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ABSTRACT

In  the  K ru ty n ia  drainage area of 638 km 2 of surface, th e  num ber of 93 lakes 
a re  situated . This d ra inage  area was shaped by several stadials of the las t glaciation. 
Basing upon the  chem ical analysis of w ater of la rger lakes the au thor established 
the  dependence of w a te r  chem ical character on the peculiarities of the drainage 
area. The co rrela tion  betw een  to tal solids and electrolytic conductivity and the s itu a 
tion of lakes w ith in  th e  compass of the drainage area. Lakes situated  on the esker 
area outw ash deposits show ed the conductivity  low er than  215 gS, w hereas lakes 
s ituated  on m orain ic deposits — over 230 pS. The chief ions are  Ca++ and H C 0 3_ 
and these both ions exh ib it the same connections. The discussed correlations a re  
m ore d istinct in ep ilim netic  w aters. In the w ate r of hypolim nion these correlations 
a re  m odified by typological properties of lakes.
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1. INTRODUCTION

The p resen t investigation  was undertaken  under stim ulating  influence of a m o
nograph of K o n d r a c k i  and  M i k u l s k i  “H ydrography of K ru tyn ia drainage a re a” 
edited in  1958. The au tho rs presented a detailed hydrological study of this area 
and characterized  its geom orphological conditions.

The aforesaid  study  enabled an attem pt to refer the lim nological characteristics 
of the exam ined area to its geom orphological peculiarities. This attem pt seemed 
particu la rly  in te resting  fo r on a relatively  sm all surface (637.7 km 2) several stadials 
of baltic  glaciation  w ere  distinguished.

The num ber of 93 lakes of various size and of various stages of m atu rity  
situ a ted  w ith in  the  d ra inage  area of K ru tyn ia  river encourage com parative typo
logical investigations. T he fact th a t the lakes under discussion are almost unknow n 
is also im portan t. In  the  review  of O l s z e w s k i  (1 9 5 1 )  notes about the  surface or 
depth of only 5 lakes a re  encountered, w ith the  exception of lake Babięty W ielkie
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192 A. Szczepański

trea ted  in m ore detail on account of the paper of B r a n d t  (1944). Data from  10 lakes 
concerning tem peratu re  oxygen, pH, alkalin ity , and transparency  w ere collected by 
O l s z e w s k i  and P a s c h a l s k i  (1959). Some fu rth e r  data on lakes Babięty W ielkie 
and Lisunie are included in an ea rie r paper ( S z c z e p a ń s k i  1968).

The geomorphology of M rągowo d istric t and thus the K ru tyn ia  drainage area 
occupies several pages of the paper of K r a u s e  (1926). A list of 36 lakes of the  sam e 
d istric t is found here as well, w ith  in form ations on th e ir  surface, depth, a ltitude 
above sea level, transparency  and w ater colour, bu t w ithout the data of m easu
rem ent. i

More detailed data on the chem ical com position of K ru tyn ia riv er w a te r below 
the lake Zyzdrój w ere furn ished  by S t a n g e n b e r g  (1958) *).

As it follows from  the quoted papers, lim nological data concerning the  discussed 
area are ra th e r scanty.

2. METHODS

The present consideration are based on the results of m easurem ents of 
physical and chemical properties of w ater of the lakes under investigation.

Samples from eight lakes (Table I, Nos 2, 5, 18, 20, 22, 24, 35, 38) w ere taken 
at 1 month intervals from spring to autum n. A single sam pling from 30 
rem aining lakes was carried out in August, 1959. In all lakes the sampling site 
was localized in the deepest part. From lakes examined every m onth sam ples 
were taken from the following levels, counting down from  the surface: 0.0; 
2.5; 5.0; 7.5; 10.0; 12.5; 15; 20; 30; 40; 50; 60 m. W here single sampling was 
performed, samples from the surface and from the level 1 m above the bottom 
were analyzed ( S t a n g e n b e r g  1936).

The m easurem ents comprised tem perature, electrolytic conductivity, pH,
0 2, Ca+ + , K +, N a+, PO  , ammonia nitrogen, Fe, alkalinity and total solids.
Analyses were perform ed following the methods used in S tate Institu te  of 
Hygiene ( J u s t ,  H e r m a n o w i c z  1955). Sodium, calcium and potassium w ere 
determ ined w ith a flame photom eter a fte r turning carbonates into chlorides. 
The total of 2820 w ater analyses of the investigated lakes w ere perform ed.

3. CHARACTERISTICS OF THE REGION

K rutynia river drains 63.770 ha. The drainage area comprises 93 lakes of 
a total area of 5 559.5 ha. The analyses covered 38 lakes of a total area of 
5 083.2 ha, which accounted for 91.4% of the total lake surface. The rem aining 
lakes were disregarded as they were very small, in m any cases turning into 
swamps surrounded by peat bogs, totalling up to 476.3 ha, th a t is 8.6% of the 
joint lake surface.

Table I presents morphometric data of the examined lakes. These data 
originate from the monograph of K o n d r a c k i  and M i k u l s k i  (1958). In cases 
where our m easurem ents of maximum depth were higher, than those given

*) Basing upon the  given data the  sam pling site rem ains not clear. The tex t 
reads “stream  Syzdrojanka below lake S yzdró j” w hile in the  enclosed “catalogue 
of chem ical com position of river w aters in P o land” the site is denoted as “Syzdrój •— 
outflow  from  the lake near the  village P upy”. Between the  lake Zyzdrój M ały and 
the village Spychowo (form er Pupy) is situated  the lake Spychowskie. H ance p ro 
bably the  m atte r is of the outflow from  the  lake Spychowskie and not from  lake 
Zyzdrój.
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Limnology of the Krutynia drainage area 193

by the above authors, it was m arked in the Table using heavy types. The 
disposition of the examined lakes is schown on the map (Fig. 1). Numbers of 
lakes on the map accord with those in Table I.

Fig. 1. K ru tyn ia  drainage area 
г ,1!?1:!6175 o f  la k es  co rresp o n d  to  th o se  in  T ab le  I. I M ora in ic  r id g e s; A -С  P o m er a n ia n  s ta d ia l;  
C -D  F ra n k fu r t s ta d ia l II; B -D  F r a k fu r t s ta d ia l I; II O u tw ash  d e p o s its ; III L ak es w ith  e le c tr o -  
ly t ic  c o n d u c t iv ity  o f s u r fa c e  w a ter  >  225 jxS; IV  L a k es w ith  e le c tr o ly t ic  c o n d u c t iv ity  o f  su r fa c e

w a te r  <  *iS

4. RESULTS 

M A XIM U M  D E PT H

The examined lakes show maximum depths from 2.2 to 53 m, the deepest 
being the lake Babięty Wielkie. However only 4 lakes exceed the depth of
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194 A. Szczepański

30 ш, th a t is Babięty Wielkie (63 m), Piłakno (55.3 m), Mokre (45.7 m) and 
Lampackie (33.7 m). The frequency of occurrence of particu lar classes of d e p th  
is presented on Fig. 2A. The most num erous group of lakes is that of maximum 
depth of 5.1—10.0 m and constitutes 34.2% of the exam ined lakes. If all 
lakes of the K rutynia drainage area were taken into consideration, the gravity

T a b l e  I
Morphometrie data of the examined lakes

No. Name of lake Surface 
in ha

Depth in m Volume 
in m 5/ - 1 0 6maximum average

1 . Babięty Małe 73.1 7.1 4.2 3.01
2 . Babięty Wielkie 271.1 63.0 22.9 62.23
3. Białe Krutyńskie 374.0 28.0 9.4 35.0
4. Borówko 29.0 11.5
5. Dłużec 127.0 21.4 7.4 9.40
6 . Gant 37.8 26.0 10.3 2 . 0 0

7. Gardyńskie 107.0 10.6 2 . 2 2.34
8 . Giełądzkie 416.0 23.2 7.9 32.80
9. Janowskie 18.6 3.7 2.7 0.50

1 0 . Jerzewko 59.0 3.0 1 . 1 0.64
1 1 . Kały 7.0 5.0
1 2 . Kiełbonki 37.0 7.9 4.2 1.42
13. Kierwik 59.0 14.9 5.7 3.34
14. Kołowin Wielki 82.5 6.5 3.6 2.87
15. Krawienko 39.8 8 . 6 3.2 1.28
16. Krawno 80.2 10.5 4.4 3.53
17. Krzywe 140.0 22.4 5.1 10.80
18. Kujno 30.0 5.5 2 . 0 0.60
19. Lampackie 278.0 33.7 9.4 26.0
2 0 . Lampasz 76.0 2 2 . 2 9.2 7.0
2 1 . Lisunie 13.0 8.2 3.8 0.53
2 2 . Miętkie 31.7 4.0 2.3 0.76
23. Mojtyóskie 32.6 6.4 3.2 1 . 1

24. Mokre 797.8 45.7 13.1 104.40
25. Nawiady 272.5 24.9 8.5 23.27
26. Pierwój 152.0 2 0 . 0 9.0 13.7
27. Piłakno 278.7 55.3 14.6 40.60
28. Pustniki 33.2 8 . 6 3.9 1.30
29. Rańskie 282.0 9.0 4.5 13.02
30. Słupek 23.0 5.7
31. Spychowskie 54.1 5.9 2.3 1.24
32. Stromek 140.0 2 . 2 0 . 6 2 . 0 0

33. Tejsowo 35.2 15.0 5.8 2.04
34. Uplik 61.9 9.4 3.4 2.09
35. Warpuńskie 49.5 6 . 8 3.0 1.50
36. Zdróżno 246.8 12.4 4.7 11.62
37. Zyzdrój Mały 42.4 1 0 . 6 3.8 1.62
38. Zyzdrój Wielki 2 0 0 . 1 13.5 5.0 9.92

centre would move proable to the class of shollowest and a t the same time 
smallest lakes. The largest class of lakes accounts for 15.9% of surface of the 
examined lakes and 14,5% of the to tal surface of lakes of this drainage are a . 
The above mentioned 4 deepest lakes cover 32% of surface of the examined 
lakes and 29.2% of surface of all lakes of the area under investigation. T h ese  
relations are summarized in Table II.
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Fig. 2. Frequency of occurrence of particular values of parameters
A . m a x im u m  d ep th  m ; B . w a te r  te m p er a tu re  °C; C. pH ; D . E le c tro ly t ic  c o n d u c t iv ity  nS;

E. A lk a lin ity  m e/l; F . C alc iu m  c o n c e n tr a t io n  m g /l;  I a t th e  su r fa c e ;  II n ear  th e  b o tto m
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196 A. Szczepański

T a b l e  И
'

Classes of depth Number 
of exami
ned lakes

Per cent of 
the number 
of examined 

lakes

Total 
surface 
in ha

Lakes in per cent 
of surface

of exami
ned lakes

of all 
lakes

0.0— 5 m 5 13.3 256.3 5.0 4.6
5.1—10 m 13 34.2 807.1 15.9 14.5

1 0 .1 — 2 0  m 9 23.6 951.7 18.7 17.1
20.1—30 m 7 18.4 1443.3 28.4 26.0
30.1-^10 m 1

40.1—50 m 1

50.1—60 m 1 10.5 1624.8 32.0 29.2
60.1—70 m 1

Total 38 1 0 0 . 0 5083.2 1 0 0 . 0 91.4
Remaining lakes 55 476.3 8 . 6

Total 93 5559.4 1 0 0 . 0

TEM PER A T U R E

The distribution of occurrence frequency of tem peratures a t the surface 
and near the bottom of the examined lakes in August, 1959, is presented on 
Fig. 2B. Near-bottom tem peratures are distinctly divide into two groups, th a t 
is of lakes of cold near-bottom  w ater (on an average 7—11°C) and of lakes of 
warm  near-bottom  w ater (on an average 19—21°C). The second group of lakes 
belongs to those circulating over the whole summer. The tem perature of 
surface waters was in this period ra th e r high, on an average 21—23°C.

T R A N S P A R E N C Y

W ater transparency of the examined lakes is ra ther low. Transparency of 
60% of them did not exceed 2 m and only in two lakes it exceeded 3.5 m 
(Mojtyńskie — 4 m and Pilakno — 5.35 m). Even the deepest lake Babięty 
Wielkie showed transparency of 1.75 m despite of good oxygen conditions a t 
the bottom, indicating an relatively early  stage of lake evolution.

Analogical values for the lakes of Suwałki district ( S t a n g e n b e r g  1936) 
were higher, as but 15.5% of these lakes showed transparency below 2 m and 
the num ber of lakes w ith transparency exceeding 3.5 m is proportionally 
4 times higher.

PH

The w ater pH of the examined lakes is included w ithin the limits of 
7.15—8.60 for surface samples and 6.80—8.35 for near-bottom  ones. The 
frequency of occurrence of particu lar values is presented on Fig. 2C. The 
near-bottom  w aters exhibit in general lower pH values than surface w aters. 
The most frequently occurring pH values in near-bottom  w aters are 7.41—7.60 
and in only 7 lakes these values are  higher. On the contrary the surface
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Limnology of the Krutynia drainage area

w aters are more alkaline. The most frequently  occurring pH values were 
8.01—8.20 and these values were lower in surface w aters of only 8 lakes.

In the K rutynia drainage area larger lakes of the Suchar-type (small 
distrophic) do not occur, hence also w ater pH is higher than average pH of lakes 
of the Suwałki district. The near-bottom  waters of lakes of K rutynia drainage 
area exhibit higher pH values than those of the Suwałki district even disre
garding the Suchar-type lakes.

ELECTROLYTIC C O N D U C TIV ITY

The conductivity of w ater (x20) of the examined lakes ranges from 139 pS 
to 330 pS. The diagram (Fig. 2D) illustrates the frequency in particular class
es of values. A lower conductivity of surface w aters than that of near-bottom  
ones is connected w ith a lower content of electrolytes. Among the examined 
lakes 22 of them show surface w ater conductivity w ithin the range of 
201—250 pS. The near-bottom  w aters are in general characterized by higher 
values, as in 22 lakes the conductivity exceeds 250 pS. This situation may 
indicate an accumulation of electrolytes in the hypolimnion or an im poveri
shm ent of epilimnion as regards the soluble salts.

TO T AL SO L ID S

The character of distribution of occurrence frequency of the amount of 
dry residue in w ater samples from the examined lakes is very sim ilar to 
that of electrolytic conductivity, as discussed above, that is the near-bottom  
w aters leave a heavier residue than the surface ones. Average value for 
surface samples amounts to 180.6 mg/1 and for near-bottom  samples — to 
199.9 mg/1, that is more by almost 20 mg/1.

A L K A L IN IT Y

The quantity  of particu lar alkalinity classes is analogical to that of con
ductivity and total solids, as follows from Fig. 2E. The values for surface 
samples and their am plitude are low (1.51—3.50 meq/1). For the near-bottom 
w aters the am plitude is higher (1.51—4.50 meq/1) and the distribution-curve 
top is flattened. The most num erous is the class of 3.01—3.50 meq/1, whereas 
for surface w aters the values are concentrated in the class of 2.51—3.00 meq/1.

The comparison of mean value of alkalinity for the lakes of Suwałki 
district (apart from Suchar-type), calculated as 3.20 meq/1 basing on the data 
of S t a n g e n b e r g  (1936) w ith the same for the lakes of K rutynia drainage area, 
averaging 3.19 meq/1, proves a distinct analogy between w aters of both 
regions.

CALCIUM

The course of frequency distribution of calcium content is sim ilar to the 
form er ones, as shown on Fig. 2F. Surface w ater contained in general less 
calcium than the near-bottom  w ater. Concentrations of calcium range from 
17 to 59.5 mg/1. Mean value for near-bottom  w aters equals 43.3 mg/1.

197
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SO D IU M  A N D  PO T A SSIU M

The curves of frequency distribution of concentration classes of sodium 
and potassium remind a binomial curve. There are no significant differences 
between surface and near-bottom  waters. Values occurring most frequently  
are 3.75 mg/1 sodium and 2.5 mg/1 potassium.

5. DISCUSSION

The m ere knowledge of variability  range of num erous environm ental 
factors of w ater is insufficient to deduce the interrelations between particu lar 
factors and to establish the general character of the investigated lakes.

Two param eters supply evidence of the total content of lake w ater con
stituents, that is dry residue and electrolytic conductivity. The conductivity 
indicates the concentration of dissociated salts in solution and the dry residue 
on evaporation is proportional to both, the amount of dissolved substances and 
seston.

The occurrence of a positive correlation between the conductivity and 
total solids enables to infer that the lake w ater contains chiefly dissociated 
salts which constitute the residue on evaporation, or that these salts influence 
in some way positively the content of seston, which consequently raises the 
amount of residue.

A negative correlation would prove that the drop of seston content is con
nected w ith an increase of concentration of electrolytes. The correlation 
coefficient equal to nought reflects the lack of interdependence between both 
factors. The relationship between total solids and electrolytic conductivity 
for the lake w aters of the K rutynia drainage area is presented on Fig. ЗА.

The existence of a positive correlation between the discussed factors fol
lows distinctly from the diagram. It may then be assumed that either the 
electrolytes account for the bulk of dry residue, or they condition the am ount 
of seston. This relationship would be direct in first case and indirect in the 
second. The next diagram  of correlation (Fig. 3B) presenting the dependence 
of dry residue on the calcium content, explains which case is dealt w ith in 
the examined lakes. The correlation is again positive, as the increase of dry 
residue corresponds to that of calcium. On this diagram (Fig. 3B) the calculated 
amounts of C aC 03 are given together w ith the concentrations found of Ca + +. 
These amounts constitute on an average 52.7% of total solids. Taking into 
consideration the presence of remaining ions it should be adm itted that m i
neral salts account for a t least 80% of to tal solids.

The correlation of calcium concentration and electrolytic conductivity is de
m onstrated on Fig. 3C. As it was to be foreseen the positive correlation is 
in this case considerably more distinct, since Ca++ is the chief ion responsible 
for the electrolytic conductivity of water. The relationship between electroly
tic conductivity and alkalinity is analogical (Fig. 3D).

The last of the discussed correlations, i.e. that of alkalinity and calcium 
content of the examined waters is shown on Fig. 3E. The relationship between 
HCOJ and Ca++ in the examined lakes are of the same character as the 
rem aining ones.

Basing upon the quoted data the following conclusion may be accepted:
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Fig. 3. C orrelations
A . T o ta l s o lid s  mg/1 an d  c o n d u c t iv ity  nS . B . T o ta l s o lid s  mg/1 an d  Ca" mg/1. C. C a^  m g 1 
an d  c o n d u c t iv ity  nS. D. A lk a lin ity  m e/1 an d  Ca” m g/l. E. A lk a lin ity  me/1 an d  Ca" mg/1.
F . T o ta l so lid s  mg/1 a n d  c o n d u c t iv ity  hS  d o ts  d e su its  fr o m  K ru ty n ia  d ra in a g e  area . I C a lcu la ted  

a fte r  K o lth o ff .  2. R esu lts  fr o m  O h le  (1959). r n ear  th e  b o tto m . II a t th e  su r fa ce
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200 A. Szczepański

the main constituent of the examined waters is Ca(HC03)2 and its concentration 
is decisive for the electrolytic conductivity and for the dry residue of water.

Numerous attem pts w ere undertaken to find a coefficient enabling the 
computation of dry residue from the value of electrolytic conductivity, the 
results were however ra ther divergent. On the diagram  (Fig. 3F) the curve 
from  the data of O h le  (1959) and the curve based on the Kolthoff coefficient 
are presented together w ith results from the K rutynia drainage area. The 
curves based on data quoted for the sake of comparison run peripherally  to 
the scope of variability  of the factors analyzed.

As follows from the range of values of the examined factors, the near-bot
tom w aters show in most cases a higher dry residue and a higher electrolytic 
conductivity than surface waters, also Ca++ and HCO3" occur in higher 
proportions.

The seston accounts for less than  20°/o of to tal solids of the exam ined 
waters.

The problem of dependence of chemical composition of lake w ater upon 
the drainage area should be discussed in turn. The K rutynia drainage area 
is particularly  adequate for such a study, since on a relatively sm all surface 
various stadials of glaciation are represented, which shaped the landscape of 
the region. The morainic ridges are situated parallelly  to each other, keeping 
the general direction W—E. The southern part of K rutynia drainage area 
is covered by thick beds of outwash deposits overlaying the boulder clay of 
B randenburg stadial *K On these deposits several large lakes drained by the 
river K rutynia are situated. The outwash area is lim ited from the north  by 
a morainic ridge of the F rankfu rt stadial. This ridge keeping its general 
direction W—E forms in the examined region three southw ards convex 
arches.

A second ridge of the F rankfurt stadial is situated 3—9 km to the north  
from the first one.

More or less 5 km to the north from the moraines of second phase of the 
F rankfurt stadial a parallel morainic ridge of Pom eranian stadial is situated. 
The next ridge of end moraines is situated at a distance of 15 km from those 
of Pomeranian stadial, constituting the boundary of K rutynia drainage area 
and at the same time the w atershed between drainage basins of V istula and 
Pregel.

The course of morainic ridges, outlined after K o n d r a c k i  and M i k u l s k i  

(1958) differs from that given by K r a u s e  (1926), particularly  as regards the 
neighbourhood of lakes Babięty Wielkie and Mokre.

Spaces between ridges of end moraines are crossed by glacial channels of 
a m eridian direction. These channels cut in several places the ridges of end 
moraines. The m ajority of lakes of the K rutynia drainage area is of channel- 
lake character. W ithin the interm oraine spaces the flow of surface w aters 
occurs along these channels, connecting lakes which fill the channel depress
ions. On the whole the direction of flow of surface w aters is southward.

A fter forcing trough the end moraines of the F rankfu rt stadial the river 
K rutynia crosses the outwash plaine utilizing the basis of lakes Zyzdrój Wielki 
and Zyzdrój Mały which seem, following K o n d r a c k i  and M i k u l s k i  (1958), 
together w ith other lakes of the same outwash plaine, to be of kettle origin.

*) The geom orphological conditions are discussed basing on the m onograph of 
K o n d r a c k i  and M i k u l s k i  (1958),
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Joining the lake Spychowskie K rutynia river turns northw ards, through lake 
Mokre reaches again the area comprised by the F rankfurt stadial and confined 
to this area discharges into lake Bełdany.

The surface of the K rutynia drainage area totals 637.4 km 2 w here about 
90 km2 belong under Pom eranian stadial about 270 km 2 under F rankfurt stadial 
another 100 km 2 are covered by outwash deposits. The term inal part of 
K rutynia draines about 175 km2 of the area of F rankfurt stadial. The geomor- 
phological situation is presented on Fig. 1.

P articu lar parts of the river K rutynia and of its tributaries bear various 
names which introduced by the tex t would embroil the picture; for the sake of 
simplicity these names disregarded and it was adm itted after K o n d r a c k i  and 
M i k u l s k i  (1958) that K rutynia springs are situated at 144 m above sea level, 
near the village Burszewo upwards of the lake W arpuny and crosses 18 lakes. 
The longitudinal profile of K rutynia is presented on Fig. 4. A num ber of 
tributaries join the main river the largest being the system of Babięty stream  
which drains 16 000 ha.

A considerable geomorphological differentiation is followed on the ex
am ined area by lithological one. Boulder clays and gravels prevail in the re 
gion of Pom eranian stadial whereas the region classed to F rankfurt stadial is 
built of sands and clays and in its eastern part of gravels occurring in larger 
amounts. The outwash plaine is formed from sands, according to its origin. 
In its lower course K rutynia crosses alluvial depressions filled w ith peat.

The lakes of the K rutynia drainage area influenced by feeding w aters 
originating from regions lithologically different, should display dependence 
upon these regions. This dependence resulting from chemical erosion will be 
apparent in changes of total amount of dissolved salts and in changes of 
their composition in w ater originating from various parts of the drainage 
area. This is still more complex owing to a variable character of agricultural 
exploitation of the discussed area.

As it is known the electrolytic conductivity of w ater supplies evidence on 
the total content of dissolved salts. From  Fig. 4 it is visible that the value 
of electrolytic conductivity for surface w aters is more levelled and as a rule, 
lower than of near-bottom  waters. However a more im portant conclusion can 
be drawn from this diagram, that is a distinct and sharp decrease of conducti
vity  that may be observed at the transition  from morainic regions to outwash 
plaine. So long as K rutynia flows through the area of morainic deposits, the 
values of conductivity exceed 250 p-S and for surface w aters average 262 pS. 
On transition to outwash plaine, that is the area of fluvioglacial deposits the 
conductivity falls to about 213 pS and remains at a low level throughout all 
lakes of the outwash plaine. When the river reaches again the morainic region, 
the value of conductivity rises to 230 pS shoeing  a tendency of a fu rth er 
increase, as in lake Bełdany, to which K rutynia discharges, this value attains 
245 pS.

The diagram for near-bottom  w aters is of a sim ilar character, although in 
this case considerably higher oscillations are observed.

The distribution of concentration of main ions including Ca++ and HCO3' ,  
along the discussed series of lakes is analogical. This distribution for hydrogen 
carbonate ion is presented on Fig. 4. Also in this case the near-bottom  w aters 
display a larger range of oscillations of alkalinity  value than surface samples, 
w hich are more levelled.
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Fig. 4. Changes of particular parameters of lake waters along the Krutynia river
N a m es  o f  la k e s . 1. W a rp u ń sk ie . 2. Z y n d a ck ie . 3. G ie łą d z k ie . 4. L a m p a ck ie . 5. L am p asz . 6. K u jn o .  
7. D łu ż e c . 8. B ia łe . 9. G an t. 10. Z yzd rój W ie lk i. 11. Z yzd rój M ały . 12. S p y c h o w s k ie . 13. Z d rózn o . 
14. U p lik . 115. M ok re. 16: K r u ty ń sk ie . 17. G a r ty . 0.8. J erz e w k o . 19. B e łd a n y . A . lo n g itu d in a l  
p r o f ile .  B . e le c tr o ly t ic  c o n d u c t iv ity .  С. a lk a l in ity .  D . К  an d  N a in  th e  su r fa c e  w a te r . I. M ora-  
in ic  d ep o s its  P o m era n ia n  s ta d ia l. И . M ora in ic  d e p o s its  F r a n k fu r t s ta d ia l. III. O u tw a sh  d e p o s its .  
IV . M ora in ic  d e p o s its  F ra n k fu r t s ta d ia l, a . a t th e  su r fa c e , b. n ear  th e  b o tto m , c. w a te r sh e d
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The variability of occurrence of sodium and potassium in the examined 
lakes is not so clear as it was with the above discussed factors, however a fall 
of concentration on the line, delim itating morainic and outwash area, is 
distinct. On the other hand there is no increase of concentration of these 
cations in lakes of the lowermost p art of the river, situated again in morainic 
region (Fig. 4).

Up from times when M i n d e r  (1923) found a  biological w ater decalcification, 
num erous investigations of this problem  have been performed. These investi
gations concerned mostly the processes occurring in a w ater body itself, 
although T h i e n e m a n n  (1925) stated, th a t stream  w aters underw ent decalcifi
cation by crossing a lake. In Poland this problem  was elaborated by S t a n -  
g e n b e r g  (1935, 1936, 1937).

The processes of biological decalcification in a lake are overlain by a domi
nating over these processes dependence of calcium content upon the lithological 
conditions of the drainage area hence the resulting picture is more compli
cated than it was hitherto  claimed.

Fig. 5. Changes of particu la r param eters of lake surface w ate r along Bobrek — tr ib u 
ta ry  of K ru tyn ia  river

N a m e s  o f  la k e s  (on  th e  a b sc issa ). I. M ię tk ie . 2. S łu p e k . 3. B a b ię ty  W ie lk ie . 4. B a b ię ty  M ałe.
5. G an t. A . C o n d u c t iv ity  in  цЭ. S .  P o ta s iu m  m g /l . C. C a lc iu m  m g /l, D . A lk a lin ity  meq/1.

I . M orain ic  d e p o s its . I. O u tw a sh  d ep o s its

The following argum ents would prove the domination of influence of 
drainage area over biological decalcification.

1. Beside calcium an analogical course of variability is found for sodium 
and potassium.

2. A fter reaching again the morainic region by the river no fu rther 
depletion of alkalinity is observed but its increase. Sodium and potassium 
rem ain nearly at the same level.

The comparison of the discussed series of lakes w ith that connected by 
a stream  originating in lake Bobrek indicates as well th a t geomorphological 
conditions are decisive. The aforesaid stream  begins in the outwash region 
and joins K rutynia in the morainic region of F rankfu rt stadial. Analogically to 
the previous case the transition from  outwash deposits to moraines is bound 
w ith  the change of main w ater constituents, the content of these constituents 
increasing in morainic area. This regards as well Ca, K, Na, as hydrogen carbo- • 
nate ions. The electrolytic conductivity increases also as related to the mentio-
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ned ions. The variability  of these constituents in lakes connected by the dis
cussed stream  is presented on Fig. 5,

The increase of calcium content associated w ith transition from outwash 
plaine to morainic area indicates clearly th a t changes in calcium content should 
not be explained only by processes of biological decalcification or that it 
should be admitted, the intensity of processes of biological decalcification to 
be ruled by the geomorphological character of drainage area. P a t a l a s  (1960) 
analyzing analogical data from Węgorzewskie lakes arrived  to somewhat 
different conclucions. This author stated, that in surface w aters of lakes 
connected w ith a river “a depletion of calcium content is observed downstream. 
A longer part of the river enriched in calcium the lower situated lake”. Basing 
upon the chemical analyses of w ater of lake Wigry, S t a n g e n b e r g  (1935) esta
blished that calcium content in Czarna Hańcza river rises as the distance 
from the outflow from Wigry lake increases. This increm ent am ounted to 
about 10°/o per 3 km distance. As results from the analysis of data collected 
on stream s of K rutynia drainage area, such on enrichm ent may occur when

Fig. 6 . Changes of C a++ and H C 0 3  concentration and of electrolytic conductivity
of river along the low er course of K ru tyn ia  riv e r

1,2,3... sa m p lin g  s ta tio n s . S ta tio n  1. O u tflo w  fro m  la k e  K r u ty ń sk ie . S ta t io n  7. D isch a rg e  to
la k e  G arty

the stream  crosses a morainic region. This situation is illustrated  by Fig. 6. 
A distinct rise of electrolytic conductivity and of Ca+ ; and H C 0 3̂ content is 
observed in the river segment downstream  from the issue of the lake K ru 
tyńskie w here K rutynia crosses a morainic plateau. When the river attains 
alluvial depressions no fu rther increase of the discussed param eters is observed.

As regards Na, P a t a l a s  (1960) found that its lowermost concentrations 
are encountered in lakes situated in proxim ity to w ater sheds. The present 
data show rather the reverse. Lakes situated near the w ater shed of K rutynia 
show a mean content of 4.5 mg Na/1 in comparison to average 3.6 mg Na/1 for 
all examined lakes of K rutynia drainage area. In the present discussion the 
lake Mokre was ranged among lakes influenced by outwash deposits, but this 
might create doubts. Such a ranging has following reasons. The lake situated in 
a glacial gate between two arches of end moraines of F rankfurt stadial. This 
gate opens southwards towards the outwash plaine. The immediate drainage 
area of the lake amounts to about 25 km 2, 2/3 of which is covered by the 

•lake open surface. From north and west flow w aters from deposits of F rank
fu rt stadial, draining 54.7 km 2, that account for 10°/o of drainage area of lake
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Mokre, totalling 516.9 km 2. W aters from the remaining 90% of drainage area 
cross 100 km 2 of outwash deposits including 5 lakes and consequently 90% 
of w ater of lake Mokre is of outwash origin, as it is confirmed by chemical 
analyses. Realizing that the situation had to be considerably simplified, the 
lake under discussion was ranged among outwash plain lakes. The series of 
lakes connected by K rutynia river exemplifies the depedence of lake w ater 
chemical regime upon the geomorphological character of surroundings. The 
analysis of complete data emphasizes this dependence still more distinctly.

The enclosed map (Fig. 1) presents the dependence of electrolytic conducti
vity  of lake surface waters on the geomorphology of surroundings. As follows 
from  the map lakes of a conductivity higher than  225 pS are all situated to 
the north  from end moraines of F rankfu rt stadial. Lakes situated southwards 
from  these moraines that is on outwash deposits, exhibit a conductivity lower 
than  225 pS. The exception of lakes Pilakno and Borówko, showing conducti
vity below 225 pS although situated on deposits of F rankfurt stadial, is due 
to a local spot of outwashsands.

Fig. 7. Com parison of contents of m ain m ineral constituents in surface w aters of 
lakes situated  on various glacial deposits

A . M o ra in ic  d e p o s its  o f  P o m era n ia n  s ta d ia l. В . M ora in ic  d e p o s its  o f  F r a n k fu r t s ta d ia l.
С. O u tw ash  d ep o s its . V a lu es  fo r  reg io n  o f  P o m era n ia n  s ta d ia l are ta k en  for  100*/«

The occurrence of constituents which condition the already discussed con
ductivity, is analogical as it is dem onstrated on Fig. 7. For the sake of better 
com parability the ratios of values for particu lar constituents are presented in 
per cent taking for 100% the average values for lakes situated w ithin the 
region of Pomeranian stadial. Values presenting a sum of various, like electro
lytic conductivity and total solids, as well as main constituents, like Ca+ + 
and НСОз" or quantitatively secondary constituents like sodium and potassium 
exhib it the same type of distribution. Lakes situated on the area of Pom eranian 
stad ial show the highest values. Somewhat lower values are observed in the 
region of F rankfurt stadial. Outwash deposit plaines are characterized by the 
lowest values in all discussed cases.

The same values for near-bottom  w aters, although displaying larger dif
ferentiations connected w ith the limnological type of w ater body, show on
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analogical relation to the gemorphological character of surroundings. Beyond 
this scheme only alkalinity is found, higher in outwash plaines than in 
morainic ones (only for near-bottom  waters).

An analysis of sim ilar m aterials from  the area of Schleswig-Holstein by 
O h l e  (1959) indicates, that w aters from  lakes situated on outwash plaines 
exhibit lower conductivity than those from  m oraine regions.

The electrolytic conductivity of w ater of lakes of K rutynia drainage area, 
situated on outwash deposits averages 84.6°/o of th a t of morainic lakes. The 
same value for the lakes of Schleswig-Holstein, computed from the data of 
O h l e , was 87'°/o, that is close to th a t for K rutynia lakes.

Considering the variability of chemical properties of lake series connected 
by upper course of Schwentine river, O h l e  (1959) noticed a decline in alkalinity 
and electrolytic conductivity progressing downstream. This author takes it for 
a result of biological decalcification.

Data collected in 1961 concerning running waters of the K rutynia drainage 
area exhibit analogical variability in space as the discussed earlier data from 
lakes. W ater of stream s flowing in morainic regions has a higher electrolytic 
conductivity than w ater flowing on outwash plaine. The electrolytic conducti
vity of waters crossing moraine regions averaged 284.5 pS whereas for outwash 
areas — 246.1 pS, thus the total content of electrolytes in waters crossing 
outwash deposits accounts for 86.6% of that in w aters flowing through 
morainic regions.

Since calcium is the chief constituent of ions controlling the electrolytic 
conductivity, the changes of its content project most strongly on the discussed 
situation. Processes occurring in lakes retain  considerable amounts of calcium 
in bottom sediments. Calcium concentration in w aters of lake affluents in the 
area of Pomeranian stadial averages (for year 1961) 84.1 mg/1. W ater leaving 
this area contains 54.4 mg/1. From every litre of w ater 29.7 mg Ca is then 
retained in lakes.

In the year 1959 as it was discussed earlier, when only lake w aters were 
analyzed, sim ilar values were obtained. The lake Lampasz, situated lowermost 
in the series of lakes of the area of Pom eranian stadial, contained 52.5 mg/Ca/1 
in surface water. It may be then adm itted, that in both years under discussion 
the calcium content was similar.

Admitting, that the annual discharge from the discussed region totals 
10 million m3 (outflow from Giełądzkie lake), as computed from data of 
K o n d r a c k i  and M i k u l s k i  (1958), this region supplies about 550 tons Ca 
yearly, and the lakes retain  300 t Ca.

The comparison of surface and near-bottom  waters in the examined lakes 
leads to very interesting results. The dependence of w ater composition on lake 
situation is distinct as well. The results are summarized on Table III.

Values for surface waters are given in  %  of values for near-bottom  waters. 
Except sodium, which occurs at the surface in somewhat higher concentration 
than near the bottom and this is tru e  only in morainic lakes, all rem aining 
values are lower a t the surface. The lowest differences are observed in lakes 
of the area of F rankfurt stadial, somewhat higher — in lakes of Pom eranian 
stadial. On the contrary the lakes situated  on the outwash plaine show highest 
differences between concentrations a t the surface and near the bottom.

Sodium exhibits the lowest differences, thus proving to be involved to 
a sm allest degree in processes of circulation of m atter.
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T a b l e  III
Relation between constituents of and near-bottom waters, presented in %  of concentration

in near-bottom waters

Analysis Pomeranian stadial 
morainic deposits

Frankfurt stadial 
morainic deposits

Outwash
deposits

Total Kruty
nia drainage 

area

Total
solids 89.2 94.5 87.7 93.0

Conductivity 85.7 89.6 75.8 85.7
HCOj- 85.5 88.3 73.0 84.4
Ca-+ 91.2 91.2 74.2 85.5
K 1 96.6 92.6 83.3 91.8
Na+ 101.0 102.2 96.0 100.5

The highest differences between the surface and netar-bottom  layers regard 
the observed content of hydrogen carbonates, these differences averaging 
15.6% for all lakes.

In previous analysis all the data w ere treated  as a whole. Doubts may then 
arise that the results are influenced by disregarding the mictic type of lake 
in the analysis and the picture obtained results from differences in the mictic 
type in particular parts of the drainage area. However as it appears, an ana
logical analysis of data, excluding lakes which circulate over the whole sum 
mer, supplies a still more distinct picture of connections of the lake w ith the 
drainage area and its geomorphological and lithological character. As example 
the results of m easurem ent of electrolytic conductivity may be quoted. So far, 
as for all lakes, mean differences between surface and near-bottom  w ater were: 
in the morainic region of Pom eranian stadial 14.3%, in the morainic region of 
F rankfurt stadial 10.4% and on the outwash plaine 24.2% — in relation to 
near-bottom  waters, on excluding the circulating lakes the average differen
ces in electrolytic conductivity amounted in the region of Pom eranian stadial 
to 13.2%, in the region of F rankfu rt stadial — to 14.4% and on the outwash 
plaine to 27.8% in relation to near-bottom  waters. The difference in electroly
tic conductivity between surface and near-bottom  w ater for all the examined 
lakes of the K rutynia drainage area averaged 14.3%. On excluding lakes it 
rose to 18.1% in relation to near-bottom  waters. This difference became 
therefore still more distinct.

6 . SUMMARY

The drainage area of K ru tyn ia  river was shaped by several stadials of the last 
glaciation, its surface to tals 638 km 2. Ridges of end m oraines are situated  parallelly  
a t  a distance of 5—10 km from  each other. S outhern  p a r t of the drainage area  is 
form ed by outw ash deposits. In  the lim its of the drainage area 93 lakes are found of 
a to tal surface of 5560 ha, d rained by K ru tyn ia  river.

In  38 larger lakes accounting together fo r 91% of w ate r surface chem ical ana ly 
ses w ere carried out during sum m er stagnation . The analysis concerned electrolytic 
conductivity , pH, 0 2, Ca++, K+, N a+, POt —  am m onia N, Fe, a lkalin ity  and dry 
residue. On the basis of these resu lts the  scope of variab ility  of the  exam ined factors 
w as discussed and correlations betw een particu la r param eters w ere analyzed. It was 
found th a t the m ain constituents of th e  exam ined w aters w ere C a++  and H C O j.

2 P o lsk ie  A rch . H y d ro b io lo g ii
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In  this context a positive correlation exists between conductivity, dry residue, a lk a 
lin ity  and calcium content.

The relations of lake w ate r chem ical regim e and the drainage a re a  w ere an a
lyzed. As it was found, the lakes situated  on outw ash plaines s h o w  l o w e r  conductivity 
(<  215 (.iS), than  lakes situated  in m oraine region (>  230 p,S). The connections betw een 
chem ical composition of w ater and lithological peculiarities of the drainage area  are 
m ore d istinct for epilim netic w aters. The w aters of hypolim nion reflect the typologi
cal dependences, w hich in some w ay m odify these relations to drainage area. The 
largest differences in chem ical com position betw een epilim netic and hypolim netic 
w aters are observed for C a++ and HCCV, the  sm allest — for N a+, the la rgest 
differences being found in lakes situated  on outw ash plaines. This w ould indicate 
a dom inant effect of lithological conditions, in some w ay m odifying th e  processes of 
biological decalcification.

7. STRESZCZENIE

Dorzecze K ru tyn i o powierzchni 638 km 2 ukształtow ane zostało przez k ilka s ta 
diów ostatniego zlodowacenia. Ciągi m oren  czołowych przebiegają równoleżnikow o 
w odległości 5—10 km  od siebie. Południow a część tego dorzecza utw orzona została 
przez sandry. W obrębie dorzecza K ru tyn i zna jdu ją się 93 jeziora o łącznej po
w ierzchni 5560 ha odw adniane przez K rutynię.

Na 38 większych jeziorach, tw orzących łącznie 91% lustra  wody przeprow adzone 
zostały badania chem izm u wody w  okresie letniej stagnacji. Analiza dotyczyła p rze
w odnictwa, pH, 0 2, Ca"', K ‘, Nai PO^", NnH 4 , Fe, węglanowości i suchej pozostałości. 
Omówiono na tej podstaw ie zakres zmienności badanych składników  oraz analizo
wano powiązania między poszczególnymi param etram i. Stwierdzono, że głównym  
składnikiem  badanych wód są Ca“ i HCO3 W związku z czym istn ieje dodatnia ko 
re lacja  między przewodnictw em , suchą pozostałością, węglanow ością i ilością Ca.

Analizowano pow iązania m iędzy chemizmem wody jeziornej a zlewnią. S tw ie r
dzono, że jeziora leżące na sandrach m ają  niższe przewodnictw o (<  215 hS) niż jeziora 
leżące na m orenach ( > 2 ‘30ц8).

Powiązania między składem  chemicznym wód a litologicznymi w łaściw ościam i 
zlewni są znacznie w yraźniejsze dla wód epilim netycznych. Wody hypolim nionu od
zw ierciedlają zależności typologiczne, k tóre w pew ien sposób m odyfiku ją te pow ią
zania ze zlewnią. N ajw iększe różnice sk ładu chemicznego między w odam i epilim ne- 
tycznym i i hypolim netycznym i stw ierdza się dla Ca" i НСО^, najm niejsze dla Na'. 
P rzy  czym najw iększe różnice obserw uje się w jeziorach leżących na sandrach. 
W skazywałoby to na dom inujące oddziaływ anie w arunków  litologicznych, w jakiś 
sposób m odyfikujących procesy biologicznego odw apnienia.
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ABSTRACT

The d istribu tion  of the heterotrophic m icroflora in the bottom  sedim ents of the 
Iław a lakes depends m ainly  on the  bottom  type. The to ta l num ber of heterotrophic 
bacteria , aerobic sporeform ing bacteria , proteolytic bacteria , as w ell as those 
liberating  am m onifying is higher in bottom  deposits of th e  m uddy type, low er in 
sandy bottom  deposits. Seasonal fluctuations in  the  developm ent of heterotrophic 
bacteria  display a regularity , th a t is m axim um  num bers of bacteria occur in  the 
vegeta tive period, m inim um  num bers in w inter. The bottom deposits of the lake 
Jeziorak  M ały w hich is polluted w ith  industria l effluents and farm  sewage contain 
a hetero trophic flora g rea ter in num ber, th e  m axim um  of bacteria occuring a t 
d iffe ren t seasons, sometimes also in w inter.
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1. INTRODUCTION

In order to characterise a basin from  the m icrobiological point of view data 
concerning the  m icroflora of bottom  deposit are  very  im portant. This is the  place 
w here the  m ost intense processes of m ineralisa tion  of org'anic substances occur 
leading to accum ulation of n u tr ie n t elem ents w hich play an im portan t role in the 
life of the  w aters ( R o s e n b e r g  and  M i e f i e d o w a  1958). This action of bacteria is also 
characterized  by the increase of biom ass w hich serves as food for num erous inver
teb ra te  anim als living a t the bottom  of the  basin (Cvnc 1960, F ox  and C o e  1943, 
K a l i n i e n k o  1951, R o d i n a  1949 a, b, R o z e n b e r g  and M i e f i e d o w a  1956, 1958, Z o B e l l  
and F e l t h a m  1938, Z o B e l l  and L a n d o n  1937).

The spread of bacteria in bottom  deposits as well as the ir qualita tive content 
w ere  sub ject of num erous studies in sea w ate rs  ( D u g g e l i  1936. H u t t o n  and Z o B e l l  
1949, K r i s s  1959, L l o y d  1931, O s n i c k a j a  1953, S i s l e r  and Z o B e l l  1950, S t o n e  1946, 
W a k s m a n  1933, Z o B e l l  1946. 1962, Z o B e l l  and M o r i t a  1957 and others), as well as in  
in land  w aters ( F i s c h e r  1961, G a m b a r j a n  1958, I w a n o w  and T i e r i e b k o w a  1959 a, b, 
J e g o r o w a  1951, K u z n i e c o w  1947, 1951, 1952, R o m a n o w a  1963 and others). It has been 
found th a t the  deposit m icroflora displayed a g rea ter biochem ical activity  in com pa
rison to the  w ate r m icroflora, as w ell as a m ore num erous occurence of the anae
robic m icroflora together w ith  a m arked  dependence of b ac te ria  d istribu tion  on th e
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d e p o s i t  t y p e  (W a k s m a n n  1933, Z o b e l l  1946) a n d  a c le a r  d e c r e a s e  i n  bacteria  num ber 
w i t h  in c r e a s i n g  d e p t h  d u e  t o  c a r b o n  e x h a u s t i o n  w i t h  a  c o n c o m i t t a n t  a c c u m u l a t i o n  o f  
n o x i o u s  m e t a b o l i c  p r o d u c t s  (K u ż n i e c o w  1951, 1952, R o m a n o w a  1963, Z o B e l l  1946, 
Z o B e l l  a n d  A n d e r s o n  1936).

As there w ere no data concerning the m icroflora of bottom  deposits in clim atic 
conditions of the lakes in the  N orth of Poland attem pts w ere m ade in the years 
1960—1963 to characterize the dynam ics of developm ent of the hetero trophic m icro 
flora in bottom  deposits of the lake Jeziorak  Maly as a sewage reservoir ( N i e w o l a k , 
1966 a) together w ith  the eutrophic lake Jeziorak  in the M asurian  L ake D istrict. 
The studies w ere conducted in th ree  consecutive year cycles.

2. DESCRIPTION OF THE INVESTIGATED LAKES AND THE METHODS USED

The lake Jeziorak  M aly the surface of w hich is 26 ha (Fig. 1) and m ean depth 
4—5 m is situated  in the area of the  tow n Iław a. Its m axim al depth in its m iddle 
part is 6.4 m. The N lake shore is covered w ith trees and shrubs, the E shore is

Fig. 1. Localisation of the investigated Iław a lakes (Jeziorak M aly and Jeziorak) 
I, II, III — s e c tio n s;  1, 2, 3 ... — sa m p lin g  s ite s
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partly  used as a sailing harbour. Close by there is the outlet of the sewage from 
a dairy  plant. A significant am ount of sewage comes also into the lake from  the 
nearly  situated  farm s and a p a rt of the  town sewage. To the S the shore passes 
into a m eadow. The W p art is shu t by the  saw m ill te rra in  the wood w aste of which 
can be found on a significant area of the bottom . This basin is connected w ith  the 
larger Jeziorak  lake by a narrow  pass under a bridge. The litto ra l flora is as 
a ru le poor, it appears in a belt about 3 m wide. The bottom  at the shore is sandy, 
fu rth e r on m uddy.

The Jeziorak  lake is a re la tive ly  young lake, form ed during the last glaciation. 
S ituated  to the N of the tow n Iław a it covers the  surface of 3230 ha, its average 
depth is 5 m, m axim um  depth occurs in  the S p a rt reach ing  11.1m. The W shores 
of the lake are covered w ith  forest, th e  E ones about 13 km border on fields and the 
village Szalkowo, then on coniferous and m ixed forest. In  the  S segm ent of the lake, 
the re  is a big isle of a surface 2 km 2 covered w ith  m ixed wood. T here is also a big 
farm  on the isle. In the W part, before the  reed belt th e re  is a belt of nata to ria l 
plants. In  view  of large surface and sm all depth Jeziorak  is an eutrophic lake. The 
shore areas, especially the fields and m eadow s grazed by cattle, have a great in flu 
ence on the degree of eutrophication as w ell as the tow n Iław a, in  the  S part. From 
the  fishery  point of view  the lake is considered as one of the perch  pike type.

T he choice of sites for microbiological studies was done tak ing  into account the ir 
disposition in the  v icinity  or fa r from  the pollution sources, bu t the  criterion  of the 
grea test in te rest was the bottom  character (sandy, m uddy or some other type). A brief 
characteristics of th e  sites chosen is given in  Table I.

T a b l e  I
Some hydrographic date of the investigated stands and bottom deposit type of the Iława lakes

Lake Site Distance 
to the shore Depth Bottom deposite 

type

1 15 m 4.5 m muddy
2 2 0  m 4.5 m muddy

Jeziorak 3 in the middle of the 
lake

6.4 m
muddy

Mały 4 2 0  m 2 . 0  m muddy with a thick 
sawdust layer

5 2 0  m 5.0 m muddy

6 150 m 5.0 m muddy
7 15 m 2 . 0  m muddy
8 300 m 2.5—3.0 m sapropel
9 15 m 2 . 0  m muddy

Jeziorak 1 0 15 m 5.0 m sandy
1 1 650 m 1 1 . 1  m muddy
1 2 15 m 5.0 m sandy
13 15 m 6 . 0  m sandy
14 450 m 6 . 0  m muddy
15 15 m 5.0 m sandy

Sam ples of the  bottom  deposits w ere taken  m ore or less once a m onth during the 
period from  A pril 29-th 1960 till A pril 29-th 1963 by m eans of the  Ekm ann sam pler 
in to  sterile petri dishes. 10 g of w et w eight of the deposit were transferred into flasks
containing 90 m l of 0.85 per cent NaCl solution, then  they  w ere shaked for 15 m in 
on a shaker and plated directly  or a f te r  dilution on suitable m edia.

T he following determ inations w ere perform ed in the sam ples of bottom  deposits 
under investigation.

1) th e  to ta l num ber of hetero trophic bac teria  in b ro th  agar m edium  at pH 
7.2 and 20°C during 7 days (R h e i n h e i m e r , 1960).

2 ) the  to tal num ber of anaerobic heterotrophic bacteria  in b ro th  agar m e
dium  a t pH 7.2 afte r 48 hours incubation a t 25°C, according to S z t u r m  (R o d i n a  1956).

3) aerobic sporeform ers in b ro th  agar m edium  at 30°C during  3 days (M isus- 
T iN  1948).
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4 ) proteolytic bac teria  in a gelatin  m edium  at 22°C during 4  d a y s  ( S e e l e m a n  et 
al. 1956).

5) the titre  of am m onifying bacteria  in a b roth  m edium  containing 3 per cent 
peptone afte r 3 days incubation at 25°C. The course of am m onification could be fo l
lowed by observing the  increasing tu rb id ity  of the culture and color change of the  
red lacm us indicator paper from  red into blue. The indicator paper was inserted  
w ith the stopper above the medium . In order to determ ine the  decomposition of 
proteins accom panied by the liberation  of hydrogen sulphide strips of paper im p re
gnated w ith lead acetate  and m oistened w ith  ste rile  w ater w ere  inserted  toge ther 
w ith the indicator paper. All the  determ inations w ere accom plished in th ree  
para lle l platings and the resu lts obtained calculated per 1  gram  of dry or w et 
w eight of the deposits.

3. RESULTS

Among the bottom deposits of Iława lakes three main types can be recog
nized: 1) sandy type containing negligible amounts of organic substances (1—2 
per cent) and a high dry weight content (98 per cent) as well as a high silica , 
content (95—97 per cent) 2) muddy deposits containing up to 42 per cent of 
organic substances, lesser dry w eight (57 per cent) and silica (15 per cent),
3) bottom deposite not m ineralized to a great extent, rich in organic rem nants, 
becoming lighter in color on drying, of the sapropel type. In the group of 
muddy deposits there are deposits contam inated by organic sewage as well as 
those that are not.

In view of the minimal differences in the quantitative occurrence of hetero- 
trophic microflora, which have been found during the period of investigations, 
are negligible for the given type of bottom deposits, the following sampling 
sites shall be discussed: 3 (muddy deposits highly polluted by sewage), 8 (weakly 
m ineralized deposits of the sapropel type), 13 (sandy type of deposits) and 14 
(muddy deposits not polluted by sewage).

The distribution of the heterotrophic microflora is not even in particu lar 
types of bottom sediments of the Iław a lakes (Fig. 2). In the m uddy type of 
deposits where the organic substance content is highèr than in the sandy ones, 
a considerably higher num ber of bacteria has been found. The influence of the 
bottom type on the num ber of heterotrophic microorganisms is especially 
clear in the bottom deposits in particular sampling sites of the Jeziorak Lake, 
section II and III. The sandy bottom of the shore (station 13) contains a re la ti
vely poor microflora (ranging from several hundred to about ten thousand cells 
per gram  dry weight, depending on the seasons). Exceptionally in October and 
November 1960 the heterotrophic bacteria content in sandy type of deposits 
exceeded 100 thousand cells per gram  dry weight, which could result from 
a longer vegetative period than usual and the accumulation of a greater am ount 
of easily assimilable organic m atter. A considerably greater num ber of hetero
trophic bacteria was found in muddy bottom deposits (e.g. in station 14) and in 
deposits in the region of Moty, m ineralized to a sm aller extent (station 8). But 
even in these places heterotrophic bacteria occured in much greater num bers 
in the year 1960 than in the subsequent years. The num bers of bacteria ranged 
from about ten thousand to millions of cells per gram  dry weigth. G reat num 
bers of heterotrophic bacteria occured also in the bottom deposits of the lake 
Jeziorak Mały polluted by sewage. W ith a few exceptions their num ber ex
ceeded 100 thousand cells per gram dry  weight and often 1 or more milions of 
cells per gram were found (station 3).
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As to seasonal changes in the num ber of heterotrophic bacteria in the bot
tom deposits of Jeziorak on the sandy type of bottom together w ith the muddy 
ones and the deposits in the region of Moty that are not m ineralized to a great 
extent, these bacteria occur in maxim al num bers in summer (in August) and 
in autum n (in October or November). Fairly  large num bers of heterotrophic 
bacteria occured also in spring (in May). In w inter (especially February) the

Fig. 2. The num ber of heterotrophic aerobic bacteria  per gram  dry  w eight of the 
bottom  deposits of Iław a lakes in the years 1960—1963 in the logarithm ic scale 

(mean values from  3 para lle l counts)
I

num ber of heterotrophic bacteria in the above mentioned deposit types reached 
a minimum and generally did not exceed 10 thousand per gram  dry weight. 
The samples taken in 1961 are the only exception, as in the station 8 and 14 
16.1 and 37.8 thousand cells were found per gram  of the bottom deposits res
pectively. The decrease in the cell num ber in the bottom deposits of this basin 
in w inter is probably related to the decrease of tem perature of the surface 
layer of the deposits or is the result of the exhaustion of organic m atter that
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can easily be assimilated. The deficit of oxygen has also probably some in
fluence on this fact ( N i e w o l a k  1966 b).

In the more polluted bottom deposits of the lake Jeziorak Maly maximum 
num bers of heterotrophic bacteria have been found to occur in different 
periods, sometimes even in winter. This is caused by the irregular pollution of 
this basin by sewage in different seasons and in particular years.

Fig. 3. The number of heterotrophic anaerobic bacteria per gram dry weight of the 
bottom deposits of Iława lakes in the years 1960—1963 in the logarithmic scale 

(mean values from 3 parallel counts)

Also anaerobic bacteria occur among the microflora of the Iław a lakes 
bottom deposits (Fig. 3). They w ere found in all examined stations of the 
lakes in question, in num bers slightly sm aller or close to the general num ber 
of the heterotrophic aerobic microorganisms. S im ilarly to aerobic bacteria, 
the anaerobic ones are more num erous in muddy type of bottom  deposits (sta
tion 14) or in less m ineralized bottom sediments in site 8. G reat num bers of 
anaerobic bacteria w ere found in the bottom sediments of Jeziorak Maly 
(station 3), where often an oxygen deficit occured ( N i e w o l a k  1966 b). The num 

http://rcin.org.pl



Seasonal changes of the heterotrophic microflora 217

ber of bacteria ranged from about 20 thousand to several millions cells per 
gram dry weight. The maximum num bers of anaerobic bacteria in the bottom 
deposits of Jeziorak occured as a rule in May and August. Sometimes greater 
numbers or anaerobic heterotrophic bacteria were also found in July  and in 
w inter (under the ice). The course of the seasonal change in the development 
of anaerobic bacteria in the polluted bottom deposits of Jeziorak Maly displayed 
maximum num bers in various periods, sometimes even in winter, which is 
probably related to irregular pollution of this basin by sewage.

T a b l e  11
The number of aerobic sporeforming bacteria and their percentage in relation to the general number 
of heterotrophic bacteria per gram dry weight of bottom deposits from station 3, 8 , 13 and 14 of 

the Iława lakes (mean values from 3 parallel counts)

Station

Date

3 8 13 14

number per
cent

number per
cent

number per
cent

number per
cent

IV 1960 r. 2 050 0.40 3 590 7.36 680 3.17 1 450 2.25
V 820 0.50 2  2 1 0 0.04 2 970 3.05 1 360 0.50

VII 280 0.36 300 0.06 930 3.08 960 1.04
IX 9 230 1.32 355 0 . 0 1 3 280 2.70 3 500 0 . 2 0

XI 4 580 0.42 135 0 . 0 1 450 0 23 900 0.08
XII 2 300 0 . 0 2 65 0.04 2 2 0 0.98 1 2 2 0 0.16

II 1961 r. 600 0.75 1 0 0.05 115 2.53 755 1.98
Ill 2 400 0.05 1 410 0.28 50 0.13 300 0.80
IV 1 160 0.05 475 2.44 170 5.65 550 0.38
V 6  230 0.40 1 850 2.74 580 3.00 1 315 0.57

VII 330 0.98 510 2.31 2 1 0 2.75 620 3.20
VIII 1 1  600 3.38 290 1 . 2 0 345 2.30 660 1.18

X 6  800 5.38 535 0.40 235 6.25 165 1.83
XI 14 500 2 . 8 8 400 6.50 445 11.50 530 2.38

XII 5 060 0.82 — — 8 2.32 680 6.90
I 1962 r. 4 220 3.20 15 0.67 15 3.05 2 1 0 4.13

II 1 050 0.30 42 5.20 55 14.68 360 5.05
III 1 665 1 . 0 0 2 0 0 2.83 15 1.70 180 1.08
IV 39 025 8.60 30 0.18 228 8 . 0 0 600 2.93
V 370 2.84 145 2 . 0 0 75 1.82 1 030 2 . 2 2

VII 240 1.80 15 0.40 125 9.60 185 1.40
VIII 440 0.90 35 0.72 5 0 . 2 2 300 1.57

X 310 0.50 95 0.85 55 2.18 1 0 0.05
XI 905 0.44 30 0.38 1 0 1.06 25 0.15

XII - r - — 260 5.30 1 2 0 12.50 410 1.05
I 1963 r. 3 820 0 . 8 6 35 6 . 0 0 80 9.63 50 4.13

II -  130 0 . 0 0 2 25 1 0 . 2 — — 60 3.90
III 4100 2.75 230 3.10 30 12.55 70 3.60

.

Also aerobic sporeforming bacteria occur in the bottom sediments of Iława 
lakes (Table II). In the m ajority of samples, however, their num ber was negli
gible in relation to the total num ber of heterotrophic bacteria. The relatively 
greatest num bers were found in the sandy bottom deposits of Jeziorak. As an 
example, it can be said, that in station 13 (of the sandy type) sporeforming 
aerobic bacteria represented 1.06 to 14.68 per cent of the total num ber of 
the heteroptrophic microorganisms w ith only two exceptions. In the sapropel 
type bottom deposits which are less mineralized, in the region of Moty (station 
8) the per cent content of sporeform ers among heterotrophic microflora was 
sm aller and amounted from 0.01 to 10.2 per cent. In the muddy deposits of
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this basin, though sporeform ers occured in greater amounts, the per cent 
content of these organisms among the general num ber of heterotrophic bacteria 
was negligible and ranged from 0.05 to 6.9 per cent (station 14). An equally 
small percentage of sporeform ers has been found in the m uddy deposits of the 
lake Jeziorak Mały polluted by sewages (in station 3 sporeforming bacteria 
represented 0.02 to 8.6 per cent of the whole heterotrophic flora).

Fig. 4. The num ber of proteolytic bacteria  per gram  dry w eight of the bottom  depos
its of Iław a lakes in the  years 1960—1963 in the logarithm ic scale (mean values

from  3 para lle l counts)

Proteolytic bacteria represent a considerable p art w ithin the heterotrophic 
microflora of the bottom deposits of the lakes under study (Fig. 4). It seems, 
th a t the bottom type plays an im portant role in the developm ent of these 
bacteria in the bottom deposits of Iława lakes. In m uddy parts of the bottom 
or in its less m ineralized parts in the region of Moty w here there are great 
amounts of organic substances the proteolytic bacteria, sim ilarly to the hetero
trophic bacteria in general, occur in greater num bers than in the sandy bottom 
deposits in the littoral. This is especially clearly seen in the stations of the
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Fig. 5. The titre  of the am m onifying bac te ria  in the bottom  deposits of Iław a
lakes in the  years 1960—1963

I th e  t itr e  o f  th e  b a cter ia  d eco m p o s in g  p r o te in s  w ith  th e  lib er a tio n  o f  am m o n ia . II th e  titre  
o f  b a c ter ia  d e c o m p o sin g  p r o te in s  w ith  th e  lib er a tio n  o f  h y d ro g e n  su lp h id e

lake Jeziorak section II and III. In the muddy bottom deposits of these sections, 
in their middle stations, the proteolytic bacteria content is as a ru le conside
rably  higher (station 14) than in the sandy bottom at the shore (station 13). 
The course of seasonal changes of this microflora, sim ilary to the changes in 
the total num ber of bacteria, show maxima in May and November, rarely

Seasonal changes of the heterotrophic microflora
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in other months. Minimal num bers of proteolytic bacteria occur mostly in w in
ter months, less often in summer.

Considerable num bers of proteolytic bacteria were also found in the lake 
Jeziorak Maly bottom deposits. The greatest num bers found to occur in De
cember 1960 and in March 1961 were 575.3 and 1486.4 thousand cells per gram  
dry weight. In the remaining period proteolytic bacteria were found in num 
bers ranging from several thousand to more than ten thousand cells per gram  
dry weight of the deposits.

Among the heterotrophic microflora of the bottom deposits of Iława lakes 
also ammonifying bacteria that decompose proteins w ith the evolution of am 
monia and hydrogen sulphide were present. Their quantitative disposition in 
bottom deposits of various type is shown in Fig. 5. These bacteria occur abun
dantly in the bottom deposits of the basins under study, especially in the vege
tation period. This is related to the accumulation of deposits containing 
more organic sustances at this time. These deposits are the result of the deve
lopm ent and death of plant and animal organisms depending on the deposit 
type and the degree of its pollution the am m onia-liberating bacteria titre  
ranged at this period from 0.001 to 0.0000001. As a rule a greater num ber of 
these bacteria was found in muddy deposits, less bacteria were found in the 
sandy type of deposits. In w inter the am m onia-liberating bacteria occured in 
sm aller numbers w ith the exception of the Jeziorak Maly bottom deposits. 
Their titre  ranged from 0.01 to 0.001 in the bottom deposits of the Jeziorak 
shore region (station 3) and in the less mineralized deposits in the region of 
Moty (station 8) and 0.001 to 0.0001 in the muddy deposits of this basin. In 
the bottom deposits of the polluted by sewage Jeziorak Maly the am m onia-li
berating bacteria developed sometimes in w inter in num bers greater than in 
summer.

Among the ammonifying bacteria many species have the ability of 
decomposing proteins w ith the liberation of hydrogen sulphide. These bacteria 
occured as a rule in sm aller num bers than the bacteria decomposing proteins 
with the liberation of ammonia alone. Sim ilarly to the latter, the occurence 
of higher numbers of hydrogen sulphide-liberating bacteria has been found in 
m uddy deposits, especially in the vegetetative period. Minimal num bers of 
these bacteria were found in sandy bottom deposits.

4. DISCUSSION

A very im portant role is played by the surface layer of the bottom deposit 
in the biological processes of the Iława lakes. This is the place where great 
num bers of heterotrophic aerobic and anaerobic bacteria can be found. The 
bottom type is decisive in the horizontal distribution of the microflora. This 
can be seen especially clearly when comparing the num bers of microorganisms 
from muddy and sandy deposits. Sandy types of bottom deposits containing 
small amounts of organic substances have a relatively poor microflora, which 
is comprehensible because of the scarcity of food. Muddy deposits as well as 
less mineralized bottom deposits of lakes containing great amounts of organic 
substances ( Ż u k o w s k a  1960) have num bers of bacteria that are equal to those 
of the bottom deposits of some eutrophic lakes of the USSR (the lakes Brisze- 
rowo, Kolomno, Pjawoczne) in which the total heterotrophic bacteria num 
ber reached from about 40 thousand to 200 thousand cells per gram  dry weight
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( E k z e r c e w  1948, Z a w a r z i n a  1955). H eterotrophic anaerobic bacteria occured 
in bottom  sediments of Iława lakes the of this type in num bers higher than in 
the above mentioned USSR lakes, w here they were found in num bers ranging 
2 to 16 thousand per gram  dry weight. It is possible, that the redox conditions 
of the Iław a lakes bottom deposits are more favourable for this physiological 
group of bacteria. Maximum num bers of heterotrophic bacteria in the Jeziorak 
bottom deposits occured in the second half of the vegetative period (the end of 
August and in October and December) sim ilarly the lake Czernoe in Kosino 
( K u z n i e c o w  1952) and in the bottom deposits of the B arents sea ( N i k i t i n a  

1955). This pattern  of seasonal changes in the development of the heterotrophic 
microflora of Jeziorak bottom deposits can be explained by the accumulation 
of great amounts of organic substances on the bottom at this period, which in 
tu rn  is related to the mass dying of the phyto- and Zooplankton as result of 
the decrease of tem perature. However, the decrease in the heterotrophic 
bacteria num ber in the bottom deposits of this basin in w inter is probably 
re la ted  to the tem perature decrease of the deposit surface layer or is the 
result of the exhaustion of organic substances that can easily be assimilated. 
In the lake Jeziorak Mały there is no such regularity  in  the seasonal occurence 
of the bottom deposit m icroflora and this is caused by their irregular pollu
tion by the farm  and industrial (mainly dairy ones) effluents. The la tte r were 
let into the basin in their natu ra l state which, of course, influenced the dispo
sition of the microflora and its quantitative content.

Among the heterotrophic microflora of the bottom deposits of Iława lakes 
the sporeform ing bacteria represent a relativelly  small portion. In the m ajority 
of samples examined they were found in small num bers and they exceeded 
rarely  10 per cent of the general num ber of the heterotrophic microorganisms. 
The same percentages of sporeform ers w ere found by S a l a m a n o w  (1959) in 
the bottom deposits of the Kujbyszew basin in the USSR. The small percen
tage of sporeform ers is probably related to the fact, that there are considerable 
am ounts of easy assimilable organic m atter, especially in m uddy deposits.

The numbers of proteolytic bacteria w ere the same in the Iława lakes 
bottom deposits as in other deposits of this type. More or less sim ilar num bers 
of these bacteria (11 to 220 thousand per gram) were found by R o m a n o w a  
(1963) in the bottom deposits of the lake Bajkał. The same num bers of prote
olytic bacteria were found by Z o B e l l  (1938) for sea bottom deposits. 
Sandy types of bottom deposits were an exception, proteolytic bacteria occured 
there in sm aller numbers. Sm aller num bers of proteolytic bacteria in sandy 
types of bottom deposits are related to the small am ount of organic m atter in 
this part of basins. The comparison of the num ber of the gelatin-liquefying 
bacteria w ith the total num ber of bacteria on broth agar shows that this 
faculty occurs fairly  often among the heterotrophic bacteria of the bottom 
deposits of the lakes under investigation.

The Iława lakes deposits contain also a fairly  great num ber of protein 
decomposing bacteria w ith the liberation of hydrogen sulphide. The num ber 
of these bacteria changed in the course of the year depending on the tem pera
tu re  and the supply of hydrolysable organic nitrogen compounds and probably 
on the protein content of the falling detritus. That is the reason for the fact 
th a t maxim al num bers of bacteria occured more often in the vegetative 
period. These num bers were close to those given by S z t u r m  et al. (1945) for 
the sapropel deposits of the lake Pjawoczne and Szitowskie in the USSR.
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As the ammonifying bacteria occur in great num bers in the bottom deposits 
of Iława lakes it can be presumed that they represent an im portant 
factor in the accumulation of hydrogen sulphide in the layers of w ater close to 
the bottom.

5. SUMMARY

In the years 1960—1963 microbiological investigations of th e  Iław a lakes (lake 
Jeziorak  Maly and lake Jeziorak) have been accom plished. They included the q u an 
tita tiv e  determ ination  of the heterotrophic m icroflora th a t takes p a rt in the m atte r 
cycle in  w ater basins. I t has been found th a t the  bottom  type together w ith the 
organic substance content has the greatest influence on the  m icroflora disposition. 
In m uddy type of deposits the heterotrophic bacteria content ranges from  several 
hundred thousand to several m illion cells per gram  dry w eight, in sandy type of 
deposits it is several tim es low er and ranges from  about 2 0 0  to about 2 0 0  thousand 
cells per gram  dry weight. The differences in num ber betw een heterotrophic 
aerobic and anaerobic bacteria  w ere negligible in m ost cases w ith  some exceptions. 
Among the  bottom  deposit m icroflora of Iław a lakes there are  also some sporefor- 
m ing as well as proteolytic and am m onifying bacteria  w hich decompose 
p lan t and anim al proteins w ith  the liberation  of am m onia and hydrogen sulphide. 
Sporeform ing bacteria occured in greatest num bers in m uddy deposits bu t rep resen 
ted a considerably sm aller percentage of the general num ber of heterotrophic bac te
ria than  in the sandy type of bottom  deposits. P roteolytic bac teria  and those libe
ra tin g  am m onia occured in  g rea ter num bers in the  m uddy type of bottom  deposits. 
Seasonal changes in the heterotrophic m icroflora content showed m axim al num bers 
during  the  vegetative period in  Jeziorak  and m inim al in w inter. In Jeziorak  Mały, 
as a resu lt of irregu lar pollution of the  basin w ith  organic sewage m axim al content 
of the heterotrophic m icroflora could be observed in  d ifferend  periods, also in 
w inter.

6 . STRESZCZENIE

W latach  1960—1963 przeprow adzono badania m ikrobiologiczne osadów dennych 
jezior iław skich (Jeziorak Mały i Jeziorak). Obejm owały one oznaczenie ilościowe 
m ikroflory heterotroficznej biorącej udział w  obiegu m aterii w  zbiornikach wodnych. 
S tw ierdzono, że w  rozm ieszczeniu m ikroflory  najw iększe znaczenie m a charak te r 
dna i zaw artość substancji organicznej. W osadach m ulistych zaw artość bakterii 
heterotroficznych w aha się od k ilkuset tysięcy do k ilku  milionów kom órek 
w 1  g suchej masy, na podłożu piaszczystym jest w ielokrotnie m niejsza i wynosi od 
kilkuset kom órek do kilkudziesięciu tysięcy w  1 g suchej m asy. Różnice m ię
dzy liczebnością bak terii heterotroficznych tlenow ych i beztlenow ych poza nielicz
nym i w yjątkam i były nieznaczne. W śród m ikroflory osadów dennych jezior iław skich 
w ystępują także bak terie  p rze trw aln iku jące  oraz bak terie  proteolityczne i am onifi- 
kacyjne rozkładające b iałka roślinne i zwierzęce m.in. z wydzieleniem  am oniaku 
i siarkow odoru. B akterie p rze trw aln iku jące  w ystępow ały najliczniej w osadach m u
listych, ale stanow iły one tam  znacznie m niejszy procent b ak terii heterotroficznych, 
aniżeli w  osadach dennych o podłożu piaszczystym. B akterie  proteolityczne i am oni- 
fikacy jne w ystępowały liczniej w osadach dennych typu  m ulisteg’o. Sezonowe w a
hania m ikroflory heterotroficznej w ykazyw ały w jeziorze Jeziorak  m aksym alne 
ilości w  okresie w egetacyjnym , m in im alne zimą. W Jezioraku M ałym w skutek  n ie
równom iernego zanieczyszczania zbiornika ściekam i pochodzenia organicznego 
m ikroflora heterotroficzna w ystępow ała w  ilościach m aksym alnych w  różnych 
okresach, n ie jednokrotnie także zimą.
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ABSTRACT

F auna  of rotifers occurring in sewage ponds has been exam ined. It has been 
ascerta ined  th a t the am ount of the ro tifers and the  num ber of the ir species depend 
upon the  degree of cleaning of the  sewages supplied to the  ponds, and upon the  
annua l seasons. The influence of the ro tifers upon the oxygen balance in sewage 
ponds is thought to be the resu lt of the sw allow ing of phytoplankton by the rotifers, 
and a consequence of the  oxygen consum ption necessary for the ir own physiological 
processes. A d ifferen t num ber of ro tifers found at the near-su rface  and bottom 
layers has been considered as well.
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1. INTRODUCTION

The m ethod of sewage trea tm en t in ponds was introduced in 1880 near Berlin, 
b u t only in the early  tw enties of this century  several papers appeared, describing 
the  resu lts of studies on the sewage ponds. In a discussible article  concerning the 
sew age trea tm en  in ponds, K l i m o w i c z  (1966) p resen ted  the resu lts of studies gathe
red  from  58 publications. F irs t of all, the studies aim ed at explaining the processes 
of the  sewage trea tm en t in ponds, w hereas the organism s th a t partic ipa te  in these 
processes have so fa r only scarcely been recognized from  the system atic point 
of view.

It resu lts  from  the publication by P a s z e k  and P a s z e k  (1966) th a t P r z y l ę c k i  
w as the  f irs t to propagate the idea of sewage trea tm en t in Poland. He initiated  
a p ro jec t of sewage trea tm en t in the ponds situated  in Cracow and in the sou th-w es
te rn  q u a rte rs  of W arsaw. In Poland, the very  researches m ade to explain the  
sew age trea tm en t processes in ponds w ere in itiated  by B o ż k o , B it o w t , K a l i s z ,  
K r ó l i k o w s k i , L a t o s z e k , R z e c h o w s k a , S i d o r  and S u c h e c k a  (1962), B i t o w t - D r a -  
p a l a  and K a l i s z o w a  (1962), B o ż k o , K a l i s z  and S u c h e c k a  (1966). The authors m en
tioned above sug’est th a t under clim atic conditions of Poland, the  sewage ponds 
can be considerable im portance. These problem s w ere elaborated also by  
A k s a m i t  (1959), S z u l i c k a  and G r e n d y s z  (1960), as w ell as by S u c h e c k a  (1961), 
C h o j n a c k i  (1962), G o d z i k , K o t u l s k i  and S z c z y g i e ł  (1963).
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In  the w orld’s lite ra tu re  we find only few  publications, in w hich the  ind iv idual 
species of ro tifers and th e ir  to tal am ount w ere taken into account w hen discussing 
the  organism s dw elling in sewage ponds. The papers by Z a h a r o v  and  K o n s t a n t i 
n o v a  (1929), or by U h l m a n n  (1958—1959) p resen t some data on th e  occurrence of se
vera l species of ro tifers in annual cycle. In form ation on the partic ipa tion  of ro ti
fers  in the sewage trea tm en t processes in ponds a re  given in the paper by G a l-  
k o v s k a j a  (1961) only.

2. OBJECT OF STUDY AND METHODS

The present study was made in three experim ental ponds situated  in an old 
channel of the river W arta, w ithin a quarte r of Częstochowa. The to tal area of 
the ponds was 1,2 ha, the maximum depth amounting to 120—140 cm, the 
breadth  of the ponds from sewage supply pipes to the sewage draining pipes — 
as much as 25—40 m. P rior to the study, in the mid of October, w ater was 
completely removed from the ponds. The bottoms of the ponds w ere cleaned up,

T a b l e  I
Species of rotifers ascertained at the time when sewage were brought down to ponds No. I and No. II 

(18.12.1965—8.7.1966); control pond No. Ill without sewages

Ordi
nal

num
ber

~~ ~— No.  of pond 
Name of species —

I II III

1 . Brachionus calyciflorus pala (Ehrb.) +  +  +  +  + +  +  +  +  + +  +  +  +
2 . Brachionus calyciflorus anuraeiformis (Brehm) +  +  +  +  + +  +  +  +  + +  +  +
3. Brachionus ruberts Ehrb. +  +  +  +  + +  +  +  + +  +  +
4. Brachionus angularis Gosse +  +  +  + +  +  +  + +  +  +  +
5. Epiphanes senta (Müller) +  +  +  + +  +  +  + +  +  +
6 . Brachionus calyciflorus dorcas Gosse +  +  + +  +  + +  +  +
7. Brachionus quadridentatus Hermann +  +  + +  +  +
8 . Brachionus urceolaris Müller +  +  + +  +
9. Filinia longiseta Ehrb. +  +  + + +  +  +

1 0 . Rotaria rotatoria (Pallas) +  + +  + + +
1 1 . Philodina roseola Ehrb. -E ■+■ +  +  +
1 2 . Asplanchna priodonta Gosse + + +  +  +
13. Cephalodella catellina (Müller) + + +
14. Euchlanis dilatata Ehrb. + + +
15. Rotaria neptunia Ehrb. + +
16. Filinia passa (Müller) +
17. Philodina mcgalotrocha +
18. Encentrum mustela (Milne) +
19. Polyarthra vulgaris Carlin +  +  +  +
2 0 . Filinia limnetica (Zacharias) +  +  +  +
2 1 . Brachionus calyciflorus dorcas spinosa (Wie- +  +  +  +

rzejski)
2 2 . Synchaeta pactinata Ehrb. +
23. Lepadella patella (Müller) +
24. Keratella cochlearis (Gosse) +
25. Testudinella patina (Hermann) +
26. Cephalodella ventripes (Dix.-Nut) +
27. Filinia brachiata (Rousselet) +
28. Cephalodella gibba (Ehrb.) +
29. Notholca squamula (Müller) +

H sporadic occurence. 4-H-----5 to 10 individuals ia 1 1. 4—I—!-------10 to 100 individuals in 1 1. -Ь +  Н-Ч------ Ю0
to 1000 individuals in 1 1. +  +  +  +  H--- 1000 to 43 000 individuals in 1 1.
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and two of them  (No. I and II) w ere limed according to the fishery recom
m endations. The bottom of the control pond (No. Ill) was not limed, however, 
and no sewages were supplied during the research works. To pond No. I m uni
cipal sewages were brought down w ith a small am ount (about 15%) of the 
industrial wastes which had previously been cleaned up mechanically on g ra
ting, sand trap  and Im hoff’s settling tank. To pond No. II were supplied sewages 
of the same collecting pipe. The sewages w ere previously cleaned mechanically 
and biologically by means of activated sludge in an installation of Inka and 
Kessener type.

Fig. 1. A verage am ount of ro tifers in annual cycle. The everage am ount of ro tifers 
in  the individual ponds is presented using logarithm ic scale (num ber of individuals 
in  1 1). The average tem peratures of w ate r concern control pond No. I l l  w ithout 
sewages. The average tem peratu res of sew age w ere m easured in ponds No. I and II 

close to the sewage supply and sewage drain ing  pipes
1 — p o n d  N o . 1, n u m b er  o f  R o tifer s ;  2 — p o n d  N o . 2, n u m b er  o f  R o tif ie r s ;  3 — p on d  N o  3, 
n u m b e r  o f  R o tifer s ; 4 — te m p er a tu r e  in  th e  v ic in it y  o f  e f f lu e n t  in f lo w  p ip es; 5 — te m p e 

ra tu re  in  th e  v ic in it y  o f  e f f lu e n t  o u t f lo lw  p ip es; 6 — te m p er a tu re  in  th e  c o n tro l pon d

Samples were being taken, from Septem ber 1965 to October 1966, once 
a m onth at least. The following are points at which 4 samples were taken in 
the ponds filled in w ith sewages: 1 — neighbourhood of the sewage supply pipe;
2 — opposite shore near the draining pipe; 3 and 4 — central parts of the 
ponds — one at the surface layer and one a t the bottom layer. Two samples 
w ere taken from the control pond — one at the surface layer and one at the 
bottom layer. The sampling was perform ed by means of a bailer of Patalas 
type, characterized by its 1 1 capacity. The samples were then filtered through 
a mill gauze No. 25. The organisms found in each of the samples were computed 
separately  (number of individuals in 1 1 of water) in a 1 ml chamber equipped
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with a scale for quantitative calculations. The average monthly frequency of 
rotifers for each pond is given in Figure 1. The m aterials collected were ela
borated in the Laboratory of the Experim ental Centre of the Institu te  of 
Communal Economy a t the Municipal Enterprise for W ater Supply and Sewage 
System in Częstochowa.

Tables II and III give the results of physical and chemical exam inations 
of a water-sewage m ixture frcm  ponds No. I and II. The data are from a pe
riod of the proper exploitation of the ponds, begun after the starting  period,

T a b l e  II
Average monthly physical and chemical analyses; pond No. I (sewages after preliminary mecha

nical cleaning)

Month May June July Average
°/o
of

reductionSampling site Inflow Outflow Inflow Outflow Inflow Outflow

Determination
Temperature, °C 16 2 0 16 2 0 16 17.3 —
pH reaction 7.7 8 . 0 7.5 7.7 7.7 7.6 —
Dissolved oxygen, mg/1 0 2 1.7 1.5 2 . 8 0 . 0 . 1-5 0.4 —
Total suspension, mg/1 123.2 46.4 158.0 56.6 153.0 26.5 —
°/o of reduction 62.3 64.2 82.7 69.7
BODj, mg/1 0 2 193 47 230 57 1 2 2 23 —
°/o of reduction 75.7 75.2 81.2 77.3
Organic nitrogen, mg/l N 11.76 9.1 21.84 20.52 17.75 14.16 —
°/o of reduction 2 2 . 6 6 . 0 2 0 . 0 16.2
Ammonia nitrogen, mg/1 N 22.36 12.32 24.92 19.45 28.00 18.45 34
°/o of reduction 45.0 2 2 . 0 34.0
Phosphorus, mg/1 P 2 0 5 2 0 . 6 5.3 18.6 3.3 16.4 4.7 —
°/o of reduction 74.3 82.3 71.4 76

T a b l e  III
Average monthly physical and chemical analyses; pond No. II (sewages after a preliminary mecha' 

nical and biological cleaning in the arrangements of Inka and Kessener type)

Month May June July Average
%
of

Sampling site Inflow Outflow Inflow Outflow: Inflow Outflow reduction

Determination
Temperature, °C 18 2 0 16 19.3 16 18 —
pH reaction 7.3 8.4 7.6 8.4 7.7 7.8 —
Dissolved oxygen, mg/1 0 2 4.5 8.7 4.8 6 . 2 2.5 5.2 —
Total suspension, mg/1 35.4 18.6 27.5 17.7 19.0 15.4 —
°/o of reduction 47.5 35.6 19.0 34
BOD5, mg/1 0 2 23 19 43 35 23 16 —
°/o of reduction 17.4 18.6 30 2 2

Organic nitrogen, mg/l N 9.52 4.5 10.28 5.14 12.64 7.43 —
°/o of reduction 53 50 41 48
Ammonia nitrogen, mg/l N 27.44 14.91 32.33 23.24 28.27 20.65 34
°/o of reduction 46 28 27
Phosphorus, mg/1 P 2Os 8.4 4.2 6 . 2 4.5 6.5 4.2 —
%  of reduction 50 27 36 38
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i.e. from  May to July. At that time, sewages were regularly brought to the 
ponds. Samples for chemical analyses w ere taken 2—3 times a month near 
the sewage supply and the sewage draining pipes.

3. RESULTS

A. S E A SO N A L  V A R IA T IO N S OF E N V IR O N M E N T A L  C O N D IT IO N S  
A N D  OF RO TIFER F A U N A  IN SEW A G E P O N D S

W ater percolated into the cleaned ponds through sandy bottom and through 
shores. In  the first period, w ater level spontaneously rose, approxim ately 5 cm 
a day, up to the complete infilling of the ponds. The first samples for ex
am inations were taken in the fourth  day after the moment of cleaning and 
of lim ing the bottom. At that time, the depth of the ponds amounted to 20 cm. 
From  both the quantitative and the qualitative points of view, all the ponds 
revealed a poor fauna of rotifers. The total amount of the individuals of all the 
species in the ponds reached approxim ately 10 in 1 1 of water.

Over ten hours before the first snow fall (Oct. 11, 1955), a series of samples 
was perform ed. By night, snow covered the shores w ith a 14 cm mantle, and 
tem peratu re dropped from 8 to 2,2°C. The day after, additional samples 
showed the lack of some representatives of the following species, which had 
occured the day before: Keratella quadrata, Polyartha vulgaris, Trichocerca 
rattus  and Rotaria neptunia. The snow fall could have elim inated only the 
individuals of the really occurring populations, since the representatives of the 
above species are found in the natural ponds all the year round.

On January  18, 1965, sewages were for the first time brought down to 
new -built ponds Nö. I and II. The first samples of the water-sew age m ixture 
w ere taken 5 days later. The samples from ponds No. I and II differ from 
the previous ones mainly in having protozoa that appear in several ten thou
sands in 1 1. An abundant occurrence of these protozoa was ascertained nearby 
the sewage supply pipes only. At that time, the ponds were covered w ith 
a 4 cm prim ary ice layer, except for some .small areas which amount to 
approxim ately 5 m 2, close to the sewage supply pipes. W ater tem perature in 
the ponds nearby the sewage supply pipes ranged from 6.5 to 8.5°C, and that 
nearby the sewage draining pipes — from 3.5 to 4.5°C. In the control ponds, 
lacking sewages, w ater tem perature under the ice cover ranged from 2 to 3,5°C.

In December, samples were taken also from under the ice cover. The 
am ount of rotifers in the ponds with the sewages was similar to that in other 
series, whereas in the control pond it increased twofold. It is w orthy to be 
stressed th a t the amount of rotifers nearby the sewage supply pipes was 
threefold greater than that nearby the sewage draining ones.

In January , a fu rth er increase was noted in the average amount of rotifers 
in the control ponds. In the ponds w ith the sewages, the num ber of rotifer 
representatives continuously increased, as well.

A week after the complete ice m elting (February 22), the cleaned sewages 
could not flow out of the ponds due to an exceptionally high w ater level in the 
neighbour river. The river w ater flowed into the control pond through the 
pipes th a t connected it w ith the river. As compared w ith the previous 
series, the am ount of rotifers decreased. W ater tem perature was from 6 to 8°C.

In the mid March, the w ater was a new removed completely from the ponds
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and the bottoms w ere cleaned down and limed. A series of samples was taken 
in a period when w ater level in the ponds did not reach the sewage draining 
pipes. As compared w ith the previous series, the average amount of rotifers in 
the sewage ponds increased, whereas in the control pond it slightly decreased.

The samples taken from the sewage ponds in April contained merely few 
species of rotifers, but these occurred in large quantities. In the control pond, 
the amount of rotifers augm ented more than 200 times, whereas in the sewage 
ponds — about 100 times only. In the samples of this series abundant algae 
were observed, which, in the samples of previous series, had appeared 
sporadically. In the sewage ponds, the am ount of algae was considerably grea
ter than that in the control pond. In this series, a quantitative differentiation 
of rotifers in both top and bottom layers was taken into account. Com parative 
observations were made at a depth of about 1.4 m. The species predom inating 
in the sewage ponds, e.g. Brachionus calyciflorus dorcas, B. angularis and 
Rotaria rotatoria were found to occur a t the near-surface layers in a th ree 
fold or fourfold greater amount than a t the bottom. This can probably be 
related to the better insolation of these layers and to the concentration of 
a greater amount of the algae which serve as the main feed for these rotifers. 
An exception makes here the form Epiphanes senta found to occur ra ther at 
the bottom layers. This species is referred  to the benthonic rotifers that, for 
the most part, dwell above the hard substratum , and reluctantly  float upwards. 
The samples, in which the live individuals of Epiphanes senta were found in 
larger amounts, were more transparen t and were lacking algae, protozoa and 
even floating particles of organic detritus. Hence, a conclusion may be draw n 
that the gluttonous Epiphanes senta individuals distinctly provide for the 
cleaning of the sewage ponds.

During a considerably hot period (May 17, 1965) w ater tem perature on the 
pond surface was, at 12 o’clock, 21°C; at the bottom, at a depth of 1,4 m — 18°C; 
air tem perature was 25°C. In the sewage ponds, the species Brachionus angula
ris and B. quadrydentatus were frequently  found. A series of these samples 
disclosed a slightly larger amount of rotifers at the bottom layer. Pond No. II, 
filled in w ith the sewages cleaned up biologically, reveals an almost twofold 
poorer rotifer fauna than pond No. I filled in w ith the sewages cleaned up 
mechanically. In pond No. II, phytoplankton predominated, whereas in pond 
No. I — rotifer Zooplankton.

In June, a considerable increase in the am ount of rotifers was noted in 
all the ponds examined. In pond No. Ill, a m arked development of the rep re
sentatives of the group Copepoda was observed.

The largest amount of the ro tifer representatives in the sewage ponds was 
ascertained in July, w hereas in the control pond, w here Copepoda predominated, 
the num ber of rotifers proved to be sm aller than that in the previous month.

A fter a heavy rain and after the stopping of sewage supply into the ponds, 
pond No. I filled in w ith the sewages cleaned up only mechanically, was 
covered w ith a thick layer of duckweed, under which a strong smell of 
sulphuretted hydrogen could have been felt. Ponds No. II and III were 
not covered w ith the duckweed and did not em it any smell of sulphuretted 
hydrogen. In all the ponds, the am ount of rotifers considerably decreased, and 
numerous Cladocera appeared in the sewage ponds for the first time during 
the examinations.

The samples taken in Septem ber showed a fu rth e r decrease in the quantity
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of ro tifers in all the ponds in study. Pond No. I was continuously covered 
w ith the duckweed, and em itted smell of sulphuretted  hydrogen. The smallest 
am ount of rotifers was, in this case, ascertained in Pond No. I, which during 
the previous examinations was distinguished by the largest amount of these 
representatives of fauna.

Table I illustrates the comparison of qualitative and quantitative data 
concerning the occurrence of rotifers in sewage ponds No. I and II, as well 
as in the control pond.

Table I does not contain species, which were found only sporadically in 
the period, when no sewages were brought into the ponds, i.e. in October and 
November 1965, and in August and Septem ber 1966.

The following are species ascertained in pond No. I, but om itted in Table I: 
Colurella bicuspidata ( E h r b . ) ,  Keratella quadrata ( M ü l l e r ) ,  Eosphora najas 
E h r b .  and Trichocerca rattus ( M ü l l e r ) .  In pond No. II were found the following 
species, omitted, however, in Table I: Keratella quadrata, Rotaria tardigrada 
( E h r b . ) ,  Eosphora najas, Colurella bicuspidata, Monostyla closterocerca 
( S c h m a r d a ) ,  M . hamata ( S t o k e s ) ,  Lecane signifera ploenensis ( V o i g t )  and 
Dissotrocha macrostyla ( E h r b . ) .  In pond No. I l l  the following species were 
ascertained, omitted, however, in Table I: Keratella quadrata, Lophocharis 
oxysternon  ( G o s s e ) ,  Dissotrocha aculeata ( E h r b . ) ,  D. macrostyla  ( E h r b . ) ,  Rotaria 
tardigrada  and Colurella colurus ( E h r b . ) .

The ponds foreseen for biological treatm ent of sewages may be referred 
to the extrem ely polytrophic w ater basins. From the trophic point of view, 
they make an excellent environm ent for the development of few species only, 
whereas most species, common in the natu ra l astatic w ater basins, are elimi
nated from  the ponds.

In pond No. I (Table II), where rotifers are most abundant, a considerable 
cleaning of sewages takes place due to the sedim entation of suspended m atter, 
whose reduction reaches more than  70°/o, and due to the biochemical m inera
lization. This is proved by a high degree of BOD5 reduction. The processes 
are not finished, however, since a m arked oxygen deficit is noted to appear 
in the pond. Consequently, in the ponds there begin nitrification processes, 
which do not end, as well. This is evidenced by a slight reduction in organic 
nitrogen, and by a higher one in ammonia. These processes require more 
0ХУёеп, and the deficiency of this la tte r impedes their intensity and delays 
their term ination.

The examinations made during this study illustra te that the pond is 
overloaded w ith the organic im purities, which cannot be mineralized, mainly 
due to the deficit in oxygen. To correct the real state, either the intensity of 
sewage supply should decrease, or the method of additional prelim inary oxidi
zing of sewages should be applied.

In pond No. II (Table III), a slight reduction of total suspended m atter was 
ascertained. This was caused owing to the presence of a considerable amount of 
fine, hardly falling suspension m atter, as well as by a slight reduction of orga
nic impurities, since the sewages cleaned biologically contain few organic sub
stances, and this weakens the m ineralization process of their remains. A m arked 
reduction in organic nitrogen points to the decomposition processes of organic 
combinations of nitrogen, such as proteins or aminoacids. A large amount of 
ammonium salts does increase the intensity  of the nitrification processes. These 
la tte r do not end, however, principally due to the great content of ammonium
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salts, and a stable decomposition of nitrogen compounds. Oxidizing conditions 
in pond No. II are satisfactory and allow us to obtain interesting results in the 
trea tm ent of the sewages previously cleaned up in the arrangem ents of Inka 
and Kessener type.

B. IN F L U E N C E  OF R O TIFER S U PO N  THE PR O C ESS OF SEW AG E  
TR EA TM EN T IN  PO N D S

The research works carried out by U h l m a n n  (1958—1959) have dem onstra
ted that in the ponds intended for sewage treatm ent, the amount of ro tifers 
reaches, during the w arm  seasons, up to several thousands of individuals in 
1 1. G a l k o v s k a j a  (1961), who has investigated rotifers in sim ilar ponds, 
states that the amount of individuals of only one species Brachionus calyciflo- 
rus may attain about 6 6  000 per 1 1 of sewages. In pond No. I, i.e. in the 
pond richest in rotifers, the maximum amount of individuals of all the species 
of rotifers was 74 260 in 1 1 in July; in pond No. II — 22 358 in July , and in 
control pond No. I l l  — only 9099 in June, in 1 1 of w ater. The am ount of 
rotifers in the sewage ponds, considerably greater than that in the control 
pond (in the summer period), proves that the municipal sewages probably 
stim ulate the development of the rotifers that belong here, however, to few 
species only. At the time, when ponds No. I and II were filled in w ith 
sewages (Table I), only 18 species were found to occur in them. In more 
considerable amounts were encountered only Brachionus calyciflorus, B. caly
ciflorus anuraeiformis, B. urceolaris, B. rubens, B„ angularis and Epiphanes 
senta. These may here greatly affect the processes of sewage treatm ent. Such 
an abundance of rotifers was reported to appear only in w arm  period — 
from April to October. During the remaining, colder month, the rotifers 
occurred sporadically. Their occurrence in ponds No. I and II m ay have 
been conditioned by an excess of clear w ater in the m ixture w ith sewages. 
U h l m a n n  (1958—1959) and G a l k c v s k a j a  (1961) did never find ro tifers in 
w inter, in the ponds filled in w ith the municipal sewages.

The sewages in the aerobic ponds are cleaned m ainly owing to an abundant 
development of phytoplankton. Due to photosynthesis, the phytoplankton sup
plies water w ith oxygen, which enables a bacterial decomposition of organic 
substance found in the sewages. Rotifers that strongly develop in the sewage 
ponds belong to the species which feed on fine phytoplankton. A strong 
development of Zooplankton, mainly of rotifers, in the ponds here examined, 
affected the amounts of phytoplankton. In pond No. I, where, during the warm 
season, the strongest development of rotifers was noted, w ater was always 
characterized by a colour lighter than that in pond No. II, w here the fauna 
of rotifers was poorer. In the sewage ponds U h l m a n n  (1958—1959) observed 
a m arked development of both phytoplankton and Zooplankton that appeared 
in various periods. In the case of a notable occurrence of rotifers in the ponds, 
G a l k c v s k a j a  (1961) observed a simultaneous presence of phytoplankton. This 
la tter was characterized, however, by greater sizes (Pandorina, Eudorina, 
Euglena). Thus, they could not have been swallowed by rotifers. This was 
a basis for her to draw  a conclusion that in a sewage pond the ro tifers decide 
upon the composition of phytoplankton species, too. She also informs th a t one 
individual of Brachionus calyciflorus swallows approxim ately 10 000 cells of 
Chlorella pyrenoidosa from a pure culture in one day. P e n n i n g t o n  (1941) has
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proved in his experim ental studies th a t one individual of Brachionus calyciflo- 
ru s  swallows about 48 200 representatives of the group Diogenes, in one day. 
Taking into account a fact th a t in pond No. I the maximum amount of ro tifers 
was up to 74 260 individuals in 1 1, and that one individual swallows from 
10 000 to 40 200 phytoplankton cells, we may calculate that the rotifers w hich 
occur in 1 1 may consume from 742 600 000 to 3 579 332 000 green cells of phyto
plankton in one day.

The experim ents carried out by U h l m a n n  (1958—1959) showed that the ox
ygen curve continuously changed. The most considerable decrease of oxygen in 
ponds, from 0 , 2  to 0 , 1  m g/1, was noted at the time of the maximum growing of 
Zooplankton. B e l j a c k a j a  (1959) states th a t one representative of Brachionus 
calyciflorus does consume 0,320-10-5 mg oxygen in one hour, a t a tem perature 
of 20°C. Considering the fact that individuals of the other species of rotifers 
also consume approxim ately the same amounts of oxygen, we may calculate 
th a t the rotifers, which occur in 1 1, use during their maximum growth, about
5,7 mg oxygen in one day.

The maximum data, concerning the consumption of algae and of oxygen by 
rotifers, presented in this paper, illustra te a significant role in the process of 
sewage treatm ent, played by the rotifers during the summer seasons in the 
aerobic ponds. The previous literature, dealing w ith the them e here considered, 
was concentrated mainly on the oxygen consumption by the decomposing orga
nic substances in the sewages. The results of the experim ents presented in this 
paper, summed up with those of previous experim ents, suggest that, during 
the determ ination of oxygen balance in sewage ponds, the consumption of 
oxygen by Zooplankton should also be taken into account.

4. CONCLUSIONS

The largest num ber of individuals, but the smallest amount of species have 
been found to occur in pond No. I w ith the sewages cleaned only mechanically 
(Table I). In pond No. II, filled in w ith the sewages previously cleaned up by 
m echanical and biological methods using activated sludge, besides the rich ro
tifer fauna, a high development of phytoplankton was ascertained. At the time, 
when the sewages were brought into the ponds, the greatest num ber of ro tifer 
species was found in control pond No. I ll  (Table III). The sewages flowing out 
of the pond No. II were well cleaned up m ainly due to the previous cleaning 
w ith the aid of activated sludge. The sewages from pond No. I (cleaned previo
usly only mechanically) flowed off, revealing the deficit of oxygen, in spite 
of the fact that in this pond they were m arkedly cleaned up. A considerable 
development of duckweed (Lemna) is responsible for the deficit of oxygen in 
ponds, and for the decrease in the am ount of rotifers. In the spring time, 
a g reater occurrence of rotifers, except for the species E pip h a n es senta , could 
have been ascertained at the surface layer of water.
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5. SUMMARY

Studies on ro tifer fauna w ere conducted in an annual cycle in  ponds filled in  
w ith  m unicipal sewages. T he largest am ount of individuals and the  low est quan tity  
of species have been found to occur in the  pond filled in w ith the  sewages cleaned 
up only m echanically, i.e. w ith  the aid of grating, sand trap  and Im hoff’s se ttling  
tank. In  the  pond previously cleaned up by both m echanical and biological m ethods 
using activated  sludge in the  arrangem ents of Inka and K essener type, the rich  
ro tife r fauna was accom panied by a considerably developed phytoplankton. From  
spring  to the sum m er end, a gradual increase in the am ount of ro tife rs  can be ob
served. In w in ter they occur here sporadically. In w arm  seasons, in tu rn , the  deve
lopm ent of ro tifers greatly  affects the  oxygen balance, m ainly  due to th e  sw allow ing 
of phytoplankton by the  ro tifers and due to the  oxygen consum ption, necessary to 
hold up the ir physiological processes. At a depth of 140 cm, a d istinct d iffe ren tia 
tion in  the am ounts of ro tifers can be observed betw een the  nea r-su rface  and  
bottom  layers.

6 . STRESZCZENIE

W prowadzono w cyklu rocznym  badania fauny w rotków  w  staw ach dopełnia
nych ściekam i kom unalnym i. N ajw iększą liczbę osobników a najm niejszą gatunków  
stw ierdzono w  staw ie napełnianym  ściekam i oczyszczonymi jedynie m echanicznie — 
k ra ta , p iaskow nik i osadnik Im hoffa. W staw ie ze ściakam i oczyszczonymi poprzed
nio m echanicznie i biologicznie za pomocą osadu czynnego w  urządzeniach Inka 
i K essenera obok bogatej fauny w rotków  stw ierdzono najbogatszy rozwój fitop lan- 
ktonu. Od wiosny do końca la ta  dostrzega się stopniowy w zrost liczebności w ro t
ków, k tóre w  zimie w ystępują tu  sporadycznie. Rozwój w rotków  w yw iera poważny 
w pływ  w  ciepłej porze roku na bilans tlenow y poprzez w yjadanie fitop lank tonu  
i zużyw anie tlenu na w łasne procesy fizjologiczne. P rzy  głębokości 140 cm dostrzega 
się w yraźne zróżnicowanie liczebności w rotków  pom iędzy w arstw am i pow ierzchnio
wymi i przydeńnym i.
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ABSTRACT

Des recherches effectuées en 1961—1963 sur la faunę et l ’écologie des rotifères des 
lacs Sosnowickie ont perm is de constater la presence de 137 espèces, dont 35 ont 
été jugées rares pour la faune de Pologne (tab. 1) Le trav a il p resen t contient la revue 
de ces espèces et rapporte quelques données concernant leur écologie et leur re p a rti
tion en Pologne.
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1. INTRODUCTION

Les lacs Sosnowickie sont situés dans la partie  nord du com plexe de lacs 
Łęczyńsko-W łodawskie. Les laes Sosnowickie se com posent de trois lacs d’une 
assez faible étendue: le lac Białe 144,4 ha de superficie e t d ’une profondeur m axi
m ale de 2,7 m, le lac Bialskie — 31,7 ha de superficie et 18,2 m de profondeur m ax i
m ale et le lac Czarne — 34,0 ha de superficie et 15,6 m de profondeur. Des etudes sur 
les espèces R otatoria et leur écologie у ont été effectuées â p a rtir  de l’autom ne 1961 
ju sq u ’â l ’hiver 1963. Ces lacs se sont avérés très riches en rotifères car dans les 
m atériau x  obtens on â pu constater la presence de 137 form es appartenan t â cette 
classe. 35 de ces form es fu ren t jugées ra res  et in teressan tes pour la faune des lacs 
Sosnowickie. Le trava il p resen t contient une description détaillée de ces formes 
ainsi que des données sur leur écologie et leur repartition  en Pologne.

2. REVUE SYSTÉMATIQUE DES ROTIFÈRES RARES 
DES LACS SOSNOW ICKIE

L a d e sc rip tio n  sy s té m a tiq u e  de ces fo rm e s  e t espèces a é té  e ffec tu ée  se lon  
le  S ystem e de R em a n e  1933 to u t  en  te n a n t  co m p te  des re m a rq u e s  de P a w ł ow ski  
(1958) s u r  la v a le u r  ta x o n o m iq u e  de c e r ta in s  g roupes.
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Fam ilia: N otom m atidae  

Subjam ilia: N otom m atinae

1. Cephalodella delicata W u l f e r t ,  1937. Espèces rare, trouvée jusqu’â 
present en Allemagne dans de la vase de la rivière Saale ainsi que dans des 
fossés et des tourbières ( W u l f e r t  1939), en Moravie dans des rivieres et 
des flaques d ’eau D o n n e r  1954, en A utriche dans le Danube près de Vienne 
( D o n n e r  1954) et en Roumanie dans le delta du Danube ( R u d e s c u  1960).

En Pologne cette espèce ne fu t constatée qu’â Ciechocinek en petites quan- 
tités dans une flaque d’eau saum âtre ( W u l f e r t  1943). Un exem plaire de cette 
espèce fu t trouvé en juin 1963 dans un échantillon prélevé parm i des roseaux 
du littoral du lac Czarne.

2 . Cephalodella obvia D o n n e r ,  1950. Forme très rare, trouvée uniquem ent 
par D o n n e r  (1950, 1954) dans la vase de la riviere Dyja et dans des bras des 
rivieres en Moravie du Sud. Ses exigences écologiques ne sont pas connues. 
En Pologne eile fu t notée par P a w ł o w s k i  (1958) dans le vieux lit de la riviere 
Grabia.

Quelques exemplaires de cette espèce furent trouvés dans la zone pélagi- 
que du lac Białe en octobre 1961.

3. Cephalodella sterea minor D c n n e r ,  1950. Constatée par D o n n e r  (1950) 
en Moravie du sud.

Elle fu t trouvée en Pologne par P a w ł o w s k i  (1958) dans un prélèvem ent 
effectué en mai dans la rivière Grabia.

Cette espèce fu t constatèe en juin 1962 dans la zone littorale du lac 
Czarne.

4. Cephalodella sterea mutata  D o n n e r ,  1950. Comme l’espèce précédente eile 
fut décrite égalemement par Donner qui la trouva dans la rivière Dyja en 
Moravie du Sud.

Notée en Pologne par P a w ł o w s k i  (1958) en octobre dans la riv ière Pyszna.
Elle fut constatée en faible quantité en avril, aoüt et novembre uniquem ent 

dans le littoral des lacs étudiés.

Subjam ilia: Proalinae

5. Proales minima  ( M o n t e t  1915). Espèce bryophyle et rare, trouvée 
aux USA parmi des sphaignes dans des mares ( H a r r i n g  et M y e r s  1922). D ’après 
W i s z n i e w s k i  1954 c’est un psammophyle typique, caractéristique pour l’hy- 
dropsammon des rivières et l ’hygropsammon des plages pures alcaliques 
(pH 6 ,8 —7,5).

Sa presence ne fu t constatée que dans quelques pays d’Europe ainsi qu’en 
Amerique du Nord.

Notée par W i s z n i e w s k i  (1934, 1936) dans la region de Suwałki dans la 
Vistule et la Bug ainsi que par K l i m o w i c z  (1964) dans le litto ra l du lac K i
sajno en Mazurie.

Le seul exemplaire de cette espèce fu t constate dans un échantillon pré- 
levé en octobre 1962 dans la vegetation littorale du lac Czarne.

6 . Proales sordida ( G o s s e  1886). La position systém atique de cette espèce 
fu t élucidée par W u l f e r t  (1939) qui dém ontra que le rotifère m entionné par 
H a r r i n g  et M y e r s  (1922) sous le nom de Proales sordida G o s s e  appartenait
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â  l ’e s p è c e  P roales fa llaciosa  W u l f e r t .  Cet au teur donna une nouvelle diagnose 
p o u r  P roa les sord ida  q u ’il a p p e l a  P roales sord ida  vera  ( G o s s e ) .  Les dessins 
e t  l e s  d e s c r i p t i o n s  compris dans les t r a v a u x  d e  V c i g t  (1956/1957) e t  d e  

B a r t o s  (1959), c o n c e r n a n t  la mëme espèce, sont en a c c o r d  a v e c  c e u x  de 
W u l f e r t .

Cette espèce est frequente en Europe, eile fu t notée également au Java 
et au Panama. Elle vit parm i la vegetation littorale des m ares ( V o i g t  

1 9 5 6 1 9 5 7  W u l f e r t  1939).
R are en Pologne, constatée jusqu’â présent dans des mares des environs 

de Cracovie ( W i e r z e j s k i  1893) ainsi que dans des eaux non précisées des en
virons de Varsovie ( W i s z n i e w s k i  1954).

Subfamilia: Tetrasiphoninae

7. T e tra s ip h o n  h ydrocora  E h r e n b e r g ,  1840. H e r r i n g  et M y e r s  (1922) la 
considèrent comme une espèce ra re  qui dém ontre un penchant pour les eaux 
légèrem ent acides. Notée également dans des étangs et dans la vase lécustre 
( V o i g t  1956/1957). Trouvée aussi en Suède, Angleterre, Allemagne et aux USA.

En Pologne eile ne fu t notée que dans des mares de Pomeranie ( L u c k s  
1912).

Un exemplaire de cette espèce fu t trouvé en novembre 1962 parmi les 
plantes des parties littorales du lac Czarne voisines â une tourbière appelée 
„M arais noir”.

Familia: L in d i id a e

8 . L in d ia  pa llida  H a r r i n g  et M y e r s ,  1922. Forme rare trouvée en Allemagne 
( V o i g t  1956/1957), Italie et en Amérique du Nord ( H a r r i n g  et M y e r s  1922).

Trouvée jusqu’â present en Pologne par deux auteurs. W i s z n i e w s k i  (1954) 
trouva quelques exemplaires dans une m are tourbeuse des environs de Varso
vie, P a w ł o w s k i  (1958) constata la presence de cette espèce dans l’hygropsam- 
mon des rivières Grabia et Oleśnica ainsi que dans des mares situées dans 
le voisinage de ces rivières.

Un exem plaire de cette espèce fut trouvé dans la zone littorale du lac 
Czarne en juin 1962.

F am ilia : T richocerc idae

9. E losa  sp in ife ra  W i s z n i e w s k i ,  1932, Décrite par W i s z n i e w s k i  (1932) qui 
constata la presence de cette espèce dans le psammon des lacs Wigry. En 
dehors de la Pologne cette espèce n ’est connue q u ’en Union Soviétique, en 
Suède et en Amérique du Nord ( V o i g t  1956/1957) ou eile habite des plages 
pures et alcaliques.

Quelques exemplaires de cette espèce furen t trouvés dans des échantillons 
prélevés dans la zone littorale des lacs Bialskie et Czarne en mai et juin 1963.

4 P o lsk ie  A rch . H y d ro b io lo g ii
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Familia: A sp lan ch n idae

10. Harringia eupeda ( G o s s e  1887). Très rare, en Europe notée en Angle- 
terre, France, URSS et Allemagne ( J a k u b s k i  1918/1919, P a w ł o w s k i  1958, V o i g t  

1956/1957).
En Pologne sa presence ne fu t constatée que dans un petit étang des en

virons de Cracovie ( W i e r z e j s k i  1893) et dans la rivière Grabia ( P a w ł o w s k i  

1958).
Un exemplaire de cette espèce fu t note dans un échantillon prélevé en 

novem bre 1962 dans la zone du lac Czarne.

Familia: S y n c h a e t id a e

11. Polyarthra dolichoptera aptera — ( H o o d  1893). Syn. Anarthra aptera 
( H o o d  1895), Polyarthra aptera V o i g t  1904, P olyarthra trigla aptera Olofsson, 
1918.

D’après N i p k o w  (1952) c’est une forme appartenant au plancton. Reconnue 
dans des lacs en Suisse en octobre et duran t la période hiverno-printanière.

En Pologne notée par M i n k i e w i c z  (1914) dans des lacs des montagnes Ta
tras, par W i s z n i e w s k i  (1954) dans des eaux non précisées des environs de 
Varsovie ainsi que par H i l l b r i c k t  (1964) dans des étangs â  Żabieniec près 
de Varsovie.

Quelques exemplaires de cette espèce furent trouvés dans un échantillon 
prélevé en janvier 1962 dans le pélagial du lac Białe.

Familia: Brachionidae  

Sub fam ilia : Epiphaninae

12. Epiphanes brachionus ( E h r e n b e r g  1837). Ce rotifère est connu dans 
de nom breux pays d ’Europe ainsi qu’en Afrique du Sud et en Nouvelle-Zélan- 
de. II se trouve en général dans des eaux marécageuses, des étangs et des 
mares. K o z a r  (1914) le considère comme forme estivale.

En Pologne il fu t m entionné par W i s z n i e w s k i  (1954) qui le trouva dans des 
eaux non précisées des environs de W igry et de Varsovie.

II fu t trouvé dans le lac Bialskie près de la rive couverte d ’une vegetation 
abondante de Phragmites communis Trin. Des exemplaires isolés de cette 
espèce furent notes en avril 1962 duran t la floraison d ’Oscillatoria agardhii 
Gom.

13. Cyrtonia tuba ( E h r e n b e r g  1834). Espèce rare, en dehors de quelques 
pays d ’Europe eile ne fu t trouvée qu’aux USA et en Afrique du Sud. D’après 
W i s z n i e w s k i  (1954) cette espèce appartient â  l’héléoplancton.

En Pologne eile fu t notée par P a w ł o w s k i  (1958) en juillet et septem bre 
dans les affluents de la rive droite de la rivière Grabia et, en grandes quan- 
tités, dans une turbière; C z a p i k  (1958) trouva égalem ent cette espèce en 
octobre dans une m are des environs de Cracovie.

Des exemplaires isolés de cette espèce furen t constates dans un échantil- 
lon prélevé en septem bre 1962 dans le littoral du lac Bialskie.
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14. Rhinoglena frontalis E h r e n b e r g ,  1833. Peu frequente, connue dans 
de nom breux pays d’Europe et en Nouvelle-Zélande. Forme printanière, ca- 
ractéristique pour le plancton des rivières, plus ra re  dans les étangs ( R y ł o w  

1935).
En Pologne ce rotifère fut trouvé dans des m ares de Poznanie ( B l o e d o r n  

1912) dans des mares environs de Varsovie ( W i s z n i e w s k i  1954), de Cracovie 
( C z A P iK  1958), ainsi que dans la rivière Grabia ( P a w ł o w s k i  1958). II fu t repéré 
en exem plaires isolés en avril 1962 dans le pélagial du lac Czarne et en no- 
vem bre parm i les plantes de la zone littorale des lacs Bialskie et Czarne.

Subfam ilia: Brachioninae

15. Platyias quadricornis pentagona W u l f e r t ,  1956. Espèce distinguée par 
W u L F E R T  en 1956 dans des échantillons prélevés dans des lacs des environs de 
Berlin. Comme le rem arque P a w ł o w s k i  (1958), un dessin de cette espèce 
avait déjâ été publié par A h l s t r o m  (1940).

La presence de cette espèce en Pologne fut établie par P a w ł o w s k i  (1958) 
dans le bassin de la riviere Grabia en tre juin et septembre. Une petite quanti- 
té de ce rotifère fut constatée dans le pélagial et le littoral du lac Bialskie.

16. Keratella hiemalis C a r l i n ,  1943. Espèce distinguée par C a r l i n  (1943) 
qui la trouva dans la rivière Motala en Suède et la considéra comme apparte- 
nant au plancton hivernal. H a u e r  (1952) affirm e que cette espèce est p re 
sente dans certains lacs profonds duran t toute l’année et qu’elle passe les mois 
chauds dans rhypolimnion. Elle est égalem ent connue en Tchéchoslovaquie, en 
A utriche et en Roumanie ( B a r t c s  1959, R u d e s c u  1950).

Ce rotifère fu t constate pour la prem iere fois en Pologne par P a w ł o w s k i  

(1960) dans la riviere Grabia près de la localité Kozuby. II fu t constate dans 
les lacs Sosnowickie pendant toute l’année, aussi bien dans le littoral que le 
pélagial, mais plus fréquem m ent dans le plancton hiverno-printanier (I—VI). 
En été et en automne il n ’apparaissait qu ’en petites quantités. Ce rotifère était 
ra re  dans le lac Białe, on n ’y trouva que quatre fois des exemplaires isolés 
dans des échantillons prélevés en février, avril, mai et décembre.

Subfam ilia: Euchlaninae

17. Euchlanis calpidia M y e r s ,  1930. En Europe cette espèce ne fut notée 
que dans quelques lieux en Allemagne ( H a u e r  1936, V o i g t  1956/1957, W u l 

f e r t  1939) dans des lacs, des flaques d’eau et des eaux marécageuses. En 
Am érique du Nord eile est assez frequente dans les eaux au pH in terieur 
ä  7 ( M y e r s  1930). Rare en Pologne eile ne fu t m entionnée jusqu’â présent 
que par W i s z n i e w s k i  (1954) qui la repéra dans des m ares des environs de 
W igry et par P a w ł o w s k i  (1958) dans la riv ière Grabia. Dans le terra in  étu- 
dié cette espèce n ’était présente qu’en petit nombre, uniquem ent dans les 
parties littorales des lacs. Bialskie et Czarne en mai, ju illet et novembre.

18. Euchlanis lucksiana H a u e r ,  1930. Constaté en Allemagne et en Tchéco- 
slovaquie ( B a r t c s  1959) il est caractéristique pour la zone limnétique des 
grands lacs ( H a u e r  1931).

Noté en Pologne seulement par Lucks (1931, 1934) dans des lacs de la Pom e
ranie.

4*
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Ce rotifère fu t trouvé en petit nombre uniquem ent dans le pélagial des lacs 
Bialskie et Czarne â p artir du mois de mai jusqu’au mois de septembre. Sa 
presence était accompagnée en general de floraisons d ’O scilla toria  a g a rd h ii  
Gom. et de C e ra tiu m  h iru n d in e lla  (O. F. M u l l e r ) .

19. E uch lan is ly ra  H u d s o n ,  1886. Espèce assez frequente, notée en tre autres 
aux Etats Unis, en Allemagne, en France ( M y e r s  1930) et en Suisse ( B i r r e r  
1931). Elle demeure dans les zones littorales abondantes en vegetation de diffé- 
rents bassins aquatiques.

Ce rotifère est ra re  en Pologne. II ne fut mentionné que par W i s z n i e w s k i  

(1954) qui le trouva dans des eaux non précisées des environs de Wigry et par 
K l i m o w i c z  (1964) qui le détecta dans le littoral du lac Kisajno.

Quant aux lacs Sosnowickie il n ’y fu t trouvé que dans le littoral. II appara- 
issait en général en petit nombre pendant deux périodes de l’année — de m ars 
â juin et de septem bre â novembre, dém ontrant un maximum en mai et un 
au tre en octobre et novembre.

20. E u ch la n is  m e n e ta  M y e r s ,  1930 syn. E u ch la n is  oropha  L u c k s ,  1912. Men- 
tionné pour l ’Europe en Angleterre, Suède, Allemagne, Tchécoslovaquie, il fu t 
également noté en Amérique du Nord, en Nouvelle-Zélande et en Inde. II vit 
parm i les plantes aquatiques des lacs ( H a u e r  1952, M y e r s  1931, V o i g t  

1956/1957) dans des tourbières, des m ares ( W u l f e r t  1940, M y e r s  1931) ainsi 
que dans le psammon et la vase du fond des lacs ( K o s t e  1962).

Rare en Pologne, cette espèce у  fut repérée par L u c k s  (1912) dans des 
tourbières forestières des environs de Gdańsk, par M i c h a l s k i ,  G a b a N s k i  et 
K u l m a t y c k i  (1936) dans la riviere Brda aux environs de Bydgoszcz ainsi que 
par H i l l b r i c h t - I l k o w s k a  (1964) dans des étangs de Żabieniec près de V ar- 
sovie. Des exemplaires isolés de cette espèce furent trouvés dans un échantillon 
prélevé en juillet 1963 dans le littoral du lac Czarne.

21. M y tilin a  m u cro n a ta  sp in igera  ( E h r e n b e r g  1932). Espèce trouvée en 
Europe, en Inde, au Ceylan et au Panama. Elle habite le littoral couvert de 
vegetation de différents bassins aquatiques ( V o i g t  1956/1957) et les rivières 
( P a w ł o w s k i  1958).

Détectée en Pologne par L u c k s  (1912) dans des mares de Pomeranie, par 
B l o e d o r n  (1912) dans des m ares de Poznanie ainsi que par P a w ł o w s k i  (1958) 
dans la rivière Grabia (voLvodie de Łódź).

Dans les lacs étudiés ce rotifère était assez frequent mais n ’apparaissait 
qu ’en petit nombre de mai en juin ainsi que d ’aoüt â novembre, uniquem ent 
dans la zone littorale couverte abondamment de vegetation aquatique.

Subfamilia: Colurinae

22. L ep a d e lla  q u a d rica rin a ta  ( S t e n r o o s  1898). Mentionnée en Finlande, 
Allemagne, Tchéchoslovaquie, Norvège, Suède, au Svalbard et aux  USA 
( B a r t c s  1959), cette espèce vit parmi la vegetation de differentes eaux conti- 
nentales ou maritim es ( D o n n e r  1964).

En Pologne eile ne fut trouvée que par L u c k s  (1912) dans des lacs de Pom e
ranie et dans la Vistule.

Une petite quantité de ce rotifère fut constatée en aoüt 1962 dans le litto ra l 
du lac Czarne.
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Subfam ilia: Lecaninae

23. Lecane lauterborni H a u e r ,  1924. Cette espèce, trouvée en Allemagne, 
URSS, Tchécoslovaquie, et aux USA, vit sur de la sphaigne ( H a u e r  1924, 
P a w ł o w s k i  1938).

En Pologne eile ne fu t notée que par P a w ł o w s k i  (1938) dans des échantillons 
prélevés en avril su r de la sphaigne de m ares des environs de Pabianice. Un 
petit nom bre de ces rotifères fu t observe en aoüt et en décembre 1963 dans la 
zone littorale du lac Bialskie.

24. Lecane ludvoigi ( E c k s t e i n  1883). Cette espèce se manifeste dans le 
monde entier mais toujours en petits nombres ( H a r r i n g  et M y e r s  1926, V o i g t  
1956/1957). Elle v it parm i les plantes de la zone littorale de différents bassins 
aquatiques. Elle fu t également trouvée dans des échantillons prélevés du fond 
des bassins entre avril et janvier.

Ce rotifère, ra re  en Pologne, fut note par W i e r z e j s k i  (1893) et C z a p i k  (1958) 
dans des mares des environs de Cracovie, par K y s e l o w a  (1966) dan des étangs 
de Haute-Silésie, par B l o e d o r n  (1912) dans des étangs de Poznanie, par 
K u L A M o w i c z  (1956) dans les étangs Żeromińskie près de Łódź et enfin par 
P a w ł o w s k i  (1958) dans les rivieres Oleśnica et Grabia.

Des exem plaires isolés de cette espèce furen t pëchés en janvier et février 
1963 dans le littoral des lacs Bialskie et Czarne.

25. Lecane mira ( M u r r a y  1913). Rotifère rare, noté aux USA, en Allemagne, 
Suède et Tchéchoslovaquie ( B a r t c s  1959, V o i g t  1956/1957), D’après H a r r i n g  

M y e r s  (1926) il se trouve dans les étangs aux eaux acides ou neutres, tandis 
que V o i g t  (1955/1957) le considère comme caractéristique pour les tourbières 
et le litto ra l couvert de vegetation des lacs. II fu t également constate dans le 
psammon et le plancton des rivieres ( W i s z n i e w s k i  1936, 1954).

Cette espèce est rare  en Pologne, notée en tan t que psammoxène dans des 
lacs des Tatras ( W i s z n i e w s k i  1936) et dans la rivière Grabia ( P a w ł o w s k i  1958).

Des exem plaires isolés de cette espèce fu ren t trouvés de mai en novembre 
dans le littoral des lacs Białe et Bialskie.

26. Lecane stichea H a r r i n g  1913, syn.-L. methoria H a r r i n g  et M y e r s ,  1926; 
Lecane stichaeoides H a u e r ,  1938.

D’après H a u e r  (1958) ce rotifère est connu en Allemagne, Belgique, Hol- 
lande, Suède, URSS, Hongrie, Tchécoslovaquie, Espagne et Amérique du Nord. 
C’est une forme bryophyle habitant les étangs et les fossés, considérée comme 
acidophyle par G r a a f  (1956). On la rencontre aussi dans des therm es et des 
sources naturelles ( V o i g t  1956/1957).

Notée en Pologne par Bryce ( W i s z n i e w s k i  1954) dans l a  mousse aux en
virons de Wigry.

Peu frequent dans les lacs Sosnowickie, ce rotifère s’y trouvait en faibles 
quantités dans la vegetation de la zone littorale. Dans les lacs Czarne et Bials
kie il fu t note en novembre 1963 et dans le lac Białe en m ars de la mëme 
année.

27. Lecane subtilis H a r r i n g  et M y e r s  1926. Rotifère rare, détecté en Alle
magne, Suède et URSS, au Sum atra et au Java, il vit dans la zone littorale des 
lacs ( H a r r i n g  et M y e r s  1926) ainsi que dans les tourbières ( V o i g t  1956/1957).

En Pologne il ne fu t trouvé que dans les environs de Pabianice ( P a w ł o w s k i  
1938) dans une m are couverte de Sphagnum sp.

28. Monostyla pygmaea  D a d  a y , 1897. Cette espèce typiquem ent bryophyle 
est assez frequente aux USA ( H a r r i n g  et M y e r s  1926). Elle est aussi connue au
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Japon, en Nouvelle-Zélande et dans plusieurs pays européens. W u l f e r t  (1942) 
constata sa presence dans des sources minerales.

Elle fut trouvée en Pologne par P a w ł o w s k i  (1938) dans les environs de
Wigry, darts la forët de Białowieża et dans les lacs des Tatras.

Ce rotifère fu t constaté en petit nombre en septem bre 1962 parm i la
vegetation immergée du littoral du lac Bialskie.

29. Monostyla scutata H a r r i n g  et M y e r s ,  1926. D’après H a r r i n g  et M y e r s  

(1926) c’est une espèce extrèm em ent rare, présente en faible quantité dans des 
lacs des USA. Elle fut notée également en Allemagne, Suède, Tchécoslovaquie et 
URSS en général en tan t que forme bryophyle ( H a u e r  1931, V o i g t  1956/1957).

Sa presence en Pologne fut constatée par W i s z n i e w s k i  (1934) dans le psam- 
mon des lacs de W igry et dans la rivière Bug, par K u l a m o w i c z  (1956) dans 
les étangs Żeromińskie près de Łódź ainsi que par P a w ł o w s k i  (1958) dans le 
psammon de la riviere Grabia et dans des mares avoisinantes.

Une petite quantité de ces rotifères fu t trouvée dans deux échantillons 
provenant de la zone littorale du lac Bialskie, l’un d ’octobre 1962, l’au tre  de 
juin 1963.

30. Monostyla stenroosi M e i s s n e r ,  1908. Assez frequente en Europe eile n ’y 
est néanmoins trouvée qu’en petits nombres ( B a r t o s  1959, K o s t e  1962). Notée 
aussi au Japon ( S u d z u k i  1964), en Chine et aux USA ( H a r r i n g  et M y e r s  1926), 
elle vit parmi les plantes aquatiques de différents bassins ( B a r t o s  1959) dans 
des flaques d ’eau ( D o n n e r  1954) et mëme dans le psammon ( W i s z n i e w s k i  1932).

Rare en Pologne eile n ’y fut constatée qu’en Basse-Silésie ( S a c h s e  1914), 
dans les lacs Wigry ( W i s z n i e w s k i  1932) et dans le bassin de la riv iere G rabia 
( P a w ł o w s k i  1958).

Cette espèce ne fu t notée que dans le pélagial du lac Białe en juin 1963.
31. Monostyla subulata H a r r i n g  et M y e r s ,  1926. Cette espèce vit dans la 

mousse, principalem ent sur du sphagnum sp. et parm i les plantes des eaux sta- 
gnantes H a r r i n g  et M y e r s  1926, H a u e r  1958). Notée dans quelques pays d ’Eu- 
rope et des USA.

Rare en Pologne ce rotifère fu t nolé par P a w ł o w s k i  (1938) â W igry et dans 
le bassin de Grabia en tan t que forme bryophyle et par Bryce ( W i s z n i e w s k i  

1954) sur du Sphagnum sp. également dans les environs de Wigry.
Ce rotifère ne fut trouvé qu’en un seul exem plaire dans le littoral du lac 

Bialskie en aoüt 1962.

Subordo: F losculariacea  

Familia: Testudinellidae

32. Testudinella parva bidentata ( T e r n e t z  1892). Cette espèce est fréquem - 
ment rencontrée dans la region holarctique. Son biotope est forme par la vege
tation aquatique de différents types d’eaux.

Constatée en Pologne par W i e r z e j s k i  (1893) dans des m ares des environs de 
Cracovie ainsi que par L u c k s  (1912) dans des lacs et des m ares de Pomeranie.

Elle ne fut notée que deux fois en petit nombre parm i des plantes du litto ra l 
du lac Czarne, en septembre.

33. Testudinella patina intermedia ( A n d e r s o n  1889). Cette Variété fu t recon- 
nue en Allemagne, en Tchécoslovaquie, en Inde, en Australie, en A frique du
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Sud et aux USA ( B a r t c s  1959). Elle vit surtout parmi les plantes aquatiques de 
differentes sortes de bassins ( B a r t c s  1950, C a r l i n  1939, G a l l i f o r d  1946).

Elle ne fut notée en Pologne que dans le bassin de la rivière Grabia 
( P a w ł o w s k i  1958).

Ce rotifère est rare dans les lacs étudiés. Des exemplaires isolés furent 
trouvés en aoüt 1962 parmi les plantes du littoral du lac Bialskie.

Fam ilia: F ilin iidae

34. Filinia maior ( C o l d i t z  1924). Espèce caractéristique pour le plancton 
des lacs et des étangs ( B a r t c s  1959), plus rare dans les riviéres ( P a w ł o w s k i  

1958); d ’après C a r l i n  (1943) eile est typique pour le plancton d ’hiver. Ce roti- 
fère fu t mentionné en Allemange, en Tchécoslovaquie et en Roumanie.

En Pologne il fut note dans les étangs de pisciculture â Żeromin près de 
Łódź ( K u L A M o w ic z  1956) et dans le bassin de la rivière Grabia ( P a w ł o w s k i  

1958).
Commun dans les trois lacs Sosnowickie il s’y trouve durant toute l’année en 

grand nombre, surtout entre janvier et m ars et entre juin et aoüt. En dehors de 
la zone pélagiale il fut aussi pëché dans le litto ra l de ces lacs ou il apparaissait 
en grand nombre, surtout dans celui du lac Białe.

Familia: Conochilidae

35. Conochiloides dossuarius ( H u d s o n  1885). Note en Europe, en Amerique 
d u  Nord, en Afrique du Sud, en Afrique Orientale, en Australie, au Sum atra et 
au Java. II est considéré comme représen tan t typique du plancton des étangs 
et des petits lacs ( C c l l i n  1912, R y ł c w  1935) mais il est aussi rencontre dans les 
eaux b-mésosaprobes. Ce rotifère est therm ophyle et le maximum de son déve- 
loppement correspond â  l’été ou â  l’autom ne ( R y ł o w  1935).

En Pologne il fut trouvé par W i e r z e j s k i  (1893) dans un petit étang des envi
rons de Cracovie, par F e r e ń s k a  (1966) dans des étangs de Silésie et encore par 
K u l a m o w i c z  (1956) dans les étangs de pisciculture â Żeromin près de Łódź.

Rare dans les lacs étudiés il n ’y fu t détecté que dans le pélagial du lac Bial
skie en avril et en aoüt.

3. CONCLUSIONS

Les espèces rares de rotifères de la faunę des lacs Sosnowickie sont celles 
qui ne sont notées que d’une faęon sporadique dans les bassins aquatiques de 
Pologne ou qui sont peu frequentes mëme dans l ’holarctique. Ce sont: Harrin- 
gia eupoda G o s s e ,  Lindia pallida H a r r i n g  et M y e r s ,  Proales minima  ( M o n t e t ) ,  
Cephalodella delicata W u l f e r t ,  Cephalodella obvia D o n n e r ,  Elosa spinifera 
W i s z n i e w s k i ,  Lecane mira  ( M u r r a y ) ,  Monostyla scutata H a r r i n g  et M y e r s  et 
autres.

Dans les lacs étudiés les formes rares se trouvaient avant tout dans le li t
toral, parm i les plantes aquatiques (26 espèces). 5 espèces n ’ont été trouvées que
dans le pélagial: Cephalodella obvia D o n n e r ,  Conochiloides dossuarius ( H u d 
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s o n ), Euchlanis lucksiana H a u e r ,  Monostyla stenroosi M e i s s n e r  e t  Polyarthra 
dolichoptera aptera ( H c c d ) .  4  e s p è c e s ,  p a r  c o n t r e ,  o n t  é t é  n o t é e s  d a n s  l e s  d e u x  

z o n e s :  Filinia maior ( C o l d i t z ) ,  Keratella hiemalis C a r l i n ,  Platyas quadricornis 
pentagona W u l f e r t  e t  Rhinoglena frontalis E h r e n b e r g  ( t a b .  I).

T a b l e  I
Liste alphabétique des rotifères et zone ой ii furent trouvcs

Nom du rotifère Lacs
Białe Bialskie Czarne

1 . Cephalodella delicata Wulfert L
2 . Cephalodella obvia Donner P
3. Cephalodella sterea minor Donner L
4. Cephalodella sterea mutata Donner L L L
5. Conochiloides dossuarius (Hudson) P
6 . Cyrtonia tuba (Ehrenberg) L
7. Elosa spinifera Wiszniewski L L
8 . Epiphanes brachionus (Ehrenberg) L
9. Euchlanis calpidia Myers L L

1 0 . Euchlanis lucksiana Hauer P P
1 1 . Euchlanis lyra Hudson L L L
1 2 . Euchlanis meneta Myers L
13. Filinia maior (Colditz) PL PL PL
14. Harringia eupoda (Gosse) L
15. Keratella hiemalis Carlin PL PL PL
16. Lecane lauterborni Hauer L
17. Lecane ludwigi (Eckstein) L L
18. Lecane mira (Murray) L L
19. Lecane stichea Harring L L L
2 0 . Lecane subtilis Harring et Myers L
2 1 . Lepade/la quadricarinata (Stenroos) L
2 2 . Lindia pallida Harring et Myers L
23. Monostyla pygmaea Daday L
24. Monostyla scutata Harring et Myers L
25. Monostyla stenroosi Meissner P
26. Monostyla subulata Harring et Myers L
27. Mytilina mucronata spinifera (Ehrenberg) L L L
28. Platyas quadricornis pentagona Wulfert PL
29. Polyarthra dolichoptera aptera (Hood) P
30. Proales minima (Montet) L
31.
32.
33.

Proales sordida (Gosse) L
Rhinoglena frontalis Ehrenberg L PL
Testudinella parva bidentata (Ternetz) L

34.
35. Testudinella patina intermedia (Anderson) L

Tetrasiphon hydrocora Ehrenberg L

Signification: P — pélagial, L — littoral

Keratella hiemalis C a r l i n  appartient aussi aux formes rares pour la faune 
de Pologne, car sa presence у fu t constatée en exemplaires isolés seulement 
dans la riviere Grabia ( P a w ł o w s k i  1958). Elle fu t trouvée, par contre, très 
frèquem m ent dans les deux zones des lacs Sosnowickie pendant toute l ’année, 
mais surtout dans la période hiverno-printanière (I—VI). Ce rotifère est 
considéré par C a r l i n  (1943) comme forme sténotherm ique, aim ant le froid et 
passant l’été dans l’hypolymnion des lacs profonds. De mëme H a u e r  (1952) 
est d ’avis que ce rotifère peut ëtre present dans les lacs profonds pendant 
toute l ’année, se re tiran t pendant les mois chauds dans l’hypolimnion. Les m ate-
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r ia u x  o b te n u s  des lacs S osnow ick ie , p eu  p ro fo n d s  e t de fa ib le  é ten d u e , p e r -  
m e tte n t ,  p a r  con trę , d e  su p p o se r  q u e  K e ra te lla  h iem a lis  C a r ł i n  n ’es t pas tro p  
s e n s ib le  a u x  ch an g em en ts  de te m p e ra tu re  de l ’eau  e t q u e , q u o iq u e  le m a x im u m  
de so n  d é v e lo p p e m en t co rre sp o n d  â l ’h iv e r  e t au  d é b u t du  p r in te m p s , e ile  p e u t 
v iv re  p e n d a n t to u te  l ’an n é e  no n  se u le m e n t d an s l ’h y po lim n ion .

4. RÉSUMÉ

P arm i les 137 espèces et form es de ro tifères trouvées dans les lacs Sosnowickie 
d u ran t des études effectuées en 1961—1963 sur la repartition  des ro tifères et leur 
écologie, 35 fu ren t considérées comme ra re s  dans la faunę de Pologne (tab. I).

La repartition  de ces form es dans les lacs étudiés et quelques données écologiques 
sont rapportées dans ce travail.

K eratella  hiemalis C a r l i n , espèce corisidérée comme psychrophyle, é ta it notée 
dans les deux zones des lacs Sosnowickie d u ran t toutes les saisons de l’ânnée.

5. STRESZCZENIE

W toku  prowadzonych w la tach  1961—1963 badań nad składem  gatunkowym  
i ekologią w rotków  jezior Sosnowickich (Białe, B ialskie i Czarne), spośród 137 w y
stępu jących  tam  gatunków  i form , 35 zaliczono do razdszych w  faunie Polski (tab. I).

Opisano rozmieszczenie tych form  zarówno w badanych jeziorach jak  i na te ren ie 
Polski, uw zględniając ich w ym agania ekologiczne.

K eratella  hiemalis C a r l i n , gatunek uw ażany za form ę zim nolubną, w jeziorach 
Sosnow ickich poław iany był w obydwu strefach  w e wszystkich porach roku.
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ABSTRACT

E xperim en ta l data of feeding, grow th and  resp ira tion  of Macrocyclops albidus J u r . 
w ere com puted by the  in tegral m ethod, w ith in  the individual developm ent from  
early  copepodits to adu lt form s, as cum ulative elem ents of energy budget. Indices of 
production  efficiency vary  in  rela tion  to anim als grow th as follows: Index  of feeding 
efficiency decreases as described by equation : U - 1 =  2,55-W-°-e (W — w et w eight, 
ug); E nergy used for growth, as %  of energy consumed, decreases: Kj =  1,25*W-M; 
Energy used for growth, as °/o energy assim ilated , rem ains constant w ith in  the ex 
am ined period  of developm ent: K 2 =  50°/o.
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efficiency;
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— R ate of consum ption; food in take;
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1. INTRODUCTION

Processes of feeding, grow th and resp ira tion  in aquatic anim als are easily ch a
racterized by indices of energy used for grow th out as °/'o of the energy consum ed — 
Ki and as °/o of energy assim ilated — K2. A scerting these indices for anim als belong
ing to  d ifferen t trophic levels w hich form  any ecosystem enables us to analyse in 
detail the energy flow  and accum ulation by this ecosystem. L earning about these 
indices is especially im portan t for m odelling the freshw ater ecosystems.

I t  is interesting  therefo re to trace  general regularities in changes of K x and K 2 
during the developm ent and grow th of anim als. Indices K 1 and K 2 can be defined 
a fte r I v l e v  (1939) and W i n b e r g  (1956) as follows:

= (1 ) 

k ' = p T t - (2)
w here P — the ra te  of production or biom ass growth, R ■— the ra te  of consum ption or 
food intake, T — the ra te  of respira tion  or cost of m aintenance, all in identical units 
(e.g. calories), per unit time.

Thus, to analyse changes in Kj and K 2 for the period of an im al’s grow th, it is 
necessary to know the ratios of food consum ption, growth, and cost of m ain tenance 
of an anim al as function of its age, r. H owever, it is m ost convenient to determ ine 
experim entally  the values of food in take, oxyg’en consum ption and body w eight for 
subsequent developm ental stages. The ra te  of production is then  expressed by deriv -

d Wative of an im al’s w eight against tim e, — - . Estim ation of this deriva tive d irectly
d r

from  the  experim ental data on the  grow th, W(r) does not ensure an adequate  accu r
acy of thus obtained value P. Even if we assum e th a t the grow th is parabolic, 
w hich is tru e  for the anim als studied, and then  acc. to th is approx im ate W(r), we 
w ill not im prove the resu lts, since dependence W(r) can be approxim ated by several 
d iffe ren t functions due to real accuracy of the experim ent at our disposal. This w ill 
lead to a high varia tion  in values P and consequently to a high varia tion  of indices 
Kj and K 2. There is another way w hich seems to be m ore su itab le of ascerting  ind i
ces Kj and K 2. For this, instead of derivatives of food in take — R, production  — P, 
and respira tion  — T, we w ill use corresponding in tegrations as follows:

Rc = f  R (t)dt, 
0

T

Tc = f  T (t)d t,

W =  f  P (t)d t, 
o

w here Rc is cum ulative food in take of an anim al from  its b irth  to a given m om ent,
Tc — cum ulative oxygen up take for this period. S im ilar approach was applied at
estim ating  the cum ulative elem ents of energy budget in the paper by K l e k o w s k i , 
P r u s , Z y r o m s k a - R u d z k a  (1967), although the w ay of calculation was d ifferent. 

Values R, T, and P  are then tim e derivatives of Rc, Tc, and W, respectively:

d Rc /очR =  , (3)d r

d Tc / d 4
T =  > (4)d r

d t
(5)
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I t can  be easily seen th a t K x and K 2 in term s of Rc, Tc, and ІУ can be w ritten  as:

P d W .d R c  _ 1 _  dW 
dRc 
~dW

R d r d r dRc dRc

1 dRcor:  =  ——  16)
K, dW

P _ d W . I d W  , d T c \  1 d W (?)
K z _  P + T ~  d r  ' \ d r  ' d r )  d Tc  d W + d T c

1+ dW

1  ,  ! d T c

° r ‘ K 2 d W ‘

R atio K j/K 2 denotes the rate  of assim ilation of the food taken, U-1 , and is con
sidered as an  index of feeding efficiency of anim als:

v - i = KL =  Z + T .  (8)
K 2 R

By in troducing  values R, T, P from  (3), (4), and (5) to form ula (8 ), one obtains:

1 +  ^ lS
U - = — 4 * .  <9,

dRc 
dW

T herefore, the  analysis of indices and K 2 is reduced to calculating derivatives

— and ——- from  the experim ental data. These derivatives have th e ir  intrinsic 
dW  d W

d Tcm eaning. V alue - equals to ratio  of cost of m aintenance to grow th (W i n b e r g  
d W

1966): value  - equals in fact to ra tio  ~  and denotes so-called feeding ratio
dW  P

dTc = T l - К г  _  J _
dW ~  P “  " K 2 V '

H aving calcu lated  derivatives and — , the rest of com putation becomes very
d W d w

sim ple and do not involve m anifold m eaning, depending on calculation of deri-
.. d Wv a t iv e ------

d r

2. MATERIAL AND METHODS

F u n c tio n s  Rc(W ) an d  Tc(W ) w e re  c a lc u la te d  f ro m  th e  e x p e r im e n ta l d a ta  on 
feed in g , g ro w th  a n d  m e tab o lism  of M acrocyclops a lb id u s  J u r . ,  a p red ac io u s  
species of f re s h w a te r  C opepoda. T h e  choice of a re p re s e n ta t iv e  of th is  g ro u p  
r e s u lte d  to  a  g re a te r  e x c e n t f ro m  th e  fa c t th a t  copepods fo rm  one of the  
m a jo r  ite m  of Z ooplankton  b iom ass b o th  in  th e  f re s h w a te r  e n v iro n m e n ts  an d  
e sp ec ia lly  in  m a rin e  Z ooplankton  co m m u n ities . I t  can  be  assu m ed  th a t  som e of 
re g u la r i t ie s ,  p ro b a b ly  th o se  of a fu n d a m e n ta l im p o rta n ce , fo u n d  feed ing ,
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grow th, and metabolism of this species are of a similar nature in various 
species of plankton Copepoda ( W i n b e r g  1966). From  a relatively num erous 
observations done by different investigators, on growth and development of 
some species of m arine and freshw ater copepods, it can be inferred th a t the 
grow th curve of many copepod species has a parabolic course for a period 
preceding sexual m aturity  ( S h u s h k i n a  1957). This being the case, K2, i.e., °/o 
energy assimilated as growth, w ill m aintain a constant value within the whole 
period of copepods grow th ( W i n b e r g  1966). Then dependences T(r), Rc{r), and 
Rc(W) can be approxim ated by exponential functions and Tc(W) will take 
form  of a straight line.

One can expect th a t these general regularities in feeding grow th and 
m etabolism should be characteristic not only for Macrocyclops albidus but 
also for m any species of m arine and freshw ater copepods.

The experim ental part of the w ork has been carried out in the D epartm ent 
of Experim ental Hydrobiology, Nencki Institu te (Warsaw). The copepods 
which had been collected in vicinity of W arsaw were kept for several genera
tions in aquarium  under laboratory conditions a t am bient tem peratures. The 
experim ents were run at a temp, of 21°C at which the complete developm ent 
from  egg to adult lasted for 30 days. The copepods were fed w ith protozoans, 
Paramecium aurelia. The food concentration in culture vessels was m aintained 
a t an approxim ately constant level. Four different concentrations of food w ere 
used. Those experim ents whose results were used in the present paper w ere 
run  a t an average food concentration of 1 0 . 0 0 0  individ./l (food biomass of about 
1 g m 3 of water), which would correspond to feeding conditions similar to those 
in a mesotrophic lake. For fu rther calculation it was reasonable to accept 
500cal/g wet weight as the calorific value of the food ( S l o b c d k i n , R i c h m a n  

1961, C o m i t a , S c h i n d l e r  1963, O s t a p e n j a , S e r g e e v  1963). The amount of food 
consumed by one copepod of age т and weight W was m easured by means 
of checking every second day the concentration of the food in the eperim ental 
vessels. The ra te  of oxygen consumption Q 0 2 by copepods was m easured for 
separate individuals in Cartesian divers as modified by Z e u t h e n  (1950); for 
description of the respirom etric method see: K l e k o w s k i  1967, other details on 
the methods of present experim ents can be found in: K l e k o w s k i , S h u s h k i n a  
1966 a, b.

3. RESULTS

The results of simultaneous m easurem ents of the comulative food consump
tion — Rc, oxygen consumption ra te — Q 02 per unit weight and individual’s 
w eight W  for subsequent age stages, are shown in Figs 1—3.

The points in Fig. 2 represent cum ulative food intake by a copepod from 
the beginning of the experim ent t =  0 to a given age r. Thus, function Rc re 
sults from smoothing the step shaped function: Rcx =  Rx; Rc2 =  R! + R2, Rc3 =  
— R 1 + R 2 + R3, and so on, where Ri — food intake w ithin i’s 24 hrs. The disper
sion of points around this curve suggests ra ther small variation which perm its 
a sufficient precise approxim ation of function Rc(t),

Dependence QOz(W) Fig. 3 is defined by equation:

Q 0 2 =  aW  =  1.22 W0-84 (10)

w here QOz is expressed in pi O2 *1 0 _ 3/hr, weight in pg of wet weight.
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Fig. 1. G row th of Macrocyclops albidus J u r .
1,2,3 =  som e p o ssib le  a p p ro x im a tio n s

Fig. 2. C um ulative cosum ption (food intake) of Macrocyclops albidus J u r ., express
ed in pg w et weight

I — n a u p li, IX — co p ep o d its , III — a d u lts . A p p r o x im a tio n : R c  =  0.08 r^.s.

5 P o lsk ie  A rch . H y d r o b io lo g ii http://rcin.org.pl



E. A. Shushkina, S. I. Anisimov, R. Z. Klekowski

Fig. 4. Dayly cost of m aintenance (respiration) of Macrocyclops albidus J u r .,  from 
nauplius to adult anim al ex p ressed  in ug w et w eight

I — n a u p li, II — co p ep o d its , III — a d u lts

Fig. 3. Size (weight) dependence of oxygen consum ption of M acrocyclops albidus
J u r ., double log scale

I — n a u p li, II — co p e p o d its , III — a d u lts , N  — R e g re ss io n  fo r  n a u p li QOz =  1.2S-W0-34, С +  A — 
R e g re ss io n  fo r  c o p ep o d its  an d  a d u lts  Q 0 2 =  0.76-Wt>°2, N  +  С +  A  — R e g re s s io n  fo r  n au p li, 

co p e p o d its  an d  a d u lts  Q 0 2 =  1.22 W 0-84

It is interesting to compare dependence Q 0 2 (W) obtained for Macrocyclops 
albidus (equation 10) w ith W i n b e r g ’s  (1956) equation for plankton crustaceans 
at temp, of 20°C: \

Q 0 2 =  0.165W081, (11)

w here QOz is m easured im ml 0 2/h r and W — in grams. In order to do this, 
it is necessary to use same units for Q 0 2 and W in equations (10) and (11), 
coefficient a in equation (1 0 ) can be calculated as follows:

256
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1.22-10-Vl 1.22.10-V1 , IO"6n => _____________=   .-------- ------------ I у V___  _______
[Jig0-84 (g .1 0 -6)0-84 1 0 - 5 04 _

- 1 .2 2 .10-°-96 =  1.22-0.1096 =  0.134 (10a)

therefore: Q 0 2 =  0.134W0'84
This indicates somewhat lower values of respiration than those computed 

acc. to equation (1 1 ).
F u rther calculations based on equations (6 ), (7) and (9) m ust also involve 

com parable units for all expresions used therein, in this case ,ug wet weight/24 
hrs. That is w hy the empirical values of oxygen consumption, expressed in 
ul O2 *10~ 3 /h r had to be converted into ug w et w eight/ 24 hrs. W ith oxy-calor- 
ific equivalent 4.86 cal ml 0 2 i.e. 4.86-10_ 3 O2 cal'q l and an average calorific 
value of w et biomass of copepods equal to 0.5 cal/'mg, one pi 0 2 corresponds 
to 4.86*10- 3 *2*10- 3  pg =  9.72 pg w et weight. Then, for 24 hrs:

T -  9 .72-IC H .24-a-W 0-84 -  0.290-W084 (10b)

Thus obtained values T, expressed in pg wet weight/24 hrs, were plotted 
(Fig. 4) against corresponding age of copepods yielding function T(r). The 
curve in this F igure joins average for each of groups of points corresponding 
subsequently to r =  1, 2, 4, 8 , 10, 12.5, 15, 17, 19. The points in Fig. 1 were obta
ined by m easuring the volume of animals and then calculating dry w eight of 
Macrocyclops necessary for estim ation of respiration ra te Q 0 2 and dayly food 
consumption R. On account of high dispersion of points in this graph it is 
not possible to approxim ate dependence W(r) w ith any definite function; e.g. 
this dependence, can be denoted by exponential functions whose exponents
equal to 6.25, 3.0, 2.5. As it has been already mentioned, considerable changes
in this exponent bring about considerable deviation of the results when differ
entiating equation (5). These differences lead, in turn, to unjustifiably large 
differences in K v K 2, and U~1. That is why it was absolutely necessary to avoid 

dW
differentiation P  — - 5— according to the way describe by equations (6 ), (7) and

a t
d Tc , d Rc  .

(9). In order to do so, it was necessary to estim ate derivatives -j-— and -p ^  , in

volved in these equations.
dTc

Dependence Tc(W) was ascertained by the following. Since M =  -j-y^ , values

Tc w ere obtained w ith planim eter by m easuring the area under curve T(r) 
(Fig. 4), for age in terval from 2 to 19 days, i.e., by m easuring the area outlined 
by curve T(r) in Fig. 4 from  x =  1 to x — 2, from  x — 1 to r =  4, etc. Thus 
obtained values Tc (ordinate) were plotted against values W (abscissa), the la t
te r being arithm etic averages of cyclopoid body w eight w ithin the age classes 
mentioned. Values W were taken exclusively from the records made when, 
m easuring T. Dependence Tc(W) (Fig. 5) takes form:

Tc -  1.05 W.
Hence:

—  =  1.05. 
d W

5*
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Fig. 5. Size (weight) dependence of cum ulative cost of m ain tenance (respiration) of 
M acrocyclops albidus Ju r .,  expressed in  pg w et w eight

Fig. 6 . Size (weight) dependence of cum ulative consum ption (food in take) expressed 
in pg w et w eight, of Macrocyclops albidus J u r

I — n a u p li, II — c o p ep o d ia s , ІЫ — a d u lts . A p p r o x im o tio n : Rc =  0.5-W1-6

dTc
Derivative -y™ appearing in equations (6 ), (7), (9), was obtained as follows, a  W

Values Rc from Fig. 2 (ordinate) were plotted against values of weight W (abs-
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cissa) w hich w ere taken from Fig. 1 for each age group. Thus obtained depend
ence Rc(W), as presented in Fig. 6, is described by equation:

Hence:
dR c
d W

Rc =  0.5 W 1-6. 

0.5.1.6 W06 =  0.8W0-6.

Thus, both derivatives necessary for computation of K1? K 2 and U_1 have 
been obtained.

Fig. 7. Size (weight) dependence of indices: 1) Food assim ilation, i.e. feeding efficien
cy ( U - 1); 2) U tilisation for biom ass grow th, as %  of energy consumed (Kx); 
3) U tilisation  for biom as growth, as %  of energy assim ilated (K2). Indices are 

com puted for Macrocyclops albidus J u r .  copepodits stages

By including values and to equations (6), (7) and (9) one obtains

the following

Ki

K , =

1
dRc : 
d W

1

0.8 W0-6
=  1.25W -0-6,

1
dTc 1 +  1.05

=  0.49,

d W  

1.25 W '06
0.49

2.55W -0-6.

(12 )

(13)

(14)

Com puted functions K+W), U-1(W), and K 2(W) are presented in Fig. 7. Formulae 
(12), (13), (14) perm it to draw  prelim inary conclusions concerned w ith changes 
in index of feeding efficiency U-1 and indices: К г and K 2. According to the
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experim ental data of this paper, ra t of food assimilation, U~l decreases w ith 
animals growth from 97% in young copepodit stage to 25% in adults w ith  the 
corresponding biomass change from 5 to 50 pg wet weight. W ithin this range of 
body weight, K 2 remains constant and equal 50%, whereas the index K v 
decreases from 50% to 10%.

This would indicate that a young population of the copepod species under 
study, consisting mostly of growing individuals, utilizes the energy taken from 
the previous trophic level more efficiently. In term s of productivity, an ecosys
tem  consisting of young populations is more productive when indices K x and 
K 2, and U~l for organisms of other trophic levels are described by curves simi
lar to those presented in Fig. 7. Such changes w ith age in K x and U~1 as those 
shown in Fig. 7 are plausible from the point of view of homeostatic steady 
state  of an ecosystem since production per unit weight (index P/В) tends to 
increase w ith diminishing average individuals.

From all w hat was said above it follows that elaboration of experim ental 
data on feeding, growth and respiration in aquatic animals w ith the use of 
integrated forms of consumption or of metabolized oxygen perm its to calculate 
indices and K 2 w ith higher precision as compared w ith direct elaboration 
of consumption, growth and metabolism for 24 hours units.

It should be emphasized th a t the regularity  of age-specific changes in 
indices Kj, K 2, and U-1 as presented in this paper was ascertained only for 
copepodit stages of one species of Cyclopoida. It is quite possible that these 
regularities will take other forms for other species of Copepoda or for the 
naupli and adults of the species examined.

4. SUMMARY

E xperim ental data on th e  feeding, grow th and resp ira tion  of M acrocyclops albi- 
dus  J u r .  w ere com puted by the in teg ral method, I.e . the sum  was calculated  of food 
consum ption, oxygen up take and increase of biom ass of the  exam ined an im als at 
any chosen tim e period w ith in  the  course of individual developm ent from  
early  copepodits to adu lt form s. This way of com putation and  p resen ta tion  of 
data enabled to analyze the changes — in rela tion  to the grow th of the  exam ined 
organism s — of indices of use of energy of food consumed K : and assim ilated  K 2, 
as w ell as of the index of feeding efficiency U - 1. The index of feeding efficiency 
decrease w ith anim als grow th: from  97% to 25%; th is dependence is of an  ex 
ponential equation character: U — 1 =  2.55W - 0 -6 (where: W — anim al fresh  w eigth, 
pg). The index of use for grow th of food consumed decreases from  50% to 10 per 
cent according to the equation: К г =  1.25W -0-6. The index of use for g row th  of 
assim ilated  food is constent w ith in  the  exam ined period of developm ent: 
K , =  50%.

5. РЕЗЮ М Е

Экспериментальный материал по питанию, росту и дыханию  M acrocyclops 
albidus Ju r. обработан интегральным методом, т.е. определены суммарные вели
чины  потребления пищи, кислорода и накопления биомасс рачков к  концу к а ж 
дого взятого отрезка времени внутри всего периода развития от младш их копе- 
подитов до взрослых форм. Применение этого способа обработки м атериала по
зволило описать аналитически изменение коэффициентов использования на рост 
энергии потребленной К х и усвоенной К 2 пищи, а такж е усвояемость корма 
U - 1: по мере роста рачков.
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По полученным данным усвояемость пищи уменьш ается по мере роста 
рачков с 97% до 25% и описывается уравнением: U - 1 =  2,55W~°'°. Уменьше
ние К, с возрастом с 50% до 10% происходит по соотношению: К 2 =  1,25W-0"6.
К оэф ф ициент использования на рост энергии усвоенной пищи К, по приведен
ным данным остается постоянным за время развития роста и равным 50%.

6 . STRESZCZENIE

Dane dośw iadczalne о odżyw ianiu się, wzroście i oddychaniu Macrocyclops a lbi
dus J u r . opracow ano za pomocą m etody in tegracy jnej, tzn. obliczano sum y pobrane
go pokarm u, zużytego tlenu  i przyrostów  biom asy badanych zw ierząt w  każdym  do
w olnie dobranym  okresie czasu w obrębie rozw oju osobniczego od młodszych kope- 
poditów  do postaci dorosłych. Ten sposób opracow ania i prezen tacji danych um ożli
wił analizę zm ian — w zależności od w ieku badanych zw ierząt — w skaźników  w yko
rzystania, na przyrost biomasy, energii pokarm u pobranego К г i przyswojonego 
K 2, jak  rów nież w skaźnika przysw ajalności pokarm u U - 1. P rzysw ajalność pokarm u 
w m iarę  w zrostu spada: z 97% na 25%; zależność ta m a charak te r funkcji w yk ład 
niczej: U - 1 =  2,55W-°-6, gdzie: W — żyw a w aga zwierzęcia, Rg. W skaźnik w ykorzy
stan ia na p rzyrost pobranego pokarm u spada z 50% na 10% zgodnie z funkcją : 
K, =  l,25W -°-6. W skaźnik w ykorzystania na przyrost przyswojonego pokarm u jest 
stały  w czasie badanego okresu rozwoju: K 2 =  50%.
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ABSTRACT

In  con trast w ith  th e  periphyton  in  the riv er zones of faste r flow, the periphyton 
a t th e  rocky bottom  w ith in  microzones of decreased flow, is characterized by its 
q u a lita tiv e  and  q u an tita tiv e  composition, typical of m ore polluted w aters.

The velocity of w ater masses is not uniform across the entire section of 
a w ater course.

It decreases from m idstream  towards the banks and from the w ater surface 
to the bottom  ( L i e b m a n  1960).

A t the bottom zone, even in rapid m ountain torrents, which beds are 
bu ilt up of boulders and pebbles, the so-called dead flow zones may appear, 
characterized by the presence of stagnant w ater both in the bottom depressions, 
and betw een the rock particles covering the river bed, w hereas the main w ater 
masses flow above these obstacles ( A m b ü h l  1959, M a N c z a k  1964). The formation 
of th e  dead flow zones can strongly affect the evaluation of purity  of waters, 
based on the exam inations of periphyton.

In 1965, observations were made on periphyton selected at one site in the 
riv e r Slęża, near Wroclaw. The samples for microscope examinations were 
taken  twicely, on 20th May and 15th June, and the m aterial was gathered 
from  the river bed boulders, a t a depth of about 25 cm, and at a distance of 
approxim ately  50 cm from the river bank. At each point, the m aterial for 
microscope analysis was sampled on a area of 3 cm3, according to the scheme 
presented in Fig. 1. Except for diatoms, the m aterial collected was indentified 
in its alive state. Q uantitative analysis was made by means of the evaluation 
m ethod ( S t a r m a c h  1955). The composition of species in the periphyton gathered 
in May and June was, for the same sampling sites, almost identical. Small 
quan tita tive  differences were ascertained in the occurrence of the individual 
species. This, however, did not change considerably the general character of 
these communities. The results of the analysis made in May 1965 are presented 
in Table I. The amounts of the encountered organisms were calculated on 
th ree  preparations. Although the num bers obtained in this way do not reflect 
an  absolute quantity  of the individuals per unit surface or volume they depict 
ra th e r precisely the quantitative relations between the species, and form the
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basis to draw a saprobity diagram by means of a vector method (G ołow in 1967) 
using a system  of saprobes, revised by L i e b m a n n  (1962).

Changes in the saprobic nature of periphyton at the individual points of the 
site examined, observed in May and June, are presented in Fig. IB. The 
curves for both months follow almost identical patern. Periphyton assembla
ges at points 1, 2, 3, 9 and 10 show ß — mesosaprobic character resembling that 
of slightly polluted waters. The saprobity determ ined for the periphyton assem
blages found at points 5, 6 and 7 situated in the depresions between boulders, is 
w ithin a — mesosaprobic zone. At these points numerous species appear and 
develop which are characteristic of strongly polluted waters and of putrefied

Fig. 1. A. Schem e of sam pling sites; num bers 1—10 — sampling' points 
1 — b o tto m  sed im e n t;  ? — d ead  f lo w  zo n e ; 3 — p e r ip h y to n  

B. Degree of saprobity  a t sam pling points
1 — In crea se  in  sa p r o b ity  o f  d ead  f lo w  zon e

deposits ( L i e b m a n n  1962). To these species belong mainly: Oscillatoria putrida,
O. chlorina, O. jarmosa, Euglena viridis, Bodo saltans, Astasia klebsii, Chilodo- 
nella cucullus, Paramaecium caudatum, Colpoda cucullus, Metopus ex Vorticel- 
la microstoma, V. convallaria. Simultaneously, a t these points, a decrease can 
be observed in the am ount of representatives of ß — mesosaprobionts and of 
oligosaprobionts, characteristic of slightly or feebly polluted waters. The 
periphyton communities found at points 4 and 8 also show the a — mesosap
robic character, but the occurring there organisms are of in term ediate nature 
between the two groups mentioned before.

These main changes in saprobic nature of the periphyton assemblages at the 
points situated close to each other, as well as the composition of species of these 
assemblages pointing to various ecological conditions at points 5, 6 and 7 on 
the one'hand, and at points 1, 2, 3, 9 and 10, on the other, can be explained by 
the presence of the dead flow zone stretching between points 4 and 8 (Fig. 1A).

The m aterial brought by the current to the dead flow zones is deposited 
there  and, if it contains easily putrescible organic m atter, it decomposes. 
Such situation leads to strong change in ecological conditions of the dead 
flow zones, mainly because of their low capacity, w ith a sim ultaneous conside-

S. Gołowin
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T a b l e  I
Organisms found in May 1965 in the periphyton of the river Slęża

4— - very small amount, 1 — single specimens, 2 — average amount, 3 — large, amount; OS =  oligosaprobiont, 
ßMS =  ßmesosaprobiont, aMS =  amesosaprobiont, PS =  polisaprobiont.

Species Index
Sampling point

1 2 3 4 5 6 7 8 9 110

Cyanophyta
1 Microcystis aeruginosa Kiitz. ßMS + + + + 4- + +
2 Oscillatoria tenuis Agardh. aMS + 4* + 1 1 + +
3 O. putrida Schmidle PS 1 2 2 1 +
4 O. chlorina Kiitz aMS + _L 1 + 1 + +
5 O. formosa Bory PS 1 1 2 1 +

Bacillariophyceae
6 Melosira varians Ag. ßMS 1 + 1 + 1 1
7 M. italica v. tenuissima (Grun.) O. Müll. 4- + +
8 Meridion circulare Ag. OS 1 4- 1 + + 4 . +
9 Diatoma vulgare Bory ßMS 1 2 + + + + 1 1

10 Fr agil aria cap ucina Desm. 1 4- 1 1 + + 1 1 + +
11 F. construens (Ehr.) Grun. + + 1 + 1
12 Synedra ulna (Nitzsch.) Ehr. ßMS 2 1 1 + + + + + 1
13 S. acus Kütz. OS 2 1 + + + +
14 Cocconeis placentula Ehr. + + + + + + +
15 Stauroneis anceps Ehr. + + + +
16 Navicula cuspidata Kütz. + 1 4- + + + + 1
17 N. cuspidata v. ambigua (Ehr.) Cl. + +
18 N. pupula Kütz. -b + + + 4 .
19 N. atomus (Näg.) Grun. ßMS 1 1 1 + + + 1 1
20 N. cryptocephala Kütz. aMS 4_ 1 1 1 2 1 + 1
21 N. rhynchocephala Kütz. ßMS 1 1 + + + 4 . 1 + 1
22 N. viridula Kütz. aMS + + 1 3 2 2 1 + 1
23 N. hungarica v. capitata (Ehr.) Cl. 2 1 + + 2 1 + 1
24 N. radiosa Kütz. 1 4- + 1 + + 1 1 + 1
25 N. gracilis Ehr. 4- +
26 N. exigua (Greg.) Müll. + + + +
27 N. oblonga Kütz. + + + + + + + +
28 Pinnularia microstauron v. Brebissonii

(Kütz.) Hust. + + + + +
29 P. maior (Kütz.) Cl. ßMS 2 1 1 + + + + 1
30 P. viridis Ehr. + + + +
31 Neidium dubium (Ehr.) Cl. + 1 _L 1 1 + 4 . 1 +
32 Caloneis amphisbaena (Bory) Cl. + 4- + + +
33 Gyrosigma acuminatum (Kütz.) Rabh. 1 1 + + 1 + 1 + + +
34 Amphora ovalis Kütz. + + 4 . +
35 Cymbella naviculiformis Auersw. + + +
36 C. ventricosa Kütz. ßMS 1 + i + + + 1 + +
37 C. aspera (Ehr.) Cl. “Г + + + +
38 Gomphonema acuminatum v. coronatum

(Ehr.) W. Sm. 1 _1_ + + 1
39 G. parvulum (Kütz.) Grun. 1 + + 4- +
40 G. angustatum (Kütz.) Rabh. + + 4-
41 G. angustatum v. productum Grun. 1 i + + 1 4_
42 G. constriction Ehr. + 1 + 1
43 G. olivaceum (Lyngb.) Kütz. ßMS 3 2 2 + + + 2 + 1
44 G. olivaceum v. calcareum Cl. 4- + + + +
45 Hantzschia amphioxys (Ehr.) Grun. aMS 4- 1 1 2 1 1 + +
46 Nitzschia tribionella Hantzsch. 1 1 + 1 1 4_
47 N. stagnorum Rabh. ßMS 1 1 1 + 4 . 4 . + 1
48 N. recta Hantzsch. + -f + +
49 N. nicrocephala Grun + 2 1 1 +
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cont. Table I

Species Index
Sampling point

1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 io

50 N. palea (Kiitz.) W. Sm. «MS + + 2 3 2 3 2 1

51 N. sigmoidea (Ehr.) W. Sm. 1 1 + 1 + 1 1 + +
52 N. vermicularis (Kiitz.) Grun. + + + + + + +
53 N. acicularis W. Sm. ßMS 4 3 3 + + + 1 2 3
54 Cymatopleura solea (Bréb).) W. Sm. ßMS 1 + + +
55 C. elliptica (Bréb.) W. Sm. ßMS + 1 1 + -f 1 + 1

56 Surirella linearis W. Sm. + + +
57 S. angustata Kiitz. 2 + 1 1 + + 2

58 S. robusta v. splendida (Ehr.) V. H. -j_ _L +
59 S. tenera Greg. + + +
60 S. ovata Kiitz. 2 + 1

Chlorophyta
61 Scenedesmus acuminatus Bréb. ßMS + + + + + +
62 S. quadricauda Bréb. ßMS + 1 1 + + + +
63 Closterium moniliferum (Bory) Ehr. ßMS + + J. -F + + + +
64 C. acerosum (Schrank) Ehr. «MS + + + + 1 1 +
65 C. Ehrenbergii Menegh. ßMS + + + + + +

Euglenophyta
6 6 Euglena viridis Ehr. PS + 1 + -j- 2 2 1 + +
67 Trachelomonas sp. +  ' + 4- +

Rhizopoda
6 8 Amoeba proteus L. ßMS 1 1 1 1 + +
69 Arcella vulgaris Ehr.

Flagellata apochromatica
+ + +

70 Bodo saltans Ehr. aMS 1 1 2 1 + +
71 Astasia klebsii Lemm. aMS + + + 1 + 1 +

Ciliata
72 Chilodonella cucullulus O. F. Müll. aMS + + + 1 1 -j- 1 +
73 Paramaecium bursaria Focke ßMS 1 + + + +
74 P. caudatum Ehr. aMS + 1 1 1 + 1 +
75 Colpoda cucullus O. F. Müll. aMS -p 1 1 1 _L +
76 Metopus es Clap, et Lachm. PS -j. 1 2 2 1 2 +
77 Vorticella campanula Ehr. ßMS I + + + +
78 V. microstoma Ehr. PS + + 2 2 1 1

79 V. convallaria Noland aMS + 2 1 + + +
Oligochaeta

80 Stylaria lacustris L.
Rotatoria

ßMS + + + +

81 Brachionus urceus (1.) Pestal. ßMS -j- + 1 +

rably reduced speed w ith which decomposition products are being carried away. 
Consequently, this brings about the occupation of the dead flow zones by the 
assemblages of organisms which are adapted to the conditions predom inating 
only w ithin these low-capacity sites, in this case — to the conditions of conside
rably higher pollution of w ater, than in the zone of norm al flow.

This phenomenon, which can appear in each w ater course, is of a considera
ble importance, particularly  as concerns saprobiology, dealing w ith studies of 
w ater pollution, is based in ter alia the sedentary periphyton assemblages of 
living organisms. The periphyton assemblages are, among other communities, 
also of some assistance in the general evaluation of a mean degree of w ater pol
lution (G o ł o w in  1967). However, the in terpretation of the results of analyses
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of sam ples taken  from the periphyton assemblages occupying dead flow zones, 
can lead to completely erroneous generalizations as to the state of w ater poll
ution in the stream  examined.

SUMMARY

Q u an tita tiv e  and qualita tive evaluations have been m ade of the composition of 
periphy ton  com m unities found on the rocky bottom  of their river Ślęża, near W ro
claw . It has been ascertained th a t in the  dead flow  zones, a t a very  low ra te  of w a
te r cu rren t, th e  periphyton com m unities are, characterized by the composition of 
species typ ical of m ore polluted w aters, as com pared w ith the  periphyton found in 
the  zones of a faster flow. Thus, w hen applying the  analysis of periphyton for 
evaluation  of degree of w ate r purity  in rivers, w e should also take into account 
the conditions of w ater flow  in the  neighbourhood of sam pling sites.

STRESZCZENIE

W ykonano jakościowe i ilościowe oceny sk ładu zespołów peryfitonu  kam ienistego 
dna rzeki Slęży w  okol. W rocławia. Stwierdzono, że w  m artw ych  strefach przepływ u, 
p rzy  bardzo niskich szybkościach p rądu  wody, zespoły peryfitonu m ają skład ch arak 
te rystyczny  dla wód silniej zanieczyszczonych — w  porów naniu do peryfitonu m iejsc 
o szybszym  przepływ ie. Należy więc, posługując się analizą peryfitonu do oceny 
stopnia czystości wody w rzekach, brać pod uw agę w arunki przepływ u wody w n a j
bliższym  otoczeniu m iejsca poboru prób.
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ABSTRACT

The eggs of Triops cancriformis showed th e  highest percentage hatchability  at 
sa lin ity  of 5%o. At salin ity  h igher th an  20%o, the  eggs did not hatch. A  tem porary  stay 
in sa line w ater brought about an acceleration of hatching. Sim ilar, stim ulating 
effect w as th a t of la te r desiccation.

CONTENTS
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b. L im ited stay in sea-w ater and in its 
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1. INTRODUCTION

Am ong Branchiopoda, only A rtem ia  salina  has a rich lite ra tu re  dealing w ith 
its developm ent and occurrence in w aters of d ifferen t salinities. The m ature anim als 
can live in w ater even com pletely sa tu ra ted  w ith salts (ca 222%o afte r W a t e r m a n  
1960). The experim ental data on ha tchab ility  of eggs in this species are  rare 
(e.g. D u t r i e u  1960). Many other A nostraca w ere reported  to occur in w aters of a con
siderab le salinity . In  the  lite ra tu re  availab le to us, we failed to find any inform ation 
on occurrence of N otostraca in saline w aters. In general (e.g. M a t h i a s  1937), it is 
thought th a t this group is typical for fresh  w aters and does not occur in brackish 
w aters.

Few  data can be found in lite ra tu re  on the effect of sa lin ity  and osmotic pressure 
on developm ent and hatchability  of eggs in aquatic invertebrates. D a v i s  (1966) 
ascribed a significal role to changes in perm eability  of egg' m em branes and to 
changes in  osmotic pressure in the process of hatching and developm ent of D iapto- 
mus. S t y c z y r s k a - J u r e w i c z  (in lit.), studying the effect of d ifferen t concentrations of 
sea w ate r on developm ent of Physa eggs (Gastropoda), has reported  on osm oregula
to ry  role of capsular fluid. M a t h i a s  and B o u a t  (1934) advanced a hypothesis on 
analogy betw een the action of desiccation and th a t of considerable hypertonic condi
tions of aquatic environm ent. These two factors act in a sim ilar way, i.e., they both 
stim ulated  diapausing eggs of Branchipus stagnalis, to develop and hatch after 
they had been transfe rred  to fresh  w ater. S im ilar was found when m easuring osmotic
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pressure of hem olym ph in a mollusc, Coretus corneus (K l e k o w s k i  1963). Both desic
cation and the stay in diluted sea w ater had sim ilar effect. The increase in freezing- 
point depression of hem olym ph endurab le for anim als, w as sim ilar both a fte r 
desiccation and afte r sea-w ater trea tm en t. However, the physiological m echanism s 
of these phenom enon w ere different. A t desiccation, the  hydration  of hem olym ph was 
dim inishing, w hereas in sea-w ater the  increase of freezing-point depression resu lted  
from  penetration of ions from  the ex terna l environm ent.

In  previous paper (H e m p e l - Z a w i t k o w s k a , K l e k o w s k i  1968), the  effect of desic
cation on developm ent and hatchability  of the eggs of Triops cancriform is Bose was 
studied. The aim of the p resen t study is to perform  analogous experim ents, using' 
sea-w ater as trea tm en t factor.

2. M ATERIAL AND METHODS

The eggs used in the experim ents w ere collected in the same m anner as for 
the previous study ( H e m p e l - Z a w i t k o w s k a , K l e k o w s k i  1968), They were rem o
ved from the egg pouches (for method see: H e m p e l  1963) of parthenogenetic 
females. The animals were caught in a fish pond (fry pond I) of the fish farm  
Łąki Jaktorow skie near W arsaw, in June 1966. This pond contains w ater for 
6—8 weeks of each season (May—July). Triops cancriformis was found to be an 
abundant and perm anent inhabitant in this pond ( H e m p e l - Z a w i t k o w s k a  1967). 
The main treatm ents of the experim ents are presented in Table I, w ith subse
quent stages m arked by num bers (e.g. [4]), to which we will refer in the fu rther 
tex t on methods. Before the sta rt of the experim ent, the eggs w ere kept in 
the pond w ater for 24 hrs at a tem perature of 20°C [1]. All of the 
experim ents were carried out at a room tem perature (about 20°C). Two types 
of experim ents were designed. A. The eggs were kept in sea-w ater throughout 
the whole experim ent [2]; B. The eggs stayed in saline w ater for an appropriate, 
planned period of exposure and later on they w ere transferred  to fresh w ater 
where their hatchability  was checked [3]. The artificial sea-w ater was used 
(acc. to H a l e  1958).

A group of around 500 eggs was placed into each of 50 ml containers filled 
with sea-water or its different dilutions (5, 10, 15, 20, 25, 30, 34%o) [4]. After

T a b l e  I
Design ‘of experiments

Removal of eggs from egg pouches

One day in pond water 
[11

Type A
Hatching in saline water 

[2]

Type В
Hatching in fresh water after stay in saline water 

[3]

Sea-water: 5, 10,15, 20, 25,30,34.33°/00> stay 
for 40 days; hatchability recorded every 1—2 
days.

[4]

Sea-water: 5, 10,15, 20, 25, 30, 33, 34°/00> staY 
for 2, 7, 11 days.

[5]

Tap water, stay up to 30 days, hatching checked 
every 1—2 days.

[6]Washing with fresh water, drying in air for 
3 weeks

[7] Drying in air for 3 weeks 
[8]

Tap water, stay up to 2 weeks, hatching re
cords.

[9]
Tap water, stay up to 2 weeks, hatching records. 

[10]

http://rcin.org.pl



Hatchability of the eg'gs of Triops cancriformis  Bose 271

2,7 and 11 days, portions of 100 eggs w ere taken from each container and tran s
ferred  to new containers w ith conditionned tap water. The remaining eggs, 
over 100 in each container, were left in sea-w ater for 40 days [4]. During 
this tim e the num ber of hatched eggs was recorded, at the beginning — daily, 
la ter on — every second day.

The egg after a stay in sea w ater (type B) were transferred  to fresh w ater 
[6] and stayed there for 30 days, during which their hatchability was recorded.

Both the eggs which had stayed in sea-w ater (type A) and those trans
ferred  to fresh water (type B), w ere later removed from w ater and air dried 
for about .3 weeks [7, 8]. Next, the eggs w ere placed again into conditionned 
tapw ater, their hatchability being checked during fu rther 2 weeks [9, 10]. The 
desiccation was applied in order to break a possible diapause in unhatched eggs 
and to cause their development and hatching. Those eggs which did not hatched 
afte r this stimulus were considered as dead.

The control series consisted of a p art of eggs taken from the eggs stocked 
for experim ents and placed in tap water. There were two such series: in aerated 
and in non-aerated water.

3. RESULTS

A. C O N TIN U O U S ST A Y  IN  SE A -W A T E R  A N D  IN  ITS D IL U T IO N S

The highest per cent of hatched eggs was observed (Fig. 1) in sea-w ater 
w ith salinity of 5%o. In this medium 95% of eggs were hatched after 22 days. 
Thus, the hatchability in this treatm ent was even higher than in both the

Fig. 1. Hatching of Triops cancriformis eggs in diluted sea water of different salinity
as percentage of initial number

control series, aerated (ca. 83%) and non-aerated (ca. 69%). At 10°/oo concentra
tion, the hatchability was much lower (about 63%), and in 15%o, only 6% of 
eggs was hatched. W ith fu rther increase in salinity (i.e., 20. 25, 30, and 34.33%o) 
no hatches were observed.

6 P o ls k ie  A rch . H y d ro b io lo g ii
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The differences in percentage of hatching between control series were 
conspicuous. In aerated fresh w ater the hatching began earlier, followed 
fastier, and was higher by about 20% than in non-aerated water.

Cum ulative results of the second period of hatching afte r the desiccation 
trea tm ent (Tab. I [9, 10]), are presented in Fig. 2. Of the eggs which did not 
hatched during the first period of subm erging in water, the highest percentage 
of eggs hatched of these which were kept in non-aerated fresh water. I t can 
be supposed that these conditions caused .death of about 10% of eggs, since in 
aerated w ater all the eggs which had failed to hatch in the first period were 
able to hatch in the second period following the desiccation.

Fig. 2. Cumulative hatching of Triops cancriformis eggs in:
1 — d ilu ted  s e a -w a ter  o f  d if fe r e n t  s a lin it ie s  an d , 2 — fre sh  w a te r  (a fter  la ter  d e s icc a tio n )  

a s p erce n ta g e  o f  in it ia l  n u m b er . CA — c o n tr o l, aera ted , С — co n tro l, w ith o u t  a e r a t io n

After the period of submerging in all concentrations of sea-water, des
iccation and placing them  in fresh w ater, only a few eggs (about 5%) were 
able to hatch. At 20%o salinity the eggs did not hatch at all when kept in  saline 
w ater, and on transferring  to fresh w ater only 2% hatched. The eggs kept at 
higher salinities, did not hatched at all after the desiccation treatm ent.

B. LIM ITED ST A Y  IN  SE A -W A T E R  A N D  IN  ITS D IL U T IO N S

The eggs which had stayed at different concentrations of sea w ater for 
2, 7 and 11 days (Tab. I. Type В [5]; Fig. 3, 4, 5) after being transferred  t o  

fresh water, hatched the better (in higher percentage), the lower was the con
centration of sea-water. The only exception w ere these eggs w h i c h  s t a y e d  
for 2 days at 5%o salinity (Fig. 3a), they hatched in lower percentage than 
those kept previously in 10%o concentration. A fter the stay in sea-w ater at 
concentrations higher than  20%o (25%o and more), no hatching was observed.

A t salinities 5, 10, 15%o, the eggs hatched earlier than in control series. 
This regularity  was clearly expressed, in all the exposure times: 2 (Fig. 3a), 7
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Fig. 3. Hatching of egg's of Triops cancriformis in fresh water after stay in diluted
sea-water of different salinities 

a. A fte r  2 d a y s  in  s a lin e  w a te r , b . A fte r  7 d a y s  in  c a lin e  w a ter , c. A fte r  11 d ays in  sa lin e
w a te r

6*
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Fig. 4. C um ulative hatching of eggs of Triops cancriformis: 1 — in fresh  w a te r  a fte r 
stay  in diluted sea-w ater of d iffe ren t sa lin ities and 2  — afte r la te r  desiccation, du

ring  second stay  in fresh  w ate r
a. A fte r  2 d a y s  in  sa lin e  w a te r , b . A fte r  7 d a y s  in  sa lin e  w a te r , c. A fte r  11 d a y s  in  s a lin e  w a ter

(Fig. 3b), or 11 (Fig. 3c) days. The stay in saline w ater for 2 days accelerated 
the hatching but the cum ulative per cent of hatched eggs during their fu rth er 
stay in fresh w ater is much lower than in the control experiments. These are 
the desiccation and replacem ent into w ater which bring about the increase in 
hatchability  of these eggs to the level sim ilar to that in the rem aining series 
(Fig. 4).

4. DISCUSSION

The observed acceleration of hatching due to the effect of sea-w ater 
allows to suppose that the effect of sea-w ater is directly proportional to the 
time of exposure and to the concentration of salts. Sim ilarly as in the case of
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Fig. 5. In ten sity  of hatching (°/o) as a function of day — %o for d ifferen t concentrations
as sea-w ate r

a — c u m u la t iv e  % o f  h a tch in g  a fte r  tr a n s fe r r in g  fr o m  s a lin e  w a te r  to  fr e sh  w a ter , b  — c u 
m u la t iv e  h a tch a b ility  a fte r  d e s ic c a tio n  a n d  s ec o n d  su b m e r g in g  in  w a te r

the effect of tem perature on the embryonic development e.g. in fish, the num 
ber of days m ultiplied by concentration of saline w ater (in %o) for each dura
tion and concentration, and these products will results in so-called “day-per- 
m ill” (day — %o) per analogiam to “day-degrees” (Tab. II). Figure 5 shows the 
in tensity  of hatching (°/o) as a function of day — %o for each concentration of 
sea-w ater. The control series were considered as day — %o equal 0. D ifferent 
curves represent two stages of the experim ents i.e., 1) cum ulative percentage of 
hatchings a fte r the eggs were transferred  from saline w ater to fresh w ater 
(Tab. lib ) and 2 total, cum ulative hatchability  after desiccation and second 
subm erging in w ater (Tab. lie).

T a b l e  II

Exposure 
lo sea-water 

(days)

Concentration of sea-water (°/00)-

5 1 0 15 2 0

a b с a b с a b с a b с

2 1 0 28.4 99.9 2 0 58 84 30 25.4 59.9 40 0.9 14.9

7 35 99.9 99.9 70 73.0 77.0 105 55.6 55.6 140 17.7 19.2
1 1 55 1 0 0 1 0 0 1 1 0 72.7 72.7 165 51.4 51.4 2 2 0 9.6 9.6

a. Number o f  “day-permille”, b. Per cent o f eggs hatched in fresh water, after prior exposure to sea-water o f  
a given salinity (Tab. I, [5]), c. Per cent o f eggs hatched additionally after desiccation and submerging in fresh water 
(Tab. I [10]).

All the curves pertaining to the firs t stage of experim ents (Tab. lib) showed 
the lowest per cent of hatches for the lowest (for each series) num ber of day 
%o. L ater on, the per cent of hatches for the lowest (for each series) num ber 
of day %o. L ater on, the per cent of hatches rose and stayed at more or less 
constant level, different for each of concentrations. The curves representing 
the results of the 2nd stage of experim ents (Tab. lie), did not show any decline
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after desiccation of the eggs, and were almost parallel to the abscissa which 
would suggest that the total, cum ulative hatchability was constant for different 
concentration of sea-w ater and was independent of the num ber of “day-per- 
m ille”.

The differences w ithin each salinity in percentage hatchability betw een two 
stages of the experim ent (after transferring  from saline to fresh w ater, and 
after desiccation and subm erging in fresh water) indicate that, having 
acquired an adequate num ber of day — %o, all the eggs which were alive h a t
ched after the first stage. If, however, the num ber of day — %o was insuffi
cient, this was the additional effect of desiccation which stim ulated alive eggs 
to hatch. Hence, it can be supposed that in this case the desiccation had a sim i
lar effect as had sea water. Such finding would corroborate the hypothesis 
advanced by M a t h i a s  and B c u a t  (1934). It appears that the described above, 
tentative mechanisms by which the salinity affects the egg hatchability  re 
semble those of desiccation effect on hatchability in this species. Sim ilarly, 
as an adequate num ber of day — %o brings about the maximum of hatching 
within a given salinity as early as after the first subm erging in w ater, the 
desiccation which is long enough or recurring, triggers the hatchability  of 
eggs shortly after their desiccation ( H e m p e l - Z a w i t k o w s k a  1967).

5. CONCLUSIONS

Sea-w ater affects the developing eggs of Triops cancriformis in tw o ways:
1) it accelerates their development, making the eggs ready for hatching 

in a much shorter time than is needed for development of the eggs in fresh 
water. From the comparison of hatchability values in fresh w ater and a t 5%o 
salinity, it can be assumed that the la tter concentration can stim ulate the 
development and hatching even of those eggs (about 10!% of initial number) 
which would have not hatched after a single stay in fresh water, thus it pro
motes hatching of all the eggs used in the experiments.

With increasing num ber of day — %o, the difference in percentage hatcha
bility between the two stages of the experim ents was found to dominish, as 
indicated by converging lines in Fig. 5.

2) At concentrations higher than 5—10%o, the sea-w ater has a harm ful 
effect depending on killing ra ther a high percentage of eggs, this percentage 
being directly proportional to the increase in salt concentration. The toxic 
reaction can be already seen after the shortest in these experim ents exposure 
to sea-w ater (2 days) and this effect does not increase w ith prolonged time 
of exposure up to 11 days, w ithin a given salinity. From this, it can be inferred 
that the toxic agent present in sea-w ater (perhaps increased osmotic pressure) 
affects only these eggs which differ from the rest of them in some respect, 
and become vulnerable to this factor.

6 . SUMMARY

Records w ere m ade of percentage hatchability  of Triops cancriform is  eggs deve
loping and hatching a t d ifferen t concentrations of sea-w ater, or hatch ing  in fresh  
w ater afte r a p rior stay in sea-w ater, a t the sam e concentrations. The eggs w hich did 
not hatched for the firs t tim e w ere dried and placed again in fresh  w ate r in order 
to find out additional hatches (see: design of experim ent — Tab. I).
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The highest per cent of hatches was th a t a t 5%o salin ity  (higher than  in  fresh  
w ater); this percentage was decreasing w ith  increasing salinity. At salin ity  higher 
than  20%o, no hatching was observed (Fig'. 1). A lim ited stay in saline w ater (at all 
concentra tions used) brought about a considerable acceleration of hatch ing  in 
fresh  w a te r  (Fig. 3a, b, c). A t each salinity , the  m axim um  of hatching followed 
afte r an  adequate ly  long exposure to saline w ater. Too short exposure to saline 
w ater can be com pensated la te r by desiccation (Fig. 4a, b, c).

T he toxic effect of sea-w ater, observed already  a t concentrations of about 10%o 
(or som ew hat less) became stronger w ith  increasing salinity  and was independent 
from  th e  tim e the eggs staged in saline w ater, w ith in  the range of 2 — 1 1  days.

7. STRESZCZENIE

R ejestrow ano %  wylęgu ja j Triops cancriform is rozw ijających się i lęgnących 
w różnych stężeniach wody m orskiej lub  też w  wodzie słodkiej, po uprzednim  pobycie 
w  tak ich  sam ych stężeniach wody m orskiej. J a ja  niewylęgłe suszono i umieszczano 
pow tórnie w wodzie słodkiej dla re jestrow ania  dodatkowych wylęgów (schem at 
doświadczeń: tab . I).

N ajw yższy °/o wylęgów m iał m iejsce w  zasoleniu 5°/oo (wyższy niż w wodzie 
słodkiej), m a la ł w raz ze wzrostem  zasolenia; w  zasoleniu w iększym  niż 20%o wylęgów 
nie obserw ow ano (rys. 1 ).

O kresow y pobyt w wodzie zasolonej, we w szystkich użytych stężeniach pow oduje 
znaczne przyśpieszenie wylęgów w  wodzie słodkiej (rys. За, b, c). Dla każdego zaso
lenia m aksim um  wylęgów następu je  dopiero po odpowiednio długim  pobycie w w o
dzie słonej. Z byt kró tk ie działanie stym ulu jące zasolenia może być skom pensow ane 
późniejszym  przesuszeniem  (Fig. 4a, b, c).

Toksyczne działanie wody m orskiej w ystępuje już w stężeniach od ok. 10%o 
(lub nieco niższych), w zrasta proporcjonalnie do w zrostu  zasolenia i nie zależy od 
czasu pobytu ja j w wodzie zasolonej, w granicach 2 — 1 1  dni.
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ABSTRACT

T hree types of p redacto r-p rey  rela tion  betw een M ochlonyx culiciform is and Aedes 
com m unis  i.e. the parallel, the re ta rded  and the  self-regulating , w ere observed under 
d iffering  clim atic spring conditions. In  the se lf-regu la ting  type of predation  canniba
lism  appears. T he preying-degree of M ochlonyx culiciform is on the larvae of 
Aedes com m unis increases w ith  the  raising  of w ater level and w ith  the  overcrow d
ing of populations.
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1. INTRODUCTION

Since the la rvae of mosquitoes occur in g rea t num bers in ephem eral pools, they 
form  excellent preying conditions for the species of predators feeding on them. The 
chief enemies of Aedes com m unis la rvae in sylvatic ephem eral pools of the  K am pi
nos Forest are the  la rvae of M ochlonyx culiciform is  (Culicidae, Chaoborinae). A nother 
rep resen ta tive  of this subfam ily — Chaoborus crystalinus  — also a p redator, occurs 
in  deeper and m ore perm anen t sy lvatic pools (most frequen tly  in depressions of 
canals). In the w ater bodies such as flooded m eadows and depressions in readgrass, 
th e  m ost frequent enem ies of mosquitoes are, beside the am phibians, a re  M esostoma  
lingua  (Turbellaria) and the  larvae of dragonflies and beetles.

The relation p redator-prey , one of m any kinds of nu tritional in terre lations in 
C l e m e n t s  and S h e l f o r d  (1939) coactions system , takes place (O d u m  1954) betw een 
tw o species, w hen one of them  is actively destroyed by the  o ther and the abundance 
of p redato r depends on the  abundance of its prey. G a u s e  (1934a, 1934b) investigated 
u n d e r experim ental conditions the  types of p reda to r-p rey  rela tion  between two 
species of protozoa: D idinium  nasutum  (a predator) and Param ecium  caudatum  
(its prey). In the  case w hen the prey  cannot protect itself from  the predator, firs t 
th e  form er and, then  — the la tte r  perish. I t  the prey can find  shelter, usually  the 
p red a to r becomes ex tinct afte r a series of varied  abundance fluctuations. A perm a-

*) p re sen t ad ress: É co le  N o r m a le  S u p ér ieu re , C h âteau  de F o lju if , 77 — N em o u rs, F ra n ce .
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n en t occurrence of both the  species, if th e ir  abundance varies periodically, m ay be 
reta ined  w hen both the com ponent species regularly  im m igrate. W hen the prey 
abundance lowers below m inim um , the population of the p redato r defends itself 
against extinction by beginning to feed on o ther species (buffer species) or by cann i
balism  (rule of “scarity -escape” —  W o o d b u r y  1954).

A stra igh t p reda to r-p rey  rela tion  betw een M echlonyx culiciform is  and Aedes 
com m unis (C h o d o r o w s k i  1958a), w hich m ay nearly  serve as a m odel for p reda to r- 
p rey  relation, occurs in the  sylvatic ephem eral pools of Kam pinos Forest during' the 
phase of mosquito la rvae dom inance (C h o d o r o w s k i  1958b, 1961). The characteristic 
fea tu re  of this system  is the im possibility of any increase of e ither of the investiga
ted populations because no reproduction occurs a t these stages of developm ent. 
Occasionally there are  periodic hatchings of m osquito la rvae  (M o n c a d s k y , 
B e r z i n a  1959) w hich increase the abundance of p reda to r or th a t of the prey, and 
they could cause the  identical ecological effect as reproduction itself they have not, 
however, been observed in the investigated reservoirs.

The larvae of M ochlonyx culiciform is possess a dictinct m anner of feeding. S us
pended m otionless in w ater, they w ait for a prey to approach and then suddenly 
catch it in the middle, w ith  a su itable organized oral apparatus, and devour it. 
According to M o n c a d s k y  and B e r z i n a  (1959) the  la rvae  of M ochlonyx culiciform is 
preying from  the  beginning of their developm ent on the uniform  food (e.g. the  la rvae  
of Aedes) for conditioned reflex  helpful in arising some difficulties in attacking 
o ther species. A suitable hydrostatic apparatu s (air bubles) and resp ira tion  of the 
a ir dissolved in w ate r enable the la rvae  to hang m otionless in one spot for a very 
long time. C ontrary  to the la rvae of M ochlonyx, the  la rvae  of Aedes are compelled 
to move constantly  betw een the bottom  (feeding area) and the w a te r surface (area 
of respiration). D uring this trajectory , they m ight be subject to a ttacks of predators. 
U sually the  Mochlonyx la rvae do not a ttack  any la rvae  feeding’ on the  bottom  nor 
those near the w ate r surface. These areas are the refuge of the Aedes la rvae  from  
predators. It has not been observed th a t the  M ochlonyx la rvae attacked  the pupas 
of m osquitoes, gathering usually  near w ate r surface. S im ilar observations w ere m ade 
by M o n c a d s k y  (1959). H e explained them  by sta ting  th a t in the  case of M ochlonyx 
la rvae there is a lack of form ed reflex  for catching the pupae, w hich move in a quite 
d ifferen t w ay than  the larvae.

The m ethods of investigation w ere described in the other paper (C h o d o r o w s k i  
1968), a detailed description of reservoirs and of clim atic and hydrographic condi
tions in the Kam pinos F orest was given form arly  b y  C h o d o r o w s k a , C h o d o r o w s k i

(1958).

2. RESULTS

A. P A R A L L E L  T Y P E  O F P R E D A T IO N

The larvae of Mochlonyx culiciformis appear in the reservoir immediately 
after hatching of the Aedes larvae. The relative abundance of the two species 
varies and near the end of their larval period it favours the predator. In most 
of the cases predator abundance does not exceed 20% that of its prey.

To understand the influence of drying processes on the development of 
Aedes communis — Mochlonyx culiciformis relation, some series of experim ents 
concerning the influence of w ater quantity  and density of population have been 
carried out.

a. Influence of water-quantity
E xperim ent No. 1AB

On June 12, 1955 the m aterial was sampled from  pool M17 and it was 
arranged in 2 series (4 aquaria in each). A — 2*5 1 of w ater in each aquarium  
В — about 3 times more i.e. 8 1. During the initial phase in series A there were

280
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about 50—70 larvae of Aedes communis in a aquarium  (average 24 ind./l); in 
series В about 130—175 larvae in an aquarium  (average 20 ind./l). At the same 
time there were about 4—7 larvae of Mochlonyx culiciformis (average 2.3 ind./l) 
in series A and about 13— 18 larvae in series В average: 2 ind./l. The decrease

Fig. 1 — A decrease of Aedes com m unis  num ber because of preying on the of M ochlo
n y x  culiciform is

A — s e r ie s  w ith  a sm a ll a m o u n t o f  w a te r  (2.5 1); B — se r ie s  w ith  th e  a m o u n t o f  w a ter  3 tim es  
grea ter  (8 1); С — se r ie s  w ith  5 t im e s  g rea ter  p o p u la tio n  d e n s ity

of the num ber of larvae, due to predation was faster in aquaria of series A than 
in those of series В (Fig. 1A, B). A fter 5 days the abundance in both of the 
series became nearly equal, and in series В the abundance even settled below 
that of series A. The density of the larvae (i.e. ind./l) in the final days of 
the experim ent was several times lower in series В only 2 ind ./l than in

T a b l e  I
The influence of water — quantity on average number of Aedes communis 

larvae consumed by larva of Mochlonyx culiciformis in 24 hours

No. 
of experiment

Amount of water Increase 
of preying rate2—3 Is 4—9 Is

1 AB 0.81 1.05 29%

2 0 . 2 0.51 155%

3 0.64 0.97 48%

4 1 . 8 4.1 128%

series A 10 ind./l. Rate of preying i.e. the num ber of Aedes communis larvae 
which were eaten by a larva of Mochlonyx culiciformis in 24 hours, was 
higher (mean value c. 29%) in the aquaria w ith more w ater (Table I) then in the 
others. At the beginning of the experim ent the preyin-rate was much higher in
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Fig. 2. — E xperim ent No. 1. D ependence of Aedes com m unis  — M ochlonyx culici- 
form is  relation  on w ate r — am ount and population density  

A — s e r ie s  w ith  a sm a ll a m o u t o f  w a te r  (2.5 1); В  — ser ie s  w ith  th e  a m o u n t o f  w a te r  3 t im e s  
g rea ter  (8 1); С — ser ie s  w ith  5 t im e s  g rea ter  p o p u la tio n  d e n s ity

the aquaria of the series В than in A. (Fig. 2). In 6 days the preying-rate in series 
В lowered below that of series A, but it raised in the final period of the expe
rim ent. The decrease of the preying-rate was caused by the lowering of the  
prey-abundance, and the final fluctuations of this relation w ere connected w ith 
the p upation— period of both species.

E xperim ent No. 2

On May 3, 1956, the m aterial was taken from pool No. M17 (w ater and 
mosquitos) and it was distributed into 2 series, 4 aquaria each. 1) 9 1 of w ater 
each, 2) 3 1 of w ater each. In the aquaria of series (1) were 166 Aedes communis  
larvae at the beginning and 42 larvae in the last phase of their developm ent just 
before pupation. Rate of preying in the aquaria w ith more w ater higher (155°/o) 
th a t in aquaria w ith less w ater (Table I).

E xperim en t No. 3

On February 19, 1957, the m aterial was taken from pool No. C6 and it was 
d istributed into 2 series, 8 aquaria in each. There was twice as much w ater 
from  the pool in one series (4 1) than there was in other (2 1). The average den
sity of Aedes communis population was 11 individuals in 1 1. Rate of prey ing  
was higher (about 48°/o) in the series w ith more w ater, than in that w ith  less 
w ater (Table I).

E xperim ent No. 4

On April 14, 1957, the m aterial was taken from the .pool No. D10 and it was 
d istributed into 2 series, 2 aquaria in each. The quantity  of w ater from  the pool, 
together w ith the larvae (average — 12 ind./l) was identical in both series (2 1) 
bu t to one of them 2 1 of distilled w ater had been added. Rate of preying was 
very high in the both cases, but in the aquaria w ith more w ater it was h igher
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about 128°/o (Table I). Here, when Mochlonyx larvae destroyed the whole popu
lation of Aedes larvae, the form er began to practice cannibalism.

It follows from the above, th a t the volume of the vessels of the same shape 
influence the increase of preying-rate of the Mochlonyx cyliciformis larvae 
on the larvae of Aedes communis (Mean value: 29—155%)). This may be exp la
ined by the fact that Mochlonyx culiciformis encounters its prey more often 
when the larvae of Aedes communis are compelled to pass the longer distance 
from the bottom to the surface.

b. In fluence of p opu la tion  evercrow ding

Experiment No. 1C

At the same time as the experim ent No. 1AB, series С was prepared. In 
consisted of 4 aquaria, 2.5 1 o f w ater in each and the population of both the 
species has been condensed (5 times). In itially  there were 300—500 individuals 
of Aedes communis larvae in 1 aquarium  (average density 130 ind./l) and 
16—25 individuals per aquarium  (average density: 8.8 ind./l of Mochlonyx  
cuJAciformis. The decrease in num ber of Aedes communis larvae (Fig. 1C) is 
more distinct as compared than in series A (experim ent No. 1AB), but the den
sity of population in the final phase of the experim ent was about 3 times hig
her than  in series A reaching 31 ind./l. The ra te of preying of Mochlonyx larvae 
on Aedes larvae was about 38% higher in the aquaria in which the population 
was 5 times denser (Table II), than in others.

T a b l e  II
The influence of overcrowding of organism on the average number of 
Aedes communis larvae devoured by a larva of Mochlonyx culiciformis 

in a day 24 hours

Experiment No.
Density of organisms Increase 

of preying-rateNormal 5 times higher

1C 0.81 1 . 1 2 38%

The increase of density (about 5 times) of the investigated populations 
influences the preying-rate of Mochlonyx culiciformis larvae because the ind i
viduals of both species can meet more often. A comparison of the above results 
with those of the experim ent No. 1AB shows that a fivefold increase of 
density influences the preying on Aedes communis larvae only slighty more 
than therrefold enlargem ent of w ater volume.

B. R E TA R D E D  T Y PE  OF PR E D A TIO N

Experiment No. 5

On A pril 17, 1956 the m aterial was taken from reservoir C6 and 2 series, 
4 aquaria in each, have been started. In the first series there were 3 1 of 
water, in the second 9 1. The density of Mochlonyx larvae was in both series 
equal to about 2 ind./l. The larvae of Mochlonyx did not prey on the Aedes 
larvae and their growth was hindered. At the end of April all the individuals
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of Aedes communis reached imago stage but those of Mochlonyx rem ained for 
some weeks at the larval stage I or II. At the end of the experim ent there  was 
a distinct layer of bacteria in the aquaria (in the form of a foggy cloud), above 
which there were Spirostomum атЫдиит  and Mochlonyx larvae in succession. 
It is possible that the la tte r fed on the form er because of lack of any other 
food, but it was not proved, neither was cannibalism observed.

The Mochlonyx larvae, when deprived of the basic food, do not develop and 
they die out due to starvation if they cannot find suitable “bufer species”. 
The fact that these predators do not shift to cannibalism in the early develop
m ental stages m ight be explained, according to M o n C a d s k y  and B e r z i n a

(1959), by the lack of adaptations to prey on large animals resem bling the 
predators themselves, or by the lack of cannibalism in the early developm ent 
stages of the larvae, especially in the population w ith the density of 2 ind./l.

C. SE L F-R E G U L A T IN G  TYPE OF PR E D A TIO N

E xperim ent No. 6

The experim ent was organized as the designed one in the paralled type. 
During one day the Mochlonyx culiciformis larvae destroyed the rest of Aedes 
communis population and they began feeding upon themselves (Fig. 3). In 
the normal series (water undiluted) the num ber of larvae decreased by about

Fig. 3. — E xperim ents No. 6  and 7. Dependence of cannibalism  of M ochlonyx culici
form is  larvae on w ater — am ount and population density — 5 tim es; unbroken 
linies — series w ith sm all am ount of w ate r ( 2  1 ); broken linies — series w ith  g rea ther

quan tity  of w ater (4 1)

50'°/o in one aquarium  and about 25°/o in the other, during 5 days. In the aquaria 
w ith diluted w ater (2 times) the cannibalism was less established. The decrease 
in population density (number of ind./l.) due to the cannibalism is presented in 
diagram s (Fig. 3)
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E xperim ent No. 7

The sam ple was taken on A pril 14, 1957 from  the pool No. D10, it was con
densed to 0.2 of the initial volume and placed in 2 series, 2 aquaria in each. 
One series contained 2 1 of w ater, to the other one the destilled w ater was 
added so that together there w ere 4 1 of w ater in the aquaria of this series. In 
the initial hours of the experim ent the Mochlonyx larvae began devouring each 
other and the cannibalism was more distinct here then in the previous experi
ment (Fig. 3), especially in the aquaria w ith undiluted water. Finally, the 
density of Mochlonyx population, disregarding the initial phase, lowered 
to 2—3 ind./l.

E xperim en t No. 8

The m aterial sampled on April 2, 1959 from the pool No. C6 was divided 
into 2 series, 6 aquaria in each. From one series all the Aedes communis larvae 
were removed, in the second series all the Mochlonyx larvae were preying on 
the Aedes larvae as they usually did. There was no cannibalism in the series 
devoid of the Aedes larvae, probably due to the fact that the crowding of p re
dator population was too small (average num ber: 2 individuals in 1 1). The 
pupation of the Mochlonyx larvae appeared earlier in the aquaria w ith larvae 
of Aedes than  in those devoid of them; the top point was about 48 hours earlier 
(Table III).

T a b l e  III
The influence of Aedes larvae removal on the pupation-rate of 

Mochlonyx culiciformis'. Experiment No. 8

% pupating Mochlonyx larvae
Series in days

8 9 1 0

With Aedes larvae 77 77 8 8

Without Aedes larvae 2 2  1 27 55

It follows from the above, that when the density of the Mochlonyx culici
formis larvae is higher than 3 ind./l. The typical reaction on “scarcity-escape” 
( W c c d b u r y  1954) is cannibalism in the case of a sudden extinction of prey 
species. According to M o n C a d s k y  and B e r z i n a  (1959), the tu rn  to cannibalism 
of the larvae of Mochlonyx culiciformis, which usually prey on larvae of her 
mosquitoes, is a norm al phenomenon, because of a ra ther mechanical preying 
habits of the species. When the density of Mochlonyx culiciformis population 
is lower than  2—3 ind./l, usually no cannibalism occurs, as the possibility of 
m eeting of two predators is too small. The population of predator either dies 
out, or ends its development in starving conditions or begins to prey on 
other substituting species.

3. DISCUSSION

The biocoenotic system  Mochlonyx culiciformis  — Aedes communis is a pre- 
dator-prey  relation in which the species being preyed on may escape from its 
predator; but there is no abundance increase of either of the component spe-
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cies because the larvae do not reproduce themselves. The shelter of Aedes 
communis larvae from  those of Mochlonyx is the feeding area of Aedes and 
a w ater layer immediately below the w ater surface, where the larvae gather 
to breathe the athm ospheric air. When the samples of biocoenosis are trans^ 
ferred from the natu ra l station into the laboratory, the “shelter” area in aqu
aria seemed to diminish, because after the beginning of the experim ent the 
Aedes communis population becomes scarce. In some cases (experim ents Nos 
6 and 7) the larvae of Aedes were exterm inated in the initial hours of the expe
rim ent though in natu ra l conditions they survived for a longer period in spite 
of a considerable Mochlonyx culiciformis abundance.

The larvae of Mochlonyx culiciformis prey when those of Aedes communis 
w ander between the bottom and the w ater-surface in the reservoir. W hen this 
route is longer (in the series where more w ater is used) the possibly of m ee
ting the predator increases and thus the rate of preying of Mochlonyx on 
Aedes communis larvae rises too. The increase of population density gives 
sim ilar results, for it also leads to a greater num ber of contacts betw een the 
predator and its prey 1.

As opposite to the norm al (parallel) type of predator-prey relation, in the 
case when the predator cannot prey on the Aedes communis larvae, the 
Mochlonyx larvae follow the rule of “scarcity-escape” and either engage in 
cannibalism, or try  to prey on other species. If the larvae of Mochlonyx 
cannot prey on Aedes larvae from the beginning, as it happens in the re tarded  
type, and the density is small (less then 2—3 ind./l.), no cannibalism occurs. 
If the density of population were higher, the cannibalism  would probably 
develop too, in spite of the lack of conditioned reflexes, which according to 
M o n c a d s k y , enable the animal to prey on “m osquito-like” organism. In the 
retarded type, because of lack “buffer” species in the ephem eral pools of the 
Kampinos Forest, the development of the predator is so poor, that Mochlonyx 
larvae cannot pupate before the drying up of the pool.

Self-regulating type of the predator-prey relation was observed w hen the 
predator in its final stages of larval development (III or IV stage) was devoid 
of its basic food and when at the same time, the density was ra ther high. In 
natural conditions such an event occurs when at the end of the first domination 
phase, the w ater body freezes for several days. This exterm inates the Aedes 
larvae since they breathe w ith atm ospheric air, but the larvae of Mochlonyx 
survive because of their respiratory exchange through the skin. In such a case 
the cannibalism develops, immediately the larvae pupate and some of them 
leave reservoir. This cannibalism takes place as a rule among the dragontly 
larvae Lestes nympha in spite of abundant food ( F i s c h e r  1961, 1964).

1 The chance of Aedes com m unis la rvae to be caught by a p redato r w hen  th e  
larvae m igrates betw een the  bottom  and the  surface doubles w hen there  is th ree  
tim es m ore w ater and it nearly  trip les, w hen the population density increases 
5 tim es but the sam e quan tity  of w ate r is retained. The preying chance (P) can be 
calculated, provided th a t the p redato r is random ly d istribu ted  in  the  w ater, from  
the  Poisson form ula

p =  i - e- Xrtr2tl

(where: e — the base of the N atural logaritm us; X the m ean num ber of p redatores 
per volume unit; r  — the distance betw een the  p redato r and its p rey  in w hich the  
prey m ight be captured; h — the d istance betw een the  bottom  and the  w ater surface).
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4. SUMMARY

In sylvatic ephem eral pools of the  Kam pinos Forest, the system  p redato r-p rey : 
M ochlonyx culiciform is  — Aedes com m unis, occurs. The la tte r  species can escape 
from  its p reda to r. Because the la rvae  do not reproduce, the  abundance of both 
the com ponent species in the pool does not increase. This system, depending' on the  
clim atic spring conditions m ay occur in 3 types: 1) para lle l type — M ochlonyx la rvae 
develop p a ra lielly to Aedes la rvae and pupate  im m ediately afte r them ; 2) re ta rded  
type — M ochlonyx larvae develop w ith  some re ta rd a tio n  and they do not keep place 
in developm ent w ith Aedes la rvae and therefo re  the form er cannot prey on the 
la tte r; 3) se lf-regu la ting  type — the Aedes la rvae  are ex term inated  by heavy frost 
(ice — cover on w ater bodies) and the M ochlonyx la rvae have no food.

The ra ising  of the w ater level causes the  increase of the preying of M ochlonyx  
culiciform is  on the la rvae of Aedes com m unis, because it increases the  possibility 
of contact betw een the prey and the predato r (Table I, Fig. 1—2). The sim ilar resu lt 
is achieved w hen the possibilities of encounters are increased by overcrow ding of 
the population (Table II, Fig. 1—2).

W hen the developm ent of M ochlonyx culiciform is  is retarded  in com parison w ith 
th a t of Aedes com m unis, the predato r usually  perishes because of lack of su itable 
food.

W hen the  population of Aedes com m unis  is destroyed before end of larval deve
lopm ent of both the species, and crow ding of a preying species is g rea ter than  
3 ind./l. the  cannibalism  and q uan tita tive  se lf-regulation  of M ochlonyx culiciform is  
(Fig. 3) appears. When the density of p redato r population is sm aller, the M ochlonyx  
culiciform is  la rvae of the III-rd  and IV -th  developm ent stages pupate under in 
the conditions of the lack of basic food, and they are re ta rded  in the ir grow th for 
several days (Table III).

5. STRESZCZENIE

W leśnych zbiornikach efem erycznych Puszczy K am pinoskiej w ystępuje układ 
drap ieżn ik -o fiara; M ochlonyx culiciform is  — Aedes com m unis, w  którym  gatunek 
niszczony m a możność ucieczki przed drapieżnikiem , a ponieważ larw y nie rozm na
żają się — nie dochodzi do zwiększania liczebności obu kom ponentów . U kład ten 
w  zależności od przebiegu wiosny może w ystąpić w  trzech głównych typach: 1 ° — 
równoległym , 2 °  — opóźnionym, 3° — sam oregulacyjnym .

Podw yższenie poziomu wody w pływ a na zwiększenie stopnia w yżerania la rw  
Aedes com m unis  przez M ochlonyx culiciform is ze względu na w iększą możliwość 
spotkań ofiary  z drapieżnikiem  (Table I, Fig. 1—2). Podobny rezu lta t osiąga się przez 
zw iększenie możliwości spotkań na sku tek  przegęszczenia obu populacji (Table II, 
Fig. 1—2).

Opóźnianie rozw oju M ochlonyx culiciform is  w stosunku do Aedes com m unis  
pow oduje na ogół wyginięcie drapieżnika na skutek  b raku  odpowiedniego pokarm u.

W yniszczenie populacji Aedes com m unis  w  okresie przed końcem rozwoju la r 
walnego obu gatunków, przy zagęszczeniu drapieżnika ponad 3 osobniki/l, w yw ołuje 
kanibalizm  i sam oregulację ilościową u M ochlonyx culiciform is  (Fig. 3). P rzy  m n ie j
szym zagęszczeniu drapieżnika, larw y I ii-g o  i IV-go stadium  rozwojowego M ochlonyx  
culiciform is  przepoczw arczają się w  w arunkach  b raku  podstawowego pokarm u 
z k ilkudniow ym  opóźnieniem (Table III).
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ABSTRACT

A nnual studies have been carried out on the p lankton composition and seasonal 
changes occurring  in  it in six lakes of d iffe ren t morphology, chemism, and fish yield. 
A ttem pts w ere m ade to establish relationships, if there are  any, betw een those p ro 
perties and the  crustacean plankton. There have been found pronounced differences 
and som e sim ilarities in the composition, dom inants, and seasonal changes in 
p a rticu la r species of the lake plankton under study. The num ber of species was the 
g rea te r th e  deeper the lake but in the la tte r  case the p lankton density in the 
epilim nion was low er than  in the shallow er lakes. The p lankton abundance grew  
w ith  the  electro ly te contents of the w ater. There was also found a quite distinct 
re la tionsh ip  betw een the average num ber and the character of the seasonal changes 
of the p lankton  and the  fish yield of the lakes under study.
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1. INTRODUCTION

The p resen t w ork is one of a series dealing w ith  an analysis of environm ental 
conditions found in lakes of d ifferen t fish yield. To th a t purpose six lakes have been 
chosen; th e ir  annual yield ranges from  as little  as 2.0 to as much as 110 kg/ha. Those 
lakes are situated  near Węgorzewo in a country  w hich from  the geological point of 
view  is qu ite  homogeneous. Their lim nological characteristics can be found in the  
w orks by P a t a l a s  (1960a, b, c, d), K o n d r a c k i  and S z o s t a k  (1960) and m ore detailed 
data  concerning seasonal changes in the ir therm al conditions and chemism are p ro 
vided by K o r y c k a  (1969). As lim nological types they represen t dystrophy (lake Sm o
lak), a pondlike lake type (lake Arklickie), and differen t degrees of eutrophy (lakes 
Lem ięt and Żywy). Lake Upinek is halfw ay betw een a pondlike lake type and eu
trophy, w hile  lake Piecek is betw een dystrophy and eutrophy. Table I p rese n ts  
p rinc ipa l m orphom etrical data as w ell as those concerning the fish yield.

The p resen t w ork has tried  to answ er the question w hether there  a re  any d iffe r
ences in th e  species composition, crustacean p lankton abundance, and the ch a rac te r 
of seasonal changes, w hich could explain  vary ing  fish yields of the lakes under study .

To th is purpose studies w ere carried out from  M arch 1961 to A pril 1962. Sam ples 
w ere  taken  a t m onthly in tervals from  spring to au tum n and every two or th re e
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T a b l e  I
Characteristics of studied lakes

Lake Area 
in ha

Maximum 
depth 
in m

Average 
depth 
in m

Limnolog.
type

Fish yield 
kg/ha/year 

(Average for 
1959—1961)

Lemięt 70.5 18.0 5.5 eutrophy 1 1 . 0

Żv wy 115.0 24.5 4.7 eutrophy 1 2 . 2

Upinek 1 0 . 0 5.0 2 . 0 pondlike/eutro-
phy

dystrophy/eu-
trophy

26.8

Piecek 23.3 8.4 3.4 7.6

Arklickie 62.0 2 . 0 1.3 pondlike 1 1 0 . 0

Smolak 5.3 5.1 2.4 dystrophy 2 . 0

m onths in w inter. Since there  are inconsiderable differences in the shapes of the  
m entioned lake basins, sam ples w ere taken  from  one point, not fa r  from  the m axim um  
depth. A five-litre  self-acting  w ate r sam pler devised by the au tho r ( P a t a l a s  1954) 
w as used. Each series consisted, depending on the lake depth, of one to th ree  
sam ples secured from  the w ate r layers of sim ilar therm al conditions (epi-, m eta- 
and hypolimnion). Each sam ple consisted of 6 — 10 sam plers filtered  through bolting 
silk No. 17. Biomass has been calculated from  the num ber of individuals m ultip lied  
b y  the w eight of an individual according to M o r d u k h a y - B o l t o v s k a y a  (1954).

2. RESULTS >

A . SP EC IE S CO M PO SITIO N

In the six lakes under study 28 species (31 taxa) have been found, among 
them  11 Copepoda and 17 Cladocera. Of 28 species 11 were eulittoral in their 
character and their presence in the middle p art of a lake should be looked upon 
as something more or less accidental, particularly  so as only single individuals 
were found there. Lake Żywy (15 taxa) had the most num erous pelagic forms 
of the plankton then was lake Lemięt (12), lake Piecek (11), lake Upinek (10), 
lake Arklickie (8), and lake Smolak (5)., Thus, deeper lakes of more differen
tiated environm ental conditions were richer in the species (Table I). On the 
whole, it confirms the B o w k i e w i c z ’s  theory of Entomostraca complexes (1938). 
Taking into account indicator species, distinguished by him, 3—4 species 
(Eudiaptomus graciloides, Daphnia cucullata, Diaphanosoma brachyurum, 
and Leptodora kindtii) have been found in the lakes; Żywy, Lemięt, Piecek, 
and Upinek, while only 2 species (Eudiaptomus graciloides and Diaphanosoma 
brachyurum) occurred in lake Arklickie and Smolak (Table II.).

B . SE A SO N A L  C H A N G E S IN  A B U N D A N C E  OF PA R T IC U L A R  SPEC IES

Figs 1 show changes in the num ber of crustaceans in the course of
a year.

Eudiaptomus graciloides was a perm anent component of the plankton 
through the whole year, found in deeper lakes, as Żywy and Lemięt and in 
a m oderately deep lake, Piecek. It showed two distinct num erical maxima
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T a b l e  If
Composition of crustacean plankton found in pelagial

Lakes
Species

Żywy Lemięt Piecek Upi
nek

Ark
lickie

Smo
lak

Eudiaptomus graciloides (Lilijeb.) XXX XXX XXX XXX XX X
Mesocyclops leuckarti (Claus) XXX XXX XXX XXX XXX
Mesocyclops oithonoides (G. O. Sars) XXX XXX XXX
Cyclops kolensis (Lilljeborg) XXX XXX
Cyclops bohater Koźmiński
Cyclops vie in us vie. Uljanin XXX
Cyclops strenuus landei Koźmiński XXX
Acanthocyclops bicuspidatus (Claus)
Acanthocyclops viridis (Jurine)
Eucyclops serrulatus (Fischer) .

Macrocyclops albidus Jurine
Daphnia cucullata Sars XXX XXX XXX XXX
Daphnia longisp. hyal. v. pell. P. E. Müller X X
Daphnia longispina longisp. O. F. Müller XX
Daphnia cristata crist. G. O. Sars
Ceriodaphnia quadrangula O. F. Müller XXX
Bosmina coregoni thersites Poppe XX
Bosmina coregoni crassic. Lilijeb. X
Bosmina coregoni berolin. Imhof X
Bosmina longirostris (O. F. Müller) XXX XXX XXX XX
Chydorus sphaericus O. F. Müller XX X XX .

Alona quadrangularis O. F. Müller
Rhynchotalona rostrata Koch .

Leydigia leydigii Fischer
Acroperus harpae Baird
Pleroxus trigonellus O. F. Müller
Pleuroxus uncinatus Baird
Peracantha truncata O. F. Müller
Diaphanosoma brachyurum (Lievin) XX X . X
Sida crystallina О. F. Müller
Leptodora kindtii (Focke)
Tqtal number of species or subspecies (eulittoral

ones excluded) 15 1 2 1 1 1 0 8 5

Explanations: XXX — forms usually representing more than 10°/o o f the total number (dominants); XX — forms 
which only in one month were dominants; X — forms which usually represent 1— 10°/o o f crustaceans 
(non-dominants); • — forms representing less than 1 °/0 o f the total number of crustaceans (ado- 
minants).

in those lakes in spring and autum n, divided by a ra ther pronounced drop in 
num ber in August. In lake Arklickie and lake Smolak it was quite numerous 
only in spring. A spring development and the absence of the second maximum 
in autum n seems to be a rule in shallow lakes (P a t a l a s  1963). An interm ediate 
situation  occurred in lake Upinek w here although no m aximum was observed 
in autum n nevertheless the population was pretty  numerous.

Mesocyclops leuckarti — the second most im portant component of the 
plankton from  spring о autum n showed in all the lakes a tendency towards 
tw o m axim a: in spring and summer. A sharp decrease in its abundance in 
sum m er was generally much more pronounced in deeper lakes with therm al 
stratifica tion  than in the shallower polymictic ones.
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Fig. 1.1. Seasonal changes in the quantity  of crustaceans in lake  Żywy

Similarly, Daphnia cucullata of lakes Żywy, Lemięt, Piecek and Upinek 
showed two periods of its maximum development.

Bosmina longirostris was more abundant only in the shallower and m oder
ately  deep lakes: Arklickie, Upinek, Smolak and Piecek. It was of no great
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Fig. 1.2. Seasonal changes in the quan tity  of crustaceans in lake Lem ięt
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Fig. 1.3. Seasonal changes in the  quan tity  of crustaceans in lake Piecek

significance in lake Żywy and Lemięt. One autum n maximum was observed 
in lake Smolak, two maxima (in early  spring and late autum n) in Upinek 
and Piecek, and three maxima, in spring, summer, and autum n, in lake 
Arklickie.

Daphnia longispina longispina was abundant in lake Arklickie only in May.
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Fig. 1.4. Seasonal changes in the quan tity  of crustaceans in lake Upinek
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Fig. 1.5. Seasonal changes in the quan tity  of crustaceans in lake A rklickie

Cyclops kolensis was present in lake Żywy and Piecek and affected the 
abundance of the plankton in those lakes from late autum n to early spring. 
In sum m er it disappeared from the plankton resting in the mud.

Cyclops vicinus was found only in lake Lemięt. It was quite numerous at 
the end of autum n and early in the spring.

Cyclops strenuus landei occurred exclusively in lake Smolak. Its annual 
cycle resembled that of Cyclops kolensis. It could be seen in the plankton in 
late autum n, was almost the only w inter and spring component of the lake 
plankton and it disappeared late in the spring. It should be pointed th a t in 
summer it had not been replaced by any of the Cyclopidae species. From  this 
point of view lake Smolak is exceptional since in summer it lacks such 
a common component of the sum m er plankton as the Mesocyclops genus.

Ceriodaphnia quadrangula was of prim ary im portance only in the plankton 
of lake Smolak where it distinctly dominated from spring to autum n.
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Fig. 1.6. Seasonal changes in the quan tity  of crustaceans in lake Smolak

I t  follows from Table II and Fig. 1 th a t four lakes: Żywy, Lemięt, Upinek 
and Piecek had, on the whole, a sim ilar species composition of the plankton. 
Lake A rklickie and lake Upinek in particular, were clearly d ifferent from 
them. A num ber of very common species did not occur in them, while there 
were present species com paratively ra re  in lakes such as Daphnia longispina 
longispina in lake Arklickie and Cyclops strenuus landei in lake Smolak.

There are also distinct differences in the crustacean Community structure 
of those lakes. Table III showes the num ber of species which represented at 
least 10 per cent of the total num ber of crustaceans in particular months (domi
nant species).

The simplest plankton structure had lakes Smolak and Arklickie where in 
spring and summer the plankton usually consisted of two dominant species, 
lake Piecek and lake Lemięt presented a more complex picture since there 
were usually found 3 or 4 dom inant species at the same time and finally the 
most complex situation was in lake Żywy and lake Upinek w here 4—6 domi
nant species occurred. The num ber of dominants, as a rule, was generally the

b
higher the more species were present in a lake (since a relatively constant —

ratio in Table III). The only exception was lake Upinek where despite of a re 
latively sm all num ber of species (10) the highest num ber of dominants (5) could 
be observed.
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T a b l e  III
Number of dominant species in plankton 

(They represent more than 10% of the total number of individuals)

Lake

V

N

VI

lonths

VII VIII IX

Num
ber of 
domi
nants

On
ave
rage

Total 
num
ber of 
pelagic 
species

b
a

a b

Upinek 4 5 6 5 5 4—6 5.0 1 0 2 . 0

Żywy 4 5 5 4 4—5 4.5 15 3.3
Lemięt 4 4 4 4 3 3—4 3.8 1 2 3.2
Piecek 3 4 3 3 3 3-^1 3.2 1 1 3.4
Arklickie 3 4 2 2 1 1—4 2.4 8 3.3
Smolak 1 2 2 2 2 1 — 2 1 . 8 5 2 . 8

C. A B U N D A N C E  A N D  B IO M A SS OF P L A N K T O N

Changes in the total num ber of crustaceans and their biomass have been 
presented in Fig. 1. It is difficult to make a direct comparison between plankter 
num bers found in the lakes considerably varying in their depths if one takes 
into account different types of vertical plankton distribution in stratified  and 
polymictic lakes. A comparison, therefore, has been made in two ways, one has 
established the num ber of plankters in a w ater column of 1 dem2 (Fig. 1) the 
other in 1 litre of w ater of a five-m etre layer showing a maximum density 
of crustaceans (Fig. 2). Usually it was a surface w ater layers from 0—5 m. 
Table IV gives average values for different periods as calculated in two ways.

Lake Upinek turned out to be the richest in crustaceans both from  the 
point of view of the num ber of individuals and biomass as well. It contained 
about five times more of plankters per one unit of surface than the poorest lake, 
Smolak, and about twice as much as lake Żywy which occupies an interm ediate 
position. , *1

Lake Arklickie showed the highest density of crustaceans per one volume 
unit of water. The average num ber was 332 individuals in the period from  May 
to September, rising up to 500 indiv./l in maximum periods. The figures of the 
same order have been found also in lake Upinek. The biomass of lake Upinek, 
however, was almost twice as great as in lake Arklickie which abounded in 
small forms such as Bosmina longirostris.

The lowest crustaceans density has been found in lake Smolak. Lake Żywy 
contained hardly more plankton. It concerns both the num ber and biomass of 
crustaceans.

On the whole, the curve of seasonal changes in the biomass (Fig. 2) was more 
or less parallel to the curve of num bers in the lakes: Żywy, Lemięt, Piecek 
and Upinek. It is not true of lake Arklickie where a divergence was observed 
between high numbers of plankters occurring in summer and autum n and the 
biomass which was not high. As has been mentioned, small Bosmina longirostris 
dominated in its plankton.
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T a b l e  [V
Average numbers of individuals and biomasses of plankton crustaceans

Lake Average values in months
III—XI V—IX VII—VIII

Individuals/dcnr

Upinek 12.350 15.320 17.220
Piecek 9.900 9.360 5.064
Lemięt 9.434 8.680 8.860
Żywy 8 . 1 2 0 7.860 4.365
Arklickie 4.850 6.640 7.260
Smolak 2.700 3.265 5.654

Individuals/litre

Arklickie 242 332 363
Upinek 246 305 344
Piecek 198 187 1 0 1

Lemięt 106 114 131
Żywy 72 87 47
Smolak 45 6 8 1 2 0

Biomass in mg/dcm2

Upinek 174.200 223.200 277.000
Lemięt 171.694 153.800 159.275
Żywy 144.000 129.200 76.150
Piecek 138.200 123.500 80.856
Smolak 44.200 41.400 61.000
Arklickie 33.200 48.100 35.330

Biomass in mg/litre

Upinek 3.485 4.470 5.542
Piecek 2.760 2 455 1.587
Arklickie 1.656 2.400 1.767
Lemięt 1.898 2.050 2.371
Żywy 1.260 1.368 0.811
Smolak 0.915 0.857 1.294

3. DISCUSSION

It has been proved in the paper that there is a more or less distinct dif
ference in the quantity  and species composition of the crustacean plankton 
found in the lakes under study. Those lakes differ in a num ber of features, 
such e.g. as their depth and m ineral m atter content. They may serve as an 
exam ple when considering the effects of those features on the species compo
sition and the abundance of crustaceans.

As it follows from Fig. 3 the total num ber of pelagic species found during 
a year, clearly correlated with the depth of the studied lakes. Lake Żywy and 
Lemięt, the deepest, were the richest in species, while the shallow lakes, 
Arklickie and Smolak, were the poorest. As lakes become shallower and shall
ower the degree of the environm ent differentiation decreases and this in tu rn
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Fig. 2. Seasonal changes in the quan tity  and biom ass of crustaceans in the  six  lakes

Fig. 3. Relations betw een the lake depths and  the num ber of species in crustacean
plankton

leads to the elimination of some species which do not find any longer suitable 
conditions ( B o w k i e w i c z  1938, P a t a l a s  1954). But as the elimination process goes 
on, new species appear, particularly  in extrem e lakes (Daphnia longispina lon- 
gispina in lake Arklickie and Cyclops strenuus landei in lake Smolak).

There was also a correlation between the depth of a lake and the density of 
crustaceans in the epilimnion or an appropriate surface w ater layer of the

http://rcin.org.pl



Crustacean plankton of some Mazurian Lakes 301

Fig. 4. Relations betw een the lake depth  and electrolyte content and the average 
num ber of crustaceans in the plankton. (Radius of the circle is proportional to num 
ber of p lankters in 1 litre  of w ater. Points represen ting  d iffe ren t classes of plankton 

abundance have been separated  w ith  a dotted line)

shallower lakes. The deeper lakes, as a rule, had a lower density of crustaceans. 
Only in a certain degree it can be explained by a more spacious habitable 
zone found in those lakes or a rarefication of the plankton. The deep lakes 
had a t the same time low plankter num bers when calculated per one unit of 
their surface (Table IV).

The effects of the depth of a lake upon the abundance of the plankton 
cannot be separated from the influence of other factors, such e.g. as the m ineral
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content, Fig. 4 suggests that the num ber of plankters rises w ith an increase 
in the electrolyte content of the w ater and w ith the diminishing depth of a lake. 
The quantity  of plankters, therefore, was a resultant of a concurrence of those 
two factors. In an extrem e case of lake Smolak the most im portant factor 
proved to be a low m ineral content which considerably limited the num ber of 
plankters despite of its small depth.

A question arises how far these differences in the plankton abundance are 
connected with the varying fish yield of those lakes.

Although in none of the lakes fish which are typical plankton eaters, such 
as small whitefish (Coregonus albula L.?) and sm elt? (Osmerus eperlanus L.) are 
of prim ary importance, nevertheless all fish species, at least at some of their 
development stages, depend on the crustacean plankton the availability and 
proper composition of which may condition the survival of fish. The above 
seems to be suggested by Fig. 5 from which it follows that the lakes under 
study show a quite clear correlation between the quantity  of crustaceans and 
the fish yield. It confirms the results obtained by P e t r o v i c h  (1954) for the lakes 
of Belorussia. Even if plankton crustaceans had no im mediate effects on the 
fish yield of those lakes, they were at least fairly good indicators of th e ir 
biological productivity.

It is worth-while mentioning that although the plankton of almost all the 
lakes showed a quantitative decrease in the middle of the summer (Fig. 2), 
that drop, however, was most pronounced in the lakes of the lowest fish yield 
(Piecek, Żywy and Lemięt). On one hand it m ight have been conditioned by 
morpho- and hydrological factors which prevented an intensive circulation 
of nutrients in a lake (a stable therm al stratification, an inconsiderable inflow 
from the drainage area and in result the summer plankton production based 
mainly on autochthonous substances. On the other hand that pronounced drop 
in the quantity might have been caused by an increased plankton m ortality  
which had surpassed the ra te  of production ( H a l l  1964). Since it is a period of 
a maximum fish feeding it is possible to assume that fish could considerably 
increase the m ortality of the plankton ( P a t a l a s  1963).

The results of the present work, although obtained in a different geographi
cal region and for the lakes of a different class size, confirm in general re la 
tionships observed by R a w s o n  (1961), N o r t h c o t e  and L a r k i n  (1956) in the 
lakes of Canada. It follows from them  that the depth of the lake and its m ine
ral content are im portant factors affecting the abundance of the plankton and 
indirectly th a t of fish although no doubt they are not the only factors. A part 
from them, the w ater flow, the wind action upon the lake, the shape of the 
basin etc. ( P a t a l a s  1960) have their effects. In particu lar lakes they may be 
respondible for some deviations from the mentioned regularities, but it seems 
that they are not able to change general paterns of those relationships.

4. SUMMARY

In the  course of a year the crustacean p lankton was studied in 6  lakes of d ifferen t 
surface area (from 5.3—115 ha), m axim um  depth (2.0—24.5 m), chem ical w ate r com 
position (electrolytic conductance from  17—315 (iS 2 0cm_1) and fish yield (2—110 kg/ha).

The presen t w ork tried  to find out w hat relations there are betw een these 
features and the crustacean plankton of those lakes. Seasonal changes in the num ber
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of p lankters belonging to p articu la r species have been analysed (Fig. 1). Eudiaptom us 
graciloides, Mesocyclops leuckartii, and Daphnia cucullata  w ere principal species 
dom inating in the p lankton of the deeper and m oderately deep lakes (Żywy, Lem ięt, 
P ieces and Upinek). An uncom mon p lankton  com position was found in the  dystroph
ic lake Sm olak (Cyclops strenuus strenuus) and in the shallow  and very fe rtile  
lake Arklickie (Daphnia longispina longispina). C onsiderable differences have been 
observed in the s tru c tu re  of the crustacean  com plex, w hich in th e  lakes A rklickie 
and Smolak was based on two dom inant species and in the  lakes U pinek and Żywy 
on 4—6 species (Table III). The average num ber of individuals in the sum m er p lan k 
ton was from  6 8  plankters/1 in lake Sm olak to  332 plankters/1 in lake Arklickie. The 
average biomass was from  0.85 mg'/l in lake Sm olak to 4.47 mg/1 in lake Upinek.

It has been found th a t the num ber of the  p lankton  species increased w ith  the  
depth from  5 to 15 species (Fig. 3). The deeper lakes under study showed usually 
a lower density  of p lank ters in the  epilim nion than  the shallow er ones. The num ber 
of p lankters rose w ith an increase in the  w ater electro ly te content and w ith the  
dim inishing lake depth (Fig. 9). There was also observed a fairly  d istinct dependence 
of the fish yield on the average p lankton quan tities in the  lakes under study (Fig. 5). 
The most pronounced drops in the  num ber of p lank ters in the m iddle of the sum m er 
occurred in the lakes of low fish yields (Fig. 2). On th e  w hole it is possible to sta te  
th a t the depth of lakes and the ir m ineral contents are  im portan t although certain ly  
not the only factors affecting the num ber of p lank ters and ind irectly  th a t of fish 
as we!l.

5. STRESZCZENIE

Badano w ciągu roku p lankton skorupiakow y w 6  jeziorach różniących się pod 
względem pow ierzchni (od 5,3—115 ha), głębokości m aksym alnej (2,0—24,5 m), składu 
chemicznego wody (przewodnictwo elektro lityczne od 17—315 pS 2 0cm-1) jak  rów nież 
i w ydajności rybackiej (2 — 1 1 0  kg/ha).

Celem pracy było stw ierdzenie, czy istn ie ją  zależności m iędzy tym i cechami 
a planktonem  skorupiakow ym  tych jezior. Przeanalizow ano sezonowe zm iany w  li
czebności osobników poszczególnych gatunków  (rys. 1). Podstaw ow ym i gatunkam i 
dom inującym i w p lanktonie jezior głębszych i średnio głębokich (Żywy, Lem ięt, 
Piecek i Upinek) były Eudiaptom us graciloides, Mesocyclops leuckarti i Daphnia 
cucullata. N ajbardziej w yróżniały się składem  p lanktonu  dystroficzne jezioro Smolak 
(Cyclops strenuus strenuus) oraz p ły tk ie i bardzo żyzne jezioro A rklickie (Daphnia  
longispina longispina). S tw ierdzono duże różnice w  stru k tu rze  zespołu skorupiaków , 
k tóry  w jeziorach A rklickie i Sm olak opierał się na dwóch gatunkach dom inujących 
a w jeziorze Upinek i Żywy na 4— 6  gatunkach (tab. III). Ś rednie liczby osobników 
w planktonie letnim  w ynosiły od 6 8  osobn./l w  jez. Sm olak do 332 osobn./l w jezio
rze Arklickim. Średnia biom asa odpowiednio od 0,85 m g/l w jez. Sm olak do 4,47 mg/l 
w jez. Upinek.

Stwierdzono, że liczba gatunków  w  p lank ton ie w zrastała  w m iarę w zrostu 
głębokości od 5 do 15 gatunków  (rys. 3). Głębsze spośród badanych jezior wykazały 
na ogół niższe zagęszczenie p lanktonu  w w arstw ach  epilim nionu niż jeziora płytsze. 
Liczebność p lanktonu w zrastała w m iarę w zrostu zaw artości elektrolitów  w wodzie 
oraz w m iarę spadku głębokości jezior (rys. 4).

Stwierdzono' również dość w yraźną zależność między średnią liczebnością p lank 
tonu a wydajnością rybacką badanych jezior (rys. 5). N ajsilniejsze załam ania liczeb
ności planktonu w  środku la ta  w ystąpiły  w jeziorach o niskiej w ydajności rybackiej 
(rys. 2). Ogólnie można stw ierdzić, że głębokość jezior i ich zasobność w  sole m ine
ra ln e  są ważnymi, choć z pewnością nie jedynym i, czynnikam i w arunkującym i 
liczebność planktonu a pośrednio i ryb.
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ABSTRACT

The presen t w ork is dealing w ith  the  bottom  fauna of the litto ra l and profundal zones 
of five lakes w hich are  characterized by d iffe ren t fish yields. A ttem pts w ere m ade 
to find out connections and correlations betw een com position of the  fauna and 
th e  fish  yield. No correlation has been found betw een the to ta l biom ass of the 
bottom  fauna and the fish yield bu t some com ponents of th a t fauna (especially 
am ong Tendipedidae larvae) m ay serve as im portan t indices.
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1. INTRODUCTION

The present paper is one of a series w hich deals w ith the factors th a t m ay 
affect the  fish yield of a lake.

A ttem pts have been m ade to establish how far the bottom  fauna m ay be one of 
those factors.

To study the  bottom  fauna five lakes (Table I) have been selected near W ęgo
rzewo in the drainage area of the  Pregoła river, am ong the form ations connected 
w ith  the  Baltic glaciation, in a countryside pronouncedly m orainal in its character 
( K o n d r a c k i  and S z o s t a k  1960). Those lakes show ing g reat differences in the ir fish 
yields and trophy w ere described by K o n d r a c k i  and  S z o s t a k  (1960 — geomorphology 
and  hydrography), P a t a l a s  (1960 a,b,с ,d — physico-chem ical conditions, prim ary  pro
duction), J. P a t a l a s  and К . P a t a l a s  (1968 — crustacean plankton), K o r y c k a  (1969 — 
physico-chem ical conditions), and B e r n a t o w i c z  (1960 — vascular plants).

2. METHODS AND MATERIALS

The bottom  fauna sam ples had been collected by m eans of tubu la r sam plers 
25 cm 2  in diam m eter. The sam ples had been pu t th rough a 0.6 mm mesh sieve 
and  then in m ost cases picked before th e ir  fixation . Form alin of the  concentration of

8*
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T a b l e  I
Characteristics of the studied lakes

Lake
Area 
in ha

Maximum
depth

(m)

Average
depth

(m)

Limnological
type

Fish yield in 
kg/ha/year 

(average for 
1959—1961)

Arklickie 62.0 2.0 1.3 pond 110.0
Upinek 10.0 5.0 2.0 pond/eutroph. 26.8
Żywy 115.5 24.5 4.7 eutrophy 12.0
Piecek 23.3 8.4 3.4 dystr./eutrophy 7.6
Smolak 5.3 5.1 2.2 dystrophy ~2

about 4 per cent was used to fix  selected organism s. Bottom anim als have been 
classified according to generally  accepted, usually  higher, system atic un its (only 
the Tendipedidae la rvae w ere determ ined m ore precisely), they w ere counted and 
m easured to the  nearest 0.5 mm. The to ta l w eights of the organism s found in 
a sam ple w ere established according to the accepted taxonom ic units.

In most cases the w eights w ere found by weighing to the nearest 0.5 mg, the 
rem aining ones being calculated from  the established standard  w eights.

W hen analysing the m aterials, Dreissensia, very  num erous in lake Żywy but 
not significant as food for fish, was usually  disregarded.

From  lake Arklickie, Piecek, Upinek and Smolak sam ples w ere secured a t 
one m onth’s in tervals from  20 M arch to 8 Novem ber 1961 and one series w as collec
ted between 5 and 7 F ebruary  1962. A part from  th a t sam ples w ere taken from  lake 
Piecek 12 December 1961. Sam ples w ere taken not so frequen tly  from lake Żywy 
(6 series instead of 9).

In the lakes: Żywy Piecek, Upinek and Smolak th ree  stations w ere selected in 
each, two of them  in the litto ra l (2—3 m deep) and one in or near the m axim um  
depth. In lake Arklickie, ap a rt from  litto ra l stands, two m id-lake stands on the long 
lake axis have been chosen.

The m id-lake collection stands w ill be fu rth e r called profundal irrespective of 
the ir depth.

Five samples w ere taken from  each stand at a time. The sam ples w ere analyzed 
separately  and afte rw ards an  arithm etical average for every 5 saples com ing from  
the sam e stand and from  the  sam e tim e was calculated. Basing on these averages, 
m ajor averages w ere evaluated.

On the whole, 685 sam ples w ere collected and of th a t 180 from  lake A rklickie, 
145 from  lake Piecek, 135 from  lake Upinek, 135 from  lake Smolak, and 90 from  
lake Ż yw y.

3. RESULTS

A. Q U A N TIT A TIV E  D IF FE R E N C E S IN  BO TTO M  F A U N A  OF PA R T IC U L A R  L A K E S

The lakes (littoral and profundal integrated) showed distinct differences 
in the average biomass (Fig. 1). The highest biomass has been found in lake 
Żywy — 314.0 kg/'ha (134.4 kg/ha w ithout Dreissensia), then in lake A rklickie — 
88.0, Piecek — 56.4, Upinek — 52.8, and Smolak — 19.2 kg/ha.

Considerable differences have been noticed in the biomas at various coll
ection stands of the same lake (Fig. 1). The biomasses of the profundal stands 
were usually higher than those found in the littoral, when great num bers of 
Chaoborus (lakes: Żywy, Piecek, Smolak) occurred in the profundal. It is even 
more obvious when the quantity  is taken into account (Fig. 2, cf. Fig. 3).

The smallest organisms occurred in lake Arklickie as it follows from a com
parison of the biomasses and quantities (Figs 1 and 2). The average w eight of
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Fig. 1. A verage full years biom asses of bottom  fauna in d ifferen t sampling' places
of the  studied  lakes 

I, И  — s ta tio n s  in  th e  lit to r a l an d  in  p r o fu n d a l o f  ea ch  la k e

Fig. 2. A verage full years quan tities of bottom  fauna in d iffe ren t sam pling places of
the studied  lakes 

I, II — s ta t io n s  in  th e  l it to r a l an d  p r o fu n d a l o f  ea ch  la k e

a bottom fauna individual in milligrams was in lake Arklickie — 2.4, Żywy 
(without Dreissensia) — 3.9, Smolak — 4.0, Piecek — 4.5 and Upinek — 7.0.

B . Q U A L IT A TIV E  C O M PO SITIO N  OF BOTTOM  F A U N A

Tendipedidae larvae were the main component of the bottom fauna in some 
sam pling places of the profundal when the weight was considered and in all 
the littoral stands when the quantity  was taken into account (Fig. 3).

Tendipedidae were most num erous in all stations of lake Arklickie (63 — 
80% of the weight and 74—86% of the quantity) and at the littoral collection 
stands of lake Piecek (84—85% of the weight and 75 and 95% of the number).
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Percentage composition of Tendipedidae
(weight)

Zone Litt-

Lake A A Z Z P P !

IISampling
place

I II I II I

1. Ablabesmyia ex. gr. monilis (L.) 01
2. Pelopia kraatzi Kieff. 0.6
3. Pelopia vilipennis Kieff.
4. Procladius Skuse 13.1 9.2 1.1 5.1 1.4 3.6

5. Anatopynia plumipes (Fries) 6.8
6. Anatopynia trifascipennis (Zett.) 0.3
7. Psectrocladius ex gr. psilopterus Kieff. 0.1
8. Psectrocladius medhis Tshern. 0.1 0.4

9. Orthocladiinae gen? 1. orielica Tshern. 16.2 62.8
10. Pseudochironomus ex gr. prasinatus (Staeg.) 0.5
11. Endochironomus ex gr. tendens (Fabr.) 2.1 6.2 2.3 0.1
12. Endochironomus ex gr. dispar (Meig.) 2.6 5.8

13. Glyptotendipes polytomus (Kieff.) 9.7

14. Glyptotendipes ex gr. gripekoveni Kieff. 0.7 2.9 15.6 10.1
15. Tendipes forma larv. plumosus (L.) 0.3
16. Tendipes forma larv. semireduct us Lenz. 17.1 17.2 72.1 60.0

17. Tendipes forma larv. thummi Kieff. 5.0 0.1 1.4

18. Tendipes forma larv. anthracinus Zett. 0.2 2.7

19. Limnochironomus ex gr. nervosus (Staeg.) 0.2 0.1 0.2
20. Limnochironomus tritomus (Kieff.) 1.6 4.4 0.4 X

21. Einfeldia ex gr. carbonaria (Meig.) 3.1 0.5

22. Cryptochironomus ex gr. defectus (Kieff.) 0.5 1.3 0.8 0.4 3.2 0.5

23. Cryptochironomus ex gr. vulneratus (Zett.) X* 0.5

24. Cryptochironomus ex gr. viridulus (Fabr.) 0.1 0.2 0.2 0.4

25. Cryptochironomus ex gr. pararostratus Harn.
26. Microtendipes? rezvoi (Tshern.)
27. Microtendipes ex gr. chloris (Meig.) 3.7 71.2 41.3 6.6
28. Polypedilum ex gr. nubeculosum (Meig.) 26.6 0.3 7.6 3.2 0.2 2.7

29. Polypedilum ex gr. convictum (Walk.)
30. Polypedilum breviantennatum Tshern. 0.1
31. Polypedilum ex gr. scalaenum (Sehr.) 0.1 0.6 0.3 0.6
32. Allochironomus crassiforceps Kieff. 6.8 21.7 3.3

33. Micropsectra ex gr. praecox (Meig.) 0.4 0.5 0.2 0.2 1.5 0.3

34. Tanytarsus lobatifrons Kieff. X 0.1 0.2
35. Tanytarsus ex gr. gregarius Kieff. 1.0 5.1 0.2 0.5 0.1
36. Tanytarsus ex gr. mancus (Walk.) 0.2 5.0 1.9 2.7 0.3 0.1
37. Tanytarsus ex gr. lauterborni Kieff. 0.1 0.6
38. Non det. 0.4 1.1 2.0

Lakes: A  — Arklickie, Ż — Żywy, P — Piecek, U — Upinek, S — Smolak.
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T a b l e  II

fauna of the studied lakes

oral Profundal Average

U U s S A A Z P U S A Z P U S

I II I II I II

4.4 X 0.5
3.2 6.3 0.2

0.3
0.2 3.6

0.1
2.5 58.9 97.2 5.4 3.3 3.5 8.0

2.2
0.1
X

2.0 2.7 1.2 62.2 i

0.1
34.7 6.3 5.1 25.6

0.2

0.2
0.1

0.1

10.7 13.4

3.7

3.8

0.7

7.4

2.9

5.0

0.2

1.1
. 3.0

1.4

0.1

5.9
12.6

7.8

1.8
58.4 20.8 22.1 27.7 62.8 34.3 96.5 10.0 6.4 1.4 42.3 19.7

12.6 38.7 5.8 64.8 19.8 6.5 62.1 25.4
6.4 18.3 29.0 1.6 4.3 1.5 0.7

3.0 1.7 1.9 2.3 46.0 0.8 10.7 1.0 1.5 1.4
1.1 0.2

X
7.9

1.4
2.3

0.1
1.9
2.5

0.1
0.2
0.1

x
0.1

6.4 0.1 0.1 0.5
X

0.5 1.5
0.3

0.8

0.6 1.3 0.1 0.1 0.3 0.1 0.2 0.3
0.2
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Fig. 3. Percentage composition of bottom  fauna in d iffe ren t sam pling places of the 
studied lakes (weight percentage; less im portan t com ponents have been om itted)
L ak es: A — A r k lick ie , Ż — Ż y w y , P — P ie c e k , U — U p in ek , S — S m o la k , X — D r e issen sia  d is r e 

gard ed

A part from that, Tendipedidae were the most im portant component of the 
biomass at the littoral stands of lake Żywy, Dreissensia being disregarded, and 
at one collection stand in the littoral of lake Smolak. A part from lake 
Arklickie they dominated only in the profundal of lake Upinek.

In the whole m aterial there have been found 37 forms of the Tendipedidae 
larvae (Table II) of which lake Arklickie had 27 (3 not found in other lakes), 
Żywy — 23 (2 not found in other lakes), Piecek and Upinek 22 each (2 and 1 not 
found in other lakes respectively), and Smolak — 6 (1 not found in other lakes).

Differences between lakes in the qualitative composition of Tendipedidae 
have been determ ined by means of the fauna sim ilarity  indices ( M a r c z e w s k i  

and S t e i n h a u s  1959 :
_  vo ■ 100 

a + b — w

where a — num ber of forms found in one station, b = num ber of forms found 
a t other station and w  =  num ber of common forms. Using those indices, simi
larities in the composition of Tendipedidate have been presented in the form 
of a dendrite (according to the Wroclaw taxonomic m ethod — F l o r e k  et al. 
1951). In the dendrite most sim ilar stands have been linked directly. The seg
m ent lengths which link directly are proportional to the reciprocal of indices 
(Fig. 4).

When analysing the sim ilarities observed in the fauna of Tendipedidae, the 
following conclusions seem to be obvious:

— The profundal stations of all lakes, despite of considerable differences, 
are more alike than the littoral stations (all dendrite points referring to the 
profundal sampling places are linked directly).

— The smallest differences in the Tendipedidae fauna of the littoral and 
profundal have been observed in lake Arklickie; inconsiderable differences oc
curred in lake Smolak, too. It should be mentioned also that the distribution
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of the points referring  to the stations of lake Arklickie corresponds dia- 
gram m atically to the actual distribution of those stations in the lake.

— The lakes, when treated  as separate entities, showed a certain correlation 
between the sim ilarities in the Tendipedidae composition and the total biomass 
and the num bers in particular (Figs 1 and 2). The lakes, least alike in this res
pect, Arklickie and Smolak had the lowest sim ilarity index and in the dendrite 
they are farthest apart; lake Arklickie, characterized by the highest numbers,

Fig. 4. D endrites of sim ilarities in the qualita tive  com position of Tendipedidae la rvae 
of d ifferen t lakes and various collection stands. N um bers give the highest values of 
fauna  sim ilarity  indices, point connecting lines are p roportional to the num ber reci
procals. Only Tendipedidae form s m aking up m ore than  l°/o of the w eight have

been taken  into account

links directly only w ith lake Żywy which is second when the quantity  is con
sidered and first when the biomass is taken into account. The lakes containing 
average quantities of the fauna, Piecek and Upinek are in the dendrite between 
Lake Żywy that is rich in fauna and lake Smolak which is poor in it.

The larvae of Chaoborus were the most im portant among other components 
ap art from Tendipedidae. In the profundal of lake Żywy, Piecek and Smolak 
they were in preponderance, making up 83—93 per cent of the biomass (Fig. 3). 
Besides the larvae of Chaoborus and Tendipedidae only Oligochaeta were com
mon for the profundal of the three m entioned lakes; the la tte r were present, 
however, in inconsiderable numbers, sim ilarly as the few rem aining other com
ponents.
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A different situation prevailed in lake Upinek which represents a transition 
type between a eutrophic and a pondlike lake and in lake Arklickie th a t is 
a typical pondlike lake the entire bottom of which was covered by plants. 
Smaller differences have been observed between the littoral and the profundal 
fauna of these lakes than in the mentioned above. The larvae of Tendipedidae 
were of greatest im portance in the profundal of these lakes (Fig. 3).

The littoral fauna of the lakes under study was characterized as a rule by 
a higher quantity  of components in comparison w ith the profundal. Of greatest 
significance were the Tendipedidae larvae here, the most num erous in all the 
sampling places. From the biomass point of view Dreissensia was dominant in 
lake Żywy, Oligochaeta dominated in lake Upinek, and the Sialis larvae were 
most im portant at one collection stand of lake Smolak.

C. S E A SO N A L  C H A N G E S

A considerable decrease in the total biomass of the bottom fauna took place 
in all the lakes in Ju ly—Septem ber (Fig. 5). I t  is in accordance w ith most data 
found in literature (among others Alm 1922, L u n d b e c k  1926, T y u t e n k o v  1959). 
That drop was least noticeable in a very poor lake, Smolak. From spring the 
bottom fauna quantities grew sm aller and smaller. Similarly, they kept gradu-

Fig’. 5. Seasonal changes in bottom fauna biomass of the studied lakes

ally increasing after the summe minimum. The above tendency could be seen 
both at the m id-lake and littoral stands from the point of view of the biomass 
and num bers as well. The spring biomass, however, was higher than  that in 
the autumn, whereas the spring num bers were lower than the autum n ones. 
Those differences were results of changes in the average size of an organism. 
Changes in the biomass and num ber of the Tendipedidae larvae found in 
a m id-lake sampling place of lake Arklickie may serve as an example here
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(Fig. 6). A considerable disproportion betw een the biomass and the num ber in 
the early part of the season was due to the presence of big forms (T e n d ip e s  f.l. 
p lu m o su s , T . f.l. se m ired u c tu s), the num ber of which decreased gradually beca
use either of flying out or m ortality. A relative increase in the quantity  (in 
relation to the biomass) during the second part of the season was connected 
w ith the appearance of sm aller forms (P o ly p e d ilu m  e x  gr. n u b ec u lo su m , O rth o -  
c lad iinae gen? I. orielica) and juvenile individuals of other T e n d ip e d id a e . D ur
ing the w inter there was only a slight drop in the number, while the biomass 
grew as a result of individual growth.

Fig. 6. Seasonal changes in biom ass and num bers of Tendipedidae la rvae in one 
of the  sam pling places of lake A rklickie

It has been found that all the components had sm aller biomasses in the 
warm est part of the season. That tendency has been observed not only in the 
case of the larvae of the insects which leave the aquatic environm ent b u t also 
in the case of other components such as Oligochaeta or Asellus. It is possible to 
conclude therefore that either some changes occurred in the environm ent or 
the feeding activity of fish increased. It can be also that when some insects had 
left the aquatic environm ent the pressure exerted by fish on the rem aining 
components of the bottom fauna became greater.

4. DISCUSSION

The above-presented results suggest a considerable differentiation of the 
bottom fauna both in its num ber and biomass in the lakes under study.

Comparing w ith the data provided by lite ra tu re  ( L u n d b e c k  1926, K a j a k  
1965, W ó j c i k  1955) and taking into account the criteria published in a work 
by P i e c z y ń s k a  et al. (1963), it is possible to state  that the average biomass 
was very high in lake Żywy, high in lake Arklickie, m oderate in lake Piecek 
and lake Upinek, and very low in Smolak. Pieczyńska et al. (1963) obta
ined entirely different results for these lakes, but since they were grounded on 
single or small series of sampling they m ight have been accidental, otherwise 
it would be possible to speak of considerable variability in particular years.

Numerous authors (among others A l m  1922, L u n d b e c k  1926, M a r k o s j a n  
1959 and according to V i n b e r g  and L y a k h n o v i c h  1965, among others: 
L y a k h n o v i c h  1961 and 1964, W i r z h u b s k i ,  S a r i g  1954, J o f f e  et al. 1955, I l I n ,
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B a c h t i n a  et al. 1956) tried  to find a positive correlation between the bottom 
fauna biomass and the fish yield of inland w ater bodies of various types. Their 
data, however, frequently  fail to provide sufficient evidence. The above-men
tioned correlations between the total biomass of the bottom fauna and the fish 
yield have not been observed in the lakes under study either (Fig. 7A). But 
it  has been found that the lakes of a high fish yield usually had considerable 
biomasses of Tendipedidae in their profundal, whereas the lakes of a low yield 
contained a small biomass of Tendipedidae (Fig. 7B).

Lake

Fig. 7. Correlations betw een bottom  fauna  and fish yield of the studied lakes
(duble-logscales)

C o r re la tio n s  b e tw e e n  f is h  y ie ld  and: A  — b o tto m  fa u n a  b io m a ss , В — b io m a ss  o f T en d ip ed id a e  
la rv a e , С — n u m b er p e r ce n ta g e  o f  T en d ip e d id a e  in  p ro fu n d a l, D — n u m b er  p e r ce n ta g e  o f  
C h aob oru s in  p ro fu n d a l, E — ra tio  o f  T en d ip ed id a e  n u m b er in  p r o fu n d a l to  th e ir  nu m b er in  
l it to r a l (P /L  in d ex ), F  — w e ig h t  p e r ce n ta g e  o f  O rth o c la d iin a e  — T e n y te r s in i w ith in  lit to r a l

T en d ip en d id a e

Not only quantitative but also qualitative data can be useful when characte
rizing a lake. The lake typology has been based on the composition of the pro
fundal fauna ( T h i e n e m a n n  1922, B r u n d i n  1949), while M a c a n  (1955) has made 
attem pts to link the Corixa species present in the littoral of a lake w ith the 
limnological type of the latter. The present work has taken into account the 
fauna composition in order to characterize the lakes and their fish yields.

It turned out that the higher percentage of the Tendipedidae larvae was in 
the profundal fauna, the better fish yields were (Fig. 7C). On the contrary, 
a higher proportion of the Chaoborus larvae in the total num ber of the pro
fundal fauna was connected w ith a lower yield (Fig. 7D). The ratio of the 
num ber of Tendipedidae in the profundal to their num ber in the littoral was 
also of great significance (Fig. 7E). The lakes of a high fish yield showed 
sm aller differences between those two zones (a higher P/L index) than the lakes 
of poorer yields. The Orthocladiinae and Tanytarsini larvae found in the 
litto ra l were also clearly im portant as indicators. When the common percentage
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share of these two groups of the littoral Tendipedidae is geing considered, 
then a clear positive correlation between th a t proportion and the fish yield 
is obvious (Fig. 7F). It should be explained that both Orthocladiinae and Tany- 
tarsini usually are tiny and w ith that fact B r u n d i n  (1958) links considerable 
oxygen requirem ents. The representatives of those two groups, if present in 
the profundal, are forms indicating various degrees of oligotrophy.

It is probable that the above-mentioned correlations do not prove a direct 
relation between the bottom fauna and the fish yield of the lakes under study. 
I may be assumed that they are parallel phenomena independent of each other 
but affected by other factors e.g. chemical ( K o r y c k a  1969). The direct correla
tions, however, between the bottom fauna and the fish yield may sometimes 
exist in certain situations, which is suggested by numerous publications on food 
of fish which are economically im portant and here the bottom fauna and Ten
dipedidae in particular are of considerable significance ( W i l l e r  1924, T h i e n e -  

m a n n  1954). It is possible to think therefore that not by a sheer accident the 
most pronounced correlations have been observed between the Tendipedidae 
num ber and composition and the fish yield.

5. SUMMARY

The presen t w ork has tried to find out the  effects of the bottom  fauna on the 
fish  yield of a lake. The bottom  fauna was studied in five lakes near Węgorzewo, 
w hich have various fish yields and trophism  (Table 1). The sam ples w ere taken  from 
th e  litto ra l and m id-lake collection stands called profundal.

The lakes differed in the ir average biom ass very  clearly (Fig. 1). G enerally  bio
m asses found in the profundal w ere higher than  those of the litto ra l sam pling places 
w henever Chaoborus was m ore num erous in the profundal (Figs 1 and 3).

The Tendipedidae larvae w ere the m ost im portan t com ponent of the bottom fauna 
(Fig. 3, Table II). Taking into account th e ir  qualita tive  composition the fauna sim i
la rity  indices have heen calculated (M a r c z e w s k i , S t e i n h a u s  1959). Then the  la tte r 
w ere used to plot dendrites (Fig. 4), from  w hich one can d raw  the  follow ing con
clusions: 1. The profundal sam pling places of the  lakes are  m ore alike than the litto ra l 
ones. 2. The sm allest diffrences betw een the Tendipedidae fauna of the  litto ra l and 
the profundal have been observed in lake A rklickie and lake Smolak. 3. The lakes 
w hich had sim ilar biomasses and num bers of anim als showed also sim ilarities in 

, composition of Tendipedidae.
A distinct drop in the num ber of bottom  anim als could be seen in all the  lakes 

in sum m er (Fig. 5). D ifferences of seasonal changes in the biomass and num ber 
(Fig. 6), resu lted  from  changes in the average size of organism s tow ards the end of 
the season.

No correlations could have been established betw een the bottom  fauna biomass 
and the fish yield of a lake (Fig. 7A), although there was a correlation betw een the 
Tendipedidae biomass of the profundal and the yield (Fig. 7B) as well as positive cor
relations betw een the fish yield and the percentage of the profundal Tendipedidae 
la rvae  (Fig. 7C), the ratio  of the num ber of the profundal Tendipedidae to the ir qu an 
tity  in the litto ra l (Fig. 7E), and the to ta l percentage of O rthocladiinae and T any tar- 
sini in the litto ral Tendipedidae (Fig. 7F). A negative correlation w as betw een the 
fish yield and the proportion of the Chaoborus la rvae  occuring in the profundal 
fauna (Fig. 7D)

Probably, these correlations do not prove a d irect relation  betw een the bottom  
fanua and the fish yield of the lakes under study but m ay be of value as indicators.

6. STRESZCZENIE

Dla w yjaśnienia w jakim  stopniu fauna denna posiada w pływ  na produkcję 
rybacką w jeziorach przeprow adzono badania fauny dennej w  lito ra lu  i na stanow i-
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skach śródjeziornych 5 jezior położonych w  okolicy W ęgorzewa, w yraźnie ró żn ią 
cych się m iędzy sobą pod względem  w ydajności rybackiej (tab. I).

Z różnicowanie jezior pod względem średniej biom asy było w yraźne (rys. 1). Na 
ogół biom asy na stanow iskach profundalow ych były wyższe niż litoralow ych w p rzy 
padku gdy w profundalu  w ystępow ał w w iększej ilości Chaoborus (rys. 1 i 3).

Najw ażniejszym  składnikiem  fauny dennej były larw y Tendipedidae (rys. 3, 
tab. II). W oparciu o ich skład jakościowy obliczono w skaźniki podobieństw a fau n i
stycznego ( M a r c z e w s k i ,  S t e i n h a u s  1959) i na ich podstaw ie w ykreślono dendry ty  
(rys. 4) z k tórych w ynika że: 1. S tanow iska profundalow e wszystkich jezior są do 
siebie bardziej podobne niż stanow iska litoralow e. 2. N ajm niejsze różnice m iędzy 
fauną Tendipedidae lito ra lu  i p rofundalu  stw ierdzono w jeziorze A rklickim  i Sm o
lak. 3. Podobny skład Tendipedidae w ykazyw ały jeziora o podobnej biom asie i licz
bie osobników.

We w szystkich jeziorach nastąp ił w lecie w yraźny spadek ilości fauny  dennej 
(rys. 5). Różnice w przebiegu zm ian sezonowych biomasy i liczebności (rys. 6) w y n i
kały ze zm ian średniej w ielkości organizm ów w m iarę upływ u sezonu.

Nie stw ierdzono zależności między biom asą fauny dennej a w ydajnością rybacką 
badanych jezior (rys. 7A), zaobserwowano natom iast pew ną zależność między bio
m asą Tendipedidae w profundalu  a w ydajnością (rys. 7B), oraz dodatnie korelacje 
między w ydajnością rybacką a procentem  liczebności larw  Tendipedidae w p ro fu n 
dalu (rys. 1C), stosunkiem  liczebności Tendipedidae w profundalu  do ich liczebności 
w lito ra lu  (rys. 7E) oraz łącznym  udziałem  procentow ym  O rthocladiinae i T an y - 
ta rsin i w  ram ach Tendipedidae lito ra lu  (rys. 7F). U jem na korelacja  w ystąpiła m ię
dzy w ydajnością a udziałem  larw  Chaoborus w  faunie profundalu  (rys. 7D).

K orelacje te nie w skazują zapewne na bezpośrednią zależność m iędzy fauną 
denną a p rodukcją ryb  w badanych jeziorach, mogą mieć jednak  znaczenie w skaź
nikowe.
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