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.ERIMENTALLY. INCREASED FISH STOCK 
IN THE POND TYPE LAKE W·ARNl·AK 

XII:. NUMBERS AND BIOMASS 
OF THE FAUNA ASSOCIATED WITH MACROPHYTES* 

(Ekol. Pol. 21: 595-610). Two years of studies showed that the numbers 
and biomass of fauna associated with E lodea and Stratiotes, and also the average weight 
of one Chironomidae individual are smaller in the stocked (with an increased fish stock) 
than in the control (with a normal fish stock) part of the lake, which seems to be due to 
the grazing of fish. 

• 

I. INTRODUCTION 

The zone of vegetation in water bodies is undoubtedly a habitat having 
a great food significance for fish because of the great numbers of invertebrate . . . 
fauna. This is proved by the data of many authors, who compared the biomass . . . 
of fauna associated with plants with the biomass of bottom fauna. As a ruJe, . . . 
the former have a considerably greater biomass. ·And so, G ro m o v (1960) . 
in his studies of the K arnskij dam reservoir found that the hiomass of 
fauna associated with plants is .. more than twice greater than the benthos 

*Praca wykonana w ramach problemu w~zrowego Nr 09.1 -. 7~ · 
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biomass. Morduchaj-Boltovskoj (1954) recorded also a twice higher 

biomass of fauna assoc.iated with plants in water bodies connected with 
V 

a river. In the ponds of the Ukraine, S pet (1958) observed that the 

fauna biomass of the zone of submerged vegetation was 4-5 times higher 
than in the zone void of plants •. M cL a c h la n (1969) re corded an about 

5 times greater fauna biomass after the appearance of submerged vegeta-
v 

tion in the newly built Kariba dam reservoir. Scerbakov (1967) observed 

that in lake G lubokoe the fauna biomass of the vegetation zone was almost 

6 times higher than of the open lake zone. And M o rd u c h aj .. 8 o 1 to vs k o j 

(191)8) recorded for the llybinskij dam reservoir a 10 times higher fauna 

biomass of the vegetation zone than of the open p~t of the reservoir. It is 

obvious, that the nourishment significance of the discussed zone is greater 

in shaJJow water bodies, overgrown by vegetation to a considerable extent. 

'fhis paper is a part of complex research conducted in the years 1967-1969 
in lake Warniak. Carp and bream were introduced into t~e l ~ke and an attempt 

was made to observe the effect of thus increased fish stock on the lake 

bio cenosis. ~ach year, in spring, fish were introduced into the lake, and 

in autumn intensive catches took place. And so in 1967, 800 kg of carp and 

849 kg of bream were introduced, in 1968 - 1680 kg of carp, and in 1969-

200 kg of carp ( Z a w is z a and C i e pie I e w ski 1973). 
The studies in the years 1968-1969 were conducted in order to: 

• 

1) estimate the food resources for fish of the vegetation zone; two 

speci~s found in distinctly monospecifi c aggregations were chosen for the 

analysis: water-weed (Elodea canadensis Rich.) , and water-soldier (Stratiotes 

aloides L.) and the associated with them invertebrate fauna (numbers, biomass 
and composition); 

2) ?hserve the effect of fish grazing on the invertebrate fauna associated 

with macrophytes. 

11. HABIT AT 

Lake Warniak has a surface 38.4 ha and mean depth 1.5 m, and is a eutro
phic water body of a natural pond type as understood by Stangenberg (ace. 

to Z a c h ·w i e j a 1965). The lake is overgrown to a considerable extent: 

emergent macrophytes cover 4.8 ha (P hragmites communis Trin. dominates) 

and . submeiged macrophytes- 29.1 ha (Ceratophyllum demersum L. dominates) 

(8 e r n at o w i c z 1969). 
. 

In order to differentiate spat
. 

ially the fish stoGk the encJ
. 

osure method 

was used. Fishing-nets on pales were used to separate some parts of the 

1ake, thus having the stocked part (with an increased fish stock due to introduc-
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tion) and control part (normal ~toc. k). A diagram of fishing experiments in 
I ake W arniak, in particular years, ·is given by Z a w is z a and C i e pie le w-

s k i (1973). It is worth pointing ~ut that in 1969, as compared with the pre

vious year, · the stocked part was changed into the control one and vice 
versa. . . 

Within these studies two sites were chosen in Elodea aggregation in . 
the stocked and control. part, and analogously two. sites among th~ Stratiates 
aggregation, · in places about 0.5 m deep. Systematic catches of fauna 

associated with plants were conducted there. 

Ill. METHOD 

• 

There , is a great variety of quantitative methods of examining the fauna . . 
associated with plants in hydrobiological literature. Therefore, the results 

. . 
of different papers are practically incomparable. Among these methods, we . . . . 
m ay di~tinguish those, where the numbers (biomass) of fauna is per: .. 

1) surface unit of the bottom of water body overgrown with vegetation 

(m 2
, ha); the mo~t common method: Mac an (1949, l965a), Balk an o v ~ k aj a 

V 

(1953), Gromov (1960), Scerbakov (1961, 1967), G. A. Sokolova 
(1965), McLachla.n (1069), Beattie et al. (1972); 

2) volume unites of water with plants (e.g. m 3): Mar go 1 in a (1958), 
M o r d u c h a j .. B o I t o v ~ k o j ( 1956, 19 58), · K a r a s s .o w s k a and M i k u I s k i 
(1960); 

3) plant surface units - leaves and stems: En t z (1947), Rosin e (1955); 

a useful method of estimating the plant surface is the application of detergents 
(H ar rod and Hall 1962); · 

4) plant weight units (e.g. kg of fresh weight): Fro~t (1942), Zimbal ev
s k aj a (1965, 1966). 

These 4 methods were compared by Korinkova (l97la) using the 

fauna associated with few species of submerged plants (mainly Elodea 
canadens is) in a. carp pond. 

Each of these methods has its limitations. In the first and second method 

the different plant density (e.g. of few comparable species) basically affects 

the quantitative estimation of fauna associated with plants and does not 

provi~e much information. In the ~hird method the result is not only due to 
the surface area but also to its structure (e.g. pinnated 1 e~ves). The fourth 
method does not give an accurate estimate of plant weight (different hydration 

when estimating the fresh weight, incrustations when estimating the dry 

weight). It is also additionally complicated by using various types of appa
ratus with different fauna selectivity, and e~Specially of fauna loosely connected 
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with · plant substrate (floating fauna). Furthermore, it is worth pointing out 

the complicated relations between invertebrate fauna and vegetation, 

indicated among others by K ab a no v (1963). This is reflected by the 

. character of occurrence of fauna associated with plants. And so, Beat tie 

et al. (1972), · in their studies of fauna of lake Tjeukemeer ("polder 

reservoir''), distinguish the fauna living on the •surface of plant substrate 

and moving freely (Gammarus, Gastropoda), and fauna living in the substrate 

(mainly Chironomidae and Oligochaeta). Whereas, K ori n k 0 V a . (1971b) 

in her studies of carp pond, distinguishes 3 groups of fauna, variously re] ated 

to the Elodea stand density (direct relation, ~indirect relation, no apparent 

relation). 
• 

A very simple method has been used in this research. The plants were 

co1lected by ·hand and put into 1-Jitre jars and after preparation in the ~abora

tory the numbers and biomass of fauna ~ere related to the fresh weight of 

plants. The previous sampling with the sampler of M acan type (in the modifica ... 

tion of Czechoslovakian hydro biologists - DV 0 r a k 1965) was not successful, 
• 

because due to its considerable weight, the sampler got stuck in the muddy 

bottom, ·thus making it impossible to obtain samples of "clean'' vegetation 

void of mud. A comparison of these two methods (samples taken by hand 

a1_1d Macan sampler) did not show much differences between them, at least 

as regarding the qu al.itative fauna composition. . . 
In both years of studies, the samples were taken on each site from May_ 

to September, in monthly intervals, in series of 5 samples. Altogether, 50 

samples of Elodea and 50 samples of Strptiptes were taken each year. 

IV. CHARACTERISTICS OF THE FAUNA ASSOCIATED WITH MACROPHYTES 

As regards the ·numbers and biomass of fauna! great differences are 

observed, both between plant species and ·the successive years of investiga

tions (Tab. I). The numbers of fauna on Elodea was definitely greater than 

on Stratiates: almost twice as high in 1968, and over three times in 1969. 

However, the biomass of fauna on Elodea was lower (1968) or slightly higher 

(1969) than on Stratiates. The numbers and biomass of fauna were much . 
higher in both plant species in the second year of investigatit>ns . . The num

bers of fauna increased 5 tJmes on Elodea, and the biomass almost four times; 

on Stratiotes the numbers increased three times and the biomass almost 

twice. It is worth pointing out that the vegetation abundance in the lake (the 
• 

size of overgrown area, plant density) was according to visual appraisal 

much smaller in 1969 than in 1968. Therefore, the food resources of this zone 

for fish did not seem to be greater, despite the increase of fauna biomass. 



\lumbers, biomass (in g) and percentage of particular fauna groups associated with Elodea and Stratio.tes in lake Warniak 
Me~n values(per kg plants) from May to September, in brackets- range of fluctuations, in frames- dominant forms 

., . , T 
: f t I I 

Elodea Stratiotes 

Numbers Biomass Numbers Biomass 
1968 1969 1968 1969 1968 1969 1968 1969 

. 
5550 27840 2.76 9.84 2800 8410 5.84 Total fauna 8.93 

(2920-11860) (6770-70620) (l. 38-4.75) (4.66-19.91) (830-6270) (2630-22530) (1.16-8.35) (4.02-20. 71 ) 

Percentage 
. 

Hydrozoa 1.1 4.0 0,7 4.9 1.9 3.1 0.3 1.6 
Turbellaria 0.1 < 0.1 

• 
0.4 0.3 0.7 < 0.1 1. 3 0.2 

M ermithidae - - - - - < 0.1 < 0.1 -
Oligochaeta l2s.1 1 l 21.3 1 4.9 7.9 8,0 1.8 0.6 0.3 
Hirudinea 0.4 0,3 3.3 2.8 7.2 2.8 126.91 (14. 1 1 . 
Mollusca 1.1 0.5 11 1.o I 4.9 2.0 0.6 113.8 ] 3.7 
lsopoda - - - - 0.1 < 0.1 0.3 0.2 
Odonata 0.7 0.1 (11.o I 3.8 0.2 < 0.1 2.5 0.7 ..... 
Ephem eroptera 6.5 (1 o.5f fl3.61 (19.91 4.0 3.0 4.7 5.1 

= 
.... 0 

Sialidae - -
~ 
~ - - <0.1 - 0.1 - en 

Lepidoptera 1.3 0.7 6,4 8.0 1.3 0.4 0.. 
(1) 

(13. 7) (13.41 ..... H eteroptera - < 0.1 - < 0.1 - < 0.1 - 0.3 
-

Coleoptera < 0,1 .. - - < 0.1 <0.1 < 0.1 0.1 0.1 
Trichoptera 1.3 0.8 7.3 7.6 4.4 1.6 7.9 6.8 

. H eleldae - 1.1 - 1.1 o.s 2.8 0.1 1.1 
Chironomidce . 161.41 (54.o I (3 3. 71 137.91 168.71 181.8) I 24. 1l ( 48.31 
Diptera varia 0.8 < 0.1 1.4 <O,l 0.6 

c 
1.7 0,6 2.3 

A rgyron etidae - <0.1 - 0,2 0,1 <0.1 2.3 0.1 
H ydracarina 0.1 0.4 0.3 0.6 . 0.1 . 0.3 o.I 0.2 

. 

https://1.16-8.35
https://4.66-19.91
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As regards the few, comparable data of other authors on the numbers 

and biomass of fauna associated with plants they are as following: Sp et 
' ' ' 

(1958), in the Ukraine ponds, recorded the numbers and biomass of fauna 

(without Mollusca, calculated per kg plants): on Elodea 1880-2500 indi

viduals, biomass - 4o0-4.5 g; on Stratio.tes 640 individuals, hiomass 3.8 g . 
1,hese values are lower than in this research, especiaJJy as regards the 

numbers of fauna. ·But the biomass of fauna associated \vith plants in water 
bodies connected with the river Dnieper (Z i m b a] e v ~tk a j a 1965) and 

' ' ' 

characterized by the share of large molluscs (also calculated per kg plants) 
was: 23 049 g on Elodea, 39.61 g on Myriaphyllum, 43.53 g on C erato.phyllum, 
56.?0 g on Potamogeton. These values are higher than the average ones in 

this research, although they do not differ much from the maximal values 

(19.91 g on Elode.a, . 20.71 g on Str.atiates - Tab. I), despite the fact that 

the share of ~oJJuscs was usually small. 
As regards the composition, the dominant role of Chironomidae (Tab. I) 

• 

is striking at the great similarity of fauna associated with Elodea and 
0 0 

Stratioteso 1~he share of Chironomidae in the total numbers is very high 

(54.0-8t,8%), but also, this group is usually the first dominant in the biomass 
0 

(24.7 -48.3%). This result is confirmed by severaJ authors. And so, G. A. So k o-

1 ova (1965) found in a shal1ow eutrophic lake Baltym that the Chironomidae 
0 ' 

are 75-80% of the totaJ numbers and 35-40% of the biomass of fauna as-

sociated with Elo de a aggTegations. G ro m o v (1960) in the Kamskij dam 
' 0 

reservoir found on few species of submerged plants (among others Elodea 
and Potamo_.geton) a considerable share of Chironomidae, attaining 85.8% of 
the numbers and 49.0% of the biomass of entire fauna. M at 1 ak (1963) found 

that · C hironomidae corn posed 80% of the fauna numbers on few plant species 

in ponds (among others Potamogeton and Sagittaria), and also their biomass 

prevailed. K ar ass o w s k a and M i k u 1 ski (1960) in their studies on animal 

groupings associated with submerged and floating vegetation in J ake Druzno, 
0 ' 

also observed on Stratip.tes the domination of Chironomidae in numbers (they 
0 • 0 

were of lesser significance as far as biomass was concerned). ·Then M argo· 
0 0 

J in a (1958), when studying the fauna associated with vegetation composed 
• 0 ' • • 

of several plant species from different e cologica] groups in the Rybinskij 

dam reservoir, . pointed out the dominant role of Chironomidae. The results 

of Kuflikowski (1970) ~ere incompati~Je with the above ones. Kuflikow

ski analyzed the fauna associated with the submerged vegetation in a pond 
and dam reservoir; Chironomidae were scarce on Elodea and were less numer· 

ous than other groups (}firudinea, Gastropoda, Ephemeroptera and Odonata). 
In present investigations, among the other fauna groups, the important 

ones are: on Elodea - Oligochaetq and Ephemeroptera (numbers), Mollusca, 
0 0 

Ephemeroptera and Odonata (biomass); on Stratio.tes - Hirudinea, Lepidoptera 

0 
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and M ollu sea (biomass) (Tab. I). The number of faun a components is . 
slightly greater on ·water-soldier . (19) than on water-weed (16). 

' 

V. EFFECT OF GRAZING OF FISH ON FAUNA ASSOCIATED WITH MACROPHYTES 

The available literature does not present a quantitative approach to the 
effect of grazing of fish on the fauna associated with plants, although many 
authors stress the significance of the fauna of vegetation zone for the feeding 

V 

of fish (among others 3 alkanovskaj a 1953, Spet 1958, Gurz~d a 1959, 
Maksimova 1961, Go A. Sokolova 1965). Maksimova (1961) cal
culated (using the physiologically detennined from weight increases and 
metabolism losses food ration of fish) that during 24 hr. fish consume 12-30% 
C hironomidae biomass of the vegetation zone. However, attempts have been 
made to estimate the effect of grazing of fish on .bottom fauna, which is 

undoubtedly to a great extent related to the fauna associated with plants. 
Zimbalevskaja (1966) made an attempt to classify the littoral fauna, 
distinguishing among others the group of phytophilous-bottom species (some 
molluscs and mayflies, Asellus aquaticus, various Gamma,ridael. 

In estimates of the effe et of grazing of fish on the bottom fauna two 
methods have been used: 

1) Differentiation of the density of fish stock in ponds (among others 

Vass-van Ove~ 1957, ·Assman 1962, ·Muller and Merla 1962, Zi«tba 
and Skazinski 1964, Wojcik-Migala 1966). As a rule, it was found 
that the greater the fish stock the lower the numbers (biomass) of the bottom 

fauna. ·But the pond studies not always provided similar results. E.g., W 6 j
cik-Migala (1966) observed that up to some dens ities of fish stock the 
quantitative development of Chironomidae was stimulated. Hay ne and . ' 

B a 11 (1956)_ point out the small influence of fish on the biomass of b enthos, 
and a very strong, intense one on its ·production. Also, M a k si m o v a ( 1961) 
writes about the little influence of fish on the formation of biomass of the 
bottom fauna. This is probably due to the fact that the effect .. of fish on the 
bottom fauna can not be identified with the direct effect - grazing. Also the 

indirect effect of habitat transformation (e.go fertilization with faeces) may 
be important as it stimulates the quantitative development of benthos and 

obliterates the effect of gr~zing. An interesting contribution to the problem 
of the complex effect of fish on the food fauna may be the work of Mac an 
(1965b). He observed, that in th e pond, into which fish had been introduced, 
their effect became visible in the change of spatial distribution of dominant 
Heteroptera species (at a lack of fish, ·they were found in the entire pond, 

and after the introduction of fish - only ~n the . near-shore zone, overgrown 
and inaccessibJ e for fish). 
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2) Separating some parts of the habitat (cages, enclosures) and then 

comparison of the numbers (biomass) of benthos in places accessible and 

inaccessible for fish. This method has been applied both . in shallow pond 

habitats (Lell ak 1957, 1966, Hru ska 1961, Z i~b a 1963, .B oro di c 
1967, Korinkova 1967) and in slightly deeper habitats in lakes and dam 

reservoirs (Kajak 1964, 1972, N. Ju. Sokolova 1965, Hruska 1966)o 

On the whole the numbers (biomass) of the bottom fauna in unprote~ted from 

fish habitats was lower. However, this ~ethod has its limitations (among 

oth B"s, change of conditions in experimental devices as compared with the 

N t1mbers and biomass of fauna associated with Elodea hi the stocked (S) and control 

(C) part of lake W arniak in 1968 
values below 100% are underlined Mean values for May-September individuals or g/kg plants; 

Tab. li 
. 

Numbers Biomass 

s c SIC% s c SIC % 

Total fauna 5000 6100 82.0 2.60 2.93 88.7 

Chironomidae 2820 4000 70.5 0.72 1.15 62.6 

Oligochaeta 1400 1400 100.0 0.12 0.15 80.0 

Ephemeroptera 410 310 132.3 0.35 0.40 87.5 

0.20 0.20 100.0 . Trichopiera 90 60 150.0 

Lepidoptera 
• 

60 90 66.7 0.17 0.18 94.0 

Mollusca 60 70 85.7 0.57 0.317 154.1 

Numbers and biomas of fauna associated with Stratiotes in· the stocked (S) and 

control (C) part of lake Warniak in 1968 
Mean values for May-Septernber, individuals or g/kg plants; values below 100% are underlined 

Tab. Ill 

Bio.mass Numbers 
. 

s c SIC% s c SIC% 
. 

Total fauna 2470 3130 78.9 5.8·2 5.86 99.3 

1610 2240 71.9 1.04 1.85 56.2 Chironomidae 

Oligochaeta 110 340 32.4 0.02 0.06 33.3 

130 90 144.4 0.34 0.2-l 161.9 E phemerop te ra 

Tri cho ptera 160 90 177.8 0.49 0.4-3 114.0 

30 50 60.0 0.50 1.10 45.5 Lepidoptera 

60 0.69 0.92 75.0 Mollusca 50 83.3 
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Numbers and biomass of fauna associated with Elodea in the stocked (S) and control 
(C) part of lake Warniak in 1969 

Mean values for May-September, individuals or g/kg plants; values below 100% are underlined 

• Tab. IV 

Numbers . Biomass 

s c SIC % s c SI C% 

Total fauna 15320 40350 38.0 5.56 I 4.1 ·3 39.3 

Chironomidae 11360 18740 60.6 2.22 5.24 42.4 

Oligochaeta 1180 14010 8.4 0.18 1.38 13.0 

E ph em erop te ra 1240 4630 26.8 1.01 2.90 34.8 

Tri chop tera 170 300 56.7 0.45 1.05 42.9 

Lepidoptera 170 230 73.9 0.60 0.97 61.9 

Mollusca 160 130 123.1 0.29 0.67 43.3 
. 

Numbers and biomass of fauna associated with Stratiotes in the stocked (S) and 
control (C) part of lake Warniak in 1969 

Mean values for May-September, individuals or g/kg plants; values below 100% are underlined 

Tab. ·V 

Numbers Biomass 

s c SIC% s c SI C% 

Total fauna 8040 8770 91.7 7. 7·3 l 0.14 76.2 

C hironomidae 6940 6810 102.0 3.89 4.74 82.1 

Ephemeroptera 140 360 38.9 0.26 0.66 39.4 

Tri choptera 100 170 58.8 0.45 0,76 59.2 

Diptera varia 90 190 47.4 0.13 0.27 48.1 

Lepidoptera 40 20 200.0 1.68 0.71 236.6 

~1 ollusca 30 70 42.9 0.17 0.49 34.7 

surrounding habitat, which may effect the quantitative I evel of fauna) and the . . ' 

answers as to the fish press.ure are not always unanimous. 

In the present paper a comparison is made of the numbers and biomass 

of fauna associated with Elodea and Stratiotes in the stocked (with an in· 

creased fish stock) and control (with a normal fish stock) part of the lake. 

It shows that in the stocked part, on both plant species, and in both years 

of studies, the numbers and biomass of fauna (the average for the season) 
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MO !I June Jul§ Jugusl 

Fig. 1. Biomass dynamics of Chironomidae associated with Elodea· in· the stocked 

(1) and control (2) part of lake Wamiak in 1968 

In columns- weight of an individual 

Average weight o£ an individual from May to Sq>tember: 1- 0.25, 2- 0.29 mg 

3 

Junt Julj Ju;ust S~fJil'mber 

Fig. 2. Biomass dynamics of Chironomidae associated with Stratiotes in the stocked 

(1) and control {2) part of lake Warniak in 1968 

In columns- weight of an individual 

Average weight of an individual from May to September: 1 - 0.65, 2- 0.8 2 mg 

~that this result may 
is lower than in the control part (Tab. 11-V). It seems, 

as the result of fish grazing, especially as the mentioned 
be interpr,e~ed 

' .... 
differet .. ces !)in the quantitative level of fauna were observed in both years, 

despite the fact that in 19~9 as compared with the previous year the stocked 

part was changed into the control one and vice versa • 
. 

EspecialJy visible were the differences in Chironomidae - the dominant 

an1ong the fauna as.sociated with the both examined plant species. 
group 

It is typical that in aJJ instances the biomass J.osses were greater than the 

number I osses. · 



605 [11] Experimentally increased fish stock 

/;\ 
' /0 / / \ 

/ \ 
/ \ 

// ' I . \ 

1/ 
I \ 

\ 
I \ 

I \ 
! ,I \ 

I \ 
I \ 

I \ 
I \ 

I \ 
I \ 

I \ 

I \ 
J ' \ 

~ 

? 
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Fig. · 3. Diomass dynamics of Chironomidae associated with Elodea; in the stocked 
(1) and control (2) part of lake Wamiak in 1969 

In columns- weight o£ an individual 
Average weight of an individual from May to September: 1-0.21, 2- 0.31 mg 

Analogous regularities were observed in several other fauna .groups, which 

could be used as fish food. And so, a biomass on Flodea was lower in the 

stocked (as compared to the control) part of the lake of the follovving: Oli
gochaetq, Ephemeropte,ra and L epidopte.ra in 1968, Oligochaeta, Ephemeroptera, 

Trichoptera, Lepidoptera and Mollusca in 1969. Whereas on Stratiotes: Oligochae

tq, Lepidoptera and Mollusca in 1968, Ephemeroptera, Trichopte.ra, Diptera varia 

and MoJJusca in 1969. On the whole, it can be said, that the differences in the 

quantitative level of fauna associated with both plant species in the stocked 
and control part of the lake were greater in the second year of investigations; 

they were a] so observed in a greater number of fauna components (Tab. 11-V). 

The biomass dynamics of Chironomidae associated with both plant species 
in the stocked and control part of the lake were more thoroughly examined. 

As a result the curves illustrating the differences between the compared 

parts of the 1ake (FigG 1-4) were plotted. It is typical that these differences 

(higher biomass of Chironomidae in the contro) part than in the stocked one) 

are less visible at the end of the examined period (August-September). 

https://Trichopte.ra
https://epidopte.ra
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Fig. 4. Biomass dynamics of Chironomidae associated with Stratiotes in the stocked 
(1) and control (2) part of 1 ake Warniak in 1969 

In columns - weight of an individual 
Average weight of an individual from May to September: 1-0.61, 2-0.72 mg 

This is prob.abJy due to the equa1ization in both examined parts of the J ake 

of the fish stock, due to the leakiness of the net barrier (Z a w is z a and 
. 

C i e pie 1 ew ski 1973). The figures, ilJustrate also the average weight 

of a Chironomidae individual in the stocked and control part of the 1 ake. 
As it can be seen, it is as a rule, J ess heavy in the stocked part than in 
the control one, which is valid for both pJant species and both years of in

vestigations (Fig. 1-4). 'l'his wouJd prove that the fish eat more frequent1y 

the bigger Chironomidae individuals (this explains a)so the previously 

mentioned greater biomass than number losses of Chironomidae). An analogous 

result was obtained by K or ink ova ( 1 067) in pond experiments on the effect 

of fish on benthos; the average weight of Chironomidae individual was greater 

in the part of habitat protected from fish than in the unprotected one. 
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In the paraJlely conducted studies on the feeding of fish (P re j s 1973) 

it was found that in 1 ake Warniak the fauna associated with pJ ants, besides 

the bottom fauna, had a considerable share in the food of carp, tench, bream 
and perch fry; carp and tench grazed during the entire vegetation season 

in shallow, ,thickly overgrown part of the lake, And similarly, Z a w is z a 
and C i e pie 1 e w ski (1973), when analysing the spatial distribution of 

fish in lake Warniak, observed that during the entire vegetation season various 

fish species aggregated in the parts of the lake overgrown with Elodea and 

Strati o~ t e s. 
It can be generally said that the comparison of the numbers and biomass 

of fauna associated with plants, in the stocked and control part of the lake, 

shows visible differences: lower q.uantitative level of fauna and smaller 
-. 

average weight of one Chironomidae individual in the stocked part than in 

the ~ontroJ one. It seems, that these results may be interpreted as the effect 
of fish grazing • 

• 
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EKSPERY~.1ENTALNE ZWIEtKSZENIE OBSADY RYB 
W STAWOWYM JEZIORZE WARNIAK , , 

XII. LICZEBNOSC I BIOMASA FAUNY ZASIEDLAJJ\CEJ MAKROFITY 

Streszczenie 

w ramach zespolowych badan analizowano zasobno se pokarmow~ dla ryb strefy 
roslinnosci. ·W latach 1968-1969 oceniano liczebnosc, biomas~ i ·sklad jakosciowy 
fauny zasiedlajll.cej skupie.nia moczarki (Elodea canadensis Ric·h.) i osoki (Stratiotes 
aloides L.). Stwierdzono wyrazne roznice .w lic.zebnosci i biomasie fauny (odnoszonej 
do ci~zaru roslin) zarowno mi~dzy gatunkami roslin, jak i w kolejnych latach, przy 
duzym podobienstwie s~ladu jakosciowego (tab. I). Z por6wnania dwu cz~sci jezio·ra 
(odgrodzonych sieciami rybackimi): zarybionej (o zwi~kszonej obsadzie ryb, przez 
introdukcj~ karpia) i kontrolnej (o normalnej obsadzie ryb) wyniklo, ze poziom iloscio· 
wy fauny jest nizszy w cz~sci zarybionej (tab. 11-V). Szczegolnie wyr.azne roznice 
obserwowano u Chironomidae, grupy dominujqcej ·wsr6d fauny zasiedlajl\_cej makrofity: 
·ich bio.masa na obu gatunkach roslin i w obu latach badan byl-a niz.~za w zarybionej 
niz w kontrolnej cz~sci jeziora; niZ'szy w cz~sci zarybionej byl tez sredni citizar 
osobnika {fig. l-4). Wydaje si~, ze wyniki te mozna interpretowac jako efekt zerowa· 
nia· ryb. 
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