodies 
(3 lakes) were taken with an Ekman dredge 
from their surface layer 2 months before the 
experiment and kept in the laboratory. They 
contained no Chironomus at the start of the 
experiments (Table 1 ). In the original loca
tions of these deposits numbers of Chirono
mus were veq low - no more than a few 
hundred per m . 

https://Ptot-0.34
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Table I . Scheme of field experiments 1997; trays with different substrates located 0 .8 m above the bottom, in 

one study site in the Zegrzynski reservoir 

Variants of experiments (trays with different substrates) 
Dates of Trays No 
installations 

2 3 4 5 6 7 8 9 10 11 12and 
sampling % of organic matter 

15 May - first 
installation of 

0 9* 23 38 83 9* 
trays- 6 
variants 
10 June + + + + + + + + + + 

installation of 
cuboids 

10 July + + + + + + + + + + 
installation of 9* 
I variant 
I August + + + + + + + 
installation of resed. 9* 
2 variants 9 
I September + + + + 
installation of 0 9 23 38 deep pre-
6 variants cont. heated 

9* (9) 
1 October + + + + + + + 
-end of 
ex riments 

+ - san1pling; - no sampling 
Organic matter content in substrates: 0% - the mineral substrate: 9% - mud from the study site (marked as 
"control" on Fig. 2.), 23, 38 and 83% muds from other lakes. Other experimental variants (in the substrate from 
the study site, 9% org. matter): "cuboids" - the mud divided into small cuboids; "resed." - the resedimented 
mud; "deep. cont." - the container with the mud layer twice thicker (25 cm deep) than in all other variants; 
" preheated" - the mud deprived of zoobenthos by heating. Variants with Chironomus larvae present in the 
substrate at the beginning of the exposition are marked with asterisk (*), all other substrates contained initially no 
Chironomus. 

Apart from variants with substrates of 
different organic matter contents (Table 1, 
see also Fig. 1), several other variants with 
the local bottom deposit were applied (Table 
1, see also Fig. 2): 
- deposit divided into small cuboids (2 x 2 x 

12 .5 cm)- to check the importance of mu
tual contacts of larvae on their density, 

- deposit deprived of organisms by heating 
(60° C, 24h) - the different approach to the 
same problem as mentioned above, 

- deposit in a deep container (25 cm- twice 
deeper than all other containers used) - to 
check the significance of the substrate layer 
for Chironomus, 

- deposit exposed for various periods - to 
check the influence of the exposure time of 
containers on Chironomus numbers, 

- an empty container, which constituted a 
kind of trap for the tripton and was filling 
gradually during the exposition with the 
resedimenting deposit and sedimenting 

tripton - to study the colonisation of the 
newly sedimented substrate. 

Two containers in each treatment were 
used at the beginning of the experiments, 
later usually one container (Table 1). Most of 
the time, during relatively calm weather the 
substrate in containers remained undisturbed, 
and only thin layer of the sedimenting tripton 
was settling on the top of it. However occa
sional heavy winds resulted in washing out 
the substrate from containers. 

Samples, 5 from each container, were 
taken by the diver, with 20 cm-2 plexiglass 
tube, once in 1993 (see Fig. 1) and 5 times in 
1997 (Table 1, see Figs 1 and 2). Samples 
were never taken more than 3 times from the 
same container, usually twice before the end 
of the exposure (third sampling was the last 
one, and the container was not exposed any 
longer). Each time from each container a rela
tively small portion ofthe substrate was taken 
(5 samples of20 cm2 =lOO cm2

, that is 11% 
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of the container area). From the nearby bot
tom samples were taken on average once a 
week between May and September, using a 
20 cm 2 core sampler. The samples were 
sieved alive (through a 0.2 x 0.2 mm mesh 
sieve) within a few hours, preserved in alco
hol, and sorted in the laboratory. Total num
bers of Chironomus plumosus larvae and 
numbers in size classes~ 6 mm, 7-12 mm, 
13-1 7 mm and 2: 18 mm were analysed. The 
abundance of larvae ~ 6 mm informs about 
hatching from eggs and survival of the 
youngest larvae, and that 2: 18 mm about 
numbers of larvae close to emergence. 

Kruskall-Wallis ANOVA statistics was 
applied to compare larval numbers between 
experimental variants, differences with P 
value~ 0.05 were treated as statistically sig
nificant. 

Two-three times monthly Secchi disc 
visibility was measured, and a temperature
oxygen vertical profile was made, the lowest 
point of measurement being about 50 cm 
above the bottom (see Fig. 3). 

4. RESULTS 

4.1. EFFECT OF DIFFERENT 
ORGANIC MATIER CONTENT 

IN SUBSTRATES 

Great differences in Chironomus num
bers and size structure were found between 
sediments from the polyhumic lake and the 
eutrophic reservoir in 1993 (Fig. lA). Much 
higher numbers of older larval classes in the 
bottom deposit from the polyhumic lake indi
cate the lower reduction of larval numbers 
and much quicker growth of larvae in this 
substrate. These results were however not re
peated in 1997, when some (occasionally 
quite high) differences of Chironomus num
bers on particular sediments were found, but 
no correlation with organic matter content in 
the substrate, and no consequent similarity 
between the same substrate on different sam
pling dates. For example numbers in the sedi
ment poor (9%) in the organic matter were as 
a rule similar to that with 23% organic matter 
(Fig. l B, C, E), and sometimes similar (Fig. 
lB) or higher (Fig. lC) than in that with 38% 
organic matter. In the polyhumic sediment, 
the richest (83%) in the organic matter, Chi
ronomus numbers in June were lower than in 
deposits poorer in organic matter from the 

other 3 water bodies, and almost identical (no 
significant difference) with numbers in the 
mineral substrate (Fig. lB). 

In the fully mineral substrate (bentonite 
and chalk, 0% organic matter) Chironomus 
numbers were higher (Fig. lD) or not lower 
(Fig. lB, C, E) than in some bottom deposits 
with various (up to the highest - 83%) or
ganic matter content. Also numbers of the 
oldest class of larvae on the mineral substrate 
were similar or higher than on any other sub
strates (Fig. lB, C, D, E), indicating a high 
growth rate oflarvae on the mineral substrate. 

4.2. EFFECT OF THE EXPOSURE TIME 

Differences of Chironomus numbers in 
experimental variants of various exposure 
time were not significant. Similar numbers 
and size structure were found in August 1997 
in variants "control (1 Jul.)" and "control (15 
May)" exposed for 3 weeks (1 0 July - 1 
August) and 11 weeks (15 May- I August), 
respectively (Fig. 2). The same result was ob
tained in October 1997: Chironomus num
bers in variant "control (1 Aug.)" exposed for 
2 months (1 August - 1 October) were not 
significantly different from those in three 
other variants with the same sediment ex
posed for 1 month (1 September - ! October): 
"control (1 Sep.)", "deep cont. (1 Sep.)", and 
"preheated (1 Sep.)" (Fig. 2) as well as in the 
deposit of 23% organic matter, exposed for 
the same period (Fig. lE). 

In the bottom deposit initially without 
Chironomus its numbers were very high after 
a short time of exposure. Chironomus abun
dance reached 62.5 thousands of individuals 
in the polyhumic deposit (83% organic mat
ter) after 3 weeks (Fig. lA) and 50-86 thou
sands ind. m-2 in various substrates (0; 23; 38; 
83% organic matter) after 4 weeks (Fig. I B). 

4.3.EFFECTS OF MODIFIED 
INTERRELATIONS 

OF LARVAE 

Chironomus numbers in October in the 
sediment initially without the zoobenthos 
(preheated in 60° C, 24h) did not differ sig
nificantly from 3 variants with the benthos: 
"control (1 Aug.)", "control (I Sep.)" (ex
posed for different periods), and "deep con
tainer"(with thick sediment layer) (Fig. 2). 
The same was true in June for the sediment 
initially with the benthos (9% organic matter) 
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Fig. I. Numbers of Chironomus plumosus - total and in size classes in plastic containers filled with various 
substrates and located 0.4 m ( 1993 - A) and 0.8 m ( 1997 - 8, C, D, E) above the bottom in the same study 
site (Zegrzynski Reservoir, about 6 m depth). Periods of exposure are given at the top of each picture. 
Particular substrates : 0% organic matter - mineral substrate, 9, 23, 38 and 83% - bottom deposits from 
different water bodies (see -'Methods" for details) . The same letter at the top of the columns (a or b or c) 

means that numbers are not significantly different (P > 0.05); different letters indicate significant (P ~ 0.05) 
differences. Vertical bars at the top of each column- standard errors. 

and two others (23 and 38% organic water) 
without it (Fig. lB). 

The partitioning of the sediment in the 
container into cuboids by locating vertical 
plastic compartments (2 x 2 x 12 cm- the 
variant "cuboids"), to constrain contacts of 
larvae, had no consequent influence on Chi
ronomus numbers and the size structure. 
Numbers oflarvae were higher in that variant 
than in the three others in August (Figs 2 and 

10), while in July they were lower than in the 
control (Fig. 2) and also than in the variant 
with 23% organic matter but similar to the 
variant with the mineral substrate (0% or
ganic matter) and that with 38% organic mat
ter (compare Figs lC and 2). In September 
Chironomus numbers in the variant with 
"cuboids" were lower'than in two others 
(Fig. 2). 
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Fig. 2. Numbers of Chironomus plumosus - total and in size classes in containers located 0.8 m above the 
bottom and filled with bottom deposit from Zegrzynski reservoir (9% organic matter), experiments conducted 
in 1997. Particular variants: "control" - the sediment with the benthos taken directly from the bottom of the 
reservoir; "cuboids"- the sediment (as in the control) partitioned with plastic sheets into cuboids: 2 x 2 x 12.5 
cm; "deep cont. " - the container with 25 cm (twice the depth of the standard containers) layer of sediment; 
" resed."- container empty at the beginning of the exposure, then naturally filled with sedimented tripton and 
resedimented deposit; "preheated" - sediment deprived of benthic organisms by heating (60° C, 24h). Dates of 
settings of particular variants are given in brackets. Dates of finishing of particular series shown at the top of 
the figure. The same small letter at the top of the columns (a or b or c) means that numbers are not 
significantly different (P > 0.05); different letters indicate significant (P S 0.05) differences. Vertical bars at 
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4.4. INFLUENCE OF THE THICKNESS 
OF SUBSTRATE LAYER 

The relatively thin (about 12 cm) layer of 
deposit used in containers was obviously 
fully sufficient for Chironomus. Its numbers 
and also size class structure in the container 
with the thick (25 cm) layer of deposit (the 
variant "deep cont.") were not significantly 
different from those in three variants in con
tainers with the 12 cm layer of sediment (9% 
organic matter) (Fig. 2, October). They also 
did not differ from that in the variant with 
23% organic matter content in the deposit 
(Fig. lE). In September 1997, in the variant 
with a thinner (about 8 cm) layer of substrate 
(composed of the resedimented bottom de
posit and tripton) the variant "resed. (1 
Aug.)" - numbers were about twice lower 
than in containers full of the sediment from 
the bottom (Fig. 2). This was however 
probably not due to the thin sediment layer, 
but to the fact that the container was empty 
for some time at the beginning, so larvae bad 
less time to colonise it. 

4.5. OXYGEN AND TEMPERATURE 

Oxygen concentrations above the bot
tom were always relatively high on the dates 
of their measurement (Fig. 3); this however 
does not exclude the short-term deficits be
tween these dates at the end of night, espe
cially at the bottom surface; it was not 
possible to make continuous and permanent 
measurements . 

Temperatures were relatively low at the 
end ofMay and in June (Fig. 3), which did not 
impede the mass appearance of the spring 
Chironomus generation . At the end of Sep
tember 1997 numbers of larvae decreased 
strongly parallely to the temperature ( com
pare Figs 1, 2 and 3). 

5. DISCUSSION 
AND CONCLUSIONS 

No consequent relationship between the 
organic matter content (0-83%)in the sub
strate and Chironomus numbers have been 
found in the field experiment in the polytro
phic reservoir, at 6 m depth. However the dif
ferences in numbers (up to 2-3 times within 
particular te1ms) occurred. In some labora
tOiy observations (Kajak, unpublished) ma
ture Chironomus larvae fulfilled their 

development to imago on the fully mineral 
substrate- the chalk. That substrate was how
ever soon covered by a tiny (< 0.1mm) layer 
of tripton from the circulating water with 
some organic particles resuspended from 
other small containers with the bottom de
posit in the same bigger aquarium. Similar 
phenomenon was observed in the present 
study, where the mineral substrate exposed in 
field conditions was also covered with quite 
thick (up to few mm) layer of sedimenting 
tripton and resedimented bottom deposit. 
This implies that larvae use mostly the sedi
menting tripton as the main source ofthe food 
in the environment under study. Some 
authors suggest that the dependence of Chi
ronomus development on the type of soft bot
tom deposits does exist (see reviews by 
Brinkhurst 1974, Resh and Rosenberg 
1984, Kajak 1988, Armitage et al. 1995). 
The size (age) structure of the population un
der conditions of this study (a polytrophic 
reservoir with slight water flow) was usually 
similar in the variants with substrates of dif
ferent organic matter content (Figs 1 and 2), 
what contradicts the dependence mentioned 
above. 

The substrate layer of 12 cm used in con
tainers was evidently sufficient as proved by 
much higher numbers of larvae in containers, 
than in the bottom (Kajak and Dusoge 
1996, Kajak 1997) but also by the fact that 
in the much thicker (25 cm) deposit layer 
(Fig. 2) numbers were not higher than in con
tainers with 12 cm substrate layer, used in all 
other variants of experiments. 

The similar numbers and age structure in 
variants initially with or without Chirono
mus, as well as in that with limited contacts 
(due to plastic cuboids inserted into the sedi
ment) indicate small influence of interactions 
between larvae on their abundance in the 
situation under study. In other situations 
however interrelations between larvae can be 
essential for their abundance (Kajak 1987, 
Nakazato and Hirabayasbi 1998). 

The final abundance was much higher in 
containers than in the bottom and was inde
pendent from the type (organic matter con
tent) of the substrate used. Chironomus 
abundance was in this study obviously deter
mined by the favourable feeding conditions -
abundantly sedimenting, valuable tripton car
ried in by two polytrophic rivers supplying 
the reservoir (B ubi en 1989, Kaj ak 1997) 
and by the oxygen situation, which was better 
and more stable 0.4-0.8 m over the bottom 
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than at it very surface. The main mechanism 
of colonising the environment is probably the 
settling of eggs and young larvae, but immi
gration of older larvae is also possible (Pr~s 
and Kaj ak 1999). The exposure of contam
ers for three weeks was sufficient to achieve 
the normal (not different from containers ex
posed longer), high abundance of the popula
tion. 

The favourable feeding conditions in the 
reservoir are proved by very high, as com
pared to other water bodies, Chironomus 
abundance in the reservoir. Much better oxy
gen conditions over the bottom are confirmed 
by several times higher Chironomus numbers 
noted in containers with deposits located over 
the bottom versus the bottom itself (Kaj ak 
and Dusoge 1996, Kajak 1997). Perhaps in 
such circumstances both the type of substrate 
and the mutual relations of larvae are of sec
ondary importance. 
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6. SUMMARY 

The main goal of this study was to compare Chi
ronomus plumosus populations on substrates with dif
ferent organic matter content (0-83%) exposed in 
containers located 0.4-D.8 m above the bottom, in the 
shallow, lowland, eutrophic, polimictic Zegrzynski re
servoir. Substrates used in experiments originated 
(apart from the mineral one) from different water bo
dies (Table I). Some other factors influencing Chiro
nomus population, like initial abundance and 
interactions between larvae were also studied, as well 
as containers exposure period, term of the experiment 
and substrate layer thickness (Table I). 

In the pilot series of experiments, conducted in 
the spring 1993 (Fig. I A), numbers of Chironomus la
rvae were significantly higher in the polyhumic depo
sit (83% of organic matter) than in the deposit from 
the study site (9% org. matter). These results were ho
wever non repeated in the main series of experiments, 

conducted in 1997 (May-September), where no corre
lation was found between the kind of substrate used 
and Chironomus abundance (Fig. I B, C, D, E). It indi
cates that the substrate is not the main source of food 
for Chironomus. Larvae fed mainly on the sedimen
ting tripton, which was sufficient for their develop
ment. This was proved by similar abundance and size 
structure of Chironomus population on the mineral 
substrate and on deposits with different organic matter 
content (Fig. I). 

Chironomus numbers and size structure after the 
3-4 weeks of the exposition were similar in sediments 
initially without the benthos and in those with the na
tural population abundance for the study site (Figs I 
and 2, see also the text for detailed information). This 
indicates a very high growth potential of Chironomus 
population in the reservoir. The lack of the influence 
of the lowered initial population abundance and also 
of reduced contacts between larvae on Chironomus 
abundance and development was probably caused by 
the comfortable feeding and oxygen (Fig. 3) condi
tions, which overweighed the negative interactions of 
larvae. 

The substratc layer provided ( 12 cm) was full ] 
sufficient, what is proved by several times higher Chi
ronomus numbers in containers, as compared to popu
lation abundance in the bottom (K aj a k and Du so g e 
1996, Kajak 1997), and by similar numbers of larvae 
in a deep (25 cm) container and in normal containers 
(Fig. 2). The diversified exposure time of experimen
tal containers (3- 10 weeks) had no serious influence 
on Chironomus abundance (Fig. 2, Table I). 

7. REFERENCES 

Armitage P. , Cranston P. S., Pinder L. C. V. 
1995 - The Chironomidae - Chapman and Hall. 
London. 572 pp. 

Bubien M. 1989 - Changes of the Bug and Nare"" 
phytoplankton in the Zegrzyi1ski Reservoir - Ekol. 
pot. 37: 237- 250. 

Brinkhurst R. 0 . 1974 - The Benthos of Lakes 
The Macmilan Press Ltd. 

Du so g e K. 1989 - Distribution and structure of bent
has in the lowland Zegrzynski Reservoir - Ekol. 
pot. 37: 281 - 298. 

Dusoge K., Bownik-D y lin s ka L. , Ej s mo nt
-Karabin J., Spodniew s ka 1. , W~ g leli s k a T 
1985 - Plankton and benthos of man-made Lake 
Zegrzynskie - Ekol. pot. 33 : 455-479. 

Kajak Z. 1987 - Determinants of maximum biomass 
of benthic Chironomidae (Diptera). - Ent. scand . 
Suppl. 29: 303- 308. 

K a j a k Z. 1988 - Considerations on benthos abundan
ce in freshwaters, its factors and mechanisms -
Int. Rev. ges. Hydrobiol. 73 : 519. 



27 Substrate composition and Chironomus abundance 

Kajak Z. 1990a - Ecology of lowland Zegrzynski re
servoir near Warsaw- Arch. Hydrobiol. Beih. 33: 
841-850. 

Kajak Z. 1990b - Glowne cechy ekosystemu Zegrzyn
skiego zbiornika zaporowego na Narwi [Main fea
tures of the ecosystem of Zegrzynski darn reservo
ir at Narew river] (In: Funkcjonowanie ekosyste
m6w wodnych, ich ochrona i rekultywacja. Cz. I. 
Ekologia zbiornik6w zaporowych i rzek [Functio
ning of freshwater ecosystems, their protection 
and recultivation. I. Ecology of dam-reservoirs 
and rivers] Ed. Z. Kajak) - SGGW AR, Warsza
wa. 50: pp. 57-85 (in Polish) 

Kajak Z. I 997 - Chironomus p/umosus- what regula
tes its abundance in a shallow reservoir? - Hydro
biologia. 342/343: 133- 142. 

Kajak Z., Dusoge K. I 989 - Temporal and spatial di
versity of trophy-indicators in a lowland dam rese
rvoir - Ekol. pot. 37:211-233. 

Kajak Z., Dusoge K. I 996 - Substantial increase of 
Chironomus abundance obtained in the field expe
riment- lnt. Rev. ges. Hydrobiol. 81: 469-480. 

K u k I ins k a B. I 989 - Zoobenthos communities of 
near shore zone in the Zegrzynski reservoir -
Ekol. pot. 37: 299-318. 

Nakazato R. , Hirabayashi K. 1998 -Effectofla
rval density on temporal variation in life cycle 

patterns of Chironomus plumosus (L.) (Diptera: 
Chironomidae) in the profunda! zone of eutrophic 
lake Suwa during 1982-1995 - Jap. J. Limnol. 59: 
13-26 

Prus P., Kaj ak Z. 1999 - Activity of bottom animals 
-comparison of several trap methods - Acta Hy
drobiol. 41, Supp. 6: 207-217 .. 

Resh V. , Rosenberg M. 1984 - The ecology of 
aquatic insects- Praeger Pbls. 625 pp. 

Rybak J. I. 1969- Bottom sediments of the lakes of 
various trophic type- Ekol. pot. A, 35: 6 I 1-662. 

Si m m A. T. 1990 - Przestrzenne zroznicowanie fito
planktonu w zbiorniku Zegrzynskim na tie wybra
nych parametr6w fizyczno-chemicznych [Space 
differences of selected physico-chemical parame
ters and phytoplankton distribution in Zegrzynski 
reservoir] (In: Funkcjonowanie ekosystem6w 
wodnych, ich ochrona i rekultywacja. Cz. I. Eko
logia zbiornik6w zaporowych i rzek [Functioning 
of freshwater ecosystems, their protection and 
recultivation I. Ecology of dam reservoirs and ri
vers] Ed. Z. Kajak) - Wyd. SGGW Warszawa, pp. 
21-28 (in Polish). 

Sokolova N. J. 1983 - Motyl Chironomus plumosus 
L. (Diptera: Chironomidae) [Midge Chironomus 
plumosus L. (Diptera: Chironomidae)) - lzdat iel
stvo Nauka, Moskva. 309 pp. (in Russian). 

(Received after revising May 2000) 


