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THE INVERTEBRATES ON SUBMERGED MACROPHYTES 
IN THREE MASURIAN LAKES 

ABSTRACT: The composition and number dynamics of invertebrates on 4 species of 
submerged macrophytes (Potamogeton lucens L., P. perfoliatus L. Myriophyllum spicatum L. and 
Elodea canadensis Rich.) have been analysed. Chironomidae, Oligochaeta and Mollusca dominated. 
The numbers of invertebrates change noticeably in time, space, ~d on different species of macro­
phytes. The species composition, and numbers of invertebrates on macrophytes are different than 
those of the littoral benthos which is usually less abundant. 
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I. INTRODUCTION 

The ecology of invertebrates of littoral zone of lakes is not very well known. Usually 
qualitative studies are being carried ou~. Less frequent are quantitative studies in which various 
rnethods are applied and therefore in the majority of cases the data cannot be compared. 

For example, the fauna numbers are given in relation to the following units: plant surface 
(Entz 1947, Rosine 1955), plant volume (Gizinski 1958, Matlak 1963, 

• J 

K u f l i k o .. w s k i 1970, 197 4), cut of plant association of a maximum density (K a r a­
ss o w s k a and M i k u I sk-i 1960), dry plant weight (A n d r e w s and H a s l e r 1943), 
fresh plant weight (Z i m ha I e vs k aj a 1966, Bow n i k 1970, Pie c z y n ski 1973), 
shoot length (K r e c k e r 1939), surface area of littoral ho~to~ overgrown with vegetation 
(Macan 1949,1965, Gerki~g 1957, Gromov 1960, Scerhakov 1961,1967, 

\ 
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Sokolova 1965, Gillespie and Brown 1966, McLachlan 1969, Kofin­
k o v a 1971, N. Wolnomiejski- unpublished data), etc. Several authors discuss the range of 
application of particular 1nethods (G u r z ~ d a 1959, K a r ass o w s k a and M i k u Is k i 
1960, Edmondson and Winberg 1971, Kolinkova 1971, Pieczynski 
1973, N. Wolnomiejski - unpublished data, and others). 

The aim of this study was to analyse the composition and number dynamics of invertebrates 
inhabiting submerged macrophytes and their comparison with littoral henthos. 

2. AREA AND l\1ETHODS 

The study was carried out between 1 966 and 1971 in three lakes of the Masurian Lakeland: 
~Jikotajskie, Sniardwy and ~/ arniak (Tab. I). The Mikolajskie Lake was the main object of 
investigations. A description of these lakes is given hy 0 I s z e w s k i and P a s c h a I s k i 
(J959), Szostak et al. (1961), Mikulski (1966),, Szostak (1967), Berna­
towicz, Pieczynska and Radz ~i · ej (1968), Bernatowicz (1969) , Pie­
c z y n s k a (1972) aud others. 

·rab. I. Characteristics of the lakes 

. 
Area of 

Depth (m) Develop- littoral 
Surface \ 

ment of (in percen- Limnological 
Lake area • maXImum mean shore tage of type 

- (ha) 
line total lake 

~urface) 

t 

Mikolajskie 460 27.8 11.0 1.7 19 eutrophic, 
. holomictic 

. 

Sniardwy 10,970 23.4 5.8 2.2 34.5 eutrophic, 
• 

polymictic 
• • . 

Warniak 38.4 3.7 1.2 1.1 ~100 eutrophic, 
polymictic 

- ' . 

In Mikolajskie Lake the quantitative _material was systematically collected over a year on 
three main sites. These sites ·w·ere situated along the south-western shore. There were various 
species of submerged plants, different bottom and different exposure to wave action (Tab. 11). 
J?uring the summer addi~ional m~terial was collected in the litto~al of the whole lake. In lake 
Sniard,~y samples were taken in summer in 1966 and 1970 on 22 sites, and in lake Warniak­
in summer 197 0 on 5 sites. 

The methods of collecting and analysing the tnaterial were as follows: 
M a c r o p h y t e s. Quantitative samples of macrophytes up to l m deep were taken using · 

a frame of a surface area 0.25m2 or 1m2
• At greater depths Bern at o w i c z (1960) sampler 

of a surface area 0.16 m 2 was used. In sorne ca~es the material was collected by a diver. 
Mter·wards fresh biomass of macrophytes per 1 m2 of the littoral was determined. 

F a u n a a s s o c i a t e d w i t h m a c r o p h y t e s. Animals living· on macrophytes and 
selected without a microscope were taken into account. The animals were collected together 
with the macrophytes. The s:mtple was a gently pulled plant placed under the water into ha~, 
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Tab. 11. Characteristics of sites in Mikotajskie Lake 

. 
Site Plant species Bottom Depth (tn) Wave action 

l 

Myriophyllum spicatum 

Elodea canadensis 

Potamogeton lucens 

P. perfoliatus 

2 E. canadensis 

3 
P. luceus 

P. perfoliatus 

,. 
mud with 

. . plenty of 
0.5-0.7 weak 

. 

plant 

detritus 

• 

mud 0.5-0.7 medium 

. 
sand 0.5-0.7 strong 

• 

plastic boxes or jars. In laboratory the fauna was selected macroscopically and the plants were 
weighed. In order to compare the composition and numbers of th~ invertebrates on various 
plant species, on different sites and in different per~od s the numbers of fauna were calculated 
per lOO g fresh weight of plants and per 1m2 of the bottom (with regards to the hiomass of 
'plants on 1m2

). The_latter was also used for comparisons of the invertebrates on plants and 
benthic fauna. In order to compare the numbers of fauna on macrophytes and on experimental 
substrates they were calculated per 100 cm2 of leaf surface. 

B e n t h i c f a u n a. Samples of bottom fauna were taken in the neighbourhood of 
submerged plants. The apparatus of M o r d u c h a j - B o I t o v s k o j (1958) type of 
a surface of 50 cm2 was used. The material was sieved through a sieve of a mesh size 
0.4 x 0.4 mm . In laboratory the fauna was selected macroscopically. The numbers of benthic 
fauna were calculated per 1 m 2 of the surface area of the bottom. 

3. RESULTS 

3.1. Macrophytes and the peri.phyton 

The three lakes under study differ in the area occupied by submerged macrophytes and in 
their species composition and hiomass. , 

In lake Sniardwy submerged macrophytes cover 3,027,7 ha (27,6% of lake surface and 
80.0% of the littoral).' The Cliarales dominate, and quite .abundant are: Ceratophyllum 
demersum L., Potamogeton compressus L., Elodea canadensis Rich., Fontinalis antipyretica L. 
and Potamogeton lucens L. The submerged plants are most abundant at the depth of 
3.5-4.5 m. The maximum depth of their occurrence is 6.5 m (B ern at o w i c z, Pi e­
c z y n s k a and R a d z i e j 1968). 

• In lake W arniak submerged macrophytes cover 29.1 ha (75.8% of lake surface). Cerato­
phyllum demersum dominates. Quite abundant are: Stratiotes aloides L., Potamogetor1 
compressus and Elodea canadensis. The mean depth of occurrence of submerged macrophytes is 
1.2 m and the maximum 3.5 m (Bern at o w i c z 1969). 

In Mikolajskie Lake submerged macrophytes cover 48.0 ha (10.4% of lake surface, and 55% 
of littoral surface). The maximum depth of occurrence of submerged plants is 6 m. ('harales, 

• 

V 
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Ceratoph yllum demersum, Elodea canadensis, Fontinalis antipyretica and Potamogeton per­
foliatus L. dominate in the lake (P i e c z y n s k a 1972, K o w a I c z e w s k i - in pre~). 

:Four species of macrophytes: Potamogeton perfoliatus, P. lucens, Elodea canadensis and 
Myriophyllum spicatum L. were the main object · of study. They were very abundant and 
especially in the shallo'f littoral. The changes in bioma§s of these species were analysed in an 
annual cycle in Mikolajskie Lake, on three sites, in 1967, 1969 and 1970. 210 quantitative 

samples of macrophytes were taken. 
Potamogeton perfoliatus. It occurs between April and November. In May the hiomass of 

P. perfoliatus did not exceed 32 g of fresh weight per 1 m2
• The highest biomass values \vere 

recorded i.n the successive years in August or September (225-600 g of fresh weight per 1m2 
). 

In October P. perfoliatus occurred in small quantities and died in November (Fig. 1 ) . 
.... 

• 

-
--- .. 

----'\. 116.9 

" 
1170 
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Monlh8 

Fig. 1. Changes in biomass of Potamogeton perfoliatus in Mikolajskie Lake in 1967, 1969 and 1970 
1 - site 1, 2 - site 3 

I 

Potamogeton lucens. It occurs between April and November- slightly earlier than P. pe_r-
foliatus. Its numbers and dates of the appearance of first plants differed on the sites examined 
and each year. In different environments these plants either do not occur in l\1ay or attain 50 g 

2 of fresh weight per 1 m of the littoral bottom. The highest biomass is attained by this plant in 
different years and parts of the lake in July, August or September. The highest biomass in 
successive years ranges fro1n 300 to 1,7 40 g of fresh weight per, lrn2

• P. lucens dies in 
2 November and at that time its biomass does not exceed 11 g of fresh weight per 1 m (Fig. 2). 

Myriophyllum spicatum. In comparison to the previously discussed macrophytes it has 
a longer vegetation period; in winter under the ict cover a small amount of green shoots of 
rooted plants has been recorded. The highest hiomass is in July or August and in different years 
it is 940- 2,625 g of fresh weight per 1m2 

• In both years the hiomass of M. spicatum decreased 
since Septentber (Fig. 3). 

Elodea canadensis. It is different from the other species of macrophytes by having perennial 
shoots which are also green in the winter. It occurred all the time during the investigations. The 
biomass differed in all three years of the study and also on two sites in the same year. The 
highest biomass was observed in different months between April and October (460-1,980 g of· 
fresh weight per 1 m 2 

) (Fig. 4). 
The comparison of biomass of these species of submerged plants in Mikotajskie Lake shows 

that JJ1. spicatum and E. canadensis have a much higher biomass than P. perfoliatus and 
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Fig. 2. Otanges in biomass of Potamogeton lucens in Mikolajskie Lake in 1967, 1969 and 1970 
1 - site 1 , 2 - site 3 
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f'ig. 3. Changes in biomass of Myriophyllum spicatum in Mikolajskie Lake in 1967 and 1969 (site 1) 



-- -

-----

376 Grzegorz J an Soszka 

• 

2,000 
' ' ' ' ' ' ~ 

' 1,600 ' ' , ' , 
' ,' ' ,_ , , 

'~, ~, 
-- -- ...... ___ ,-' , , 

_, 

1,000 -- -- ......... ...,,. 

500 I 

( 

t§o.9 

--- .......-------- -... ....... .,--
~ ----~......._- -----------, ~.:::---------

,' - -----,.,.,' 
, 

,; , 
" -------- ... .., " "' 

2,00() / '\ 1§10 
/\. / \ 
~ \ r- / 

I \ , -./ \ 

I 
I ' 

\ I \ 1,500 
I \ I 

I 
I \ 

\ 
I \ 

I \ 

I \ \ !,OOIJ ,' f.., ... 
,' I --... _...... -', \ 

500 / I '-...,',,, \.. ................. -
' ____ / I ,, 
--~ ' ---.-/ ', '--.... ~ 

._-

A M J J A s 0 N 0 
Months 

Fig. 4. Otanges of biomass of Elodea canaden1is in ~1ikolajskie Lake in 1967, 1969 and 1970 
1 - site 1, 2 - site 2 

P. lucens. The biomass of one plant species on particular sites and in different years may differ 
considerably. 

The periphyton is to the same extent the life environment ·of macroinvertehrates as the 
macrophytes. In the lakes discussed the periphyton occurs ahundatly on all species of macro­
phytes. In the majority of cases the algae dominate. The calcium deposit and detritus are found . 

in considerable amounts. The periphyton on the plant species in Mikolajskie Lake, examined in 
this paper, has been analysed by B o w n i k (1970). The algae dominate there and amongst 
them the Bacillariophyceae. Out of the periphytic fauna the most abundant are Chironomidoe 

and Oligochaeta. B o w n i k (1970) describes also the noticeable differences in the number 

dynamics of periphytic fauna living on plants '\~ntering in the form of green shoots and on 
plants of which only the underground parts remain in winter in the lake. 
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The calcium deposit on these species of submerged plants in l\1ikotajskie Lake has been 

analysed by K o w a l c z e w ski (in press) and W. ihikowski (unpublished data). It occurs 

in large quantities on the macrophytes; mean value of carbonates in dry periphyton weight is 

85% for P. perfoliatus, 87% for P. lucens, 70% for M. spicatum and 77% for~· canadensis. 

3.2. Invertebrates associated w i t h macro ph y t e s 

The composition and num~ers of fauna associated with submerged 111acrophytes were ana­

lysed in lakes Mikolajskie and Sniardwy. 631 samples were collected. 

In Mikolajskie Lake, during two years, the fauna on Potamogeton perfoliatus, P. lucens, 

Myriophyllum spicatum and Elodea·canadensis was examined. The following groups of inver-
• tebrates were recorded: 

Chironomidae. They occurred abundantly or most abundantly on macrophytes (on average 

50%, maximum 93% of total number of invertebrates, maximum number 33,740 ind./m2 
) 

(Tab. Ill). The most abundant were: Endochironomus ex. gr. tendens F., E. ex gr. dispar Meig, 

Tanytarsus ex gr. lauterborni Kief£. and Glyptotendipes gripekoveni Kief£. Less abundant were: 

Limnochironomus ex gr. nervosus Staeg., Cryptochironomus ex gr. pararostratus Lenz., Pseudo­

chironomus ex gr. prasinatus Staeg. and Paratendipes ex gr. (llbimanus Mg. Among numerous 

Orthocladiinae Cricotopus ex gr. silvestris F. dominated. The least abundant were: the Pelo-

pinae (Procladius sp. ). There were very small differences in the species composition of 

Chironomidae larvae on plant species. And so, for example, on P. lucens Cricotopus ex gr. 

Tab. Ill. Invertebrates on Potamogeton lucens, P. perfoliatus, Myriophyllum spicatum and Elodea canadensis 

in Mikolajskie Lake (1967 and 1970 years) 

. 

Numbers of individuals: 

Percentage 
per 100 g of fresh plant per 1 m 2 of the littoral 

Taxons weight surface • 
• 

mean • maxunum mean • ma:xunum mean • maxnnum 
• ' 

. 

Chironomidae • 1,428 28,298 4,557 33,740 50 93 

Oligochaeta 

Gastropoda 

1,016 

139 

4,928 

1,079 

4,868 

1,029 

31,957 
. 

12,369 
. 35 

5 

85 

42 

.. 
. 

Tricho ptera 86 1,502 331 2,744 3 54 

Heleidae 64 456 387 4,102 2 15 

Hydrozoa 43 517 263 4,325 1 33 

Ephemeroptera 32 867 268 7,454 < 1 23 

Lepidoptera 17 181 100 1,180 <1 6 

Hirudinea 13 83 108 735 <l 13 

Bivalvia 11 199 78 1,711 <1 5 

Asellus aquaticus 11 171 106 1,195 <1 5 

Zygoptera 7 187 56 1,611 <1 5 

Mermithidae 3 47 14 268 <1 2 

Other groups ] 114 7 768 <1 3 . 

• 

Total fauna 2,871 32,790 12,1.72 54,950 
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silvestris and Glyptotendipes gripekoveni were more abundant than on the other species o.f 

macrophytes, and on E. canadensis- Procladius sp. and Limnochironomus ex gr. nervosus. 

Oligochaeta. Apart from the larvae of Ch·ironomidae the Oligochaeta were a very abundant 

or most abundant group of animals in the·majority of cases (on average 35%, maximum 85% of 

total · invertebrates, n1aximum number 31,957 ind./m2 
) (Tab. Ill). In aJI cases th~ Naididae 

dominated and amongst them Stylaria lacustris t. (frequently over 50% of all Naididae). Some 

Tubificidae occurred also ( rnainly on E. canadensis). 

Gastropoda. They occurred abundantly, especially on E;,. canadensis· (on average 5%, 

maximum 42% of total numher of invertebrates, maximum number 12,369 ind./m2 
) (Tab. Ill). 

Three species dominated: Bithynia tentaculata (L.), Radix ovata (Drap~rnaud) and Physa acuta 

(Draparnaud). Also were recorded: Theodoxus fluviatilis (L.), Viviparus viviparus (L.), Valvata 

piscinalis £. antiqua (Sowerby), V. cristata (Muller), Limnaea stagnalis (L.), Galba palustris 

(MUller), Amphipeplea glutinosa (Muller), Acroloxus lacustris (L.), G"oretus corneus (L.), 

Planorbis pla1J,orbis (L.), Anisus vortex (L.), Bathyomphalus contortus (L.)~""Armiger crista (L.), 

Gyraulus albus (MUller), Segmentina nitida (Muller) and Hippeutis complanatus (L.) . The 

differences in the species composition of Gastropoda on n1acrophytes were very smalL And so, 

for example, Bithynia tentaculata and Valva~a piscinalis f. antiqua occurred more abundantly 
• 

on E. canadensis. 

Trichoptera. They occurred quite abundantly (on average 3%, maximum 54%, maximum 

number 2,7 44 ind./m2
) ·(Tab. Ill) .. Very abundant were: Agraylea sp., Hydroptila sp., Ortho­

trichia sp., Oxyethira sp., Limnephilus sp.t Mystacides nigra (L.) and Leptocerus tineiformis 

Curtis. Less numerous were: Polycentropus sp. and Holocentropus sp. and Phryganea grand is L. 

The larvae of the genera Phryganea ~nd Limnephilus were more frequently found on 

E. canaden.si.~, Agraylea, Hydroptila, Oxyethira and Orthotrichia on pondweeds, and Leptocerus 

tineiformis on Myriophyllum spicatum. 

Heleidae. Only in some cases they were more numerous (on average 2%, maximum 15% of 

total invert~brates, maximum numbers 4,102 ind./m2
) (Tab. Ill). .. . 

Hydrozoa. A not very abundant group of invertebrates (on average 1%, maximum 33%, 
· maximum number 4,325 ind./ ~ 2 ) (Tab. Ill). 

Ephemeroptera. They occurred in small numbers and only sometimes were more nunterous 

(maximum 23% of total invertebrates, maximum numbers 7,454 ind./m2 
) (Tab. Ill). Most 

abundant \\1 ere: Caenis moesta Bngtss. and C. macrura Steph. and Cloeon dipterum (L.). Also 

found were Procleon sp., Centrophilum sp., Caenis. horaria (L.), C'. robusta Etn., Ephemera 

vulgata L. and Baetis mac ani Kimmins (the latter was described for the first time in Poland by 

S o w a 1962). There were no visible differences in the composition of Ephemeroptera on the 

macrophytes. Ephemera vulgata and Baetis macani occurred sporadically and only on 

E. canadensis. , . 
Lepidoptera. They were scarce among the invertebrates on -all macrophytes, hut occurred 

more regularly QO E. canadensis than on pondweeds (maximum 6% of total invertebrates, 

maximum numbers 1,180 ind./m2 
) (Tab. Ill). The tnost abundant were: Acentropus niveus 

• 
(Oliv.) and Paraponyx stratiotata (L.). Sporadically occurred: Cataclysta lemnata (L.) and 

• 

Nymphula nymphaeta (L.). 
Hirudinea. They occurred in small numbers on submerged plants (maximum 13% of total 

invertebrates, maximum numbers 735 ind./m2
) (Tab. 1{1). Most frequently occurred: Herpob­

della sp. and Glossiphonia complanata (L.). Also occurred: Haemopis sanguisuga (L-), Piscicola 

geo metra (L.) and Glossiphonia sp. · 

Other groups of animals occur quite abundantly in some periods, as for example Bivalvia 

(Dreissena polymorpha Pallas dominated, Pisidium sp. occurred also), Asellus aquaticus Rakov. 

https://canaden.si
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(mainly on E. canadensis), Mermithidae (c8pecially on pondweeds), Zygoptera (most abund­
antly represented by larvae of Enallagma cyathigerum Charp., ·less frequently: Erythl"omrna 
riajas Hans. and lschnura pumilio Charp. - most abundant on F;. canaden.,is ). 

Also net very abundant and sporadical JVP.re: Turbellaria [Dugesia sp. and Dendrocoe·lum 
lacteum (l\1Uller)], Bryozoa [Plumatella fungosa (PaU.), P. repens (L.) and G"ristatella mucedo 
Cuv.], Spongillidae, Chrysomelidae (Donatia sp.), Heteroptera (Ranatra lin.earis, L. and Nepa 
cinerea 1.) and larvae of Dytiscidae. 

, it 

In lake Sniardwy the composition of invertebrates did not differ much from that in Miko-
lajskie Lake. Chironomidae, Oligochaeta and Mollusca dominated. The study on invertebrates in 
lake Warniak was carried out by Pie t;. z y n ski (1973). Chironomidae, Oligochaeta and 
Ephemeroptera dominated in lake W arniak . 

. The fluctuations in numbers of invertebrates were analysed on 4 species of macrophytes in 
Mikolajskie Lake in 1967 and 1969. . 

Potamogeton perfoliatus. In both years of the study Chironomidae and Oligochaeta do­
minated (Fig. 5). On site 3 the fauna numbers were much higher than on site 1 (almost three 
times). The maximum n~mhers of invertebrates were in September or November and were due 
to the considerable increase in the number of Chironomidae or Oligochaeta. The smallest 
numbers of fauna were recorded in the spring and at the beginning of summer (Fig .. 5). 
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Fig. 5. Changes in numbers of invertebrates on Potamogeton perfoliatu." in l\tlikolajskie Lake in 1967 and ] 969 
1 - ChirononJidae, 2 - Oligochaeta, .1 - Mollu.fca, 4 - other groups 

Potamogeton. luce.ns. The composition and changes in numbers of invertebrates onP. lucens 
were similar as in the case of P. perfoliatus. In both years the maximum number of inverte­
brates was recorded on site 3 in October or Nove1nber. On site 1 this number was smaller and 
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Fig. 6. Changes in numbers of invertebrates on Potamogeton lucens in Mikolajskie Lake in 1967 and 1969 

1 - Chironomidae, 2 - Oligochaeta, 3 - Mollusca, 4 - other g~·oups 

. 
raore even. The maximum number of fauna on P. lucens was higher than on P. perfoliatus. The 
invertebrates in 1969 were more abundant than in 1967 (Fig. 6). 

Myriopb.yllum spicatum. Similarly as on pondweeds the Chironomidae and Oligochaeta 
dominated. The numbers of fauna on the same site differed in 1967 and 1969 (Fig. 7). The 
invertebrates on M. spica tu m were most abundant in August 1969. And similarly as in the case 
of the above mentioned macrophytes the fauna was more abundant in 1969 than in 1967 
( aho~ t three times). 
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Fig. 7. Changes in numbers of invertebrates on ~fyriophyllum spicntum in Mlkolajskie Lake in 1967 and 1969 
(site 1 ) 

1 - Chi.·o nomidae, 2- Oiigochaeta, 3 - Mollusca, 4 - other groups 

... 



381 
• 

The invertebrates on submerged macrophytes 

Elodea canadensis. In both years of the study the invertebrates were primarily represented by 
Oligochaeta, Chironomidae and Mollusca. Maximum numbers of fauna were in various months 
of the vegetation season (Fig. 8). Usually the numbers of Oligochaeta decrease in late autumn, 
whereas C~ironomidae numbers increase. On both sites the fauna numbers were higher in 1969. 
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The comparison of fauna numbers per lOO g of fresh weight of plants (mean values for 
2 years and on main sites) shows that the n~mbers of fauna on pondweeds are higher than on 
E. canadensis and M. spicatum (Tab. IV). 

. 
-Tab. IV. Mean numbers of invertebrates on four species of submerged plants 

• 

in Mikolajskie Lake in 1967 and 1969 
I . . ' 

• • I 
• 

Animal numbers 
• 

. 
I 

• 
• • 

per 100 g of fresh per 1m2 of the 
Plant species 

plant weight littoral surf ace 
. 

1967 1969 1967 1969 

Potamogeton lucens 1,303 5,161 3,161 6,423 . 
• P. perfoliatus 2,320 4,556 1,375 6,788 

Myriophyllum spicatum 622 4,156 16,436 33,483 

Elodea canadensis 580 3,1'23 5 ,590 30,483 : 

Out of macrophytes examined Elodea canadensis is the only species occurring abundantly in 
winter in the form of green shoots. The study on invertebrates on E. canadensis in winter 
(December 1970 to March 1971) has shown that~ the fauna consisted of all groups of inver-
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tebrates typical for summer period. The numbers of fauna over the four winter months vary 
(Fig. 9). The mean numher·s are about 20 times smaller than ~n the summer period. The 
numbers of Oligochaeta noticeably decrease (in some cases none occurred). The numbers of 
Chironomidae and Mollusca decrease less (about 30 and 8 times, respectively), whereas, for 
example, Asellus aquaticus ano Zygoptera are more abundant in winter than in the other 
seasons of the year. 
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Fig. 9. Changes in numbers of invertebrates on Elodea canadensis in Mikotajskie Lake in winter 1970/1971 
. (site!) 
1 - Lepidoptera, 2 - Odonata, 3 - Asellus aquaticus. 4 - Ephemeroptera, 

5 - Trichoptera, 6 - A-follusca, 7 - Chironomidae, 8 - o(ber groups · 

The number~ of fauna on submerged macrophytes in Mikolajskie Lake are on average twi~e 
higher than In · lake W atniak (P i e c z y r'1 s k i 197 3) and five times higher than ·in lake 
Sniardwy. · · · 

In order to analyse the spatial variability of the composition and numbers of the inver­
tebrates in July 1969 samples were taken from 11 additional sites at the depth 0.75-3.0 m. In 
various environments Chironomidae, Oligochaeta and Jlfollusca dominated interchangeably . . 

· Relatively small differences were · ~hserved on particular sites in the case of M. spica tu m 
(1,452-3,090 individuals), whereas they were quite considerable on E. canadensis (779-6,100) 
and on pondweeds (P. perfoliatus: .1,399-7,899 and P. lucens: 97 4-4,886). The ·differences in 
c9mposition and numbers of fauna at various depths are small. The invertebrates are most . 
abundant at the depth of 1 m and the least abundant .at the depth of 3 m. The ·numbers of 
Oligochaeta decrease together with the depth whereas the numbers of Chironomida.e slightly 
• Increase. 
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, 
The analysis of the occurrence of invet~ehrates at various depths in lake Sniardwy (material 

sampled to the depth of 6 m) shows that the numbers of fauna are slightly higher in the 
shallower littoral than in deeper places. The invertebrates are most abundant at the depth of 1 m 
and the least abundant at tpe depth of 6 m (Fig. 10). It is difficult to analyse in detail the 
relation between the numbers of invertebrates and the depth as the perc·entage of particular 
species of submerged macrophytes at depths examined varies a,nd it is known that the numbers 
of fauna on various macrophytes are not the same. 

UJI]]! 

04 

1 2 a 4 5 6 
Oeplh (m} , 

F~g. 10. Composition and numbers of invertebrates at different depths in lake Sniardwy 
· 1 - Chironomidae, 2 - Oligochaeta, 3- Mollusca, 4- other greJUPI · 

• 

' 

Knowing the numbers of fauna related to the weight of plants and the biomass of m~cro-
phytes, the number of invertebrates per 1m2 of the surface area of the littoral bottom has been 
determined. And as the number ~f fauna per 100 g of fresh weight of plants is usually higher on 
both pondweeds the number of fauna per 1 m2 of the surface area of the littoral bottom 
overgrown with M. spica tu m and E. canadensu is noticeably higher than in the environment 
with p9ndweeds (Tab. IV). This is gue to the much smaller hiomass of pondweeds . 

. ~n analysis of the changes in numbers of invertebrates per 1m2 of bottom overgro~n ~;with 
macrophytes shows a noticeable relation between these changes and the changes in numbers ot 
fauna per 100 g of fresh weight of plants in the case of E. canadensis and M. spica tu m (Fig. 11 ). 
Such relation is not observed in the case 6( P. perfoliatus and P. lucens. 

' 
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Fig. 11. Comparison in changes of Elodea canadensis and Myriophyllum spicatum biomass and changes in 
numbers of invertebrates in Mikobjskie Lake in 1969 

1 -numbers of individuals/lOO g of fresh plant weight, 2- numbers of individuals/m2 of the littoral surface, 
. 3 - plant biomass · 

3.3. C o m pari son of faun a associated · 
with macrophytes and henthic fauna 

Th·e benthicfauna was collected in Mikotajskie Lake in 1967 and 1969 (125 henthicsamples} 
on three sites in the vicinity of four plant species: Potamogeton perfoliatus, P. lucens, 
M._yrioph.yllum spicatum and Elodea canadensis. 

In the henthos, similarly as amongst the fauna associated with macrophytes, Oligochaeta and 
Chironomidae dominate, hut the species compositi.on of these groups is different. Among the 
benthic Oligochaeta the Tubificidae dominate (on macrophytes- Naididae). The following 
Chironomidae species are fou~d exclusively in the community of bottom fauna: Tanytar$US 
mancus v. der Vulp., T. ex gr. gregarius Kieff. and Cryptochironomus ex gr. defectus Kieff. 
(among the other larvae: Orthocladiinae and Glyptotendipes gripekoveni occur much more 
abundantly in the fauna associated with plants). Other Chironomidae species occur abundantly 
both in benthos and on plants. Typical representatives of fauna living on plants, such as for 

• 

https://compositi.on
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exa!fiple Porifera, Hydrozoa and some Hydroptilidae are not found in benthos and such species 
as Paraponyx stratiotata and Stylaria lacustris which are comm.on on plants occur sporadically. 
Molanna angustata Curtis, Tabanidae, Anodonta anatina. (L.) and Un.io tumidus Philipsson ar~ 
found only in the benthic fauna, whereas Donatia sp. and Ephemera vulg~ta are noticeably 
more abundant in benthos. The contribution of particular Mollusca species to both 
communities varies, amongst other it has been -observed that the majority of species is 
exclusive for one community only ( 68.4%) (Tab. V). 

Tab. V. Contribution of· particular species within the benthic and associated with macrophytes Mollusca 
in Mikolajskie Lake (May-November 1969) 

I . 

In fauna 
In benthos associated with 

Species 
( o/o) ~acrophytes 

(%) 
• 

Bithynia tentaculata 56.3 28.6 
Pisidium sp. 27.9 < 1 . 

Valvata piscinalis f. antiquo 6.8 <1 
Dreissena polymorpha 5.7 5.5 
Viviparus viviparus 1.1 <1 
Radix ovata · 1.1 10.9 

A nodonta anatina <1 
Unio tumidus <1 

' . 
A rmiger crista 18.4 

Gyraulus albus 18.1 
Physa acuta 6.4 

~ oung unidentified individuals 4.9 
Acroloxus lacustris 3.2 
Theodoxus fluviatilis 1.1 

• 

Valvata cristata <1 
Bathyomphalus contortus <1 
Anisus vortex <1 

Galba palustris· <1 
A mphipeplea glutinosa <1 

' 

The numbers of fauna living ori plants are generally higher than in the case of benthos. The 
maximum differences can be ten times (site 3, September), 40 times (site 1, November) and 
even 50 times (site 2, November). The maxima of numbers of fauna living on plants and of 
henthos are in different periods of the vegetation season (e.g., Fig. 12). In 18 comparative 
analyses of numbers of fauna living on plants and of benthos only in twp cases the benthic 
fauna was more numerous. 

The numbers of benthos and fauna on four species of macrophytes were compared when 
they occurred on one site. This showed that the numbers of fauna on E. canadensis and 
Jl.f. spicatum were several times higher than benthos numbers as compared to the fauna on 
P. perfoliatus and P. 

. 
lucens. In the ~ase of pondweeds . there were periods of more abundant 

benthos (early spring and late. autumn) when. the pond weeds were not well developed yet or 
partly dead and their biomass was very low. 

2 - EkoL poL, 2J, 3 
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Fig .. l 2. Comparison of composition and numbers of fauna associated with macrophytes (mean values for two 
plant species: Potanlogeton perfoliatus and P. lucens) and benthos in Mikolajskie Lake in 1969 (site 3) 

1 - Chironomidae, 2 - Oligochaeta, 3 - Mollusca, 4 - other 
I 

groups 

4. DISCUSS! ON 

. 
Pouunogeton p erfoliatus, P. lucens, Myriophyllum spicatum and Elodea canadensis, apart 

fr om other differences, differ in their life cycle and hiomass dynamics. The biomass of the same 
plant species on particular sites and in successive years may differ considerably (Figs. l-4). 

The cornmunity of invertebrates inhabiting these macrophytes has a variety of groups of 
a different biology (most numerous are Chironomidae, Oligochaeta and Mollusca).- The numbers 
of f~una living on plants vary considerably in time, space and on various species of macrophytes 
(Figs. 5- 8). The numbers of invertebrates are higher on P. perfoliatus and P. lucens than on 

2 E. canadensis and M. spicatum but as the hiomass of E. canadensis and M. spicatum per l m of 
2 the littoral bottom is much higher the numbers of fauna per l m of the bottom with these 

macrophytes is noticeably higher than in the environment with pondweeds (Tab. IV). · 
The essential differences in the changes in hiomass of macrophytes and in the numbers of 

invertebrates in successive years of the study suggest that one should be careful when 
comparing the data from different years in such a differentiated and vari~ble environment as 
the littoral is. · .. 

. , 
The cotnposition of fauna living on plants in lakes Mikolajskie and Sniardwy approximates 

to the one in the littoral of several other water bodies. Chironomidae and Oligochaeta are not , 
only the most numerous in lakes Mikolajskie and Snia~wy hut also in oth~r· water bodies (on 
the m~ority of macrophytes) (K re c k er 1939, Hi 11 b rich t 1953, Mat I a k 1963, 
W o I n o m i e j s k i and D u n a j s k a 1966, P i e c z y n s k i 1973 and others). Other 

· fauna groups, for exatnple A-1ollusca and Asellus aquaticus (K a r a s s o w s k a and M i -
k u 1 s k i 1960), Mollusca (M a r g o I i n a 1958), Gastropoda and Hirudinea (K u f l i -
k o w s k i 1970) and others, are rarely the most abundant on some plant species. The species 
occurring most abundantly within particular groups of fauna living on plants in Mikotajskie - . 
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Lake are also mentioned as dominants in other environments, e.g., Stylaria lacustris among the 
Oligochaeta (Re h b r o n n ] 937, l\1 ii ll er- 1 i e b e n a u 1956, l\1 a t 1 a k 1963, 
K u f I i k o w ski 1970), Endochironornus ex. gr. tl!ndens, Tanytarsus ex gr. lau tcrborni, 
Glyptotendipes gripekoveni and Cricotopus ex gr. silveslris among the C'hironomidae 
(M tiller-Lie ben a u 1956, G i z ins k i 1958, Mat I a k 1963, K u f I i k o w ski 
1970), Enallagma cyathigeru_m among the Zygoptera (Mac an 1965), Acentropus niveus 
and Paraponyx stratiotata within the Lepidoptera (M ii 11 er- L i e b e n a u l9fi6) and others. 

Several authors do not notice great differences in the· species composition of fauna living on 
various macrophytes and other substrates in the same environment. And for example, 
M a t 1 a k ( 1963) says that on several plant species examined there is no visible specific 

differentiation of fauna. A simiJar species composition of Chironomidae larvae is given by 
Fro s t (1942) for different macrophytes, w·hereas G r o m o v (1 960) says that the 

majority of aJl found Chironom idae species occurs on all submerged substrates exarnined 
including plants, and M till e r- L i e b e n a u ( 1956) gives the same species of non-mining 
Chironomidae and also Gastropoda and Oligochaeta in the composition of fauna living on six 
plant species. 

In several other cases considerable differences have been observed in the composition of 
fauna on different macrophyte species (K r a c h 1932, G i z i n s k i 1958, K a r a -
s so w s k a and M i k u I s k i 1960). The occurrence of several representatives of inver­
tebrates only on some species of macrophytes is pointed out by K re c k er ( 1939), 
M tiller-Lie b en a u (1956), H a r r o d (1964), M c L a c h I an (1969) and others. 
G u r z ~ d a (1959) and N. \Volnomiejski (unpublished data) quote information about the 

avoidance of specific plants by some fauna groups. 
Also the relation between fauna numbers and plant species is pointed out or is being 

followed from the material of several authors (K r e c k e r 1939, A n d r e w s and 
Hasler 1943, Gerking 1957, Gizinski 1958, Margolina 1958, Gromov 
1960, K a r a s s o w s k a and M i k u I s k i 1960, S t a n c z y k o w s k a 1960, M a t I a k 
1963, Zimbalevskaja 1966, Soszka 1968, Kuflikowski 1970, N.Wolno­
miejski - unpublished data, anp others). 

When discussing the differentiation in composition and numbers of invertebrate fauna on 
macrophytes the authors rarely explain the causes responsible for this differentiation, and the 
literature data on the subject are frequently contradictory. Amongst other things, it has been 
pointed out that the greater leaf fragmentation causes the greater fauna numbers and the 
differentiation of the species composition (K re c k er 1939, An are w s and Has I er 
1943, E n t z 1947, I-I i 1 1 h rich t 1953, R o sin e 1955, G er k i n g 1957, S tan­
c z y k o w s k a 1960 and others). According to some authors the differentiation of fauna 
d~pends more on the plant structure than on the chemical composition of water (K r e c k e r 
1939, Ha r r o d 1964), according to others it depends more on the depth (Z i m b a­
I e v s k a j a 1966) or on the water chemistry (F r o s t 1942). In analyses of the occurrence 
of fauna on plants the authors point out also the significance of chemical composition of 
plants, differentiation of plant periphyton (Ha r rod 1964, N. Wolnomiejski - unpublished 
data) or calcium deposit (En t z 1947). 

In Mikolajskie Lake no noticeable differences were observed in the composition and 
numbers of fauna on plants ,of different structure. And so, E. canadensis, a plant with small 
leaves, has a great fauna variety, whereas M. spicatum, a strongly spiked plant, has a small 
variety of fauna. The analysis of material from this lake shows that the species composition of 
fauna is less differentiated on examined species of submerged plants, but the numbers are 
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greater . . Also En t z (1947), W o In o m i e j ski and Dun aj s k a (1966) and N. Wolno­
miejski (unpublished data) point out the greater quantitative than qualitative diffe~ences of 
fauna on macrophytes. In Mikolajskie Lake the numbers of fauna vary on various rpacrophytes 
and even on the same species of macrophytes at the same time on different sites. And thus both 
the character of the plant itself and of the environment condition the composition and numbers 
of fauna .. 

A similarly high variability has been also observed by several other authors in the case of 
other water bodies (Frost 1942, Andrews and ·Has 1 er 1943, Rosin e 1955, 
Gizinski 1958, Harrod 1964, Macan 1965, Kuf1ikowski 1970, Pie­

c z y ti ski 1973 and others). 
In MikolajSkie Lake there are noticeable changes in numbers of invertebrates on Jnacro­

phytes with annual and perennial shoots. And the £!laximum numbers of fauna on E. canadens~s 
and M. spica~um occur in various months of the vegetation season of plants, including spring, 

• 
but on P. perfoliatus and P. lucens they occur usually in the autumn (in this period in several 
cases the numbers of invertebrates attain much higher values in comparison to the numbers on 
ot~er macrophytes ). As regards the periphytic fauna similar results have been obtained by 
· Bow n i k (1970). The autumnal increase in numbers of fauna living on some macrophyte 
species has been recorded by other authors (H i 11 b rich t 1953, Mat I a k · 1963 and 
Niewiadomski- unpublished data). Some authors suggest that this is due to the better trophic 
conditions caused by the death of plants (B o w n i k 1970). 

The numbers of invertebrates on submerged macrophytes given by several authors for 
different aquatic environments are different than in Mikolajskie Lake. A n d r e w s and 
Has le r (1943), Z i m bale vs k ~j a (1966), Pie c z y rl ski (1973) and others give 

smaller numbers of fauna, whereas Frost (1942) and _K or ink ova (1971) and others, 
larger. . 

An analysis of benthos in the vicinity of fauna associated with macrophytes shows the 
domination of the same groups of invertebrates: Oligochaeta and Chironomidae, but the species 
composition of these groups is different similarly as the number dynamics of both communities 
and usually the benthos is less abundant (e.g.; Fig. 12). Only in some cases the numbers of 
fauna associated with macrophytes are smaller iri comparison to benthos. The very few cases of 
the presence of representatives more typical for one community in the other one may be, 
amongst other, due to the moving of invertebrates from the macrophytes to the benthos and 
vice versa. The contacts between invertebrates inhabiting submerged macrophytes and the 
bottom fauna are evident (e.g., active moving and passive moving under the influence of wave 
action). Nevertheless there are visible differences in the composition and numbers of fauna 
associated with macrophytes and benth~c fauna thus showing that these are two different 
communities as they are treated in the literature (W o In o m i e j ski and Dun a j s k a 
1966 and others). Considerable differences in the composition of benthos and fauna associated 
with macrophytes are usually confirmed by the material of other authors: D em e 1 (1923), 
Romaniszyn (1953}, Gerking (1957), Stanczykowska (1960), 
McLachlan (1969}, Opalinski (l971)andothers. 

In some cases the composition of fauna associated with macrophytes and of benthos are 
similar(e.g., Zi~ba and Srokosz 1974). Pennak (1953)and Zimhalevskaja 
(1966) give the classification of the littoral invertebrates according to the more abundant 
occurrence of fauna representatives on plants or in bottom deposits. 

Usually the numbers of fauna on macrophytes are larger in comparison to benthos 
(G r o m o v 1960, G er king 1967, G u r z ~ d a 1959, and Niewiadomski- unpublished 

data). 
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5. SUMMARY 

The study was carried out between 1966 and 1971 in three lakes of the Masurian Lakeland: Mikolajskie 
(main object of the study), Sniardwy and Warniak. 

The composition and number dynamics of invertebrates on macrophytes and henthic fauna living among 
vegetation were analysed (Potamogeton perfoliatus L., P. luce':ls L., Myriophyllum spicatum L. and Elo.dea 
oonadensis Rich. were estimated). 

The macrophytes differ ·amongst other in their life cycle and biomass dynamics. The community of 
invertebrates associated with macrophytes consists of a variety of groups having different biology (most 
abundant are Chironomidae, Oligochaeta and Mollusca). The numbers of invertebrates change noticeably in 

• time, space (Figs. 5-8) and on different species of macrophytes. 
The numbers of invertebrate fauna are larger on P. lucens and P. perfoliatus than o.n E. canadensis and 

#. spicatum, hut as the biomass of E. canadensis and M. spicatum per 1m2 of the littoral bottom is greater, 
the numbers of fauna per 1m2 of the bottom overgrown with these macrophytes are larger than in the 
environment with pondweeds (Tab. IV). The analysis of the henthos close to the fauna associated with 
macrophytes shows that although the same groups of invertebrates dominate ( Oligochaeta and Chiro­
no midae) but the species composition of these groups and the number dynamics of both communities varies 
and usually the benthos is less abundant (Fig. 12). It is evident that ·the invertebrates associated with 
submerged macrophytes and the hen\hic fauna contact each other. But the noticeable differences in the 
composition and numbers of fauna associated with macrophyt ~s and bottom fauna show that these are two 
different communities. · 

6. POLISH SUMMARY (STRESZCZF~IE) 

' . 
Badania prowadzono, w latach 1966-1971 w trzech jeziorach Pojezierza Mazurskiego. Mikolajskie 

(ghSwny obiekt bad an), Sniard wy i W amiak. 
Analizowano sktad i dynamik~ liczehnosci hezkr~gowej fauny zwi:tzanej z roS.linno8ciCl i fauny dennej 

zyj'l,cej w$rdd roMinno8ci (hadano skupienia Potatnogeton perfoliatus L., P. lucens L., Myriophyllum 
spica tu m L. i Elodea canadensis Rich.). 

Badane makrofity rozni~ si~ m. in. cyklem zyciowym i dynamik~ hiomasy. Zespol bezkr~owc6w ZwiC\­
zany z makrofitami charakteryzuje si~ rozmaitosci~ grup o odmiennej biologii (najliczniejsze s~ Chiro­
nomidae, Oligochaeta i Mollusca). liczehnosc fauny bezkregowej zmienia sie wyraznie w czasie i w prze­
strzeni (fig. 5-8). Sklad i liczebnosc fauny hezkr~owej ~ rozne zardwno na rozmaitych gatunkach makro­
fitow, jak i w badanych srodowiskach litoralu. Liczehnosc fauny hezkr~gowej jest wyzsza na rdestnicach niz 
na moczarce i wywloczniku; ale- w zwi'l,zku z duzo wi~ksZ(\. biomas~ moczarki i wywlocznika na 1m2 dna 
litoralu -liczebnosc fauny w stosunku do 1m2 dna porosni~tego tymi makrofitamijest wyzsza niz w srodo­
wisku porosni~tym rdestnicami (tab. IV). Analiza sasiaduj~cego z faun~ zwi'l,ZallC\ z makrofitami zespolu­
bentosu - wykazala, ze wprawdzie dominuj~ te same grupy bezkr~owcow ( Oligochaeta i Chironomidae ), ale 
sklad gatunkowy tych grup jest inny, podohnie jak i dynamika liczebnoki obu zespolow, przy czym z reguly 
bentos jest mniej liczny (fig. 12). Kontaktowanie si~ bezkrftgowc6w zwi~zanych z ro~linno8ci'l zanurzon~ 
i fauny dennej jest faktem oczywistym. Tym niemniej stwierdzone wyrazne roznice skbdu i liczebno~ci 
fauny zwi~zanej z ros1innosci~ i fauny dennej wskazuj'l na to, ze s~ to odmienne zespoJ;y. 
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