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H. R E N K and H. T O R B I C K I

PRIMARY PRODUCTION AND CHLOROPHYLL CONTENT IN THE 
BALTIC SEA. PART I. PRELIM INARY EVALUATION OF DIURNAL 

CHANGES IN THE GDANSK BAY

Sea Fisheries Institute, Department of Oceanography, Al. Zjednoczenia 1,
Gdynia, Poland

ABSTRACT

Studies were made on diurnal fluctuation of chlorophyll content and of primary 
production in sea water. The smallest concentrations of chlorophyll were found 
before sunrise. The highest ones were observed in early p.m. hours. Sinking of 
phytoplankton as well as grazing of phytoplankton by Zooplankton are considered 
as main causes of the observed decrease in chlorophyll concentration. The mean 
ratio of the chlorophyll increase to the carbon increase in phytoplankton was 
ascertained. During summer, under favourable insolation conditions this ratio 
had a constant value of approximately 0.034 mg chl/mg C. The effective sinking 
rate of phytoplankton was estimated as 2 m/hr. The phytoplankton grazing rate 
for morning hours amounts to obout 3.5«/o hr.

1. INTRODUCTION

It is well known that pigment content in terrestrial plants changes depending 
on living conditions of plants. Y e n t s c h ,  R y t h e r  (1957) and Y e n t s c h, 
S c a g e l  (1958) studied the similar problem in marine phytoplankton. Further 
studies in connection with measurements of concentration of nutrients were carried 
out by L o r e n z e n  (1963) in inshore waters and by R y t h e r  et al. (1961) in 
offshore waters. The studies revealed that this phenomenon is very complex 
( R y t h e r ,  M e n z e l  1959), it can result from adaptation of phytoplankton to 
physical and chemical conditions of the environment ( J ö r g e n s e n ,  S t e e m a n n -  
- N i e l s e n  1965) as well as from grazing the phytoplankton by Zooplankton 
( M c A l l i s t e r  1963 and S t e e m a n n - N i e l s e n  et al. 1962). Adaptation of 
phytoplankton to light conditions affects also the intensity of photosynthesis 
( Y e n t s c h ,  R e i c h e r t  1963). D o t y ,  O g u r i  (1957) observed that maximum  
rate of photosynthesis occurred before noon, whereas minimum rate was observed 
at about 7 p.m. J i t t s  (1969) and N e  w h o  u s e  et al. (1967) when studying 
photoassimilation of carbon in incubators, found that assimilation of carbon in the 
samples of water with phytoplankton taken during daytime was more intense than 
that in the samples taken at night. Since the properties of the Baltic Sea water 
are different from those of other oceanic waters, it may be expected that diurnal 
changes both in chlorophyll content in plankton and in primary production in the 
Baltic Sea will be slightly different from those studied in the oceanic water. 
Changes in chlorophyll content and primary production in the Baltic Sea were 
not investigated in detail, however they had been observed by L a s s i n g ,  N i e m i  
(1971).
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236 H- Renk and H. Torbicki

Recently, studies of biological productivity in the Baltic Sea gain especial 
significance both on account of its role for fishery and protection of marine 
environment. Since there is a tendency to elaborate a model describing the pro­
ductivity or hydrobiological position of the Baltic Sea, including such para­
meters as chlorophyll content and primary production, it is necessary to learn 
about diurnal fluctuations of these parameters, as well as the controlling factors. 
The aim of this paper is to show such fluctuations in chlorophyll content and 
in primary production.

2. MATERIAL AND METHODS

Observations of diurnal changes in chlorophyll concentration and in primary 
production were carried out during 9 cruises of research vessel “Birkut” in 1971. 
Studies on chlorophyll were performed at the following stations located in the 
Gdańsk Bay: J (18°45'E, 54°35'N, depth 54 m), ZP (18°37,E, 54°37'N, depth 28 m), 
G2 (19°20'E, 54°50'N, depth 110 m) and at one station in the North Sea (1°30'W, 
56°00'N, depth 86 m). In order to study chlorophyll content, samples of water were 
taken by means of bathometer usually every 3-6 hr at the following depths:
0.5, 5, 10, 20, 30, and 50 m. The water was immediately filtered through membrane 
filters H. A. “Millipore” which were later stored in a dark desiccator over the drying 
substance at a temperature of — 1°C. The filters were analysed in the laboratory 
according to the method described by S t r i c k l a n d ,  P a r s o n  (1960) i.e. chloro­
phyll was extracted by 90% acetone and extinction of the extract was measured 
at the wave length of 750, 663, 645, and 630 m(i. The chlorophyll content was 
calculated from formula of R e p o r t  of SCOR-UNESCO Working Group (1964).

By “chlorophyll concentration” we understand the amount of chlorophyll-a 
extracted from plankton that was filtered out of 1 m3 of sea water. The chlorophyll 
content in the top water column (e.g. 50 m) denotes the amount of chlorophyll 
contained in the water under the surface of 1 m2 from the surface to a given 
depth (50 m).

Primary production was measured by 14C radioisotope method ( S t e e m a n n -  
- N i e l s e n  1952) at depth of 0.5, 5, 10, 15 and 20 m by carrying out incubation 
in situ twice a day from the sunrise until noon, and from the noon until sunset. 
Primary production in the top water column under the surface of 1 m2 was 
calculated by graphical integration of the curve expressing the primary production 
as a function of the depth. A total radiant energy was measured by means of 
a solarimeter fastened to a special mast on the ship.

The details on methods are described in another paper (R e n k 1972). Si­
multaneously control measurements were taken of temperature, salinity, and 
phosphate content of water. These results are omitted here since they did not 
bring any substantial information to the problem discussed below.

3. RESULTS

D IU R N A L  C H A N G ES IN  CHLOROPHYLL C O N CENTRATIO N

The results of chlorophyll-a m easurem ents made in the Gdańsk Bay 
a t station J  from  14 to 17 Dec., 1971 are presented in Fig. 1. Relative 
values of the same m easurem ents, as related to m ean value of chloro­
phyll-a at a given depth for the whole period of m easurem ents, i.e. from 
Dec. 14, 3 p.m. to Dec. 17, 4 a.m. are presented in Fig. 2. It can be seen 
from  Fig. 2 tha t the relative deviations of chlorophyll concentration from 
the mean value range from 0.8 to 1.5, depending on the time of obser­
vation. On the average, the sm allest chlorophyll values were observed 
in euphotic zone before sunrise and the  greatest values: — in early p.m. 
hours. It can be also seen that the extrem e concentrations of chlorophyll
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Fig. 1. Concentration of chlorophyll-a in water at different depths on station J
(the Gdańsk Bay)

Fig. 2. Relative concentrations of chlorophyll-a as related to the mean for the 
whole period of measurements at different depths at station J. The arrows illustrate 

the probable sinking of chlorophyll agglomerations
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238 H. Renk and H. Torbicki

in subsequent layers are shifted w ith time, being delayed in deeper 
layers. The arrow s in Fig. 2 illustrate  the probable lowering of the 
“ clouds” of chlorophyll (concentration or dispersion of phytoplankton). 
The tim e changes in chlorophyll concentration at given depths result 
u ltim ately  in changes of the total chlorophyll content in the w ater 
column (Fig. 3). The total chlorophyll content in the whole w ater column 
decreases at night.

The diurnal fluctuations were also found in chlorophyll-b content in 
plankton at station J. Changes in total chlorophyll-b content in the top 
w ater column 10, 15, 20, 30, and 50 m high are presented in Fig. 4. The 
lowest concentrations of chlorophyll-b in w ater layers were also observed 
in morning hours. When atm ospheric conditions became worse (growing 
storm), the rhy thm  of d iurnal changes in chlorophyll content was beco­
ming disturbed.

The studies of chlorophyll-a concentration were also carried out at 
station G2, situated in the southern part of the  Gdańsk Deep. Table I 
comprises, besides the dates of sampling, the total chlorophyll-a contents 
in the top w ater column 10, and 30 m high (the total chlorophyll content 
is given in the spots corresponding to a given hour of m easurem ent, 
w ritten  in the first line of the Table).

Fig. 3. Total chlorophyll-a content under the surface of 1 m2 in the top water co­
lumn at different depths at station Jhttp://rcin.org.pl



Primary production & chlorophyll content in the Baltic Sea 239

Fig. 4. Total chlorophyll-b content under the surface of 1 m2 in the top water co ­
lumn at different depths at station J

It can be seen from  Table I th a t in alm ost all m easurem ents taken 
in a.m. hours an increase in chlorophyll concentration was observed,
followed by a decrease in p.m. hours and at night. Exceptions to this
rule were observed in the periods of rough sea, e.g. Nov. 20 at station G2 
or Sept. 1 and Dec. 16 at station J. These deviations from a general 
pa ttern  of changes in chlorophyll content can be explained by considering 
an example of station J  on Sept. 1. In the surface layer, down to 10 m, 
losses of chlorophyll in a.m. hours w ere probably brought about by the  
wave action and mixing of the surface w ater w ith that of deeper layers, 
where phytoplankton is generally less abundant. A proof of continuous 
m ixing of w ater reaching that day down to 10 m can be the fact tha t 
concentrations of chlorophyll and phosphate w ere equal at depths oj.

0.5, 5, and 10 m, w hereas at depth of 20 they differed from those in
the surface layer. On the other hand, the  sum of chlorophyll for 30 m  
layer showed sim ilar changes as in storm less weather.

Sim ilar changes in the chlorophyll concentration were also observed 
on the cruise made in October to the N orth Sea. F igure 5 illustrates 
changes in chlorophyll-a concentration in w aters of a chosen station a t 
depth of 1, 10, 25, 30 m. In the surface layer 10 m deep the sm allest
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240 H- Renk and H. Torbicki

Table 1. Total chlorophyll-a content in top

Date Station

Chlorophyll-a

a. m. hours

1 2 3 4 5 6 7 8 9 10

May 21 g 2 — — 20.4 / / / 22.1 *
June 8 g 2 - - — 17.1 / / / / / /
July 15 g 2 — — 13.4 / / 16.3 / / /
July 19 g 2 — — 22.9 / / / / / /c Aug. 27 g 2 — — — 16.7 / / / / 18.2

rH Sept. 1 J — — — 35.1 \ \ \ \ 30.3
Nov. 20 g 2 — 60.6 * / 61.6 \ \
Dec. 14 J
Dec. 15 J \ \ 8.7 / / 11.0 / / /
Dec. 16 J / 11.8 \ \ 11.6 /

May 21 g 2 — — 40.0 / / / 50.2
June 8 g 2 — — 37.3 / / / / / /
July 15 g 2 — — 30.9 / / 34.2 / / /

a Aug. 27 g 2 — — — 45.1 / / / / /
o Sept. 1 J — — — 81.6 / / / 94.9
CO Nov. 20 g 2 — — 175.5 / / 181.5 / /

Dec. 14 J
Dec. 15 J 28.4 / / 33.6 / / /
Dec. 16 J / 35.9 \ 35.4 /

/ — an increase in chlorophyll c o n te n t ,\— a decrease in chlorophyll con ten t, no

chlorophyll concentration was observed in a.m. hours, followed by an 
increase in chlorophyll concentration during the day until 7 p.m. (Fig. 6). 
The second m inim um  was found in a deeper layer at 6 p.m.

M EA SUR E M EN T S OF PR IM AR Y  PR O D U C TIO N

In order to draw attention to d iurnal differences in photosynthesis 
four series of m easurem ents of prim ary production were carried out at 
station G2 in different seasons; each tim e m easurem ents were taken 
twice a day: in a.m. and p.m. hours. The results are presented in Table II. 
During observations run  in May prim ary production was lower in a.m. 
than  in p.m. hours. These differences were, however, caused by large 
differences in insolation. The energy efficiency of photosynthesis was 
that day higher in p.m. hours than in a.m. hours. In Ju ly  and August the 
energy efficiencies of photosynthesis were higher in p.m. hours than in
a.m. hours.

Ju ly  19th was a very sunny day. In a.m. hours the highest prim ary 
production was found at a depth of 5 m. In the surface layer, in spite 
of high concentration of phosphate, the prim ary  production was lower.
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Primary production & chlorophyll content in the Baltic Sea 241

water columns of 10 and 30 m high

content (mg/m2)

p. m. hours

11 12 1 2 3 4 5 6 7 8 9 10 11 12

/ 23.8 \ \ 20.5 N. \ \ \ 19.0 — — —
/ /

17.6
/ / 19.8

24.5 \ \ \ 18.4 \ N. \ 18.1
/ / / / 18.4 \ \ \ 18.0 — —
V \ \ \ 27.1 \ \ \ \ 24.8 — —

61.0 \ 57.4 —
— — — — 12.0 \ \ 11.1 \ \ \ \ 10.6
12.0 / * 12.8 \ 12.2 V \ \ 11.3
12.8 \ 12.6 / 13.1 / / / 14.7

\ \ \ 40.4 / / / 46.3 — — —
/ /

35.4
/ / 38.2

/ / / / 48.4 \ \ 47.7 — —
\ \ \ \ 66.0 \ 65.8 — —

184.8 174.9 — — — — — — — — —
— — — — 36.8 V 34.6 / / 35.6

35.5 / / /< 37.4 / 40.3 \ \ 35.4
38.0 / / / 39.3 / / 41.3 / / 42 0

measurements.

Thus it should be supposed that the lower prim ary production at the 
surface was caused by an excess of light. Inhibitory effect of excessive 
light on photosynthesis was m ore conspicuous in p.m. hours. A decrease 
in chlorophyll occurring clearly after 12:00 was also the result of excess 
of light that day. In November no solar energy m easurem ents were 
taken, however, according to subjective evaluation, the doses of solar 
radiation during the a.m. and p.m. incubations were similar. In spite 
of this prim ary production during a.m. hours was 3 times as high as 
that in p.m. hours. The differences in the am ount of prim ary  production 
in a.m. and p.m. hours at given depths are illustrated  by Fig. 7.

4. DISCUSSION

PR IM AR Y  PR O D U C TIO N  A N D  CH LOROPHYLL INCREM ENT

Prim ary  production depends, besides other factors, on the amount 
of active chlorophyll. Some m ethods of quantitative m easurem ents of 
prim ary production are based on estim ates of chlorophyll-a content 
( R y t h e r ,  Y e n t s c h  1957). In the light of observations perform ed
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Fig. 5. Concentration of chlorophyll-a in waters at different depths at the station
on the North Sea

Fig. 6. Total chlorophyll-a content under the surface of 1 m2 in the top water co­
lumn at different depths at the station on the North Sea
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Table II. Results of measurements of primary production (1971)

D ate

M ean
tem p .

o f
su r­
fa c e

w a te r
(°C)

M ean  
c h lo r o ­
p h y ll  

c o n te n t  
fo r  10 m  
(m g /m s>

A .m . m e a su rem en ts P .m . m e a su rem en ts

£o

«  3

£
u
M

a, § P
/E

(m
g 

C
/c

al
'1

0*
)

£o
cc

w 3

£
b
M

ft ß

o

«CJ
U

K) M
K  s

M ay 21 11.4 2.1 62 27.2 0.44 281 106.0 0.38
J u ly  19 13.7 2.1 266 247.0 0.92 205 239.0 1.16
A ug. 27 17.5 1.7 105 68.7 0.65 55 98.5 1.79
Sept. 20 8.4 5.7 — 109 — - 33.8 -

E - t o t a l  so l^ r  e n e r g y  In so la r  h a lf -d a y , P -  to ta l p r im ary  p ro d u ctio n  in  th e  top  w a ter  co lu m n  in  
so la r  h a lf -d a y

on changes in chlorophyll concentration, the m ethod of estimation of 
prim ary production from the chlorophyll content gives results that differ 
one from  another depending on the time of the day when m easurem ents 
of chlorophyll were taken. At present, it seems not possible to find out 
a close relationship between chlorophyll content and the factors which

Fig. 7. Dependence of primary production 
on the depth at station G2 in three seasons 

of 1971: spring, summer, autumn

affect the diurnal changes of chlorophyll. Production of chlorophyll is 
a secondary process following the photoassimilation of carbon. Thus the 
increase of chlorophyll depends on prim ary production. On the other 
hand, the augm entation of chlorophyll content depends on radiation
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244 H. Renk and H. Torbicki

conditions under which a plant exists. W ith intense insolations “ degra­
dation” of chlorophyll occurs. This could explain a decrease in the 
arrount of chlorophyll in p.m. hours on Ju ly  19, 1971. However, sub­
stantial losses of chlorophyll at a given depth in diurnal cycle are caused 
by grazing of phytoplankton by phytophagous Zooplankton, and also by 
sinking of phytoplankton.

A trial was m ade to find the relationship betw een the increase in 
chlorophyll in a.m. hours and the prim ary production. The results of 
those calculations are given in Table III. The value ABh/Ph denotes 
a ratio of chlorophyll-a increase in top w ater colum 30 m high to the 
total prim ary production in this volume of water.

Table III. Ratio of chlorophyll increase to primary production (1971)

D a te Station
In so la tio n  

p er  hr  
(c a l/c m 2 -hr)

A* h  hPh
(m g c h l/m g  C)

M ay 21 G, 7.2 0.529
J u ly  15 G, 20.6 0.033
A u g . 27 g 2 14.4 0.029
S e p t. 1 J 31.1 0.034
S ep t. 20 Gj 15.0 0.034
D ec . 15 J 3.1 0.264
D ec. 16 J 3.9 0.382

I.

The table includes average values of ABh/Ph calculated for the pe­
riod of one a.m. hour. In the period from Ju ly  15 to Nov. 20, the ratio 
ABy/Ph was ra ther constant, am ounting approxim ately to 0.032 mg chi/ 
/mgC. Probably th e  sum m er conditions for which m inim um  ABh/P h 
was obtained are  optim al for photosynthesis. For the period mentioned, 
the ratio of chlorophyll increase to assim ilated carbon can equal to 
the  ratio  of chlorophyll to carbon in a cell. This value falls w ith in  the 
lim its of 0.021—0.045 given by E p p l e y  (1968) for the ratio of chlo­
rophyll to carbon in natural phytoplankton. The same value estimated 
for the North Sea by S t e e l e ,  B a i r d  (1962) am ounts to 0.042.

In 3 cases w hen insolation was below 7 cal/cm 2 • hr, the ratio of 
chlorophyll increase to carbon grew clearly.

The losses of chlorophyll from  euphotic layer by sinking of phyto­
plankton are taken  into account in the calculated ratio  of z1Bh/P h by 
the fact that ABh was calculated for 30 m layer, thus, practically exce- 
eding by 10 m the  euphotic zone. On the o ther hand, the losses of chlo­
rophyll caused by  grazing of phytoplankton by Zooplankton will be p re ­
sented below. A fter taking into account the correction for grazing the  
ratio  ABh/Ph is 0.034 mg chl/mg C.
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Primary production & chlorophyll content in the Baltic Sea 245

SIN K IN G  OF PH Y T O P LA N K T O N

No direct m easurem ents w ere taken on sinking ra te  of phytoplankton, 
however, the presented results allow to draw  conclusions concerning 
this problem. In F igure 2, m axima of chlorophyll in  a deeper layer 
correspond to some m axim a of chlorophyll in a given layer, but they 
are delayed. If arrows in Fig. 2 are to “ identify” the same chlorophyll 
cloud a fte r some tim e at a g rea ter depth, the probable sinking rate  of 
chlorophyll clouds can be easily estimated; it am ounts to about 2.5 m /hr 
(apart from  the period of full day insolation). The observed velocity at 
which the chlorophyll “clouds” sink can be hardly considered as the 
sinking ra te  of phytoplankton cells. We will try  to prove th a t the sinking 
rate  of some (large) cells of phytoplankton in the Baltic Sea is higher 
than in the oceanic w ater. The sinking ra te  of the cells of various spe­
cies of phytoplankton in the oceanic w ater, given by d ifferen t authors, 
range from 0.05 m/24 h r to 22.7 m/24 h r ( A n d e r s e n  1957— 1959, 
E p p l e y  et al. 1967, S m a y d a ,  B e l e y n  1966, S t e e l e  1956). The 
average ra te  of cell sinking is of an order of 0.2—0.5 m /hr, which is by 
one order sm aller th an  the observed sinking rate  of chlorophyll agglo­
m erations in the Baltic Sea.

Let us compare the sinking process of the identical cells in the Baltic 
w ater and in  the oceanic w ater. The m ovem ent of a sinking cell can be 
described by an equation expressing the equality of forces affecting the 
cell: the Stockes 1 force on one hand, and the force being the difference 
betw een the weight of the cell and the force of w ater displacem ent, on 
the other:

where: <5C —• density  of cell substance, óB — density of the  Baltic w ater, 
ju —• the coefficient of w ater viscosity assum ed at the m om ent to be equal 
for the Baltic and oceanic w ater, D — “ effective d iam eter” of cell, w 0, 
mB — the sinking ra te  in oceanic and Baltic waters, respectively, V — 
total cell volume, g — gravity  acceleration.

Suppose we take that the  cell mass can be presented as two ele­
ments:

where: m  — mass of dry m atter, which is supposed to  be identical in 
the Baltic and oceanic environm ent, V2 — volum e of aquatic solution in 
the  cell, qb, q0 — densities of body fluids in the cell in the  Baltic Sea and
in the ocean, respectively.

1 In general the Stockes’ law concerns the falling ball, then the shape coeffi­
cient A =  1. Application of Stockes’ law seems to be justified when introducing 
a concept of the so-called cell “effective diameter” and coefficient A ( E p p l e y  
et al. 1967).

A  • 3ttjuD w b — V  (<3c — 5b) g (1)

(2)
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246 H. Renk and H. Torbicki

Taking into account equation (2), equation (1) for the Baltic and 
oceanic environm ents w ill be as follows:

A • 3nju D ioB = ( m + V 2gB — VdB) g (3)
A  • 3nju D w 0 = {vn-\-V2Q0—VdQ) g (4)

w here dQ — density  of oceanic w ater.
Dividing the equations, by their parts one obtains:

vo m + V 2oB Î <5B
w 0 ~  m + V 2o0—Vd0 ^

Since V 2< V  and g0— Qb^^>o~ <5b, be. the  difference in densities of body 
cell fluids in  the ocean and the Baltic Sea is not higher than  the diffe­
rence in densities of oceanic and Baltic w aters, one obtains:

V 2Qb y  <3b >  V 2Q0 V$o

thus: w B> w 0, i.e. the sinking rate  of the same cell of phytoplankton in 
the Baltic Sea is higher than  in the oceanic w ater. If one considers the 
fact th a t w ith  the increase of salinity, its viscosity also increases, ine­
quality  w B> w 0 would be still greater.

From  equation (1) it is evident tha t the  rate  of sinking of a cell is 
proportional to the square of its diam eter. In the surface layer of the  
sea, viz. euphotic zone, the sm allest cells accum ulate since they sink very 
slowly, and on the contrary, the  larger cells accum ulate in deeper layers. 
Some tendencies of the sinking ra te  of “chlorophyll clouds” to increase 
w ith depth can be also seen in Fig. 2. Moreover, E p p l e y  et al. (1967) 
found that the  sinking ra te  of dead cells is about 3 tim es higher than 
that of living cells. On the other hand, phytoplankton collected from 
the depth of 30 m shows a considerably lower photosynthetic activity 
which is supported by our observations as well as by those of N e h r i n g ,  
F r a  n e k  e (1971) on photoassim ilation of 14C in incubators. It can be, 
then, assumed that in the Baltic Sea a part of nhytoplankton below the 
depth of 30 m is dead, thus according to E p p l e y  et al. (1967) data it 
should sink faster. Therefore, it is very  probable that the sinking rate 
of chlorophyll agglom erations of an order of 2 m /hr found from Fig. 2. 
is a m ean effective sinking ra te  of the phytoplankton cells.

G R A ZIN G  OF P H Y T O P LA N K T O N

Large losses of chlorophyll, especially in summ er, are due to the  
grazing of phytoplankton by Zooplankton. Let us consider the  changes 
of chlorophyll in the w ater column under 1 m 2 of the sea surface. The 
following denotations are needed:

B  — the biomass of phytoplankton per unit volume at depth x,
B — dB — the biomass of phytoplankton at depth  x + d x ,
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P — the prim ary  production per unit volume and hr,
G — the am ount of biomass of phytoplankton grazed by Zooplankton 

per unit volume and hr.
Let us express the increm ent of the phytoplankton biomass in the 

w ater volume of 1 m2 • dx  in tim e dt as dB • 1 m 2 * x. This increm ent is 
controlled by the following factors:

P • dt • 1 m2 - d x  — the increase resulting from prim ary production, 
R - dt ' 1 m2 - dx  — the energy losses due to respiration of phyto­

plankton,
Gdt • 1 m 2 • dx  — the  losses of phytoplankton due to grazing by zoo- 

plcnkton,
B • 1 m 2 - dt — the increm ent of phytoplankton mass due to sinking 

from  the upper layer,
(.B — dB) - I m 2 dt — the decrem ent of phytoplankton mass due to sin­

king.
Irrespective to the so-called “ bleaching” of phytoplankton the fol­

lowing equation can express the phytoplankton budget for the w ater 
volume of 1 m2 dx  for morning (a.m.) hours.

dB • 1 m2 ' d x  = (P — R — G) dx  • 1 m2 • dt +  dB • io • dt • 1 m2 (6) 

Equation (6) can be simplified to:
dB

öB — (P — R — G + iu - j~ )d t  (7)d x
dB

accepting —  = g ra d  B, the last equation takes form: 
dx

ÖB = ( P - R  +  i o - grad B - G ) d t  (8)

Precise solving the above equation can be only possible if we know the 
dependence of the functions in the equation upon the time. Assuming 
th a t in tim e A t— 1 h r the particu lar values are constant, we obtain ano­
th er expression for the approxim ated am ount of grazed phytoplankton 
per hr:

AB
G - P  — R-Pta • grad ^

grad B can be obtained from the graph expressing the dependence of 
phytoplankton biomass on depth, and value AB/At from  Fig. 1. Table IV 
contains the results of grazing of phytoplankton by Zooplankton at the 
stations in question. Calculations perta in  to morning hours. P rim ary  
production per h r was approxim ated by dividing the value of prim ary 
production obtained during half day incubation by num ber of hours of 
incubation. The value of energy losses for respiration was accepted 
a fte r R y  t h e r  (1956) fk^O .l P. Besides, the  previously calculated value 
for ABh/APh =  0.034 mg chl/mg C was used in these calculations.
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Table IV. Grazing of phytoplankton

D ate S ta tio n D ep th
(m)

G
(m g c h l/m s • hr)

G / B  100
<%)

5 0.03 1.8
J u ly  15 G, 10 0.02 1.3

5 0.05 1 6
J u ly  16 ZP 10 0.06 1.8

5 0.15 9.4
A ug. 27 Gj 10 0.03 1.9

5 0.25 7 6S ep t. 1 J 10 0 30 10.0
5 0.04 0.7N o v . 20 G. 10 0.15 2.4

M ean 38

G — a m o u n t o f  g ra zed  c h lo r o p h y ll p er  1 m 3 o f sea  w a ter  p er  hr,
GIB  10 0 - p e r ce n ta g eo u s  lo s s  o f  c h lo r o p h y ll per 1 hr d u e  to  grazin g .

The calculated mean value of grazing of phytoplankton in the m or­
ning hours, am ounting to 3.8°/o of chlorophyll mass per h r is high and 
probably burdened with an error. The sources of this error are  the 
following:

a) less precise estim ation of grad B,
b) approxim ated estim ation of prim ary production per hr,
c) less precise estim ation of sinking rate,
d) approxim ated estim ation of energy loss for respiration,
e) omission of the phytoplankton * bleaching” effect (Y e n t s c h, 

S c a g e 1 1958),
f) omission of the factors connected w ith dynamics of the sea, which 

can also affect phytoplankton,
g) omission of the heliotropic properties of phytoplankton (E p p 1 e y 

et al. 1968).
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5. SUMMARY

The paper contains results of diurnal changes in chlorophyll content of plankton 
and in intensity of photosynthesis. Measurements of chlorophyll were carried out 
at 3 stations in the Gdańsk Bay as well as at one station of the North Sea. The 
lowest concentrations of chlorophyll were observed before sunrise. The highest 
concentrations of chlorophyll were found in early p.m. hours. Primary production
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was measured in the Gdańsk Deep. Considerably large differences in primary pro­
duction were observed between a.m. and p.m. hours. The ratio of chlorophyll 
increment to primary production was calculated. It amounted to 0.034 mg chl/mg C 
for summer period with good light conditions.

The sinking rate of phytoplankton was estimated to be 2 m/hr. A trial was 
also made to calculate the rate of grazing the phytoplankton.

6. STRESZCZENIE

W pracy podano wyniki badań nad fluktuacjami dobowymi zawartości chloro­
filu w planktonie oraz nad -wahaniami intensywności fotosyntezy. Pomiary chlo­
rofilu przeprowadzono na trzech stacjach w Zatoce Gdańskiej oraz na jednej stacji 
na Morzu Północnym. Zaobserwowano występowanie najmniejszych koncentracji 
chlorofilu przed wschodem słońca. Największe koncentracje chlorofilu notowano we 
wczesnych godzinach popołudniowych. Pomiary produkcji pierwotnej przeprowa­
dzono na Głębi Gdańskiej. Zaobserwowano stosunkowo duże różnice produkcji 
pierwotnej za okres przedpołudniowy i okres popołudniowy. Obliczono stosunek 
przyrostu chlorofilu do produkcji pierwotnej, który dla okresu letniego przy dobrych 
naświetleniach wynosi 0,034 mg chl/mg C.

Skalkulowano szybkość opadania fitoplanktonu na około 2 m/godz. Podjęto 
także próbę obliczenia szybkości wyżerania fitoplanktonu.
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J. D O N N E R

BERICHT UBER FUNDE VON RÄDERTIEREN (ROTATORIA) 

AUS DER ANTARKTIS

A/2801 Katzelsdorf, Österreich

Ausgezeichnete und zusam m enfassende A rbeiten über die M ikrofauna 
(darunter die Rädertiere) der A ntarktis haben w ir von S u d z u k i 
(1964 ab), S u d z u k i ,  S h i m o i z u m i  (1967), h ier such w eitere L ite­
ra tu r. E rinnert sei an eine kleine russisch geschriebene Abhandlung von 
K u t i k o v a  (1958), ferner an m ehrere Berichte von D o u g h e r t y  
(1964 ab), D o u g h e r t y  et al. (1960), D o u g h e r t y ,  H a r r i s  (1963), 
die antarktische R ädertiere  erw ähnen.

Im Jah r 1962 erhielt ich zur Bestim mung der Rotatorien einen “ Al­
genfilz” (“algal fe it”) vom Ross Island, gesam m elt von L. G. H a r  r i s in 
Zusam m enarbeit m it E. C. D o u g h e r t y .  Darin w aren die A rten  A di­
neta grandis M urray (Abb. 1), Habrotrocha constricta (Dujardin) und 
Macrotrachela insolita de Koning var. (Abb. 2). Vorher schon w ar m it 
im gleichen M aterial begegnet Philodina gregaria M urray (Abb. 3). Diese 
A rt sowie Adineta grandis und Macrotrachela insolita var. sind beschrie­
ben nach den antarktischen Funden bei D o n n e r  (1965) (200—202 m it 
Fig. 147 a; 273 m it Fig. 200 a und 132 m it Fig. 98 1—m).

Schliesslich bekam ich lim Jah r 1970 durch H errn Profesoren Dr R. Z. 
K l e k o w s k i  aus Nencki Institu t für Experim entale Biologie in W ar­
szawa eine Probe aus einem kleinen See vom Haswell Island (66°31'S 
93°00'E, Queen M ary Land), nahe der Sowjetischen antarktischen Station 
“M irny j”. Diese Probe w urde durch polnische Biologen, Dr S. R a k u s a -  
- S u s z c z e w s k i  und Mgr  K.  W.  O p a l i ń s k i ,  im Jah r 1969 in der 
A ntarktis gesam m elt und nach W arszawa in lebendem Zustand gebracht.

Die Probe enthielt: Adineta gracilis Janson, Adineta grandis M urray, 
Habrotrocha elusa elusa Milne, Philodina gregaria M urray, und die mo- 
nogononte A rt Ephiphanes senta (O. F. Müller).

Alle bdelloiden Tiere w aren karotinrot gefärbt, ausser einigen Indi­
viduen von Habrotrocha elusa.
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Abb. 2. Macrotrachela insolita var., Kopf und Sporen (aus D o n n e r  1965)

Abb. 3. Philodina gregaria, total beim Rädern (aus D o n n e r  1965)

LITERATUR

D o n n e r ,  P. J. 1965. Ordnung Bdelloidea (Rotatoria, Rädertiere). In: d’A g u i 1 a r 
[Hrsg]. Bestimmungsbücher zur Bodenfauna Europas. Lief. 6, 1—297, Berlin, 
Akademie Vergag.

D o u g h e r t y ,  E. C. 1964a. Cultivation and nutrition of micrometazoa. I. The
Antarctic rotifer Philodina gregaria Murray, 1910. Trans. Am. miscrosc. Soc., 83, 
1 - 6 .

D o u g h e r t y ,  E. C. 1964b. Cultivation and nutrition of micrometazoa. II. An
Antarctic strain of the tardigrade Hypsibius arcticus (Murray, 1907) Marcus, 
1928. Trans. Am. microsc. Soc., 83, 7 — 11.

D o u g h e r t y ,  E. C., C h i t w o o d ,  B. G., M a g g e n t i, A. R. 1960. Observations 
On Antractic freshwater micrometazoa. Anat. Rec., 137, 350.

D o u g h e r t y ,  E. C., H a r r i s ,  L. G. 1963. Antarctic micrometazoa: Fresh-water 
species in the McMurdo Sound area. Science, 140 (3566), 497—498.

[K u  t  i  k  o v a, L. A.] K y  t m k  o b a, JI. A. 1958. K c]?ayHe KOJiOBpaTOK c no6epe?KbH 
Boctohhom AHTapKTn/ibi [Contributions to the rotifera fauna from the shores 
of the East Antarctic]. Inform. Bjull. sov. antarkt. Eksped., 3, 99.

S u d z u k i ,  M. 1964a. On the microfauna of the Antarctic region. I. Moss-water
community at Langhovde. Jap. antarct. res. Exped. (JARE), Scient. Rep., Ser. E, 
19, 1 -41 .

S u d z u k i ,  M. 1964b. Uber zwei neue Encentrum-Arten (Rotatoria) aus Moss- 
polstern des Südpolarlandes. Limnologica, 2, 349 — 353.

S u d z u k i ,  M., S h i m o i z u m i ,  J. 1967. On the fresh-water microfauna of the 
Antarctic region. II. Stability of faunistic composition of Antarctic microorga­
nisms. Jap. antarct. res Exped. (JARE), Special issue, 1, 216—235.http://rcin.org.pl



PO L SK IE  ARCH IW UM  HYDRO BIO LO G II

(Pol. Arch. Hydrobiol.)
19 3 2 5 3 - 2 6 4 1972

A. H I L L B R I C H T - I L K O W S K A
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ABSTRACT

The abundance and period of occurrence of Keratella cochlearis f. tecta  is exten­
ding with the increase of degree of eutrophy of the water body. The average in ­
dividual size is smaller in August (period of maximal abundance of phytoplankton) 
in comparison to that in June and in the epilimnion in comparison to m eta- and 
hypolimnion. The vertical differentiation on individual size is maintained in the 
circadian cycle.

1. INTRODUCTION

Keratella cochlearis (Gosse) is one of the most cosmopolitan and abundant 
species of planktonie rotifers. It is characterized also by a greatest morphological 
variation among Rotatoria. This variation regards the following features: length 
of spines of the lorica, particularly of posterior spine, size of the lorica, form of 
structural elements of the lorica and their ornamentation, form of the lorica. The 
size of lorica and length of posterior spine undergo the greatest variation (Fig. 1). 
Variation of these features served L a u t e r b o r n  (1901) to distinguish forms with  
decreasing size of lorica and length of posterior spine, arranged in a so-called  
“tecta” series. This series is initiated by the form macracantha, the largest one and 
with the longest spine (Fig. 1 A), followed by forms with smaller lorica and shorter 
posterior spine — /. typica  (Fig. 1 BCD) and /. micracantha (Fig. 1 EF). This series 
is closed by a minute form, devoid of posterior spine, so called /. tecta  (Fig. 1 GH).

Fig. 1. “Tecta” series of Keratella cochlearis: A — f. macracantha (after Voight 
1957); B, C, D — /. typica; E, F — f. micracantha; G, H — /. tecta (after P e j l e r  

1957). a — length of lorica, b — length of posterior spine
http://rcin.org.pl
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The degree of development of particular forms and their occurrence in a po­
pulation of K. cochlearis in a given water body, may be various. Most frequently 
the simultaneous occurrence of two forms (e.g. f. typica  and f. tecta) is observed, 
occasionally several forms with varieties exhibiting intermediate features.

The analysis of morphological variation of K. cochlearis population leads to 
a distinction of two general patterns (P e j 1 e r 1957, 1962). First one concerns in ­
terhabitat variation that results in morphological individuality of the whole 
K. cochlearis population occurring in a water body. The second one relates to seaso­
nal variation, manifesting itself by a directed tendency of changes in size of indi­
viduals in the population of a given water body. As regards the first type of va ­
riation, it has been generally found that in fertile water bodies, e.g. eutrophic and 
hypertrophic lakes (like those polluted with sewage) and in ponds the average 
individual size of K. cochlearis is smaller and their posterior spines are shorter, 
in comparison with individuals occurring in less fertile water bodies, like m eso- and 
oligotrophic lakes. P e j l e r  (1962) found a positive correlation of individual size 
with transparency of a dozen of Swedish lakes he investigated. This may suggest 
that the abundance of phytoplankton and seston is the factor influencing a local 
morphological variation of K. cochlearis population.

The second type of variation, the seasonal one, is a widespread phenomenon, 
particularly as regards populations occurring in larger water bodies, including 
lakes. During the time from spring to autumn the average individual size decreases 
and at the same time the occurrence of f. tecta is being intensified ( C a r l i n  1943), 
so that at the end of summer and-in autumn the share of this form is high and it 
may dominate in the population of K. cochlearis. This in turn points to a thermic 
and/or trophic factor as possibly controlling the cyclic changes of size and shape of 
individuals of K. cochlearis.

As follows from the foregoing, the character of variation of K. cochlearis (ana­
logically to some -other species of Rotatoria) is in some measure opposed to envi­
ronmental and seasonal variation of planktonie crustaceans as Daphnia or Bosmina 
In these genera the improvement of trophic conditions results in an increase of 
body size, whereas the cyclic variation connected with water temperature and den­
sity (cyclomorphosis) consists in an enlargement or lengthening of certain body 
elem ents (head, antennae) ( M a n u j l o v a  1964), but not in a decrease, as in the 
case of K. cochlearis.

The present investigation aims at analysing the occurrence of f. tecta in seve­
ral lakes of a various morphological and trophic character, as well as analysing in 
details the seasonal and vertical variation of all individuals of K. cochlearis in Lake 
Mikołajskie, a typical eutrophic one.

2. TERRAIN DESCRIPTION AND METHODS

The investigations were carried out on the following lakes: Warniak (pond-like, 
maximum depth 3.7 m), Jorzec (strongly eutrophic, bradymictic, maximum depth 
11 m), Flosek (dystrophic, maximum depth 8 m), North Mamry (a-mesotrophic, 
maximum depth 44 m), Tałtowisko jß-mesotrophic, maximum depth 39.5), Mikołajskie 
(eutrophic, maximum depth 27.8 m), Sniardwy (eutrophic, polymictic, maximum  
depth 21.2 m). On lakes Mikołajskie and Tałtowisko the investigations were carried 
out during two succeeding years, on the remaining ones during one season. Samp'es 
for quantitative examination were collected every 5 — 14 days from April till No­
vember (except for the Lake Mamry North where the investigations were carried 
out only in summer) using a 5-litre sampler of B e r n a t o w i c z  type ( B e r n a t o ­
w i c z  1953). A net was used with meshes of 50 microns. In each sample the K. co­
chlearis individuals and forms (Fig. 1) were counted in a portion of sediment corres­
ponding to at least 0.5 1 of filtered lake water. In each sample from Lake Mikołaj­
skie at least several tens of individuals of K. cochlearis were moreover measured, 
separately the length of lorica and of posterior spine (scheme of measurement — 
Fig. 1).

3. RESULTS

In the exam ined w ater bodies the species K. cochlearis is one of most 
num erous components of Zooplankton (numbers from  several hundreds 
to several thousands per litre), particu larly  in  strongly eutrophic lakes
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( H i l l b r i c h t - I l k o w s k a  1967). It appears at the beginning of A pril 
and occurs incessantly till the end of November. Almost exclusively two 
forms are present — typica and tecta, both /. macracantha and micra- 
cantha were encountered sporadically and in small num bers.

Analysing the occurrence of /. tecta in the exam ined populations 
of K. cochlearis (Table I) one can state, tha t the duration of occurrence 
of this form (in rela tion  to occurrence of the species), its m ean share in 
the population and m ean abundance during its occurrence, a re  in general

Table I. The duration of occurrence, abundance and the share of K. cochlearis /. tect\ 
in whole population of K. cochlearis in the epilimnion of several lakes of differena

morphometry and trophy

M
ax

. 
d

ep
th L ake  

(type, year)
P er io d  o f  o c c u r ­
r en ce  o f f.  t ec t a

D u ration  
o f o ccu r­
r en ce  in  
r e la tio n  

to  w h o le  
p o p u la tio n  

(50

M ean  
n u m b er  
f. t e c t a  
( in d ./l)

S h a re  o f  
f. t e c t a  

in  w h o le  
p o p u la tio n

(%)

M ik o ła jsk ie 1963 15 Ju n e  -  15 N ov . 70 90 36
(eutrop hic) 1964

1965
1 J u ly  — 10 N ov . 

15 Ju n e  — 10 N ov .
65
65

43
72

28
30

£
o
CO

<D T a łto w isk o 1963 1 J u ly  — 15 N ov. 65 51 22
O (ß -m esotrop hic) 1964 1 A ug. -  1 Oct. 30 41 23
<d

M am ry N orth  
(a -m esotrop h ic)

1967 1 J u ly  -  1 Sept. - 4 5

W arniak
(p o n d -lik e )

1967 1 J u n e  -  20 S ept. 71 35 16

E
o
CM

J o rzec
(eu trop h ic )

1967 1 A ug -  1 Oct. 41 15 10

£
a!
.a

S n ia rd w y
eu tro p h ic)

1966 20 J u ly  -  20 Oct 48 11 14

F lo se k
(d y stro p h ic )

1966 1 J u ly  — 1 S ept. 46 2 3

grea ter in deeper lakes (over 20 m) in comparison to shallower ones, 
w hereas w ithin lakes sim ilar as to their m orphom etry, these values are 
g rea ter in more fertile  lakes (eutrophic) in comparison w ith  less fertile  
ones (mesotrophic, distrophic). Consequently e.g. these values are  in
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general g rea ter in an eutrophic Lake Mikołajskie in comparison w ith 
/?-mesotrophic one Tałtowisko and a-m esotrophic N orth Mamry; in the 
last one the share of this form  in K. cochlearis population am ounts to 
m erely a few per cent. In the group of shallower lakes (below 20 m) — 
this form  occurs most persistently  and abundantly in a pond-like Lake 
W arniak, b u t less abundantly  and during a shorter period in eutrophic 
lakes represented  by lakes Śniardw y and Jorzec, and only sporadically 
in a dystrophic Lake Flosek.

The above said differences in the character of occurrence of K. co­
chlearis f. tecta  in the chosen lakes, seem to point to its lim netic cha­
rac ter on the one hand, i.e. more abundant and persistent occurrence in 
deeper lakes, and on the o ther to its indicatory character as for trophy 
of the  w a te r body. These differences do not appear accidental, i.e. con­
nected w ith  specificity of the  given vegetative season (investigations in 
particu lar lakes w ere carried  out in different years) which is proved by 
results from  lakes M ikołajskie and Tałtowisko (Table I) obtained in se­
veral successive years.

Fig. 2. Vertical distribution of the number of Keratella cochlearis and the percenta­
ge of f. tecta  in July and August in Mikołajskie Lake. Percentage of j. tecta in 

July (1) and August (2), number of K. cochlearis in July (3) and August (4)
http://rcin.org.pl
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K. cochlearis f. tecta occurs m ainly in surface layers (Fig. 2). In  these 
layers the share of f. tecta in Ju ly  (low density of population) attains 
20°/o, w hereas in August (numerous population) it rises even to 70%. The 
share of /. tecta in m eta- and hypolim nion of th is lake does not exceed 
in any of these periods 10% of the whole population. It is even low er in 
m eta- and hypolim nion of the rem aining lakes of lower trophy and in 
Lake N orth M amry this form was not found at all in m eta- and hvnn- 
limnion.

A detailed analysis of the course of seasonal changes in  abundance 
of K. cochlearis f. tecta (Fig. 3) in surface layers of Lake M ikołajskie in­
duces to the statem ent, tha t this form appears in the population K. co­
chlearis not before m id-June, w hen the epilimnion tem pera tu re  is at 
least 16°C. The discussed form is encountered in the lake till the end 
of autum nal circulation, w hen the tem peratu re  of lake w a te r falls to 
about 9°C. The highest percentage of form tecta in epilim netic popu­
lation of K. cochlearis is observed in August and Septem ber (Fig. 3).

Fig. 3. Seasonal changes of the number of K. cochlearis (1), percentage of f. tecta (2) 
and temperature (3) in epilimnion of Mikołajskie Lake (1964)

Beside the seasonal and vertical changes of occurrence of K. cochle­
aris f. tecta, the size of f. typica as well as the size of the f. tecta itself 
undergoes also seasonal and vertical changes (Table II).

The m ean total length of individuals of /. typica, occurring in the po­
pulation K. cochlearis of the Lake Mikołajskie in m id-June, is in all 
therm ic layers g reater in comparison w ith specimens of the sam e form 
occurring in m id-August (Table II). And so, m ean total length of indivi­
duals occurring in epilim nion (0—7 m) in June  falls w ith in  the range 
150—180 p, while in August 140— 160 p; for deeper layers (8—20 m) 
the ranges are 180—200 p. and 160— 190 p, respectively. On an average
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Table II. The variation in the dimensions of K. cochlearis f. typica and of f. tecta as 
related to depth (means from 20—40 measuremants)

D ep th
(m)

f. t y p i c a
f. t e c t a  
lo r ic a

A u g u st
(b

lo r ica p o s te r io r  sp in e to ta l le n g th

Ju n e
(b

A ugust
(ib

J u n e
(b

A u g u st
<b

Ju n e
<b

A u g u st
(b

0 112 100 40 36 151 140 98
4 112 105 43 44 154 145 100
8 128 110 56 50 179 160 101

12 125 115 59 54 187 175 105
16 133 125 57 60 185 183 112
20 135 127 63 60 196 187 120

the  specimens occurring in the epilim nion in August are shorter by 15°/o 
than  those occurring in June. This difference, as it follows from  Table II, 
consists of length reduction of the lorica as well as of pesterior spine. 
It should be added, tha t the  therm al stratification in both m onths of 
the  year of investigation was sim ilar: the epilimnion (0—8 m) tem pera­
tu re  was about 19°C, tha t of hypolim nion (deeper than  12 m) — 8— 9°C; 
the therm ocline occurred in the layer 8— 12 m.

Irrespective of the above seasonal changes, the total length of /. typica  
(both length of lorica and of posterior spine) exhibits a distinct vertical 
variation, tha t is increases w ith  depth. In both periods of investigations, 
June  and August, individuals occurring in the hypo- and m etalim nion 
(depth below 8 m) are longer by about 20—25% than those from surface

Fig. 4. Diurnal changes in vertical distribution pattern of K. cochlearis f. tecta (in 
percentage of the total number of K. cochlearis) in August, Mikołajskie Lake
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layers. The changes of dimensions of lorica and of spine in K. cochlearis 
from Lake M ikołajskie seem to be proportional, since the ratio of spine 
length to total length is sim ilar in all individuals from different therm al 
s tra ta  and am ounts to about 1/3.

The vertical variation of lorica size of f. tecta is analogical to this va­
riation of size of f. typica (Table II). Although the decided m ajority  of 
individuals of /. tecta occurs in epilimnion (Fig. 2) the  few ones found 
in the hypolim nion are by 20—25°/o longer th an  those from the epi­
limnion.

The morphological d ifferentiation of populations from various layers 
persists in the circadian cycle. This is indicated by: lack of changes in

Fig. 5. Diurnal changes in vertical distribution of the mean size of K. cochlearis 
j. typica individuals; August, Mikołajskie Lake

Fig. 6. Diurnal changes in vertical distribution of the mean size of K. cochlearis 
f. tecta  individuals; August, Mikołajskie Lake
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vertical stratification of /. tecta in circadian cycle (Fig. 4) and results of 
m easurem ents of individuals of /. typica and f. tecta sam pled at various 
depths and various hours in mid August (Fig. 5, 6), at a tim e most s tron ­
gly m anifested therm al stratification in Lake M ikołajskie. This seems 
to prove the lack of circadian m igrations crossing the borders of therm al 
s tra ta  and lack of m ixing of populations of various morphological cha­
racter.

4. DISCUSSION

The above observations concerning both the character of occurrence 
of Keratella cochlearis f. tecta and the character of size changes in f. t y ­
pica and /. tecta, corroborate the results of other authors ( C a r l i n  
1943, C o  m i t  a, M u n r o  1960, P e j l e r  1957, 1962, B u c h n e r  et al. 
1957, P  o u r r i o t 1964). These authors tend to explain the variation of 
K. cochlearis by seasonal and vertical variation of tem peratu re  or by the 
trophic factor. However no univocal statem ent of w hat factor is decisive 
and w hat is its mechanism of action results from these investigations.

The results of the present investigation seem to point to the trophic 
factor, connected presum ably w ith phytoplankton abundance, as deci­
ding over morphological variation of K. cochlearis. The tecta form of 
this species occurs chiefly in the epilimnion (0—7 m), the  average tem ­
p era tu re  of which is approxim ately the same for various deep lakes (Mi­
kołajskie, Taltowisko, Marnry) and in sum m er it is most often 17°C, ne­
vertheless this form occurs the more abundantly  and persistently, the 
h igher is the lake fertility  (Table II). In the  epilim nion of Lake Miko­
łajskie the m aximum  occurrence of /. tecta falls on periods of both high 
tem peratu re  (August) and low one (September) (Fig. 3). Individuals of 
K. cochlearis occurring in June and August differ as to morphology and 
size despite of sim ilarity of m ean tem pera tu re  for the respective therm al 
s tra ta  in both periods. On the other hand the lakes in which f. tecta 
occurs most abundantly  and periods of dom ination of this form, the  size 
of individuals of the  whole population being relatively  small, both are 
characterized by abundant occurrence of phytoplankton. And so accor­
ding to H i l l b r i c h t - I l k o w s k a ,  S p o d n i e w s k a  (1969) and 
S p o d n i e w s k a  (1967) the average phytoplankton biomass in the epi­
lim nion of Lake Mikołajskie is of the order 5—7 mg/1 w ith a distinct 
m axim um  in August (up to  15 mg/1) while in lakes Taltowisko and 
Sniardw y the average biomass am ounts to 1.5—3.0 mg/1 w ith sum m er 
m axim um  significantly lower in comparison to an analogical period in 
Lake Mikołajskie. Basing also on the trophic factor one can explain the 
vertical variation of individual size (Table II) — sm aller ones and w ith 
the excess of /. tecta display the most abundant occurrence in surface 
layers, that is not only the w arm est layers, but also those with the 
highest phytoplankton concentration. Analogical differences betw een in-
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dividuals from various therm al stra ta  w ere noticed by B e r z i n s  (1958) 
for the species Kellicottia longispina.

Thus in the case of th is species, analogically to other rotifers, the 
possible indicator of favourable food conditions would be the occurrence 
of individuals of sm aller size as well as of /. tecta, as a sm all m orpho­
logical form. In another ro tifer species, Brachionus calyciflorus, R a u h  
(1963) have found tha t individuals cultured either in b e tte r  food condi­
tions, or in higher tem perature , are sm aller than  those cu ltu red  in worse 
food conditions or at lower tem perature. These experim ental results de­
m onstrate that the effect of both trophic and therm al factors may m ani­
fest itself in a sim ilar variation. Nevertheless in the case of the species 
K. cochlearis, in compliance w ith the present results, its morphological 
variation — occurrence of a m inute form and a decrease of individual 
size — seems to be chiefly depending on the  trophic factor. Such expla­
nation of causes of variation in this species is adm itted also by P e j 1 e r 
(1962).

It rem ains to be explained w hat adaptative significance m ay have in 
this species the shortening of body dimensions in favourable food condi­
tions, when at the same tim e in the case of planktonie organism s as cru ­
staceans, particu larly  Cladocera, the opposite is common — individuals 
living in favourable food conditions, e.g. fertile  w ater bodies, are cha­
racterized by g rea ter dimensions of the body. In this point the  hypothe­
sis of E r m a n (1962) on the role of posterior spine and of the  lorica as 
a some sort of adaptation enabling a be tter utilization of nu tritive  suspen­
sion, seems interesting although controvensial. K. cochlearis is a typical 
sedim entator, th a t is it drafts the food particles to the m outh by means 
of w ater cu rren ts  raised by m ovem ents of the trochal disc. According 
to analyses of stomachs carried out by this author, K. cochlearis feeds 
m ainly on very fine detritus (order of 1 — 2 n.), bacteria and very fine 
nannophytoplankton. This explains the occurrence of the discussed spe­
cies in periods of phytoplankton abundance (spring) as w ell as in periods 
of sum m er blooms composed m ainly of Cyanophyceae, w hen the abun­
dance of de tritu s and bacteria is high. According to the suggestion of 
E r  m a n (1962), the posterior spine acts as a sort of stabilizer, making 
the  functioning of the trochal disc more effective, tha t enables the ani­
m al to provide against lack of food in  conditions of its low concentration. 
On the o ther hand in conditions of high food concentration the increase 
of effectiveness of functioning of trochal disc is not necessary, hence in 
such conditions the small forms may occur, or forms devoid of posterior 
spine like /. tecta. In compliance with this hypothesis both forms would 
then differ in velocity of m ovem ent and rate  of filtration, the  values 
being higher for /. typica (with spine-stabilizer) and lower for the form 
tecta (without spine). In fact H a l  b a c h  (1971) carrying out experim ents 
w ith Brachionus calyciflorus — a species of a variation analogical to K.
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cochlearis, has noticed that individuals with posterior spines exhibit 
a h igher filtration  rate  and move faster than those devoid of posterior 
spines 1.

A lthough K. cochlearis f. tecta seems to be an indicatory form  for 
trophic conditions of the w ater body, since it occurs the m ore persisten tly  
and abundantly , the higher is the eutrophy, however its share in  th e  
population of K. cochlearis in deeper lakes is higher th an  in shallow er 
ones. This m ay lead to a supposition that in  deeper w ater bodies exist 
general possibilities of a m arked and persistent environm ental d ifferen ­
tiation of pelagic stra ta  (therm al, light, food stratification, thus creating 
conditions that stim ulate the species variation and coexistence of various 
form s to a higher degree than  shallower lakes, characterized generally  by 
g rea ter hom ogeneity of the w ater column. In a lake w here the w ater le­
vel was rapidly  lowered, shifting the conditions towards the litto ra l ones, 
P a  r i s e  (1961) established, that the population of K. cochlearis th a t 
exhibited  before the lowering wide range of variation of individuals, 
a fte r  the  lowering showed a narrow er range and sm aller average size 
of individuals. Analogically P  e j 1 e r  (1957) and C a r l i n  (1943) suggest, 
th a t in shallow w ater bodies one form  is found in general, exceptio­
nally  coexisting two forms, w hereas in conditions of great lakes th e  
coexistence of several forms is encountered more frequently , th e  occur­
rence of tw o forms being very  common.

5. SUMMARY

The occurrence of K. cochlearis f. tecta in several water bodies, differing 
morphologically and trophically, was analysed, and the occurrence of this form and 
morphological variation of individuals K. cochlearis in an eutrophic Lake Mikołaj­
skie was examined in detail.

It has been found, that /. tecta occurs chiefly in the epilimnion, more abun­
dantly and persistently in deeper lakes in comparison to shallower ones, whereas 
within lakes morphologically similar — it is more numerous in fertile ones.

The average size of individuals of K. cochlearis occurring in Lake Miko­
łajskie is smaller in August than in June, at similar thermic conditions, but d iffe­
rent phytoplankton abundance, that attains its maximum in August (biomass about 
15 mg/1). The size of individuals of K. cochlearis, including tecta forms occurring 
in the epilimnion is smaller by 20-25% than that of individuals found in the meta- 
limnion and hypolimnion.

The differentiation of individuals is maintained during the whole summer 
season (comparison was made of results from mid-June and mid-August) and du­
ring the twenty four hours cycle.

An assumption is put forward of a trophic factor, connected presumably with  
the abundance of phytoplankton and seston, as decisive for the morphological va ­
riation of K. cochlearis.

1 After the opinion of this author these results do not agree with the hypothe­
sis of E r m a n  (1962), since he admits that after this hypothesis individuals devoid 
of posterior spines should move faster and filter more effectively than those with  
spines.
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6. STRESZCZENIE

Analizowano występowanie K. cochlearis f. tecta w kilku zbiornikach różnych 
m orfologicznie i troficznie oraz szczegółowo przebadano występowanie tej formy 
oraz zmienność morfologiczną osobników K. cochlearis w eutroficznym jeziorze Mi­
kołajskim.

Stwierdzono że /. tecta występuje głównie w epilimnionie, licznej i trwałej 
w  zbiornikach głębszych w porównaniu z płytszymi, zaś w obrębie podobnych m or­
fologicznie jezior — liczniejsza jest w jeziorach żyznych.

Przeciętna wielkość osobników K. cochlearis występując w jeziorze Mikołajskim  
jest mniejsza w sierpniu w porównaniu z czerwcem przy podobnych warunkach ter­
micznych, ale różnej obfitości fitoplanktonu, którego maksymalny rozwój (biomasa 
rzędu 15 mg/l) przypada na sierpień. Wielkość osobników K. cochlearis, w tym  
f. tecta występujących w epilimnionie jest około 20-25%) mniejsza od osobników  
przebywających w meta- i hypolimnionie.

To zróżnicowanie osobników utrzymuje się w całym sezonie letnim (porówny­
wano połowę czerwca i połowę sierpnia) oraz w cyklu dobowym.

Wysunięto przypuszczenie o decydującym dla zmienności morfologicznej K. co­
chlearis czynniku troficznym związanym prawdopodobnie z obfitością fitoplanktonu 
i sestonu.
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ABSTRACT

Demographic processes of Brachionus rubens populations were investigated in cul­
tures with either Aerobacter aerogenes bacteria or Chlorella vulgaris algae as food, 
differing in volume and in initial densities of animals. Biologically most vital were 
the populations fed with algae, with low initial densities. Unfavourable environ­
ment conditions stimulate an increase of the level of micticity, a shift of repro­
duction pattern from parthenogenetic to sexual and, in effect, a decrease of the 
extent of a population. Mictic females of B. rubens can be impregnated only before 
they start to produce eggs. Copulation after haploidal eggs had been produced does 
not cause impregnation nor change the type of eggs.

1. INTRODUCTION

We know little about rotifers as a link in the chains of matter and energy 
transformations in trophic biocenoses. However, many authors believe that because 
of their speed of reproduction and their large amounts, rotifers are apt to play 
an important role both as consumers and as food for other trophic levels ( E d ­
m o n d s o n  1960, 1962, 1965, G a l k o v s k a j a  1965, G r y g i e r e k  1963, H i l l ­
b r i c h t - I l k o w s k a  1964). Plankton Rotatoria are particularly important in fish 
farms, since they are the basic food for fry of e.g. Cyprinus carpio during the first 
period of its life ( T r z o c h - S z a l k i e w i c z  1971).

As the role of rotifers in a reservoir is determined by the size of a population, 
the dynamics of growth of natural and laboratory populations are studied by many 
authors and in many aspects.

The materials here presented are an introductory part of a bioenergetic study 
of Brachionus rubens, a plankton microphiltrator.

The species was selected because of its mass appearance, usually during the 
whole vegetation season, in strongly eutrophized reservoirs, such as fish ponds and 
sedimentary ponds in sewage clearance systems.

The cycle of development of Brachionidae is marked by metagenesis (Fig. 1). 
Parthenogenetic generations of amictic females lay diploidal oocytes (without meiosis) 
from which females only develop, either amictic or mictic. The oocytes of mictic 
females undergo meiosis, i.e. they are haploidal. Males devolop from unimpregnated 
haploidal eggs of mictic females. Impregnated oocytes are resting eggs from which 
the first generation of amictic females would be born in spring.

The appearance of mictic females and sexual reproduction is stimulated by 
unfavourable changes of th e environment ( B i r k y ,  G i l b e r t  1971, R u t t n e r -  
- K o l i s k o  1964), e.g. by a sudden fall of temperature or a change of the diet.
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Fig. 1. Life cycle of the monogonont rotifers. “Mitosis” and “meiosis” refer to the 
oocyte maturation divisions in amictic and mictic females, respectively (from B i r k y

1964)

The aim of the present work was to investigate the parameters of individual 
development and the demographic patterns of experimental populations of B. rubens 
fed with two types of food: the algae Chlorella vulgaris and the bacteria Aerobac-  
ter aerogenes.

Brachionus rubens was taken for the experimental cultures from sedimentary 
ponds of a yeasts factory at Józefów near Błonie in which they were very num e­
rous (about 2000 individuals per liter) during the whole season of vegetation. The 
initial material were resting eggs drawn with mud and stored in a refrigerator at 
about +4°C. The cultures were initiated by transporting portions of about 1 g of 
mud to Petri plates; they were drowned with water kept still for some time and 
placed in thermostats (21 ±0.2°C). During the hatching period (from the second until 
the fifth day after the drowning of mud) the plates were inspected twice a day and 
the rotifers were transported into small vessels with pure food suspension.

Two kinds of food were applied: suspensions of Chlorella vulgaris algae and 
suspensions of bacteria Aerobacter aerogenes. A. aerogenes was cultivated on skewes 
(broth solidified with 2% agar) from which bacteria were taken daily and suspended 
in physiological salt. The algae were drawn from a monoculture ran on Prat’s m e­
dium. Bacteria concentration was defined by means of a nefelometer, and algae 
concentration by counting their cells in a Thoma-Zeiss chamber.

In all the cultures the rotifers were transported once a day to fresh environ­
ments in which the concentration of food was always 10B cells of C. vulgaris  or 
15 • 107 cells of A. aerogenes (about 30 fig dry weight per 1 ml).

The experiment was carried out at 21±0.4°C.
In order to establish the life time, fecundity and time of embryo devolopment 

of B. rubens, 588 individuals 0—2 hr old were isolated and cultivated in 1 ml 
suspension of algae or bacteria, each one separately. Those cultures were examined

2. MATERIAL AND METHODS

http://rcin.org.pl



Dynamics of growth of Brachionus rubens 267

every 2 hours in order to record the time of egg laying and of the hatching of young 
which were isolated.

Death rates in the consecutive phases of development of the rotifers were also 
investigated in individual cultures. 100 resting eggs and 276 eggs from which 
mictic females developed had been picked for observation. A half of the latter 
were cultivated individually and the females laid haploid eggs; to each of the 
remaining females 4 males were introduced. The death rates were expressed in 
percentages of the initial number of the eggs selected for observation.

The dynamics of development of the B. rubens population was investigated in 
cultures differing with respect to the kind of food, volume of the environment 
and initial number of amictic females, as it is indicated in Table I.

Table I. The scheme of population experiments

C ap a­ In it ia l N u m ­
F ood c ity n u m ­ b er  o f

(m l) ber te s ts

1 27
0,2 5 23

A.  a e ro g e n e s
£0 21

1 39
0,5 5

20
:<0
24

I 10
C. vu l gar i s 0.5 5

20
10
10

The cultures were examined every 24 hr; numbers of amictic and m ictic fem a­
les and eggs were recorded and dead individuals and eggs were withdrawn. As 
the period of development of parthenogenetic eggs from their laying to the hatching 
is shorter than 24 hr, the actual numbers of eggs laid between two controls were 
computed as a difference between the total number of rotifers plus their eggs and 
their number on the previous day.

The data collected in this way permitted to calculate the following demo­
graphic indices of the populations:

fecundity rate — the number of eggs (in per cent) laid by a statistical female 
during a time unit (24 hr),

death rate — the percentage of dead individuals,
intrinsic rate of population increase rm — an actual rate of population increase 

per one individual in definite, constant circumstances, without food and space lim ita­
tions,

net reproduction rate R0 — the multiple of population increase during one gene­
ration time T.

The above indices were computed by means of formulas from A n d r e w a r t h a ,  
B i r c h  (1954).

The indices (except the first one) were also calculated for populations culti­
vated in 20 ml suspensions of C. vulgaris.

3. RESULTS

The data on lifetime, fecundity and em bryo devolopm ent tim e are 
presented in Table II.

It can be seen that the females fed w ith bacteria live shorter, start 
to lay eggs la te r and produce less eggs during their lifetim e than  the 
fem ales fed w ith algae.

The lifetim e of males is the same in both nutritional environm ents; 
they  do not take food at all.
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Table II. The parameters of individual development of Brachionus rubens

Group
Fo­
od

No. of 
tests

Lifetime
(days+S.E.)

No. of eggs 
(+S.E.)

Embryo de­
velopment 

time 
(days+S.E.)

Postembryo 
develop­

ment time 
(days+S.E.)

Frequency 
of the lay­

ing eggs 
(days+S.E.)

Amictic a 104 10.5+1.2 13.6+2.9 0.51+0.11 1.8+0.3 0.45+0.10
females b 99 7.3+1.3 6.4+4.1 0.55+0.13 2.5+1.0 0.68+0 13

Mictic
unim- a 86 7.9+1.7 19.4+3.3 0.31+0.05 2.0+0.5 0.33+0.04
pregna- 
ted fe­
males

b 70 6.9+1.8 12.8+5.9 0.32+0.06 2.3 +  0.7 0.34+0.02

Mi ctic
impreg­ a 71 7.5+1.1 7.2+2.1 2.46+0.21 2.3+0.6 0.68+0.15
nated
females

b 69 6.1 +  1.3 5.7+3.2 2.53+0.46 2.4+0.5 0.72+0.16

Males a
b

42
47

2.0+0.8 
2.1+0.6 X X X X

a — algal food, b — bacterial food.
In Fig. 2 graphs of death  rates of th ree groups of fem ales are  shown: 

amictic (Fig. 2 A), mictic unim pregnated (Fig. 2 B) and mictic im preg-

Fig. 2. Death rates curves of Brachionus rubens fed with various food. A — amictic 
females, B — mictic unfertilized females, C — mictic fertilized females
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nated (Fig. 2 C), fed w ith  bacteria or w ith  algae. It can be seen that 
w hen algae are  used as food, the  initial death  rates are low and they 
increase suddenly only two or th ree days before the com plete extinction 
of a cohort, while the death  rates of fem ales fed w ith bacteria  are essen­
tially  uniform. For all groups the percentages of individuals surviving at 
any given m om ent are lower in bacteria cultures.

In the generation of mictic fem ales hatching from  resting  eggs the 
death  ra te  during embryo developm ent and hatching is about 50°/o (du­
ring 2.5 days), w hile for the mictic generation of fem ales it is lower and 
am ounts to 17—23°/o during a half of a day. The final sections of the 
death  rate  lines for all the investigated groups of fem ales are very  little  
slanted to the tim e axis.

The quantita tive  dynamics of B. rubens  populations in  cultures of 
various capacity and in itial num ber of fem ales is represen ted  in Fig. 3.

Fig. 3. Dynamics of growth of Brachionus rubens populations in cultures: A — with 
0.5 m l of C. vulgaris suspension, B — with 0.5 ml of A. aerogenes suspension, C — 

with 0.2 ml of A. aerogenes suspension
http://rcin.org.pl
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The curves of the sizes of the populations cu ltivated  in 0.5 ml of 
C. vulgaris suspension in which the in itial densities of R otatoria  w ere 
1 and 5 individuals, are S-shaped. D uring the logarithm ic grow th (until 
about the 12th day) the curves are parallel; la ter the changes in am o­
unts of ro tifers are v irtually  identical.

In the populations w ith  the initial density  of 20 fem ales per 0.5 ml 
the increase of their num ber is slow and uniform . In th is version of 
feeding and capacity the  stationary size of the  population was 31 indi­
viduals.

In cultures of the  same capacity (0.5 ml) bu t fed w ith  bacteria (Fig. 
3 B) the  period of rapid increase was rem arkably  shorter; at the highest 
in itial density  the  num ber of individuals fell down during the firs t two 
days, w ent up during the subsequent four days to the  m axim um  and 
then decreased again. During the stable phase the num ber of individuals 
was about 22 in all the three initial densities.

In the cu ltures fed w ith algae the percentage of mictic fem ales never 
exceeded 12°/o; in those fed w ith bacteria, a t the  initial densities of 1 
and 5 fem ales per 1 ml it reached 50°/o betw een the 30th and 40th day 
of the  experim ent and at 20 fem ales per 1 ml by the end of the second 
decade. In the th ird  version (0.2 ml of bacteria  suspension) the percen­
tage of m ictic fem ales exceeded 50°/o already by the beginning of the 
firs t week, and after 30 to 50 days these populations passed into the 
resting  stage (Fig. 3 C).

A very  short phase of initial increase of the num ber of anim als occur­
red, in this version of the  experim ent, only in  the  populations w ith ini­
tial densities of 1 and 5 females per 0.2 ml; in the cultures w ith 20 fe­
m ales per 0.2 ml their num ber was decreasing. The stable phase was 
very  short and the num ber of R otatoria during this phase was about 13 
individuals.

Figure 4 presents the  p a tte rn  of changes of the  fecundity  index of 
populations w ith  varying initial densities, cultivated  in  0.2 or 0.5 ml of 
e ither bacteria or algae suspensions.

In the cu ltu res w ith initial densities of 1 and 5 fem ales per 0.5 ml 
C. vulgaris suspension (Fig. 4 A) an intensive phase of population in­
crease can be clearly  seen; the fecundity  index was high, as it is some­
tim es exceeded 100°/o. During the period of slow increase the index of 
fecundity  fell down to about 20% and during the stationary  phase it 
was 30%  in average.

W ithin th is type of cultures, the curve for the  population w ith the 
initial density  of 20 fem ales has a d ifferen t shape; during the whole 
experim ent the  discussed index oscillated from  17 to 23%.

In the cu ltures fed w ith bacteria, w ith  sim ilar capacities of the envi­
ronm ents (Fig. 4 B), high values of the  fecundity  index w ere characte­
ristic for the early  period of developm ent of populations w ith the  sm al-
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Fig. 4. Fecundity indices of Brachionus rubens in cultures: A — with 0.5 ml of 
C. vulgaris suspension, B — with 0.5 ml of A. aerogenes suspension, C — with 0.2 ml

of A. aerogenes suspension

lest initial densities. A nother period of high fecundity occurred during 
the fourth  decade and it was related to the  production of eggs by mictic 
females.

S im ilarly, in the cultures w ith initial densities of 5 and 20 indivi­
duals the  increase of the fecundity index was related in tim e to an  in­
crease of the num ber of mictic females. The values of the index during 
the initial period of developm ent of those populations were in reversed 
proportion to the prearranged densities (similarly as the la tte r  w ere re ­
lated to the in tensity  of increase).

In the  cultures 0.2 ml in volume (Fig. 4 C) high values of the fecun­
dity  index for the early phases of growth w ere recorded only in the po­
pulations w ith  the lowest initial density. However, in all the  th ree  series 
of in itial densities the fecundity index values w ere increasing up to 
30—40%  during the period before the extinction of the whole popula­
tion, w hen haploidal and, above all, resting eggs w ere laid.
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The curves of the death  ra te  index are represented in  Fig. 5.
In the cultures containing 0.5 ml of C. vulgaris (Fig. 5 A), for the  po­

pulation w ith the initial density  of 1 individual the index was zero d u ­
ring the first five days, it increased until the  30th day assum ing the  
values from  4 to 16°/o and then  it settled at the level of about 25%.

Fig. 5. Death rates indices of Brachionus rubens in cultures: A — with 0.5 ml of 
C. vulgaris suspension, B — with 0.5 ml of A. aerogenes suspension, C — with 0.2 ml

of A. aerogenes suspension

The curve of the death ra te  for the  population of the  in itial density 
of 5 fem ales per 0.5 ml was v irtua lly  identical w ith  th a t described abo­
ve; the only difference was that in those cultures there  w ere 2%  of dead 
anim als as early as the second day.

In the populations w ith the initial density  of 20 fem ales per 0.5 ml 
of algae suspension the death  ra te  index was 10% during the firs t 14 
days and since the 35th day until the end of the  experim ent; betw een 
these dates it was somewhat higher, nearly  20%.

In the populations cultivated in 0.5 ml of A. aerogenes suspension 
(Fig. 5 B) the patterns of change of the  discussed index w ere sim ilar 
for all the three initial densities; the curves m ounted up during the first 
20 days from zero (for 1 and 5 individuals) or from  10% (for 20 indivi­
duals) to about 30%. D uring the  subsequent 20 days th ey  oscillated 
w ithin the range of 20—30%  and during the  last decade they  fell down 
again to about 10—20%.

In the th ird  version of the experim ent (Fig. 5 C) th ree  periods can 
be distinguished in the patterns of changes of the death  ra te  index: du­
ring the initial five days it was less than  5%  for the  in itial densities of 
1 and 5 females, or 15% in average for 20 females. D uring the subse­
quent 15 days the index was stable at the level of 15 to 20%. Since the 
20th day until the u ltim ate extinction of the adult individuals w ith in  the 
population the death  ra te  index increased to 40—55%.
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Besides, the population of B. rubens  was characterized dem ographi- 
cally by the indices of intrinsic ra te  of na tu ra l increase — r m, net repro­
duction ra te  — R 0 and generation tim e — T. The resu lts  a re  plotted  in 
Table III.

Table III. The demographic parameters of Brachionus rubens 
populations (rm calculated for the generation time T)

F ood
C ap ac ity

(m l)

In it ia l
n u m b er

(ind .)

In tr is t ic  
ra te  o f 

in c r e a se  
rm

G en era tio n  
tim e  T (d ays)

N e t r e p r o ­
d u ct io n  
r a te  R o

20 10 1.140 3.5 10.12

A lg a e 1 0.688 3.4 6.18
0.5 5 0.365 3.5 3.74

20 0.248 3.6 1.35

1 0.407 3.5 4.20
0.5 5 0.172 3.7 1.71

20 0.032 3.7 1.10

B a c ter ia
1 0.116 3 8 1.38

0.2 5 0.017 3.8 1.56
20 — 4.0 0.20

It can be seen that the values of rm and R 0 are higher in  populations 
w ith lower initial densities of the ro tifers (greater volumes of the vessels 
or lesser num bers of animals) and higher in populations fed w ith  algae 
than  in those fed w ith bacteria. The generation tim e T is practically  the 
same for all the types of cultures.

It w as observed in individual cultures tha t the mictic fem ales which 
sta rted  to produce haploidal eggs, did not change the type of eggs laid 
by them  in spite of copulation. Resting eggs w ere produced by those 
fem ales only which had copulated before the laying of the ir first egg. 
This phenom enon was observed for the first time.

4. DISCUSSION

In  the described experim ent the type of food — either C. vulgaris 
algae or A. aerogenes bacteria — influenced the lifetim e, the  num ber of 
the produced eggs, the tim e of embryo and postem bryo developm ent of
B. rubens;  the  influence of algae food was positive and th a t of bacteria 
was negative (Table II).

It should be supposed tha t the results obtained in artificial cultures, 
fed w ith  both types of food, w ere lower from  the potentialities of the 
studied organisms because of the use of uniform  food and of the cum u­
lation of m etabolic products in the environm ents.
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Since in both series of cultures the  resources of energy supplied  in 
food w ere similar, the stronger lim iting influence of bacterial food can 
be accounted for by a lesser physiological u tility  of A. aerogenes adm i­
n istered as the only nutrition. This seems to be confirm ed by  the  fact 
th a t the survival time of the fasting fem ales was the same in  both feeding 
environm ents (Table II).

However, the m ain cause of the poor results of B. rubens  cultures 
fed w ith bacteria is perhaps the stronger negative im pact of the  pro­
ducts of metabolism of bacteria. This suggestion can be supported  by the 
observation that the Rotatoria in bacteria cultures survived longer and 
laid more eggs (by 10 to 13°/o) if the environm ent was changed every 8 
hours. In algae cultures the results deteriorated  by a com parable value 
if the environm ent failed to be changed during 2 or 3 days.

It can be well understood that such a detrim ental influence of the 
bacteria environm ent also im paired the demographic characteristics of
B. rubens  populations.

For example, in the cultures fed w ith  bacteria, the death  ra tes  indi­
ces w ere always higher (Fig. 5), fertility  was lower (Fig. 4), the  in tristic  
rates of increase and net reproduction rates w ere also lower (Table III), 
and so was the num ber of Rotatoria in the stable phase (Fig. 3) — in 
comparison w ith the respective values for the algae cultures.

On the other hand, dem ographical processes w ere also negatively 
affected by the density of populations, working as a self-regulatory  m e­
chanism which lim ited the increase of a population by influencing the 
fecundity and survival.

According w ith the theory  of logistic growth, every new individual 
added to the population lim its its in trinsic ra te  of increase by a certain  
constant value. This assum ption is valid if a young individual is from  
the outset identical w ith  the peren tal animals. This can be taken for 
granted in case of rotifers, since the differences betw een young and 
adult individuals are  “ quan tita tive” only, e.g., related  to the am ount 
of food consumed, ra th e r than  “ qualita tive”, as both groups occupy the 
same ecological com partm ent.

Accordingly, it can be expected tha t populations which begin to de­
velop starting  from higher densities w ill be continuing the upper parts 
of logistic curves. A good illustration  of such a concept are the experi­
m ents in which the initial densities of populations w ere increased, either 
by putting  more individuals into the cultures (one, five or tw enty), or 
else by lim iting the volume of the  environm ents (0.5 or 0.2 ml) (Fig. 3).

Higher densities do not exert direct effect by negative interaction, 
since the studied species tends to live in swarms. In na tu ra l conditions, 
a few dozens of tightly  packed rotifers w ere frequen tly  observed on 
a single individual of Daphnia magna. In artificial cultures, B. rubens  
also tend strongly to assem ble together; usually  about 80%  of the ani­
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mals form a single big swarm, or a few sm aller ones. Strong currents 
produced by such swarms prevent the food from sinking to the bottom 
and m ake it more readily available.

It seems that the unfavourable influence of the increasing densities 
of ro tifers is related  m ainly to the fact th a t they change the conditions 
in their environm ent. E.g., the food concentration is ap t to decrease by 
as much as even 20 to 25°/o of the adm inistered am ount during a day, 
while the products of the ro tifers ' m etabolism  become more and more 
abundant.

Thus we can understand, why the best demographic indices were ty ­
pical for populations w ith the lowest densities of ro tifers fed with algae 
(Table III). The values of these indices are lower by only 5 to 7°/o from 
those com puted by means of E d m o n d s o n  (1968) model for optim um  
conditions of feeding and in 20°C. Biological vigor of the species defined 
in term s of those indices is high indeed. B. ruhens can be classified 
among the organisms which, like some of the Acaridae ( S t ę p i e ń  1970) 
and Protozoa, are able to increase their quan tity  very  quickly, more than 
ten tim es during 3.5 days.

A nother elem ent of the  biology of the species which is vulnerable to 
environm ent influences is their peculiar and complex cycle of repro­
duction. Num erous laboratory studies reveal tha t changes in this cycle 
are the response, on the population level, to such factors as a thermic- 
shock, sudden change of the diet, or insufficient supply of some elements 
in it ( B i r k y ,  G i l b e r t  1971, R u t t n e r - K o l i s k o  1964). In our 
experim ents, too, the  conditions of cultivation influenced the reproduc­
tion cycle of B. ruhens. In strongly lim ited populations (large densities 
of rotifers, bacterial diet), mictic females appeared quite soon and on 
mass scale; sexual reproduction set on and resting eggs w ere produced, 
while the  populations w ere becoming smaller.

Shifts of the reproduction p a tte rn  from parthenogenesis (amictic fe­
males) to sexual were also observed, w hen the ro tifers w ere fed w ith 
very  low or very  high concentrations of food.

Our observations on cultures w ith individual B. ruhens seem  in te re ­
sting. W hen a mictic fem ale had once started  to lay haploid eggs, the 
fact of subsequent copulation did not cause im pregnation or bring about 
the shift in the type of its eggs. Resting eggs w ere laid only by those 
mictic fem ales which had copulated before they  laid the ir first egg.

Though this phenom enon is in teresting for the physiology of repro­
duction, it seems to have little  significance for the  cycle of developm ent 
of the  population. In natu ral conditions, and indeed in experim ents, too, 
there  is a certain  percentage of mictic fem ales among the progeniture 
of the  second generation of amictic ones. This happens because the biotic 
environm ent is d ifferentiated  into m icro-environm ents and because there  
are individual differences in the vulnerability  of amictic females. Thus
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the population will not perish even if the prevailing environm ental con­
ditions deteriorate suddenly, because a certain  num ber of resting eggs 
have been produced anyway.

5. SUMMARY

The dynamics of development of B. rubens was studied in cultures differing 
by the type of food (bacteria A. aerogenes or algae C. vulgaris), the volume of 
vessels and the initial number of the rotifers. The highest biological vitality is 
characteristic for populations fed with algae and with low initial densities of the 
animals (Table II). The deterioration of the demographic indices in populations 
fed with bacteria and with higher initial densities is perhaps related to the unfa­
vourable influence of the products of metabolism of the rotifers and of the orga­
nisms eaten by them.

Less obvious is the influence of the feeding conditions upon individual deve­
lopment, lifetime, fecundity, embryo and postembryo development time of amictic 
females and of mictic ones, both impregnated and unimpregnated (Table II). Ho­
wever, there are significant differences in the shapes of death rate curves (Fig. 2).

Productive potentialities of B. rubens are very large; if food is unlimited and 
accumulation of metabolits is prevented (cultures of big capacity, low densities of 
animals, frequent change of medium), the population can be multiplied more than 
ten times during about 3.5 days.

In such favourable conditions of cultivation, populations are composed in 80 
to 90% of amictic females. However, unfavorable conditions cause a change of the 
reproduction cycle of B. rubens from parthenogenetic to sexual (resting eggs are 
produced), with a parallel reduction of the extent of a population.

Besides, it was observed that mictic females which had started to lay haploidal 
eggs, do not begin to lay impregnated eggs after copulation. Resting eggs are laid 
only by those mictic females which had copulated before the laying of their first 
egg.

6. STRESZCZENIE

Dynamikę rozwoju populacji Brachionus rubens  badano w hodowlach różnią­
cych się typem podawanego pokarmu (bakterie A. aerogenes lub glony C. vulgaris), 
objętością środowiska hodowlanego oraz początkową liczebnością wrotków. Naj­
wyższą biologiczną prężność mają populacje karmione glonami o niskich początko­
wych zagęszczeniach wrotków (Tab. II). Pogorszenie wskaźników demograficznych 
w populacjach karmionych bakteriami i o wyższych zagęszczeniach wrotków wiąże 
się prawdopodobnie z niekorzystnym wpływem gromadzących się metabolitów — tak 
samych wrotków, jak i organizmów pokarmowych.

Mniej wyraźnie wpływają warunki hodowli związane z rodzajem podawanego 
pokarmu na parametry rozwoju osobniczego — długość życia, płodność, czas rozwoju 
embrionalnego i postembrionalnego samic amiktycznych, miktycznych niezapłodnio- 
nych i zapłodnionych (Tab. II), istotne różnice występują natomiast w  przebiegu 
krzywych śmiertelności (Fig. 2).

Potencjalne możliwości produkcyjne B. rubens są bardzo duże — przy braku 
ilościowego ograniczenia pokarmu i zapobieganiu kumulacji metabolitów (duża ob­
jętość hodowli, niskie zagęszczenie wrotków lub częsta wymiana środowiska) w  cza­
sie około 3,5 doby populacja może powiększyć swą liczebność ponad 10-krotnie.

W takich warunkach hodowli populacje składają się w 80-90% z samic amik­
tycznych. Niekorzystne warunkowanie środowiska hodowlanego wpływa natomiast 
na zmianę cyklu rozmnażania B. rubens z partenogenezy na rozród płciowy (pro­
dukcja jaj przetrwalnikowych) przy równoczesnej redukcji liczebności populacji.

Zaobserwowano ponadto, że samice miktyczne, które rozpoczęły już produkcję 
jaj haploidalnych, mimo odbycia kopulacji nie składają jaj zapłodnionych. Jaja 
trwałe składają jedynie te samice miktyczne, które kopulowały przed złożeniem  
swego pierwszego jaja.

J. Pilarska
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ABSTRACT

The alimentary tracts of Cyclopoida copepodites in their resting stage, isolated from  
the environment due to the presence of formed bungs, are the place of occurrence 
of certain forms which are undoubtedly the metabolic products. These are: con­
cretions in the vacuoles of stomach, crystalline bodies in stomach guts and bungs, 
bungs and shapeless bodies. These formations are typical, as far as their shape and 
localization are concerned, for particular species of Cyclopoida from both eustatic 
and astatic water bodies, and thus these formations can be a new systematic 
feature of juvenile Cyclopoida in their resting stage. The microchemical analyses 
show that these formations are the derivatives of uric acid. On the return to the 
active life all these metabolic products are excreted by copepodites through the 
anus.

1. INTRODUCTION

It has been previously found ( W i e r z b i c k a  1966) that during the resting stage 
of Cyclopoida copepodites IV and V their alimentary tracts are isolated from the 
environment. The bungs, which are formed on the level of the I and II abdominal 
segments, close the posterior part of the tract. The bungs are typical for the majo­
rity of investigated species. The results of present paper show also that the anterior 
part of alimentary tract is closed near to the mouth opening. A copepodite stops 
feeding before its resting stage, therefore the guts are empty. In such a way an ali­
mentary tract completely isolated from the environment accumulates the metabolic 
products during the resting stage.

The investigations aimed at a thorough examination of the previously observed 
characteristic bodies in the alimentary tracts of copepodites in the resting stage 
( W i e r z b i c k a  1966, 1967), i.e., estimation of their number, character, shape and 
localization in various investigated species. The following species of Cyclopoida were 
investigated: Cyclops vicinus vicinus Ulj., Cyclops vicinus kikuchii Smirn., Cyclops 
bohater Koźm., Acanthocyclops bicuspidatus (Claus), Mesocyclops leuckarti Claus, 
Thermocyclops oithonoides Sars, Cyclops strenuus  Fischer, Cyclops furcifer  Claus, 
Cyclops insignis Claus and Acanthocyclops gigas (Claus).

2. MATERIAL AND METHODS

The copepodites of investigated species of Cyclopoida in their resting stage were 
collected in astatic water bodies (located some 30 km from Warsaw, among the 
fields of Zaborów) and eustatic ones: Lake Kortowskie in Olsztyn and a clay pit in 
Warsaw (for the descriptions of these water bodies see W i e r z b i c k a  1959, 1960, 
1966 and in press., W i e r z b i c k a ,  K ę d z i e r s k i  1964).
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The samples of mud from the astatic dried up water bodies were collected 
with the help of a special apparatus constructed by K ę d z i e r s k i  ( W i e r z b i c k a  
1966). The collected mud samples were covered with water in the laboratory (larger 
samples in aquaria, smaller ones in beakers) for waking the copepodites. The sam­
ples from a clay pit were collected with the help of the quantitative K l e k o w s k i  
sampler (Ż a d i n 1966) to study the vertical distribution of copepodites in bottom  
sediments, or with a loaded net made of bolting cloth, which was dragged along 
the bottom (the same method was used by L. S z 1 a u e r in Lake Kortowskie, to 
whom I am grateful for providing the material from this lake). The collected mud 
■was sieved through a bolting cloth under the tap water in the laboratory. This hel­
ped to select the already awaked copepodites. The observations on metabolic pro­
ducts were carried out for many years (since 1964) and were based on a large ma­
terial. The observations were made, among the others, during the elaboration of the 
materials for the following papers: W i e r z b i c k a ,  K ę d z i e r s k i  (1964, 1970, in 
prep.), W i e r z b i c k a  (1966, 1972).

The observation of larger quantities of accumulated metabolic products was 
possible not only due to the studies of copepodites alimentary tract during the whole 
resting stage, but mainly due to the investigations of this tract at the end of the 
resting stage and during the resting stage prolonged for some months in the labo­
ratory conditions.

Various methods of chemical microanalysis were applied for various species 
of Cyclopoida in order to study the observed metabolic products. The following  
reagents were applied: for murexid method (M a r c h a 1 1889): (1) concentrated 
HNOs and (2) concentrated NH4OH; for method of C o u r m o n t ,  A n d r e  (1904): (3) 
l°/o A gN 03 and (4) photographic developer; for others: (5) 5% NaOH, (6) 5°/o NaH C03, 
(7) ethyl ether, (8) 0.01 n disodium versenate, (9) 1 n HC1, (10) 0.5% and saturated 
Li2C 0 3.

3. RESULTS

TH E CH ARACTERISTIC OF FORM S OF M ETABOLIC PR O D U C TS

The products are located in vacuoles previously connected w ith th e  
stom ach walls and la te r loosely hanging in stomach, or they are  placed 
anyw here in the alim entary tract.

Concretions

The concretions are a form of metabolic products which can be found 
in active and resting stages of Cyclopoida. Concretions located in vacuo­
les in the  stomach as small round form ations are excreted through th e  
anus during the active life. The num ber of vacuoles w ith large concre­
tions in the stomach of A. bicuspidatus and C. strenuus  copepodites IV 
in resting stage from astatic w ater body in Zaborów is 13—20 for the  
form er and 12—30 for the la tte r  species. Num ber of vacuoles in  M. leuc- 
karti  IV and T. oithonoides V from a clay pit in W arsaw varies from 
11—21 and 12—21, respectively.

At the  beginning of the resting stage the last excreted vacuoles are 
build in the bungs being form ed and closing the guts. During the resting 
stage the concretions become larger, their shape is slightly irregu lar w ith 
a concentric stratification. Sometimes their shape and colour are  cha­
racteristic  for particu lar species, e.g. in Thermocyclops oithonoides V 
they  are  brow n-rusty  contrary  to other species w here they  are m ainly 
g reen  (glaring green and very  large in C. furcifer IV). A fter the  end of
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Fig. 1. Cyclops bohater V from a clay pit in Warsaw. Crystals in stomach during 
the prolonged resting stage. A — general view, B — a fragment

Fig. 2. Cyclops vicinus kikuchii V from a clay pit in Warsaw. The shapeless bodies
in the stomach of copepodite
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Fig. 3. Acanthocyclops bicuspidatus IV from a clay pit in Warsaw. A crystal in gu1 
on the level of the I abdominal segment
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the resting stage a copepodite excretes the bung very quickly, followed 
by the vacuoles w ith  large accum ulated concretions. Since then only very  
small round concretions (with Brownian movements) accum ulate in the  
vacuoles, to be excreted later w ith the vacuoles during the whole active 
life of an animal.

C rystalline and shapeless bodies

The crystalline bodies are a very characteristic form  of m etabolic 
products ( W i e r z b i c k a  1967, W i e r z b i c k a ,  K ę d z i e r s k i  1970). 
The shape of crystals is typical for certain  species and can be trea ted  as 
a system atic feature, sim ilarly  as the  shape of bungs. Crystals occur in 
the stomach, guts and in the anterior and posterior bungs. They are some­
tim es found already in the firs t m onths of the resting stage, and are 
very  abundant w hen prolonging the resting stage for some m onths in the  
laboratory conditions (e.g. instead of 4 m onths in natu ral conditions — 
10 — 11 m onths in the laboratory). In the alim entary  trac t of Cyclops bo­
hater V at the end of the resting stage of individuals collected from  
a clay pit in October, sm all rectangular and rhomboid crystals w ere 
found. A fter a laboratory prolonged resting stage (next year in May) 
a great am ount of crystals of the same shape in one longitudal form ation 
w ere found in the stomach (Fig. 1 AB). During the earlier periods of the 
resting stage, in Ju ly  and August, shapeless bodies were often observed 
against the background of num berless microscopic particles v ibrating 
w ith  Brownian m ovem ents in the alim entary  trac t of C. bohater. Accor­
ding to the results of the microchemical analysis (see below) these particles 
are presum ably the crystallization centres of metabolic products accum u­
lating there. In the prolonged resting stage large num bers of crystals are  
also visible against the background of these vibrating particles.

The other two species from the clay pit, C. vicinus vicinus IV and
C. vicinus kikuchii  V, also have shapeless bodies (Fig. 2) in their p ro­
longed resting stage. These bodies can be also seen against the background 
of an  enormous quantity  of v ibrating particles. The shapeless bodies are  
especially num erous in C. vicinus kikuchii. A part from that, larger and 
sm aller flat rectangle or star-like  crystals w ere also found in C. vicinus  
vicinus  stom ach and bung in quantities 2, 6, 10 (Fig. 4). The crysta ls 
were not found in C. vicinus kikuchii.

The fourth  species from the clay pit, A. bicuspidatus IV, a t the  end 
of its resting stage (October), and in the prolonged resting stage has 
a single crystal typical for this species. It is located in the gut on the 
level of the first abdominal segment. This crystal is a part of the bung, 
and it happens to be so large that it shoves aside the gut walls, and even 
bulges them  (Fig. 3, and Fig. 5). Sometimes it is shaped like 
a double fan w ith feathers in opposite directions, sim ilar to sodium u ra-
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Fig. 4. Cyclops vicinus vicinus IV from Lake Kortowskie in Olsztyn. A — a bung 
with crystals (1), concretions (2) and vacuoles (3), B — a bung with concretions and

crystals

Fig. 5. Acanthocyclops bicuspidatus IV from a clay pit in Warsaw. A bung with
concretions and crystals

te crystal (R a t h e r y 1939). It is in teresting that in the same species 
from  the astatic w ater body in Zaborów such crystal was not found, and 
the bung was also different, oval ( W i e r z b i c k a  1966). The crystals — 
long narrow rectangles, w ere placed loosely near the end of the bung. 
This suggests the presence of physiological differences among the inha­
b itan ts of various types of reservoirs, and possibly some taxonomic 
differences.

Small spindle-shaped or needle-like crystals were observed in bungs 
and in the stomach of T. oithonoides V. The alim entary tract of M. leuc- 
karti  IV also contained crystals in the bung and stomach. These crystals 
are  sometime large, filling the entire bung, flat, rectangular or polygo­
nal, or star-like (Fig. 6).

Fig. 6. Mesocyclops leuckarti V from a clay pit in Warsaw. Bungs with crystals and
concretions

The presence of crystals was also noticed in species from astatic d ry ­
ing up w ater bodies. C. strenuus  IV was examined very thoroughly. In 
its stomach and in the bungs num erous crystals were found in quite 
a varie ty  of shapes: from rectangular, rhomboid, oval, bulgy, to spindle- 
-shaped or claviform narrow  rods placed in stars or irregularly . Up to
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ten crystals were found in a single stomach. The shapes of these crystals 
w ere sim ilar to tha t of the uric acid crystals as given by R a t h e r y  
(1939). In C. strenuus  IV a crystal was seen against the background of 
particles w ith  Brow nian movements, sim ilarily as described above.

A fter the waking of an anim al the crystals w ere excreted through 
the anus.

Bungs

The bungs are also a form  of metabolic products, sim ultaneously clo­
sing the alim entary  tract, thus helping to accum ulate these products. The 
bungs are surrounded by walls (very thick in anim als from astatic w ater 
bodies), inside which there are visible the  shapes of vacuoles, concretions, 
frequen tly  crystals (Fig. 4, 5) and sometimes of sand grains. A fter the 
w aking of copepodite the bungs and their content are excreted through 
the anus.

As m entioned above, the bungs have a characteristic shape for certain  
species: oval in A. bicuspidatus IV, pear-shaped in A. gigas V, string of 
“ pearls”-shaped in C. strenuus  IV from  the astatic w ater bodies; see the 
p ictures and photographs of these form ations in W i e r z b i c k a  (1966).

The species from  lakes and clay pit in W arsaw also have bungs, bu t 
th e ir shape is less precise and not so regular as in species from  astatic 
w aters, and their walls are more delicate.

It is w orth underlining that the bung in C. bohater V, a species re la ­
ted in taxonom y to C. strenuus  according to K o ź m i ń s k i  (1934), is 
also form ed of “pearls” , as in the latter, which can suggest physiological 
sim ilarity. In C. insignis IV, a species rela ted  to C. strenuus, from Lake 
Kortowskie in Olsztyn, a bung formed of 6 “ pearls” has been observed 
(each pearl” is a vacuole w ith concretions surrounded w ith  walls).

The bungs of C. vicinus IV are of various shapes. A large bung w ith 
big green concretions in the upper part (Fig. 4) and large irregularly  
shaped crystals in the  lower part were seen on the level of the I abdo­
m inal segment. Delicate bungs contained som etim es crystalline form a­
tions in the shape of flat rectangles or narrow  rods. In individuals awaked 
a fte r about one m onth of resting stage (Lake Kortowskie, July) the bungs 
composed of shapeless form ations (up to 8 ones), surrounded by a thin 
m em brane, were seen on the level of the I and II abdominal segments. 
The concretions w ere also visible. A part from these eight form ations in 
the upper part of the alim entary tract, 15 form ations w ere noticed in 
cephalothorax and thorax segments.

The characteristic bung of A. bicuspidatus from a clay pit has been 
already  described among the crystals.

T. oithonoides copepodites V from Lake Kortowskie have delicate 
frequen tly  elongated or oval bungs. They contain vacuoles with a single
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large concretion. The concretions have a typical ru sty  colour, which 
m akes the entire  bung brownish. Small crystals are also present in the 
bungs. In this so transparen t species the bungs w ere also noticed near the 
m outh opening. Sim ilarly located bungs were also observed in another 
transparen t species, M. leuckarti IV. The bungs in  both  these species 
w ere round or oval, surrounded by a delicate m em brane, and they either 
contained needle-like crystalline form ations or the sand grains (as al­
ready m entioned the sand grains w ere frequently  found in the alim en­
ta ry  trac t of copepodits in their resting stage). M. leuckarti IV had a de­
licate bung on the  level of the I and seldom the II abdom inal segm ent 
(Fig. 6). The bung always contained larger or sm aller crystals, from  flat 
rectangles to th in  rods, placed in fans or stars; sometim es the crystals 
w ere single and large. The sand grains w ere often  found in the  bung.

M ICROCHEM ICAL A N A L Y S IS  OF M ETABO LIC PR O D U C T S

1 — 4. The microchemical determ inations show th a t these products are 
purine compounds. The m urexid m ethod (reagents (1, 2) see Methods) 
and m ethod of C o u r m o n t ,  A n d r e  (1904) (reagents (3, 4), see Me­
thods) show the presence of uric acid. The m urexid  m ethod determ ining 
the presence of uric acid shows frequen tly  a ruby  colour of concretions 
(ammonium purpurate). The m ethod of C o u r m o n t ,  A n d r e  (1904) 
for the determ ination of uric acid gives an intense black colour of con­
cretions, bungs and crystals. As the presence of Ca compounds gives also 
the black colour in this m ethod ( G o m o r i  1951 a fte r P e a r s  1968), to 
avoid in terference from  Ca the  aqeuous sa tu ra ted  solution of Li2C 0 3 is 
applied (10), as it dissolves the derivatives of uric acid. The sm allest 
particles (the possible crystallization centres) w ith  Brownian m ovem ents 
dissolve im m ediately after the application of Li2C 0 3, then  dissolve the 
characteristic shapeless bodies, and gradually  the concretions in stomachs 
and crystals. The shapeless bodies and the crystallization centres (par­
ticles) dissolve also in 0.5% Li2C 0 3. It seems th a t the  dissolving of m e­
tabolic products in  Li2C 0 3 elim inates the possibility that silver is re ­
duced under the  influence of various substances present in the investi­
gated m aterial, sim ilarly  as under the influence of uric acid. The above 
discussed reactions prove the presence of uric acid or its derivatives.

The fact th a t the concretions are  the organic m aterial or the deriva­
tives of uric acid is confirmed by the reactions w ith  reagents (5), (6) and 
(7) (see Methods).

5. 5%  NaOH dissolves com pletely sm all concretions in A. bicuspidatus 
V a fte r m oulting (from copepodite IV to V). This shows th a t this m ate­
rial is not only inorganic.

6. N aH C 03 dissolves the concretions (only the shining points w ere

M. Wierzbicka
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left). This suggests th a t these are not inogranic salts of Ca, b u t they can 
be the derivatives of uric acid, according to the positive reactions w ith  
(1), (2) and (3), (4).

7. The applied ethy l ether dissolves the  concretions, leaving only the 
shining points. Thus the suspection that this is a m ineral m aterial can 
be excluded.

8. An in teresting analysis has been the placing of four excreted bungs 
of A. gigas V in versenate. The inside walls w ere then  com pletely dissol­
ved, w hile the outside walls of massive bungs rem ained untouched. The 
bungs became transparen t. Large green concretions in bungs w ere not 
dissolved. This analysis showed that the inside w all is incrusted  w ith 
calcium  salts, w hile the  insoluble concretions, according to analyses 
(1—4), are the derivatives of uric acid.

These analyses (reagents 1—7) showed that m ineral calcium salts 
w ere not present in concretions, crystals, shapeless bodies, particles w ith 
Brow nian m ovem ents and in bungs. M oreover the reagent (8) dissolving 
most calcium salts does not dissolve concretions. Thus these form ations 
contained probably the derivatives of uric acid, as suggested by analyses 
(1—4). The instantaneous dissolving of crystal, and slow dissolving of 
concretions in reagent (8) was observed only once in the  case of excreted 
bung of C. vicinus  IV, which m ight suggest the presence of calcium salts 
of organic acid there.

9. It is w orth  m entioning that 1 n HC1 im m ediately dissolves the 
sm allest crystallization centres w ith  Brownian m ovem ents, shapeless 
bodies, crystals, bungs, and after a longer time even the concretions.

V ery in teresting are  the round form ations w ith inside directed rods, 
found in the stomach of C. insignis IV from the astatic w ater body, which 
dissolve im m ediately in  1 n HC1. Their shape is very  sim ilar to the cry­
stals of uric acid accum ulated in the kidney of Helix pomatia  during its 
w in ter hibernation ( K o ś t o j a n c  1951).

Summing up, the microchemical determ inations showed the presence 
of uric acid and/or its derivatives in the  listed above metabolic pro­
ducts. The m ajority  of physiological processes which end w ith  the for­
m ation of these products are specific for particu lar species. This is con­
firm ed by the  d ifferentiation in the character and form  of these pro­
ducts occurring in particu lar Cyclopoida species (crystals, shapeless bo­
dies, bungs), and by th e  sim ilarity of the related  species (shapeless bo­
dies, so typical for C. vicinus vicinus and its varie ty  kikuchii, bungs sha­
ped like a “pearl” string  in C. strenuus, C. bohater and C. insignis, closely 
rela ted  in taxonomy). The form of the occurrence of m etabolic products 
during the resting stage can be treated as a new system atic feature of 
juvenile  forms (copepodites IV and V) of particu lar species, thus a syste­
m atic fea tu re  can be the form of a final product of physiological pro 
cesses.
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4. DISCUSSION

The experim ental data on the excretive character of vacuoles of Co- 
pepoda are presented in the papers by G u i e y s s e  (1907) — Calanoida; 
L i s  o n  (1941) and W i e r z b i c k a  (1966) — Cyclopoida. L i s  o n  (1941) 
said that: les granulations jaunätres presentes dans ces cellules sont
le vehicule de produit de dechet”. Colpidium colpoda Ehrb., a food of 
copepodites, was placed in m ethylene blue ( W i e r z b i c k a  1966) and 
their nu tritive  vacuoles became blue. The hom ogenate of radish leaves 
coloured the vacuoles of C. colpoda green. The copepodites just a fte r the 
resting stage fed on such C. colpoda contained blue or green vacuoles, 
and the concretions were intensively navy blue or sm aragdine. A faecal 
pellet filled w ith excreted vacuoles containing intensively blue large con­
cretions, was also navy blue (after the m ethylene blue).

The excretive character of vacuoles w ith  concretions is also confir­
m ed by the  previously m entioned experim ents of W i e r z b i c ka (1966) 
w ith cu ltures of particu lar starved copepodites aw aked from  their re ­
sting stage. Each copepodite (C. strenuus, C. furcijer  and A. gigas were 
investigated) was placed in a drop of w ater on a microscopic glass and 
under the  cover glass. S tarved copepodites lived even 2 m onths. Some 
of them  produced in the starvation conditions the bungs once again. The 
orange lipid balls disappeared, but an orange streak appeared along the 
whole alim entary  tract, and the concretions also becam e dark  orange. 
The vacuoles w ith orange concretions m oved tow ard the  anus. The faecal 
pellets w ith  orange concretions w ere observed in the surrounding w ater.

Thus a fte r the resting stage the m etabolism  was intensified, despite of 
starvation  conditions, since the pigm ent characteristic for lipid balls 
passed into the alim entary  tract, vacuoles and to concretions.

However, credit should be given to the scientists who in the previous 
century already paid a tten tion  to the excretive character of vacuoles in 
Copepoda and to the analogy of concretions and the ‘'u rin a ry  products”, 
to observe the vesical cells w ith ‘concrem ents” and trea ted  them  as 
According to C l a u s  (1858 a), L e y  d i g  (1854, 1857) was the first one 

urinary  concrem ents” . In his paper L e y  d i g  (1860) describes a part 
of stomach w ith cells containing small concretions, saying th a t the pro­
cesses which in insects take place in M alphigian tubes, in “ Cyclopsine” 
take place in the  guts. C l a u s  (1858 b) has observed a sim ilarity  betw een 
the “concrem ents” of Copepoda and the form ations in M alphigian tubes 
or in the uretic  system  of molluscs. Both kinds of these form ations are 
excreted. C l a u s  (1858 b) observed the  concretions of uric acid in a pa­
rasite Copepod.

There are num erous data which deal w ith  vacuoles of invertebrates 
filled w ith  concretions giving them  the excretive character. In higher 
Crustacea (Decapoda) the presence of vacuoles in hepatopancreas was
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found. They w ere characterized as excretive by C u e n o t  (1893) and 
F i s c h e r  (1925, 1927, 1928). C u e n o t  (1939) w rote tha t the excretive 
character of invertebrates “liver” is confirmed by the concretions and 
vacuoles present in the rectum . He gave several examples from various 
groups of invertebrates: guanine was found in Arachnoidea (Malphigian 
tubes connected w ith liver), the liver tissues contained crytals in cyto­
plasm  of absorption cells. Sodium urate  was found in the concretions in 
B latta. The concretions become larger in time, and enormous quantities 
of u ra te  w ere found in old specimens of Blatta orientalis L. The vacuoles 
w ith  concretions and crystalline needles w ere also found in the rectum  
of Sepia. Big purine concretions w ere found in another Cephalopoda.

D e l a u n a y  (1931) wrote tha t in invertebrates “ les bases puriques 
son excretees en grande partie  directem ent...” w ithout the transform a­
tion into the uric acid. Num erous granulations were observed, according 
to th is author, in m any invertebrates and especially in Annelida and 
Mollusca. U rates and uric acid w ere found in the Zenker’s organ in Iso- 
poda ( P a r r y  1960). The same organ in Asellus gave a positive m u- 
rexid  reaction. G o o d b o d y  (1957) found th a t small vesicles develop 
around the alim entary system  of Ascidiidae. The vesicles contain single 
concretions, observed in various species. This author quoted K u p f f e r 
(1872) who found already then the uric acid in Ascidia complanata w ith 
the  help of the m urexid acid test. G o o d b o d y  (1957) stated the accu­
m ulation  of purines and uric acid on the basis of chemical analyses in 
two species of Ascidia.

The uric acid and guanine are the final metabolic products in molluscs 
during th e ir hibernation (J e ż e w s k a et al. 1963) w hen the w ater supply 
to the organism  is limited. During the active life of these anim als when, 
there  is enough of w ater, the urea is the m ain final product. The authors 
quote the  in terp reta tion  of Baldwin, saying tha t the transform ation of 
excretions from urea to uric acid allows to avoid the increase of osmotic 
p ressure  w ithout excretion. These authors criticized the results of D e ­
l a u n a y  (1931). The shift of nitrogenous excretion type towards the 
purinotelism  during the resting stage of the investigated freshw ater Cy­
clopoida is to be underlined.

Sum m ing up, it seems that the presence of vacuoles with concretions 
and the excretive functions of vacuoles is common among invertebrates. 
The discussed microchemical analyses showing the presence of final pro­
ducts of nitrogen metabolism — the purine compounds — in concretions, 
crystals, shapeless bodies and bungs of Cyclopoida, confirm  the sugges­
tions and findings of scientists from the previous century. The results 
(points 5, 6 and 7) on the presence of organic substances in concretions 
confirm  the analyses presented by W i e r z b i c k a  (1966), which exclu­
de the presence of phosphates in concretions. The applied incineration
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m ethod also confirms the presence of organic substances (the rem aining 
not burned oxides of m etals are the components of organic acid salts).

The role of other excretive organs in the resting stages of Cyclopoida, 
such as m axillary glands or glands located near the basic parts  of the  
III and IV pair of swimming legs is unknown.

C h a m p e a u  (1971) has not seen the bungs in all copepodites in the  
resting stage. The results of present investigations suggest a ra th e r com­
mon occurrence of bungs; the  au thor has not observed bungs only in
C. furcifer  IV among the 10 investigated species, and suggested (W i e r  z- 
b i c k a 1966) th a t in this case the bung was excreted im m ediately after 
the waking.

The form ation called by C h a m p e a u  (1971) a “bouclier” and assu­
med to close the an terior part of the alim entary  trac t (this au thor quotes 
the description of W i e r z b i c k a  1966) is described by W i e r z b i c k a  
as a “mud disc” on the cephalothorax. The bungs closing the an terio r p a rt 
of the alim entary trac t were described the first tim e for the transparen t 
species in this paper.

The bung presented by C h a m p e a u  (1971) in Fig. 1 (Diacyclops 
bisetosus IV) is very  sim ilar to the bung of A. gigas (W i e r z b i c k a  
1966, photograph 2).

Taking into consideration the taxonom y of R y l o v  (1948), used by 
the author of the present paper, which includes into the genus A cantho- 
cyclops among others such species as A. gigas, A. bisetosus, A. bicuspi- 
datus, the sim ilarity of shapes of bungs of species re la ted  in taxonom y 
is confirmed.
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5. SUMMARY

The alimentary tract of Cyclopoida copepodites IV and V, isolated from the envi­
ronment by bungs, accumulates during the resting stage various metabolic products. 
These products are in the form of concretions, crystals, so-called shapeless bodies, 
the smallest particles — accumulation centres of metabolic products with Brownian 
movements and the bungs. The concretions are in the vacuoles with an excretive 
function. The other products are loosely distributed in the alimentary tract. The 
microchemical analyses and the character of these products, similar to those 
described by other authors in various animals show that these are purine com­
pounds. The observations of so differentiated forms of metabolic products have 
been possible due to the investigations of the waked copepodites during the whole 
resting stage and especialy near its end or during the laboratory prolonged resting 
stage. The metabolic products are sometimes typical for particular species and 
can be a new taxonomic feature of juvenile Cyclopoida during the resting stage. 
It has been found that species closely related in taxonomy have analogous forms 
of metabolic products, and so apart from the morphological similarity there is also 
a physiological one. The excretive character of vacuoles was confirmed previously 
by W i e r z b i c k a  (1966) in experiments with the methylene blue and chlorophyll, 
and by the observations of alive copepodites in the resting stage and in active life'

http://rcin.org.pl



Metabolie products of copepodites of Cyclopoida 289

6 . STRESZCZENIE

Układ pokarmowy kopepoditów IV i V Cyclopoida, izolowany dzięki czopom od 
środowiska zewnętrznego, gromadzi w okresie spoczynku różnorodne produkty m e­
tabolizmu. Przybierają one formy konkrecji, kryształów, tzw. utworów nieforem- 
nych, najmniejszych cząstek-centrów akumulacji produktów metabolizmu, podleg­
łych ruchom Browna oraz czopów. Konkrecje znajdują się w wakuolach, mających 
funkcję ekskrecyjną, pozostałe produkty leżą luźno w układzie pokarmowym. Ana­
liza mikrochemiczna oraz charakter form produktów, analogiczny do opisywanych 
przez innych autorów u różnych zwierząt, wskazują na to, że są to związki pury- 
nowe. Obserwacje tak różnorodnych form produktów metabolizmu były możliwe 
dzięki badaniom obudzonych kopepoditów w ciągu całego okresu spoczynku, a zwła­
szcza pod jego koniec lub w czasie znacznie przedłużonego okresu spoczynku w  w a­
runkach laboratoryjnych. Wymienione formy produktów metabolizmu są niekiedy 
charakterystyczne dla poszczególnych gatunków i mogą stanowić nowe cechy syste­
matyczne juwenilnych form Cyclopoida z okresu spoczynku. Stwierdzono, że gatun­
ki blisko siebie stojące w systemie wykazują analogiczne formy produktów m eta­
bolizmu, zatem prócz zbieżności morfologicznych zachodzą również zbieżności o cha­
rakterze fizjologicznym. Wydalniczy charakter wakuoli został uprzednio potwier­
dzony przy pomocy eksperymentów z błękitem metylenowym i chlorofilem (W i e r z- 
b i c k a  1966), oraz na drodze obserwacji żywych kopepoditów po okresie spoczynku 
i w okresie życia aktywnego.
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ABSTRACT

Die Beobachtungen betreiben 4 subalpine, seichte Forellenteiche, die klares, 
kühles Bachwasser enthalten, nebeneinander liegen und stets durchströmt sind. 
Insgesamt wurden 7 Cladocerenarten gefunden; am häufigsten waren Chydorus 
sphaericus, Simocephalus vetulus und Scapholeberis mucronata. Im Vergleich mit 
der Art- und Individuenanzahl von Cladoceren in den Flachlandteichen ist ihre 
Häufigkeit sehr gering. In den nacheinander liegenden Teichen nimmt sie im 
freien Wasser zu, im Litoral dagegen ab. In den besonnten Pflanzenbeständen 
sind die Cladoceren am zahlreichsten. Ende August-Anfang September ist Chydorus 
sphaericus am häufigsten und in seiner Population kommen zahlreiche Männchen 
und Ephippienweibchen vor.

1. EINLEITUNG

In den letzten Jahren ist die Cladocerenfauna in den europäischen Fischteichen 
mehrmals untersucht worden. Da aber die Beobachtungen (auch die meinen, 
S t r o m e n g e r - K l e k o w s k a  1960) meistens die mehr oder weniger typischen 
Karpfenteiche des Flachlandes betreffen — schien es mir interessant einen Vergleich 
dieser Fauna mit der der alpinen Forellenteiche durchzuführen.

Zu diesem Zweck erschienen mir die 4 Teiche bei der Biologischen Station 
Lunz, Niederösterreich, besonders geeignet. Die Verhältnisse in diesen Gewässern 
sind ganz anders als in diesen, die ich früher auf der mitteleuropäischen Ebene 
bei Łódź, Polen, untersucht hatte. Die in Frage kommenden Teiche bei Lunz sind 
nämlich stark durchströmt, verhältnismässig kühl, das Wasser ist durchsichtig 
und an Phytoplankton sowie faulende Stoffe arm. Das ziemlich rauhe subalpine 
Klima und reiche Niederschläge (langjähriges Mittel etwa 1700 mm) schaffen eine 
zusätzliche Besonderheit der Lebensbedingungen.

Meine Beobachtungen betreffen die Anzahl der Arten und Individuen im 
freien Wasser und Litoral, deren Änderungen mit der Zeit, sowie die Fortpflan­
zungszyklen.

2. BESCHREIBUNG DER TEICHE UND METHODE

Die vier Teiche bei der Biologischen Station Lunz, die ich untersucht habe, 
liegen dicht bei einander, nur durch Dämme getrennt. Sie sind stets durchströmt, 
am stärksten der Teich No. 1, der, sowie auch der Teich 2, das Wasser unmittelbar

1 Die Durchführung der Arbeit wurde durch die Unterstützung aus dem Franz- 
-Ruttner-Fonds ermöglicht.
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aus der Abzweigung des Seebachs bezieht. Die Teiche 3 und 4 bekommen es erst 
nachher. Die Lage der Teiche, ihre Numerierung und Grösse sowie die Richtungen 
des Wasserabflusses sind auf dem Orientierungsplan dargestellt.

Der "Halbdamm” ist ein kaum aus dem Wasser ragender, stark mit Landpflan­
zen bewachsener Erdwall, der beim Vertiefen der beiden Hälften des Teiches 3 
aufgeschüttet wurde.

Der ganze Komplex ist von Bäumen und Gebüsch umgeben und die Damm­
hänge sind dicht mit höheren Pflanzen bewachsen, vor allem mit hohem Riedgras 
('Carex rostrata). Ausserdem findet man u.a. auch Urtica sp., Mentha sp., Myosotis 
sp., Impatiens nolitangere, Phragmites und kleine Bestände von Juncus sp. und 
Equisetum sp. Der seichtere Boden ist an manchen Stellen mit Chara sp., Fonti- 
nalis sp., Ranunculus aguaticus und Potamogeton filiformis  bewachsen. Die zwei 
letzteren Pflanzen sind im Teich 4 besonders üppig.

Die Tiefe der Teiche beträgt bis etwa 1 m, meistens etwa 60-80 cm. Der 
Boden ist sehr schlamming, nur an wenigen Stellen etwas mit Schotter bestreut.

Abb. 1. Plan der Teiche, 1—4 — Nummern der Teiche, 5 — Uferpflanzen, 6 — Mönch,
7 — “Halbdamm”

Abb. 2. Teich No. 1 von S —O gesehen

Z. Stromenger
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Abb. 3. Teich No. 2 von N —W gesehen

Das Wasser ist sehr klar, nur bei längerem Regen wird es, vor allem im 
Teich 1 trüb. Sonst ist es durchsichtig bis zum Boden.

Seine Temperatur wurde an den tiefsten Stellen vor den Mönchen am Mittag 
gemessen.

Die Wassertemperatur im Litoral erreicht viel höhere Werte, besonders im 
Sommer an den sonnigen Stellen und ist mehr von dem Wetter abhängig. Bei den 
Hitzen betrug sie stellenweise mehr als 20°C.

In den Teichen züchtet man junge Bachforellen in ihrem ersten Lebensjahr. 
Das Wasser wird in der zweiten Oktoberhälfte abgelassen; zu dieser Zeit erreichen 
die Fische die Länge von etwa 5,5—7,0 cm.

Die Proben wurden Ende August bis Ende September 1970 und vom 20 Mai 
bis 18 Juni 1971 gesammelt.

Im freien Wasser wurde die quantitative Methode angewandt, die auf der 
Filtrierung des mit einem 10-Liter-Eimer geschöpften Wassers durch ein feinma­
schiges Planktonnetz (Müllergaze ca No. 20 d.h. etwa 66 Fäden pro 1 cm) beruhte.

Tabelle I. Wassertemperaturen in den Teichen (°C)

D atu m
H au p t-
Z u flu ss

Z u flu ss  
zum  T. 2

T e ich  N o. D er  S ee  
(1 m u n ter  d er  

O b er flä c h e )
1 2 3 4

28.IX.1970 8.4 _ 8,6 8,4 9,6 9,7 13,8
26.V .1971 8,9 9,2 9,8 12,7 15,0 16,6 16,3
18.VI 1971 8,6 8.6 10.4 11,6 10,8 11,7 12.8
6.VIII.1971 11.9 11,9 15,1 15,4 16,9 16,6 22,3
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Solche Entnahmen wurden am 2 und 3.IX.1970 für jede Probe zehnmal und an 
allen übrigen Daten fünfmal an verschiedenen, möglichst weit voneinander entfernt 
liegenden, aber immer etwa denselben Punkten des freien Wassers wiederholt. 
Die Summe der so gesammelten Tiere wurde wieder pro lo  Liter umgerechnet, 
woraus sich die Durchschnittszahlen ergaben.

Die Proben aus dem Litoral und den Unterwasserpflanzen wurden nach der 
qualitativen Methode von der Wasserseite oder vom Ufer her gesammelt, und 
zwar mit einem Kescher aus Müllergaze (etwa Nr 12, etwa 15 kurze Züge 
für jede Probe).

Die Angaben über die Cladocerenfauna dieser Gewässer findet man in der 
Literatur nicht; sie fehlen sogar in der ausführlichen Arbeit von B r e h m ,  
R u t t n e r  (1926).

3. DIE ERGEBNISSE 

Allgemeine Bem erkungen

Obwohl die Teiche m iteinander verbunden sind, unterscheidet sich 
ihre Cladocerenfauna hinsichtlich der Orte ihres Vorkommens, der 
Verm ehrungszyklen und zum Teil auch der Zusam m ensetzung nach 
Arten. Im allgem einen w urden hier nur sieben A rten  von Cladocerent 
gefunden, nämlich: Chydorus sphaericus, Simocephalus vetulus, Scapho- 
leberis mucronata, Alona affinis, Alona guttata, Alona costata und Cerio- 
daphnia quadrangula. Die ersten drei Arten waren die häufigsten, Chy­
dorus sphaericus kam in der M ehrzahl der Proben vor und fast stets als. 
Dominat, besonders im Spätsommer. Die Exem plare der drei letzteren 
A rten kam en in den Proben äusserst selten und nur vereinzelt vor.

Sowohl die quantitativen als die qualitativen Proben zeigten, dass 
die Zahl der Cladoceren in den nebeneinander liegenden Teichen 1, 2, 3 
und 4 im freien Wasser zunim mt, im Litoral dagegen abnim m t. Man 
sieht dies sehr genau z.B. in den Proben von Anfang Septem ber, wo im 
Teich 1 je 10 L iter Wasser 0,3 Exem plare enthalten waren. Im Teich 2 
w aren es 19 Exem plare pro 10 Liter, im Teich 3 — 3,8 Ex. pro 10 1, 
im. Teich 4 — 256 Ex. pro 10 1.

Die L itoralproben bewiesen, dass die Cladoceren im Teich 1 zahlreich 
Vorkommen, in den Teichen 2 und 3 bedeutend weniger zahlreich, im 
Teich 4 dagegen in recht geringer Anzahl; in einigen Proben von den 
Teichen 3 und 4 fehlten sie überhaupt.

Auch ist die Häufigkeit der Cladoceren in den verschiedenen Punkten  
der Uferzone nicht gleich. M assenhaft kam en sie an seichten Stellen 
nahe an den Ufern, zwischen dichten Beständen des teilweise über­
schwemm ten Landgrases vor (Chydorus sphaericus und Simocephalus  
vetulus). Zwischen den Riedgräsern dicht am Ufer sind sie viel weniger 
zahlreich, dort aber, wo diese Pflanzen eine m ehrere M eter breite Zone 
des seichten W assers bewachsen (besonders im Teich 1 und 2 am Zufluss), 
findet m an wieder grössere Mengen von Exem plaren der zwei häufigsten 
Arten.

294
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In den Proben von M ai-Juni bem erkt m an jedoch, dass diese Regel- 
m ässigkeiten nicht sofort nach der Bewässerung der Teiche eintreten, 
sondern sich m ehrere Wochen lang entwickeln. Der Teich No. 3 w urde 
nach und nach ärm er an Cladoceren, obwohl die Proben von M itte Juni 
viele andere K leintiere (Heliozoa, Carchesium und Vorticella, Turbellaria, 
Rotatoria, besonders Euchlanis, Bryozoa, Insektenlarven usw.) enthielten. 
Ab 10-15 Jun i w urden die seichten und breiten Regionen der mit 
Riedgras bewachsenen Uferzonen, vor allem im Teich 1 schon bedeutend 
s tä rker von Cladoceren besiedelt.

Das Vorkommen der einzelnen Arten

CHYDORUS SPHAERICUS  kam, wie gesagt, in der M ehrzahl der 
P roben vor. In den ersten zehn Proben von Ende August (27. und 31.VIII. 
1970), die noch nicht m it der richtigeren Methode vom freien  Wasser 
sowie vom Litoral gesam m elt worden waren (nur vom U fer aus, m it 
Kescher), w ar er in sechs vorhanden. N ur im Teich 4 w urden im 
Spätsom m er W eibchen m it parthenogenetischen Eiern, m it Ephippien 
sowie M ännchen in derselben Probe gefunden. U eberhaupt w aren die 
gefangenen Exem plare recht verschieden an Grösse und Farbe (ihre 
Schalen w aren glashell bis orangebräunlichen und rötlichen).

Die Tabelle II zeigt das quantitative Vorkommen von Chydorus spha- 
ericus  im freien W asser in den beiden U ntersuchungsperioden.

Tabelle II. Das Vorkommen des Chydorus sphaericus 
im freien Wasser (ind./lO 1 Wasser)

D atum
T eich  N o.

1 2 3 4

2-3.IX.1970 0,3 7 2,8 250
8. IX. 1970 - 3,2 60,6 186

16.IX.1970 - 1,6 41 8
24.IX.1970 0,2 - 22 22,6
20.V.1971 0,4 - 0,8 6,8
27.V .1971 1,4 - - 2,4
4. V I.1971 5,0 1,8 0,4 3,0
19.VI 1971 0.4 - 0.4 1,0

Im Litoral (24 Proben im Septem ber, 60 im M ai-Juni) kann man 
sein Vorkm m en n u r im T e i c h  1 als m assenhaft bezeichnen, nämlich 
am  10.IX und 14.VI im Carex-Bestand, am 18.IX im überschw em m ten 
Gras und am 28.IX zusammen m it grossen Mengen von Simocephalus 
vetulus, ebenfalls im überschwem m ten Gras; dasselbe am 14.VI im 
Riedgras im süd-östlichen Teil.

Am 28.IX fand sich Chydorus sphaericus auch im grossen Mengen in 
den Chara-W iesen dicht am Boden. Die letztgenannten Proben wurden 
an sonnigen Stellen gesammelt.
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Die Probe in unm itte lbarer Nähe der oben erw ähnten G räser, die 
am 18.IX entnom m en wurde, enthält bedeutend weniger Exem plare von 
Chydorus und überhaupt keine anderen Cladoceren.

In den Proben von M ai-Juni kam  die A rt an verschiedenen Stellen 
zuerst (26.V und l.VI) recht selten, an manchen P unkten  sogar sehr 
selten vor. Ab 9.VI begann sie jedoch bedeutend zahlreicher bis nahezu 
m assenhaft zu werden, nämlich in den beiden breiten Litoralzonen 
(besonders in der südlichen), in den Riedgras-Beständen.

Im T e i c h  2 kam  die A rt im Litoral im Septem ber im allgem einen 
häufig vor, im überschwem m ten Gras w ar sie jedoch nicht besonders 
zahlreich — vielleicht wegen des Dickichts von Fadenalgen. Im Mai- Jun i 
w ar sie ziemlich häufig, besonders häufig aber in der nord-östlichen Ecke 
zwischen dem Riedgras bei der M ündung des Zuflusses.

Ziemlich zahlreich w ar sie auch im Septem ber in der Uferzone des 
T e i c h e s  3, aber nu r zwischen überschwem m ten G räsern und an der 
sonnigen Seite des »Halbdamms«. Im M ai-Juni kam sie an allen 4 U fern 
nur in geringer Zahl oder gar nicht vor.

Eher wenige Exem plare dieser A rt beherbergte in den beiden U nter­
suchungsperioden das Litoral im T e i c h  4; in den 8 P roben von 16 
und 18.VI kam sie überhaupt nicht vor. Im Potamogeton filiformis  
hingegen, in einiger Entfernung von den Ufern, w ar sie am 28.IX sogar 
sehr zahlreich.

Die M axima der E p h i p p i e n b i l d u n g  kom m en in den einzelnen 
Teichen nicht gleichzeitig vor. Als Höhepunkt dieser Erscheinung in der 
ersten U ntersuchungsperiode kann m an für den Teich 4 Anfang Septem ­
ber annehmen, wo sehr Viele Ephippien-W eibchen, M ännchen und Paare 
in copula gesam m elt wurden. Im Teich 1 sah m an vereinzelte Pärchen 
schon am 18.IX, zahlreicher jedoch waren sie — ebenso wie die ephippia- 
len Weibchen — erst Ende Septem ber zu beobachten. In Proben vom 
Teich 2 w urden Ephippien-W eibchen nicht beobachtet. Im  Teich 3 w ar 
ihr m axim ales Vorkommen am 23.IX.

Im Mai- Juni w urden weder Ephippien-W eibchen noch M ännchen 
gefunden.

SIMOCEPHALUS VETULU S  w ar die zweithäufigste Cladocerenart 
in den untersuchten  Teichen. Im freien  W asser kam  er nicht häufig vor. 
was m an auf Tabelle III sehen kann.

Im Litoral w ar diese A rt häufiger, obwohl sie nur zweimal m assen­
haft vorkam, näm lich im überschw em m ten Gras im T e i c h 1 zusam m en 
m it Chydorus sphaericus am 18 und 28.IX. Auch am 14.VI kam  sie in 
sehr grossen Mengen vor, und zwar in der breiten süd-östlichen Ried­
graszone (mit nahezu m assenhaft vorkomm endem  Chydorus sphaericus); 
viele erwachsenen W eibchen der zweiten G eneration hatten  zu diesem 
Zeitpunkt schon Ephippien.
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Tabelle III. Das Vorkommen des Simocephalus velulus 
im freien Wasser (ind. 10/1 Wasser)

D atu m
T eic h  N o.

1 2 3 4

2-3.IX .1970 _ 0,2 _ 0,6
8.IX.1970 — — — 4,8
16.IX .1970 — — — 0,2
24.IX.1970 — — — 0,2
20.V .1971 — — — 0,6
27.V .1971 0,2 — — —
4. V I.1971 — — — 0,2
19.V I.1971 — — — —

Im  T e i c h  2 w ar die A rt in den beiden Perioden überhaup t nicht 
häufig.

In den Proben vom T e li c h 3 w aren nu r einzelne Exem plare zu be­
obachten und n u r am 28.IX m it Ephippien. In der zweiten U ntersuchungs­
periode, ab 10.VI fehlten sie in den Proben fast vollkommen.

Im T e i c h  4 w ar die A rt im Septem ber, Ende Mai und Anfang Ju ­
ni viel häufiger, und die Ephippial-W eibchen zeigten sich in den Sep­
tem ber-Proben ab 10.IX. Zwischen den überschw em m ten Landgräsern 
w aren in dieser Periode diese Cladoceren ziemlich zahlreich. Im  Juni, 
ab 11.VI w urden in den m eisten Proben Ephippial-W eibchen gefunden.

Bei dieser A rt unterscheidet m an schon in der zweiten M aihälfte 
die wenigen, grossen Exem plare der ersten  Frühjahrsgeneration , von 
den viel zahlreicheren, jungen Individuen der zweiten G eneration, die 
sich erst in der zweiten Jun ihälfte  (durch Ephippienbildung!) zu ver­
m ehren beginnen. Nach und nach verw ischen sich aber die G rössenun­
terschiede, denn die erwachsenen W eibchen pflanzen sich m ehrm als fort, 
so dass m an M itte Jun i in den Proben T iere von verschiedenem  A lter 
bem erkte.

SCAPHO LEBERIS M UCRONATA  stand an d ritte r Stelle, kam  aber 
eigentlich gar nicht häufig vor. Am zahlreichsten w ar die A rt in den 
Teichen 2 und 4 und zwar vor allem  im freien W asser oder vor den 
Abflussmönchen; w eniger zahlreich, und nur im Septem ber, im Litoral. 
Am 27.VIII kam  sie im Teich 4 vor dem nördlichen Eckmönch im 
Schatten sogar als Dom inant vor. U eberhaupt w aren die Exem plare 
dieser A rt im Septem ber nur bis zum 10.IX in den Proben zu finden, 
später fehlten sie ganz, abgesehen von einem Exem plar, das im Teich 3 
in den überschw em m ten G räsern am  28.IX gefunden w urde. Im Mai- Jun i 
w urden sie ausschliesslich in den Proben vom freien W asser in den 
Teichen 2 und 4 gefunden.

In den Q uantitativproben vom freien W asser kamen sie (pro 10 L iter 
Wasser) in folgenden Mengen vor:

http://rcin.org.pl



298  z - Stromenger

Tabelle IV. Das Vorkommen der Scapholeberis mxicronata 
im freien VN asser (ind./10 1 Wasser)

D atum
T eich NO.

1 2 3 4

2—3.IX .1970 _ 4,6 0,1 _
8.IX .1970 — 2 — 3,2
16.IX .1970 — — — —
24.I X .1970 — — — —
20.V .1971 — 1 — 0,6
27.V .1971 — 0,2 — 0,4
4.V I.1971 — 3,2 — 1
19.V I.1911 — — — —

Ausserden w urden im T e ic  h 1 beim Zufluss nur einmal (am 31.VIII) 
und auch nur wenige Exem plare gefangen. Es waren grosse Weibchen 
m it parthenogenetischen Eiern.

Im T e i c h  2 vor dem Abflussmönch w aren am 31.VIII diese Clado- 
ceren zahlreich. Vorwiegend handelte es sich um grosse W eibchen mit 
parthenogenetischen Eiern und Ephippien. Dann, am 10.IX w urde noch 
ein grosses Weibchen ohne Eier gefunden.

Im T e i c h  3 kam  die A rt am 31.VIII am Zufluss aus dem  Teich 1 
in einigen parthenogenetischen Exem plaren und am 10.IX in wenigen 
weiblichen Exem plaren, u.a. m it Ephippien, vor. Dann wurde, wie 
erw ähnt, noch ein Exem plar am 28.IX in G räsern gefunden.

Im T e i c h  4, nach dem M aximum am 27.VIII, w urde die A rt noch 
an derselben Stelle vor dem nördlichen Eckmönch in den angeschwem m ­
ten faulenden Pflanzenteilen an der Oberfläche in ziemlich grosser 
Anzahl gefangen, und zwar parthenogenetische Weibchen m it bis zu 
acht Eiern in der Bruthöhle sowie ephippiale Weibchen.

Am 10.IX w urden noch vereinzelte Exem plare von Scapholeberis 
mucronata (mit parth . Eiern) im Litoral gefangen.

A LO N A  AFFINIS  w urde nur in den Teichen 3 und 4 im Septem ber 
gefunden. Im T e 1 c h 3 kam sie fast in allen quantitativen Proben vom 
freiem  W asser vor, und zwar pro 10 L iter Wasser:

Tabelle V. Das Vorkommen der Alona affinis im freien 
Wasser (ind./10 1 Wasser)

D atum
T eich  N o.

1 2 3 4

2—3.IX .1970 _ _ 0,9 _
8.IX .1970 — — 0,4 icT
16.IX.1970 — — 0,4 —

24.IX.1970 — — — —
20.V .1971 — — — —

27. V .1971 — — — —
4. V I.1971 — — — —
19.VI.1971 — — — —
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Am 16.IX w aren etw a die Hälfte der Anzahl Männchen. Vom Litoral 
w urden nu r am 10.IX zwei Exem plare (Weibchen) gefangen.

Im T e i c h  4 w urde die Alona affinis ausserdem  n u r einm al ange­
troffen, näm lich am l.IX  im nördlichen Eckmönch (ein Männchen). 
U eberhaupt ist also diese A rt im freien  Wassen häufiger.

Die am 28.VIII zum Vergleich gesam m elten Proben aus dem M ausro­
delteich bei Lunz, erw iesen eine verhältnissm ässig grosse Häufigkeit 
dieser A rt im südlichen Teil der Uferzone beim Abflussmönch (Ephippien- 
-W eibchen).

A L O N A  G U TTA T A  w urde im Septem ber nur am 23.IX in zwei 
Exem plaren im Teich 3 gefunden: im Riedgras beim Ufer ein W eibchen 
von form a tuberculata und ein W eibchen m it parthenogenetischen Eiern. 
Im Jun i w urde die A rt in den Proben vom Teich 1 (ll.V I) und Teich 4 
(16.VI), je ein Exem plar, im Riedgras beobachtet.

Im freien  W asser w urde am 4.VI im Teich 4 auch nur ein Exem plar 
gefunden.

A L O N A  COST A T  A  w urde nur einmal gefunden, nämlich im Teich 4 
an einer ste ts schattigen Stelle un ter Carex, am 23.IX (zwei M ännchen).

CERIODAPHNIA Q U ADRANG ULA  w urde im Septem ber n u r zweimal 
gefunden: nämlich im Teich 2 am 10.IX im Litoral (drei kleine Exem p­
lare) und im Teich 4 an dem selben Tag im Litoral (zwei erw achsene 
Exem plare).

Im M ai-Juni w urde die A rt auch ausschliesslich in der Uferzone 
gefunden: Teich 2 — l.VI im süd-östlichen Riedgrasbestand (1 Exem plar) 
und am 14.VI, ditto (3 Exemplare); Teich 3 — 3.VI am nördlichen Ufer 
(1 Exem plar); Teich 4 — 11.VI, am nördlichen Ufer (1 Exem plar) und 
19.VI, ebenfalls am nördlichen Ufer (1 Exemplar).

4. DISKUSSION

Die fast vollkommene Abwesenheit der Cladoceren im freien Wasser 
im Teich 1 ist sicher die Folge der Ström ung, die hier am stärksten  ist 
(schon im Teich 2 ist sie bedeutend schwächer). Die Tiere w erden aus 
d ieser Zone fortgespült und gelangen mit denen von den Teichen 2 
und 3 teilweise in den Teich 4, der schon wegen der deutlich schwächeren 
D urchström ung einen etwas anderen C harakter hat und reichen U nter­
wasserpflanzenbestand (viel Potamogeton filiformis), Phytoplankton  und 
faulende Pflanzenstoffe an der O berfläche sowie etwas höhere Tem pe­
ra tu ren  aufweist.

Das häufige und manchm al auch m assenhafte Vorkommen der Cla­
doceren im überschw em m ten Gras an sonnigen Stellen ist verm utlich
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m it den intensiven Fäulnisprozessen verbunden, die in der erhöhten 
Tem peratur stattfinden, wobei die sich stark  verm ehrenden B akterien 
den Cladoceren als N ahrung dienen. Dasselbe gilt auch fü r die breiten 
Carexzonen.

U eberhaupt scheint die höhere Tem peratur fü r diese Tiere auch hier 
günstig zu sein, da m an sie häufiger an besonnten Stellen des Litorals 
findet als an den schattigen. So w aren an der südlichen, besonnten 
Seite des »Halbdamms« im Teich 3 die Cladoceren sehr zahlreich, 
w ährend an der nördlichen, schattigen Seite ihre Häufigkeit in  derselben 
Zeit (am 28.IX) recht gering war.

Die allgemeine Häufigkeit der Cladoceren — im Vergleich m it den 
m itteleuropäischen Flachlandteichen, die nach m einen Beobachtungen 
im Spätsom m er m ehrere Tausende Exem plare pro 10 L iter W asser 
enthalten können — ist auch in dieser Jahreszeit äusserst gering.

Die Beobachtungen über Chydorus sphaericus, verglichen m it denen 
an einigen anderen Teichkomplexen ( S t r o m e n g e r - K l e k o w s k a  
1960, W a w r i k  1955, 1960) zeigen, dass diese ubiquistische A rt eben 
in solchen Gew ässertypen wie die Lunzer Teiche, besonders günstige 
Lebensbedingungen findet. Die Periode ih rer bisexuellen V erm ehrung 
ist hier — besonders im Teich 4 — m it ausserordentlicher In tensitä t 
ausgeprägt.

Nur die zwei häufigsten Arten: Chydorus sphaericus und besonders 
Simocephalus vetulus  w urden, in sehr geringer Anzahl, in den D arm ka­
nälen der jungen Bachforellen zwischen Insektenresten gefunden. Ueber 
die fischwirtschaflichen Aspekte m einer A rbeit an den Lunzer Teichen 
habe ich ausführlicher schon früher geschrieben ( S t r o m e n g e r  
1972 a, b).
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5. ZUSAMMENFASSUNG

Die Beobachtungen betreffen die Cladocerenfauna von 4 subalpinen Forellen­
teichen. Sie bekommen das Wasser entweder unmittelbar aus der Seebach-Abzwei­
gung oder voneinander. Ihr Boden ist schlamming und stellenweise mit Pflanzen be­
wachsen, ihre Tiefe beträgt durchschnittlich 60—80 cm, sie sind durchsichtig bis 
zum Boden und ihre Temperatur ist ziemlich tief wegen der ständigen Durch­
strömung. Es wurden insgesamt 7 Cladocerenarten gefunden, wovon die häufigsten 
Chydorus sphaericus, Simocephalus vetulus und Scapholeberis mucronata  waren. 
In den Darmkanälen der dort gezüchteten jungen Bachforellen wurden Reste nur 
von den zwei ersten Arten gefunden. Im Spätsommer und Herbst wurde die An­
zahl der Cladoceren in jedem nächsten der Teiche 1—4 höher — im freien 
Wasser und niedriger — im Litoral. Im Spätfrühling entwickelt sich diese Regel-
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mässigkeit erst nach einigen Wochen nach der Bewässerung der Teiche. Sie ist 
wahrscheinlich Nachfolge der abnehmenden Durchströmungskraft in den nacheinan­
der liegenden Teichen und der zunehmenden Häufigkeit von Phytoplankton und 
faulenden Pflanzenstoffen. Besonders zahlreich kommen die Cladoceren an den 
warmen, sonnigen Stellen zwischen den Ufer- und Unterwasserpflanzen, vor allem 
faulenden Pflanzenresten, vor. In diesen Gewässern scheint Chydorus sphaericus 
besonders günstige Lebensbedingungen zu finden. Ende August erschienen in 
seiner Population zahlreiche Männchen. Im Vergleich mit den Karpfenteichen der 
mitteleuropäischen Ebene sind die besprochenen Gewässer sehr arm an Cladoce- 
renarten und -individuen.

6 . STRESZCZENIE

Obserwacje dotyczą fauny wioślarek (Cladocera) 4 pstrągowych stawków na­
rybkowych rejonu podalpejskiego. Zbiorniki te otrzymują wodę potokową częściowo 
bezpośrednio, a częściowo systemem różańcowym. Ich dno jest muliste i miejscami 
zarośnięte, średnia głębokość 60—80 cm, przejrzystość całkowita, temperatura dość 
niska wskutek stałego przepływu. Napotkano w nich 7 gatunków wioślarek; naj­
liczniej występowały: Chydorus sphaericus, Simocephalus vetulus  i Scapholeberis 
mucronata. Tylko szczątki dwóch pierwszych z nich znaleziono w przewodach
pokarmowych hodowanych młodych pstrągów potokowych. Na przełomie lata i je­
sieni liczebność wioślarek w każdym następnym stawie od 1 do 4 jest kolejno coraz 
większa w śródstawiu, a coraz mniejsza w litoralu. Wiosną prawidłowość ta
rozwija się dopiero w ciągu kilku tygodni po zalaniu stawów. Zapewne jest ona
wynikiem malejącej siły przepływu w kolejnych stawach i wzrastającej obfitości 
fitoplanktonu i gnijących szczątków roślinnych. Szczególnie licznie wioślarki w y­
stępują w nagrzanych słońcem rejonach roślinności wynurzonej i zanurzonej,
zwłaszcza gnijącej. W zbiornikach tych szczególnie pomyślne warunki bytowania 
zdaje się znajdywać Chydorus sphaericus, w którego populacji pod koniec sierpnia 
pojawiły się licznie samce. W porównaniu z nizinnymi środkowoeuropejskimi sta­
wami karpiowymi, liczebność gatunków i osobników wioślarek w omawianych 
zbiornikach jest bardzo niska.
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ABSTRACT

Studies were made of the effect of different pH of water on filtration, respiration 
and energy budget of laboratory cultures of S. vetulus. The dependence, at pH 7.0, 
between body length and respiration, filtration and food consumption were ex­
pressed by exponential functions. Description is given of changes in values and 
mutual proportions of resting respiratory rate (RRR), ordinary respiratory rate 
(ORR) and cost of active locomotion (CAL) under the effect of changing pH. It was 
found that change in pH in broad range (4.5—9.5) does not affect the RRR, however 
it causes an increase in ORR, in filtration rate and the share of CAL in ORR. 
Tentative energy budget was computed and changes of its parameters under the 
effect of pH are discussed.

1. INTRODUCTION

The problem of physiological optimum in poikilothermic animals was often 
discussed in literature. A special attention was given to appropriate methods with 
which it would be possible to determine quickly and with satisfactory confidence 
an optimum value of a given environmental factor for the animal species investi­
gated. According to F i l i p ć e n k o  (1932), the irritating action of an environmental 
factor increases with deviation of its value from the optimum; this action is at 
its lowest in the optimum zone, but it is the highest when the conditions are close 
to lethal. Therefore one could expect that animals, being faced with disadvan­
tageous conditions, w ill try to leave the irritation zone which should be accom­
panied by an intensified locomotory activity and a corresponding increase in oxygen  
consumption. I v l e v  (1963) has defined the optimum conditions as a zone of 
the minimum locomotory activity relying on an analysis of distribution of animals 
in the gradients of several environmental factors as well as of the speed of loco­
motory movements under different conditions. Thus it seems specially interesting 
to investigate the energy budget under conditions which are far from optimum 
for the increase in energy expenditure should be followed by an increase in the 
amount of energy supplied to an organism as food; without such compensation 
the animals would die of the energy defficiency.

The effect of temperature on behaviour and physiological features of poiki­
lothermic animals has been most thoroughly investigated, however there is also 
a great deal of information concerning the effect of active water reaction on 
aquatic animals. The following problems deserved attention of scientists: the 
survival boundaries in aquatic animals ( S k a d o v s k i j  1928, B o g a t o v a  1962,
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K o n s t a n t i n o v  1969), changes in the oxygen consumption rate (J a c e n k o 
1928 a,b, I v a n o v a  1965, A l i m o v  1967, H e f c o ,  M i r o n  1965); K o n s t a n ­
t i n o v  1969), changes in feeding intensity ( I v a n o v a  1965,1969, A l i m o v  1967); 
reproduction rate at different concentration of hydrogen ions ( J a c e n k o  1928 a, b, 
I v a n o v a  1963); size of aquatic animals in water bodies of different pH ( M a ­
n u i l o v a  1949, S a l a z k i n  1966 a,b). It was often found that pH of water which 
was beyond boundaries of the adaptative ability caused an increase in oxygen 
demand, in locomotory activity, and in feeding activity of animals used for such 
experiments. Thus, in the light of the above statement, after I v l e v  (1963) the 
optimum conditions were practically identical with those under which a population 
has been living and to which it has been adapted.

The present work deals with energy transformation by S. vetulus  under con­
ditions of rapidly changing active water reaction in short-term experiments. All 
experiments were carried out with animals which had been acclimated to pH 7.0.

2. MATERIAL AND METHODS

Cladocerans of S. vetulus  were collected from a large clay ditch near Warsaw, 
brought to the laboratory and cultivated in aquaria at 22°C; acc. to K r j u c k o v a ,  
K o n d r a t j u k  (1966) this is thermal optimum for a number of Cladocera species. 
Chlorella sp. was used as food.

The body length of cladocerans in cultures ranged from 0.7 to 2.5 mm, they 
reached maturity at the length of 1.1—1.2 mm. Dry weight of animals was ascer­
tained with a torsion balance for each individual separately when the experiments 
were completed, after drying them at 105°C. Using the least square method, r e ­
gression was calculated for the body length and dry weight of animals (Fig. 1). 
This dependence can be described with an appropriate precision by power functions, 
for immature animals (L =  0.7—1.1 mm):

W =  10.74 • Li-08 (1 )
and for matured animals:

W =  17.37 • L2-17 (2)

Fig. 1. Dependence between body length and dry weight of Simocephalus vetulus. 
A — regular scale (vertical lines: W±2pw), B — log-log scale
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where: W — dry weight of an individual in .̂g, L — its length in mm. Functions (1) 
and (2) were calculated from the data in Table I.

Table I. Length and dry weight of Simocephalus vetulus

L en gth
(m m ) N

M ean w e ig h t  
(i*g)

?W
Wa
- L e o
w

0.7 5 7.04 0.81 11.5
0.8 5 9.62 1.05 11.0
0.9 5 9.17 0.56 6.1
1.0 6 12.18 0.54 5.4
1.1 5 11.30 0.61 4.4
1.2 4 23.62 3.24 13.7
1.3 6 25.90 2.52 9.7
1.4 6 35.73 2.89 8.1
1.5 6 47.13 3.71 7.9
1.6 7 59.41 3.48 5.8
1.7 6 52.70 1.59 3.0
1.8 6 71.10 5.02 7.1
1.9 6 62.97 5.15 8.2
2.0 6 84.78 3.54 4.2
2.5 4 111.08 9.48 7.5

The following rates were measured in the experiment: (1) resting respiratory 
rate (RRR), (2) ordinary respiratory rate (ORR), i.e., active respiratory rate at 
locomotory movements, (3) filtration rate (F). “Cost” of active locomotion (CAL),
i.e., energy losses for locomotion, were found by difference between ordinary and 
resting respiratory rates: ORR—RRR =  CAL.

Stoppered cartesian divers after Z e u t h e n  (1950) were used for measuring 
RRR, more detailed description of this model of divers in K l e k o w s k i  (1971). 
This type of divers was used previously in analogous work on bioenergetics of 
predacious copepod, Macrocyclops albidus ( K l e k o w s k i ,  S h u s h k i n a  1966 a, b).

The diameter of head bulbe into which the cladocerans were placed was 
about 2.5—3.0 mm. Thus the animals were almost immobilized in the divers, from 
observation of their behaviour it appeared that only filtrating appendages were 
moving incessantly. This immobilization of animals in divers permits to consider 
the obtained results as resting respiratory rate (RRR). The duration of the mea­
surement was such that the amount of oxygen in the diver did not decrease more 
than by 25% of the initial value. As a rule, the measurements lasted about 2 hr.

In order to obtain required pH buffor solutions were used according to D r y 1 
(1961).

The experimental technique was as follows: the animals were placed into
8 divers, one in each, filled with buffor solution of pH 7.0 and their RRR was 
measured. Later on the animals were removed from the divers and six were 
transferred to the medium with required pH (cf. Tables IV, V, VI). Two remaining 
individuals (control) were placed again in a fresh portion of solution with pH 7.0. 
The animals, in turn, were placed into divers filled with medium of appropriate pH 
and RRR was measured. The results of two control measurements at pH 7.0 
pointed to an effect of handling alone (removal of animals from divers and
introducing them again) on the RRR. It appears that the whole procedure of 
transferring (removing from the diver, washing in a fresh medium, and replacing 
in the diver) caused a decrease in RRR by 15% on average. RRR in control animals 
after transferring them amounted to 84.9±5.9% as compared with the first m ea­
surement. Thus, appropriate corrections were used in all further calculations of 
oxygen consumption in the divers.

Ordinary respiratory rate (ORR) was measured in 100—130 ml capacity bottles. 
Twenty animals were placed into each bottle. The bottles with no animals were
used as controls. The bottles were filled with the same buffor solutions as those
used for RRR measurements in the divers. The amounts of oxygen in the bottles 
before and after exposures were determined by means of the Winkler method.
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The animals were active in the bottles and swam in water. These active movements 
were increasing clearly when pH of water in the bottle deviated from 7.0.

The filtration rate was determined in 20 ml containers with suspension of 
Chlorella. Chemical composition of this suspension and calorific value of its com­
ponents are shown in Table I I J.

Table II. Chemical composition of Chlorella sp. suspension used

C o n cen tra tio n  
(m ln  c e l ls /m l)

P ro te in C arb o h y d ra tes L ip id s £
(cal/1)(m g/1) (cal/1) (m g/1) (cal/1) (m g/1) (cal/1)

8.0 27.3 125.6 10.7 40.8 8.1 76.7 243.0

The filtration rate (F) was calculated according to G a u 1 d’s formula (G a u 1 d 
1951):

C0F = ln  - a

•where F — filtration rate in ml/hr, C0 — initial concentration of Chlorella, C/ — 
concentration of Chlorella after exposure time, a — correction factor, for sinking 
of Chlorella. For calculation of filtration rate from G a u l d ’ s formula it is 
important that the difference in initial and final concentrations was not too large 
( R i g l e r  1971); in our experiments it did not exceed 15% of the initial concen­
tration. The concentration of Chlorella suspension was measured with Hilger H810-1 
Biochem Absorptiometer. In all the experiments concerning the e'fect of active 
water reaction on the filtration rate, the initial concentration of Chlorella was 45 
million cells/ml. The experimental containers were exposed for 3 hr at 22°C.

3. RESULTS

The effect of active w ater reaction on resting respiratory  rate  (RRR)

A considerable variation was found in the results of RRR m easu­
rem ents, caused by physiological differences between anim als of the 
same size. It is understandable since the respiratory  ra te  was m easured 
in cartesian divers for a single individual and therefore its individual 
properties became evident, whereas in each bottle there were 20 animals 
whose individual properties w ere levelled. This variation of RRR occurred 
both in optim um  and in non-optim um  conditions. One of the factors 
th a t affected RRR was m oulting during which RRR decreases (Fig. 2).

Dependence between length of anim als and their RRR (Table III, 
Fig. 3) can be described by the function:

RRR =  0.083 • L1-79 (3)

w here: RRR — resting respiratory  rate  (p-l/ind. • hr) L — anim al’s length 
(mm). The firs t point of RRR, for anim als of L =  0.7-0 .8 mm, is beyond 
the confidence lim it of equation (3) w ith the highest variation of indi­
vidual data (Table III). Perhaps it would be more appropriate to describe 
the dependence of R R R ^ / (L) by two functions: for im m ature S. vetulus  
(L =  0.7-1.1 mm) and for m atured fem ales (L=  1.1-2.5).

* The authors wish to thank mgr S. K ę d z i e r s k i  for performing the analyses.
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Fig. 2. Changing of equilibrium pres­
sure in cartesian divers containing 
specimens of Simocephalus vetulus

Fig. 3. Dependence between body length and resting respiratory rate (RRR) by 
Simocephalus vetulus  in cartesian divers. A — regular scale (vertical lines: RRRn: 

2 q r r r , horizontal l in e s :  L ± 2 q l ), B — lo g - l o g  scale
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Table III. Size (length) dependence of resting respiratory rate (RRR) of Simocephalus 
vetulus, measured in Cartesian divers

L en g th
ra n g e
(m m )

N
M ean
le n g th
(m m )

PL ?L (*)
R esp ira tio n

(RRR)
(h-1 CV10- 3 /in d .-h r )

PRRR
PRRR

(1)
L RRR

COo’1t-©

12 0.744 0.024 3.2 32.1 6.1 18.9
0.81—1.0 31 0.914 0.009 1.0 60.1 5.1 8.5
1.01—1.2 24 1.074 0.011 1.0 98.7 6.9 7.0
1.21—1.4 14 1.295 0.013 1.0 142.7 9.6 6 7
1.41—1.6 14 1.486 0.009 0.6 169.1 11.9 7 1
1.61—1.8 8 1.678 0.030 1.8 252.3 22.0 8.7
1.81—2.0 4 1.888 0.033 1.8 271 7 35.2 12.9

The difference between the decrease in RRR of the control anim als 
in the second series of experim ents and that in cladocerans transferred  
for the second series of m easurem ents to the media of d ifferen t pH was 
accepted as an index of the effect of active w ater reaction. As it has 
been m entioned (cf. Methods), RRR in the control anim als after tran ­
sferring  am ounted to ca 85°/o of their RRR before the transferring. 
W ith w ater pH changing from 4.5 to 9.5, the decrease of RRR in the 
second series of m easurem ents (after transferring) was identical as in 
the controls (Fig. 4). When pH was increased to 10.6, a decrease in 
oxygen consumption was observed. One can suppose that fu rth e r alka- 
lization of the medium  would cause even more conspicuous decrease in

Fig. 4. The effect of transferring Simocephalus vetulus from divers with pH =7.0 
to new divers at different values of pH on respiration (RRR2); 100% denotes respi­
ration (RRRj) by the same individuals in the first series of measurements. Vertical 

lines indicate variations of the data
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RRR. When pH decreased, RRR also decreased which occurred at pH 
of 4.0 and 3.6. At the la tte r value RRR was more than  twice as low as at 
pH 6.9. Our results seem to confirm  the view by K o n s t a n t i n o v  
'(1969) th a t aquatic anim als endure be tte r alkalization than  acidification 
of the environm ent.

In general, it can be said that changes w ithin a very  broad range of 
pH did not cause significant changes in RRR.

T he effect of active w ater reaction on ordinary resp ira to ry  ra te  (ORR)

The deviation of pH from the optim um  value causes an increase in 
ORR of cladocerans; the curve for ORR at different pH is bimodal w ith  a 
depression at the optim um  pH value (J a c e n k o 1928 a, b, I v a n o v a  
1965, K o n s t a n t i n o v  1969, H e f c o ,  M i r o n  1965). A sim ilar s itua­
tion  was also found in our m easurem ents of oxygen consum ption by S. v e ­
tulus  in bottles, w here anim als w ere allowed free m ovem ents (Table 
IV). Since ORR can be considered as a sum  of RRR and th e  cost of active 
locomotion (CAL) and since RRR does not depend on pH w ithin the

Table IV. Size (length) dependence of ordinary respi­
ratory rate (CRR) measured in bottles (for each 
length — pH combination, 3 bottles with 20 ind. in each)

M ean le n g th  
(m m ) pH

R esp ira tio n  (RRR) 
(ul Oj-10- 3 /ind.*hr)

ORR %

O RR0 pt.

1.9 4.0 630 175
1.9 4.8 520 145
1.9 5.8 430 120
1.9 6.9 360 100
1.7 8.2 420 117
1.7 8.7 450 125

lim its at which the investigated cladocerans survive (cf. Fig. 4), one can 
suppose tha t w ith any deviation of concentration of hydrogen ions from  
the  optimum, CAL will increase, which is confirmed by a direct obser­
vation of the cladocerans behaviour in the bottles. The sm allest ORR by 
S. vetulus  was at pH 6.9, whereas any deviation of active w ater reaction 
both in acidous and alkaline directions caused an increase in oxygen 
consum ption (Table IV). U nder optim um  conditions and at an optim um  
activ ity  in  such little  mobile form  as S. vetulus,  CAL am ounts only to 
30%  of ORR. Under conditions close to  lethal (pH 4.0) CAL can be 3 
times as high as RRR (Table V).
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Table V. Correlation between ordinary respiratory rate (ORR), resting 
respiratory rate (RRR) and cost of active locomotion (CAL) at different 

values of pH (Note: ORR=RRR-)-CAL)

M ean
len gth pH

R esp ira tio n  (h-1 Oj-10 3/ ind .-hr) R esp ira tion  as % o f ÓRR

(mm) ORR RRR CAL ORR RRR CAL

1.9 4.0 630 153 457 100 24.2 75.8
1.9 4.8 520 255 265 100 49.0 51.0
1.9 5.8 430 255 175 100 59.0 41.0
1.9 6.9 360 255 105 100 70.5 29.5
1.7 8.2 420 220 200 100 52.5 475
1.7 8.7 450 220 230 100 49.0 51.0

The effect of active w ater reaction on the filtration ra te

Rate of filtration under constant physical and chemical conditions of 
the environm ent was found to depend on size (or weight) of filtra to r and 
on concentration and calorific value of filtra ted  suspension (R i c h m a n 
1958, M o n a k  ov,  S o r o k i n  1961, S u s h c h e n y a  1963, 1968, I v a ­
n o v a  1967, R i g l e r  1971). The ra te  of filtration  is constant and m axi­
mal at a small concentration of suspension (approxim ately up to 1 mg 
dry  w eight per liter, or about 5— 6 cal/1). At m iddle range of concentra­
tion F = f  (C), where F — the filtration rate, C — average food concentra­
tion. W ith an increase of C to over 15 mg dry weight/1, or 80— 90 cal/1, 
the filtration  rate  reaches again a constant and m inimal level.

The results on filtra tion  ra te  of Chlorella by S. vetulus  showed defi­
nite dependence on the body length  of cladocerans (Fig. 5). Using the 
least square method, the following regressions w ere calculated from 
these values:

for C0= 1.8  m illion cells/ml, F  =  0.040 • L3-20 (4)
for Co=4.0  m illion cells/ml, F  =  0.018 • L3-29 (5)

w here L — body length of cladocerans in mm, F — filtra tion  ra te  in
ml/ind. • hr. Equations (4) and (5) can be pooled together in one:

F = a  • L3-25, a —f  (C) (6>

W ith changes in pH of the medium, the filtration  rate  by S. vetulus  
also changes, increasing in some cases m ore than  twicely (Table VI). The 
highest filtra tion  ra te  was observed at pH 5.0—5.5 and 9.0, fu rth e r alkali- 
zation or acidification of the m edium  caused a decrease in filtra tion  ra te  
of the  investigated animals. The curve illustrating  the filtra tion  ra te  at 
different pH of the media (Fig. 6) has two modes, sim ilarly as the  oxygen 
consumption curve for the bottle  series, w hen cladocerans w ere allowed 
to move freely. These two curves d iffer in that w ith acidification of th e
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Fig. 5. Dependence between body length and filtration rate by Simocephalus vetulus 
at different initial concentration (C0) of Chlorella. 1 — C0 = 1.8 mln cells/ml, 2 — 

C0—4.0 mln cells/ml. A — regular scale, B — log-log scale

medium below pH 5.0 and w ith alkalization over pH 9.0 —9.2, the f iltra ­
tion ra te  decreases (Table VII), w hereas the oxygen consumption rate, 
which reflects the cost of active locomotion (CAL), still increases.

Energy balance of S. vetulus  at d ifferent pH of the medium

For calculation of instantaneous daily energy budget it is necessary 
to estim ate its m ain param eters: consumption (C), respiration (R), growth 
(P), and assim ilation efficiency of food (U ~1 =  (R +  P)/C). The consumption 
ra te  can be calculated from the following dependence: C =  F*c ,  where 
F — daily filtra tion  rate, C — average concentration of food. At the amo­
unts of algae used in the experim ents, the consumption is practically not 
dependent from the food concentration (Fig. 7), and it is close or even 
equal to the m axim um  one. This C m a x  depends, however, on the size of 
cladocerans, and for the given conditions of the experim ent (i.e. at temp. 
22°C and pH 7.0) can be expressed as function:

C =  1.85 • L3-34 (7)

w here: C — daily consumption ra te  (million cells/ind.), L — body length
http://rcin.org.pl



Table VI. Filtration rate in Simocephalus vetulus at different values 
of pH and constant food concentration 4.5 million cells 

of Chlorella per ml

L en gth
(m m ) PH F iltra tio n  ra te  

(m l/in d . • hr)
F m\Xi)

F pH7.0

9.2 0.145 176

1.64 8.4 0.103 125
7.2 0.082 100
6.5 0.115 141

6.2 0.127 145

1.66 5.2 0.188 230
4.2 0.115 140
3.4 0.089 108

3.2 0.056 125
4.2 0.059 131
5.4 0.065 144

1.50 7.0 0.045 100
8.0 0.075 166
8.8 0.118 262

10.0 0.054 120

3.0 0.065 94
4.0 0.110 159
5.2 0.170 246

1.92 7.0 0.069 100
8.0 0.090 130
9.2 0.102 148

10.0 0.068 98

Fig. 6. The effect of active water reaction on the filtration rate by Simocephalus 
vetulus. 100% denotes the rate of filtration at pH =7.0
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Table VII. Mean change of filtration rate F( )̂ at deviations of pH in medium from 
its optimal value (F at pH 7.0 =  1003,)

F (%)

pH in  m ed iu m

3.0—3.4 4.0—4.2 5.2—5.4 6.2—6.5 7.0 8.0—8.2 8.8—9.2 10.0

109 143 207 143 100 140 182 109

Fig. 7. Dependence between body length (L) and daily consumption rate (C) by 
Simocephalus vetulus  at different food concentrations. A — regular scale, B — log-

-log scale

of cladocerans (mm). From our data, equation (7) can be used for calcu­
lation of consum ption at algal concentrations from 1.2 to 8.0 m illion 
cells/ml. A sim ilar dependence was described by S u s h c h e n y a  (1968) 
for an amphipod, Orchestia bottae. In other our experim ents on energy 
budget of S. vetulus  during onthogenesis ( K l e k o w s k i ,  I v a n o v a  
in prep.) which w ere also carried out at 22°C and pH 7.0, K 2 was va­
riable from 0.8 to 0.25 w ith the individual developm ent of cladocerans. 
which corresponded to change in the body length from 0.4 to 2.15 mm. 
In experim ents presently  described on the effect of pH on respiration 
and feeding rate, the  body length am ounted to 1.7 mm, on the average. 
At this body size, K2 amounted to 0.5, on the average. From  form ula 
K 2 — P/(R + P) it follows that P = R • K 2/ ( l —K 2), and in this particu lar ca­
se w ith K2 =  0.5, P = R. For fu rth e r considerations we assum e P —R at
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all pH values since during such short-lasting experim ents changes in K 2 
are ra th e r less probable. Table VIII presents ten tative instantaneous 
energy budget of Simocephalus vetulus  calculated for pH 7.0.

Table VIII. Energy budget of Simocephalus vetulus at 22°C 
and pH 7.0; body length 1.7 mm

iOrdinary
units

Dry
weight

Resting 
respira­
tory rate 

(ORR)

Ordinary 
respira­
tory rate 

(ORR)

Produc­
tion

(growth)
(P)

Consu­
mption

(C)

Assim i­
lation

efficiency
u - l =
P+ORR

C

56 ^g

0.22 [H 
0 ,/h r  
5.6 fxl 

0 ,/2 4  hr

0.36 [4 
0 ,/hr  
8.6 [4 

0 2/24 hr

10.7 mln 
cells of 

Chlorella 
/24 hr

Energy
units

0.33 cal* 0.027 
cal/24 hr

0.042 
cal/24 hr

0.042 
cal/24 hr

0.34 
cal/24 hr

24.8%

C alorific  v a lu e  o f b od y  =  3.8 ca l/m g  d ry  w e ig h t (a fter  K l e k o w s k i ,  I v a n o v a ,  in  prep.).

W ith changes in pH of the m edium  an increase was observed of the 
ordinary resp iratory  ra te  (ORR) and of the consumption ra te  (Table V, 
VI). The assim ilation efficiency ( I / -1) changed also but w ith in  small li­
mits: 15—25°/o. Thus, concentration of hydrogen ions betw een pH 4.0 and 
9.0 did not cause any considerable distortion of the energy budget of S. 
vetulus. Such steadiness of the energy balance has a great ecological im ­
portance since it enables anim als to survive rapid changes of conditions 
occurring in external environm ent. As it is evident from the above pre­
sented data, the pH range w ith in  which there  is no clear change of the 
energy balance coincides w ith pH values at which the oxygen consum p­
tion rate  is highest and the RRR is stable. It is interesting to compare 
these results w ith the range of survival of aquatic animals at d ifferent 
pH. K o n s t a n t i n o v  (1969) reported  on survival and oxygen con­
sum ption at d ifferent pH by th ree species of Tendipedidae. In all species 
investigated by this author the m axima of oxygen consumption occurred 
in these ranges of pH value at which 100%) anim als survived for 84 hr; 
fu rth e r acidification or alkalization of w ater caused both a decrease in 
oxygen consumption and death of the anim als during 48 hr.

4. CONCLUSIONS

If one accepts the optim um  condition definition proposed by I v l e v  
(1963) and according to this one considers that the optimum conditions
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are w hen a decrease in locomotory activity  is observed or there is no 
unnecessary energy loss for normal developm ent of an organism, then 
a neu tral reaction of w ater is an optim um  for Simocephalus vetulus. This 
optim um  zone or according to F i l i p ć e n k o  (1932) the zone of the m i­
nim um  of irrita tion  evoked by the environm ent, converges w ith those 
conditions under which the cladocerans have lived. Acidification (to pH 
4.0) or alkalization (to pH 9.5) of the environm ent both create conditions 
which cannot be considered as optimal, nevertheless they do not bring 
about any considerable disturbance in physiology of Simocephalus v e tu ­
lus, as it is evident from the fact tha t the changed conditions did not 
cause any change in the resting resp iratory  ra te  (RRR) and the cost of 
active locomotion (CAL) is covered from an augm ented energy input. One 
can assume that a longer stay of the cladocerans at these concentrations 
of hydrogen ions can lead to physiological adaptation. F u rthe r changes 
in the active w ater reaction (both towards acidity and alkalinity) will 
change RRR and disturb  the overall energy budget. As it appears from 
the data by K o n s t a n t i n o v  (1969), these disturbances are irreversi­
ble and the anim als which are unable to adapt to new environm ental con­
ditions will die.

5. SUMMARY

The experiments on the effect of the active water reaction on filtration, respi­
ration and energy budget, were carried out with laboratory cultures of Simocepha­
lus vetulus,  adapted to pH 7.0 and temperature of 22°C. The following results were 
obtained:

1. At pH 7.0 the dependence between body length of cladocerans and the re­
sting respiratory rate (RRR), filtration (F) and consumption rates (C) can be expres­
sed by functions: RRR=0.083 • L1-™, F —a • L3-25 (at concentration of Chlorella 1.8 
million cells/ml, a=0.040; at concentration 4.0 million cells/ml, a =  0.018) and C =  
=  1.85 • L3-34, where: L — body length in mm, RRR — resting respiratory rate in [a1 
0 2/ind. • hr, F — filtration rate in ml/ind. • hr, C — consumption rate in million 
cells/ind. • 24 hr.

2. Change in pH from 4.5 to 9.5 does not affect the resting respiratory rate (RRR), 
however it causes an increase in the ordinary respiratory rate (ORR) and in the 
filtration rate (F). At neutral water reaction the cost of active locomotion (CAL) 
amounts only 29.5% of the ordinary metabolism rate (ORR), whereas at pH 4.0 this 
share increases up to 75.8%. The maximum filtration rate was found at pH 5.2 —5.4 
and at pH 8.8 —9.2.

3. With acidification of the medium to pH 4.5 and alkalization to pH 9.5 the 
total energy budget of cladocerans showed no changes. With further acidification 
or alkalization of the medium, the resting respiratory rate (RRR) was found to 
decrease. At pH 4.0 the resting respiratory rate formed only about 60% of that at 
pH 4.5-9.5.

6 . Pe3 iOMe

O n b iT b i n o  bjwhhuio aKTMBHOü p e a K p w n  boahi Ha cJ jm ib T p a p m o , oÖMeH n 6 a -  
JiaHc 3Heprnn 6buin nocTaBJieHbi Ha JiabopaTopHOw KyjibType Simocephalus vetulus, 
a^anTHpoBaHHoii k  pH 7.0 w T eM n ep a T y p e  22°C. B p e 3 y jib T a T e  3KcnepwM eHTOB 6buiw 
n o j iy n e H b i c j ie A y io m w e  A a n H b ie:

1. npn pH 7.0 3 aBncnM0CTM MexcAy ajihhom xejia panxoB m ochobhbim o6 MeHOM 
(RRR), CKOpOCTbIO CjDHJIbTpapHM (F) M paiJMOHOM (C) MOryT 6bITb BbipajKeHbl 
cfciyHKUMHMM RRR =0,083 • LJ.79, F = a  • L3.25 (npw KomjeHTpaunn xjiopejuibi 1,8 mjih
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KJieTOK B MJi. a = 0 ,0 4 0 , n p n  K O H q eH T paq nn  4 ,0  m jih  k ji./m ji, a =  0 .0 1 8 ) h  C  =  1 ,85  • L+34  
r^ e :  L —  fljiMHa T ejia  b  mm, RRR —  o c h o b h o m  oÖMeH b m k ji K n c jio p o ,g a /3 K 3 . • nac. 
F —  cK o p o cT b  c h n j ib T p a q n n  b m ji/3K 3 • nac, C —  p a q n o H  b m jih .k ji/3 K 3  • cyTKM.

2. Ü 3MeHeHMe p H  o t  4 ,5  .go 9 ,5  He b j im h c t  Ha o c h o b h o m  o ö m c h  (RRR), h o  Bbi3bi- 
BaeT yßejiMHeHMe aKTMBHoro oÖMeHa (ORR) m c k o p o c tm  (JjnjibTpaijnH (F). E cjim  n p n  
HeüTpajibHOM peaKpMM b o ^ b i aKTMBHbin o0MeH cocTaBjiHeT Bcero 29,5% o t  oöiijero 
noT peöjieH M H  K H C Jiapoßa, t o  n p n  p H  4 ,0  ^ o j ih  aKTM BHoro oÖMeHa y B e j in n n B a e T c a  flo  
75,8% . MaKCMMajibHaa CKopocTb cJ)njibTpau;nn Ha6jno,ąaeTCH n p n  p H  5 ,2  — 5,4  m n p n  
p H  8 , 8 - 9 , 2 .

3. npn noflKMCJieHMM cpe^bi ßo pH 4,0 m no/uuejiaHMBaHnn r o  pH 9,5 oöiijnn 6 a- 
jiaHC 3HeprMM panKOB He HapymaeTCH. I lp n  .gajibHeiimeM no^KMCJieHMM mjim noß m e-  
jiaHHBaHHH cpe^bi o c h o b h o m  oÖMeH (RRR) na^aeT. H pn pH 4,0 o c h o b h o m  o 6 m c h  c o -  
CTaBJiaeT Bcero 60% o t  o c h o b h o t o  oÖMeHa npn pH 4,5—9,5.

7. STRESZCZENIE

Doświadczenia nad wpływem pH na filtrację pokarmu, oddychanie i bilans 
energetyczny wioślarki Simocephalus vetulus prowadzono na zwierzętach z hodowli 
laboratoryjnej adaptowanej do pH 7.0 i temperatury 22°C. Uzyskano następujące 
wyniki:

1. Zależność wielkości spoczynkowej racji oddechowej (RRR), racji filtracyjnej 
(F) i racji pokarmowej (C) od długości ciała zwierząt może być opisana za pomocą 
funkcji: RRR=0,083 • L1.79, F —a • L3>25 (przy koncentracji Chlorella 1,8 min komó­
rek/ml, a =  0,040; przy koncentracji 4,0 min komórek/ml, a=0,018), C = l,85 • L3,34( 
gdzie: L — długość ciała (mm), RRR — spoczynkowa racja oddechowa (u l/02) osobn. •
• godz.), F — racja filtracyjna (ml/osobn. • godz.), C — racja pokarmowa (min ko- 

mórek/osobn. • 24 godz.).
2. Zmiany pH w  zakresie 4,5 —9,5 nie wpływają na spoczynkową rację oddecho­

wą (RRR), powodują natomiast wzrost przeciętnej racji oddechowej (ORR) i racji 
filtracyjnej. Przy odczynie obojętnym wody (pH 7,0) „koszt” aktywności lokomoto­
rycznej (CAL) wynosi tylko 29,5% przeciętnej racji oddechowej (ORR), lecz w  pH 4,0 
udział CAL w ORR wzrasta aż do 75,8%. Najwyższe racje filtracyjne spotykano w  za­
kresach pH: 5,2 —5,4 i 8,8 —9,2.

3. Zakwaszanie środowiska do pH 4,5 i alkalizowanie do pH 9,5 nie powodowało 
zmian w sumarycznym bilansie energetycznym. Dalsze zakwaszanie lub alkalizowa­
nie środowiska powodowało malenie spoczynkowej racji oddechowej (RRR); przy 
pH 4,0 spoczynkowa racja oddechowa spadała do ok. 60% w porównaniu do jej war­
tości w zakresie pH 4,5 —9,5.
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ABSTRACT

The aim of this paper was to find the rate of oxygen consumption by coldwater 
amphipod, Gammaracanthus lacustris Sars. It was determined that the highest rate 
is attained at a temperature of 11°C, at a temperature of 15 —18°C the animals 
consumed less oxygen. The calculated relations between the consumption of oxygen 
and the weight of the body for three temperature values are as follows: at 4 —5°C 
Q =(0.778±0.0164) • w(0.799± 0.166), at 11°C Q =(0.1470±0.0255) • u>(0.772 ±0.168), at 1 5 -1 8 ° C  
Q =  (0.093+0.010) • 10(0.770 ±0.041).

Gammaracanthus lacustris is an oligostenotherm  relict species and 
for this reason an experim ental study of its ecology, especially its re la­
tion to changes in tem peratu re  exceeding the norm al lim its for th is spe­
cies evokes special interest. The m aterial for th is w ork consisted of ani­
mals collected from the Krivoye Lake which lies on the shore of the  K an- 
dalaksh gulf of the W hite Sea in the region of the Bay of Chupa. In  this 
lake, G. lacustris lives at depths below 20 m, where the tem pera tu re  of 
the w ater during the whole year does not exceed 6.5°C. T hree series of 
experim ents were conducted w ith  the aim of determ ining their reaction 
to a change in the tem peratu re  of the environm ent. The experim ents 
were done w ithout a prelim inary  adaptation to the tem perature , as this 
method allows to determ ine the lim its of an ecological optim um , i.e., to 
show the lim iting tem peratures at which a physiological com pensation of 
unfavourable ex ternal conditions can take place ( I v a n o v a  1969).

The experim ents w ere conducted at the tem pera tu re  of the norm al 
habitat of the species studied (as such we consider 4.2—5.3°C since the 
tem peratu re  of the lower layers of the lake varies in this range), at 
a tem peratu re  of 11°C which already exceeds the norm al tem pera tu re  
for G. lacustris, and finally, at a tem peratu re  of 15— 18°C, which is
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significantly higher than  the upper tem perature  lim it of the habitat. The 
tem pera tu re  conditions during the experim ents were kept to constant by 
the inversion of the experim ental vessels in the lake down to a depth 
w ith  a corresponding tem perature, so that the lake was used as a na tu ­
ral therm ostat. The series of experim ents with the highest tem peratures 
was conducted in the laboratory, and therefore in this series there  were 
the largest fluctuations of tem peratu re  during the experim ents, nam ely 
15— 18°C. At higher tem peratures there  w ere no experim ents carried out 
as it was found that 18°C is close to the lethal tem peratu re  and in w ater 
heated above 18°C the anim als died after a few hours.

The consumption of oxygen was determ ined by the difference in the 
am ounts of oxygen in the closed vessels at the beginning of the experi­
m ent and at its end and in the control vessels (in parallelly  placed vessels 
w ithout animals). The volume of the experim ental vessels was approxi­
m ate ly  140 ml, the length of the exposure was so chosen that the quan­
tity  of 0 2 consumed by the anim als would not exceed 25°/o of the inlitial 
concentration. The am ount of the dissolved oxygen was determ ined by 
the W inkler’s method, for which a part of the w ater from the respirom e­
ters  was poured w ith the help of a siphon into an oxygen bottle of a vo­
lum e of 30—40 ml.

A fter the experim ents G. lacustris w ere weighed on a torsion balance 
w ith  an accuracy of 1 mg and their dimensions w ere measured. The new ­
born anim als were weighed on an analytical balance. Figure 1 shows the 
body w eight as related to its length. As it follows from the obtained re ­
sults, the  length-w eight relationship are described by a function w — qLb; 
w here w  stands for the weight of the anim al (mg), L — its length (mm),

Fig. 1. The relation between the 
length of the body and the live 
weight of Gammaracanthus lacu­

stris
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q and b — em pirical constants. W ithin the lim its of length from 3.78 mm 
(newborn animals) to 38 mm, the coefficients have the following values. 
q =  0.0113 and b =  3.11 (the coefficients w ere calculated using the m ethod 
of the least squares). The obtained relation has the following form:

tu =  0.0113 • L311 (1)

Processing the  data on the consumption of oxygen by G. lacustris  of 
d ifferent weights showed that the correlation betw een the am ount of 
oxygen consumed, and the w eight of G. lacustris can be expressed by  the 
function Q — Mwalb, w here Q stands for oxygen consumption, to — the 
weight of the animals, M —• consumption of oxygen w ith  the w eight 
equal to 1, a /b — constants. The values of M  and alb w ere calculated 
using the m ethod of the  least .squares, statistical errors in the resulting  
values, and also the confidence intervals were obtained from  tables 
( S t r e l k o v  1966). Using the statistics xd D i x o n ,  M a s s e y  (1951), and 
M i l l e r ,  K a h n  (1962) found that the above curves of the relation 
betw een the consum ption of oxygen and the weight for G. lacustris at 
tem peratures of 15— 18, 11 and 4—5°C differ significantly, probability  
O-hypothesis being less than  5°/o. The values of the coefficients are given 
below:

At 15— 18°C Q =  (0.093 ± 0.010) • ^(o^o+o.om (2)

At 11°C Q =  (0.1470 ± 0.0255) • to*0 772*0168* (3)

At 4—5°C Q =  (0.0778 ± 0.0164) • ^(O-^+o.iee) (4 )

The consum ption of oxygen is expressed in mg of 0 2 per hour for 
1 specimen, and the live w eight of the anim als in g. The function was 
calculated for anim als weighing 4—761 mg.

At present, it can be considered certain  th a t the exponent in the  gi­
ven function for all poikilotherm al anim als varies between the lim its
0 6—0.8 ( W i n b e r g ,  P e c h e n  1968). The following values for this 
coefficient w ere obtained for the representatives of Amphipoda: 0.78 
( Z e u t h e n  1947), 0.81 ( W i n b e r g  1950), 0.74 ( S u s h c h e n y a  1967). 
The values given by A r m i t a g e  (1962) for the coldwater amphipod 
Orchomenalla chilensis — 0.455—0.652 — differ som ew hat from the  above 
cited. Thus, the obtained value of the  coefficient a/b agrees w ith  the data 
of the other authors, except the last one.

As shown above, reliable intervals w ere found for the values of the 
exponents at d ifferen t tem peratures (Table I). From  the obtained values 
of the in tervals it follows th a t the tem peratu re  of the w ater did not 
have any effect on the coefficient a/b. In relation to the tem pera tu re  the
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Table I. Reliable intervals of the coefficients M 
and a/b on the probability level of 95%

T em p era tu re
(°C) M a l b

4 -5 0.1144-0.00412 0.965-0.633
11 0.2060-0.0980 1 098-0.445

15-18 0.1160-0.07C0 0.8645-0.6855

value of the coefficient M was changed. Comparing equations (2) ard 
(3) we see that the consumption of oxygen at a tem pera tu re  of 4—5°C is 
by 1.9 low er than  th a t at 11°C; Q i0 in this tem peratu re  in terval has been 
found equal to 2.89, which is close to Qi0 according to K rogh’s ’’normal 
curve”. The consumption of oxygen at tem peratures of 15— 18°C is lower 
than  th a t at 11°C. The coefficient M  is approxim ately 2.4 times lower 
than it should be, w hen calculated according to K rogh’s curve. Apparen­
tly  such a decline of in tensity  of respiration was the resu lt of the unfa­
vourable tem perature  change, exceeding the lim its in which a physiolo­
gical compensation was possible.

Figure 2 shows oxygen consumption curves for d ifferen t representa-

Fig. 2. Consumption of oxygen by amphipods at a water temperature of 11°C. 1 — 
Orchestia bottae ( S u s h c h e n y a  1967), 2 — Gammarus lacustris (W i n b e r g 1950), 
3 Gammarus sp. ( Z e u t h e n  1947), 4 — Orchomonella chilensis ( A r m i t a g e  
1962), 5 — Gammaracanthus lacustris (present paper), 6 — the reliable interval on 
the probability level of 95% for the respiration curve of Gammaracanthus lacustris 
Data on the respiration of 1—4 were obtained at other temperatures and recalcula­

ted for 11°C using Krogh’s “normal curve”
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tives of Amphipoda at 11°C, the data on respiration from the works of 
S u s h c h e n y a  (1967), W i n b e r g  (1950), Z e u t h e n  (1947) and A r -  
m i t a g e  (1962) brought to 11°C w ith the help of a ’’normal curve”. 
Data, except for the data of Z e u t h e n  (Fig. 2 — 3) and A r m i t a g e  
(Fig. 2 — 4) recalculated in such a m anner lie in a reliable in terval of the 
obtained curve for G. lacustris, so that it can be expected that the  respi­
ration level is the same for southern (e.g. Orchestia bottae) and northern  
(Gammaracanthus lacustris) species.

CONCLUSIONS

1. A determ ination of oxygen consumption by G. lacustris a t d ifferen t 
w ater tem peratures has shown that the tem peratu re  of the w a te r does 
not have any influence upon the value of the coefficient a/b in the 
function Q = M w alb for this species, which means identical influence of 
tem perature  conditions upon the rate of oxygen consumption for diffe­
ren t ages.

2. At a tem pera tu re  of 15— 18°C one observes a sharp decline in  the 
am ount of oxygen needed for respiration, which is apparently  caused by 
the depressing influence of the tem perature, exceeding the optim al li­
mits. According to the given physiological exponent G. lacustris should 
be regarded as belonging to the oligostenotherm  forms; this conclusion 
is supported by the fact tha t in the lake it occurs only in the bottom  
layer of the deep part of the lake, w here the tem peratu re  of the w ater 
never exceeds 6.5°C during the summer.
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ABSTRACT

Respiration of carps with wet weight from 1.16 mg to 45.74 g was measured at 10 
and 20°C. The relationship between respiration and weight for carps smaller than 
1000 mg is described by the formula QO2=0.595 * W0-98, and for larger fish the 
formula is Q 02 =  1.271 • W0-80. Different patterns of growth of both size groups of 
carp are discussed. The Q10 values are close to those expected from Krogh’s “nor­
mal curve”.

1. INTRODUCTION

The aim of the present work was to obtain data on respiration of young carps 
in conditions approaching the natural as a preliminary to a study of the influence 
of herbicids on their metabolism (K a m 1 e r 1972). In particular, the employed respi- 
rometric methods were controlled by comparing the levels of respiration gauged 
by our own procedures with data from literature. The relationships between respi­
ration and weight as w ell as temperature were also tested.

2. MATERIAL AND METHODS

71 measurements of respiration of fish in temperature of 10 ±  0.05°C and 71 in 
20 ± 0.05°C were taken during 1969 and 1970. Wet weights of fish were from 1.16 mg 
to 45.74 g; the fish were supplied by the Institute of Applied Zoology, Agriculture 
College, Cracow, which cooperated with us. Measurements were taken in rooms 
with northern windows, without any artifical source of light; the lighting of the 
constant temperature baths did not exceed 50 lux. Before the measurements fish had 
been acclimated to the temperatures of 10 or 20°C during 4 (the youngest fish) to 
40 (the oldest fish) days. Because of the great range of the size of fish, various 
methods of oxygen consumption had to be applied. For fish weighing from 1.16 to 
1819.0 mg a constant-pressure respirometer described in K l e k o w s k i  (1968) was 
used. Bigger animals were tested in flowing-water respirometers and oxygen con­
tents was determined by Winkler method. Plexiglass respiration chambers were 
applied, 110 mm long and 45 mm in inner diameter. The biggest fish, from 28.05 
to 45.75  g were investigated in another flowing-water respirometer, described in 
F i s c h e r  (1970).

Relations of w et weight to body length were computed for the first year of life 
of carp, relying on unpublished raw numerical data by M a t l a k  (1966), kindly 
made available by her. 3731 fish were measured, belonging to two families: No. 4 
and No. 5, grown in separate ponds on the Experimental Farm of the Laboratory of 
Water Biology, at Gołysz, Cieszyn District. Since younger fish were weighed in
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groups, average lengths and weights found at different drawings were used in the 
present computations.

3. RESULTS

The relationship betw een respiration m easured at 20°C and w et 
weight, represented on a double logarythm ic scale (Fig. 1, solid circles) 
is described by two different regression lines. For small fish (weighing

Fig. 1. Oxygen consumption at 10 and 20°C for Cyprinus carpio as a function of wet
weight

less than about 1000 mg) R 2o°c =0.595 • W0-98; S.E. of the regression 
coefficient ( b ) = ±  0.024; 95% confidence interval: 0.93— 1.03; n =  15. For 
large fish (weighing more than about 1000 mg) R 2o°c= 1.271 • W°-80,
S.E. ±0.026, 95% c.i.: 0.75—0.85; n — 56. The slopes are significantly  
d ifferent at 0.1% level (t =  5.031, B a i l e y  1959).

For the m easurem ents taken at 10°C no such com putations w ere m ade 
because of the too narrow  ranges of weights, but the p a tte rn  of the 
open circles (Fig. 1) suggests that at 10°C, too, the respiration/w eight re ­
lationship would be defined by two regression lines and the slope of the  
curve for sm aller carps would also be g rea ter than for larger ones.
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It was also found that the w eight/length relationship was not identi­
cal during the whole period of developm ent; the regression coefficient 
(slope) was greater in sm aller carps ( < about 1000 mg) than  in larger 
ones ( > about 1000 mg). The relationships in the two families were si­
milar:

Fam ily No. 4

small: W =  0.000196 • L4-68, ±0.086 (S.E.) 

large: W =  0.0364 • L3 00, ±0.035 (S.E.)

Fam ily No. 5

small: W =  0.000203 • L4-59, ± 0.080 (S.E.)
large: W  =  0.0434 • L2-96, ± 0.045 (S.E.)

The determ inations of significant differences betw een the slopes are 
presented in Table I. It can be seen th a t during the growth of the youn­
gest carps, from the hatching to the w eight of about 1000 mg, the shape 
of their bodies changes so that they become relatively  shorter, while the 
linear proportions of older fish do not change.

The Qio values are presented in Table II, for both size groups.

Table 1. Determination of differences between slopes of 
regression of wet weight on length in two size groups of 

carps from two families

F a m ily
N o. 4, large  

(71=15)
N o. 5, sm a ll  

(71=33)
N o. 5, la rg e  

(71=27)

N o. 4, sm all SS N S SS
71=34 t=10.12 d=0.70 t=13.40

No. 4, la rg e X SS N S
(71=15) t=9.03 t=0.71

N o. 5, sm all 
(71=33) X X SS

t=12.28

SS — high s ig n if ic a n c e  (0.1% le v e l) .  
N S — n o  s ig n if ica n ce

Table II. Q10 values in carps

Size  gro u p s T em p .
(°C) 71 M ean O, co n su m p tio n Qio

S m a ll 
(<1000 m g)

10
20

19
15

0.2452 (p-l/mg • hr) 
0.5804 (u l/m g • hr) 2.37

L arge  
(>1000 m g)

10
20

52
56

0.6139 (iil/m g0" • hr) 
1.3357 (|4/m g'"‘ • hr) 2.18
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4. DISCUSSION

The relationships betw een oxygen consumption and weight at 20°C 
are sim ilar to those found out by other authors, both in slopes and po­
sitions (Table III). Thus it seems th a t the slopes are  really  d ifferen t for 
both size groups of carp and thus the discussed relationship cannot be 
described by a single form ula for all carps. It seems, too, th a t the re-

Table III. A comparison of regressions of oxygen consumption on weight in carps 
at 20°C as obtained in the present work and by other authors (computed from the 

original formulas as indicated in S h u s h k i n a et al. 1968)

S ize  grou p W et w t. (m g) 
IU n

O, co n su m p tio n  
(lil/ind. ' hr)

±  S .E . o f  b

S m a ll carp s
W inb erg, H artova  (1953) 2—3800* 123* 0.600 -yyO.98 —
P r esen t pap er 1—600 15 0.595 ■yyO.98 0.024

L arge carp s
^yO.85W in b erg  (1956) 2500—3487,000 29 0.967 0.012

K a u sch  (1968) 3756—15,702 12 1.148 ■yyO.816 —
P r esen t p ap er 1235—45,740 56 1.271 ■yyO.80 0.026

— N o d a ta  a v a ila b le .
* in  115 m e a su r em en ts  w e ig h ts  o f  f is h  m a r k e d ly  le ss e r  th a n  1000 m g .

gression coefficient for younger carps is actually close to 1, though W i n ­
b e r g  (1956) was critical about his own still earlier result ( W i n b e r g ,  
H a r t  o v a  1953). The different relationships betw een resp iration  and 
w eight in both size groups m ay be caused by their different pa tte rns of 
growth. It was found (Fig. 2) that in sm aller carps the length to weight 
ratio decreases ( b > 3). If we look at the resu lts of m orphom etric m easu­
rem ents of the same fishes as presented in M a 1 1 a k (1966), we can see 
clearly that during the earliest stages of post-em bryo developm ent the 
ratio of body height to body length increases very  intensively; e.g., in 
fam ily No. 5 on hatching day the height was 13.9°/o of length, w hile on 
41st day it am ounted to 41.5%. However, older fish grow uniform ly 
(b ^3 ), as we can see in M a 1 1 a k (1966): since 41st day through the first 
year of life the body height to body length  ratio  rem ains constant.

Since the ranges of individual w eights of fish in both groups of size, 
for which Qł0 values (presented in Table II) w ere computed, w ere ra ther 
broad (Fig. 1), they had to be reduced to com parable units of m etabolic 
body size ( K l e i b e r  1961). For the  sm all fish weighing less than  1000 
mg b ^ l ,  and thus oxygen consum ption ra tes  per mg could be compared 
(Table II). For the large carps, however, the slope differed significantly 
from 1 and thus oxygen consum ption ra tes  per mg0-8 had to  be used 
(Table II).

E. Kamler
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Fig. 2. Wet weight as a function of body length for Cyprinus carpio. A  — family No.
4, B — family No. 5

The actual Q i0 values are slightly  below th a t expected from K rogh’s 
’’normal curve” for the 10—20°C tem pera tu re  in terval (2.63). It can be 
seen from W i n b e r g’ s (1956) data tha t the ’’norm al curve” describes 
fairly  well the relation of oxygen consum ption rates to tem perature for 
carp. The am ounts of oxygen consumed by carp at 10°C (n =  6) and at 
20°C (n=12) m easured by K a u s c h  (1968) yield Qi0 =  2.43, i.e. value 
close to the expected from  the ’’norm al curve”, though somewhat lower. 
Recalculating of K a u s c h ’s da ta  required  to account for w eight in 
a m anner described above, using of his form ula defining the relationship 
betw een respiration and weight. It is not surprising tha t Qio values for 
carp are sim ilar to those expected from  the ’’norm al curve”, for carp is 
an eurytherm al species (see Discussion in K a m i  e r  1971). Thus to 
recalculate the oxygen consumption by carp from one tem perature to
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the other, the m ethod proposed by W in  b e r g  (1956) and based on the 
’’normal curve” can be applied.

The lim it of 1000 mg assumed in the present work as the borderline 
between the sm all and large fish, is of course a rb itrary . Informations 
from  Fig. 1, 2 and Table III allow to suppose th a t the turning point 
lies between 600 and 1200 mg.

5. SUMMARY

Respiration of carps with wet weight from 1.16 mg to 45.74 g was measured 
at 10 and 20°C. The relationship between respiration and weight for carps smaller 
than 1000 mg is described by the formula R=0.595 • W0-98, and for larger fish 
the formula R — 1.271 • W0-80. The slopes of regression lines are significantly 
different at the 0.1% level. Different relationship between respiration and weight 
in both size groups of carps are confirmed by data from literature. Morphometrie 
evidence suggests that the differences can be related to the different patterns of 
growth. In fish in their earliest post-embryo phase (weighing less than 1000 mg) 
the shape of the body becomes shorter (the coefficient of regression of weight as 
related to length b>4.5), while in bigger fish the linear proportions remain 
unchanged (b ^ 3). It was confirmed that the relationship between respiration and 
temperature in carp was close to that described by Krogh’s “normal curve”.

6. STRESZCZENIE

Przeprowadzono pomiary oddychania karpi o żywej wadze od 1.16 mg do 45.75 g 
w temperaturze 10 i 20°C. Zależność oddychania od ciężaru karpi ważących po­
niżej 1000 mg opisano wzorem R=0.595 • W0-98, zaś u większych karpi — wzo­
rem R =1.271 • W0-80. Nachylenia linii regresji są statystycznie odmienne na po­
ziomie 0.1%. Odmienność zależności oddychania od ciężaru u tych dwóch grup 
wielkościowych karpia potwierdzają dane z literatury. Jak wskazują wyniki badań 
morfometrycznych, te odmienności mogą być związane z odmiennymi właściwościa­
mi wzrostu tych ryb: w najmłodszych stadiach rozwoju postembrionalnego (waga 
poniżej 1000 mg) następuje zmiana kształtu ciała w kierunku jego stosunkowego 
skrócenia (współczynnik b dla regresji ciężaru od długości >  4 .5 ), zaś u ryb wa­
żących powyżej 1000 mg nie następuje zmiana proporcji wymiarów liniowych ( b ^ 3 ). 
Potwierdzono, że zależność oddychania od temperatury u karpi jest zbliżona do 
opisanej przez „krzywą normalną” Krogha.

7. REFERENCES

B a i l e y ,  N. T. J. 1959. Statistical methods in biology. London, English Universities 
Press.

F i s c h e r ,  Z. 1970. The elements of energy balance in grass carp (Ctenopharyn- 
godon idella Val.). Part I. Pol. Arch. Hydrobiol., 17, 421—434.

K a m l e r ,  E. 1971. Reactions of two species of aquatic insects to the changes of 
temperature and oxygen concentration. Pol. Arch. Hydrobiol., 18, 303 — 323.

K a m l e r ,  E. 1972. Bioenergetical aspects of the influence of 2,4-D-Na on the 
early developmental stages in carp (Cyprinus carpio L.), Pol. Arch. Hydrobiol., 
19, 000-000.

K a u s c h ,  H. 1968. Der Einfluss der Spontanaktivität auf die Stoffwechselrate 
junger Karpfen (Cyprinus carpio L.) im Hunger und bei Fütterung. Arch. 
Hydrobiol. Suppl. 33, 263 — 330.

K l e i b e r ,  M. 1961. The fire of life. New York, J. Wiley.

http://rcin.org.pl



Respiration of carp in relation to body size & temperature

K l e k o w s k i ,  R. Z. 1968. Constant-pressure microrespirometer for terrestrial 
invertebrates. In: W. G r o d z i ń s k i ,  R. Z. K l e k o w s k i  [Eds] Methods 
of ecological bioenergetics. 67 — 86, Warszawa—Kraków, Pol. Acad. Sei.

M a t  l a k ,  O. 1966. Wzrost narybku dwóch rodzin karpi hodowanych w Golyszu 
[Zuwachs der Karpfenbrut von zwei Karpfen- familien aus Gołysz] Acta 
Hydrobiol., 8 , suppl. 1, 255—291 [German summ.].

S h u s h k i n a ,  E. A., A n i s i m o v ,  S. I., K l e k o w s k i ,  R. Z. 1968. Calculation 
of production efficiency in plankton copepods. Pol. Arch. Hydrobiol., 15, 
251—261.

[ W i n b e r g ,  G. G,] B m h  0 e p r, V. T. 1956. HuTeucuenoCTb oÓMeua u nuu^eeue no- 
rpeÖHOCTU pu 6  [Rate of metabolism and food requirements of fish]. Minsk, 
Belgosuniversitet.

[W i n b e r g, G. G., H a r t o v a, L. E.] B u H 6 e p r, r. r., X a p T o B a, JI. 3 . 1953. Mh- 
TeHcuBHocTB oÖMeHa y  m b j i b k o b  Kapna [Rate of metabolism of carp fry], D o k l .  
Akad. Nauk S.S.S.R., 89, 1119-1122.

http://rcin.org.pl



http://rcin.org.pl



PO L SK IE  ARCH IW UM  HYDRO BIO LO G II
19 3 333-342 1972

(Pol. Arch. Hydrobiol.)

J. K R Ó L I K O W S K A

PHYSIOLOGICAL EFFECTS OF SODIUM SALTS OF 2,4-D AND 
MCPA ON T Y P H A  LATIFO LIA  L.

Department of Applied Limnology, Institute of Ecology, Polish Academy of 
Sciences, Świerczewskiego 14, Mikołajki near Mrągowo, Poland

ABSTRACT

The effect of 2,4-D (2,4-dichlorophenoxyacetic acid) and MCPA (2-methyl-4-chloro- 
phenoxyacetic acid) on transpiration of Typha latifolia L. was experimentally 
investigated during the vegetation season in 1971. Also the influence of these 
herbicides on chlorophyll and water content and the growth rate of the examined 
plant was estimated. It was found that 2,4-D and MCPA decrease transpiration, 
water content and the growth rate of T. latifolia, depending on the concentration 
of applied solutions and the time of acting. High concentrations of 2,4-D and MCPA 
cause epinastic curling of leaves and the decrease of chlorophyll content.

1. INTRODUCTION

The chemical compounds are recently more and more commonly applied in 
agriculture for the weed control. The papers on the influence of these chemicals 
on plant water balance are quite numerous. All more important life processes and 
the activity of enzymes depend on the water content of a plant cell. Water is also 
essential for plant growth. Thus a lot of papers deal with the influence of chemi­
cals on plant transpiration (M i n s h a 11 1960, S m i t h ,  B u c h h o l t z  1964, A 1- 
l e r u p  1964, Z e l i t c h  1964, W a i s  e l  et al. 1969). K o z i n k a  (1967, 1970) in­
vestigated the changes in water uptake by plants due to the action of auxin-like 
chemical compounds. Several papers deal with the changes which take place in 
plant cells and in stomatal cells under the influence of herbicides, e.g. B r a d ­
b u r y ,  E n n i s  (1952), M a c i e j e w s k a - P o t a p c z y k  (1955).

The majority of researchers conduct their investigations on utilitarian plants. 
The chemical compounds applied in agriculture are washed out by rains or carried 
by wind to surface waters. Occasionally they are introduced there on purpose, e.g. 
herbicides are applied in fish ponds to control aquatic weeds overgrowing the 
ponds ( S o l s k i  1968).

This paper aims at the estimation of the influence of herbicides on aquatic 
plants, on the example of changes in transpiration, chlorophyll and water content 
and the growth rate of Typha latifolia L.

2. MATERIAL AND METHODS

The herbicides derivatives of phenoxyacetic acid: 2,4-D (2,4-dichloropheno­
xyacetic acid) and MCPA (2-methyl-4-chlorophenoxyacetic acid) were used during 
the investigations. Applied were the commercially available preparations “Pielik” 
and “Chwastox”, in which these compounds are in the form of sodium salts: 
“Pielik” — about 85%, “Chwastox” — about 80°/<r of pure compound. The solutions 
were prepared by dissolving the weighed portions of commercial preparations in
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unchlorinated tap water. The following solutions were applied: 0, 50, 500 and 
5000 mg/1. The plants were cultivated on tap water. The solutions were applied 
to the roots by means of pouring them on the surface of the plant substrate after 
pouring out the water. Such application of herbicides is similar as in natural 
conditions when the preparations used in agriculture reach aquatic or bog plants 
by surface flow of rain waters.

The experimental plant material wras cultivated. The seeds of T. latifolia were 
planted on the mud from eutrophic Mikołajskie Lake. The cuvettes with planted 
plants were placed in the green-house. After about 3 weeks, when the plants were 
already about 3 cm high, they were transplanted (also to the lake mud) to plastic 
pots of capacity 150 m l— 1 seedling per pot, and to plastic buckets of capacity 
5 1 — 5 seedlings per bucket. In spring the buckets were kept on an experimental 
open area, and the pots were placed in the green-house.

The investigations were conducted in two directions: I — estimation of the influ­
ence of 2,4-D on the intensity of transpiration of T. latifolia in various periods of 
its development during the vegetation season (oppen experimental area), II — esti­
mation of the influence of 2,4-D and MCPA on the intensity of transpiration, 
chlorophyll and water content and the growth rate (green-house).

The measurements were made in a special experimental chamber, where plants 
were located 24 hr before them. Inside the chamber a cycle of 16 hr of light and 
8 hr of dark was established, and the following were nearly constant: air tempe­
rature — 25±2°C, relative air humidity — 65±5°/o, light was produced by 3 mercury- 
vapour filament lamps, 450 W each (produced by Z.W.L. “TELAM”).

In the I experiment the measurements were made every 10 days during the 
entire vegetation season. After the measurements the plants tested with pesticides 
were destroyed. To estimate the growth rate of T. latifolia during the vegetation 
season the three highest plants in each pot were measured before the application 
of chemicals. A day before the measurements 1 1 of 2,4-D solutions with various 
concentrations, and 1 1 of water to control pots (3 replicates) were added after 
pouring the water out from the mud surface, after the buckets had been placed 
in the experimental chamber. Thus each series consisted of plants from 12 pots, 
and in the next series the plants from other 12 pots were used. Prior to deter­
mine the transpiration and the chlorophyll content the plant heights were measured 
and two first (youngest) well developed leaves were sampled. The youngest leaves 
were used, as they show best the changes due to chemicals (older leaves can dry 
as a natural process but not only due to herbicides).

In the II experiment, consisting of short lasting series (about 10 days) the 
whole above ground parts of plants were used. In this experiment the influence 
of 2,4-D and MCPA on transpiration, water and chlorophyll content, and the 
growth rate was estimated before the application of chemicals, and after 24, 48, 
96 and 192 hr on application of 20 ml of herbicide solution per pot. A series of 
measurements of the growth rate of T. latifolia was carried out for 10 days in 
July, when the height of plants was measured every 48 hr. The losses of water 
during the experiment were made up by adding distilled water to the constant 
level.

The transpiration intensity was estimated by the method of quick weighing 
on a torsion balance type WT (range 4000 mg, accurary 1 mg), similarly as in the 
paper by K r ó l i k o w s k a  (1971). The pan of the balance was replaced with 
a special shackle (of the same weight) for hunging the plants.

The chlorophyll content was estimated according to B r a y  (1960), Carl Zeiss 
Jena Spektralphotometer VSU was used for the spectrophotometric measurements.

The water content in T. latifolia was estimated as the difference between 
the fresh weight of plants and their weight after drying the samples at 105°C to 
constant weight.

All series in the II experiment were repeated three times. The transpiration 
intensity was expressed in mg of water transpired from 1 g fresh weight of plant 
per 1 hr. The chlorophyll content was calculated in mg per 1 g fresh weight. 
Water content was estimated as per cent of fresh weight. The results for plants 
treated with herbicides are expressed in per cent of those for the control ones.

3. RESULTS

The plants growing in plastic buckets on the open experim ental area 
had during the whole season adequate w ater supply, as the w ater level
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above the m ud was m aintained at about 15 mm. The growth rate (without 
herbicide added) during the season can be divided into three stages: the 
first one of intensive growth, the second w ith slightly lower growth 
ra te  values, and the th ird  one w ith  m inim al grow th rate, at the end of 
the vegetation season (Fig. 1).

Fig. 1. The seasonal course of growth of Typha latifolia L. (means from 9 measu­
rements)

Fig. 2. Effect of 2,4-D on the transpiration of Typha latifolia L. in vegetation season 
1971, 24 hr after application (means from 9 measurements). 1 — 50 mg/1, 2 — 500

mg/1, 3 — 5000 mg/1

The changes of the transpiration in tensity  of T. latifolia 24 h r after 
the application of 2,4-D solutions of various concentrations are shown 
in Fig. 2. The m easurem ents made every 10 days showed that the transpi­
ration of p lants treated  w ith herbicides and of control ones varied, what
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m ight have been due to climatic conditions (thus the necessity of ex­
pressing the results as per cent of those for the control). The course of the 
curves in Fig. 2 shows that during the intensive growth of plants, i.e. 
from  June 9 to Ju ly  19, 2,4-D stim ulates transpiration. A fter the  9 of 
June  the transpiration of plants in the highest concentration of herbicide 
was lower than in  the control, and after Ju ly  29, when para lle lly  low 
grow th of plants was observed (Fig. 1), all concentrations of 2,4-D clearly 
reduced the transpiration. During the season the dependence of the 
ra te  of decrease of transpiration of the applied concentration of 2,4-D 
solutions was observed.

When analysing the mean values obtained during the whole season 
for particular concentrations of 2,4-D (Table I) it was found th a t the 
biomass of leaves used for m easurem ents was sim ilar in all concentra-

Table I. Means (from the vegetation season) of the transpiration, chloro­
phyll content and the biomass of leaves of Typha latifolia L. after 24 hr' 

treatment with 2,4-D (mean from the 132 measurements)

C o n cen tra tio n  
o f 2,4-D  
(m g/1)

T ran sp ira tion
(m g /g /h r )

C h lo ro p h y ll
co n ten t
(m g /g )

B io m a ss  o f  
le a v e s  
(mg)

0 172.9 6.5 588.5
50 170.3 6.7 574.9

500 149.2 6.6 585.3
5000 125.2 6.8 607.1

tions, also the chlorophyll content did not vary much. Only the transp i­
ration intensity changed depending on the concentrations of used solutions 
of 2,4-D, and the higher was the herbicide concentration, the low er was 
the transpiration. Changes in colour, turgor and leaf shape w ere not 
observed even after the 24 hr action of highest concentrations of 2,4-D.

In the II experim ent — in short lasting series — with the application 
of 2,4-D and MCPA, the plants looked already different after 48 h r 
action of a solution of a concentration 5000 mg/1. The leaves began to 
curl, w ilt, and were loosing the green colour. P lants under the influence 
of the concentration 500 mg/1 (in the case of both herbicides) showed 
sim ilar changes only after 96 hr. A fter 192 hr action of 2,4-D and MCPA 
in concentrations 5000 mg/1 the plants were grey-brown, the leaves 
showed epinastic responses and very low turgor. The epinastic changes 
appeared first on the oldest, outside leaves. The leaves of plants treated  
w ith 2,4-D curled in rings, while the ones of plants treated  w ith 
MCPA — curled in spirals.

The longer the plants were under the influence of herbicides, and 
the higher was their concentration, the lower was the intensity of their
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transpiration  (Fig. 3). The solution of concentration 50 mg/1 a t firs t 
stim ulated the transpiration, but after some tim e it inhibited this process. 
MCPA reduced the transpiration to a greater extent than  2,4-D in the 
same concentrations (Fig. 4). A fter 192 h r of treating the plants w ith  
2,4-D and MCPA in concentrations 5000 mg/1 in certain cases the p lants 
stopped the transpiration  and died.

Changes of w ater content in T. latifolia treated  w ith 2,4-D and MCPA 
w ere parallel to these of transpiration. The w ater content in p lants

Fig. 3. Effects of 2,4-D and MCPA on the transpiration of Typha latifolia L. for 
a period of 192 hr (means from 9 measurements). 1 — 50 mg/1, 2 — 500 mg/1, 3 —

5000 mg/1

Fig. 4. Changes in the rate of transpiration caused by the various herbicides in the
same concentrations (5000 mg/1)

http://rcin.org.pl



338 J. Królikowska

treated  w ith herbicides was lower than  in control plants. This was 
especially clear in the case of the most concentrated (5000 mg/1) solution 
and the longest tim e of trea tm en t (192 hr) (Table II). The chlorophyll 
content also changed, more in the case of 2,4-D.

Table II. Effects of various concentrations and time of action of 
2,4-D and MCPA on the water content and chlorophyll content in 
Typha latifolia L. (means from the 9 measurements as % of control)

C o n cen tra tio n  
o f  h e r b ic id e s  

(m g/1)

T im e o f  
a c tio n  

(hr)

W ater co n ten t C h lo ro p h y ll c o n te n t

2,4-D M CPA 2.4-D M CPA

24 99 99 100 105

50 48 99 98 100 96
96 99 97 993 88

192 98 94 52 83

24 99 98 103 96

500
48 97 98 89 96
96 99 97 57 92

192 88 92 39 71

24 99 98 100 100

5000 48 96 97 69 105
96 92 91 63 96

192 61 62 26 71

In the described series 20 ml of solutions were added per pot. Also 
additional experim ents were made w ith the application of 40 ml per pot 
of the same solutions as the above described ones. A t the beginning 
(after 24 and 48 hr) it was found that the transpiration in tensity  in the 
case of doubled portion of solutions (depending on their concentrations) 
was inhibited or stim ulated more rapidly, although the final effect of 
experim ent (after 192 hr) was sim ilar in both cases (Fig. 5).

The applied herbicides visibly influenced the growth ra te  of T. lati­
folia (Fig. 6). It was found that their high concentration intensively 
inhibited the grow th of plants. The 50 mg/1 solutions at the beginning 
stim ulated the growth, sim ilarly as in the case of transpiration. MCPA 
inhibited the growth more intensively than 2,4-D.

4. DISCUSSION

The experim ents showed an inhibition of the in tensity  of transp ira­
tion of Typha latifolia by 2,4-D and MCPA. Changes of transpiration 
and in the appearance of leaves shortly after the application of herbicides 
to the p lan t roots suggest an efficient transport of these chemicals to 
the leaves, among others due to the transpiration cu rren t ( C r a f t s  
1953). A 11 e r  u p  (1964) found w hen investigating the beans th a t the
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Fig. 5. Effects of the various amounts of 2,4-D solution on the transpiration of Typha 
latifolia L. (means from 9 measurements). 1 — 50 mg/1, 2 — 500 mg/1, 3 — 5000 mg/1

Fig. 6 . Changes in the growth of Typha latifolia L. induced by application of 2,4-D 
and MCPA to the root medium for a period of 10 days (means from 9 m easure­

ments). 1 — 50 mg/1, 2 — 500 mg/1, 3 — 5000 mg/1

leaf stom ata began to close 40 m in after the application of herbicide 
to the p lan t roots, which m akes the transpiration difficult. M a c i e -  
j e w s k  a- P o t a p c z y k  (1955) w hen investigating the action of enzymes 
of stom atal cells found tha t p lants treated  w ith 2,4-D closed the stom ata, 
their protoplasm  became more perm eable, and the dehydration of p lan t 
cells occurred. This can explain the changes of leaf tu rgo r observed 
due to herbicides in  the present investigation. Perm anent w ilting of
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plants after the prolonged treatm ent w ith 2,4-D and MCPA could be 
a result of decreasing absorption intensity  of w ater in the root system, 
which was observed for other plants by B r a d b u r y ,  E n n i s  (1952).

The epinastic changes of p lan t leaves influenced by the application 
of 2,4-D to the roots w ere observed also by other authors, e.g. by 
E 1 i a s s o n (1965) during the transpiration investigations of young 
seedlings of Populus. B r o w n  (1946) observed sim ilar changes on the 
leaves of Phaseolus after the application of 1000 mg/1 solution of 2,4-D 
on the leaves directly, already after 1 hr. The plants he investigated 
died after 7 days, thus nearly  in the same time as T. latifolia after the 
application of 5000 mg/1 solution of 2,4-D to the roots. S m i t h ,  B u c h -  
h o 11 z (1964) when investigating the transpiration changes as influenced 
by more than 30 chemicals on several p lant species found that 2,4-D 
is the one which causes so characteristic epinastic changes of plant 
leaves (in the case of strong solutions). These authors also suggest that 
such changes low er the transpiration level of plants, and this was also 
obtained in the case of T. latifolia in the present investigation.

Changes in the w ater content in  the T. latifolia leaves after the 
application of concentrated solutions of 2,4-D can be seen just by leaf 
curling due to losses of w ater from  cells, caused by the increased per­
m eability of cytoplasm atic walls. This in the final effect leads to the 
shrinking of protoplasm  and coagulation of plasma, as found by C u r ­
r i e r  (1949).

The restraining of the growth ra te  of T. latifolia a fter several days 
of treatm ent w ith 2,4-D and MCPA is sim ilar to the observation of 
E l i a s s o n  (1961) on pea. He found th a t the grow th ra te  of plar.ts 
trea ted  w ith  herbicides is already after 6 days 5—45°/o as compared 
w ith  control plants.

The decrease of transpiration, as in the present case, m ay be caused 
by sm aller w ater uptake by roots in contact w ith 2,4-D and MCPA. 
K o z i n k a  (1967, 1970) found when investigating the w ater uptake by 
roots of Coleus and Phaseolus, that MCPA causes greater inhibition of 
this process than 2,4-D, and that the degree of inhibition is proportior.al 
to the solution concentration.

The herbicides 2,4-D and MCPA applied in the present paper cause 
the decrease of photochemical activity  of chloroplats, and MCPA is 
m ore active in this process (M a s z t a k o w et al. 1971). These authcrs 
found that this process is parallel w ith the inhibition of photosynthesis 
of p lants treated  w ith herbicides, although it depends on the sensibility 
of plants. In the case of Zea mays  changes in  the chlorophyll content 
under the influence of MCPA were not quite clear, and even after 168 hr 
after the herbicide application the chlorophyll content varied orJy 
slightly. In the same tim e 2,4-D caused the decrease of the chlorophjll 
content (M a s z t a k o w et al. 1971). These resu lts are sim ilar to these
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obtained in the present paper. The above m entioned au thors also found 
th a t the character of the changes of physiological processes in plant 
depends on its species, resistance to herbicide, and kind of herbicide.

6. SUMMARY

The investigations of the influence of sodium salts 2,4-D and MCPA on Typha  
latifolia L. showed that these herbicides cause changes in the process of transpi­
ration, in the chlorophyll and water content and in the growth rate of examined 
plants. During the vegetation season 2,4-D stimulates transpiration only during 
the intensive growth of T. latifolia (beginning of the vegetation season), later 
decreases it. On the average, during the vegetation season, 2,4-D in concentrations 
50, 500 and 5000 mg/1 decrease the transpiration 2, 14 and 28%> relatively (as com­
pared with the control) after 24 hr of treatment. It was also found that the 
longer was the period of treatment with herbicides, and the stronger were the 
concentrations applied to the roots, the lower was transpiration of plants. On the 
average, during 8 days, the solutions of 2,4-D in concentrations 50, 500 and 5000 
mg/1 lowered the transpiration by 11, 25 and 61% respectively, while MCPA in the 
same concentrations — 5, 39 and 72%. After 8 days of treatment with herbicides 
the majority of plants wilted. 2,4-D and MCPA affected also the chlorophyll and 
water content in plants. In the case of the highest concentrations of herbicides 
after 8 days the chlorophyll content decreased by about 70% for 2,4-D, and by 30% 
for MCPA; water content decreased by 40% and by about 40%, respectively.

During 10 days of treatment with 2,4-D and MCPA the growth rate of plants 
changed depending on the concentrations of chemicals. In the case of the strongest 
concentration (5000 mg/1) the growth rate of T. latifolia decreased as compared 
with control by about 70% for both herbicides, and at the end the plants were 
usually dead.

T. latifolia changed morphologically under the influence of both herbicides, 
the leaves curled epinastically, green colour and turgor were lost.

The low concentrations of herbicides shortly after their application stimulated 
transpiration and did not cause visible changes in the chlorophyll and water 
content, also the appearance of plants did not change in this time.

7. STRESZCZENIE

Prowadzono badania nad wpływem soli sodowych 2,4-D i MCPA na Typha  
latifolia L., w  wyniku których stwierdzono, że herbicydy te powodują zmiany 
w procesie transpiracji, zawartości chlorofilu i wody oraz tempie wzrostu pałki. 
W okresie wegetacyjnym 2,4-D wpływa stymulująco na transpirację tylko w  czasie 
intensywnego wzrostu pałki (początek sezonu wegetacyjnego), w  pozostałym okre­
sie działa hamująco. Średnio w ciągu sezonu wegetacyjnego 2,4-D w  roztworach
0 koncentracjach 50, 500 i 5000 mg/l obniża transpirację odpowiednio o 2, 14 i 28% 
(w stosunku do kontroli) po 24 godz. działania preparatu. Stwierdzono również, że 
im dłuższy był czas działania 2,4-D i MCPA, i im wyższe było stężenie ich roz­
tworów stosowanych dokorzeniowo, tym bardziej obniżona była transpiracja pałki. 
Średnio w  ciągu 8 dni roztwory 2,4-D o koncentracjach 50, 500 i 5000 mg/l obni­
żały transpirację pałki odpowiednio o 11, 25 i 61%; natomiast w  przypadku tych 
samych stężeń MCPA o 5, 39 i 72%. Po 8 dniach działania herbicydów w  najwyż­
szych stężeniach większość użytych w doświadczeniu roślin była martwa. 2,4-D
1 MCPA wpływały również na zawartość chlorofilu i wody w  pałce, w  przypadku 
najwyższej koncentracji herbicydów po 8 dniach działania zawartość chlorofilu 
zmniejszała się o około 70% przy 2,4-D i 30% przy MCPA; zawartość wody odpo­
wiednio o 40% i około 40%.

W ciągu 10 dni działania 2,4-D i MCPA tempo wzrostu pałki ulegało zmianom 
w zależności od stężenia preparatów, w  przypadku najwyższego stężenia (5000 mg/l) 
następowało obniżenie tempa wzrostu pałki w  stosunku do kontroli o około 70% 
dla obu herbicydów, przy czym w końcowym okresie rośliny przewmżnie ginęły.
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Pałka szerokolistna poddana działaniu 2,4-D i MCPA ulegała zmianom morfo- 
logicznym, zaobserwowano epinastyczne skręcanie się liści, utratę barwy zielonej 
i turgoru.

Niskie koncentracje preparatów w krótkim okresie od aplikacji wpływały  
stymulująco na proces transpiracji oraz nie powodowały wyraźnych zmian w za­
wartości chlorofilu i wody, także wygląd pałki nie ulegał zmianie w tym czasie.
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