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E. F I S C H E R

A YEARLY CYCLE OF CHANGES IN DYNAMICS OF PRODUCTION 
OF THE CHEMOAUTOTROPHIC BACTERIA IN BOTTOM SEDIMENTS 

OF A WATER BODY

D epartm ent of Bioenergetics and Bioproductivity, Nencki In stitu te  of E xperim ental 
Biology, P asteura  3, W arszawa, Poland

ABSTRACT

This study was to investigate the yearly cycle of production of the chem oautotrophic 
bacteria  in bottom sedim ents of sm all w ater bodies. Relationship existing betw een 
the level of the chem oautotrophic bacterial biomass production, the num ber of 
bac teria  and the production dynamics of bacterial population, expressed by a co­
efficient, was determ ined. It was stated th a t seasonal changes in the 24 hr p ro ­
duction value of the bacterial biomass do not correspond always w ith the seasonal 
changes in num ber of the bacterial cells. W hereas, there is a relationship  betw een 
the biom ass production and the coefficient of production dynam ics of bacteria. 
Hence, the bacterial biomass production is controlled by other factors than  those 
influencing the effective num ber of bacteria existing in the bottom  sedim ents.

1. INTRODUCTION

The problem  of the productivity  of inland w ater bodies has come lately to the 
fore of limnological studies. In this problem  the m atte r of the production of 
b ac teria  takes an im portan t place, since they m ake a highly valuable food for 
all the w ater anim als feeding upon m icroorganisms. F urtherm ore, bac teria  on 
w ay of m etabolic transform ations supply the environm ent w ith  chem ical com pounds 
indispensable for p lan t nutrition.

One of the m ost im portan t of the functions perform ed by bacteria  in the 
w ater bodies is m ineralization of the organic m atter and transform ation of the 
dissolved in w ater organic and inorganic substances into the living substance of 
their own cells ( Z o B e l l  1946, K r i s s  1959, K u z n e t z o v  1952, G a m b a r i a n  
1962). The m ineralization process mobilises organic com pounds com prised in the 
decaying p lants and anim als abiding in a w ater body and in th a t way the cycle 
of circulation of the basic chem ical elements, such as: carbon, nitrogen, phosphorus, 
and sulphur, is closed. In part, the assim ilated organic and inorganic com pounds 
serve, among other uses, for production of the bacterial biomass, which in  its 
tu rn  provides a base of food supply for w ate r anim als feeding on bacteria.

The composition of bacteria l cells and the ir caloricity approxim ate fish and 
m an tissues ( K a z a k o v ,  P r o n i n a  1941, K l e j  m e n o  v 1952, R o d i n a  1958). 
M oreover, the bacteria l capacity to produce v itam in substances ( A n d e r s o n  
1948, G o o d w i n  1952, B e r a n  1966, H o s p o d k a  1966) qualifies them  as 
a valuable food m ateria l for lots of anim al organisms. Therefore, production of 
bacteria in the in land w ater bodies is of a particular consequence in limnological 
studies.
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344 E. Fischer

The h itherto  published, relatively num erous papers concerning lim nological 
microbiology contain estim ates on either the num ber of bacteria ( K u z n e t z o v  
1956, 1958, 1959 a, b, R o d i n a  1963, J a n n a s c h  1954, B e l j a c k a j a  1958, 
P o t t e r  1964 and others) or else on the 24 hr production of the bacteria l biomass 
in the collected samples ( K u z n e t z o v  1955, S o r o k i n  1955, 1957, 1958 a, b, K u ­
z n e t z o v  et al. 1966, and others). Both of those two lines of investigations, no 
m atte r how im portant for limnological research, do not give a sufficient m ateria l 
for determ ination of the basic feature of the bacterial biomass production process,
nam ely, the dynam ics of developm ent of the bacterial population. In one case the
am ount of the bacterial biomass, actually stored up a t the m om ent of collecting 
the sample, is determ ined, in the other case — the am ount of bacteria l biomass 
produced in a un it of time. Although, those values characterize the actual state
of a w ater body, as considered from  the specific view point of microbiology,
nevertheless, neither of the two values, w hen analysed separately, characterizes 
the dynam ics of developm ent of bacterial population.

The feature characterizing the production activ ity  of the bacterial cells, in pure 
cultures and under conditions of unrestra ined  developm ent, i.e. under conditions 
imposed upon the culture — is the generation time of cells. The developm ent of 
a bacteria l culture proceeds, as it is well known, in five phases (M o n o d 1942, 
1949, 1950, P r e c h t  et al. 1955). From  the point of view  of increase of the num ber 
of cells in the culture the m ost essential phase is this, in which bac teria l cells 
are dividing. This stage is called the exponential or logarithm ic phase and is 
expressed by the following form ula:

N t = N 02 7 (1)

where Nt — the num ber of cells after the tim e of the experim ent, N 0 — the initial
num ber of cells, t — the tim e of duration of experim ent, while T — the tim e 
needed for the cell division, which characterizes the productive activity. Form ula (1), 
however, m ay be applied solely to pure cultures and by no m eans to m ixed po­
pulations ( F i s c h e r  1966 a). Methods used at present do not allow to determ ine 
the generation tim e in a m ixed bacteria l population living in its native environ­
m ent. Obviously, it comes as resu lt of the diversity of kinds of bacteria  existing 
in a w ater body and of the division of their cells occurring in d ifferen t periods 
of 4ime. F urtherm ore it results from the fact tha t in the ir native environm ent the 
growth of bacteria takes place, for one thing, under the conditions of restra ined
development, for the other, in the conditions of a variable supply of substra ta .
R estrain t of bacteria developm ent in biocenosis of a w ater body is caused by con­
sum ption of bacteria by Zooplankton, bacteriostatic or bactericidal action of some 
plants, etc. The generation tim e of bacteria is also affected by the varying physi­
cochemical state of the environm ent.

Correlations between bacterial population and the prevailing conditions in 
a w ater body are presented in Fig. 1, in a sim plified m anner. As can be seen, the 
process of bacterial biomass production is influenced by chemical properties of 
the environm ent and by clim atic factors. On the o ther side, the m etabolic products 
of bacteria  bear effect on the chemical properties of environm ent. Those, in tu rn , 
influence biocenosis of plants and anim als, which has an effect on the num ber 
of the living cells in bacterial population.

Climatic factors affect alike both the production activity  of bacteria and of all 
the rest of biocenosis. Sim ultaneously, they bear effect on the chemical com po­
sition of the environm ent, since by acting on production activity they regulate 
thereby the supply of m etabolites. M oreover, rainfalls contain many a tim e con­
siderable quantity  of nitro-com pounds, which qu ite  often may be of a great 
consequence for biocenosis of a w ater body ( N o w o t n y - M i e c z y ń s k a ,  G o ł ę ­
b i o w s k a  1960).

Thus, clim atic factors can accelerate the process of bacteria l biomass production 
and also activate the organism s reducing bacterial population. For instance, the 
rise of w ater tem perature of a few degrees may, by increasing the productive 
activity of bacteria, at the sam e tim e activate some bactericidal agents th a t w ill 
destroy that population.

In the shaded w ater bodies and in the periods of a reduced inflow of lum inous 
energy into the w ater, a particu lar role is played by chem oautotrophic bacteria 
in the generation of the living organic substance. So, in our investigations of w ater 
( F i s c h e r  1970) for instance, in the autum n and w in ter seasons the quan tities of
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Fig. 1. Interdependence of bacteria! 
population, the rem aining bioceno- 
sis, abiotic environm ent, and cli­

m ate conditions

assim ilated carbon, in the 24 h r process of the chem oautotrophic bacteria pro­
duction, w ere values of a sim ilar order, and they w ere m any tim es g reater than  quan­
tities of carbon assim ilated in the process of photosynthesis ( F i s c h e r  1966 b, 
Table I).

Table I. M inimum and m axim um  values from  determ inations of photosyntesis 
in w ate r of the experim ental reservoir in com parison w ith sim ultaneously 

determ ined production of chem oautotrophic bac teria  in the bottom  sedim ents

Season Date Photosynthesis 
(Hg C/m2)

Chemosynthesis in 
bottom  sedim ents * 

(jig C/m2)

Spring 10.V.1966
23.III.1967

3000
311,400

37,860
112,800

Sum m er 30.VI.1966
16.VI.1966

50,880
2240,000

424.500
406.500

A utum n 27.X.1966
30.IX.1966

912
13,650

28,140
77,700

W inter 27.11.1967
5.1.1967

0
960

23,760
36,300

* C a lcu la tio n s  in c lu d ed  a 3 cm  th ick  la y e r  o f b o tto m  se d im e n t.

W orth of particu lar notice is the production of chem oautotrophic bacteria at the 
bottom  layers of the w ater body. The bottom  zone is enriched all the tim e w ith 
sim ple m ineral compounds owing to the decomposition of the sinking dead rem ains 
of p lan ts and anim als. Thus, the heterotrophic m icroorganism s, producing in the 
bottom  sedim ents on the way of the ir own m etabolic processes abundant sources 
of food and energy for the chem oautotrophic bacteria, are  creating for them  thereby 
very favourable conditions of the developm ent ( S o r o k i n  1955).

The object of this w ork was characterization  of the  dynam ics of bacteria l po­
pulation  in the bottom  sedim ents in a yearly  cycle of the biomass production 
process of chem oautotrophic bacteria.
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For investigation  two sm all w ater bodies w ere selected — a na tu ra l pond and 
an experim en tal reservoir.

2. TERRAIN DESCRIPTION

The selected n a tu ra l pond is situated in the area of the Kam pinos Forest. 
It is an irregu lar, oval basin, about 2 m deep, 8 m wide, and 14 m long. The distance 
of the w ate r level from  the bottom  ranges in the course of a year from  70 to 180 cm.

T here occur, in sum m er, clumps of Sparganium  sim plex, Typha latifolia, 
Equisetum  arrense, and Elodea canadensis prevailing at the bottom. The bottom  
of the pond is form ed on a sandy bedding and has a layer of bottom  sedim ent 
several centim eters thick. Sam ples w ere collected in places m oderately silty 
w ith arrangem ent of layers as follows: sem ifluid detritus — layer about 3 cm 
thick, detritu s w ith fine-grained sand — layer about 5 cm thick, grained, pale- 
-yellow  sand — layer 4—5 cm thick, coarse-grained gravel — layer reaching deep 
down.

Ice layer, at the tim e of research, covered the area in the period from  m id- 
-Decem ber up to the  last week of F ebruary. The m axim al thickness am ounted to 
about 40 cm. The physicochemical data referring  to the pond and bottom  sedim ents 
are p resen ted  in F i s c h e r  (1972).

The experim ental reservoir is in the prem ises of the Nencki Institu te  of E x­
perim en ta l Biology in W arsaw. I t was built in 1962. I t is a ditch, of a truncated- 
-pyram id  shape, 120 cm deep, and 4 m 2 area a t the top surface. The hollow has 
been lined firs t w ith boards then w ith closely fused igelite insulation foil. The 
bottom  of reservoir was form ed w ith the surface layer of detritus from  the bottom 
sedim ents of the investigated n a tu ra l w ater body. W ater was also taken from 
there to fill up the experim ental reservoir. Vascular plants w ere not introduced. 
Thickness of the form ed bottom  layer, during the period of research, am ounted 
to 22 cm, depths of w ater ranged from  36 to 6 cm.

In the year of our investigations (1966) there was abundant em ergent vegetation. 
The w ate r surface was covered w ith Lem na minor. In the w ater, the presence of 
Cladocera, Copepoda, Protozoa, Rotatoria, and also of insect larvae (Ephem eroptera, 
D iptera and others) was recorded.

The thickness of the ice and the tim e of its occurrence is presented in  Fig. 2. 
T em perature changes and some results of chemical analyses are shown in Table II.

Fig. 2. Form s of w ater in the experim ental reservoir during the tim e of investiga­
tions. 1 — w ater, 2 — initial phase of congelation, 3 — ice cover, 4 — bottom  sedim ents
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3. METHODS

Aiming at the characterization  of dynamics of the bacterial population in the 
exam ined bottom  sedim ents in the production process of the chem oautotrophic 
bacteria biomass, the assessm ent of the num ber of bacterial cells in bottom  sedi­
m ents and the 24 hr assim ilation of carbon by the chem oautotrophic sedim ent 
bacteria w ere carried out. In  result, it was possible to determ ine the  coefficient 
of the production dynamics.

In order to be able to obtain as com plete characteristics as possible, of the 
conditions under which the exam ined processes w ere taking place, the following 
had to be assessed:

The num ber of bacteria l cells in w ater of the experim ental reservoir,
The 24 hr assim ilation of carbon in w ater of the experim ental reservoir, w ith 

access of luminous energy,
24 hr assim ilation of carbon in the reservoir w ater, w ithout of the lum inous 

energy access,
Inflow  of lum inous energy below the surface level of the reservoir w ate r at 

the following w ave-length ranges: 400—500, 500—600, and 600—700 mjx,
Continuous reg istra tion  of tem perature , during the period of investigations, at 

two levels of the experim ental pond, and tem peratu re  m easurem ents in  the bottom 
sedim ents and in w ater of the n a tu ra l pond.

F urtherm ore, the pH and contents of am m onium  salts, n itrites, n itra tes, phos­
phates, sulphates, carbon dioxide, and oxygen, in w ater w ere determ ined in both 
w ater bodies under investigation.

Sampling. Sam ples w ere collected from  the na tu ra l pond a t a 3 m distance 
from  the edge of a landing stage built up for perm anent use, w ith th a t purpose 
in  view. In the experim ental reservoir, sam pling of the m ateria l from  the central 
p a rt of the reservoir bottom  was done likewise from a sta tionary  platform . Samples 
from  reservoir w ere collected once a week, w hereas from  the na tu ra l w ate r body 
a t m onthly intervals. Bottom sedim ents from  both of them  w ere dipped out w ith 
a sterilized K a r z i n k i n  bottom  sam pler ( R o d i n a  1965). The top layer of 
the m ud column was skim ed and 30 m l of m ud was collected from  each dip. To 
collect one sam ple the sam pler was dipped up, th ree tim es, every 3—5 m inutes, 
from  spots distant from  one another not m ore than  20 cm. The collected m ud was 
taken over to the laboratory  in a therm os flask, previously sterilized. The tim e 
of transport from  the n a tu ra l w ater body did not exceed 2 hr, and from  the 
experim ental reservoir — 30 m inutes.

Bacteria count in the bottom  sediments. The num ber of cells of the  bacterial 
population abiding in the bottom  sedim ents was determ ined by the m ethod of 
direct counting of cells on the m em brane filters ( E r l i c h  1955, J a n n a s c h  
1958, J a n n a s c h ,  J o n e s  1959). To this purpose Coli-5 filters, m ade in G ottin­
gen, w ere used.

M easurem ent of 24 h r chem oautotrophic bacteria production. P roduction of 
chem oautotrophic bac teria  w ere denoted in units of carbon assim ilated from  C 0 2. 
For determ ination of carbon assim ilated by bacteria  there was used a method 
w ith application of the labelled carbon 14C ( S o r o k i n  1955). For m easurem ents 
of radioactivity the gas flow detector was used, from  the F irm  N uclear Chicago 
mod. 47, w ith 45% perform ance. At the assessm ent of value of carbon assim ilated 
by m icroorganism s allowances w ere m ade for correction of the quenching effect, 
on the sample.

The assim ilated carbon in the process of chem oautotrophic production of 
bacteria  was calculated after the form ula:

CCH=C I  (2)

w here: C ch — quantity  of assim ilated carbon, during the tim e of the experim ent, 
by bacteria contained in a volum e un it of the exam ined sedim ent ([AgC/1 • 24 hr), 
C — carbon in carbon dioxide and carbonates contained in the exam ined sedim ents 
determ ined according to the m ethod applied by S o r o k i n  (1955), (|.igC/l), a — r a ­
dioactivity of bacteria residue obtained from  filtration  of the known volum e of 
experim ental fluid (imp/m in • ml), R  — radioactiv ity  of the experim ental m aterial 
afte r addition of the NA214C 0 3 solution (imp/m in • ml).
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E stim ation of the coefficient of the production dynam ics of the chem oautotrophic 
bacterial biomass. The characteristic fea tu re  of production activity  of the bacterial 
population in  the w ater bodies is expressed by the am ount of biomass produced, 
during a u n it of tim e, e.g. 24 hr, by any taken a t choice, but always the same, 
in itial num ber of bacterial cells. This coefficient can be expressed by the following 
form ula:

w here: y — coefficient of production dynam ics of the bacteria l population, AB — 
24 h r increm ent of the bacterial population biomass in a volum e un it of the 
exam ined m aterial, N  — in itia l num ber of bacteria l cells in a volum e unit of the 
exam ined m aterial.

In  the adopted method, the 24 hr increm ent of the chem oautotrophic bacteria 
was expressed by the  quan tity  of carbon, derived from  C 0 2 and carbonates from  
the environm ent (Cch), built up into the produced cells. This value is presented 
in ug C. The quantity  un it for the num ber of cells is one million of bacterial 
cells. Using the m entioned above units the form ula for the coefficient of the 
production dynam ics of the exam ined population w ill be as follows:

y —|ig C/106 cells • 24 h r (4)

Saying it in another way, th a t coefficient designates the yield efficiency of 
one milion of bacterial cells in producing, on the w ay of chem oautotrophic 
synthesis, a new  biomass of bacteria in 24 hr.

S tudies on photosynthesis in phytoplankton. E xam ination of photosynthesis was 
carried out in like m anner as investigations on bacteria l production i.e. by the 
m ethod w ith application of labelled carbon 14C.

M easurem ents of tem perature . T em perature of w ater and bottom  sedim ents 
in the n a tu ra l body of w ater was m easured by the m eans of an insulated
therm om eter ( P a s c h a l s k i  1961). In  the experim ental reservoir, all during the 
tim e of investigations, a continuous recording of tem peratu re  was carried on,
which m ade possible the observation of tem peratu re  changes both in the course
of 24 h r tim e and during the seasons of the year, as well. Exam inations w ere 
perform ed at two levels, 3 cm below the surface of detritus and 15 cm above 
the bottom  of the reservoir, by m eans of a recorder equipped w ith platinum  
therm om eters.

M easurem ents of lum inous energy, inflowing under the w ater level. M easurem ent 
w as perform ed by m eans of irradiance in tegrators fitted out w ith detectors w ith 
properly corrected spectrum .

Chemical analyses of w ater environm ent w ere carried out according to J u s t ,  
H e r m a n o w i c z  (1955).

4. RESULTS

Results from  calculating the num ber of bacteria in bottom  sedim ents 
show that sedim ents in the pond are m any tim es m ore abounding w ith 
bacterial flora than sedim ents in the experim ental reservoir (Fig. 3). In 
both w ater bodies considerable seasonal changes w ere observed in the 
num ber of bacterial cells abiding in  the bottom  sediments. The m inimum  
of the num ber of bacteria occurs in the sum m er season. In the course 
of a year the changes in the num ber of bacteria in  sedim ents of the 
pond are w ithin the range from  1700 • 109 to 15,850 • 109 per one litre  of 
sediment. In the experim ental reservoir — from  4.3 • 109 to 115.4 * 109 
cells per one litre  of sediment.
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Fig. 3. Com parison of the num ber of bacteria  and the 24 h r bac teria l assim ilation
of carbon in bottom  sedim ents of the two w ater bodies. 1 — num ber of bacteria, 
2 — bacterial assim ilation of carbon. A — experim ental reservoir, B — natu ra l pond

The 24 h r assim ilation of carbon by m icroorganism s in  the process 
of chemoautotrophic production of bacteria is likewise subject to consi­
derable seasonal changes (Fig. 3). The quantities found for the natural 
w ater body w ere ranging, in the course of a year, from  5.6 up to 181.0 mg 
of carbon assim ilated during 24 h r by bacteria comprised in  one litre  
of sediment, for experim ental reservoir from  0.1 up to 35 mg.

On the basis of the obtained results there were calculated the values 
illustrating production dynamics of the population in  producing the 
chemoautotrophic bacterial biomass. As can be seen from  the data pre­
sented in Fig. 4, the calculated coefficient is m any tim es lower for the 
bacterial population in  sedim ents of the pond than in  sedim ents of the 
experim ental reservoir.

It was stated th a t the variability  of the coefficient y in each of the 
two investigated w ater bodies follows a different seasonal course. In the 
experim ental reservoir, the values of the coefficient found in the spring 
time are considerably higher than the values obtained in the autum n sea­
son. In the natu ra l pond the situation is reversed. Chemical and tem peratu­
re  determ inations for the experim ental reservoir are presented in Table II. 
Assimilation values in the process of photosynthesis and chemosynthesis 
in w ater are shown in Fig. 5. The flow of the rad ian t energy into the 
w ater layer in the depth of 15 cm below the w ater surface in the spring 
period (from the vanishing of ice till the end of May) amounted to: in
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Fig. 4. Com parison of production dynam ics coefficients of chem oautotrophic bacteria 
in  the bottom  sedim ents of the two w ater bodies. A — experim ental reservoir,

B — natu ra l pond

Fig. 5. Com parison of the chem oautotrophic bacterial production in the bottom  
sedim ents w ith  photosynthesis in w ater of experim ental reservoir. A — chemo­

autotrophic bacterial production in bottom  sediments, B — photosynthesis
[352]
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the 400 — 500 mu band — 1.4 kcal/cm 2, in the  500 — 600 m|x band — 
21 kcal/cm 2, in the 600 — 700 m^i — 2.3 kcal/cm 2. In the sum m er period 
(Ju n e—August): 3.6, 4.8, and 5.5 kcal/cm 2, respectively.

5. DISCUSSION

It follows from the obtained results tha t the problem  of biomass 
form ation of autotrophic bacteria calls for a careful consideration from  
th ree points of view, nam ely:

1. the am ount of chem oautotrophic bacterial biomass produced in  the 
process of synthesis in  a unit of time,

2. the total num ber of bacterial cells in the population producing the 
autotrophic biomass,

3. the efficiency of the bacterial population dn producing the au to­
trophic biomass.

The two first points of view tend to characterization of the w ater 
body as regards the 24 h r  value of the autotrophic bacterial production 
and the actual num ber of bacteria, the th ird  one aims at characterization 
of the bacterial population in the w ater body in respect of its  efficiency 
in the  production of the autotrophic biomass.

Results obtained from  the estim ation of the coefficient y of the po­
pulation in the two w ater bodies albeit they differ from  each o ther in 
their absolute values, nevertheless, they show a conform able tendency 
to the changes occurring in  the sum m er and w inter seasons. In the 
sum m er tim e the coefficients are of a m axim um  value, w hereas in 
w in ter their value is the lowest. However, while comparing the spring 
and autum n season we have observed some differences in the changes 
of the coefficient values for the two w ater bodies under investigation. As 
it seems, those differences m ay be explained by the different quan tita tive  
composition of the bacterial population and also by different surroundings 
of the two w ater bodies. The experim ental reservoir lacking the na tu ra l 
ground and drainage area could not be supplied in the au tum n w ith  
biogenic substances at a high degree as the pond situated nearby a plough­
l a n d  and a meadow.

The coefficient y values are under an apparent influence of the  
astaticism  of the investigated w ater bodies. Here this influence shows up 
m uch m ore strongly than it could have been observed at the exam ination 
of the num ber of bacteria and the autotrophic 24 h r production of the 
bacterial biomass. The ratio  of the coefficient highest value to the  lowest 
one for the na tu ra l pond, w ith  greater static equilibrium , am ounted 
to 18.6, w hereas for the  experim ental reservoir to 1230. This seems to 
be quite comprehensible, since the production activity  of the  bacterial
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population is in the first place dependent on the influences of the climate. 
On the other hand, the influence of climate on the abundance of bacteria 
in  a w ater body and the 24 h r production of the biomass m anifests 
itself through the changes in their production activity. The high degree 
of astaticism  in the experim ental reservoir resulted from a ra th e r sm all 
quan tity  of w ater m arkedly subject to the influence of the atm ospheric 
conditions (Fig. 2) ( F i s c h e r  1972). In our work, it was assumed th a t 
the activity of the autotrophic production of bacterial population is 
expressed by the adopted coefficient y. In order to check up w hether 
tha t coefficient is in fact related  to the activity of autotrophic production 
of the bacterial population, it has been examined in the yearly  cycle 
as a function of tem perature  and the contents of carbon dioxide in the 
investigated m aterial, as the  basic component of the nu trien t substrata  
(Fig. 6 and 7). It became evident that i t  is subject, in some m easure, to 
the commonly known regularities.

Fig. 6. Dependence of the coefficient 
y of chem oautotrophic bacterial pro­
duction dynam ics upon the 24 hr 
m inim um  tem peratu re in bottom  
sedim ents of the experim ental r e ­

servoir

Fig. 7. Dependence of the coefficient 
y of chem oautotrophic bacteria l 
production dynamics upon the ca r­
bon dioxide contents in bottom  se­
dim ents of the experim ental r e ­

servoir

At the 24 h r m inim um  tem peratures, not beyond 9°C (Fig. 6) the 
coefficient of production activity  y does not exceed the value of 
0.2 ggC/106 • 24 hr. At the 24 h r m inim um  tem peratures not above 16°C, 
the coefficient does not exceed the 0.7 jigC/106 • 24 h r value, while all 
h igher values of the coefficient are to be found in the range of the 
m inim um  tem peratures higher than 16°C.
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Experim ental values of the coefficient do not trace a regu lar curve 
since in  natu ral conditions, i. e. w here m any factors bear on the deve­
lopm ent of bacteria, one cannot expect such regular dependences as 
those occurring in pure cultures under settled conditions. A bout regu­
larity  of arrangem ent, of th e  results obtained from  the  coefficient 
determ inations, one can draw  conclusions m erely on the basis of the  
course of the curve delim iting the top ranges of the area, w here those 
resu lts  are grouped (Fig. 6). The top lim it of the area runs, as can be 
seen, at the higher level for higher tem peratures and a t a lower one 
for lower tem peratures. Since, it is a m atte r of course that, even in  the  
most favourable conditions of the bacterial population developm ent the  
tem pera tu re  changes are lim iting its activity  and th a t the low er is the  
tem peratu re  the lower is the production activity  value, so it seems 
th a t Fig. 6. allows the assum ption th a t the coefficient y is in fact a 
coefficient of the autotrophic production activity  of the  bacterial popu­
lation.

A sim ilar situation is found in Fig. 7, w here are presented  the co­
efficient y values and their dependence on the am ount of the carbon 
dioxide contents in one litre  of bottom  sedim ents. Here we have also 
th ree sectors singled-out. The coefficient y value does not exceed 
0.2 (.igC/106 * 24 h r at the C 0 2 contents below 120 mg/1. W ithin the  
range up to 280 mg C 0 2/1 the coefficient y values do not exceed the 
0.38 (Ltg C/106 • 24 hr. H igher values of the coefficient y occur at the C 0 2 
contents in the sedim ents greater than  280 mg/1.

By analysing the resu lts obtained from  our w ork it was stated tha t 
the bacterial population, abiding in the bottom  sedim ents of the 
investigated w ater bodies, shows seasonal changes in the 24 h r bacterial bio­
mass production values, the num ber of bacteria, and the production 
activity  of the bacterial biomass, as well. However, the  course of the 
seasonal variation runs in a different way in each of the th ree  groups
of results. This ensues from the fact tha t each of the th ree  exam ined
values forms under the influence of d ifferent factors.

Thus, in sum m er, for instance, in the tim e of the occurrence of the 
sm allest num ber of bacteria we have stated a high production of their 
biomass, which can be explained solely by the high production activ ity  
of the population. The sim ultaneous presence in the w aters of a great 
num ber of organisms feeding on bacteria allows to presum e th a t the 
phenom enon of the sum m er m inim um  of the bacteria num ber is due,
above all, to the destruction  of their cells. Hence, one can  say tha t in
a w ater body the sum m er season is the period of the  m ost intensive 
turnover in  the bacterial biomass.

An inverse situation has been stated in the w in ter time. The great 
num ber of bacteria population does not result from its high product!-
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vity  since the production activity, being dependent in  such a great 
m easure on the physicochemical conditions, is in that period of tim e 
quite inconsiderable, probably due to the low tem peratures. Therefore, 
the great density of bacteria population is doubtlessly conditioned by 
the dim inished consum ption of their cells.

Thus, in  the w in ter season the bacterial biomass turnover is minimal.
Albeit, the carried out investigations refer only to the chem oauto­

trophic production of bacteria, nevertheless, they constitute an  in te ­
gral part of the research on the problem s of the bacterial productivity 
in the waters. The extensiveness and complexity of this problem  require 
fu rth e r m ethodical studies, as the m ethods applied at present m ake it 
necessary to use num erous approxim ations.
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6. SUMMARY

The research  concerned the dynam ics in a yearly  cycle of the chem oautotrophic 
bacterial production in the bottom  sedim ents of two sm all w ater bodies: a n a ­
tu ra l pond situated  in the area of K am pinos Forests and an experim ental r e ­
servoir situated  in the prem ises of the Institu te  of E xperim ental Biology, P o ­
lish Academy of Sciences.

The collected sam ples served for determ ination of the 24 hr assim ilation of 
carbon absorbed in the process of the chem oautotrophic bacteria l production, 
using the m ethod of labelled carbon 14C and the density of bacteria l population 
determ ined by direct microscopic counting. Basing on those two determ inations, 
production dynam ics of bacteria l population in the autotrophic bacteria l biomass 
production w ere estim ated. This value was expressed in m icrogram m es of the 
assim ilated carbon per one m illion bacterial cells.

I t has been stated th a t all th ree of the investigated values are subject in the 
course of the year to considerable fluctuations, however, they occur in a d ifferent 
way in each of them.

The production dynam ics of the chem oautotrophic bacteria shows the  highest 
values in the  sum m er tim e, w hen the num ber of bacteria is at its m inim um . 
A reversed situation is found in the w inter season — a t the highest num ber of 
bacteria, the production dynam ics are  low, which is concurrent w ith  a sm all 
am ount of the produced biomass. It becomes quite evident th a t factors d e te r­
mining the num ber of bacteria in sm all w ater bodies are d ifferen t from  those 
influencing production dynamics.

The low num ber of bacteria  at the high production activity  in the sum m er tim e 
allows to in fer th a t the bacteria l biom ass tu rnover in the w ater biocenosis is high 
in th is period of tim e contrary  to  the  w inter season w here the situation is in ­
verted.

The variab ility  of the 24 hr chem oautotrophic bacterial production level is 
rela ted  to th e  variab ility  of the production activity in such an essential m anner 
th a t the seasonal variab ility  of both those values is, in general, of a very sim ilar 
character. Hence, one can come to conclusion th a t the level of the  chem oauto­
trophic bacteria l biomass production is dependent above all, on those factors 
which bear effect on the efficiency of tha t production, while the effect of the 
abundance of bacterial cells becomes apparen t only in sporadic cases.
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The com puted coefficient of production dynam ics in the chem oautotrophic bac­
te ria l biom ass production shows some characteristic regu larities in  relationship 
to tem peratu re  of the environm ent and the C 0 2 contents, w hich allows to  infer 
th a t in fac t this coefficient really  determ ines the activity of the chem oautotrophic 
production of bacterial population in the bottom  sedim ents.

7. STRESZCZENIE

Badano dynam ikę chem oautotroficznej p rodukcji bak terii w  cyklu rocznym 
w osadach dennych dwóch m ałych zbiorników  wodnych: zbiornika naturalnego, 
położonego na teren ie Puszczy K am pinoskiej, oraz zbiornika doświadczalnego, po­
łożonego na terenie doświadczalnym  In sty tu tu  Biologii Doświadczalnej PAN.

Z pobranych próbek oznaczano: dobową asym ilację węgla pobieranego w  pro ­
cesie chem oautotroficznej produkcji bakterii, stosując m etodę znaczonego węgla 
14C, oraz liczebność populacji bak tery jnej, oznaczaną m etodą bezpośredniego li­
czenia mikroskopowego. Na podstaw ie tych dwóch oznaczeń określano dla poszcze­
gólnych prób dynam ikę produkcyjną populacji bak terii w produkcji auto trofi- 
cznej biom asy bakterii. Wielkość tę w yrażano w  m ikrogram ach przysw ajanego 
węgla przypadającego na 1 milion kom órek populacji.

S twierdzono, że w szystkie trzy badane w artości ulegają w ciągu roku znacznym 
wahaniom , jednakże w ahania te ksz tałtu ją  się różnie.

D ynam ika produkcji chem oautotroficznych bakterii w ykazuje najwyższe w a r­
tości w okresie lata, kiedy liczba bakterii przechodzi przez swoje minimum. Od­
w rotnie sytuacja przedstaw ia się w okresie zimowym — przy najwyższych licz­
bach bak terii dynam ika jest niska, czemu towarzyszy w tym  czasie m ała ilość 
w yprodukow anej biomasy. S taje  się oczywiste, że czynniki kształtujące liczbę 
bak terii w m ałych zbiornikach są odmienne od czynników sterujących ich dy­
nam iką produkcyjną.

Niska liczba bakterii przy dużej aktywności produkcyjnej w okresie lata po­
zwala wnioskować, że obrót biomasą bak tery jną  w biocenozie zbiornika jest 
w  tym  okresie duży, w przeciw ieństw ie do okresu zimowego, kiedy obserwujem y 
sytuację odwrotną.

Zm ienność poziomu dobowej chem oautotroficznej produkcji bak teryjnej po­
w iązana jest ze zm iennością aktywności tej produkcji w  sposób tak  istotny, że 
zmienność sezonowa obydwu tych wielkości ma charak ter na ogół bardzo zbliżony. 
S tąd m ożna wnioskować, że poziom produkcji chem oautotroficznej biomasy b a ­
k te ry jnej uzależniony jest przede wszystkim  od tych czynników, które m ają 
wpływ na aktywność tej produkcji, podczas gdy w pływ  liczebności komórek popu­
lacji uw idacznia się tylko w sporadycznych przypadkach.

P rzy jęty  w pracy w skaźnik dynam iki produkcji biomasy bakterii chem oauto­
troficznych wykazuje pew ne charakterystyczne prawidłowości powiązań z tem ­
p era tu rą  środow iska oraz zaw artością CO0, co pozwala na wnioskowanie, że w o- 
sadach dennych określa istotnie aktywność chem oautotroficznej produkcji popu­
lacji bak tery jnej.
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Biology, P asteu ra  3, W arszawa, Poland

ABSTRACT

E xperim en ta l tr ia ls  w ere m ade to use Saccharomyces cerevisiae as food for 
Spirostom um  am biguum . O bservations of the survival of S. am biguum  in various 
concentrations of S. cerevisiae  suspensions have shown a decrease in the num ber 
of protozoa in the  course of experim ents. The observed dynam ics of form ation 
of food vacuoles dependent on the tim e of exposition is characteristic  for the 
indigestible food. The Saccharom yces cerevisiae cells obtained from  excreted  food 
vacuoles have show n a high ra te  of capability for reproduction. The obtained 
resu lts suggest th a t Saccharom yces cerevisiae is not an adequate food for Sp i­
rostom um  am biguum .

1. INTRODUCTION

In  view  of some p articu la r purposes, e.g. bioenergetic studies, th e re  is a need 
to find some kind of food w hich would be easily available in pure state , i.e. free 
from  all o ther m ingled organism s, easy to handle in all sorts of m anipulation, 
e.g. counting, and w ould not m ultiply in the course of the experim ent. As concerns 
the food for Ciliata, yeast m eets all the required  conditions.

In the  protozoological lite ra tu re  one can find data referring  to  the  use of yeast 
as food for protozoa. L o e f f e r  (1936), for instance, m ade use of Saccharomyces 
cerevisiae  to feed P aram ecium  caudatum  on, G l a s e r ,  C o r i a  (1930) fed the 
sam e protozoan species w ith Saccharomyces elipsoideus, M i ś k i e w i c z  (unpubl.) 
grew  Chilodonella cucullulus cu lture on Saccharomyces cerevisiae. B r u t k o w s k a  
(unpubl.) used Saccharom yces cerevisiae as food for Param ecium  caudatum. Yet, 
B r u t k o w s k a  (unpubl.) and L o e f e r  (1936) used as food substance yeast, 
w hich did not derive from  pure cultures. B r u t k o w s k a ,  for instance, m ade 
use of yeast got from  grocer’s shops. I t has been dem onstrated in investigation 
by I l n i c k a - O l e  j n i c z a k  (1968) th a t such kind of yeast contains m erely 
about 60% of Saccharom yces cerevisiae Breed I, Okocim strain , the rest of it 
consists of bacteria .

Since it  had been observed th a t Spirostom um  am biguum  cu ltu red  on edible 
yeast are m ultip ly ing  it was decided to check up "whether a pure stra in  of yeast 
would be an app rop ria te  food fo r this species of Ciliata.

2. M ATERIAL AND METHODS

Spirostom um  am biguum  (Ehrbg) used in  experim ents w as taken  from  cultures 
m ain ta ined  by the  D epartm en t of Biology, a t the Nencki In stitu te  of Experim ental 
Biology, in  W arsaw .
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R eserve S. am biguum  cu ltures w ere grow n in sterile conditioned tap w ater, t a ­
ken from  m unicipal w ater supply, and fed on bacteria. W ater used for culturing 
afte r having been sterilized in an  autoclave was k ep t for about two m onths in 
glass vessels before being actually  used for experim ents.

Saccharom yces cerevisiae, Breed I, Okocim strain , w ere obtained from  the In ­
stitu te  of Ferm entation  Industry  in  W arsaw, which supplies the country food in ­
dustry  w ith  pure strains of yeast. Y east before being taken  for experim ents was 
cultured  on barley  m alt infusion w ith 2% agar, a t 26°C, during 48 hr. In  the expe­
rim ents, yeast suspension was prepared  as food for S. ambiguum , by shaking up 
a clod of yeast taken  from  some o ther 48 h r old cu ltu re  in conditioned sterilized 
w ater. The S. cerevisiae cell concentration in suspension was determ ined by m eans 
of B ürcker hem atocytom eter.

There have been carried  out: 1. observations of S. am biguum  reproduction in 
various S. cerevisiae concentrations, 2. observations of food vacuoles form ed by 
th a t protozoan.

1. The reproduction  of S. am biguum  was investigated in  nine 10 ml cultures in 
P e tr i dishes. T hree d iffe ren t concentrations of S. cerevisiae suspension w ere used. 
In  each of the th ree  concentrations, tests w ere repeated  th ree tim es (Table I). The

Table I. Changes in  the num ber of Spirostom um  am biguum  individuals 
in th e  cultures, in the course of experim ents

Age of culture 
(days)

Number of S. am biguum  individuals
Yeast concentration (ind./ml)

Control
3.5 • 104 35.0 • 104 G

O Ol o o o ■u

0 100 100 100 100hH 1 192 100 95 101O
CO 2 50 100 90 105
u 3 50 100 93 107
3* 4 50 100 95 107
CD 5 45 93 80 103

6 45 80 70 111

>—i 0 100 100 100 100
CD

1 98 93 100 100
2 98 90 101 100

2 3 60 82 80 108
Q, 4 60 85 73 115
CD
tó 5 60 80 70 115

b 53 65 72 118

0 100 100 100 100
1 95 95 100 90

CD 2 97 96 98 91ccS
CJ 3 97 90 95 94
Q< 4 98 80 94 94
CDrr* 5 90 71 94 98rH 6 85 65 92 102

duration  of exposure in all cultures was the same, i.e. 6 days. During th a t time, 
the experim ental environm ent has not been refreshed. The S. cerevisiae cell con­
centration  was checked twice a day and supplem ented to the in itial level by a d ­
dition of few  drops of thick, freshly prepared suspension. The course of the fac tual 
changes of the concentration of S. cerevisiae cells in  cu ltu res is presented  in Fig. 1.

Protozoa for experim ents w ere taken ou t from  reserve cultures. Before being 
used in the te s ts  they w ere rinsed from  the superfluous bacteria by w ashing them  
th ree tim es in conditioned sterilized w ater. The duration  of a single bath  w as 
20 m in and th e re  w as 20 m l of liquid per every protozoan. In consequence of the 
w ashing of protozoa, only very few  single bacteria l cells w ere transferred  into expe­
rim en tal cultures, so they probably did no t play any w orth m entioning role as
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Fig. 1. Changes in concentrations of S. cerevisiae in  the cultures in course of the 
experim ent. In itia l concentration: A — 3.5 • 104 ind./ml, B — 35.0 • 104 ind./ml,

C — 350.0 • 104 ind./ml. 1 ~  3 — successive repetitions

a supplem entary  source of food. The in itial num ber of protozoa in each of the 
cultures am ounted to one hundred  individuals. The num ber of protozoa under culture 
was checked every day by counting them  w ith the naked eye directly in the P etri
dishes.

2. The exam ination of food vacuoles consisted in counting them  w ithin the S. am ­
biguum  body and also in observations of the vacuoles excreted into the surrounding 
environm ent.

The food vacuoles w ere counted in the bodies of protozoa derived from  four 
other cultures especially set up w ith th a t purpose in view. Those cultures were 
inoculated and reared  in the analogical m anner w ith the cultures described above. 
In  the V ariant I, one cultu re was started  for each of the following S. cerevisiae 
concentrations: 3.5, 35.0, 350.0, • 104 ind./ml. They have been cultivated for 6 days 
w ithout any changes in the m edium. In the V arian t II, one culture was s ta rted  
in concentration of 35.0 • 104 ind./ml. I t  has been reared  for 10 days. On the 5th 
day of the experim ent, i.e. a t the tim e when protozoa did not form  food vacuoles 
any more, the m edium  was exchanged completely. In both varian ts of the  culture 
protozoa w ere taken out and the food vacuoles w ere counted under the microscope. 
Sim ultaneously w ith the cu ltures under experim ent there w ere cultivated analogous 
ones, from  which protozoa w ere collected and served to supplem ent the missing 
num ber of protozoa th a t w ere killed in the process of counting the food vacuoles.

Investigations on excreted  vacuoles w ere carried  out in the following experi­
m ent: protozoa rinsed off from  the  superfluous bacteria in analogical m anner as 
m entioned above, w ere transfe rred  and pu t for 2 hr into sterile conditioned wrater.
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D uring this time, S. am biguum  excreted  food vacuoles previously form ed in a bac­
te ria l environm ent and sim ultaneously the protozoa could not produce any m ore 
vacuoles because of food lack. A fter the end of th a t operation protozoa w ere tran s • 
ferred  into S. cerevisiae suspension w ith concentration  350.0 • 104 ind./m l for 3 hr. 
I t bas been stated  previously th a t during this period of tim e protozoa can form  
the m axim al num ber of food vacuoles. A fter 3 h r <S. am biguum  individuals w ere 
isolated from  the S. cerevisiae suspension and w ere washed th ree tim es w ith 
a sterilized  liquid in  order to clean them  of uneaten  yeast p resent in the m edium. 
The tim e of rinsing was 20 min. The w ashed out individuals w ere placed, in num ­
ber of one hundred a t a tim e, in 1 m l of sterile w ate r and they w ere kept there 
for 2 hr. T hat operation was carried  out w ith the aim  to obtain a considerable 
density  of food vacuoles filled w ith yeast. A fter 2 h r they w ere isolated by m eans 
of cap illary  pipettes and pu t into 2 m l of sterile conditioned w ater. Then they w ere 
broken up by agitating them  together w ith sm all glass beads. Concentration of the 
obtained suspension has been determ ined and then  it was inoculated, in a volume 
of 0.01 m l, in to  a culture m edium  of barley  m alt infusion w ith  2% agar. A fter 48 hr 
of incubation  a t 26°C the grown up colonies of yeast w ere counted. An inoculation 
prepared  from  fresh  yeast served as control culture. I t has been presum ed tha t 
one colony grows out of one cell of yeast. This experim ent was repeated  th ree tim es.

3. RESULTS

C ultures that w ere carried out w ith  the purpose of determ ining the 
m ultiplying rate  of S. am biguum  not only have not shown any increase 
bu t on the  contrary  there  was a decrease in  the  num ber of individuals 
evident in  the course of exposure (Table I). In  the control culture, i.e.

Fig. 2. Relation betw een the average num ber of food vacuoles form ed by S. am bi­
guum  and the tim e of exposure in  various concentrations of S. cerevisiae: 

1 —3.5 • 104 ind./m l, 2 — 35.0 • 104 ind./ml, 3 — 350.0 • 104 ind./ml
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w ith  bacterial food, there was noticed, nevertheless, a sm all increase 
of th e  protozoan population. It is w orth  noting that in m easure w ith  the 
tim e passing by there  rem ained in  the cu ltu re  m ore and m ore of uneaten 
yeast (Fig. 1). Thus, it  can be assum ed th a t the am ount of consumed 
yeast has decreased.

Fig. 3. Relation betw een the average num ber of food vacuoles form ed by S. am bi­
guum  and the tim e of exposure in the culture, w here the m edium  w as exchanged, 

w ith S. cerevisiae concentration of 35.0 • 104 ind/m l

Results from the counting of food vacuoles found in one individual 
of S. am biguum  a re  presented in Fig. 2 and 3. So, as it can be seen the 
num ber of food vacuoles was not dependent, upon the food concentration 
(Fig. 2). Their num ber was increasing rapidly right at the beginning of 
the experim ent, about 25 vacuoles could be found already after 2 — 4 min 
from  the start. The sm allest differentiation in the num ber of vacuoles 
found in one individual w as observed in the tim e from 3 to 30 h r from 
the beginning of experim ent. A fter 48 hr differentiation in their num ber 
becomes greater, m ore and m ore often there  are found protozoa with 
a very  small num ber of vacuoles. In the V ariant I of the experim ent 
(Fig. 2) a complete lack of food vacuoles was observed after 145 h r from 
its start. This moment coincided w ith  a rapid dying out of protozoa, 
which before their death  had gone through a phase of deform ation of 
their shape. In the cu ltu re  of the V ariant II (Fig. 3) the com plete lack 
of vacuoles occurred a fte r  about 110 hr. Here, the violent dying out of 
protozoa was not observed. At the tim e when the protozoa w ere not 
producing food vacuoles any more, the  whole cultured environm ent was 
exchanged. The process of form ation of vacuoles has been repeated. This 
time, the u tte r  disappearance of vacuoles occurred again but after 280 hr 
from  the s tart of the experim ent, i.e. after 170 hr from the complete 
exchange of the environm ent.
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Results from the research on the v itality  of yeast consumed prev i­
ously by S. ambiguum  are presented in Table II. Yeast cells rem ained in 
the food vacuoles 3 — 5 h r and a fte r the breaking up of vacuoles were 
inoculated in barley infusion m edium  fixed w ith  agar. The grow th was 
observed in  73, 33, 25°/o. The control culture showed the 86°/o grow th 
of inoculated yeast.

Table II. G row th of Saccharomyces cerevisiae cells obtained from
excreted food vacuoles

Y east from  vacuoles Control

N um ber of inoculated cells 30 28 42 50
N um ber of grown colonies 22 10 11 43
G row th (%) 73 36 26 86

Moreover, it was observed tha t food vacuoles after being ejected can 
subsist in the culture medium for several hours. The isolated food va­
cuoles a fte r excretion w ere observed in unim paired condition a fte r a 
tim e of 15 hr.

4. DISCUSSION

The increase in num ber of protozoa in various concentrations of 
S. cerevisiae was not stated in the carried out investigations. Even a t the 
greatest food concentration, i.e. 350.0 • 104 ind./ml, the  num ber of pro­
tozoa was on the decrease (Table I).

The picture of changes in the num bers of the food vacuoles form ed 
in the body of a protozoan in rela tion  to the tim e of exposure w as as 
follows: a t first, the protozoa form ed a great m any of food vacuoles, then  
the num ber of vacuoles dwindled to the nought. A fter the renew ing of 
cu lture m edium  the form ation of vacuoles started  anew. D e m b o w s k i  
(1922) obtained a sim ilar picture in his investigations as resu lt of feeding 
Paramecium caudatum  on alum  carm in, that is an indigestible substance. 
So, one can assume that this kind of dynamics in the form ation of food 
vacuoles is quite characteristic for Ciliata w hile provided with indige­
stible food.

S. cerevisiae derived from excreted food vacuoles retained partially  
its capacity for growth. The percentage of growing cells of S. cerevisiae 
derived from  the excreted food vacuoles is lower than  the one obtained 
from  the  control culture, viz., 73, 33, 25°/o as com pared w ith 86°/o in the 
control test. It is not possible to deduce from the experim ents, presented 
above, w hether the decrease of yeast v ita lity  was produced by the en­
vironm ent of food vacuoles, or by their deterioration in the process of 
isolation.
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To be able to m ake sure of indigestibliness of S. cerevisiae yeast for 
S. am biguum  it w ould be necessary to carry  on the  process of isolation 
of the food vacuoles excreted by protozoa rem aining m uch m ore longer 
than  3 h r in  the yeast suspension and to use a lower food concentration 
tha t the one applied presently. Such circum stances would exclude the 
conjecture of indigestibliness of yeast resulting from  eventual overeating 
of protozoa. It seems, however, tha t overeating did not take place in the 
present research. This m ight be supported by the fact th a t yeast obtained 
from  food vacuoles excreted by S. am biguum  which w ere previously fed 
for several days in suspension of »S. cerevisiae of the concentration 
3.5 • 104 ind./m l, did not differ from  yeast never eaten up by the protozoa, 
according to microscopical observations. The period of S. am biguum  sta r­
vation was relatively  short, i.e. 2 hr, and so it m ust not cause excessive 
consum ption by S. am biguum  in  the  applied experim ents.

The probable cause of indigestibliness of S. cerevisiae yeast by S. am ­
biguum  m ay be explained by the thickness of S. cerevisiae cell m em ­
brane. There is m uch to be said for it, if one takes also into considera­
tion the absence of young budding cells of yeast, w ith  a th inner cell 
m em brane, in the yeast obtained from the excreted vacuoles.

F urther observations, unreported in this paper, concerning th e  S. am ­
biguum  behaviour in the suspension of yeast from  grocer’s shop showed 
that S. am biguum  has m ultiplied in the m edium  containing yeast and bac­
teria. At the same time, presence of yeast in the food vacuoles of that 
protozoan was stated not only after a few hours, bu t also a fte r several 
days of its stay in the culture, which indicates a continual consuming of 
yeast. It is possible that in this kind of environm ent the cell m em brane of 
yeast w as damaged by bacteria and in th is  w ay it became m ore suitable 
to be used as food by S. ambiguum. That could be the reason w hy L o- 
e f e r  (1936) and B r u t k o w s k a  (unpubl.) have obtained positive re ­
sults while feeding Paramecium caudatum  upon S. cerevisiae suspension.

On the basis of results presented herew ith, one can assum e that 
Saccharomyces cerevisiae are as food either entirely  indigestible for 
Spirostom um  ambiguum, or else only partially  digestible, viz. in its 
young forms.

5. SUMMARY

Trials w ere  m ade to test the use of Saccharomyces cerevisiae Breed I, Okocim 
strain, as food for Spirostom um  am biguum  (Ehrbg).

G row th of S. am biguum  in pure suspension of S. cerevisiae was carefully  obser­
ved. Three cultures w ere se t up w ith S. cerevisiae concentrations as follows: 3.0, 35.0, 
350.0, ind. • 104/ml. S terile conditioned w ater was used as culture m edium , all the 
tim e of the duration  of the experim ent it was not exchanged. In  none of the th ree 
cultures any grow th of protozoa has been stated, on the contrary  there was a m a­
rked decrease in their num ber (Table I).

The num ber of food vacuoles form ed by S. am biguum  was regularly  checked 
up in all th ree concentrations, above m entioned (Fig. 1 and 2). Dynamics of form a - 
tion of the food vacuoles was typical for indigestible food.
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The isolation of the food vacuoles excreted  into environm ent was carried  out. 
A fter breaking them  up, the obtained yeast suspension was inoculated in  barley 
m alt infusion w ith 2% agar. In  result, the grow th in  75, 33, and 25% w as obtained 
of the inoculated yeast cells; the  grow th in the control culture am ounted to 86%.

The obtained results suggest th a t Saccharomyces cerevisiae used as food are 
indigestible for S. am biguum .

6. STRESZCZENIE

W ykonano próby zastosowania Saccharomyces cerevisiae Rasa I, szczep Okocim, 
jako pokarm u dla Spirostom um  am biguum  (Ehrbg).

Obserwowano rozm nażania się S. am biguum  w  czystej zawiesinie S. cerevisiae. 
Założono po 3 hodowle w następujących koncentracjach S. cerevisiae: 3.0, 35.0, 
350.0 • 104 os./ml. Środowiskiem  hodowlanym  była stery lna woda odstała; przez cały 
czas doświadczenia nie w ym ieniano środowiska. W żadnej hodowli nie stw ierdzono 
rozm nażania się pierw otniaków , a przeciwnie, spadek ich liczby (Tab. I).

Przeprowadzono kontrolę liczby wodniczek pokarm owych tworzonych przez 
S. am biguum  w  3 podanych wyżej koncentracjach (Fig. 1 i 2). D ynam ika tw orze­
nia się wodniczek pokarm ow ych była charakterystyczna dla pokarm u n iestraw ia l- 
nego.

Dokonano izolacji wodniczek pokarm ow ych w ydalonych do środow iska. Po 
rozbiciu ich uzyskaną zawiesinę drożdży wysiano na brzeczkę jęczm ienną z 2% aga­
rem. Uzyskano w zrost w  75, 33 i 25% posianych kom órek drożdży; wzrost w  kontroli 
wynosił 86%.

W yniki sugerują, że Saccharomyces cerevisiae jest pokarm em  niestraw ialnym  
dla S. am biguum .
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ABSTRACT

Q uantita tive  analysis of vertical and horizontal distributions of copepodites IV and 
V of four Cyclopoida species (Cyclops strenuus  Fischer, Cyclops jurcijer  Claus, 
Acanthocyclops gigas (Claus), and Acanthocyclops bicuspidatus (Claus)), being in 
resting  stage in bottom  sedim ents of two astatic reservo irs was made. Significant 
differences w ere found in horizontal distribution of copepodites in  one of reservoirs 
during Ju ly  and August. V ertical copepodite distributions are different in both 
reservoirs; in both ones, copepodites did not p ene tra te  deeper than  5 cm, and 
m axim al am ounts w ere in 1—2 cm layer.

1. INTRODUCTION

In an astatic reservoir, as it dries up, the Cyclopoida copepodites prepare them ­
selves fo r their resting  stage. When a reservoir is dry the copepodites IV and V 
rem ain  in its bottom  sedim ent.

The aim  of the paper was to analyse quantita tively  the vertical and horizontal 
d istributions of resting copepodites in bottom  sedim ents of two astatic reservoirs. 
H orizontal distribution in one of them  (Field L arger Reservoir) was discussed in 
W i e r z b i c k a  (1966). In the present paper, inform ations about vertical d is tri­
bution  in bottom sedim ent, as well as the com parison of both reservoirs are sup­
plem ented.

2. TERRAIN DESCRIPTION

The investigated  astatic reservoirs are situated in the same depression among 
fields under cultivation  of the S tate Farm s in Zaborów, near Kampinos Forests, 
about 30 km from  W arsaw . They w ere nam ed Field Larger and Field Sm aller 
Reservoirs. During the spring high level of thaw y w ater, both reservoirs are so­
m etim es confluent (Fig. 1). The area of Field Larger is 940 m2, m axim al depth — 
2.3 m, and of Field S m a lle r— 115 m2 and up to 1 m, respectively. The reservoirs 
are filled w ith thaw y w ater in M arch and dry up in the end of June  (Larger) or 
even in May (Smaller). So the resting stage of copepodites lasts about 9 m onths. 
S ubstra tum  of Field L arger Reservoir is covered w ith thick layer of m ouldering 
leaves, its  hum us is black. S ubstratum  of the Sm aller one is ra th e r sandy-loam y, 
and there  is few er of m ouldering leaves. Both are surrounded w ith trees and 
bushes: willows, poplars and sloes. In sum m er, the bottom  of the Larger one is 
covered w ith groundling bram ble sprouts which m anure the soil. In  1964, hum i­
dities of bottom  sedim ent in the deepest place of Field L arger w ere 30% (October 20),
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Fig. 1. The m ap of the astatic reservoirs in Zaborów. Lines — contour lines draw n 
every 25 cm. 1 — reservoir, 2 — surrounding ground

30.51 and 29.43% (July 4). But it was only 13.42% in the Sm aller one im m ediately 
a fte r its early  drying up (May 18, 1966). (The samples of bottom  sedim ents for 
hum idity  determ inations w ere dried at 105°C up to constant weight).

3. MATERIAL AND METHODS

The sam e species of Cyclopoida live in both reservoirs: Cyclops strenuus 
F ischer, Cyclops furcijer  Claus, Acanthocyclops gigas (Claus), and Acanthocyclops 
bicuspidatus (Claus).

F or analyses of distribution of copepodites in their resting  stage, quan tita tive 
sam ples of bottom  sedim ents w ere draw n on Ju ly  9 and A ugust 5, 1964 in Field 
S m aller Reservoir and on October 4, 1964 in L arger one.

In  Sm aller one the sam ples w ere draw n along the longer axis of the reservoir, 
form ing an angle of 25° w ith the m arked direction N—S in Fig. 2 AB. The area 
of the  “m acrosam ple” was 510 cm2 and its capacity was 2550 cm 3. The samples 
w ere draw n w ith a shovel of appropriate dimensions. The area of the “m acrosam ple” 
was sim ilar to th a t of aquaria  w here the sam ples w ere subm erged in w ater to 
aw ake the copepodites. Before the sampling, some aquaria (24X30 cm) w ere exposed, 
w ith sam ples of bottom  sedim ent draw n on June 26, 1964, w ith  d iffe ren t layers: 
0—5, 5—10, 10—20 and 20—30 cm. I t  was found out th a t there w ere no specim ens 
below  5 cm. Therefore only 5 cm high sam ples w ere draw n la te r on.

Besides, 25 “m icrosam ples” w ere draw n from  both reservoirs in o rder to 
analyse the penetration  of copepodites in the ir resting stage into the depth of 
bottom  sedim ents, and to determ ine their vertical distribution (“m icroanalysis”).

In Ju ly  sam ples for “m icroanalysis” w ere draw n from  Field S m aller by cutting 
4 blocks of sedim ent w ith the surfaces of 8X8, 8X8.5, 9X4, and 3.5X4 cm. In  the 
firs t block the  following layers w ere tested: 0.0 —0.5, 0.5 —1.5, and so on, up to 4.5
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Fig. 2. H orizontal distribution  of copepodites of Cyclopoida in the ir resting  stage 
in bottom  sedim ents of F ield Sm aller Reservoir. 1 — C. strenuus, 2 — C. furcifer, 
3 — A. gigas, 4 — A. bicuspidatus, 5 — no specimens, 6 — 20 specimens. A — July,

B — August

cm, then 4.5—8.5 and 8.5—18.5 cm. I t was shown th a t there w ere no specim ens 
below 2.5 cm. In  the other blocks, the whole sedim ent contents w ere tested  toge­
ther.

In A ugust (Smaller) and in October (Larger), 21 “m icrosam ples” w ere draw n 
w ith a special sam pler constructed according to an idea of m gr S. K ędzierski. It 
was a cylinder, 5 cm in d iam eter and 19.6 cm2 in section. A suitable sucker pushed 
a draw n sam ple out of the  cylinder into a polyetilen sack. The sam ples w ere 5 cm 
high. In the laboratory , successive disks (0 — 1, 1—2, 2—3 and 3—5 cm high) w ere 
cut, placed in beakers, and subm erged in w ater to aw ake the copepodites. 5 “m icro­
sam ples” w ere draw n by m eans of this sam pler from  Field Sm aller, and 16 — 
from  Field Larger.

In Table I the results of only those sam ples are presented in  w hich each 
centim eter of sedim ents was exam ined.

Table I. V ertical distribution of copepodites IV and V of four Cyclopoida species 
being in  resting  stage in bottom  sedim ents (one specim en in cm3 of m ud) (1964)

F ield  Sm aller Field L arger
1 sam ple of 9.VII 3 sam ples of 5.VIII 8 sam ples of 4.X

Layer
(cm) cm 3 of mud Layer

(cm) cm 3 of m ud Layer
(cm) cm 3 of mud

0.0—0.5 5.1 0—1 3.4 0—1 51.6
0.5—1.5 9.1 1—2 1.3 1—2 9.8
1.5—2.5 31.0 2—3 4.6 2—3 14.1

3—8 29 5 3—5 24.1

Since it w as found th a t copepodites of d ifferen t species do not aw ake sim ul­
taneously, the  experim ental vessels w ere investigated several times. I t w as stated  
th a t copepodites of C. strenuus  aw aked m ost early: from  dozens of m inutes to
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several hours afte r submerging, and copepodites IV of A. bicuspidatus — m ost 
late, often it was observed only afte r some days. Also e.g. A. gigas V aw aked in 
g reat am ounts on the th ird  day (1st day — 1, 2nd day — 9, and 3rd day — 104 
specimens). However some copepodites IV of C. strenuus did not aw ake untill 
several or even a dozen days after submerging. They had some characteristic fea­
tu res testifying th a t they had just come out of a sediment: “shields” on their 
cephalothorax and a “p lug” in an intestine on the  level of the 1st and 2nd abdom inal 
segments (W i e r z b i c k a 1966, 1967).

4. RESULTS

H O R IZO NT A L D IST R IB U T IO N  OF C O PEPO D ITES IN  THE BOTTOM  SED IM E N TS

Q uantitative analyses of bottom sedim ents of Field Sm aller Reservoir 
(’’m acrosam ples”) in Ju ly  and August revealed different horizontal d istri­
butions of copepodites (Fig. 2 AB). M aximal am ounts of specimens in 
a single sample w ere 125 specimens in Ju ly  and 332 in August. Minimal 
am ount w ere 1 — 2 specimens. Along the same axis of the reservoir, in 
Ju ly  the largest am ounts were on its northern  shore w here it was 1 speci­
m en per 20.4 cm3 of mud. In August they were in the deepest place and 
w here both reservoirs are sometimes confluent (Fig. 1); in these places it 
was 1 specimen per 7.7 cm3.

In August there w ere nearly  3 times m ore specimens per sample in the 
most abundant samples than in July; in the whole of the investigated area 
there  were about 3 tim es more specimens in August, too.

Figure 2 AB presents quantitative species composition in Field 
Smaller: the  predom inating species is C. strenuus, and A. gigas, inhabi­
ting m ostly the shallow er places, occurs in great amounts. C. furcifer  and 
A. bicuspidatus are in lesser amounts.

It was found out as early  as in 1954 — 1956 that copepodites of Cyclo- 
poida came to their resting stage when the level of w ater was ra ther 
high (about 1 m  in Larger and 30 cm in Sm aller one) and at the tem ­
peratu re  betw een 10 and 20°C.

VERTIC A L  D IST R IB U T IO N  OF C O PEPO D ITES IN  THE BOTTOM  SE D IM EN TS

In all samples draw n from Field Sm aller Reservoir in July , in the 
layer up to 2.5 cm there was only C. strenuus  IV. It was even more nu ­
m erous in the layer of 0.0 —0.5 cm than of 0.5 —1.5 cm (Table I). In Ju ly  
C. strenuus  was the only species in the ’’m icrosam ples” draw n from  the 
centre of the reservoir as well as in the ’’m acrosam ples” draw n from the 
deeper places.

In August it was C. strenuus IV which was still the most num erous, 
occurring m ostly in 1 — 2 cm layer. In 0 — 1 cm layer it  was two times 
less num erous, and below 2 cm its am ounts were low. A. gigas V was 
num erous in 1 — 2 cm layer, and three tim es less num erous in 0 — 1 cm 
layer. C. furcifer  IV was found in sm all amounts in 1 — 2 cm layer, but
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A. bicuspidatus was not found at all. Q uantitative species composition in 
this reservoir was also characterized by the ’’m icrosam ples” ; it can be 
defined as one w here C. strenuus is predom inating, A. gigas V lives in 
its periphery, C. furcifer  IV occur in small am ounts and A. bicuspidatus 
IV — in very  small am ounts (Fig. 2 B).

In the m ost settled layer (1 — 2 cm) there was 1 specimen in 1.3 cm3 
of m ud (Table I). In 0 — 1 cm layer there  were rem arkably  m any speci­
mens (one in 3.4 cm 3). Below 2 cm there was only one specimen per 4.6 
and 29.5 cm 3 of mud. The value of ’’m icrosam ples” was confirm ed by 
recounting the specimens in whole ’’m icrosam ples” draw n in Ju ly  and 
August. In July, there was one specimen in 20.0 cm 3 of sedim ent, which 
corresponds w ith the ’’m acrosam ple” w ith the greatest am ount of speci­
mens, i.e. one specimen in 20.4 cm3. In August, there was 1 specimen per 
3.4 cm3 (’’m icrosam ple”) and 7.7 cm3 (’’m acrosam ple”). This difference 
can be explained by specificity of sampling, however, the increase ten­
dency of the num ber of specimens in August is m arkedly  visible.

In Field Larger the greatest num ber of specimens was found in the 
deepest place, in south-eastern  part of the reservoir (Fig. 1 and W i e r z ­
b i c k a  1966). It turned out that in 0 — 1 cm layer only single individuals 
could be rare ly  found (1 specimen in 51.6 cm 3 of sediment). It should be 
added th a t in the sam ples from  th is layer, subm erged in  w ater, num erous 
nauplii of Diaptomus castor (Jurine) were found. Copepodites occurred 
m ostly in the layer 1 — 2 cm (1 specim en in 9.8 cm3 of sedim ent). Below 
2 cm they were less num erous. The sm allest species, A. bicuspidatus IV, 
occurred in all layers, even in the deepest investigated one. C. strenuus 
IV was evenly d istributed in all layers, but only one specimen of A. gi­
gas V was found in 0 — 1 cm layer and none of C. furcifer  IV. It cor­
responds with quantitative composition of species in ’’m acrosam ples” 
w here A. gigas V and C. furcifer  IV were considerably less num erous. 
Also the ’’m icrosam ple” w ith  the greatest num ber of A. bicuspidatus IV 
corresponds w ith the ’’m acrosam ple” where this species was m ost num e­
rous. Thus it can be stated  th a t ’’m icrosam ples” w ere representative for 
copepodite distribution in bottom  sedim ents of the reservoir.

CO M PA R ISO N  OF C O PEPO D ITE D IS T R IB U T IO N  IN  BOTTOM  SE D IM E N TS  
O F BO TH  R ESERVO IRS

Both investigated reservoires are  characterized by  d ifferen t species 
predom ination: in Field Larger Reservoir, A. bicuspidatus is prevailing 
and C. strenuus  is num erous, whereas in Sm aller one C. strenuus  is 
predom inating and A. bicuspidatus is the least num erous (Fig. 2 AB and 
W i e r z b i c k a  1966). C. fu rc ifer  is the least num erous in L arger and 
quite num erous in  Sm aller one. A. gigas is sim ilarly distributed.

Such contrasting quantita tive  relationships in both reservoirs which
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have even been confluent a t high w ater level, can be explained by d if­
feren t characters of their substrata. Chemical analyses could perhaps be 
instructive.

There were also differences in vertical distributions: in Field Sm aller, 
the 0~  1 cm layer was settled m ore densely than  in Larger one. The 
reasons could be seen in characters of substrata  (more d ry  and dense in 
Sm aller one) as well as in the span of tim e from  the beginning of the 
resting  stage (June): the samples were draw n from Sm aller in Ju ly  and 
August, and from  Larger in  October. The la tte r  hypothesis seem s to  gain 
m ore ground in tha t in Ju ly  copepodites penetrated  only up to 2.5 cm 
layer, and in August already up to 5 cm. In Ju ly  they w ere even m ore 
num erous in 0.0—0.5 than  in 0 .5~ 1.5 cm layer.

The features common for both reservoirs are following: m axim al 
densities of copepodites were in  1 — 2 cm layer (in August and October); 
A. gigas prefers the shores of reservoirs and thus shallower places, w he­
reas A. bicuspidatus tends to choose deeper ones which is visible espe­
cially in  Larger.

5. DISCUSSION

The investigations of astatic reservoirs, presented above, allow to 
state  th a t the draw n samples (’’m icro-” and ’’m acrosam ples”) represent 
qualita tive  and quantita tive  distributions of copepodites being in resting 
stage (and thus they  provide a characteristics of the settlem ent of a given 
reservoir w ithout the need to investigate plankton), if the following re ­
quirem ent is met: sufficiently long period of observation of samples sub­
m erged in w ater (or their particu lar layers when vertical d istribution 
is examined). This condition results from  a non-sim ultaneous aw aking of 
copepodites of various species, as well as of particular individuals of 
a given species.

If all species of a given reservoir are  expected to be found in bottom 
sedim ents, samples should be draw n along its several axes (it was m en­
tioned tha t some species such as A. bicuspidatus and C. strenuus  prefer 
the deepest place of a reservoir, the other, e.g. A. gigas, prefer shallower 
places in the shores).

Since the distribution of copepodites depends on the tim e of the ir 
resting in mud (vertical distribution), as well as on w eather conditions, 
m ultip le sampling seems to be required.

In the Field Sm aller from  which the samples were draw n in  Ju ly  and 
A ugust, copepodites were more num erous in the layers 0.0—1.5 and 
1 — 2 cm and in Ju ly  they did not penetrate  below 2.5 cm in some samples. 
How ever in Larger one there were nearly  no copepodites in 0 — 1 cm layer 
and they  penetrated  fairly  deeper. The reason could be m ore d ry  and 
dense substra tum  of Field Sm aller, as well as that the copepodites did
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not have time to penetrate deeper. Some observations testify  th a t after 
their entering into the sediment, copepodites could move and change 
the ir resting place ( W i e r z b i c k a  1962). C h a m p e a u  (1966) obser­
ved th a t D. odessanus rem ained active in strongly hum idified soil of an 
astatic reservoir. This species was most num erous in 0 —10 cm layer and 
it penetrated  up to 20 cm. C. strenuus  examined by E l g m o r k  (1959) 
in non-astatic reservoirs, penetrated up to 10, 15, and even 20 or 30 cm. 
In the present paper, C. strenuus penetrated  only to 5 cm. The reason 
of the differences is probably the substratum , more dense and grown
w ith roots of the surrounding trees and bushes in Zaborów.

F igure 2 AB presents horizontal distributions of copepodites from  
Field Sm aller, quite different in Ju ly  and August. It could be supposed 
tha t in Ju ly  the specimens were diffused in sedim ent out of the  deepest 
place, and in more rainy August they gathered in w etter places.

So, according to M i k u l s k i  (personal inform ation and 1965), in Ju ly  
1964 there  was 32.5 mm of rainfalls and in August — 62.4 mm, which 
is 38.69 and 86.67% of the mean of m any years’ rainfalls (the data  con­
cern Dziekanów Leśny situated also on the fringe of Kampinos Forests, 
15 km to the north-w est from  the investigated reservoirs). In Ju ly  the 
heaviest rainfall (8 mm) was on 10th, one day after the samples w ere 
draw n, whereas in August small rainfalls were constant.

Since during the sum m er the investigated reservoirs are never filled
w ith w ater, the probable reason of the described differences was tha t the 
copepodites awaked when the substrata  were more wet, they drifted  w ith 
w ater along the slope and digged them selves in the sedim ent again. The 
observations of copepodites which awake quite soon after the sedim ent 
is subm erged in w ater, testify to it (e.g. C. strenuus IV awakes some­
tim es after about an hour), especially tha t the m axim um  of their ve r­
tical distribution was in 1 ~ 2 cm layer, and even in 0.0~ 0.5 cm layer in 
Ju ly .
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6. SUMMARY

H orizontal and vertical distributions of copepodites IV and V in resting stage 
of four Cyclopoida species (Cyclops strenuus Fischer, Cyclops furcifer  Claus, A can­
thocyclops gigas (Claus) and Acanthocyclops bicuspidatus (Claus)) were investigated 
in bottom  sedim ents of two astatic reservoirs, deprived of w ater from the end of 
Ju n e  un til M arch of a nex t year, situated closely to each other among fields under 
cultivation  near the Kampinos Forests, about 30 km from W arsaw.

There w ere significant differences in quan tita tive  species composition in both 
reservoirs (Field Larger and Sm aller Reservoir). M oreover, there w ere significant 
differences in horizontal distribution of copepodites in Field Sm aller betw een Ju ly  
and A ugust. There were also differences in vertical distribution: in Field Sm aller 
there  w ere more copepodites in the top layer of sedim ent (0-1 cm) than  in L arger 
one, and they penetrated  only to 2.5 cm.
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The following sim ilarities w ere found: m axim al num bers of copepodites were 
in 1-2 cm layer in both reservoirs in A ugust and October; by then specim ens did 
not pene tra te  deeper than 5 cm; the sam e species from  both reservoirs prefered 
shallow er or deeper places.

The reasons of differences w ere probably d ifferen t substra ta , chemism of rese r­
voirs (not dealt w ith in the present paper), the span of tim e from  the beginning 
of the resting  stage (influencing the vertical distribution), and of clim atic condi­
tions (influencing the horizontal distribution of copepodites).

7. STRESZCZENIE

Zbadano rozmieszczenie poziome i pionowe kopepoditów  IV i V, będących w 
stanie spoczynku, 4 gatunków  Cyclopoida (Cyclops strenuus  F ischer, Cyclops fu r-  
cifer Claus, Acanthocyclops gigas (Claus) i Acanthocyclops bicuspidatus (Claus)) 
w osadach dennych dwóch zbiorników astatycznych, pozbawionych wody od końca 
czerwca do m arca następnego roku, leżących obok siebie wśród pól upraw nych 
w odległości około 30 km od W arszawy, na sk ra ju  Puszczy K am pinoskiej.

Stw ierdzono, że zbiorniki te (Śródpolny Większy i Śródpolny Mniejszy) w yka­
zują isto tne różnice w ilościowym układzie gatunków. Zw racają uwagę zasadnicze 
różnice w rozmieszczeniu poziomym kopepoditów w zbiorniku M niejszym w dwóch 
kolejnych miesiącach, w lipcu i w sierpniu. Różnice w ystępują również w rozmie­
szczeniu pionowym w tych dwóch zbiornikach: w M niejszym więcej kopepoditów 
znajduje się tuż pod powierzchnią osadów (0-1 cm) niż w drugim  zbiorniku i w 
lipcu kopepodity przeniknęły w głąb osadów tylko do 2.5 cm.

Stw ierdzono następujące podobieństwa: m axim um  w pionowym rozmieszcze­
niu przypada w obu zbiornikach na w arstw ę 1-2 cm (w sierpniu i w październiku). 
W tych dwóch miesiącach okazy nie p rzen ikają w głąb osadów dennych poniżej 
5 cm. Jednakow e gatunki w obu zbiornikach w ykazują predylekcję do płytszych 
lub głębszych miejsc.

Przyczyny różnic zapewne leżą w zróżnicowanym podłożu zbiorników, chemi- 
zmie zbiorników, nie uwzględnionym w tym opracowaniu, w odległości czasowej od 
początku okresu spoczynku (wpływającej na rozmieszczenie pionowe kopepoditów) 
oraz od w arunków  atmosferycznych, które mogą w płynąć na zmiany w rozmiesz­
czeniu poziomym kopepoditów.

8. REFERENCES

C h a m p e a u ,  A. 1966. Contribution a l’etude ecologique de la faunę des eaux tem - 
poraires de la H aute Cam argue. Arch. Oceanogr. Limnol., 14, 309-357.

E 1 g m o r k, K. 1959. Seasonal occurrence of Cyclops strenuus strenuus in relation 
to environm ent in small w ater bodies in southern  Norway. Folia limnol. scand.,
11, 1-196.

M i k u l s k i ,  Z. 1965. Zarys hydrografii Polski [The outline of hydrography of Po­
land]. W arszawa, PWN.

W i e r z b i c k a ,  M. 1962. On the resting stage and mode of life of some species of 
Cyclopoida. Pol. Arch. Hydrobiol., 10, 215-229.

W i e r z b i c k a ,  M. 1966. Les resu ltats des recherches concernant l’e ta t de repos 
(resting stage) des Cyclopoida. Verh. int. Ver. Limnol., 16, 592-599. 

W i e r z b i c k a ,  M. 1967. O bserw acje nad stanem  spoczynku niektórych gatunków  
Cyclopoida [Observations on the resting stage of some species of Cyclopoida]. 
Streszcz. ref. 133-135 VII Zjazd Hydrobiol. Pol. Świnoujście, W arszawa, Pol. 
T-w o Hydrobiol.

http://rcin.org.pl



P O L S K IE  A R C H IW U M  H Y D R O B IO L O G II
1 9 4 3 7 7 - 3 8 1 1 9 7 2

(Pol. Arch. Hydrobiol.)

K. W. O P A L I Ń S K I

FRESHWATER FAUNA AND FLORA IN HASWELL ISLAND 
(QUEEN MARY LAND, EASTERN ANTARCTICA)

D epartm ent of Bioenergetics and Bioproductivity, Nencki Institu te  of E xperim ental 
Biology, P asteura  3, W arszawa, Poland

ABSTRACT

Flora and fauna of a sm all freshw ater lake in Haswell Island (Queen M ary 
Land, Eastern A ntarctica) is described. The island has a character of an A ntarctic 
oasis. In the investigated lake, Rotatoria, Tartigrada, Cyanophyta, D iatom ae and 
C hlorophyta w ere found. Such composition of freshw ater flora and fauna is typical 
for Eastern  A ntarctica.

1. INTRODUCTION

Flora and fauna of A ntarctic oases, especially of lakes and sm all freshw ater 
reservoirs frequently  occurring in all A ntarctic oasis, are not sufficiently know n 
yet.

Biocenoses of A ntarctic lakes are characterized by small num ber of species, 
and consequently, by sim ple ecological relationships. In these lakes, filam entous 
C yanophyta and Diatom eae are m arkedly predom inating. Among not num erous 
Chlorophyta, coccoidal form s are prevailing (cf. B r y a n t  1945, H i r a n o  1965, 
G o l d m a n  1970).

The aim of the presen t paper is to determ ine the species composition of flora 
and fauna in one lake in Haswell Island (Eastern Antarctica). S im ilar investigations 
have not been carried  out in this island until now.

2. TERRAIN DESCRIPTION AND METHODS

Haswell Island (66°31'S, 93°00'E) is the largest one of the archipelago of the 
sam e nam e, being situated near the shores of Queen M ary Land. H asw ell Island 
lies about 2.5 km from  an ice-barrier of the continent; its area is 1 km 2 and m ax i­
m al height 91 m a.s.l.

There are some freshw ater lakes in the island, lasting or periodical ones. The 
lakes are supplied w ith organic substances and biogenic salts by guano of birds, 
m ainly Adelie penguins (Pygoscelis adeliae Homb et Jac.) which live in the island 
in num erous colonies.

G o l l e r b a c h ,  S y r o y e c h k o v s k y  (1960) estim ated th a t birds carry  about 
100 t of organic substances per year from sea to Haswell Island.

The samples w ere draw n from organic layer of the bottom  of a sm all lake in 
north -w estern  p art of the island on December 31, 1969 (Fig. 1). The lake is about 
50 m in diam eter and about 2 m in depth. It was covered w ith ice 1-2 cm thick.

The samples w ere draw n w ith a plankton net (Hensen type), pulled along the 
bottom . The obtained m ateria l was conserved w ith 4% form aline. The sam ples are 
qualita tive  only on account of the sampling method.
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Fig. 1. Haswell Island; the sam pling lake (December 31, 1969)

3. RESULTS

Fauna in the investigated reservoir is ra ther poor: Rotatoria and T ar- 
tigrada are its only representants (Table I). Cyanophyta, Diatomeae and 
Chlorophyta compose the flora there. Cyanophyta are most num erous; 
they are 53% of the total of both fauna and flora in the lake. Diatomeae 
take the second place (23%) and Chlorophyta account for 17%. All the 
anim al organisms account for somewhat more than 2%. The rem aining 
5% are hardly  identificable cysts and spores (probably of Cyanophyta) 
as well as rem nants of plants and anim als (mainly Rotatoria) damaged 
during conservation.

The num bers of species of both Cyanophyta and Diatomeae are simi­
lar (cf. Table I).

4. DISCUSSION

It is interesting that only two anim al taxonomic groups (Tartigrada 
and Rotatoria) occurred in the investigated lake. D o n n e r  (1972) found 
five Rotatoria species in living unpreserved samples from  this lake. 
In other oases of Eastern Antarctica, e.g. Bunger Hills, Vestfold Hills, 
Thala Hills, Langhovde, lake fauna is represented by a greater num ber 
of taxonomic groups: Protozoa (Testaceae), Nematoda, Rotatoria, T arti-
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Table I. F reshw ater fauna and flora composition in Haswell Island 
(% of the to ta l density)

Species %

R otatoria
Philodina gregaria M urray +
Adienta grandis M urray +
Genus undeterm ined 1

T artig rada
Hypsibius sp. +

Cyanophyta
Tetrachloris merism opedioides Skuja 14

Gloeocapsa cohaerens var. antarctica  (Breb) Wille 14
Phorm idium  jrig idum  F. E. F ritsch 13
Chloroglea sp. 8
Lyngybya antarctica Gain. 2
Oscillatoria irrigua Kütz. 1
Calotrix sp. +
Binuclearia tatrana  W ittr. +

Diatom eae
Navicula m utica var. ventricosa  (Kütz) Cl. 11
Achnanthes m arginulata  Grun. 7
Am phora holsatica  Hust. 1
Pinnularia borealis Ehr. 1
Nitzschia sp. +
Fragilariopsis rhombica  Hust. +
Fragilariopsis antarctica  (Castr.) Hust. +
Charcotia actinochilus Hust. +
Bidulphia sp. +

C hlorophyta
Prasiola crispa (Ligthf.) Menegh. 11
Chlorella antarctica (Fritsch) Wille 6

U ndeterm ined 5

+  — le ss  th an  1%

grada and Cyclopoida, Harpacticoida, Cladocera (cf. K o r o t k e v i c h  
1958, S u d z u k i ,  S h i m o i z u m i  1967, O p a l i ń s k i  1972).

Among flora of the lake, two groups, endemic for the Antarctica, 
w ere found: Gloeocapsa cohaerens var. antarctica (Breb) Wille and 
Chlorella antarctica (Fritsch) Wille. Both the species constitute 10% 
of all p lant species occuring there and about 20% of the total density 
of plants. These values are sim ilar to the respective data for the Thala 
Hills oasis (cf. O p a l i ń s k i  1972).

Among Diatomeae, beside cosmopolitic forms commonly occurring in 
A ntarctic oases, such as Pinnularia borealis Ehr. or Navicula mutica var. 
ventricosa  (Kütz) Cl., some typically sea species were found: Fragilariopsis 
rhombica Hust., Fragilariopsis antarctica (Castr.) Hust., Charcotia acti- 
nochilus Hust., and Bidulphia sp., which are common in Antarctic seas 
(cf. K o z l o v a  1964). They were probably brought to the lake by the 
birds inhabiting the island; low densities of those species testify  to it.

Occurrence of nitrofil forms in the lake, such as Prasila and Oscilla- 
toriales, is the proof that the lake is supplied with allochthonic m atter 
originating from bird faeces (cf. M a t  s u d a 1968).
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Flora and fauna composition in Haswell Island is sim ilar to the general 
pa ttern  of living organisms distribution in the lakes of Eastern A ntarctic 
oases.

5. SUMMARY

In December 1969, qualita tive samples of organic sedim ents were d raw n from  
the bottom  of the freshw ater lake in Haswell Island (Queen M ary Land, Eastern  
A ntarctica). N um erous colonies of birds live in the island. The lakes in the island 
are supplied w ith several organic and m ineral substances originating from  guano 
of gulls and penguins.

Among flora and fauna of the investigated lake, the following groups w ere 
found: T artig rada and R otatoria (2% of the to tal density of flora and fauna), 
C yanophyta (53%), D iatom eae (23%) and Chlorophyta (17%).

Only two among 19 p lan t species — Gloeocapsa cohaerens var. antarctica  (Breb) 
Wille (Cyanophyta) and Chlorella antarctica  (Fritsch) Wille (Chlorophyta) — are 
endem ic p lan ts in A ntarctica.

Among Diatomeae, four brackish species w ere found, characteristic for A ntarctic  
seas (Fragilariopsis rhombica  Hust., F. antarctica  (Castr.) Hust., Charcotia actinochi- 
lus Hust. and B idulphia sp.). These species w ere probably brought to the lake by 
birds.

The m entioned inflow  of allochthonic m atte r into lakes makes the developm ent 
of nitrofil forms, such as P rasila and Oscillatoriales, possible.

The investigated lake is sim ilar, as to its flora and fauna composition, to 
other lakes in  the shore oases of Eastern A ntarctica.

6. STRESZCZENIE

W grudniu  1969 r. pobrano jakościowe próbki organicznych osadów z dna 
słodkowodnego jeziora na wyspie Haswell (Queen M ary Land, A n tark tyda W schod­
nia). Na wyspie tej zna jdu ją  się liczne kolonie ptaków. Jeziora znajdujące się na 
wyspie zasilane są w szereg związków organicznych i m ineralnych pochodzących 
z guana m ew  i pingwinów.

We florze i faunie badanego jeziora stwierdzono w ystępowanie T artig rada  
i R otatoria (2% ogólnej liczebności flory i fauny), Cyanophyta (53%), D iatom eae (23%) 
i Chlorophyta (17%).

Tylko dwa spośród 19 gatunków  roślin — Gloeocapsa cohaerens var. antarctica  
(Breb) Wille (Cyanophyta) i Chlorella antarctica  (Fritsch) Wille (Chlorophyta) — są 
endem itam i kontynentu  antarktycznego.

W śród D iatom eae stw ierdzono w ystępowanie 4 gatunków  słonowodnych, cha­
rakterystycznych dla m órz antarktycznych (Fragilariopsis rhombica  Hust., F. an­
tarctica  (Castr.) Hust., Charcotia actinochilus Hust. i Bidulphia sp. G atunk i te  za­
pew ne zawleczone zostały do jezior przez ptaki.

W spom niany wryżej dopływ m aterii allochtonicznej do jezior um ożliw ia rozwój 
form  nitrofilnych, jak  P rasio la  i Oscillatoriales.

Pod względem składu flory i fauny badane jezioro podobne jest do jezior w y­
stępujących w  przybrzeżnych oazach A ntarktydy Wschodniej.
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ABSTRACT

The present paper deals w ith the quan tita tive and qualita tive composition of fauna 
and flora of some freshw ater bodies in the A ntarctic oasis Thala Hills (67°40'S, 
45°50'E) in the Enderby Land region, E astern  A ntarctica. Resem blance of flora 
and fauna abounding in particu lar w ater bodies was studied by m eans of the 
dendrite method. Causes of the sparsity  of living organism s in w ater bodies in the 
A ntarctic oases, as well as problem s of p lan t and anim al life in A ntarctica are 
discussed.

1. INTRODUCTION

Environm ental conditions of A ntarctic oases such as: presence of ground no t 
covered w ith ice, positive hea t balance, w arm ing of rocks in the sum m er season 
up to the tem perature above 0°C, occurrence of w ater in liquid state, chem ical and 
physical disintegration of rock (cf. K o r o t k e v i c h  1969, B a r d i n  1968) are 
favourable for the settling of living organism s.

F lora and fauna of the A ntarctic oases is very scarce. Land fauna consists of 
a few species of A carina (cf. D a 1 e n i u s 1965), Colembola and D iptera (cf. G r e s -  
s i t  1965). In the  moss com m unities and w ater bodies there are Actinopoda, Rhi- 
zopoda, Ciliata, Rotatoria, G astrotricha, T artigrada, Nem atoda (S u d z u k i, S h i- 
m o i z u m i  1967), T urbellaria ( A r m i t a g e ,  H o u s e  1962); in some lakes there 
also occur Cyclopoida, H arpacticoida, and Cladocera ( K o r o t k e v i c h  1958, A k a ­
t o v a  1964, H e y  w o o d  1970).

F lora is represented  by mosses (cf. S a v i c h - L y u b i t s k a y  a, S m i r n o v a  
1969) and lichens (cf. D o d g e  1965, G o l u b k o v a  1969). In w ater bodies Diato- 
meae, Cyanophyta, Chlorophyta (H i r a n o 1959, 1965), X anthophyceae ( L a v r e n -  
k o 1966), G laucophyta ( W i l l e  1924) and mosses ( S a v i c h - L y u b i t s k a y  a, 
S m i r n o v a  1964) can be found.

The rate  of biological processes in the A ntarctic oases is very slow and this 
consequently slows down the process of regeneration of the destroyed biocenoses. 
The m ain source of devastation of the n a tu ra l environm ent are scientific explora­
tion bases established w ithin the area of oases. Use of caterp illar tractors, geolo­
gical surveys, littering  up w ith refuse, garbage, and leavings of fuel and lub ri­
cants, cause the w asting away of mossy tu rf, pollution in the lakes, changes in the 
natu ra l drainage area, and in troduction of new kinds of plants and anim als trailed  
into A ntarctica along w ith food and equipm ent for polar explorers and alien  to the  
living organic w orld of oases.

The object of the present w ork is an assessm ent of quan tita tive  and qualitative 
composition of flora and fauna of one of the A ntarctic oases (the Thala Hills
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Oasis 1, Enderby Land) a t the m om ent when hum an intervention  has not yet upset 
the  n a tu ra l order in biological environm ent of the oasis.

F lora and fauna of the Thala Hills Oasis has not been investigated thus far. 
B a r d i n  et al. (1969) m akes m ention of some species of algae collected in various 
spots in the oasis, F u k u s h i m a  (1970) reports five Diatom eae species found in two 
lakes of th is oasis.

2. TERRAIN DESCRIPTION AND METHODS

Thala Hills Oasis (67°40'S, 45°50'E) lies in Enderby Land, in Eastern A ntarctica. 
I t  is a typical litto ra l oasis (cf. K o r o t k e v i c h  1969) situated  in the fork  of 
Cam pbell G lacier (eastward) and Hays G lacier (westward). The northern  border of 
the  oasis are w aters of the Alasheyev Bight.

The oasis area is ca. 9 km 2, there are th ree  ranges of hills running tow ards the 
no rth -w est. The height of the hills is up to 100 m above sea level. They are fo r­
m ed of crystalline schist and gneiss, i.e. rocks characteristic for the archaeozoic 
E ast A ntarctic P lateau.

W ithin the area of the oasis there are about 40 w ater bodies w ith their su r­
faces ranging from  several hundred up to several hundred thousand m 2 area, and 
the ir depths is from  0.3 up to 27 m. They are supplied w ith w ater from the m elting 
m asses of ice and snow, in the sum m er season there occurs the overflowing of 
some lakes and then w ater flows out into some other lake lying beneath, fu rth e r 
down (cf. S i m o n o v  1970) or else down into the sea (cf. K l o k o v  1970).

They are all freshw ater lakes. Their bottom  is covered w ith orogenic-type 
sedim ents, i.e. coarse rocky m aterial or, ra th e r  rarely, loam. Bottom sedim ents are 
overlaid w ith a bacterio-algal layer, ranging from  1 cm up to 1 m of thickness, 
depending on the size of the w ater body. Presence of that bacterio-algal substratum  
is very  characteristic for A ntarctic lakes ( K o r o t k e v i c h  1969). A greater p art 
of the living organism s living in the w aters of the oasis are closely connected w ith 
th a t layer.

Taking into consideration the therm ic and ice conditions one can divide the 
w ater bodies of the oasis into th ree groups: 1 — large lakes, not thawing in sum ­
mer, w ith all year round inverse therm ic stratifica tion  and the tem perature a t the
bottom  of 4°C; 2 — lakes 3-5 m deep, thaw ing in sum m er fo r a period of about
50 days (cf. F u k u s h i m a  1961) w ith  tem peratu re  a t the bottom , in w inter, from  
0° to 4°C; 3 — sm all and shallow  lakes, in w in ter freezing down to the bottom , in 
sum m er w arm ing up even to tem peratures in the order of +12°C ( S i m o n o v  
1968).

For the purpose of hydrobiological studies, ten w ater bodies were selected out­
side the te rrito ry  of M olodezhnaya Station (Fig. 1, Table I). Among the selected 
lakes one belongs to the firs t group (Glubokoye), four to the second group (lakes 
No. 2, 5, Hi — Fig. 2 and No. 12) and five to the th ird  group (No. 1, 4, 6, 8, 9). 
D uring the period from  M arch 19 to A pril 15, 1969, eighteen samples of the bacterio- 
-algal substra ta  w ere collected from  those lakes. Samples w ere draw n up from  the 
bottom  w ith Ekm an’s dipper, of w ater-tigh t construction and w ith 225 cm2 surface. 
P lank ton  samples w ere collected w ith A pstein-type plankton net (qualitative sam ­
ples) from  lakes No. 1, 2, 11 and 12.

The collected m aterials w ere preserved w ith 4% solution of form alin. D eterm i­
nation  of species and of density of organism s population was carried out after
our re tu rn  home.

The quan tity  of anim als and plants w as determ ined in prepara tive samplings 
(20-25) ex tracted  from  each of the collected samples and afterw ards the obtained 
values w ere converted to the num ber of individuals per volume unit (1 ml) of the 
bacterio -a lgal substratum .

1 Since 1962, Russians have extended the nam e “M olodezhnaya”, given to their 
Research Station bu ilt in Thala Hills oasis, upon the whole territory^ of th a t oasis. 
In  Soviet papers Thala Hills oasis is m entioned under the nam e of “M olodezhnaya
O asis” (cf. S i m o n o v  19681.
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Fig. 1. The cen tral p a rt of Thala Hills oasis. N um erals denote the lakes
under survey

Fig. 2. Thala Hills oasis. Lake No. 11 covered w ith ice (M arch 25, 1969)
13851
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Table I. Characteristics of some lakes of Thala Hills oasis (data of 1969)

Lake Dimensions
(m)

Depth
(m) Ice conditions Notes

No. 1 
No. 2 
No. 4 
No. 5 
No. 6 
No. 8 
No. 9 
No. 11 
No. 12 
Glubokoye

35x50
114x200
36x37
30x60
16x28
8x20

20x24
100x150
100x150
850x450

1.20
2.30
1.25 
1.85 
0.32
1.25 
0.48 
4.15 
2.00

26.50

freezes
does not freeze 
freezes
does not freeze 
freezes 
freezes 
freezes
does not freeze 
does not freeze 
does not unfreeze 
in sum m er

W ithout outflow  
Possible outflow  to Glubokoye 
Possible outflow  to Glubokoye 
Possible outflow to No. 7* 
W ithout outflow 
Possible outflow  to Glubokoye 
Possible outflow  to No. 7* 
Possible outflow to No. 9 
Possible outflow  to No. 7* 
Outflow to sea

* L ak e  N o . 7 w as n o t in v e s tig a te d .

3. RESULTS

Plankton  found in the w ater bodies of the Thala Hills oasis is quanti­
tatively  and qualitatively  deficient and, in all probability, it fails to play 
any g rea ter role in the life cycle of the w ater bodies (cf. H e y w o o d
1967). In the plankton samplings only small quantities of Diatomeae were 
found, belonging to the following species, presented in the sequence of 
occurrence order, namely: Pinnularia gibba var. parva (Ehr.) Grun, P. 
borealis Ehr., Navicula gibbula Cl., Achnanthes marginulata  Grun., Stau- 
roneis anceps Ehr., Melosira sp., Navicula hungarica var. capitata (Ehr.) 
Cl., and Rophalodia sp.

No anim al organisms were found in the w ater column.
A prevalent m ajority  of living organisms cluster in the bacterio-algal 

layer at the bottom  of the lakes. Frequencies of particu lar species in the 
population of the w ater bodies under survey is presented in Table II.

Lake fauna is very  deficient; it consists of the following organisms: 
Testacea (48.4°/o of the total density  of population), Tartigrada (26.3°/o), 
Rotatoria (24.0%), and Nematoda (1.3%). In neither of the lakes in the 
oasis the presence of A rthripoda was recorded.

The average density of fauna in all the lakes am ounts to 38.8 indivi­
duals per 1 ml, bu t the frequency and th e  distribution of various species 
varies from  one lake to another, e.g. the greatest num ber of Testacea 
species and individuals occurs in Glubokoye Lake; in the other ones they 
either occur sporadically or are not present at all. Nematoda, sim ilarly, 
exist only in three lakes (No. 5, 8, and 9). On the contrary, Lepadella pa­
tella  O. F. M üller (Rotatoria) and Hypsibius chilensis P la te  (Tartigrada) 
count among anim als occurring regu larly  and in fairly  large num bers. 
The average density of L. patella  am ounts to 5.3 ind. per 1 ml, and H. 
chilensis — 9.8. Frequency distribution of both those species am ounted 
to 38.9% of the total fauna.
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Flora in the lakes of the oasis is also ra ther poor as concerns quality, 
but, on the contrary, fairly  rich w ith respect to quantity . The most nu­
merous are Diatomeae and Cyanophyta, their num bers am ount to several 
hundred thousand of cells per 1 ml. The most frequently  occurring D ia­
tomeae species are the following: Navicula sem inulum  Grun., Pinnularia 
gibba var. parva (Ehr.) Grun., Pinnularia sp., Achnanthes marginulata  
Grun. Those four species constitute 90°/o of the total num bers of Diato­
meae and 63.3% of the total num ber of flora specimens. Among Cyano­
phyta, the most commonly occurring is Phorm idium  glaciale form , lon- 
giarticulata (W. and G. S. West) Wille constituting 94.0% of the total 
num ber of Cyanophyta and 22.4% of the total num bers of flora. Another 
species occurring in all the lakes, though in small num bers, is Oscilatoria 
irrigua Kütz.

Chlorophyta, except the fairly  regularly  occurring Chlorosphaera an- 
tarctica Fritsch, are found rather rare ly  and not in  all the lakes and the 
density of their population reaches the value in the order of scores of 
thousand individuals per 1 ml.

In lakes No. 1, 2, 5, 8, and Glubokoye, small num bers of Oedogonium  
sp. were recorded.

In the investigated lakes of the oasis, the frequency distribution among 
the various groups of flora is as follows: Diatomeae — 70.2%, Cyanophyta 
— 28.1%, Chlorophyta — 1.6%, Oedogoniales — 0.1%. In th ree  lakes 
under survey, No. 8, 9 and 11, with respect to the density of population 
Cyanophyta are prevalent, in the others — Diatomeae.

On the basis of investigation of quantitative and qualitative composi­
tion of flora and fauna, ’’average differences” were computed (cf. P e r -  
k a 1 1963) (Table III). A dendrite of those differences was build up (cf. 
F l o r e k  et al. 1951) and it is presented in Fig. 3. Taking aw ay of the 
longest sides of the dendrite, one after another successively, does not

Fig. 3. Dendric classification of the 
investigated lakes in the Thala 
Hills oasis based on quan tita tive  
and qualita tive composition of flora 
and fauna. N um erals in circles de­
note the Lake No., G — Glubokoye 
Lake. Segm ents of lines and nu ­
m erals between the circles denote 
“d istances” from  one lake to ano­

ther
http://rcin.org.pl
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T able III. “A verage differences” between freshw ater lakes of Thala Hills oasis w ith 
respect to qualita tive and quan tita tive composition of their flora and fauna

Lake No. 2 No. 4 No. 5 No. 6 No. 8 No. 9 No. 11 No. 12 G lubo-
koye

No. 1 0.61 0.64 1.29 1.00 0.93 1.20 1.29 0.71 0.71
No. 2 0.76 1.17 1.41 0.80 1.41 1.29 0.98 1.17
No. 4 1.59 1.20 0.93 0.98 1.22 0.80 1.20
No. 5 1.49 1.17 1.39 1.66 1.34 1.56
No. 6 1.44 0.98 1.24 0.98 1.05
No. 8 0.93 1.41 1.05 1.29
No. 9 1.15 0.98 1.37
No. 11 0.88 1.71
No. 12 1.34

cause its disintegration into sm aller parts, but only just the falling apart 
of single points of the dendrite. This facts evidences the homogenous 
character of the studied lakes in the oasis with respect to the quantitative 
and qualitative accum ulation of flora and fauna. The greatest ’’average 
differences” are revealed by lakes No. 5 and 11.

4. DISCUSSION

Anim als occurring in the w ater bodies of the Thala Hills oasis are 
for the greater part cosmopolites common to other oases in Antarctica 
and found in other parts of the world. Genera and species of Protozoa 
listed in Table II were also recorded at Lang Hovde (69°12/S, 39°44'E), 
P rince Olaf Coast and McMurdo (77°32'S, 166°12'E), Ross Island (S u - 
d z u k i 1964, S u d z u k i ,  S h i m o i z u m i  1967). Rotatoria, found in the 
lakes under survey, are w idespread all over the area of A ntarctica, they 
w ere noticed at Vestfold Hills (68°35'S, 78°10'E), Ingrid Christensen 
Coast, Bunger Hills (66°10'S, 101°00'E), Queen M ary Land (K u t i k o v a
1958), O brutshev Hills (66°33'S, 99°51/E), Queen M ary Land (K o r  o t- 
k e v i c h  1958) and Lang Hovde ( S u d z u k i  1964). Lepadella and Ma- 
crotrachela are considered to be typical of the A ntarctic m icrofauna (S u- 
d z u k i ,  S h i m o i z u m i  1967). Tartigrada, viz. H ypsibius chilensis and 
H. m ertoni were recorded at Lang Hovde ( S u d z u k i  1964). Nematoda 
occurring in the lakes of the oasis were not determ ined. Inform ation on 
the subject of Nematoda can be found in K i r j a n o v a  (1958).

All anim al organisms found in the Thala Hills oasis lakes were 
described from observations of moss com m unity in other A ntarctic oases 
(cf. S u d z u k i ,  S h i m o i z u m i  1967).

Diatomeae existing in the lakes of the  oasis, are likewise cosmopolitan 
and ubiquitous forms, they are pioneering organisms in the settling pro­
cess in new youthful w ater bodies. The greater part of the Diatomeae 
species enum erated in Table II is well known from the N orthern Hem is­
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phere and Europe (H i r a n o 1965, S i e m i ń s k a  1964) and a whole 
range of species, as for instance, Stauroneis anceps Ehr., Pinnularia bo­
realis Ehr., Hantzschia amplnioxys (Ehr.) Grun., and Navicula sem inulum  
G run. are present in the Spitsbergen (F o g e d 1964). The same species 
that are  found in the Thala Hills oasis are also present in the other An­
tarctic oases, e.g. Schirm acher Ponds (70°45'S, 11°40'E), Princess A strid  
Land ( L a v r e n k o  1966, A l e s h i n s k a y a ,  B a r d i n  1965), Lang 
Hovde (H i r a n o 1959), and Bunger Hills ( K o r o t k e v i c h  1958). The 
endemic form s of Diatomeae were not found.

From  among nine species of Cyanophyta found in Thala Hills oasis 
two — Phorm idium  glaciale form  longiarticulata (W. and G. S. West) 
Wille and Schizotrix antarctica F. E. Fritsch — are endemic to A ntarctica 
(cf. W i l l e  1924, H i r a n o 1965). All the other Cyanophyta found there  
are cosmopolitan organisms. The phenomenon of form ation of the bac- 
terio-algal layer at the bottom  of the A ntarctic lakes by the various 
species of Phorm idium  and of bacteria was described by H e y w o o d
(1967). L l a n o  (1959) and G o l d m a n  (1970) consider Phorm idium  as 
being the most extensively w idespread Antarctic Cyanophyta genus.

From  among Chlorophyta, only Chlorosphaera antarctica F ritsch  is 
endemic to Antarctica (H i r  a n o 1959). All the Chlorophyta, m entioned 
in Table II, had been already recorded in some other Antarctic oases (cf. 
H i  r a n o  1959, 1965, L a v r e n k o  1966). Oedogoniales in the A ntarctic 
region w ere found only in the South Orkney Islands (60°40'S, 45°30'W) 
by H i r  a n o (1965).

The endemic species (Phorm idium  glaciale form  longiarticulata, Schi­
zo trix  antarctica, and Chlorosphaera antarctica) m ake up 9.7°/o of various 
plant species in the Thala Hills oasis and 26.3% of the density of flora 
population (out of this P. glaciale form  longiarticulata  — 22.4%). In com­
parison w ith other oases in A ntarctica, the quantity  of endemic organism s 
in the Thala Hills oasis is very  small (cf. B a r d i n  et al. 1969).

According to F u k u s h i m a  (1970), the endemic species in the diato- 
maceous flora of Enderby Land oases constitute from  9 to 20% of the 
to tal num ber of species. In those oases, according w ith F u k u s h i m a  
(1970), cosmopolites are preponderant. This author believes tha t the 
boundary line, betw een zones of preponderance of the cosmopolitan and 
the endemic forms, runs w ith in  the 68°S and 77°S.

Despite the differences betw een the lakes under investigation, w ith 
respect to their sizes, the therm ic and ice conditions, etc., the com posit­
ion of their flora and fauna is fairly  homogenous (Fig. 3). It is a pheno­
m enon quite easy to understand, if one takes into consideration the eury- 
topical character of the bulk part of the occurring species, the restric ted  
inflow of new species (geographic isolation) and a small num ber of the 
specific form s — endemites.
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Uniform ation of the flora and fauna of w ater bodies in the  oasis is 
also influenced by the facility of penetration of the whole area of the  
oasis by the living organisms or their sporophyte forms, etc., due to such 
agents as wind (cf. R u d o l p h  1970), seasonal tem porary  confluence of 
some w ater bodies, as well as the presence of moss tu rf on the lakes 
shores w ith  settled groups of organisms of a sim ilar composition of 
species to those abiding in the w aters (cf. S u d z u k i  1964).

The qualitative sparsity  of organisms living in the lakes of oasis 
comes as resu lt of a series of causes. One of them  is a very  lim ited inflow 
of biogenetic elem ents from  the drainage area. The wash out of m ineral 
salts from  the bedrock is impeded by the perm anently  frozen ground 
(thawing in  sum m er reaches down to 30 — 100 cm deep — S i m o n o v
1968) and by the blowing away of the degraded rock waste. M any authors 
are of the opinion tha t life in the A ntarctic lakes is possible only owing 
to the inflow of allochtonio substances such as bird faeces. Coming slowly 
down the slope with the m elting snow, bird excrem ents supply lakes with 
biogenetic substances, above all w ith phosphoric and nitro-com pounds 
(cf. D a 1 e n i u s 1965, H o l d g a t e  1967, L o n g  t o n  1967, M a t s u -  
d a 1968, B a r d i n  et al. 1969). Lakes situated in proxim ity of bird 
colonies are well provided w ith nitro-com pounds and there m ight even 
develop some nitrofile forms, e.g. Prasiola and Oscilatoriace ( B a r d i n  
et al. 1969). In the Thala Hills oasis bird colonies do not exist but the 
lakes are enriched by birds appearing in the oasis sporadically. The near­
est b ird  colonies are on the  isles McMahon (67°39'S, 45°59/E) and Myall 
(67°40'S, 45°45'E), about 5 km away from  the oasis.

The second cause of the scarcity of living organisms in the w ater 
bodies of A ntarctica is the high instability  of environm ental conditions 
prevailing in the lakes. In sum m er time, w ater tem perature  changes are 
of the 17°C order in the course of 48 hours ( M a c N a m a r a  1969), in 
w in ter small lakes freeze all over down to the bottom. In a whole year 
cycle, there  are considerable changes in the concentration of substances 
dissolved in w ater in resu lt of the freezing process, since ice m ay con­
stitu te  over 50% of lake capacity (cf. M a c N a m a r a  1969). In sum m er 
tim e they  unfreeze and are ice-free for a period of about two m onths, 
in w in ter the accum ulated snow on the surface of ice brings in  effect 
a considerable increase of pressure inside the w ater bodies (jets of w ater 
piercing the ice and spurting forth). In the period of polar nights, the 
sunlight does not reach the w ater in the lakes.

The th ird  cause, an im portant one, of the scantiness of life in  the 
lakes of A ntarctica is the fact th a t A ntarctic oases and w ater bodies, too, 
are geologically very  youthful. Geological age of oases is estim ated to be 
but several thousand years (cf. M e 11 o r  1959), e.g. Schirm acher Ponds 
— 6000 years ( S i m o n o v  1967), Bunger Hills — 4500 years ( R ó ż y c k i  
1960), H ut Point (77°51'S, 166°37'E), Roos Island — 500 years ( L l a n o
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1959). It is estim ated tha t the coasts of A ntarctica became accessible to 
the settling  in of living organisms only about 10 thousand years ago 
( H o l d g a t e  1967). Nevertheless, even at the tim e when it becames 
possible to settle in, the process itself was strongly lim ited by the geo­
graphic isolation of Antarctica.

Thus, geographic isolation is another significant cause of the deficiency 
of living organism s in A ntarctic oases. All the oases are set apart from  
one another by vast areas of ice desert and separated from  the nearest 
land by boundless spaces of the sea. Air curren ts (cf. D u b e n t s o v
1969) and sea currents (cf. K n o x  1970) counterbalance the isolation of 
A ntarctica. W a c e (1965), on the basis of his observations and experi­
m ents, ru les out the possibility of a transfer of plants and anim als or 
their sporophyte form s etc. into A ntarctica by sea currents, winds, or in 
a lim entary  canals of birds. The greater part of the authors, however, is 
of a con trary  opinion. G r e s s i t t  (1965) and T i l b r o o k  (1967) describe 
the transferring  of insects into A ntarctica by air currents, M a t s u d a
(1968) — the transfer of plants, S i e b u r t h  (1965) — the transferring  
of bacteria.

The phenom enon of the transm ission of living organisms by the winds 
in the N orthern  Hem isphere has been a well known fact, since a long 
tim e (cf. G i s l e n  1948, P o l u n i n  1958). It seems th a t this phenom e­
non plays a m uch sm aller role in the Arctic Zone than in A ntarctica, as 
a consequence of the distance separating A ntarctica from  the nearest 
land.

A nother im portan t agent, besides the winds, facilitating the settling in 
of living organisms in A ntarctic oases, are birds. M a t s u d a (1968) 
describes the presence of live Cyanophyta in faeces of a McCormick’s skua 
(Catharacta maccormicki (Saund)). This confirms B a r  d i n ’s thesis (B a r -  
d i n  et al. 1969) tha t birds eating algae w ithout digesting them  transfer 
them  alive to other territories. Likewise, living organisms m ay be carried  
along on feathers and legs of birds, this is probable, so m uch more, in 
view of the  fact that, e.g. on the sub-antarctic islands the beginning of 
the m igration period coincides in time w ith the season of seed, fru it, egg, 
sporophyte forms, etc. production by the local flora and fauna ( F a l l a
1960). T a y l o r  (1954) basing on the inform ation data, concludes th a t 
birds can be the m ain agent for spreading living organisms in the South­
ern  H em isphere and thereby  in Antarctica, as well; his argum ents are  as 
follows: 1. a great num ber of sea birds in the Southern Hem isphere, 2. the 
capacity of those birds for covering long distances in a rela tively  short 
tim e (strong winds, W est W ind Drifts), 3. fru its, seed, etc. provided w ith  
winged or sticky structures, 4. lubrication of the organisms carried  on the 
feathers w ith  the rum p gland secretion to give protection against the 
effect of sea w ater.

It stands to reason th a t only very small num bers from  among the
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organism s brought into A ntarctica through air currents and birds happen 
to find their way into oases, as the total oases area amounts up to hard ly  
0.06%) of the total area of Antarctica, and much less of them, still, would 
prove to be able to vegetate in the ecological conditions prevailing in 
A ntarctic oases.
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5. SUMMARY

This paper deals w ith the com position of flora and fauna in several freshw ater 
lakes of the A ntarctic oasis Thala Hills (67°40'S, 45°50'E), Enderby Land, Eastern  
A ntarctica. For research, w ater bodies w ere selected w ith their natu ra l environm ent 
not yet d isturbed by m an (pollution, changes in w ater intake, etc.).

In  the A ntarctic freshw ater lakes, the g rea ter p a rt of living organism s con­
cen trates in  the bottom  layer w here the so-called bacterio-algal substratum  is fo r­
med. The m ain  elem ents of th a t layer consists of various species of Phorm idium  genus 
(Cyanophyta), as well as bac teria  and Diatomeae. F auna is also connected w ith 
th a t layer. P lank ton  in  the A ntarctic lakes is very poor, it consists m ainly in D iato­
meae.

In  the investigated  lakes of the Thala Hills oasis there has been stated  the 
presence of five species of Protozoa, th ree species of Rotatoria, two species of T ar- 
tigrada, and N em atoda (species not determ ined). F lora of the lakes is represented 
by fifteen D iatom eae species, nine Cyanophyta species, five Chlorophyta species 
and Oedogoniales. The m ost frequently  occurring represen tan ts of fauna are: Le- 
padella patella  O. F. M üller and Hypsibius chilensis P late. The prevalent rep resen ­
tan ts of flora are: D iatom eae (Navicula sem inulum  Grun., Pinnularia gibba var. 
parva  (Ehr.) Grun.) and Cyanophyta (Phorm idium  glaciate form a longiarticulata (W. 
and G. S. West) Wille).

Cosm opolitan form s are prevalen t in the fauna and flora of the oasis. O ccur­
rence of endem ic form s was stated  only among Chlorophyta (Chlorosphaera antarc- 
tica F ritsch) and C yanophyta (P. glaciate form a longiarticulata, Schizotrix antarc- 
tica  F. E. Fritsch).

On the  whole, endem ites constitute 9.7% of species and 26.3% of density of total 
flora population in  the lakes of the oasis. The num ber of endemic species in  other 
oases of the E nderby Land is of a sim ilar order.

D espite some differences in  the density of population in each particu lar lake 
of the oasis (Table II), nevertheless, analysis carried out by means of dendrite 
classification m ethod indicates hom ogeneity of the lakes under survey w ith respect 
to q u an tita tiv e  and qualita tive composition of flora and fauna. This hom ogeneity 
m ay come as resu lt of the influence of a range of factors, as, for instance, tem ­
porary  joining together of w aters from  the lakes, giving in consequence the in te r­
m ingling of flora and fauna of the w ater bodies.

M echanism  of the se ttlem ent of the species living at present in A ntarctic oases 
is not definitely  explained yet. In  all probability, the greatest role in the process 
of settling  is played by the transferring  of living organism s (or their sporophyte 
forms) into A ntarctic oases by birds or through air currents.

6. STRESZCZENIE

W pracy  przedstaw iono skład flory i fauny kilku zbiorników słodkowodnych 
an tarktycznej oazy Thala Hills (67°40'S, 45°50'E), Enderby Land, W schodnia An­
tark tyda. Do badań  w ybrano zbiorniki, k tórych środowisko naturalne nie zostało 
jeszcze zakłócone przez człowieka (zanieczyszczenia, ujęcia wody, itp.).
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W słodkowodnych zbiornikach antarktycznych większość organizm ów żywych 
koncentruje się w w arstw ie przydennej, gdzie tworzy się tzw. w arstw a bak tery jno- 
-glonowa. G łównymi elem entam i tej w arstw y są różne gatunki rodzaju  Phorm i- 
dium (Cyanophyta) oraz bak terie i Diatomeae. Z w arstw ą tą  związana jest również 
fauna. P lankton  jezior antarktycznych jest bardzo ubogi, składa się głównie z Dia­
tomeae.

W badanych zbiornikach oazy Thala Hills stw ierdzono w ystępow anie pięciu ga­
tunków  Protozoa, trzech gatunków  Rotatoria, dwu gatunków  T artig rada i N em ato­
da (gatunków nie oznaczano). F lora zbiorników reprezentow ana jest przez 15 ga­
tunków  Diatomeae, 9 — Cyanophyta, 5 — Chlorophyta i Oedogoniales. Najczęściej 
spotykanym i przedstaw icielam i fauny są Lepadella patella  O. F. M üller i H ypsi- 
bius (Diaphascon) chilensis P late, we florze dom inują Diatomeae (Navicula sem i-  
nulum  Grun., Pinnularia gibba var. parva  (Ehr.) Grun.) i Cyanophyta (Phorm idium  
glaciale form a longiarticulata  (W. et G. S. West) Wille).

We florze i faunie oazy dom inują form y kosmopolityczne. W ystępow anie form  
endemicznych stw ierdzono tylko wśród Chlorophyta (Chlorosphaera antarctica  
Fritsch) i Cyanophyta (P. glaciale form a longiarticulata, Schizotrix antarctica  F. E. 
Fritsch).

Ogółem endem ity stanow ią 9,7% gatunków  i 26,3% liczebności flory zbiorników 
wodnych oazy Thala Hills. Na podobnym poziomie kształtu je  się ilość gatunków  
endemicznych w  innych oazach Enderby Land.

Pomimo pewnych różnic w zasiedleniu poszczególnych zbiorników oazy (Tab. 
II) analiza przeprow adzona m etodą uporządkow ania dendrytowego w ykazuje jed ­
norodność wszystkich badanych zbiorników pod względem ilościowego i jakościo­
wego składu flory i fauny. Jednorodność ta może być wynikiem  działania szeregu 
czynników, jak  na przykład okresowe łączenie się zbiorników, co prow adzi do prze­
mieszczania się flory i fauny.

Mechanizmy zasiedlania oaz antarktycznych przez zam ieszkujące je obecnie ga­
tunki nie są jeszcze ostatecznie wyjaśnione. Prawdopodobnie w procesie zasiedla­
nia oaz najw iększą rolę odgrywa przenoszenie organizmów żywych (lub ich form 
przetrw alnikow ych) przez p tak i i prądy powietrzne.
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S. R A K U S A - S U S Z C Z E W S K I

RESPIRATION OF THE ANTARCTIC FISH EGGS 
(‘TREM ATOM US BO RCH G REVINKI BOUL.)

D epartm ent of Bioenergetics and Bioproductivity, Nencki Institu te  of Experim ental 
Biology, P asteu ra 3, W arszawa, Poland

Fish of the Trem atom us genus live a t the coast of the A ntarctic at 
tem peratures of w ater invariably below 0°C w ith fluctuations never ex­
ceeding 2°C. They are extrem ely stenotherm ic (W o h 1 s c h 1 a g 1960), 
and showing a decrease of motion activity at the rise of tem perature 
from  — 1.8 to +  1.8°C, which was confirmed experim entally  (W o h 1- 
s c h l a g  1962). At the rise of tem perature from  +2.0 to 3.0°C the m eta­
bolic processes are slowing down (W o h l s c h l a g  1963). The lethal 
tem perature for species of Trem atom us genus is about + 6.0°C  ( S o m e -  
r o,  D e V r i e s  1967). The effect of tem perature changes on m etabolism  
of the brain and gill tissues has been also investigated (S o m e r  o, D e ­
V r i e s  1967). In order to find out how the unterfilized eggs of fish of 
the species Trem atom us borchgrevinki are reacting under a rise of tem ­
perature, several experim ental tests have been carried out and their re­
sults are presented in this notice.

Investigations w ere perform ed at the Soviet Antarctic station Molo- 
dezhnaya, in February  1972. Eggs were taken out from the ovary of live 
fish catched under ice at the shores of an oasis. At that tim e the diam eter 
of an egg was up to 1.5 mm. The average wet mass of eggs th a t were 
used for four experim ents weighed about 840 mg. Eggs were placed first 
into plastic-net containers and then they were put into E rlenm ayer flasks 
of about 200 ml capacity filled w ith sea w ater of about 29°/oo salinity. The 
Erlenm ayer flasks were imm ersed into a therm ostat w ith tem peratu re  of 
— 1.0°C. A fter a period of 6 h r the same eggs were transferred  to tem ­
pera tu re  of +6.0°C  and later on into therm ostats with tem peratures of 
+  11.0°C. The am ount of oxygen used by eggs has been determ ined by 
m arking its contents in the Erlenm ayer flasks by the W inkler’s method. 
Results of m easurem ents are shown in Fig. 1. One can see bu t incon-
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Fig. 1. R espiration of T. borchgre- 
v in k i  eggs in various tem peratures, 

o — m ean values

sidera'ble differences of oxygen consumption at tem peratures — 1.0 and 
+  6.0°C and an increase in oxygen consum ption at the range of +6.0 and 
+  11.0°C. At the range of the tem peratu re  of survival of m ature fish, 
eggs do not react at its rise, above those tem peratures metabolism in­
creases sim ultaneously w ith the tem peratu re  rise. According to S o m e -  
r o ,  D e V r i e s  (1967) the gill tissues of T. bernaschii also do not show 
con trary  to its brain any sensitivity to tem perature changes. Exam ina­
tion in vitro  of the brain  of T. bernacchii has shown an increase of oxygen 
consum ption in the range of tem peratures from about —3.0°C to the 
tem pera tu re  determ ined as lethal or about +6.0°C. In tha t experim ent 
how ever fishes were not acclimated. W hile investigating the metabolism 
of tissues of Salmo gairdneri, at tem peratures +8.0  and +16.0°C, 
E v a n s  et al. (1962) have obtained con trary  results. The brain did not 
show any essential increase of m etabolism  after acclimation of fishes 
during 43 days at tem peratures m entioned above, m etabolism  of liver 
was m ore active at +8.0  than  at +16.0°C  and metabolism of gill tissues 
increased w ith the rise of tem perature.

The differing results of tem perature tolerance observed in some An­
tarctic  fishes, in general carried out in acute experim ents, m ay come in 
consequence of the lack of sufficiently long period of acclimation and the 
substantial significance of that fact has been recently pointed out by 
I v l e v a  (1972).
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ORLICA AND KAMIENNY POTOK IN LOWER SILESIA
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ABSTRACT

M orphological and taxonom ic analyses w ere m ade of two populations of Cottus  
gobio L. from  Dzika Orlica (catchm ent area of R iver Elba), and from  K am ienny 
Potok (catchm ent area of Oder). S ignificant differences w ere found betw een the 
populations exam ined in the respect of the ir m eristic and plastic features. I t  was 
found th a t Cottus gobio feeds m ainly on larvae of aquatic insects.

1. INTRODUCTION

The object of this paper w as bullhead, Cottus gobio L innaeus 1758 (synonims: 
Cottus m icrostom us  Heckel, Cottus ferrugineus  Heckel and K ner, Cottus gobio 
Kessler). According to K o l i  (1969), Cottus petiti Bäcescu and Bacescu-M ester cor­
responds to Cottus gobio L., Cottus gobio var. microcephalus K essler corresponds to 
Cottus poecilopus Heckel, and Cottus gobio var. roseus O denw all corresponds to 
M yoxocephalus quadricornis L.

The lite ra tu re  on m orphology and biology of Cottus gobio L. in P oland  is re ­
stric ted  to one paper by S t a r m a c h  (1965) including a description of th is species 
from  the Raba River.

In Poland, Cottus gobio occurs m ainly in m ontane stream s and rivers. I t  is 
rarely  found in lowlands (K a j 1954, J a ś k o w s k i  1962, P  e n c z a k 1968 a, b).

In the northern  region of its occurrence, this species is often found in  low land 
rivers and lakes ( N y b e l i n  1969), and also in m arine bays ( K o l i  1969).

V I a d  y k o  v (1931), B e r g  (1949), M ü l l e r  (1960), S t a r m a c h  (1965), and 
K o l i  (1969) reported  on the  distribution of this species. It occurs in  rivers and 
stream s throughout alm ost en tire  Europe (except for South Spain, Italy , Greece and 
also Denm ark, Scotland, Norway, and Ireland). According to the authors m entioned, 
the eastern  boundary of occurrence of this species runs through Ural. H ow ever 
C h a b a n ,  B o g d a n o v  (1960), F y o d o r o v  (1962), and G u n d r i z e r  (1966) found 
Cottus gobio also in the Irty sh  R iver and the K atunia River.

T he typical form  of Cottus gobio L. occurs in Europe and num erous sub- 
-species evolved on peripheries of its region. So Cottus gobio koshew nikow i G ra- 
tzianow occurs in the K am a and Oka rivers, in F inland, Sweden and in  U ral, and 
Cottus gobio m ilvensis Soldatov — in the R iver Pechora. Cottus gobio jaxartensis  
Berg occurs in the catchm ent area of Syr Darya, Cottus gobio natio  P ellegrin i V la- 
dykov in the River Cisa, and Cottus gobio hispaniolensis Bäcescu and B acescu-M e­
ster — in the upper course of G aronne River.

The aim of this paper was to describe morphological and biological characte­
ristics as well as to define taxonom ic position of two populations of Cottus gobio
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L. from  stream s situated  in two different catchm ent areas: the E lba and Oder 
rivers.

2. DESCRIPTION OF THE STUDY AREA

The m ateria l w as gathered from  two stream s: Dzika Orlica (catchm ent area of 
Elba) and K am ienny Potok (catchm ent area of Oder) (Fig. 1).

Fig. 1. The m ap of investigated stream s. Black circles — stations of sam pling

Dzika Orlica sta rts  a t the altitude of 760 m  a.s.l. in the Bystrzyckie m ountains. 
I t is le ft bank  affluent of the Elba River. L o h n i s k y  (1963) reported  th a t the 
upper course of the stream  is inhabited by Salm o tru tta  m . fario  L., Cottus gobio 
L., T hym allus thym allus  (L.), and also by Lam petra  planeri (Bloch) of Cyclostomh 
W hen gathering  m ateria l for this work, P hoxinus phoxinus (L.) and A nguilla  an- 
guilla  (L.) w ere also encountered.

K am ienny Potok runs through the catchm ent area of Dusznicka Bystrzyca, 
a le ft ban k  affluent of Nysa Kłodzka (river basin of Oder). I t s ta rts a t the altitude 
of 650 m  a.s.l. on the slopes of hills called Lew ińskie Wzgórza.

W hen gathering the m ateria l it was found th a t apart from  Cottus gobio L. 
other species, nam ely, Salm o tru tta  m . fario  L., Nem acheilus barbatulus  (L.) and 
Lam petra  planeri (Bloch) of Cyclostomi also occur in this stream . Leucaspius deli- 
neatus  (Heckel) which is also presen t there, is not a typical rep resen ta tive  of Sal­
m on region ( S t a r m a c h  1956). I t  came from  a fish pond w here it is abundant, 
and the pond has an outflow  to K am ienny Potok.

3. MATERIAL AND METHODS

The m ateria l from  K am ienny Potok was m ainly gathered in  the  tow n Szczytna 
Śląska, some specim ens w ere also caught in the region near to the  s tream  source. 
A to ta l of 166 individuals was caught from  M ay to Septem ber 1969, and 15 speci­
m ens w ere caught during the spawning in M arch 1970 and 1971.

The m ateria l from  Dzika Orlica, 34 individuals, w as gathered in  the v icinity  of 
Mostowice in  Ju ly  1970.
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The fish w ere preserved in 4% form alin and transferred  to 75% alcohol.
T h irty  one m easurem ents of plastic and m eristic features w ere taken  accord­

ing to the T a l i e v ’s scheme ( S t a r m a c h  1965) supplem ented by P r a v d i n ’s 
(1966) schem e (Fig. 2).

Fig. 2. Schem e of m easurem ents: a -b  longitudo totalis, a -c  longitudo corporis, a -o  
longitudo capitis, a - e  d istan tia  praedorsalis, e -e i longitudo D I, h - h x longitudo D II, 
z-c  d istan tia  postdorsalis, a—d d istantia praeanalis, a r-d  d istan tia  in te r anus et A, 
d -d x longitudo p innae analis, t - c  longitudo caudae, m -m j sum m a altitudo corporis, 
n -n i m inim a altitudo  corporis, k -k j altitudo pinnae dorsalis I, s-St a ltitudo pinnae 
dorsalis II, v—x longitudo pinnae pectoralis, f - f t altitudo pinnae pectoralis, g -g x 
altitudo pinnae ventralis, 1—lt altitudo pinnae analis, a—p spatium  praeorbitales, p—p t 
d iam eter oculi horizontalis, P i-o  spatium  postorbitales, a - i i  longitudo m axillae, r - r t 

la titude m axillae, y -y i sum m a altitudo capitis, w -w t spatium  in te r oculos

The fish w ere m easured w ith compasses to the accuracy of 0.5 mm. S tatistical 
elaboration of the m ateria l included calculation of m ean (Af), s tandard  e rro r (m), 
standard  deviation (a) and coefficient of varia tion  (V). The significance of d iffer­
ences betw een the populations exam ined was tested by S tudent te s t (t).

In  order to m ake these data com parable w ith those of other authors, the  ana­
lysis of populations of bullheads from  Dzika Orlica and K am ienny Potok was car­
ried out w ithou t distinguishing age and sex classes a t first. L ater on whole m a­
terial from  Dzika Orlica and 30% of m ateria l from  K am ienny Potok w ere divided 
into age and sex classes. Thus arranged m ateria l was analysed by using the scheme 
of plastic features.

A fter w eighing and m easuring the fish, their alim entary  canals w ere rem oved 
in order to analyse the ir contents. T hirty  four alim entary  canals of the fish from 
Dzika Orlica and 47 of those from  K am ienny Potok w ere dissected. In  each group 
two fish had em pty alim entary  canals.

The role of taxonom ic groups in the food of Cottus gobio was expressed by: 
1. percentage of the  fish whose alim entary  canals contained a given item  in relation 
to the  total num ber of fish dissected (this w ay had been used by H a r t l e y  (1948), 
P l i s z k a  et al. (1951), P a s c h a l s k i  (1959)); 2. num ber and w eight of the  to tal 
of individuals of a given taxonom ic group in the food, expressed as percentage of 
all the organism s found in the  alim entary  canals. A verage w eights of m ore num er­
ous organism s w ere accepted afte r P l i s z k a  et al. (1951).

Fecundity  of fem ales w as obtained as a to tal num ber of roe in an ovary. Eggs 
w ere counted in the  preserved state.

4. RESULTS

PL A ST IC  FE A T U R E S

Analysis of plastic features in the two populations studied is presented 
in Tables I, II, and III.

http://rcin.org.pl



Ta
bl

e 
I. 

Pl
as

tic
 

fe
at

ur
es

 
of 

C
ot

tu
s 

go
bi

o 
L.

 
fro

m 
D

zi
ka

 
O

rli
ca

 
(n 

= 
34

) 
an

d 
K

am
ie

nn
y 

Po
to

k 
(n 

= 
16

6)
. 

M 
— 

m
ea

n,
 

m 
— 

st
an

da
rd

 
er

ro
r,

 
o 

— 
st

an
da

rd
 

de
vi

at
io

n,
 

V 
— 

co
ef

fi
ci

en
t 

of 
va

ri
at

io
n,

 
t 

— 
si

gn
if

ic
an

ce
 

of 
di

ff
er

en
ce

14061

-
©
CO 4.

40
2.

32
0.8

2 
I

3.5
0 

1
9.1

5 
I

3.
94

5.6
8 

1
11

.4
1

1.
98

6.
95

! 
11

.6
0

0.9
9 

i

in
o 1.

87
6.3

0 
;

2.
35 CO

Tt« 1.
68

4.
95

0.3
9 

1
3.

01
10

.5
7

12
.0

3

8.
77

2
4.

56
6

9.
25

0
5.

70
3

4.
30

1
3.

90
3

18
.6

57
6.

36
5

10
.9

64
10

.9
21

6.
36

8
15

.7
68

8.
36

3
11

.3
89

6.
48

7 Tł<COCO
co’ 10

.3
20 CMCOCO

CO* 15
.2

42
6.

31
1

11
.6

74
18

.1
24

9.
10

4
17

.1
57

Xo
-uo

>>cG

to

2.
35

1
1.

54
7

1.
67

8
2.

26
6

2.
14

2
2.

20
8

0.
91

4
1.

83
6

1.
61

2
2.

06
9

0.
63

4
0.

98
5

1.
02

4
1.

16
7

1.
61

1
1.

57
5

1.
24

5

2.
57

1
2.

75
1

3.
20

1
4.

13
8

1.
19

2
5.

63
5

4.
19

6

£CS
W

M
 ± 

m

0.
18

3
0.

12
0 O

CO
tH
© 0.

17
5

0.
36

9
0.

17
1 o£>©

Ö 0.
14

2
0.

12
5

0.
16

0 ©
©
Ö

CO
o
© 0.

07
9 o

05o
d 0.

12
5 ZZVO

0.
09

6

0.
19

9
0.

21
3 CO

CM
d 0.

32
1

0.
09

2
0.

43
7

0.
32

5

°o
CO
CM 33

.9 rH
CO
»-H 39

.7
49

.8
56

.5 4.
9

28
.8

14
.7

18
.9 CO

CO 6.
2

12
.2

10
.2

24
.8

17
.8

12
.0

28
.9 ©

00*
i-H 50

.7
35

.4 6.
5

61
.9

24
.4

U

3.
34

6
3.

89
4

5.
35

8
6.

57
8

4.
09

2
3.

24
1

18
.3

85
4.

89
7

8.
10

8
6.

14
1

CO
CO

8.
94

9
8.

92
6

9.
23

5
6.

03
5

4.
47

9
5.

73
5

10
.0

17
9.

66
1

5.
45

7
11

.2
78

14
.1

45
7.

22
3

9.
55

0

CÖ
O

Tl
O

to

0.
96

3
1.

27
8 oo©

r-H 2.
63

5
1.

98
2

1.
73

4
0.

79
4

1.
33

8
1.

46
8

1.
13

1
0.

54
0

0.
70

5
1.

07
7

0.
93

3
1.

45
7

0.
85

3
0.

72
9

3.
13

1 CO
COCO

2.
69

3 CO
CMo

1.
01

0
3.

86
8

1.
65

1

cs
J*
N
Q

M 
± 

m

0.
16

5
0.

21
9

0.
17

1
0.

45
2

0.
15

3
0.

27
9

0.
13

5
0.

22
9

0.
25

1
0.

19
4

0.
09

2
0.

12
0

0.
18

4 OCO
d 0.

24
7

0.
14

3
0.

12
5

0.
53

8
0.

28
9

0.
46

2
0.

69
1

0.
17

3
0.

66
3

0.
28

9

CO
CO
CM 32

.8
18

.6
40

.1
48

.4
53

.5 CO

27
.3

17
.9

18
.4 7.
3

7.
8

12
.0

roi 24
.1

19
.0

12
.7

818 17
.4

53
.5

35
.7

53
.6

17
.2

F
ea

tu
re

Pe
rc

en
ta

ge
 

of 
lo

ng
itu

do
 

co
rp

or
is

 
Lo

ng
itu

do
 

ca
pi

tis
I 

D
is

ta
nt

ia
 

pr
ae

do
rs

al
is

Lo
ng

itu
do

 
D 

I
I 

Lo
ng

itu
do

 
D 

II
D

is
ta

nt
ia

 
po

st
do

rs
al

is
D

is
ta

nt
ia

 
pr

ae
an

al
is

D
is

ta
nt

ia
 

in
te

r 
an

um
 

et 
A

Lo
ng

itu
do

 
pi

nn
ae

 
an

al
is

Lo
ng

itu
do

 
ca

ud
ae

Su
m

m
a 

al
tit

ud
o 

co
rp

or
is

M
in

im
a 

al
tit

ud
o 

co
rp

or
is

A
lti

tu
do

 
pi

nn
ae

 
do

rs
al

is
 

I 
A

lti
tu

do
 

pi
nn

ae
 

do
rs

al
is

 
II

Lo
ng

itu
do

 
pi

nn
ae

 
pe

ct
or

al
is

A
lti

tu
do

 
pi

nn
ae

 
pe

ct
or

al
is

A
lti

tu
do

 
pi

nn
ae

 
ve

nt
ra

li
s 

A
lti

tu
do

 
pi

nn
ae

 
an

al
is

Pe
rc

en
ta

ge
 

of 
lo

ng
itu

do
 

ca
pi

tis
Sp

at
iu

m
 

pr
ae

or
bi

ta
le

s
D

ia
m

et
er

 
oc

ul
i 

ho
ri

zo
nt

al
is

Sp
at

iu
m

 
po

st
or

bi
ta

le
s

Lo
ng

itu
do

 
m

ax
il

la
e

L
at

itu
do

 
m

ax
il

la
e

Su
m

m
a 

al
tit

ud
o 

ca
pi

tis
Sp

at
iu

m
 

in
te

r 
oc

ul
os

http://rcin.org.pl



Ta
bl

e 
II.

 
D

im
en

si
on

s 
of 

bo
dy

 
in 

ag
e 

cl
as

se
s 

of 
C

ot
tu

s 
go

bi
o 

L.
 

fro
m 

D
zi

ka
 

O
rli

ca
 

(r
an

ge
s 

an
d 

m
ea

ns
)

[407]

CD
O 05 CO
csi a>rH 05 CM

C5 CD CD CD CM CM
a> cm* co o  aJ eo fa 
cm eo t-H Tt« io

oqt>eoeMO>rtOcocMr-i 
^■c-oóc^t-eMOTjioścM cm th rH h h m h h

eo 0  eo 0  cm cm H 
o' c—' cd co* c— rfn eo'CO rH in CO in rH

II
3

7.
9—

14
.5

95
—

10
4

22
—

26

CM 00 CD O O 
O rJH O) M O id ^  CO CO H r* LO IO in
M I I I  1 1LO tT IO CO CO 00 rH

fa ö  fa co* fa cm* eo cm eo H co ^  m

*9 ^  <9 TjH rH O) H
® a  0  H, *  10 0  (o 0  iijNrHNOOCOrHHMNrH
I J U U U U j ,
© 10 i i  toV  o' co ri 00 0N H H  rH CM H H 28

.1
—

33
.3

14
.8

—
20

.0
50

.0
—

56
.5

 
33

.3
—

44
.0

6.
2—

8.
4

48
.0

—
60

.0
 

14
.7

—
18

.1

w fa
© l> Cq
c~ o00 <M 28

.2
31

.7
18

.4
39

.9
49

.8
53

.3 4.
3 ooHHCM COM Htoinn 

CO CO CO I> t— CM* O CO 05 cm’ CM H 1—1 H—t »—I CSI «—1 r—<
00 cq eo 0  cm 0  co 
00 00 cm ed c-' ed edCM rH in CO in rH

n
s0)
fa

II

CO

5.
2—

8.
2 

78
—

91
 

19
—

22

27
.8

—
28

.7
30

.1
—

33
.8

16
.1

—
19

.8
36

.6
—

44
.1

 
47

.9
—

51
.4

 
52

.1
—

55
.8

 
3.

8—
5.

1 tq t^ H  o o o o o e o
050505'-l^rJHOCOo'rJH N h h o O O h h c m CMh
1 i  I I  I I  1 1 I I9  ^  *̂1 ' t  ® ^  0  ® ®

10 eo cd eo' cd 0  05 cm cd öCM ł—1 f—1 1—1 CM rH rH

co 0  00 cq 00 0
r i 05 l> CO ^  TO 05 eo rH in co os in rH
M M I I IO t-; D IO I> M O 

fa LO* fa 00* IO* fa LO CM rH Tj* CM rH

CO

5.
2

77
18

.3

28
.5

34
.0

18
.7 00OTt< 50
.0

53
.3 4.
8 C<3rHeq00 05 05t>05COc35 

S rcdc-edt-rH cd^ośrH ̂ r-l rH CM rH rH
eo co O) co t> 05 co 
eo 05 CM fa 10* CM CD* CO rH LO CO LO rH

II "“I CO Hoo oo cm 
1 1 1 -2

8.
8

-3
5.

5
-1

8.
9 COCM

T -5
0.

8
-5

7.
6

-6
.7

9̂ co eo in rH rH eo 0  
2? 0  co' °9 ^  cd 0  c-' 0  cm'

CM LO 05 CM CO cq 
10 O CM id ^  co fa eo cm 10 eo co 10 rH

CM 1 1 1 <OHt>
CO ^  ^ 28

.2
-

32
.7

-
18

.6
- CD

05*eo 49
.3

-
50

.0
-

3.
3- °9ino5t^c5ocot^r-_05co

J5ineo'ededo'i>edcdrHrH rH ,-H CM rH rH

1 1 1 1 1 1 1 cq 05 co 0  i> 
05 fa CM 05 LO* fa fa CM rH LO CM Tt< rH

CO

05 co in
CO CM lO rH O CMrH 29

.4
33

.5
 

19
.4 CD05*eo 48
.6

53
.9 4.
3

26
.8

18
.4

 
19

.0 7.
6

7.
7

11
.5

 
10

.8
 

23
.2

18
.6

 
11

.5 0  0  0  05 10 io cq 
CM CD fa CO fa eo fa 00 H LO eo LO rH

II

rt4

® eoLO O t>— H CM
1 1 1 in in eoO 05 CM

28
.5

—
29

.8
31

.9
—

34
.8

17
.2

—
20

.9
37

.7
—

41
.9

47
.2

—
50

.2
 

51
.1

—
57

.4
 

3,
2—

5.
5 cm in cm eo c- <35 05 co

CO CM cm' °. *9 CM rH in d  CM

7 T T T 7 T 7 T T Tcm eo in 10 00 r-H co cm fa 
lO io fa c o c d o a Jo fa o *CM H H rH CM rH rH 26

.9
—

34
.6

13
.8

—
19

.2
52

.1
—

57
.6

 
38

.4
—

42
.3

6.
5—

8.
6

47
.8

—
57

.6
15

.2
—

19
.2

CO

co oo 
® o iH  00 00 CM 28

.7
33

.0
18

.4 CO
o 50

.3
52

.8 3.
9 O CO I> ^  00 CM rH CM I> CM 

OOC^CO^OCMOTfCOeiCM rH rH rH rH CM rH rH
05 O rH cq CM 03 05
H 00 cd ed c-‘CO rH in CO in rH

M
al

es II
3
00

7.
2—

9.
9 

85
—

93
 

21
—

23

27
.7

—
30

.9
31

.9
—

33
.8

17
.9

—
19

.2
37

.6
—

42
.1

48
.6

—
51

.3
 

50
.0

—
54

.9
 

2.
7—

5.
2

25
.3

—
30

.1
16

.6
—

19
.7

16
.6

—
20

.5
6.

9—
7.

8 
7.

0—
9.

7
11

.5
—

13
.8

8.
9—

11
.1

 
23

.0
—

26
.7

16
.6

—
19

.4
 

11
.5

—
13

.8 cq 0  in 00 cq -ct< 
ed 05 ed rl 9  05 0  co H in nf 05 in cm
I  I I  I 1 1 110 o) ^  cq t> io q  
co* id id fa id 00 faCM rH eo i 4 H

cm

w ooTC C"“ T—) 28
.5

32
.2

17
.3 CO05eo 48
.8

55
.8

 
4.

6 Cq rH in Cq CO CO 05 C» in
eoedodedt-CM05in’ cdcMCM rH rH rH CM rH rH

H 10 CO CO CO H
eo co cm ö  LO LO 00*CO rH LO 00 LO rH

II t o o oIO C- CM 
1 1 1 -3

0.
3

-3
3.

3
-1

8.
1 05eoI -4

9.
1

-5
6.

0
-6

.0
26

.2
—

27
.2

16
.6

—
19

.6
 

18
.1

—
18

.8
6.

5—
6.

8 
7.

3—
7.

5 
12

.1
—

13
.1

 
8.

1—
10

.6
25

.7
—

26
.2

 
18

.0
—

19
.6

 
11

.4
—

13
.6 ^  t> LO CM CM t>

fa 00* id fa CD 00*CO rH IO 00 CD LO rH
CM in oo co

26
.6

-
31

.4
-

16
.4

- eo
05*eo 48

.4
-

55
.7

-
3.

2- 1 1 1 1 1 1 0  10 0  0  io 0  10
O fa O O LO id fa CO H LO CO LO rH

A
ge

W
ei

gh
t 

(g
)

L
on

gi
tu

do
 

to
ta

lis
 

(m
m

) 
L

o n
gi

tu
do

 
ca

pi
tis

 
(m

m
)

Pe
rc

en
ta

ge
 

of 
lo

ng
, 

co
rp

or
is

L
on

gi
tu

do
 

ca
pi

ti
s 

D
is

ta
nt

ia
 

pr
ae

do
rs

al
is

 
L

on
gi

tu
do

 
D 

I 
L

on
gi

tu
do

 
D 

II
 

D
is

ta
nt

ia
 

po
st

do
rs

al
is

 
I 

D
is

ta
nt

ia
 

pr
ae

an
al

is
 

D
is

t. 
in

te
r 

an
um

 
et 

A
L

on
g,

 
pi

nn
ae

 
an

al
is

 
L

on
gi

tu
do

 
ca

ud
ae

 
Su

m
m

a 
al

tit
ud

o 
co

rp
or

is
 

M
in

im
a 

al
tit

ud
o 

co
rp

. 
A

lti
tu

do
 

D 
I 

A
lti

tu
do

 
D 

II
 

L
on

g,
 

pi
nn

ae
 

pe
ct

or
al

is
 

A
lti

tu
do

 
pi

nn
ae

 
pe

ct
or

. 
A

lti
tu

do
 

pi
nn

ae
 

ve
nt

r.
 

A
lti

tu
do

 
pi

nn
ae

 
an

al
is

1 
Pe

rc
en

ta
ge

 
of 

lo
ng

.
1 

ca
pi

ti
s

Sp
at

iu
m

 
pr

ae
or

bi
ta

le
s 

D
ia

m
et

er
 

oc
ul

i 
ho

ri
z.

 
Sp

at
iu

m
 

po
st

or
bi

ta
le

s 
L

on
gi

tu
do

 
m

ax
il

la
e 

L
at

itu
do

 
m

ax
il

la
e 

Su
m

m
a 

al
tit

ud
o 

ca
pi

ti
s 

Sp
at

iu
m

 
in

te
r 

oc
ul

os

http://rcin.org.pl



408 A. W itkowski

Table III. Dimensions of body in age classes of Cottus gobio

Males
Age 2 (ti=3) 3 (7i =  10) 4 ( tj= 8 )

W eight (g) 3.0—6.6 4.2 3.1—9.1 6.1) 8.1—15.8 12.2
Longitudo totalis (mm) 64—74 69 66—91 81.5 90—106 98.2
Longitudo capitis (mm) 16—19 17.6 17—21 19.2 20—26 23.3

Percentage of long. corp.
Longitudo capitis 29.0—30.1 29.5 26.7—31.4 28.3 25.9—30.5 28.5
D istantia praedorsalis 33.9—37.0 35.4 32.3—35.8 34.2 32.2—35.2 33.6
Longitudo D I 13.7—17.7 16.1 16.4—20.2 18.2 17.8—21.9 19.1
Longitudo D II 41.1—41.9 41.5 38.5—43.4 40.7 37.6—41.8 39.8
D istantia postdorsalis 47.1—50.0 48.7 47.0—51.3 48.4 47.6—49.4 48.3
D istantia praeanalis 52.8—59.6 53.1 54.2—60.0 57.7 51.8—59.7 56.3
D istantia in ter anum  et A 3.7—4.8 4.1 4.2—7.0 5.3 3.3—5.8 4.4
Longitudo pinnae analis 26.4—29.4 27.1 26.8—33.8 29.2 28.1—35.4 30.1
Longitudo caudae 16.9—17.7 17.4 13.2—17.4 15.1 11.3—15.4 13.7
Sum m a altitudo corporis 16.9—19.6 18.1 16.4—22.3 19.2 19.7—22.8 21.5
M inima altitudo corporis 6.4—7.8 6.9 5.8—7.1 6.3 5.4—7.8 6.5
A ltitudo D I 5.8—7.5 6.6 5.6—9.9 6.7 5.0—7.0 6.4
A ltitudo D II 12.9—15.6 13.9 10.8—13.4 12.1 10.1—14.2 12.0
Longitudo pinnae pector. 9.4—9.8 9.6 8.4—11.8 10.2 9.3—12.3 10.8
A ltitudo pinnae pector. 24.1—27.4 26.0 23.0—26.7 24.4 20.9—25.8 23.1
A ltitudo pinnae ventr. 17.6—18.8 17.4 17.1—19.7 18.2 15.7—19.0 17.4
A ltitudo pinnae analis 11.3—12.9 11.9 10.7—12.8 11.8 10.3—13.0 12.0

Percentage of long. cap. 
Spatium  praeorbitales 25.0—33.3 28.7 22.2—33.3 29.6 25.0—32.0 29.9
D iam eter oculi horiz. 16.6—20.0 18.4 14.2—20.0 16.9 14.2—20.0 17.9
Spatium  postorbitales 46.6—50.0 48.8 47.3—55.5 50.2 50.0—57.1 51.9
Longitudo m axillae 31.1—38.8 34.4 31.5—40.0 37.3 29.1—42.3 35.1
Latitudo m axillae 5.6—6.6 6.3 5.7—8.0 6.3 5.7—8.6 6.4
Sum m a altitudo capitis 56.2—61.1 59.1 57.8—66.6 61.3 57.6—68.1 62.6
Spatium  in ter oculos 22.2—26.6 24.6 21.0—35.0 26.0 20.0—30.7 25.9

It perm itted: 1. to ascertain the significant differences of 15 features 
between the two populations of two catchm ent areas and to define the 
significance of differences, 2. to draw  attention to the  fact tha t some 
features used in T a 1 i e v ’s and P r a v d i n ’s schemes have a high coef­
ficient of variation and thus are of a little diagnostic value (Table I), 3. to 
find out which of the features examined change w ith age of fish, 4. to 
define differences of some features characteristic to males and females 
of Cottus gobio L. (Tables II and III).

Average values of such features as: altitudo pinnae dorsalis I, longitudo 
caudae, longitudo capitis, a ltitudo pinnae ventralis, spatium  postorbitale 
and praeorbitale, m inima altitudo corporis, and latitudo m axillae, are 
larger in bullheads from Dzika Orlica than from K am ienny Potok.

The population from  K am ienny Potok differs in larger m eans of such 
features as: spatium  in ter oculos, summa altitudo capitis, d istantia
praeanalis and postdorsalis, and distantia in ter anum  et A. The rem aining 
average values show no higher differences (Table I).

Application of S tudent test perm itted to find that 15 plastic features,
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L. from  K am ienny Potok (ranges and means)

Fem ales
5 (//—2) 2 (n= 5) 3 (« = 6) 4 (n= 4) 5 (71 =  1)

19.4—19.8 19.6 3.3—4.2 4.2 4.5—7.6 5.8 8.4—13.0 10.9 13.3
119—132 125 67—74 69 75—87 80 93—103 99 123

29—34 31 15—17 16 17—21 18.3 22—25 23.2 31

29.0—30.6 29.8 26.1—29.3 27.6 24.6—28.4 27.0 26.8—29.4 28.2 30.3
33.3—33.3 33.3 32.2—36.2 34.1 32.8—35.6 33.8 28.2—32.9 31.5 34.3
18.1—20.0 19.0 15.2—19.3 16.8 16.4—19.4 18.3 16.2—18.7 18.6 18.6
38.6—44.1 41.3 35.5—40.0 37.9 38.3—41.2 40.0 37.2—40.2 38.6 41.7
49.0—49.5 49.2 45.7—50.0 48.3 46.5—50.7 48.9 47.5—50.0 48.5 47.0
57.0—61.2 59.0 54.2—58.1 55.8 53.9—60.2 56.2 55.1—56.9 56.3 57.8

5.0—5.4 5.2 3.4—5.9 4.6 4.6—6.8 5.8 3.8—6.0 4.9 4.4
28.0—30.6 29.3 25.8—30.9 28.3 26.1—28.7 27.3 25.5—32.5 28.9 30.3
15.6—17.1 16.3 11.8—18.9 14.8 12.3—17.1 14.8 11.5—15.1 13.1 13.7
20.0—20.7 20.3 15.5—18.1 16.9 15.0—18.7 17.3 17.0—20.5 19.1 20.5

6.5—7.2 6.8 5.6—7.2 6.5 4.5—6.8 5.7 5.8—6.9 6.5 6.8
4.0—7.2 5.6 6.4—7.2 6.9 5.4—7.8 6.4 4.6—6.4 5.7 6.8

11.7—12.0 11.8 11.8—14.2 12.7 10.4—12.3 11.8 11.6—12.8 12.0 11.7
10.5—13.5 12.0 8.0—9.0 8.6 8.2—10.7 9.6 9.7—11.5 10.5 10.7
22.0—24.3 23.1 22.5—27.2 25.2 23.8—27.3 25.1 23.8—25.5 24.5 26.4
16.0—17.1 16.5 14.5—20.0 17.2 16.4—20.5 18.3 17.3—19.8 18.5 17.6
11.0—13.5 12.2 11.2—12.7 12.0 11.1—12.5 12.0 10.9— 14.1 12.5 12.7

27.5—29.4 28.4 23.5—33.3 28.8 23.5—31.5 28.0 26.0—30.0 28.1 29.0
17.2—20.5 18.9 17.6—20.0 18.8 16.6—22.2 18.6 17.3—20.4 18.6 16.1
53.4—55.8 54.6 40.0—53.3 48.6 50.0—58.8 53.7 50.0—52.2 51.6 54.8
34.4—38.2 35.8 29.4—35.2 32.5 29.4—38.8 32.6 36.0—39.1 37.2 37.0
8.6—8.8 8.7 5.0—6.6 6.1 5.2—6.6 5.8 5.4—8.6 7.4 6.4

58.6—68.1 62.6 47.0—62.5 53.8 57.1—61.1 59.1 56.0—62.5 59.6 58.0
23.5—24.1 23.8 17.6—26.6 21.3 16.6—27.7 23.6 25.0—30.4 27.7 29.0

m entioned above, showed significant differences in these two populations 
( t> 3 )  (Table I).

V ariation of plastic features in the populations studied was ra th e r 
high; the coefficient of variation (V) reached up to 18%. Features w ith high 
variation  (above 10%) and those with low variation (below 10%) w ere 
d istinguished in bullheads from  the two stream s. In bullheads from  K a­
m ienny Potok, the first group is represented by d istantia in ter anum  et 
A, longitudo m axillae, latitudo m axillae, diam eter oculi horizontalis and 
spatium  in ter oculos in the two populations as well as altitudo pinnae 
dorsalis I, longitudo pinnae pectoralis, longitudo caudae and sum m a 
altitudo  corporis.

The firs t group of features was highly variable in the two populations 
and therefore  should be considered as less useful for diagnosis.

The m ajority  of plastic features in bullheads from  K am ienny Potok 
showed also a higher coefficient of variation.

The analysis of plastic features revealed also that some of them  such 
as: sum m a and m inim a altitudo corporis, longitudo pinnae dorsalis I, 
a ltitudo pinnae analis, spatium  praeorbitale, latitudo and longitudo
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410 A. W itkowski

m axillae increase w ith age in both sexes. However altitudo pinnae 
dorsalis I and II, altitudo pinnae pectoralis and ventralis decrease w ith 
age (Tables II and III).

W hen com paring size of bullheads in the two stream s, it was found 
that the fish from  Dzika Orlica were larger and heavier than  those from  
K am ienny Potok.

Sexual dim orphism  was expressed in that m ales of the two populations 
were heavier and had larger dimensions (almost all) than  females. Such 
dimensions as diam eter oculi horizontalis and altitudo pinnae ventralis 
were larger in females.

M ERISTIC FEA T U R E S

The com parative analysis of m eristic features of Cottus gobio is p re­
sented in Tables IV —VI.

The analysis perm itted  to conclude: 1. M eristic featu res of Cottus 
gobio of the two populations examined from  Silesia are w ithin the lim its 
of characteristic of this species. 2. N um ber of vertebrae and rays in 
dorsal fins and in anal fin differ in the two populations from  Silesia, 
both in the d istribution of values and in means, and the differences are 
significant (Student test). The population from Dzika Orlica shows higher 
num ber of vertebrae and rays in the both dorsal fins than  the population 
from K am ienny Potok, but the la tte r had higher num ber of rays in the 
anal fin. 3. N um ber of rays in the first dorsal fin is the least variable 
featu re  (D I). 4. The most variable feature is the num ber of rays in the 
second dorsal fin (D II). Almost each station differs one from  another 
and the difference is statistically  significant. 5. The num ber of vertebrae 
and rays in the anal fin (A) can be considered as characteristic  for the 
two populations of d ifferent catchm ent areas.

FOOD

Analysis of food in the two populations of Cottus gobio showed that 
the larvae of aquatic insects constitute over 98% of the food ingested 
(Table VII).

In the bullheads of the two localities, Tendipedidae larvae w ere 
most abundant, ra ther abundant were also Plecoptera larvae and in the 
fish from  K am ienny Potok larvae of Ephem eroptera.

Differences in the food composition of Cottus gobio from  Dzika 
Orlica and K am ienny Potok are expressed in the num ber of organism s 
of other taxonomic groups. The fish from  Dzika Orlica ate m ore often 
larvae of M egaloptera (Sialis sp.) and D iptera (larvae and pupae) than
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Table VI. S tudent test com parison of num bers of rays in d ifferent populations
of Cottus gobio L.
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F irst d orsal f in  (D I)

V ih t ijo k i 1.8 1.3 2.6 5.3 2.3 0.9 1.6 0.0 2.2 1.1 0.9 2.5
T a iv a sso lo 0.0 1.4 0.8 3.2 0.0 0.9 5.0 3.6 0.0 3.5 2.9
K ön gam ä 2.3 2.1 3.0 5.3 2.8 1.6 0.0 1.1 2.7 7.5
L u le  ä lv 2.6 5.3 1.7 0.0 3.4 3.7 9.0 8.0 3.2
Cisa 0.0 1.1 0.8 2.9 0.0 0.8 4.1 2.9
R aba 2.0 2.3 3.0 6.6 3.2 1.1 4.3
K a m ien n y  P otok 2.9 4.1 3.9 7.6 4.6 2.1
E lb a  (O liva 1956) 0.7 0.0 1.5 3.4 0.9
E lba (K oli 1969) 0.0 1.3 0.8 3.1
V lta v a 2.4 2.2 1.6
D zik a  O rlica 0.7 1.8
O tava 0.9

S econ d d orsa l fin (D II)

V ih t ijo k i 4.0 1.3 4.0 1.4 0.0 5.0 3.2 11.1 6.1 0.0 10.7 9.8
T a iv a sso lo 10.6 10.3 10.6 4.5 7.6 1.3 8.0 17.8 1.7 8.4 1.6
K ön gam ä 11.4 11.0 11.4 5.6 8.6 2.5 9.0 15.7 3.2 9.4
L u le  ä lv 3.9 1.0 3.9 1.3 0.0 4.6 1.2 8.8 6.3
Cisa 8.9 8.0 8.9 3.2 5.7 0.0 5.5 15.3
R aba 2.5 10.1 2.5 7.0 7.8 10.5 15.1
K a m ien n y  P otok 6.1 4.3 6.1 0.0 2.1 3.6
E lba (O liva 1956) 7.1 5.5 7.1 2.7 4.4
E lba (K oli 1969) 3.6 0.9 3.6 1.2
V lta v a 4.1 2.0 4.1
D zik a  O rlica 0.0 3.3
O tava 3.3

Anal fin (A)

V ih tijo k i 4.6 8.4 3.4 3.3 3.8 5.5 7.4 17.6 7.4 0.8 5.2 6.8
T a iv a sso lo 9.9 1.8 1.3 2.5 2.8 0.6 15.6 25.2 0.9 5.3 0.0
K ön gam ä 8.5 1.4 1.2 2.0 2.2 0.6 11.3 18.6 0.7 4.3
L u le  ä lv 5.1 7.1 2.7 2.4 2.7 4.9 7.9 17.3 6.1
Cisa 10.7 0.9 2.0 3.3 3.7 0.0 17.0 26.7
Raba 16.6 28.2 15.3 18.8 22.6 17.7 17.5
K a m ien n y  P o to k 0.0 18.5 8,6 10.3 12.5 11.1
E lb a  (O liva  1956) 8.6 0.6 1.7 2.6 2.8
E lba (K oli 1969) 7.7 4.7 0.6 0.2
V lta v a 7.1 4.2 0.6
D zik a  O rlica 6.7 2.7
O tava 11.5

the fish from  K am ienny Potok. They also feed on larvae of Trichoptera, 
which were not found in the stomachs of fish from  Kam ienny Potok. 

O ther invertebrate groups such as Hydrocarina, Copepoda, Oligochaeta, 
Nematoda, and Coleoptera constitute insignificant percentage of the food
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taken by fish. A scarce am ount of these organisms eaten suggests that 
they are a random  elem ent in the food of Cottus gobio.

It seems tha t there is food preference in Cottus gobio since larvae 
of Simulium, being abundant in the stream s constitute little  above l°/o 
of food.

Differences in percentage incidence of num bers of organisms of 
d ifferent taxonomic groups in the food of Cottus gobio from the two 
localities and also in percentage frequency of these organisms found in 
alim entary canals resu lt probably from  the size of anim als constituting 
the food items. For example, larvae of Sialis sp. which were often eaten 
by bullheads from  K am ienny Potok are encountered in low num bers 
(0.92%) but larvae of Tendipedidae which are sm aller are eaten very 
often (93.3%) and in large num bers (80.6%).

Filam entous algae and sand particles were also found in stomachs of 
bullheads. They were most probably consumed haphazardly during 
catching the anim als which live among agglom erations of algae on stones 
in the stream .

FE C U N D IT Y  OF FEM ALES

The data on this subject are gathered in Table VIII.

Table VIII. N um ber of roe in Cottus gobio L. from  K am ienny Potok
dependently on:

Fish age Fish w eight Fish length

Age No. of roe M W eight (g) No. of roe M Length (mm) No. of roe M

2 152-362 243 5.2-7.2 152-359 255 78-82 152-362 272
3 303-368 336 7.3-9.2 215-362 299 83-86 317 317
4 341-395 361 9.3-11.2 341 341 87-90 303-368 335
5 347-650 458 11.3-13.2 368 368 91-94 341 341

13.3-15.2 347-426 380 95-98 347-395 371
15.3-17.2 347 347 99-102 347 347
17.3-19.2 514-650 582 103-106 365-514 432

107 650 650

Num ber of roe in ovaries ranged from  150 to 650 eggs, 370 on the 
average. There w ere 30.8 eggs per one gram  of body weight.

The roe of Cottus gobio is orange-yellow, its diam eter being 1.7 
to 2.2 mm.

The coloration of Cottus gobio during the spawning period is different 
from  that in the other periods of life. Males are then  darker and had 
a clearer pa tte rn  on the skin then fem ales which are brighter in colour. 
A typical characteristic  of males in  this period is an orange m argination 
of the first dorsal fin and the presence of sexual process.
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5. DISCUSSION

In the stream s under study  the distribution of Cottus gobio differs 
from  th a t reported  by D y k  (1954), D o b ś i k ,  L i b o s v ä r s k y  (1955), 
M ü l l e r  (1960), S t a r m a c h  (1965), L i b o s v ä r s k y ,  L e l e k  
<1966). According to these authors, the upper sections of the Salmon 
region are inhabited by Cottus poecilopus Heckel, but Cottus gobio L. 
occurs in the low er course of a stream . In Kam ienny Potok and Dzika 
Orlica, Cottus gobio occurs in the zone near the sources of these stream s.

The bullheads from  the two stream s were larger and heavier than 
those from  other waters, e.g. from Brothay stream  (S m y 1 y 1957), 
from  the rivers: Lule älv ( M ü l l e r  1960), Moor Hause ( C r i s p  1963) 
and Raba ( S t a r m a c h  1965). This would indicate the advantageous 
food conditions in the stream s under study.

O ur own observations concerning sexual dimorphism of Cottus gobio L. 
confirm  those reported  by O l i v a  (1956), S t a r m a c h  (1965) and 
C i h a r  (1969).

Cottus gobio L., being a less mobile fish, is especially vulnerable to 
form ation of local form s conditioned by environm ental factors and in­
solation, which is reflected by m eristic and plastic features. This was 
also stated  by S t a r m a c h  (1965) and K o l i  (1969). A lthough the 
m echanism  of form ation of m eristic features in Cottus gobio was not 
investigated, it is supposed tha t such form ation occurs sim ilarly  as in 
o ther fish ( T ä n i n g  1952, O r s k a  1964). The analysis of m eristic 
fea tu res perm itted  to conclude that although the local conditions affect 
the  num ber of rays in the second dorsal fin, the num ber of vertebrae 
and rays in anal fin (A) show no significant differences w ith in  the 
catchm ent area.

The results of analysis of alim entary canals in the populations of 
Cottus gobio under study differ inconsiderably from the resu lts  of other 
authors. P l i s z k a  (1956) reported that larvae of Tendipedidae form ed 
over 50%  of w eight of the food consumed by Cottus gobio from  the 
upper V istula River. Trichoptera, Simulium, and Ephem eroptera are also 
significant food elem ents. S m y l y  (1957) is also of a sim ilar opinion. 
Only the data given by H a r t l e y  (1948) on the food of Cottus gobio 
from  the Cam River and Shepreth Brook differ considerably from  the 
above discussed. Insecta form ed there 58%, Oligochaeta — 3%, Mol­
lusca — 1%, and Crustacea (Gammaridae) — 39% of the diet.

S c h u l z e  (1890), S t a f f  (1950), D y k  (1952), Ż u k o v  (1965) 
reported  tha t besides aquatic invertebrates, Cottus gobio consumes also roe 
and fry  of salmonids. No fry of other fish was found in  the food of Cottus 
gobio from  Dzika Orlica and Kam ienny Potok since there  w ere no 
bullheads caught during the spawning of Salmon.
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C ottus gobio reaches sexual m atu rity  in the second year of life 
(cf. Ż u k o v 1965).

A n average of 370 eggs was found in  the ovaries. This num ber is 
sim ilar to  those given by o ther authors. S m y  1 y (1957) counted 50 to 
250 eggs, S t a r m a c h  (1965) — an average of 570 eggs, Ż u k o v  (1965) 
100 to 300 eggs, b u t S c h u l z e  (1890) and D y k  (1952) each about 
1000 eggs. The d iam eter of eggs of Cottus gobio from  K am ienny Potok 
was g rea te r  th an  th a t reported  by S m  y  1 y (1957).
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6. SUMMARY

[Morphological analysis is given of Cottus gobio L. from  K am ienny Potok 
(catchm ent a rea  of th e  Oder River) and Dzika O rlica (catchm ent area of the  E lba 
River) in  Low er Silesia.

E stim ation was m ade of diagnostic usefulness of m eristic and plastic fea tu res 
of th is fish  basing on th e  au tho r’s own data and the  data of o ther au thors. Such 
factors as food com position, fecundity, sexual dim orphism , and places of occurrence 
in the  stream s w ere analysed.

I t w as found th a t num ber of rays in  the firs t dorsal fin (D I) is m ost constant 
but in  the  second dorsal fin (D II) — m ost variable, d iffe ren t for each locality. 
The num ber of v erteb rae  and rays in  the anal fin  (A) show ed sm all variab ility  
w ith in  each catchm ent area.

Among p lastic features, the dimensions of the head and the  lengths of some 
fins are  very  variab le and thus they  are of a little  diagnostic value.

The food of Cottus gobio consists m ainly of la rvae  of aquatic  organism s: 
Tendipedidae, M egaloptera, Ephem eroptera, T richoptera, P lecop tera and D iptera. 
No Salm on roe was found in the diet.

M ales of Cottus gobio  from  the tw o localities exam ined w ere heavier and had 
alm ost all linear dim ensions la rger than  females.

There w ere  370 eggs on the average in the ovaries, w ith  a d iam eter of 
1.7—2.2 mm.

7. STRESZCZENIE

Podano analizę m orfologiczną Cottus gobio L. z K am iennego Potoku (zlewisko 
O dry) i Dzikiej Orlicy (zlewisko Łaby) z Dolnego Śląska.

Oceniono w artość diagnostyczną cech m erystycznych i plastycznych te j ryby 
w oparciu  o m ateria ły  w łasne i innych autorów. Zestawiono dane dotyczące po­
karm u, płodności, dym orfizm u płciowego oraz m iejsca by tow ania w danych po­
tokach.

Stw ierdzono, że ilość prom ieni w  pierwszej płetw ie grzbietow ej (D I) jest 
najbardzie j stała , zaś w  drugiej płetw ie grzbietow ej (D II) najbardzie j zm ienna, 
różna d la każdego stanow iska. Ilość kręgów i prom ieni w  płetw ie odbytow ej (A) 
w ykazuje m ałą zm ienność w  obrębie tego samego zlewiska.

W śród cech plastycznych stw ierdzono, że w ym iary dotyczące głowy i długości 
n iektórych p łe tw  są bardzo zm ienne, a przez to m niej diagnostyczne.

P okarm  Cottus gobio stanow iły głównie larw y owadów w odnych: Tendipedidae, 
M egaloptera, Ephem eroptera, T richoptera, P lecoptera, i D iptera. W pokarm ie nie 
stw ierdzono natom iast narybku pstrąga.

Sam ce Cottus gobio z obu badanych stanow isk m iały w iększą w agę oraz cha­
rak teryzow ały  się praw ie w szystkim i większymi w ym iaram i liniowym i niż samice.

W ja jn ik ach  samic stw ierdzono średnio 370 ziaren ik ry  o średnicy 1,7-2,2 m m.
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ABSTRACT

The paper characterizes the species composition of fish fauna in the runn ing  w aters 
of the catchm ent area of the Łyna River. Catches w ere made a t 22 stations using 
a cu rren t-genera ting  aggregate. The occurrence of 26 species of fish was ascerta in ­
ed. No clear correspondence was found betw een the division of rivers into the fish 
regions and the species of fish captured in them.

1. INTRODUCTION

A to ta l length of rivers and larger stream s th a t flow  in the Olsztyn D istrict 
am ounts to 1900 km. Many of them  m eet all the requirem ents for clean w aters and 
only about 5% is deprived of fish. The largest num ber of lakes in Poland is situated  
in the M azurian Lakeland, and perhaps for this reason the investigations carried 
out in th is region concern m ainly the fish fauna of still w aters. The paper by 
B a c k i e l  (1964) is the only one concerned w ith the fish populations occurring in 
rivers; it deals w ith the D rwęca River system  and there are also some fragm entary  
studies done by D r a g a n i k ,  S z c z e r b o w s k i  (1963) and S z c z e r b o w s k i  et 
al. (1968), carried out in  the stream  Kośno.

The aim  of this paper was to characterize the fish species com position of the 
running  w aters of the Łyna R iver system. This w ork w ill broaden the knowledge 
of the actual distribution of fish and also w ill form  a basis for the fish m anagem ent 
in th is region.

2. MATERIAL AND METHODS

The m ateria l was gathered in 1970 and 1971. It consisted of m ajor environ­
m ental factors (gradient, w idth) and of description of the fish fauna. Catches w ere 
m ade a t 25 stations, 4 of which of the G uber R iver w ere pooled together to form 
station  No. 22, on account of a high pollution of this river (Table I). In general 31 
catches w ere made using the electric aggregate of type PAP, generating the cons­
ta n t cu rren t of 220 V and 2-4 A. The fish w ere caught from a boat th a t flew  down­
stream . One person operated a special net which was at the same tim e the  anode 
and two o ther persons directed the boat. A fter each catch the fish w ere specified, 
counted, and their m ean w eight obtained. In order to describe the affectiveness of 
the electrofishing, the catches were repeated at some stations several tim es a day 
and at o ther stations they w ere carried out 3 tim es a year (spring, sum m er, autum n). 
For the com parative reason, several anglers fished w ith fishing rods for about 10 
days close to station 10 on the Sym sarna River, gathering data on the species com­
position and on the w eight of fish.
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Table I. Sam pling stations in the Łyna River system

R iver No. of 
station Place of station Date of 

catch

Łyna 1 K urki 19.X.1971

M arózka 2
3

Waplewo
Szwaderki

19.X.1971 
19.X.1971

Kośno 4 Kośno 10.VIII.1971

Pisa 5 Between affluents 
Dobrąg and W ałpusza

10.VIII.1971 
18.X. 1971

Dadaj 6 Behind Lake Dadaj 9.V III 1971

Sym sarna
7
8

9
10

Ustnik
Above w eir B lanki-Sym sar

Below w eir B lanki-Sym sar 
Kłębowo

19.V.1971 
19.V.1971 
18.V.1971 
9.V III 1971 
18.X.1971 
18.V.1971

Elma
11
12
13

Deksyty
Piaseczno
Koniewo

17.V.1971

Ryn 14 State Farm  Nisko 16.X.19 70

S ajna 15
16

Pleśno
G łow ity-K askajm y

16.X.1P70 
15.X.1970

Dajna

17

18
19
20 
21

Pilec

Niewodnica
Niewodnica
Smokowo
Biedaszki

7.V III.1970
14.X.1970 
7.VIII.1970
5.VIII.1970
15.X.1970
6.VIII.1970

G uber 22 Kotek, Pom nik, Sątoczno, Sępolno 6-7.VIII.1970

3. DESCRIPTION OF THE STUDY AREA

The Łyna R iver is the largest river in W arm ia and M azury. It is the left tr i­
bu tary  of the P ręgoła River, to which it flows in USSR. The Łyna R iver is 289 km 
long and its catchm ent area covers 7126 km 2. The river starts from  sources situated  
near the  village Łyna, north of Nidzica, at 175 m a.s.l. There are  m any lakes of 
d ifferen t lim nological type in the river drainage area. Ju st before the Lake Łańsk, 
situated  in  the upper course of the river, the first left-bank  affluent — M arózka — 
joins the Łyna R iver (Fig. 1). This affluent carries clean w aters especially below 
lakes M ielno and Maróz. The total gradient is ra th e r high (1.45%o) and the p a r­
ticu lar grad ien ts reach in places to 5%o (Fig. 2). F ast flow of w ate r m akes th is a f ­
fluen t sim ilar to a subm ontane stream . Below Olsztyn, at 52nd km  from  the  sources 
the W adąg R iver joins the Łyna River. The W adąg River gathers a num ber of 
sm aller tr ib u ta ries  which include the Pisa River, changing its nam e in  the upper 
course to Dadaj and Dymer as well as Kośno and Kiermas. Som ew hat fa r th e r  Ły­
na form s tw o dam  reservoirs and flows into the natu ra l Lake Mosąg. A large por­
tion of pollution enters the river in Olsztyn. This together w ith  pollution from  
lower situated  tow ns (Dobre Miasto, L idzbark W arm iński, Bartoszyce) bring about 
a regu lar low ering the purity  class of w ater. From  Wadąg to L idzbark  W arm iński 
only sm aller and periodically drying up stream s en ter the Łyna River. In the town 
L idzbark the Sym sarna R iver joins on the righ t the Łyna R iver; this tr ib u ta ry  in ­
troduces pu re  w aters due to flowing through lakes (Blanki, Symsar). A t a distance
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Fig. 1. Sam pling stations in the Łyna R iver system. 1-22 — stations

of about 10 km  down the riv er another R iver E lm a enters on the  left bank  and 
still fa rth e r, over 10 km from  the country  boundary, the biggest le ft-bank  af­
fluen t G uber flows in to  the  river. In the town K ętrzyn, G uber becomes highly pol­
luted, especially a t the period of sugar cam paign, w hen i t  becomes a typical sew ­
age. The fish can occur in  it o.lly for short periods due to pure w aters of such
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Fig. 2. The gradients of the Łyna R iver system  w ith sam pling sta tions (figures)

tribu ta ries as D ajna and Sajna, which are le ft-bank  affluents of the G uber River. 
D ajna gathers w aters from  a num ber of lakes situated in the vicinity of tow n M rą­
gowo, S a jna  — from  the Legińskie Lakes. Flowing through a varied  countryside 
they change their characters and a sm all am ount of pollution undergoes m inerali­
zation by self-purification.

The whole catchm ent area of the Łyna River is diversified as to the w ater 
conditions and therefore it creates su itable conditions for occurrence of various 
fish species. The fishing stations w ere also differentiated  ra th e r strongly. A part

Table II. Some characteristic features of fishing stations

Station Length
(km)

W idth
(m)

Depth
(m)

G rad­
ients
(%o)

N ature of the bottom

1 0.6 5 — 6 0.8 — 1.0 0.25 Sand
2 0.5 5 — 10 0.3 — 1.0 0.75 Sand
3 0.3 5 — 10 0.2 — 1.5 2 .00 Sand w ith gravel
4 0.1 6 — 12 0.4 — 1.0 0 .95 Sand w ith gravel
5 0.1 5 — 8 0.6 — 1.5 0.18 M uddy sand
6 0.5 6 — 8 0.5 — 1.0 0.25 M uddy sand
7 0.2 5 — 6 0.3 — 0.5 0.10 M uddy sand
8 0.2 10 — 15 1.0 — 2.0 0.08 Mud
9 0.9 3 — 6 0.3 — 1.5 0.20 M uddy sand

10 1.5 4 — 6 0.4 — 1.6 1 .31 Sand w ith gravel
11 0.8 2 — 4 0.2 — 0.5 2 .10 Sand w ith gravel
12 0.2 4 — 6 0.3 — 0.4 1 .12 Sand
13 0.6 4 — 10 0.2 — 1.0 2.50 Stones and gravel
14 0.3 3 — 5 0.3 — 0.8 0 .34 Sand
15 1.0 6 — 8 0.5 — 1.5 0.56 M uddy sand
16 1.5 5 — 10 0.4 — 1.5 0.79 Sanded gravel
17 0.6 5 — 10 0.3 — 1.2 1 .00 Stones and gravel
18 0.4 10 — 15 0.5 — 1.5 0.25 Mud
19 0.5 3 — 10 0.4 — 1.5 8 .12 Stones and gravel
20 0.5 4 — 5 0.5 — 0.7 2.97 Sand w ith gravel
21 1.3 4 — 7 0.3 — 1,0 8 .65 Sanded gravel
22 0.5 — 2.6 4 — 12 0.3 — 1.5 1 .22 Sand w ith gravel
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from  th e ir  lengths, ranging from  0.2 to 2.5 km  which depended on the  possibility 
of in troducing  and w ithdraw ing the boat w ith the aggregate from  the river, the ir 
w idths ranged  from  2 to 15 m  and depth — from  0.2 to 2.0 m. The riv er g radients 
change w ith  stations, in slowly running sections they am ounted to 0.08%o, in  the 
fastest section (Dajna, station  19) to 8.12%o (Table II). I t  should be m entioned th a t 
often, w ith in  a short section of the river, its character changes ab rup tly  because 
of num erous lakes situated  in its course or artific ial dam ming. The bottom  was 
m ost often covered w ith sand-gravel and sand-m ud sediments.

4. RESULTS

A to ta l of 5057 fish were caught w ith the highest incidence of roach 
(21.2°/o). Gudgeon, dace, w hite bream , chub, pike and perch were also 
caught in  large num bers (Table III). They all represented 8 fam ilies. 
Most num erous, both in num bers and in species, was the carp fam ily. 
A to tal of 26 species w ere caught, 60%> of which were cyprinids.

Table III. The species composition of fishes in Łyna system  river

Species No. of 
fishes

% of the 
total

F requency A verage
w eight

(g)n %
Salm o tru tta  m . fario  L. 3 0.1 1 4.5 593
Salm o tru tta  m . lacustris L. 1 0.0 1 4.5 1770
Esox lucius L. 354 6.9 19 86.8 268
Tinea tinea  Cuv. 47 0.9 8 36.4 266
Gobio gobio (L.) 640 12.6 20 90.9 13
Barbus barbus (L.) 2 0.0 1 4.5 480
Carassius carassius (L.) 7 0.1 4 18.2 154
Abram is bram a  (L.) 85 1.6 5 22.7 129
Blicca bjoerena  (L.) 481 9.5 10 45.5 31
Leuciscus leuciscus (L.) 660 13.1 18 81.8 100
Leuciscus cephalus (L.) 482 9.5 17 77.3 250
P hoxim us phoxim us  (L.) 1 0.0 1 4.5 2
V im ba vim ba  (L.) 7 0.1 1 4.5 131
Chondrostom a nasus (L.) 13 0.3 1 4.5 686
A spius aspius (L.) 2 0.0 1 4.5 70
A lburnus alburnus  (L.) 251 5.0 9 40.9 12
Alburnoides bipunctatus (Bloch) 83 1.6 9 40.9 7
R utilus ru tilus  (L.) 1081 21.2 18 81.8 47
Scardinius erythropthalm us  (L.) 18 0.4 4 18.2 71
N em achilus barbatulus (L.) 66 1.3 7 31.8 7
Cobitis taenia  (L.) 12 0.2 5 22.7 3
A nquilla  anquilla  (L.) 78 1.5 11 50.0 278
Lota Iota (L.) 282 6.1 13 59.0 106
Lucioperca lucioperca  (L.) 2 0.0 2 9.1 305
Perca fluv ia tilis  L. 375 7.5 17 77.3 32
A cerina cernua  (L.) 3 0.1 1 4.5 6
Cottus gobio L. 21 0.4 6 27.3 6

Of salm onid fam ily 4 individuals were encountered, representing two 
form s: rainbow  trou t (Salmo tru tta  morpha fario) and lake trou t (Salmo  
tru tta  m orpha lacustris). They w ere found to occur in the  upper course 
of the Łyna River (station No. 1) and in Marózka (station No. 3). The 
lake trou t, weighing 1770 g occurred in the section sim ilar in term s of 
environm ental conditions to the W da River near Loryńc ( S a k o w i c z
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1961 b), where were na tu ra l spawning places of this species. The rainbow 
trou t occurred in the  hab ita t typical for this species, i.e., the  m ost 
sim ilar to the stream  at the boundary of trou t and barbel regions.

Pike, Esox lucius, was commonly found. It was caught a t 19 stations 
(86.8°/o) (Table III), being next to gudgeon in this respect. Its num bers 
ranged from  2 to 74 individuals per sample (Table IV) and percentage 
incidence of all the fish caught ranged from  0.5°/o (station 18) to 38.7°/o 
(station 15). Most of them  w ere small individuals w ith  average weight 
of about 268 g (Table III).

Among cyprinids, the typical representatives of running  w aters 
(rheophilous) and stagnophilous fish were encountered. Of the rheophilous 
form s greater attention deserve: barbel (Barbus barbus), m innow  (Phoxi- 
m us phoxim us), silver bream  (Vim ba vimba), and nose (Chondrostoma  
nasus). Barbel was caught only in the Elma River (two individuals), 
m innow — only in one station of the Sajna River, silver bream  and 
rainbow  trou t — in the Marózka River; a ciprinid Chondrostoma nasus, 
which is not m entioned in the lite ra tu re  for the catchm ent area of the 
Łyna River — was caught in one station (No. 16) of the Sajna River. 
Besides these rare  species, the rheophilous species such as dace (Leuciscus 
leuciscus), and chub (Leuciscus cephalus) were very often encountered. 
Of these two species 1142 individuals were caught which form ed 22.7°/o 
of the total num ber of fish captured. The following species of a common 
occurrence were often encountered: gudgeon (Gobio gobio) a t 20 stations, 
bleak (Alburnus alburnus), sperlin (Alburnoides bipunctatus) at 9 stations, 
and roach (Rutilus ru tilus) at 18 stations. Of the typical representatives 
of the carp fam ily occurring in the slowly running w aters the following 
were caught: tench  (Tinea tinea), crucian carp (Carassius carassius), 
bream  (Abramis brama), white bream  (Blicca bjoercna), and rudd  (Scar- 
dinius erythrophtalm us). They occurred in the sections of slowly running 
w aters in  the proxim ity  of lakes. The fam ily of Cobitidae w as represen ted  
by stone loach (Nem achilus barbatulus) and spined loach (Cobitis taenia), 
the form er being found only in sections w ith higher grad ien t of the 
rivers: Dajna, Sajna, and Elma.

The common eel (Anguilla anguilla) was represented by 78 individuals. 
They occurred in different habitats, starting  from  stations w ith salm on 
to typical lowland sections of the rivers. The percentageous incidence in 
the samples ranged from  0.5 to 19.6 (stations No. 7 and 1), the  average 
w eight being 278 g.

The burbot (Lota lota) was encountered in 13 stations (282 indivi­
duals) of the average weight of 106 g. The highest num ber of burbot 
(128) w as captured in the Sym sarna River, in the section betw een lakes 
Blanki and Sym sar, w here they form ed 14.2°/o of the to ta l num ber of 
fish captured. D uring 3 catches (spring, summ er, autum n) the  sm allest 
num ber of fish of this species was caught in the first catch.
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Pericidae were represented by perch-pike (Lucioperca lucioperca), 
perch (Perea fluvia tilis) and ru ff (Acerina cemua). Perch-pike and ru ff 
were caught only in two stations; perch, on the other hand, was enco­
untered in 17 stations.

The only representative of the cottid fam ily in the Łyna River 
catchm ent area was bullhead (Cottus gobio). It was found to occur in 6 
stations of the rivers: Symsarna, Elma, Sajna, and Dajna, where a to tal 
of 21 individuals was caught.

In general, the fish captured can be divided into: 1. species th a t 
occur often (in more than 13 stations), to which belong: pike, gudgeon, 
w hite bream , chub, roach, and perch; 2. those occurring in  an average 
num ber of stations (7 — 13), to which belong: tench, white bream, bleak, 
sperlin, stone loach, common eel, burbot; and 3. rare  species (less than  
7 stations) to which belong the rem aining fish.

4. DISCUSSION AND CONCLUSIONS

The investigations aiming at defining the qualitative and quantita tive  
comparison of the fish fauna are m et w ith difficulties m ainly due to the 
lack of representative sample. Only by catching all the fish by draining 
up the w ater body, one can be certain that the relationships thus 
ascertained reflect the true situation in the w ater body. This, however, 
is m ost often not possible and th a t is w hy the authors of m any papers 
characterizing the fish fauna tried to define the degree to which their 
m aterials are representative for the real situation (B a c k i e 1 1964,
L a r s e n  1955, P e n c z a k  1969 b, c, P r a t t  1952, S z c z e r b o w ­
s k i  et al. 1968). Such representativeness depends on m any factors, 
m ainly on the type of reservoir, the way of fishing, and the species of 
fish caught. Most often the chance of depicting a real situation decreases 
w ith increasing surface of w ater and the depth of w ater body. Selective 
sampling depends on the size of fish. The application of the cu rren t- 
-generating aggregate for catching the fish in the w ater bodies w ith  the 
depth below 1 m increases the chance of catching a representative sam ­
ple; such catching depends also on param eters of the curren t applied 
and on the skillfulness of the team  which handle the apparatus. Taking 
into account the above mentioned reasons, a trial was also made to de­
fine to w hat a degree the use of aggregate PA P reflects the real situation. 
The rivers Ryn and D ajna were sampled. The depth of the  Ryn River 
ranged from  10 to 60 cm (30 cm on the average), the width — about 5 m. 
The D ajna River a t the sampling station had a m ean depth of 1.2 m, and 
w idth ranged  frpm  10 to  15 m. The effectiveness of catching the fish
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as related  to num bers of fish present in th is section was expressed by  the 
following form ula:

where Ci and C2 denote num ber of fish caught in the first and second 
catch, E equals 0.41, which means th a t the application of the aggregate 
even in a shallow  stream  does not ensure catching the m ajority  of fish.

In the D ajna River, the  results of catches w ere so variable (more fish 
were caught in  the  second catch than  in the firs t one) tha t it was diffi­
cult to obtain the proportion of captured fish.

The test catches which allowed to define the occurrence of various 
species were carried  out in the same section of the Ryn River during 
one day, as well as in the Sym sarna River from  damm ing w ith Lake 
Blanki to Lake Sym sar th ree tim es a year (spring, sum m er, autum n). 
The index of sim ilarity  of the effects of subsequent catches was calcula­
ted according to S t e i n h a u s ’ form ula (P e r  k a 1 1958):

2c
W =  — rr a-\-b

where: a — num ber of species in the first catch, b — num ber of species 
in the second catch, c — num ber of species th a t are common in the first 
and second catch.

The index calculated for the two subsequent catches in the Ryn 
River am ounted to 0.91. It should be added tha t there was one species 
(pike) more in the first catch than  in the second one. The index of 
sim ilarity for the  Sym sarna River betw een the first catch (spring) and 
the second catch (summer) was 0.85, but betw een the first catch and 
the th ird  catch (autum n) 0.76.

These values were high and the differences in the species composition 
among catches in the Sym sarna River could result due to the seasonal 
changes in the composition of fish fauna (m igration of fish) or due to 
very low num bers of such species as perch-pike and ruff, some indivi­
duals of which were caught not earlier than in the last catch.

The applied aggregate tu rned  out to be m uch less selective than  the 
fishing rods used sometimes for gathering the data on the fish fauna. 
When using the aggregate, 321 fish were caught of a total w eight of 
44.95 kg, representing 11 species (Fig. 3) in station 10, and when angling 
along the banks in the section of several kilom eters below the station 10, 
407 fish were caught of a total weight of 19.2 kg and they represented 
only 6 species.

In the catches done w ith  the aggregate the following species predo-
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Fig. 3. Comparison of electrofishing and angling effects on ten stations

m inated: dace, bleak, chub, whereas in the angling catches gudgeon, 
dace and sperlin were prevailing. Burbot, common eel, roach, perch and 
bullhead were not caught with fishing rods at all.

The obtained results perm it to conclude th a t the aggregate applied 
in the chosen rivers was accurate enough to gather the data describing 
the species relationships in the investigated habitats.

The to tal num bers of fish caught in various stations ranged from  23 
to 906 individuals and in 86% of cases it exceeded the lower lim it of 
60 individuals, reported  by B a c k i e 1 (1964). According to him, a sam ple 
above this lim it is sufficient to represent the fish fauna at a given station.

The sections that were fished were also longer than the lowest lim it 
for sections of small rivers and stream s reported by P e n c z a k  (1969 b).

Most of the authors describing the fish fauna of running w aters 
( S t a r m a c h  1956 and others) connect the occurrence of various species 
with the w ater gradient. Basing on this, S t a r m a c h  (1956) divided 
a river into four regions for which the unit gradients range as follows: 
the trou t region — 80 —1.5°/oo, the grayling region — 8 —1.0%o, the barbel 
region — 4 —0.25%o. the bream  reg io n — 1.5 —0.0%o.

It is ra th e r easy to distinguish this regions, but on account of a frequ ­
ent lack of the leading species in them, the other authors (H o c h m a n 
1957, M i ś i k  1959, Ż a d i n  1951) proposed another scheme of division 
into the following regions: 1. source, 2. montane, 3. sub-m ontane, 4. low­
land, 5. estuarial.

In the rivers of the Łyna catchm ent area, the gradients ranged from  
0.45 to 2.90%o and for some sections of 1 km long were even higher 
(Fig. 2). This perm its to distinguish in them  the regions of grayling,
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barbel, and bream , or sub-m ontane and lowland regions, how ever it 
should be m entioned that they  occur not in a chronological way. In m any 
cases, sections of the same river show high variability  and sometimes 
the region of bream  (lowland) is situated above the region of grayling 
or barbel (sub-montane). For example, a short section of the  Dajna 
River below the Dejnowo Lake, showing a gradient up to 0.25°/oo pre­
cedes the section of a stream  included to the  grayling region w ith  unit 
gradient som ewhat higher than  8°/oo.

This variab ility  was reflected in the species composition of the fish. 
In the region of grayling (stations 3, 10, 13) it is difficult to distinguish 
the leading species probably on account of small surface of the section. 
In the region of barbel, which is represented by 7 stations, the dace was 
m ost num erous in 5 cases and in the two rem aining — gudgeon and chub. 
In the region of bream  roach was predom inant in 5 stations, pike and 
w hite bream  in 2 stations and gudgeon, dace and chub in the 3 rem aining 
stations. In this region roach was the second in term s of num bers among 
the fish captured  in 5 stations (Table V).

Table V. N um ber of occupied places (1, 2, 3) by m ost frequen t fishes

Fish zone of

Species
G rayling 

1st. 3, 10, 13)
B arbel 

(st. 10, 11, 12, 
16, 17, 20, 21)

(st.
14,

B ream  
1, 2, 4—9, 
15, 18, 22)

1 2 3 1 2 3 1 2 2
Pike 2 2
Gudgeon 1 1 1 1 1
Bream 1
W hite bream 2 1
Dace 2 5 1 1 2
Chub 1 1 1 3 1 1
Bleak 1 1 1
Sperlin 1
Roach 2 1 5 5
Stone loach 1 1
Eel 3
B urbot 1 2
Perch 1 1 2 4

The occurrence or lack of various species is not a sufficient basis to 
define the regions whose distinguishing is understood as a fu ll chance 
of developm ent for the fish from  which they took their names. As a m atter 
of fact, th is refers to pure w aters since the fishery classification in the 
polluted w aters in useless. In the Łyna catchm ent area which is ra ther 
pure, such classification rendered difficulty in several stations of the 
G uber River. P ractically  there was no fish in a section of about 30 km 
below K ętrzyn, and the river in its full length had w ater unsuitable 
for any usage. The fish captured in it most often gathered around the
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in lets of pure w aters flowing into the G uber River or on its estuarial 
section, and their composition ranked this river to the  bream  region. 
The Elma River was also relatively  polluted but the typical represen ta­
tives of pure w aters were present in it (e.g. barbel). The rem aining 
rivers, Łyna above Olsztyn included, are less polluted and they  can be 
num bered  to w aters good for culturing the salmonids.

The species composition of the fish fauna was very differentiated  
betw een various stations in spite of a great sim ilarity of gradients. 
Using the following form ula for differentiation:

c
W  —-----------a + b - c

(where a, and b are num bers of species in two stations, and c is the 
num ber of species common for the two stations) it was found tha t the 
most close were stations 10 from  the Sym sarna River and 17 as well 
as 18 from  the Dajna River, where 75°/o of species of the total num ber 
of species caught w ere common. The m ajority  of stations were more 
d ifferen tiated  and the num ber of common species ranged from 26 to 50%. 
Most d ifferent from  the rem aining stations were stations No. 11 and 12 
of the  Elma River and No. 7 and 8 of the Sym sarna River, w here less 
than  an average num ber of fish species were caught (Fig. 4).

In general, there is no clear division of the fish fauna in the fish 
regions in spite of a ra th e r high differentiation both of habitats and the 
fish in the rivers of the Łyna catchm ent area. These regions can be 
distinguished only on the  basis of their general character, gradients 
m ainly, which are decisive for other factors (B a c k i e 1 1964). It seems 
m ore appropriate to distinguish the occurrence of dom inant species in 
the Łyna River, as had been done by B a c k  i e 1 (1964), P  e n c z a k 
(1969 b), and Ż a r n e c k i ,  K o ł d e r  (1956) for other environm ents. 
In the barbel region, as defined by gradients, dace was most num erous 
and in the bream  region roach as well as white bream  and pike were 
predom inant. In the whole catchm ent area of the Łyna River no con­
nection was found between commonly used classification of rivers and 
the leading species. This suggests some inadequacy of such classification, 
especially for the regions of lesser vertical differentiation and in dis­
tinguishing the regions of grayling, barbel and bream. A total num ber 
of captured  fish does not reflect thoroughly all the fish present in the 
catchm ent area of the Łyna River. N either typically lake species were 
found nor such as threespine-stickleback (Gasterosteus aculeatus L.), 
sheat-fish (Silurus glanis L.), and ide (Leuciscus idus), whose occurrence 
was m entioned by a num ber of anglers. Nevertheless the fish fauna is 
diversified and w ith these la tte r is sm aller by 3 species than tha t in the
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Fig. 4. S im ilarity  of stations on account of m et species

adjacent catchm ent area of the Drwęca River, where sunbleak (Leuciscus 
delineatus), ninespine-stickleback (Pongitius pongitius), thunder fish 
(M isgurnus fossilis) and bitterling  (Rhodeus sericeus amarus) w ere addi­
tionally  caught when using an aggregate. Num ber of species was also 
som ew hat sm aller than th a t in the catchm ent areas of the rivers: Bzura, 
Pilica, and W arta (P e n c z a k 1968 a, b, 1969 a), however, it  surpassed 
the num ber of species encountered in the subm ontane rivers or in  o ther 
upland rivers ( S a k o w i c z  1961 a). On the basis of the  collected 
m ateria l it should be stated  that the Łyna River is a lowland river and in 
the m ajority  of cases it can be classified together w ith  its affluents as 
the region of barbel and bream .

5. SUMMARY

C haracteristics of the fish fauna inhabiting  the running w aters of the catchm ent 
area of the Łyna R iver was the aim  of th is paper (Fig. 1). The m ateria ls w ere 
gathered  in  1970 and 1971 (Table I), taking into account the m ain  hydrological 
p roperties (Table II and Fig. 2), and the fish fauna captured by m eans of cu rren t-
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-generating  aggregate and the fishing rods. In the catches done w ith the aggregate 
at 22 stations, 5057 individuals w ere caught, among which most num erous were 
the following: roach (R utilus rutilus  L), dace (Leuciscus leuciscus L.), and gudgeon 
(Gobio gobio L.) (Table III). Considering the frequency of occurrence, gudgeon was 
the firs t followed by pike (Esox lucius L), dace and roach. N um ber of the fish cap tu ­
red in stations ranged from  23 (station 12) to 906 (station 9) (Table IV). The catches 
w ith the aggregate w ere much less selective than  those w ith fishing rods (Fig. 3). 
The stations w ere d ifferen tia ted  both in hydrological and ichthiological aspects. 
The m ajo rity  of stations had only 26-50% of species common for other localities 
(Fig. 4). In  spite of such differentiation  the commonly used division of rivers into 
the fish regions was not the case for the catchm ent area of the Łyna River since 
there w ere no leading species of fish in any of the regions. Thus, only dom inant 
species w ere distinguished for the stations investigated (Table V).

6. STRESZCZENIE

Celem przedstaw ionej pracy było scharakteryzow anie ichtiofauny zam ieszku­
jącej wody bieżące zlewiska rzeki Łyny (Fig. 1). M ateriały do pracy zbierano 
w la tach  1970 i 1971 (Tab. I), uwzględniając podstawowe właściwości hydrologiczne 
(Tab. II, Fig. 2) oraz ichtiofaunę pozyskaną przy użyciu agregatu prądotwórczego 
i wędek. W połowach prowadzonych agregatem  na 22 stanowiskach pozyskano 
5057 ryb, wśród których najw iększy udział m iała płotka (Rutilus rutilus  L), n a­
stępnie jelec (Leuciscus leuciscus L.) i kiełb (Gobio gobio L.) (Tab. III). Pod wzglę­
dem częstotliwości w ystępowania na pierwszym  m iejscu wymienić należy kiełbia, 
następnie szczupaka (Esox lucius L.), jelca i płoć. Ilość złowionych na poszczegól­
nych stanow iskach ryb w ahała się od 23 (stanowisko 12) do 906 (stanowisko 9) 
(Tab. IV). Połowy agregatem  były o wiele mniej selektywne niż połowy na wędkę 
(Fig. 3). Poszczególne stanow iska były zróżnicowane zarówno pod względem hydro­
logicznym jak  i składu ichtiofauny. Najwięcej z nich posiadało tylko 26-50% ga­
tunków  wspólnych z innym i stanow iskam i (Fig. 4). Pomimo takiego zróżnicowania 
powszechnie przyjęty podział rzek na krainy rybne w zlewisku Łyny nie znalazł 
w yraźnego odzwierciedlenia, bowiem w żadnej k rain ie nie w ystępowały ryby prze­
wodnie. Z tego względu na poszczególnych stanow iskach wyróżniono więc tylko 
gatunki dom inujące (Tab. V).
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DEVELOPMENT OF CARP

E xperim ental F arm  of L aboratory  of W ater Biology, Polish Academy of Sciences, 
Gołysz, P.O. Chybie, Cieszyn district, Poland

ABSTRACT

Toxic influence of sodium salt 2,4-D upon em bryo and larval developm ent of carp 
was studied. Delayed hatchings in both herbicide concentrations w ere observed; 
la rvae  from  50 mg/1 concentrations w ere of the sm allest body length. The toxic 
influence of the 50 mg/1 concentration was rem arkable in the larval stage. On the 
fifth  day since the hatching, m ass m orta lity  was observed among la rvae  in  the 
50 mg/1 aquarium . In dead larvae hydrocoele em bryonalis, deform ations of the  
spinal chord and a swollen yolk sac w ere observed. 40 carp larvae and Daphnia 
magna  survived the toxic im pact of the herbicide in the concentration of 50 mg/1.

1. INTRODUCTION

Among herbicides being commonly used now, there  are derivates of 2,4 dichlo-
rophenoxyacetic acid. Sodium sa lt in solid form  for p reparing w ater solutions and 
ester solutions in organic solvents are its most often used forms.

Investigations of derivates of 2,4-D w ere in itiated  in the United S tates in 
1941-1942 by P o k o r n y  (chemical composition), and Z i m m e r m a n ,  (influence 
on physiological processes) ( H e r b i c i d e  h a n d b o o k ,  1967). These com binations, 
called also synthetic auxines, are, according to m any authors, not very  toxic for 
w arm -blooded anim als because of their close chemical relationship to n a tu ra l p lan t 
m ateria l (K u r t h 1963, R e i m a n n  1969). Their dam aging influence m ay be 
revealed  as a secondary effect of the decay of p lants destroyed by them  (form a­
tion of H2S, oxygen deficit — R e i m a n n  1969). A lthough derivates of 2,4-D are, 
in general, not very toxic ( S c h l ü t e r  1963, O s t r o w s k i ,  R o l a  1964), hum ans 
are likely to be exposed in professional contacts or by consum ption of contam i­
nated  products in consequence of the increasing application of chemicals in ag ri­
cu ltu re (S t a n o s z 1971). M oreover, some of the discussed herbicides, e.g. esters, 
a re  m ore toxic ( S o l s k i  1968) and their im pact can be fu rth e r enhanced as 
a re su lt of synergetic action of some preparations (B a n d t 1957, K u r  t h 1963, 
D a k o t a  1970a, b, O k o ł o t o w i c z  1971). For those reasons it is im portan t, 
especially in experim ents, to designate accurately w hat form  of p rep a ra te  has 
been used ( A l a b a s t e r  1967). However, m ost of the  herbicides are trea ted  as 
p ractically  innoxious agents w hen used in prescribed am ounts and in not too 
shallow  w ate r reservoirs ( B a u e r  1961).

D erivates of 2,4-D are w idely used in agriculture for destroying dicotyledonous 
weeds in growings of w inter and spring corns, maize, fodder grasses^ as w ell as 
in forestry. One of the p repara tes produced by Polish industry  is “P ie lik”, the  
sodium  salt of 2,4-D. The period of spring application of “P ielik” m ay coincide 
w ith  the period of carp reproduction, w hen fishery  shallow  ponds are  ac tive 
(w arm ponds, spawning ponds, fry  =  nursery  ponds). In  some regions of P olandhttp://rcin.org.pl
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it is also a period of m ore intensive rainfalls of storm y origin. Therefore “P ielik” 
m ay be dangerous, the m ore so as increasing am ounts of pesticides are applied 
in P oland and the trea ted  area is extending ( K o ł a c z k o w s k i  1971). Up to 1960 
this a rea  was only about 10% of corn growings (excluding rye), w hereas during 
the following decade it has increased to m ore than  40%, and by 1970 it w as already 
65%. The highest am ounts of applied herbicides w ere recorded in the w estern  
regions of the country ( R o l a  1972).

In 1971 the L aboratory of W ater Biology of Polish Academy of Sciences in 
Cracow, and the D epartm ent of Bioenergetics and Bioproductivity of Nencki In s ti­
tu te  of E xperim ental Biology in W arsaw  sta rted  a project which has been carried 
out in E xperim ental Farm  of PAS, Gołysz, Cieszyn district. Its aim was to exam ine 
the dam aging influence of two solutions of the sodium salt 2,4-D on em bryo and 
la rva l developm ent of carps incubated in artificial conditions (the p resen t paper), 
and to m easure respiration  and calorific value ( K a m i  e r  1972). The discussed 
investigations w ere carried out in cooperation, though they are reported in separate 
publications.

Among Polish authors it was only S o l s k i  (1968) who perform ed sim ilar 
investigations, on carp eggs obtained from  n atu ra l spawning-grounds, w ith jelly 
on them  and exposed to various concentrations of atrazine. Among foreign authors, 
V e s e l o v  et al. (1965), V l a d i m i r o v ,  S a b o d a ś  (1968) and P o d o b a  (1968 a, b) 
investigated  the youngest stages of carp. O thers used fry or tw o-year old carps 
for th e ir  tests ( S u s h c h e n y a  1956, K u r t h  1963, B a n d t  1957, D a k o t a  1966, 
1970 a, b, T r z e b i a t o w s k i  1968 and others). Most of biotests w ere perform ed 
on m ore vu lnerable fishes than Cyprinidae, e.g. on species of the fam ilies of Sal- 
m onidae, Percidae, Esocidae ( K u r t h  1963, A l a b a s t e r ,  A b r a m  1965, A l a ­
b a s t e r  1967, D a k o t a  1970 a, b, O k o ł o t o w i c z  1971, D y s a k ,  M a r c i ­
n e k  1972 and others).

Toxicity of derivates of 2,4-D was also investigated to determ ine the adm issi­
ble concentrations in surface w aters not used for m unicipal purposes ( O k o ł o ­
t o w i c z  1971), to discover the biochemical processes occurring in w ate r ( P i ą t ­
k o w s k a  1971), to assess its influence on w arm -blooded animals (S t a n o s z 1971), 
and from  other points of view ( S t a n i s ł a w s k a  1971, B a l t b a r z d i s  et al. 
1968, S o l s k i  1968).

2. MATERIAL AND METHOD

A ready  for use preparation  was used, containing 85% of the sodium  salt of 
the 2-chlorophenoxyacetic acid (2,4-D) m anufactured by Nadodrzańskie Zakłady 
P rzem ysłu Organicznego Rokita a t Brzeg Dolny, trade-m arked  ’’P ie lik”. The test 
solutions contained 5 and 50 mg/l of active substance. Solutions w ere  m ade in 
w ate r from  the inlet flowing near the incubation pond (total hardness 4.0 G er­
m an degrees); they w ere adm inistered continuously, according w ith the am ount 
of w ate r flowing through the incubation vessels (3 1/min through each of them). 
The test solutions w ere dosed from 10 1 scaled bottles placed over the vessels. The 
bottles w ere connected w ith them  by glass tubes passed through the bo ttles’ corks, 
w ith gum  hoses on them, attached at the opposite sides to m etal tubes placed in 
the m iddle p art of net circles in the lower p a rt of each appliance. F resh  solutions 
w ere p repared  every 10 hr.

Spaw n for tests was taken from  5 year old carp spawners grown in  the farm  
Ochaby from  fry  originating from  the voivodship of Białystok (Knyszyn farm). 
The fem ales weighed 5.0-5.5 kg; the m ales w ere smaller. The fem ales had well 
developed gonads and the ir efficiency was 600 g of eggs. The eggs w ere fertilized 
w ith  sperm  of th ree males. They w ere freed from  jelly (the tem peratu re  of w ater 
and of other liquids was from 20.9 to 21.5°C, M a t l a k  1970), carefully  m ixed 
together and then distributed  again into th ree  portions, 300 g each, and  placed 
in to  the th ree  incubators. The eggs w ere incubated in heated w ater, in  Weiss incu­
bating  vessels, 7 1 of capacity. Every 2 h r w ater tem perature was gauged in  the 
incubators, in the supplying reservoir and in the aquaria. W ater for incubation 
and for aquaria  tests was draw n from  the inlet m entioned above; it w as m agazined 
in a basin outside of the incubation place. Before being supplied in to  the incu­
bators, w ate r was passed through a filtering cham ber with gravel and activated 
coal. Only w hen roiled up storm y w ater flew  in, tap  w ater from the Goczałkowice 
reservoir was used.

To sterilize w ater and to avoid m ildew  developm ent on unfertilized or damaged
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eggs, it w as rad ia ted  w ith a bacteriocide lam p (type L-18) and the eggs w ere 
bathed tw ice in  m ethyl blue for 10 m in (M a 1 1 a k 1970).

Em bryo developm ent of eggs from both solutions of 2,4-D and from the control 
were observed under a microscope in vivo in a w ater drop, draw n w ith eggs. The 
consecutive stages of em bryo developm ent w ere photographed (Photos 3 M ,V-X  
and 4 by the  au thor, the others by M. Janik).

Investigations w ere continued in aquaria  (90X50X55 cm) filled w ith 35 cm of 
w ater column. L arvae developm ent in aquaria occurred in continuously aerated  
w ater, a t 21.0-22.4°C, at 7.04-7.68 mg/1 of oxygen contents. In each aquarium  there  
w ere 10,000 carp larvae transported  from the vessels afte r incubation. T hree days 
afte r the transpo rta tion  p lankton was added as food for the larvae. The plankton 
was draw n from  experim ental ponds a t Golysz or from  laboratory  cultures 
(Daphnia m agna  of various size and other species).

The herbicide was dosed to the aquaria daily by exchanging 80 1 of w ater and 
introducing fresh  test solutions. A fter incubation, samples of larvae w ere draw n 
from  each vessel (60 individuals from  each) to m easure their lengths. M easu­
rem ents w ere taken  on m ateria l conserved in 2% form aline solution.

3. RESULTS

EM BRYO D EVELO PM ENT

The investigations covered the embryo (74 — 88 hr) and larval (144 hr) 
stages of developm ent of carp, about 10 days in total. Eggs were fecun­
dated on May 28, at 3 p.m. and cleaned of jelly  by 5 p.m.; w hereupon 
they w ere placed in Weiss vessels. At this m oment the eggs were at the 
stage of 4 blastom ers. From  this point until hatching they have been 
developing in a continuously intoxicated environm ent (vessel No. 1 — 
control, No. 2 — 5 mg/1 solution of the herbicide, No. 3 — 50 mg/1). In 
Figures 1 and 2 are presented the results of continuous w ater tem pera­
tu re  m easurem ents in Weiss vessels and in aquaria. During the experi­
m ents there  w ere damages caused by a change of the source of w ater 
feeding the incubators. Table I and Figure 3 present the stages of em bryo 
developm ent, m ean daily w ater tem peratures and the num ber of degree- 
-days (D°).

Embryo developm ent of eggs in both herbicide solutions and in the 
control was in general sim ilar. Only in the stage of gastrula a difference

Fig. 1. W ater tem peratu re  during incubation of eggs in Weiss incubating vessels
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Fig. 2. W ater tem perature during developm ent of larvae in aquaria

Table I. Em bryo developm ent of carp. Fecundation on May 28, 1971, 3 p.m.

Date
Medium

daily
temp.

(°C)

Time 
since 

fecunda­
tion 

h r min

Degree-
days Stage of developm ent

May 28 22.2

1 : 30

1 : 40
2: 15
2 : 50 
3: 15 
4 : 30 
6 : 00 
7 : 30

10 : 00

12:40 
13 : 05

Form ation of the space around the yolk 
and surface currents of plasm a (Fig. 3 A) 

The 2 blastom ers stage (Fig. 3 B)
The 4 blastom ers stage (Fig. 3 C)
The 32 blastom ers stage (Fig. 3 D) 
F u rthe r stages of egg division 
M ulticell m orula (Fig. 3 E)
Microcell m orula (Fig. 3 F)
The stage before gastru lation  
The stage of early  gastru la  (Fig. 3 G — 

control, 3 H — 5 mg/1, 3 I — 50 mg/1) 
G astrula w ith a large yolk plug (Fig. 3 J) 
G astrula w ith a sm all yolk plug (Fig. 3 K)

May 29 21.6

15 : 00 
17 : 00

20: 45

23 : 30

27:30 
33 : 00

N eurula form ed up (Fig. 3 L)
Embryo form ation stage; eyes begin to 

em erge (Fig. 3 M)
Somite form ation, elongated eye stage 

(Fig. 3 N)
Consecutive stages of em bryo form ation 

(Fig. 3 O)
First motions of em bryo (Fig. 3 P)
Tail deform ation (Fig. 3 Q — control, 3 R  — 

5 mg/1, 3 S — 50 mg/1)

May 30 20.1

34 : 15 

49 : 00

The stage of increasing m obility of the 
em bryo (Fig. 3 T — 5 mg/1, 3 U — 50 mg/i) 

Embryo able to pull the egg by energetic 
motions (Fig. 3 V)

May 31 20.4

65 : 20
66 :35

73 : 50 
80:50

84.38
84.89

The first few larvae recorded 
Strong pigm entation of eyes in embryos 

(Fig. 3 W)
Full hatching in the control (Fig. 3 X) 
Full hatching in 5 mg/1

Ju n e  1 87 :50 106.95 Full hatching in  50 mg/1

[ 440]
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Fig. 3. Em bryo developm ent of carp (Compare Table I)
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Fig. 4. Body deform ations of carp larvae growing in sodium salt 2,4-D (50 mg/1)

http://rcin.org.pl



Sodium salt re la ted  to developm ent of carp 441

was noticed, consisting in a slightly higher advancem ent of eggs from  
both herbicide solutions in comparison w ith the control (Fig. 3 GHI).

A fter 33 h r since fecundation a deform ation of the tail p art was 
noticed in some embryos in all incubators. The end part of the tail was 
narrow ed and the skin fold was lacking (Fig. 3 QR). Since the defor­
m ation was noticed in all the three incubators, it cannot be ascribed to 
the herbicide’s influence.

D uring the embryo developm ent there were also differences in  the 
losses betw een the Weiss vessels w ith different solutions and at the 
several stages of embryo developm ent (Table II). The losses during the

Table II. Em bryo developm ent of carp in various concentrations of sodium  salt
2,4-D and in the control

Specification Control
(%)

5 mg/1 
(%)

50 mg/1 
(%)

U nfecundated eggs 8.3 12.9 7.9
Fecundated  eggs 91.7 87.1 92.1
Eggs dead un til May 30 (fecundated) 24.1 34.7 24.4
Eggs dead un til the hatching 36.7 14.8 45.3
Dead eggs, total (excluding unfecundated ones) 60.8 49.5 69.7
Alive hatched larvae 30.9 37.6 22.4
N orm al larvae among those hatched alive 21.4 17.4 18.4
Deform ed larvae 9.5 20.2 4.0
Total losses of eggs and la rvae (including unfecun­
dated and deform ed ones) 78.6 82.6 81.6

whole observed period w ere alm ost identical in both vessels w ith 
herbicide solutions, while they were by only 3-4%  lower in the control.

Hatching was observed earliest in the  control vessel, 7 h r la te r in the 
vessel w ith 50 mg/1 of 2,4-D, and 14 h r la ter in the vessel w ith the lower 
herbicide concentration (Table I).

Deform ed larvae w ere noticed during their transport a fter hatching 
from  the incubators to the aquaria. As it can be seen in Table II, there 
w ere m ost of them  in vessel No. 2 (5 mg/1), in which disturbances, 
m entioned above, occurred shortly  after the eggs had been placed in it. 
This kind of deform ations w ere ascribed by L i e d e r  (1955 a) to oxygen 
deficits during incubation. Analogous deform ations were also observed 
by the au thor as a resu lt of a prolonged chilling of w ater during em bryo 
developm ent of carps (M a 1 1 a k 1969 b), and thus they  should not be 
associated w ith the effects of the herbicide.

LA R V A L  DEVELO PM EN T

A fter hatching, the larvae were transported  to aquaria num bered 1, 
2, 3 (control, 5, 50 mg/1, respectively). Most of them  w ere vertically  
attached to the walls of the aquaria; others dwelled in w ater a t various
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depths or on the bottom. The most num erous clusters of larvae w ere 
placed near the back walls and their corners.

Sym ptom s of the noxious influence of the higher herbicide con­
centration could be observed in aquarium  No. 3 at the m om ent of 
transport of the larvae. It was expressed in their behaviour which 
could be called, a fter S c h ä p e r c l a u s  (1954) and B a u e r  (1961), 
as the stage of an initial anxiety. Sim ilar symptoms w ere observed in  
this aquarium  during two consecutive days, while in the other two 
aquaria the larvae behaved norm ally.

On the  second day after hatching a few dozens of dead larvae w ere 
found in  all the three aquaria. These were the deform ed individuals, 
or damaged by m anipulations at transport.

More conspicuous symptom s of the toxic effect of the  sodium salt 
of 2,4-D in the concentration of 50 mg/1 could be observed after 70 h r 
since the hatching; the larvae w ere m ore vulnerable and th e ir  balance 
was distorted. On the next day, June  5 on 7 a.m. m ost larvae in 
aquarium  No. 3 dwelled over or on the bottom in la te ra l positions, 
m any of them  w ith symptom s of paralysis. Some larvae tried  to jum p up 
and swim, but they w ere falling to the  bottom again, only to continue 
the same m ovem ent after a m om ent of ’’res t” . In the two other aquaria 
the larvae behaved norm ally.

On the sixth day of observation, at 8 a.m., only 40 larvae were 
healthy in aquarium  3. The others, dead or ill, dwelled on the bottom. 
In the sample containing 60 larvae draw n at that time, various defor­
m ations w ere observed in 51 individuals; the most frequent was hydro- 
coele embryonalis, ventral or spinal deform ations of the spinal chord or 
of the end p a rt of tail only; in m any individuals an enlarged and round 
yolk sac evidenced difficulties in resofbtion. In most cases all defor­
m ations w ere observed in the  sam e individuals (Fig. 4).

In Daphnia magna no toxic influence was found in aquaria, though 
a technical preparation was applied, m ore toxic than the chem ically 
pure substances. Daphniae dwelled on various levels in aquaria  w ater; 
they were most num erous near the surface. Many Daphniae had sporing 
eggs.

On June 6, from  11 a.m. to 4 p.m., there was a break  in  electric 
curren t supply, caused by a netw ork damage. The aquaria failed to be 
aerated during five hours and larvae died in great num bers (aquaria 1 
and 2). A t 11 a.m. the experim ent was ended.

In samples draw n from  aquaria 1 and 2 (40 pieces each), hydrocoele 
em bryonalis was observed in a few individuals, most of them  weak or 
deform ed ones. In the sample from  aquarium  3 th is d isorder was 
observed in all larvae. A few dozens of larvae from  aquarium  No. 3 
survived the toxic influence of 50 mg/1 concentration of 2,4-D, which
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was an evidence of their great v ita lity  and individual resistance. Be­
ginning from  the 7th day after the hatching they were growing quickly 
(Fig. 5) and the ir alim entary  canals were well filled up.

Fig. 5. G row th of carp larvae in aquaria

The m easurem ents showed that the body lengths were sm allest in 
individuals developed a t 50 mg/1 of herbicide concentration. The dif­
ferences were found in larvae im m ediately after the hatching and they 
rem ained conspicuous un til the end of the experim ent (Table III). On 
Ju n e  5 and 6, the m edium  body length in the control was 6.3 mm 
and at 50 mg/1 it was 5.8 mm. The differences were statistically highly

Table III. R esults of m easurem ents of body length (I.e.) of carp larvae after
hatching

Date
Longitudo corporis (mm)

Control 5 mg/1 50 mg/1

May 31 
June 1

4.7
4.8

4.3

June 3 5.7 5.7 5.3
June  4 6.1 5.9 5.7
June 5 6.3 6.2 5.8
June 6 6.3 6.3 5.8

http://rcin.org.pl



444 O. M atlak

significant in both cases (p<0.001). From  the th ird  to the sixth day 
after the hatching, the grow th curve of larvae was broken down in re ­
lation w ith the shift from  embryo to branchial respiration (Fig. 5). It is 
possible tha t this shift involves an im pairem ent of respiration and 
a g reater vulnerability  to oxygen conditions, which can have a negative 
effect upon the grow th of larvae. (Those rem arks are consistent w ith 
the findings by P l i s z k a  1953).

4. DISCUSSION

No works were spotted discussing the influence of 2,4-D solutions 
upon carp em bryo development. It is implied by S o 1 s k i’s (1968) ex­
perim ents tha t carps during em bryo developm ent were vulnerable to 
various concentrations of atrazine (H-53). However, S o l s k i  failed to 
define precisely the stage of carp eggs draw n from  spaw ning places 
and at the m oment of their first exposure to atrazine. It can be seen 
from  data by B o g u c k i  (1928), P l i s z k a  (1953) and M a t l a k  
(1969 a) that the process of w ater absorption to the space around the yolk 
is the most intensive during the first 15 to 90 min after fecundation. 
Exposure of embryos to herbicides im m ediately after the fecundation 
of eggs can provide an answer, if embryos are indeed the m ost resis­
tan t in comparison w ith the other ontogenetic stages, as S o l s k i  (1968) 
suggested.

It can be expected tha t the influence of the herbicide w ould have 
been even m ore clear, if it had been applied at the m om ent of fecunda­
tion, and during separation of eggs from  the jelly, ra th e r th an  a fte r 2 h r 
delay; this point ought to be considered in subsequent experim ents.

Opinions about deprivation of jelly  are not consistent. D z i e k  o ń- 
s k a (1956) suggested that the separation from jelly  stim ulates em bryo 
development, but handicaps the process of hatching. P l i s z k a  (1953) 
stated that the lack of jelly im proved the conditions of resp ira to ry  and 
gas m etabolism  of an embryo and thereby facilitated the hatching. In our 
opinion, the technique of separation of eggs from jelly  m ust be im proved 
in order to elim inate the influence of mechanical factors.

Cases of unsynchronic developm ent of carp eggs were observed. They 
were also found by K o k u r e w i c z  (1970) in tench and, less frequently , 
in roach, hatched in identical tem peratu re  and sim ultaneously.

The fact that after 33 h r from  the fecundation and after the  hatching, 
deform ed embryos and larvae w ere found in all the vessels, excludes 
the influence of both concentrations of 2,4-D and suggests th a t the de­
form ations have been caused by the disturbances, m entioned above, 
involved by the shift of the source of w ater supply, when m uddy, storm y
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w ater flowed into the feeding pipeline. L i e d e r  (1955 a, b), D o m  u- 
r a t  (1956), D z i e k o ń s k a  (1956), G o t t w a l d  (1960), K o k u r e -  
w i c z  (1969, 1970) and M a t l a k  (1969 b) explain the cases of ano­
malies, re tarded  developm ent and death of embryos by oxygen deficits 
and oscillations of tem perature. According w ith T r i f o n o v a  (1949), 
there are th ree critical periods in embryo development, during which 
even slight deviations from  norm al conditions (a slight change in the pH 
value, a m inor increase of tem perature, a decrease in oxygen contents, 
an increase in C 0 2 concentration) are lethal for embryos. Sometimes 
early  em bryo damages can have genetic background ( S c h ä p e r c l a u s  
1954).

Hydrocoele em bryonalis, recorded on mass scale in aquarium  3 
(50 mg/1) and sporadically in the other two, is considered to be an illness 
to which individuals weakend by exposure to negative conditions are 
vulnerable. In our study, such a negative factor tu rned  out to be the 
influence of the higher of the two applied herbicide concentrations. 
Early w riters, like F i e b i g e r (1903) and D i e t e r i c h  (1938) con­
sidered hydrocoele em bryonalis to be a symptom  of a general disease 
cf young fish. According w ith S c h e r e s c h e w s k y  (1935), it is 
a sym ptom  of pathological processes related to the state of hypertrophy 
of the thyroid gland and to ’’the stil ignored errors in artificial hatching 
m ethods” . G o t t w a l d  (1960) observed that if the level of w ater oxida­
tion during the developm ent of eggs is continuously low, embryo m orta­
lity  ra te  increases and their growth is disturbed; hydrocoelis appears in 
mass scale. S o l s k i  (1968), too, found this disorder in carp larvae as 
a resu lt of exposure to different concentrations of atrazine. Many symp­
toms recorded by the present author are consistent to the diagnosis of 
this disease given by W o l f  ( G r e e n b e r g  1969).

It tu rned  out in our investigations tha t carps in embryo and larval 
developm ent w ere more sensitive test organisms than Daphnia magna. 
Thus our observations confirm  the results of A l a b a s t e r  (1967), S o l ­
s k i  (1968), T r z e b i a t o w s k i  (1969) and D a k o t a  (1970 a, b) who 
reported  toxic doses for those invertebrates as two to five tim es greater 
than for carp larvae and fry. It can be said that Daphnia magna can be 
used for prolonged tests, bu t it is not a very  sensitive organism, a t least 
w ith respect to the herbicide applied in our experim ent.

It also tu rned  out that test organisms belonging to the same fam ily 
revealed various degrees of vulnerability  to the influence of the same 
preparation. For example, there were a few dozens of carp larvae which 
survived the toxic influence of the higher concentration of the herbicide 
owing to their individual v ita lity  and resistance, and after the toxic 
agent was w ithdraw n, they were m arked by very quick grow th (Fig. 5, 
the upper part of the 50 mg/1 curve).
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5. SUMMARY

Toxicity of two concentrations of sodium salt of the phenoxyacetic acid 2,4-D 
was studied. A m anufactured  product w ith the trad e  m ark  ’’P ie lik”, produced by 
Nadodrzańskie Zakłady Przem ysłu Organicznego Rokita a t Brzeg Dolny was used.

The study was carried out on de-jellied carp eggs incubated in Weiss vessels 
and on carp larvae in aquaria. 900 g of carp spaw n and 30,000 carp larvae w ere 
used in the experim ents. The experim ent was m ade a single time, its p a tte rn  
included a control, 5 and 50 mg/1 concentrations AS. The test solutions w ere 
adm inistered beginning from  2 h r afte r fecundation, a t the stage of 4 blastom ers, 
and it was continued during 10 days. I t is suggested th a t in subsequent experi­
m ents, herbicides should be adm inistered beginning from  the m om ent of fecun­
dation and during the w ithdraw al of jelly, i.e. at the stage of the “sw elling” of 
eggs, ra the r than  afte r they are swelled up, as in the present study.

Only once during the whole em bryo stage, at the stage of gastrula, eggs from 
both toxic solutions w ere m ore advanced in developm ent than  in the control.

Hatching w ere retarded , in com parison w ith the control, by 7 h r in the vessel 
w ith 50 mg/1 concentration and by 14 h r in  the vessel w ith 5 mg/1 herbicide con­
centration.

Body length of larvae afte r the hatching and during 6 days of the experim ent 
was the least in aquarium  w ith  50 mg/1 concentration.

Losses during the whole em bryo period w ere alm ost identical in both vessels 
w ith herbicide solutions, and only by 3 to 4% lower in  the control.

Anomalies discovered in  some em bryos afte r 33 h r since the fecundation 
should not be associated w ith  the herbicide’s influence, as they appeared in all the 
vessels. They w ere caused by d isturbances rela ted  to the shift of the source of 
w ater supply (circulation of w ater in the vessels was disturbed and eggs rem ained 
in the ir low er parts).

Toxicity of the herbicide during larval developm ent was revealed only in  the 
h igher concentration. A fter the larvae had been placed in  the aquaria, symptoms 
of anxiety  and increasing vu lnerab ility  w ere observed during the firs t th ree 
days, disturbances of balance on the fourth  day, sym ptom s of paralysis by the end 
of the fourth  and on the fifth  day and m orta lity  early  on the fifth  day.

In  paralysed and dead larvae, hydrocoele em bryonalis, deform ations of the
spinal chord, m ostly lordotic or only of the  end p art of the tail, and a big rounded 
yolk sac w itnessing disturbances in  yolk resorbtion w ere observed. Beside the 
large swollen sac, in m any la rvae there w ere round bladders in the fron t part 
of the body, below  the head, and the following anom alies: a shortening of the
head, eye globes shifted tow ards the front, a characteristic roundness of the
m outh profile and closed m outh. In individuals w ith hydrocoele, the alim entary  
canal was rare ly  on its proper place, bu t in its m edium  p art it was w ithdraw n 
from  the organs which it norm ally touches. In  m any cases it was even torn.

40 carp larvae and Daphnia magna  of various sizes, added to the aquaria  as 
food for larvae, survived the toxic influence of sodium salt 50 mg/1 2,4-D.

6. STRESZCZENIE

Badano toksyczność dwóch stężeń pochodnych kw asu fenoksyoctowego soli 
sodowej 2,4-D, p repara tu  fabrycznego o nazw ie ’’P ielik”, produkowanego przez 
N adodrzańskie Zakłady Przem ysłu Organicznego R okita w  Brzegu Dolnym.
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Badania prowadzono na pozbawionych śluzu ja jach  karp i w ylęganych w ’ apa­
ratach Weissa i na larw ach karpi, w akw ariach. Do doświadczeń użyto 900 g ikry 
karp i i 30.000 larw  karpi. Badania w ykonano w  jednym  pow tórzeniu: kontrola, 
stężenie 5 m g/l AS i 50 mg/l. Dozowanie roztw orów  testow ych rozpoczęto po 
2 godz. od zapłodnienia, od stadium  4 blastom erów  i kontynuow ano przez ok. 10 dób. 
W przyszłych badaniach dozowanie herbicydów należy rozpocząć w  momencie 
zapłodniania jaj i podczas pozbaw iania ja j śluzu, a więc w  stadium  „pęcznienia” 
ja j a nie po ich napęcznieniu, jak  to miało miejsce w  przedstaw ionych badaniach.

W stadium  gastru li tylko jeden raz w  ciągu całego rozw oju zarodkowego 
stw ierdzono wyższy stan zaaw ansow ania rozw oju ja j pochodzących z obu stężeń, 
w porów naniu z kontrolą.

W porów naniu z kontro lą zanotowano opóźnienie wylęgów o 7 godz. w  ap a­
racie z koncentracją 50 m g/l i o 14 godz. w  aparacie z koncentracją 5 mg/l soli 
sodowej 2,4-D.

Długość ciała — longitudo corporis — larw  po wylęgu i w  ciągu 6 dni do­
św iadczenia była najm niejsza w  akw arium  ze stężeniem  50 mg/l.

S tra ty  przez cały okres zarodkowy były praw ie identyczne w  aparatach  z obu 
stężeniam i herbicydu, a tylko o 3-4% niższe w  aparacie kontrolnym .

Stw ierdzonych po 33 godz. od zapłodnienia i po wylęgu anom alii u niektórych 
zarodków i la rw  nie należy łączyć z działaniem  herbicydu, z uw agi na to, że 
w ystąpiły  we wszystkich aparatach. Spowodowały je zakłócenia związane z za­
m ianą źródła wody zasilającej (zakłócenia w  cyrkulacji wody w  aparatach , zale­
ganie jaj w dolnej części aparatu).

Toksyczność stosowanego herbicydu w  stadium  rozwoju larw alnego ujaw niła 
się tylko w  w ypadku wyższego ze stosowanych stężeń. Po przeniesieniu larw  do 
akw arium  zanotowano objawy zaniepokojenia i zwiększającej się wrażliwości 
w  ciągu pierwszych trzech dni, zachw iania równowagi w  czwartym , objaw am i pa­
raliżu  pod koniec czwartego i w piątym , śm iertelnością z początkiem  piątego dnia 
po wylęgu.

U larw  porażonych i m artw ych zanotowano masowo puchlinę w odną woreczka 
żółtkowego (Hydrocoele embryonalis), deform acje kręgosłupa, przew ażnie lordo- 
tyczne lub tylko końcowego odcinka części ogonowej, i duży ku listy  woreczek 
żółtkowy świadczący o zaburzeniach w  resorbcji żółtka. Prócz dużych rozm iarów  
puchlinowego w orka, u w ielu larw  stw ierdzono w przedniej części ciała (poniżej 
głowy) kuliste, gazowe pęcherze oraz następujące anom alie: skrócenie głowy, 
względne przesunięcie do przodu gałek ocznych, charakterystyczne zaokrąglenie 
profilu  pyska i zamknięcie pyska. U osobników z puchliną, przewód pokarm owy 
rzadko znajdow ał się na zwykłym  miejscu, lecz w  swym środkowym  odcinku był 
przeważnie odsunięty od organów, z którym i norm alnie się styka. W w ielu w ypad­
kach był on naw et porozrywany.

Toksyczne działanie 50 mg/l soli sodowej 2,4-D przeżyło 40 la rw  k arp i i różnej 
wielkości Daphnia magna, dodane do akw arium  jako pokarm  dla larw .
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ABSTRACT

The influence of the form ulated  p roduct "P ielik” on the em bryo and early  la rv a l 
developm ent of carp  was investigated. The active ingredient of “P ielik” is 2,4-D-Na, 
the concentrations of 5 and 50 mg A.I./l w ere tested  and com pared w ith  a control 
(0 mg/1). The m ass m orta lity  of la rvae in 50 mg/1 w as observed in the  200th 
hour a fte r eggs fertilization. No changes in  respiration , weight, and calorific 
values, w ere observed in the em bryos developing in the test solutions as com pared 
to the control. On the o ther hand, respiration , w eight, and  calorific values of 
la rvae w hich w ere trea ted  w ith herbicide w ere for the most p a rt low er than  in 
the control. The results obtained seem ed to indicate the significance of glycolysis 
in the em bryo developm ent of both control and treated  anim als; they also showed 
th a t the aerobic processes in la rvae seem ed to be handicapped by the herbicide.

1. INTRODUCTION

The aim  of the presen t w ork was to find out in w hat w ay the  herbicide 
"P ielik” affects the energy expend itu re  in carp in the course of its em bryo and 
early  la rv a l developm ent, i.e. in the yolk utilization period. “P ielik” is a fo rm ulated  
product, its  active ingredient contains 85% of 2,4-D-Na (sodium salt of 2,4 dichloro- 
phenoxyacetic acid) and up to 3% of chlorophenols and some o ther adm ixtures. 
This product was selected for use in this research, as it was considered th a t from  
the practical po in t of view  the firs t p riority  is to m easure direct effect of p ro ­
ducts as applied in the field. “P ie lik” is a herbicide m ost commonly used in Polish 
agricu lture. I t is classified w ithin the th ird  class toxicity range am ong noxious 
com pounds, ref. Monitor Polski No. 28, 156 (1965). Its concentrations used in  the 
p resen t w ork corresponded to those applied in farm ing operations in order to 
destroy the undesired vegetation grow ing in carp ponds. The tim e of the app li­
cation of “P ie lik” in the field coincides w ith the carp reproductive period. I t is 
a well know n fact th a t in Poland, fish obtained from  carp ponds constitu tes the 
m ain p a r t of the  freshw ater fish yield. S im ultaneously, heavy rainfalls very  
frequen t in the spring season, in our climate, may cause the danger of herbicide 
penetra tion  into the w aters. Som etim es its concentrations may be very  high and 
then  they m ight cause fish m orta lity . However, besides the exam ination  of the 
effect of le thal concentration, it seem s none 'the less to be a m atte r of g rea t im ­
portance to carry  on investigations on the influence of low er concentrations of 
th a t herbicide upon the course of physiological processes. I t is generally  know n 
th a t the  conditions under which the early  period of postem bryonic developm ent 
of fish occurs, are crucial for them  (e.g. O 1 i f a n 1949). For th a t reason, it seem ed 
to be w ell-adviced to undertake the presen t studies.
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2. MATERIAL AND METHODS

Research was carried out in 1971, at the Experim ental F arm  of the Polish 
Academy of Sciences, Gołysz, Cieszyn D istrict, a t the in itiative of the  Asst. P rof. 
Dr S. Wróbel, the m anager of th a t institution. M aterial used in experim ents, 
consisting of carp  eggs and larvae, has been prepared  by Dr. O. M a 11 a k for 
her own, parallel studies on the influence of “P ielik” upon fish developm ent, 
m ortality, morphopathology, and behaviour (M a 1 1 a k 1972). Owing to those 
circum stances, it is possible to refer directly the results obtained in the presen t 
w ork to the  results issuing from observations of other phenom ena.

Subject to study w ere fertilized carp eggs obtained by m eans generally  applied 
in the fish-breeding farm s and described by M a t l a k  (1970). A detailed descrip­
tion of the m anner and conditions under which the actual experim ents w ere 
perform ed is presented in the work by M a t l a k  (1972), w hereas here we w ill 
restric t ourselves to just an outline of the procedure. T reatm en t w ith hypophysis 
in spaw ners was perform ed on May 27, at 6.30-7.30 p.m. The artific ia l spawning 
was carried out on May 28, at 3 p.m. This m om ent w ill be m entioned fu rthe r on 
as “0 hour” of development. About 2 hours la ter (May 28, 5 p.m.) the fertilized 
eggs w ere pu t into Weiss apparatuses in 0, 5, and 50 mg/1 concentrations of 
herbicide solutions (full particulars about the preparation  of solutions are given 
below). The hatched larvae were transferred  into aquaria. At the 145th hr of the 
developm ent, the larvae were supplied w ith plankton as a food. The whole ex ­
perim ent lasted for 10 days.

"Pielik” is produced by Chemical Works — Nadodrzańskie Zakłady Przem ysłu 
Organicznego Rokita, Brzeg Dolny, Wołów District.

D uring the tim e of embryo developm ent the applied flow of w ater was 
3 1/min (±0.3 1/min) through each of the th ree Weiss' apparatuses. In addition, 
there was a supplem entary inflow of concentrated solutions of "P ie lik” into two 
apparatuses, w ith the ra te  of flow 1 1/hr (±0.1 1/hr). During the whole period of 
experim ent the utilized "Pielik” was taken out from  a single container, exlusively. 
Fresh solutions w ere prepared every 10 hours. In the th ree Weiss apparatuses 
there were the following concentrations of “P ielik” solutions: 0 (control), 5.89 mg/1, 
and 58.90 mg/1. The herbicide concentrations expressed in pure 2,4-D-Na am ounted, 
thus, to 5 mg/1 and 50 mg/1, those values will be referred  to la te r on in this 
paper. There was no w ater flow through the aquaria, where la rvae w ere grown, 
nor through the respirom eters; consequently, the concentration values w ere con­
stant. In this case fresh solutions w ere prepared once a day. T r z e b i a t o w s k i  
(1969 a) recom m ends a dosage of the m ix ture of “A ntyperz” (38% TCA-Na) w ith 
"Pielik” herbicide 120—150 kg/ha in weight proportion “A ntyperz” : “P ie lik” — 10:1 , 
as effective means against w ater plant growth in the ponds, which for ponds 1 m 
deep in conversion to active ingredient of "P ielik” corresponds to concentration 
of approxim ately 10 mg of 2,4-D-Na/l. In his fu rther w ork ( T r z e b i a t o w s k i  
1969 b) he qualifies that dosage as harm less for carp.

U nfortunately, it was not possible to keep up a stable tem pera tu re  during 
the em bryo developm ent in Weiss' apparatuses (Fig. 1; see also M a t l a k  1972). 
During tha t tim e tem perature was m easured every 2 hours. F luctuations of w ater 
tem perature in aquaria w ith larvae were lesser (Fig. 1), m easurem ents w ere taken
2-4 times a day. Nearly all the tim e tem perature was alm ost identical in the 
three concentrations of solution. R espiratory m easurem ents w ere carried  out in 
a constan t-tem perature bath in 23 ± 0.1°C.

Oxygen contents in the Weiss' apparatuses were not observed; how ever, it 
was expected to be approxim ate to air sa turated . A quaria containing larvae were 
ventilated  w ith  compressed air. Oxygen contents in all the th ree aquaria  w ere 
m easured during a period of three days and am ounted to 7.04 up to 7.68 mg 0 2/l 
(mean 7.37 mg OJ1), which am ounted to approxim ately from  83 to 90% of air 
saturation  (the m ean approxim ately 86%) w ith the average tem pera tu re  in that 
period of tim e of 21.3°C and the average atm ospheric pressure of 735 mg Hg.

Oxygen consumption was m easured in constant pressure m icrorespirom eters 
described in K l e k o w s k i  (1968). Glass respirom etric cham bers had the shape 
of an overturned mushroom, of 35 mm diam eter and 12.5 ml volum e, the total 
air volume in the respirom etric cham bers +  absorber +  arm s system  am ounted to 
approxim ately 20 ml. In the initial 70 hr of fish development, m easurem ents were 
taken in 0.5 ml then in 1.0 ml of solution, w ith adequate concentration of herbicide.
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Fig. 1. W ater tem peratu re  in 
Weiss apparatuses (embryo de 
velopm ent) and in aquaria  
(larval development). L ine — 
w ater tem pera tu re  in 0, 5, and 
50 mgA; points — tem peratu ­
re d ifferen t in given concen­

tra tio n

Up to the 14th hour of developm ent 25 individuals w ere placed into each resp i­
rom eter, up to the 68th h r — 15, up to the 139th hr —10, and then until the end 
of m easurem ents — 7 individuals per 1 respirom eter. A ltogether 185 m easurem ents 
of oxygen consum ption w ere carried out; 9 respirom eters w ere used parallelly 
(3 concentrations X 3 repeats), inform ation about m easurem ents frequency is p re­
sented in Fig. 2. Since it was proved earlier (K a m 1 e r 1972) tha t Q10 values for 
young carp w ere close to the values expected from  Krogh's “normal curve”, 
a m ethod given by W i n b e r g  (1956) based on the corrected “norm al curve” 
was applied for conversion of the oxygen consum ption m easured at the fixed 
m easurem ent tem peratu re  (23°C) into the oxygen consum ption at the cultures 
tem peratu re  (Fig. 1). RQ  m easurem ents w ere carried out in the same m icro­
respirom eters in accordance w ith indications suggested by K l e k o w s k i  (1968). 
Taking into consideration the necessity of g reat frequency of oxygen consumption 
m easurem ents during the period of the em bryo developm ent, RQ m easurem ents 
w ere perform ed twice and only on larvae, viz. in the range from 114th to 120th 
hour of developm ent and from 139th to 142nd hour of developm ent (2X3 con­
centrations X 3 repeats; 18 m easurem ents in total). A fter the end of m easurem ents, 
w et w eight of individuals, dried on a filter paper, w as determ ined. Then, m a­
terial was dried  up to constant w eight at 50°C in exsiccators over NaOH. W eight 
exactness am ounted to 0.01 mg.

The calorific value of 1 mg dry w eight was determ ined in a microbomb calo­
rim eter described in P h i 11 i p s o n (1964), modified by K l e k o w s k i ,  B ą c z ­
k o w s k i  (in prep.) applying the technique recom m ended by P r u s  (1968). Ca­
libration  and determ ination  of exactness of the apparatus was perform ed by burning 
25 benzoic acid pellets. H eat sensitivity  of the apparatus am ounted to 0.6346 cal 
per 1 mm of galvanom eter deflection, the coefficient of variation was 4%. The 
calorific value of 39 sam ples was determ ined. The total num ber of burned pellets 
was 234, of 5-15 mg w eight each. M easurem ents of the calorific values of animals, 
cultivated in 50 mg/1, w ere carried on only during the in itial 115 hours of deve­
lopm ent, due to the scarcity of m aterial in the tim e following th a t period. Data on 
frequency of sam pling for the calorific values determ inations is presented in Fig. 7.

Thirteen  determ inations of ash content w ere carried out in a m uffle furnace 
at 550°C. Ignition in a m uffle furnace requires a g reat quan tity  of m aterial, hence 
ash contents could not be determ ined in all samples w ith  tha t method. The ash 
rem aining afte r the burning of pellets in the m icrobom b calorim eter was always 
weighed — data derived from  there w ere trea ted  as an aproxim ate estim ate of ash 
content.
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3. RESULTS

HATCH HOUR A N D  M ORTALITY

A precise analysis of development, hatch hours, and m ortality  of 
larvae, is presented in M a t l a k  (1972).

The first larvae hatched at the 74th hour in  the control Weiss appa­
ratus, the next ones at 81st hour in the highest concentration of herbicide 
(50 mg/1), the last ones at 88th hour in concentration of 5 mg/1. At the 
79th hour of developm ent, after the completion of a subsequent respi­
ration m easurem ent, there were still unhatched eggs in all the respiro­
m eters. The nex t m easurem ent began at the 82nd hour of development. 
Larvae from  the 0 concentration were already put into respirom eters, 
while eggs from  th e  5 and 50 mg/1 concentrations w ere not; so the  80th 
hour of developm ent was stipulated, as the hatch hour of larvae from  
the control apparatus. After completion of this m easurem ent, at the 85.5th 
hr, in the respiration chambers of 5 and 50 mg/1 concentrations, there 
were new -hatched larvae, hence the 84th h r of developm ent was defined 
as the hatch hour of larvae in both concentrations of herbicide.
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M a 1 1 a k (1972) ascertained that in the course of duration of the 
experim ent, larvae did not consume any exogenic food given to them.

At the 200th hour of developm ent a mass m ortality  of larvae in the 
50 mg/1 concentration was observed.

R E SPIR A T IO N

Changes in oxygen consumption in the course of embryo and early 
larval developm ent are shown in Fig. 2. The general picture of oxygen 
consum ption variations is ra ther sim ilar in all the concentrations used 
in the experim ent. In the course of em bryo developm ent the oxygen 
consumption increases, though irregularly . An increase in the oxygen 
consumption was observed at approxim ately 14th hour of development; 
according to M a t l a k  (1972) it is the period of the form ation of neural 
tube. A nother increase in the oxygen consumption was observed about 
50th hour; according to M a t l a k  (1972) it is a period of the intensified 
m obility of embryo. Oxygen consumption increases very intensively 
during the period directly  preceding the hatching tim e and in  the course 
of the hatch  itself; in the tim e between the 114th and 179th hour of de­
velopm ent it is high. D uring this tim e there  is a very  significant tem po­
ra ry  decrease in respiration rate  betw een 151th and 163th hour of de­
velopm ent (distinctly noticeable in the control larvae and those from 
5 mg/1 concentration) and then a new increase at 174th hour of deve­
lopm ent. Then again the oxygen consumption falls down. This corresponds 
to the deflection ascertained by M a t l a k  (1972), of the larvae growth 
curve connected w ith the transition  from  the em bryonic into branchial 
respiration. The general m eans of oxygen consumption by embryos and 
larvae in the period of the firs t 200 hours of developm ent were compared, 
since the results from  all concentrations were available only for that 
period of experim ent. In the control the m ean am ounted to 0.529 (il02/ 
/ind. • h r (95% confidence in terval 0.413 — 0.645), in  5 mg/1 concentra­
t io n — 0.472 (0.368 — 0.576) and in 50 mg/1 concentration — 0.449 (0.355 — 
— 0.543). Thus, together w ith the increm ent of the herbicide dose the 
general m ean of the oxygen consumption has slightly  decreased, however, 
those differences are statistically  nonsignificant.

As it  can be seen in  Fig. 2, differences betw een the oxygen con­
sum ption ra te  in each particu lar concentration of herbicide are set 
d ifferen tly  in various periods of developm ent. For evaluation of signi­
ficant differences betw een any two groups of resu lts the criterion of 
non-^parametric statistics for independent data was used (Wilcoxon-Mann- 
-W hitney-Festigner Test, in W a l s h  1965, G u b l e r ,  G e n k i n  1969). 
The oxygen consumption rates, betw een the 0 — 5, 0 — 50, and 5 — 50 mg/1 
concentrations of the herbicide, w ere compared. The comparisons were
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carried out separately for each particu lar period of development, cha­
racterized by diverse oxygen consumption (Fig. 2, Table I). Thoroughout

Table I. D ifferences in oxygen consum ption (p.1 0 2/ind. • hr, 23.0±0.1°C) by carp eggs and 
la rvae in th ree concentrations of herbicide. N -p> 5% , S -p<5% , S S -p < l% , n  — n um ­

ber of observations com pared

C oncentrations
com pared

(mg/1)

Tim e (hr)
8-49 n 50-113 ii 114-179 n 180-237* n

0 -  5 N 35 S 40 N 29 S 24
0-50 N 35 SS 38 S 29 S 16*
5-50 N 36 N 42 S 30 SS 16*

* 200 h r only in 50 mg/1.

the greater part of the embryo developm ent (up to the 49th hour of 
development), no differences in the respiration of anim als in various 
concentrations of herbicide have been observed. Nevertheless, a t th e  
end of the em bryo developm ent, in the period of hatching, and in the 
course of the firs t 1.5 days of the larval life (50th — 113th developm ent 
hour), the respiration rates in the control were higher than they  w ere 
in both series supplem ented w ith herbicide; between those two no d iffer­
ences were recorded. D uring the period of tim e of high oxygen con­
sum ption (114th — 179th developm ent hour), the oxygen consum ption in 
the 50 mg/1 concentration was distinctly  lower than  in the control or 
the 5 mg/1 concentration, between them  no differences w ere found. 
A fter the 180th hour the oxygen consumption in the control was higher 
than in the 5 mg/1 concentration. It the 50 mg/1 concentration the oxygen 
consumption was a t tha t tim e the highest, but p retty  soon, at approxim a­
tely  200th hour, all these larvae died.

Thus, in some phases of the developm ent the herbicide caused a sub­
stantial lowering of the level of oxygen consumption and in general, 
the stronger was the concentration of herbicide, the higher degree of 
lowering of consumption, except the case of a higher oxygen consumption 
by larvae in the 50 mg/1 concentration, in their prem ortal time.

As it is shown in Fig. 2, the oxygen consumption up to the 114th hour 
of development, although in Table I it is a rb itrarily  separated in two 
sections, can be approxim ated by the exponential equation, as it was 
previously applied to fish embryo development, e.g. by D e v i l l e r s  
(1965): Q 0 2 =  a* ekt, where: t is time, e is 2.71828..., and a and k  are con­
stants. Calculation results obtained by least squares m ethod are presented 
in Fig. 3. In the 5 mg/1 concentration the a constant is d istinctly  low er than 
in the control, w hile the k  constants are quite similar, w hereas in the 
50 mg/1 concentration the a constant is higher than in the control, while 
the k  constant is distinctly lower. Those form ulas enable the estim ation
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Fig. 3. Oxygen consum ption a t 23±0.1°C, during carp  em bryo and early  larval de­
velopm ent up to 114th h r of developm ent. A — control (n =  38), B — 5 mg/1 (n =  43), 
C — 50 mg/1 (n =  41). Points — individual m easurem ents, lines — approxim ated oxy­

gen consum ption calculated from  form ulas

of oxygen consum ption in the period of 0 — 8 hours of developm ent, when 
due to technical reasons m easurem ents were not carried out.

The RQ values, m easured in larvae in periods betw een 114 — 120 and 
139 — 142 hours of developm ent, w ere low and very  slightly  variable: the 
m ean 0.617, S.E. 0.014, 95%> confidence in terval 0.587 — 0.647. Due to the 
reasons described below, th e  calculated oxy-calorific coefficient, 4.74 • lO“ 3 
cal/pj O2 was not based on the m easured RQ value.

LIV E W EIG H T, D R Y  W EIGH T, A SH  CO N TEN T S

Live weight of an egg (Fig. 4) am ounts to about 4 mg, during embryo 
developm ent it alm ost does not change and is very  sim ilar in all concen­
trations. In the hatching tim e it diminishes fourfold, in the control it is 
a ttained  earlier than  in anim als cultivated in the presence of herbicide. 
The live weight of larvae after the hatch increases slightly and it is also 
very  sim ilar in all concentrations.

The dry w eight is a particu larly  im portant elem ent in  the present 
considerations (Fig. 4). In the course of the  embryo developm ent dry  
w eight of eggs drops slightly  from  approxim ately 0.33 to approxim ately
0.28 mg. The d ry  weight of newly hatched larvae is about a half lower 
than  the weight of the dry  mass of an egg. Later on, a slight increase of 
the d ry  mass of larvae is observed. The general m ean dry  mass of indi­
viduals, in the period of the  initial 200 h r of developm ent (for that period
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Fig. 4. W et w eight, dry weight, 
and ash content during carp 
em bryo and la rva l develop­
m ent in 0, 5, 50 mg/1. W et 
and dry w eights — m ean v a ­
lues from  th ree  m easurem ents, 
ash content — calculated from  
dry w eight of one individual 
and from  percentage of ash 
in dry w eight determ ined in 

m icrobom b calorim eter

there  are data obtained from  all the concentrations), am ounted in the 
control to 0.240 mg (95% confidence interval 0.220 — 0.260 mg), in  the 
5 mg/1 concentration — 0.236 mg (0.216 — 0.256), and in the 50 mg/1 con­
centration — 0.223 mg (0.195 — 0.251). As it can be seen, together w ith  the 
increase of the concentration of herbicide the dry  mass of individuals 
decreased inconsiderably, however, those difference are statistically  
nonsignificant. The dry w eight of anim als cultivated in  the 0, 5, and 
50 mg concentrations of herbicide/1 was compared; the comparison was 
carried out separately for the embryo and larval developm ent (Table II). 
As it  can be seen, the supplem ent of herbicide did not have any effect on 
the changes in the dry  w eight of eggs, whereas the dry  weight of larvae 
was so m uch lower, the higher was the concentration of herbicide but 
only the differences betw een the control and the 50 mg/1 concentration 
were statistically  significant.

Changes of dry  w eight contents in live weight are presented in Fig. 5. 
In the course of the em bryo developm ent this ratio lowers somewhat 
(from over 8%  down to approxim ately 7%); this would indicate th a t the 
loss of d ry  w eight is m ade up by w ater. During the hatch there  occurs 
a loss of fluids and this is expressed by a sudden rise in the curves in
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Table II. Dry w eight of carp eggs and larvae in th ree concentrations of herbicide

Concentration M ean w eight (mg)
(mg/1) Eggs L arvae

0 0.263 0.202
5 0.268 0.183

&0 0.268 0.153

Concentrations D ifferences (N—p>5% , S S —p< l% )
com pared (mg/1) Eggs Larvae

0 -  5 N N
0-50 N SS
0-50 N N

Fig. 5. In the first half of the investigated p a rt of larval development 
(80th —149th hour of developm ent) the d ry  weight percentage in live 
w eight is slightly higher than  in the second half (150th —237th hour of 
development). In the control it am ounts respectively to 13.7 and 11.9%, 
in the 5 mg/1 — 12.1 and 10.6%, in the 50 mg/1 concentration — 11.1 and 
6.6%. As it can be seen, together w ith the increase in the concentration 
of herbicide the percentage dry  weight in  live weight diminishes, though 
the differences between the control and the 5 mg/1 concentration are 
insignificant (p >  5%), w hereas betw een the control and the 50 mg/1 
concentration they are significant (p <  5%), while betw een the 5 and 
50 mg/1 concentrations — significant only in older larvae (p <  1%) — 
U -test (cf. also Fig. 5).

Ash contents in one individual was in the range from  0.01 to 0.02 mg 
(Fig. 4). It was not possible to state here any correlations either with the 
developm ent stages or w ith the concentration of herbicide. It should be 
pointed out that the applied m ethod used for the determ ination of ash

Fig. 5. Percentage of dry 
w eight contents in live weight, 
during carp em bryo and la r ­
val developm ent in 0, 5 and 

50 mg/1
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rem aining in a m icrobomb was very  inaccurate. It is distinctly evident in 
Fig. 6, where the changes in  the percentages of ash contents in d ry  weight 
determ ined in a m icrobomb and in  a m uffle furnace are compared. V aria­
tion of the resu lts obtained by burning in the bomb is quite considerable,

Fig. 6. Percentage of ash contents in dry 
w eight during carp em bryo and la rva l d e ­
velopm ent. 1 — individual m easurem ent in 
microbomb, 2 — m ean values from  m icro­
bomb m easurem ents, 3 — 95% confidence 
in te rval for results from  m icrobom b m e a­
surem ents, 4 — individual m easurem ents in 
m uffle furnace. A — control, B — 5 mg/1, 

C — 50 mg/1

but the values obtained from  the m uffle furnace are, in general, w ithin 
the range of confidence lim its of results obtained from the microbomb. 
It seems th a t the percentage of ash contents in the dry weight increases 
in the course of the developm ent.

CALO RIFIC V A LU E S

Changes in the calorific value of 1 mg of dry weight are presented in 
Fig. 7A. D uring the em bryo development, calorific value decreases, and 
directly  a fte r the hatch  it lowers abruptly . In consequence of a ra the r 
scanty am ount of m aterial, m easurem ents of larvae, cultivated in the 
50 mg/1 concentration a fte r the 115th hour of development, w ere not car­
ried out. A t the end of the investigation period the colorific value of 1 mg 
of d ry  weight in the control and in the 5 mg/1 concentration has slightly 
increased. The general m eans of calorific values in eggs and larvae, in the 
course of the initial 115 hours of developm ent (up to this tim e data from  
all concentrations are available), amounted to 5.84 cal/mg dry  weight
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Fig. 7. Calorific value of 1 mg dry m atte r 
(A) and  of 1 mg organic m atte r (B) du ­
ring  em bryo and la rva l carp developm ent 

in 0, 5 and 50 mg/1

(95% confidence in terval 5.75 — 5.93) in the control, 5.56 (5.43 — 5.69) in 
the 5 mg/1 concentration, and 5.66 (5.54 — 5.78) in the 50 mg/1 concentra­
tion. It means that the calorific value of 1 mg of d ry  mass of anim als 
cultivated w ithout the supplem ent of herbicide is significantly higher 
than in anim als cultivated in both concentrations of herbicide; between 
them  no differences have been rem arked. Moreover, w hat is noteworthy, 
is the fact of greater variation of the calorific value in  anim als cultivated 
in herbicide as compared w ith the control animals.

The pattern  of changes in the calorific value of 1 mg of organic m atter 
(i.e. ash-free dry m atter) is ra ther sim ilar (Fig. 7 B).

ENERG Y E X P E N D IT U R E S

The term  ’’energy expenditure” is understood in the present work as 
a definition covering all kinds of energy, discharged by an organism, in 
w hatever form, e.g. heat energy released in the process of metabolism, or 
chemical energy contained in excreted or rejected  m atter. Energy ex­
penditures in the course of embryo and larval developm ent of carp are
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Fig. 8. Energy expenditures during 
embryo and larval carp development 
in 0, 5, and 50 mg/1. Ce — calorific 
equivalent of an organism , hori­
zontal line — hypothetical Ce at 
tim e 0, R c — resp ira tion  cum ulated 

from  tim e 0 to  tim e n

presented in Fig. 8. On the left side scale, changes in the calorific 
equivalent of an organism (Ce) are shown, computed on the basis of the 
m easured dry weight of an organism and the calorific value of 1 mg of dry 
weight. In the course of the embryo development, Ce value lowers gently; 
in the hatch tim e a sudden fall of the value was observed. Thoroughout 
approxim ately 36 hours after the hatch the Ce increases slightly again, 
w ithout reaching, however, the level from the time before the hatching 
period. The dynamics of those changes is fairly  sim ilar in all the three 
series of experim ents, yet, the Ce of larvae cultivated in the herbicide so­
lutions are lower than in the control. In Figure 8, there is shown vertical 
line, 1.97 cal/ind.; it represents the Cc in the fifth  hour of development. 
Due to the lack of earlier m easurem ents, it has been assumed th a t it cor­
responds to the calorific equivalent at 0 hour of development. Using this 
line, one can make out, by how much the calorific equivalent, in the n-tim e 
(Cen), is lower than the initial one. The value (1.97 — Cen) indicates the 
total energy expenditure; in this case it is equal to the negative production 
(’’minus P ”).
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Figure 8 also presents the respiration cum ulated from  tim e 0 to tim e n
Tn

Rc ^  2  R u in  the sens of K l e k o w s k i  (1970). R c values w ere com put-
To

ed on the basis of oxygen consumption values m easured a t 23°C (Fig. 2), 
which were subsequently converted to oxygen consumption a t tem peratu re  
of cultures presented in Fig. 1, then m ultiplied by the oxy-calorific coeffi­
cient and cum ulated  to the  successive hours of life. To m ake the  cam pa- 
rison easier, the R c is presented not as an increase but as a decrease (the 
right side scale in Fig. 8). One can see tha t a fter the hatching tim e the 
energy expenditure in the process of respiration is considerably greater 
than before the hatch. In control anim als much m ore of energy is released 
in the respiration process than in anim als treated  w ith herbicide.

W hile comparing the  two sets of curves, a tten tion  is s truck  by  the 
fact th a t only a m inor part of the total energy expenditure (’’m inus P ”) 
is released in the  respiration process. It should be rem em bered th a t in 
the present work, apart from  the to tal energy expenditure (1.97 —  Cen) 
and one of its components, viz. respiration (R c), its other components w ere 
not examined, as e.g., energy contained in the excreted m atter, energy 
contained in rejected  m atte r (e.g. egg cases), or the  energy released in  the  
anaerobic way. One can get an idea about their share by in terp re ting  
(see Fig. 8) the distance betw een the  Ce and R c lines for the  respective 
concentrations of herbicide in the  given tim e of developm ent (1.97 — Cen) 
— R cn. The proportion of respiration to th e  to ta l energy expenditure is 
d ifferent in various developm ental stages, it has particu larly  low values 
during the  hatch: in the  control animals, a t the  80th hour of developm ent 
it am ounts to 8°/o, in the anim als trea ted  w ith  5 and 50 mg of hefbicide/1, 
in the 85th hour of developm ent — 7 and 6.5°/o respectively.

4. DISCUSSION

In the published works there  are given results from acute experim ents 
on m ortality  of various anim als under the influence of 2,4-D-Na. C ontrary 
to the p resent work, up to th is tim e for the  most part, pure  chemical 
compounds have been investigated. Basing on the results obtained by 
K l e k o w s k i ,  Z v i r g z d s  (1971), it  can be inferred  tha t th e  m edian 
lethal concentration (24 hr) of pure 2,4-D-Na preparation  for Simocepha-  
lus vetulus  (Cladocera) is higher than 7.5 mM, this concentration being 
38 tim es stronger than the strongest one used in the present work 
(50 mg/1). Analogous data quoted for fish Rasbora heteromorpha  (A 1 a- 
b a s t e r  1969) and Lepomis macrurus  ( K o ł a c z k o w s k i  1970) am ount 
to 1160 and 350 mg of 2,4-D-Na/l. In the  highest of the  presently  exam ined 
concentrations, 50 mg of herbicide/1, m ortality  of larvae occurred at about 
200th hour of developm ent. In comparison w ith the works cited above

http://rcin.org.pl



464 E. K am ler

concentrations applied in  the present w ork w ere low, bu t one should 
bear in mind th a t all those authors have used a purified substance, whe­
reas in the present w ork use was made of a form ulated product — ”Pie- 
lik”, containing highly toxic adm ixtures such as e.g. chlorophenols, the­
refore it is clear th a t th e  direct comparison of the obtained results is not 
possible. However, T r z e b i a t o w s k i  (1969 b) studied, sim ilarly 
to this work, the effect of the form ulated product — ’’Pielik” on carp. 
He applied ’’P ielik” in m ix ture  with ’’A ntyperz” (38°/o TCA-Na), as well 
as ’’A ntyperz” alone. He found out that ’’A ntyperz” concentration of 
190 mg of active substance/1 is safe for carp, w hereas the  same concen­
tra tion  w ith odm ixture of ’’P ielik” 42.5 mg 2,4-D-Na/l caused 33.4°/o m or­
tality  in one-year old carps, in the  au tum n season, at about 20°C temp., 
a fter 104 hours of treatm ent. Thus, despite the differences th a t were 
to be expected in  resu lt of the different age of fish and the synergistic 
action of both herbicides in the experim ents of T r z e b i a t o w s k i  
(1969 b), one can recognize that results issuing from the present work 
are in general in accordance w ith results obtained by  T r z e b i a t o w s k i ,  
which stands to reason, as in both works the form ulated product was 
used.

Although a detailed analysis of the changes in the tim e of hatching 
under the influence of the  examined herbicide was not carried out, ne­
vertheless it was ascertained that th e  5 and 50 mg/1 concentrations de­
layed the hatch of carp. K o r d e ,  Z v i r g z d s  (1971) observed in Mis- 
gurnus fossilis a delay in hatching under the influence of 2,4-D-Na. They 
observed delays longer than one hour occurring in concentrations in the 
range from 5 mM ( =  approxim ately 1250 mg/1). As it can be seen, the 
two works are only ’’qualita tively” compatible (delay of hatching caused 
by herbicide), w hereas ’’quantita tively” the results differ from one ano­
ther. K o r d e ,  Z v i r g z d s  (1971) noticed shorter retardations under 
the influence of greater concentrations; this again is easily comprehensible, 
as they have applied a pure compound.

In a com prehensive treatise, based on a wide m aterial, about the 
embryo developm ent of fish and some other vertebrates, T r i f o n o v a  
(1949) distinguished th ree  critical periods w ith decreased resistance aga­
inst ex ternal factors. Those are the periods of intensive differentiation of 
tissues, the first — in the time of early cleavage, the second — preceding 
the gastrulation, the th ird  — the embryo form ation tim e and the form a­
tion of axial organs. D uring the critical periods, oxygen consumption in­
creases and the anaerobic processes are less intense (production of lactic 
acid falls down). The first result from the exam ination of oxygen con­
sum ption was obtained at the 8th hour of development, so inferring from 
the data of M a t l a k  (1972) the  first two critical periods were missed 
in the present work. Anyhow, the presently  stated increase in oxygen 
consum ption a t the  14th hour of developm ent (Fig. 2), i.e. according to
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M a t  l a k  (1972), the tim e of form ation of the nerve channel, would 
correspond to the th ird  critical period, as in T r i f o n o v a  (1949). Accor­
ding to  her, the critical periods ( =  periods of differentiation) are sepa­
rated  by periods of great resistance against the external agents; those 
are periods of growth of the previously d ifferen tiated  tissues; the oxygen 
consumption is at tha t tim e lower and in tensivity  of the anaerobic pro­
cesses increases. A slightly different p icture of glycolysis in Migurnus 
fossilis embryos developing in aerobic conditions was obtained by M i 1- 
m a n (1965). He stated high lactic acid content before the cell division, 
then it decreased and rem ained on a steady, low level up to  approxim a­
tely 30th hour of development; afterw ards it increased again up to the 
hatch time, which occurred at approxim ately 48th hour of development. 
In fact, M i 1 m a n (1965) did not compare his results w ith  the results 
of T r i f o n o v a  and her followers, bu t judging from  the diagram , he 
perform ed the determ ination of the lactic acid content every 5 — 10 hr 
though the developm ent period lasted a short 50 hr, so that he could have 
overlooked some changes in its content. M i 1 m a n (1965) also examined 
the lactic acid production by embryos exposed in anaerobic conditions. 
Basing on the obtained results, and on the oxygen consumption data 
taken from litera tu re  he carried out the evaluating calculations. He de­
m onstrated tha t the lactic acid production was so great th a t it w arran ted  
respiration by means of transitional products of the carbohydrates trans­
form ation w ith twofold or threefold surplus.

Thus, it is obvious that during its developm ent a fish embryo gets 
a part of energy by anaerobic way. In th e  present work, neither the RQ  
for embryos nor the lactic acid production were investigated, therefore 
we will confine our considerations to the conditions under which the 
energy was acquired by the developing embryos. It is well known (e.g. 
P l i s z k a  1953, B l a x t e r  1969), that at the moment of the hatching 
of larvae, their blood is colourless and the circulation and respiration 
systems are poorly developed. So it can be assum ed th a t in the period 
of embryo developm ent the im portance of the system  of oxygen transport 
is inconsiderable. According to M a t l a k  (1970), the diam eter of a de­
veloping egg is of about 2.3 mm. To calculate the partial oxygen pressure 
required  to provide the  necessary oxygen supply in a sphere (so tha t 
oxygen reaches zero ju st in the centre) a form ula given by K l e i b e r  
et al. (1943) was used:

Q 0 2 • r2

where: C — partial 0 2 pressure (atmoshere), QO2 — oxygen consumption 
rate  (ul 0 2/m m 3 of tissue per hour) (1 m m 3 of tissue ^  1 mg wet weight), 
D — diffusion rate (mm3 per m m 2 for 1 mm of diffusion distance, 1 atm  
of partial pressure difference for oxygen, and 1 hr), r —radius (mm).
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K r o g h  (1919) m easured diffusion constants for w ater and for m uscle 
tissue of m ature  anim als: 0.34 and 0.16 (ml 0 2 per cm2 diffusion area for 
m icron diffusion distance per min, 1 atm  of partial pressure difference 
for oxygen). These constants converted to th e  units as shown in form ula 
are: D — 0.204 for w ater and D — 0.096 for muscles. Oxygen probably dif­
fuses faster th rough  developing fish egg than  through muscles of m ature  
animals, therefore those two diffusion constants w ere used alternatively  
in the present considerations.

Three stages of em bryo developm ent in  the control group (w ithout 
herbicide treatm ent) w ere taken under consideration: at 8.3th hour of 
developm ent Q 0 2 =  0.0154 [il/mg w et wt. • hr, at 42.5th hour Q 0 2 —0.0308, 
and at 76.3th hour Q 0 2 =  0.1960. The partial 0 2 pressure required to pro­
vide the necessary oxygen supply in eggs (C, atm  • IO“ 3) would be about:

Assuming tha t w ater in respirom etric cham bers was balanced w ith 
air, then  in the cultures and at m easurem ent tem peratu re  (close to 23°C), 
the oxygen pressure in th e  im m ediate surrounding of eggs would am ount 
to approxim ately 6 • 10“ 3 atm , i.e. m uch too little  to m eet the requ ire ­
m ents for oxygen in  any of the three situations, m entioned above. In 
reality, the oxygen pressure in the im m ediate environm ent of eggs is 
probably even lower than  assum ed above, which indicates, all the  more, 
the partial release of energy through anaerobic way. If m easurem ents 
of oxygen consum ption had been carried  out not in w ater but in air 
environm ent, then  the oxygen pressure would have been of the order 
of 200 • 10“ 3 atm . In  th a t case, th e  oxygen requirem ent would be satisfied 
completely, provided that the diffusion ra te  D for w ater is valid for that 
tissue. W i n n i c k i  (1968) stated th a t oxygen consumption by Salmo 
embryos in moist air was h igher than  in  w ater.

A high increase in  oxygen consumption was observed in the period 
im m ediately preceding the  hatch  and in the course of hatching. Its  high 
values were noticed during 114th — 179th hours of development (Fig. 2). 
Subsequently (on the fifth  day after the hatch) the oxygen consum ption 
falls down. O 1 i f a n (1949) investigating fish growth (including carp) in 
the early  period of the  post-em bryo developm ent found tha t in  the course 
of first 4—6 days of larval life (period I) the larval grow th was intensive 
and at tha t tim e the ir most im portant vital functions depended on the 
yolk sac. N ext (period II) in tensivity  in the grow th of larvae decreases, 
which is connected w ith  th e  reabsorption of the yolk sac; a t th a t tim e 
larvae not adapted to the exogenous food are, more or less, starving. 
Though O l i f a n  (1949) failed to m easure the respiration, he suggested

D for water:
D for muscles:

8.30 h r 
17
35

42.5 h r
33
71

76.3 h r 
212 
450
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that in effect of the  intensive grow th of organisms in period I the respi­
ratory  ra te  should be high; thereafter, in the course of about fifth  day 
after the  hatch — it should lower down. The present results a re  in accor­
dance w ith  those surm ises bu t the ir in terp re ta tion  ought to be completed. 
It seems th a t the high level of oxygen consumption observed in  the  ha t­
ching tim e and lasting up to the fifth  day of larval developm ent m ay be 
also partially  caused by the repaym ent of oxygen debt, i.e. th e  oxidation 
of glycolysis products accum ulated during the  tim e of em bryo develop­
ment. It is possible, owing to the im proved conditions of oxygen diffusion 
(acc. to M a 1 1 a k  (1966) the body length of carp larvae shortly  a fte r the 
hatch exceeds its height 6 — 7 times) and the form ation of system s tran s­
m itting oxygen. No references have been spotted in the lite ra tu re , m en­
tioning the capability of elim inating glycolysis products by larvae. Both 
T r i f o n o v a  (1949) and M i l m a n  (1965) indicated high lactic acid 
contents in  the embryos before hatching. A t present, it has been sta ted  
that the  RQ  in larvae a t 114th— 142th hour of developm ent was very  low 
(the m ean value 0.617). It would confirm  the hypothesis of the  repay­
m ent of oxygen debt in  tha t period of time. The decrease in oxygen con­
sum ption observed on the fifth  day after the  hatch  m ay occur not only 
in connection w ith the slowing down of the  ra te  of grow th of the  animals, 
but also w ith  the ending of the repaym ent of oxygen debt.

In most works on bioenergetic there  are m entions about difficulties 
relating to the RQ  m easurem ent and in terpretation , as concerns the  eva­
luation of proportions of fat and carbohydrate in the katabolized substan­
ce w ith  the view to com pute the oxy-calorific coefficient of th e  consu­
med 0 2. In brief, those difficulties m ay stem  from different causes: 1. the­
re m ay be a difference betw een the C 0 2 produced in a given tim e in­
terval and the C 0 2 exhaled during tha t tim e (retention or w ashout of 
C 0 2 from  an  organism), 2. although there  is a possibility of m easurem ent 
of the N -free RQ, yet, o ther substances than  carbohydrates, such as fat 
and proteins m ay be also katabolized; 3. synthesis of fat from  carbohy­
drate (high RQ); or gluconeogenesis from  fat (low RQ). If w a te r anim als 
are tested  there  are m oreover two additional factors of doubt: 4. re ten ­
tion of C 0 2 in  the medium; and 5. as w ater anim als m ay often  be exposed 
to the conditions of low oxygen contents in the environm ent, the RQ va­
lues m ay be affected by  intensified glycolysis (high RQ), or the  repaym ent 
of oxygen debt, (low RQ), as it happened, in all probability, in  the  p re­
sent case. On the o ther hand, if those stipulations w ere d isregarded and 
if be taken  for gran ted  th a t the m easured RQ  values showed true  pro­
portions of katabolized carbohydrate and fat, then, at the ex trem e RQ  
values 0.707 and 1.00, the oxy-calorific coefficients w ould am ount to 
4.686 and 5.047 cal/m l 0 2, respectively ( H a r r o w ,  M a z u r  1958). The 
difference comes to 7%, which is a fairly  sm all erro r in com parison w ith  
the errors usually com m itted a t the determ ination  of the  oxygen consump-

http://rcin.org.pl



468 E- K am ler

tion. Therefore it is inadvisable to use the  m easured RQ  data for calculation 
of the energy expenditure; S w i f t ,  F r e n c h  (1954), K a m l e r  (1970), 
and J e z i e r s k a  (unpublished) have also called attention to this fact. 
The choice of the oxy-calorific coefficient, used in the present paper, was 
based on the following presum ptions: S t r o g a n o v  (1962) reported  that 
fish eggs contained large quantities of proteins and fats (in carp 24 and 
2°/o respectively). A pproxim ate protein  and fat contents are given by 
B 1 a x t e r  (1969); moreover, he points out that carbohydrate is present 
in small quantities (<0.3°/o) and its synthesis occurs continuously. Accor­
ding to B l a x t e r  (1969), fa t is undoubtedly used as a fuel, however, the 
proportion of protein  used for energetic purposes is not easy to determ ine, 
since egg retains some nitrogeneous m etabolites, nevertheless it is consi­
dered tha t approxim ately 40°/o of the original protein m ay be m etabo­
lized. K l e i b e r  (1961) reports that heat production of fasting anim als 
katabolizing only fat and protein amounts to 4.7 — 4.8 kcal/1 0 2. Thus, the 
use of the determ ined oxy-calorific coefficient 4.74 • 10~3 cal/nl 0 2 seems 
to be quite  justified.

Generally, oxygen consum ption by larvae, m easured in the present 
work a t 23°C was ranging from  approxim ately 0.5 to 1.5 jxl/ind. • hr 
(Fig. 2) which in conversion to 20°C am ounts to approxim ately 0.4 —1.2 
[0.1/ind. • hr. An average w et w eight of one individual am ounted to 1.5 mg. 
W i n b e r g ,  H a r t o v a  (1953) and K a m l e r  (1972) studied depen­
dence of oxygen consum ption upon young carp weight, at tem pera tu re  
of 20°C. Form ulas obtained by them  were almost identical, in approxi­
m ation: Q 0 2 — 0.6 • W0-98. Oxygen consumption by one individual weighing 
1.5 mg, calculated by this form ula, amounts to 0.9 ul 0 2/ind • hr, thus, it 
is in accordance w ith  the resu lt obtained here.

Assuming tha t the grow th of anim als during the embryo period can 
be determ ined, in approxim ation, by the exponential equation (W i n- 
b e r g ,  P e c h e n  1968) and according to D e v i l l e r s  (1965), such 
a form ula was used for the obtained results of the oxygen consum ption 
(Fig. 3), disregarding, in this case, the changes connected w ith develop­
m ent phases. It can be seen tha t in the control, the oxygen consum ption 
increase during the embryo period was about sixfold. A b r a m o v a  et 
al. (1965) studied the m echanism  causing an increase in oxygen con­
sum ption in the embryo developm ent of Misgurnus fossilis. They have 
shown in the exam inations in  v itro  that the oxygen consumption increase 
occurs m ainly in the fraction of m itochondrial structures closely related  
to the yolk granules. Furtherm ore, the  oxygen consumption increase is also 
connected w ith  some yet unaccountable factors which are active w ithin 
the whole em bryo and perish after its homogenization.

Oxygen consumption by embryos did not change under the influence 
of the applied doses of herbicide (Table I, Fig. 2). This means th a t chorion 
gives sufficient protection against herbicide in the investigated concen­
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trations; nevertheless, one ought to rem em ber th a t fertilization and swel­
ling of eggs took place in an environm ent free  from  herbicide. At the 
end of embryo developm ent, during the hatch  and larval developm ent, 
there  was observed, on the whole, a decrease of oxygen consumption 
under the influence of herbicide. The inhibition of oxygen uptake by 
the blue liver m itochondria in the presence of 2,4-D-Na was reported  by 
H i l t i b r a n  (1969). M e t e 1 e v (1971) reports tha t a fter the  poisoning 
w ith  2,4-D (amine salt), glycogen contents in fish liver decreased 3.4 ti­
mes. K l e k o w s k i ,  Z v i r g z d s  (1971) stated a statistically  significant 
decrease in Simocephalus vetulus  (Cladocera) resp iration  at 1.25 mM con­
centration of chemically pure 2,4-D-Na, as com pared w ith  the control. 
Z v i r g z d s  et al. (1971) found that under the effect of the 1 mM con­
centration  of chemically pure 2,4-D-Na, oxidative phosphorylation of 
m itochondria in carp liver decreased, as com pared w ith the controls. The 
ATP-ase activity increased at this concentration, but decreased at the 
higher ones. Thus, one can believe tha t this herbicide is particu larly  
dangerous for young larvae even in small doses, which do not produce 
a direct lethal effect since it increases the share of glycolysis in the  re ­
lease of energy. Since this process is less effective, it m ight cause a qui­
cker exhaustion of larvae energetic reserve and this m ay have an unfa­
vourable effect on their fu rth e r developm ent. Only in the prem ortal 
period a greater oxygen consumption was observed in anim als cultivated 
in the  50 mg/1 concentration, as com pared w ith  the control. This fact 
is fam iliar (e.g. G y l l e n b e r g  1969) and is probably due to incom plete 
regulation of cell respiration.

Comparison of ash contents, as determ ined by ’’bombing” and by bu rn ­
ing in a m uffle furnace, revealed no significant differences. A sim ilar 
resu lt was obtained in an earlier w ork (K a m 1 e r  in prin t) by determ i­
ning organic m atter content in Perlodes intricata (Plecoptera) larvae. Ho­
wever, variation of results obtained by the microbomb is so great tha t 
they  can be used only as a rough estim ation m erely, w hen sm all quanti­
ties of m aterial absolutely cannot be burned  in  a m uffle furnace. The 
stated  increase of the ash percentage in d ry  w eight results from  utiliza­
tion of an anim al’s own organic substance.

Sim ilarly as in the case of oxygen consumption, the applied doses 
of herbicide did not bear any effect, during the em bryonic period, on 
o ther elem ents under investigation: dry  w eight and calorific values did 
not differ from  one another in the control anim als and those cultivated 
in  the two concentrations of herbicide. Likewise, the percentage of eggs 
w asted away (without unfertilized eggs) according to M a 1 1 a k (1972) 
is not distinctly higher in the herbicide, as com pared w ith  the  control. Ho­
wever, it has to be rem inded, again, tha t eggs w ere pu t into test solu­
tions only after their swelling. In tha t situation  the protective role of 
chorion proved to be sufficient. The influence of herbicide begins to bear
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its effect only at the  hatching period: the d ry  weight of larvae cultivated 
in herbicide is sm aller than  in  the  control ones (Fig. 4, Table II); the 
calorific value of 1 mg of larvae d ry  mass is also sm aller (Fig. 7). Simi­
larly  S o l s k i  (1968), w hile pu tting  carp eggs which probably had been 
already swelled, into a trazine solution, stated that they  w ere not affec­
ted by those doses w hich had been noxious to larvae.

In the  tim e of hatching, the calorific equivalent of an  organism  (Cc in 
Fig. 8) drops abruptly . It is, in all probability, connected w ith the re ­
jecting of egg cases and w ith  an intensification of metabolic processes. 
W hile comparing th e  control fish w ith  fish cultivated in  herbicide solu­
tions, one can observe a phenom enon w hich is apparently  paradoxical: 
a lower oxygen consum ption (R c for the 5 and 50 mg/1 concentration in 
Fig. 8) and sim ultaneously a m ore intensive fall in the  calorific equiva­
lent (Ce for 5 and 50 mg/1 concentration in Fig. 8) in  the trea ted  fish. 
This result would confirm  the above presented data, by o ther authors 
and obtained by different methods, as to the increase of glycolysis share 
in the process of energy release under 2,4-D-Na influence.

A slight increase of th e  calorific equivalent was observed in the course 
of about 1.5 days a fte r  the hatch (85th —115th hour of developm ent 
— Fig. 8). It m ight resu lt from  a m easurem ent error, or else from  the 
partial using up of m aterials cast off during the hatch, as nu trim ent. 
No description of th a t phenom enon occurring in  fish has been spotted, 
bu t on the o ther hand, J u r a ,  G e o r g e  (1958) report that young snails, 
w hen they  em erge from  egg capsules, utilize the jelly  as food for a few 
days.

A fterw ards (approxim ately a t 115th — 190th hour) the calorific equi­
valent decreases slightly. The effect of herbicide (exclusively the 5 mg/1 
concentration, there  are no data available for the  50 mg/1 concentration) 
is expressed in  lower Ce values in trea ted  fish, as compared w ith  the 
control ones. It is quite significant th a t at th a t tim e the increm ent of 
the calculated R c (approxim ately 0.1 cal/20 hr) is approaching or perhaps 
even greater than  the decrease of the calorific value in one individual 
(approxim ately 0.1 cal/30 hr). This would indicate the  continued repay­
m ent of oxygen debt. The effect of herbicide in  50 mg/1 concentration is 
evident in the decrease in the repaym ent of oxygen debt; this in  turn, 
could resu lt from  the  slowing down of the oxidative phosphorylation rate.

Oxygen consum ption is, in general, considered to be a good in tegra­
ting indicator of the  physiological sta te  of an organism. However, results 
of the p resent w ork indicate th a t it  is not always right, and that, in  bio- 
energetic studies on embryo developm ent and also in researches on the 
effect of substances restrain ing  oxidative phosphorylation, not only oxygen 
consumption b u t o ther factors, as well, should be taken into account, i.e. 
changes in  energy contained in excreted and rejected  m atte r and in ca­
lorific energy released in  the anaerobic way.
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5. SUMMARY

A  ̂ thorough study w as m ade of the effect of the com m ercial form ulated  p ro ­
duct “P ie lik ”, w ith active ingredient consisting of 2,4-D-Na, on the em bryo and 
early la rva l developm ent of carp. Anim als developing w ithout herbicide as w ell 
as anim als treated  w ith 5 and 50 mg A. I./l w ere observed. Changes in  resp ira tion  
rate, live and dry weight, ash, and calorific values of 1 mg of dry w eight w ere 
m easured; m oreover, to tal energy expenditure w as com pared w ith the energy r e ­
leased in the resp ira tory  processes. On the whole, it has been stated  th a t em bryos 
placed into test solutions two hours afte r fertilization  w ere not affected by the 
applied doses; nevertheless, in some phases of larval developm ent the re  was an 
appreciable effect of herbicide m anifested by a decrease in resp ira tion  rate, dry 
w eight, and calorific values. A fter 200 hr of developm ent mass m orta lity  of larvae 
occurred in the 50 mg/1 concentration. The obtained results seem to point out to the 
significance of glycolysis in the em bryo developm ent of the control anim als and of 
the o ther ones developing in test solutions, and also to indicate the handicap of 
aerobic processes in larvae under the influence of herbicide. As it was dem onstrated 
by com parison w ith other papers, the com m ercial product “P ie lik”, exam ined a t 
p resent, applied in practice is more toxic than pure 2,4-D-Na. Processes occuring 
during early  stages of developm ent of fish treated  w ith herbicides are very  complex 
and they call for wide and complex studies, including determ inations of chemical 
composition of body and rejected m atters. The knowledge of oxygen consum ption 
processes, alone, does not suffice to judge about the physiological sta te  of an orga­
nism a t th a t k ind of problems. The knowledge of RQ  itself does not allow for de­
term ination  of the oxy-calorific coefficient, though RQ  may be still useful, as it has 
been, as an auxiliary , general indicator for the observed processes, especially when 
the o ther elem ents are exam ined parallelly.

6. STRESZCZENIE

Prześledzono wpływ  p repara tu  handlowego, “P ie lika”, którego substancję ak tyw ­
ną stanow i 2,4-D-Na, na rozwój em brionalny i wczesne stadia rozw oju larw alnego 
karpia. Badano zw ierzęta rozw ijające się bez dodatku herbicydu i pozostające pod 
ciągłym w pływ em  stężeń 5 i 50 mg A. S./l. Mierzono zm iany oddychania, żywej 
i suchej wagi, popiołu i w artości kalorycznej 1 mg suchej masy, oraz porównano 
ogólne w ydatki energii z energią w ydaw aną w procesie respiracji. Ogólnie s tw ie r­
dzono, że zarodki umieszczone w roztworach testow ych po 2 godz. od zapłodnienia,
nie są w rażliw e na stosowane dawki, natom iast w niektórych fazach rozwoju la r ­
walnego zaznacza się wpływ herbicydu, prowadzący do obniżenia respiracji, suchej 
wagi i w artości kalorycznej. Po 200 godz. nastąpiła m asowa śm iertelność larw  w stę­
żeniu 50 mg/l. Uzyskane w yniki w ydają się w skazyw ać na znaczenie glikolizy w roz­
w oju em brionalnym  zw ierząt kontrolnych i rozw ijających się w roztw orach testo ­
wych, oraz na upośledzenie procesów aerobowych u larw  pod wpływem  herbicydu. 
Jak  w ykazały porów nania z innym i pracam i, badany obecnie p repara t handlowy 
stosowany w praktyce, jest bardziej toksyczny od czystego 2,4-D-Na. Procesy zacho­
dzące podczas działania herbicydów na wczesne stadia rozwojowe ryb są bardzo 
skom plikow ane i w ym agają szerokich badań kompleksowych, z uw zględnieniem  
zm ian składu chemicznego ciała i m aterii odrzucanej. Sam a znajom ość zużycia
tlenu nie pozw ala sądzić o fizjologicznym stanie organizm u, przy takich, jak  obecne, 
badaniach. Sam a znajomość RQ nie pozwala na określenie w spółczynnika oxy-kalo- 
rycznego, natom iast RQ nadal może być przydatny, jako pomocniczy, ogólny
w skaźnik zachodzących procesów, wówczas gdy badane są równolegle i inne ele­
menty.
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1. INTRODUCTION

In recent decades, and especially in the years w hen the In ternational Biological 
Program m e has been in action, the investigations on ecological physiology and e sp e ­
cially on ecological bioenergetics developed considerably. The la tte r  becom e espe­
cially a necessity since they supply key data and m ethods for understanding  the  
m echanism s of energy flow  through ecosystems, the estim ation of production a t 
d ifferen t trophic levels, and modelling the dynam ic energy budget of a to ta l eco­
system (cf. P h i l l i p s o n  1962, D u n c a n ,  K l e k o w s k i  in p rin t, K l e k o w ­
s k i ,  D u n c a n  in p rin t, K l e k o w s k i  1970, M a n n  1969, W i n b e r g  1962).

In such investigations, the m easurem ent of resp ira tion  transferab le  to so-called 
“cost of m ain tenance” of an organism , population, or a whole com m unity, plays an 
im portan t role since the am ount of liberated  energy in the resp ira to ry  process 
constitute often a large share in the to tal am ount of energy assim ilated by an  o rga­
nism (cf. K a m l e r  1970).

Thus, needless to say tha t there is a constant and increasing need for m easuring 
the respiration, done a t sm all tim e intervals, for a relatively  long period, w ith  
a considerable accuracy. Especially diel m easurem ents are lacking, or carried out 
for several diel cycles which would inform  about the instantaneous resp ira to ry  ra te  
and its diel rhy thm  as well as the cum ulative respiration, inform ing about the cost 
of m aintenance of an organism  since its b irth  to each, random ly chosen, m om ent 
of its life. Such requirem ents w ere m et w ith when starting  the construction of the 
respirom eter KZ-CER-01T, described in this paper. The m easurem ent in th is resp i­
rom eter is done in gaseous phase, which predisposes it for m easuring gaseous m e­
tabolism  of anim als respiring w ith the atm ospheric oxygen. However, the resp ira tion  
of aquatic anim als is often, in p resen t practice, m easured in gaseous phase (volu­
m etric respirom eters, m anom etrie respirom eters of W arburg type, C artesian  divers, 
and others) since the m easurem ent of respiration  in fluid phase is m uch m ore 
difficult. The W inkler method, commonly used, both for respirom etry  in closed 
vessels and in flowing respirom eters is tim e-consum ing and unsuitable, in spite of 
m any trials, to autom ation and reg istra tion  of results. In each case w hen m easu re­
m ents should be taken, for any reasons, a t fluid phase, one can easily use elec tro ­
m etric m ethods (galvanic and polarographic: cf. M a c k e r e t h  1964, K l e k o w s k i ,  
K a m l e r  1968, 1971, T e a l  1971).

The model of the respirom eter proposed in this paper perm its, according to us, 
to carry  on long-lasting (for m any days) m easurem ents of respiration , both in aquatic 
anim als and in those respiring w ith the atm ospheric oxygen, w ith  a sim ultaneous 
recording the results and m aintain ing the constant concentration of oxygen in  the  
environm ent in which stays the object investigated.

2. DENOTATIONS OF SYMBOLS

a. — logical signal
A  — Anode
AM , AM  a , A M b, A M c — Am plifiers 
A(RE) — Am plifier (Relay)
A P  — A ir pum p
b. — logical signal
c. — logical signal
C — Cathode
Cit C2... — Capacitors
C-CH  — Com pensating cham ber
CEi, CE2 — Control electrodes
CO — Com parator
CV — Com pensating vessel
d. — logical signal
DA  — Drying arm
DC — Decade counter
DU — Detecting un it of 0 2-consum ption in R-CH
s. — E rror signal
EC — Electric clock
EU  — Electrolysis un it
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— Fuse
i, ij, i2... — curren t intensity
ID — Index drop
k. — logical signal
L a , L b , L c — Control lamps (La  — charge, L b — impulse, L c  — ready)
LM — Level m eter
M — M anom eter
MB — M easuring burette
MS — Main switch
N a , N b , N c , N d — NOR logical gates
ND A — Nonlinear Detector A m plifier
OG — Oxygen generator
OSG — “One shot” generator
P — pressure in R-CH
Po — pressure in C-CH
P- — logical signal
Pi, P 2... — Potentiom eter
Pd — palladium  cathode
PU — Program m ing un it
R, R u R 2... — Resistors
RE, R E A, R E b, RE c — Relays
IR E a , 2REa — — Contacts 1, 2 etc of relay  RE a
R-C H — R espiratory cham ber
RU — Recording un it of oxygen generator
s — Signal
S U S 2.: — Switches
SC H „ SCH2 — Schm itt trigger
scu — Steering and com puting un itso2 — Junction on the panelso1 — Junction on the resp ira to ry  gasom etric un it
SP S — Stabilized power supply
S tu S t2, S t3, S tA — Stabilizators (Zener-diode)
SU — Steering un it of oxygen generatorswo — S quare w ave oscillator
T u T t„. — Transistors
TM — Timing m echanism
Tr — T ransform er
X — Time delay (time of capacitor Ct charging)
T — Time delay un it
Uu U2 — reference voltage
UB — battery  voltage
UCx — voltage on the capacitor C t
u(t) — alternating  voltage source
Us •— supply voltage

3. HISTORICAL SURVEY OF METHOD DEVELOPMENT

The earlies t exam ple of known respirom eters in which the 0 2 consum ption is 
com pensated by m eans of the electrolytic m ethod is the type proposed by F e r n a n ­
d e s  (1923) (Fig. 1 A). In this respirom eter the oxygen is produced in  the electro­
lysis un it EU  from  the solution of NaOH. A node-vessel A  is connected to the resp i­
ra to ry  cham ber R-CH  and m anom eter M is open to the atm osphere; the m anom eter 
serves as the zero instrum ent to control the speed of 0 2 production. The speed is 
m anually  ad justed  by means of varying the in tensity  of the electrolysis current. 
Cathode-vessel C is connected to the m easuring bu rette  MB  in which hydrogen is 
collected. The closed air circuit, forced by the air pum p AP  is connected to the 
resp ira to ry  cham ber through Ba(OH)2 solution in which C 0 2 is absorbed. The quan ti­
ty of 0 2 produced in the anode-vessel equals half the volum e of H2 collected in the 
m easurem ent burette . Carbon-dioxide absorbed by Ba(OH)2 is determ ined by titra tion  
w ith  HC1. To calculate the consumed 0 2 in STP-conditions, except for the corrections 
for tem peratu re , barom etric pressure and w ater vapour pressure, the corrections for 
the possible changes in the barom etric pressure and hydrostatic pressure in the 
b u re tte  during the experim ent are also necessary. F e r n a n d e s  (1923) m easured 
gas exchange of the germ inating peas.
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D e  B o  e r  (1929) (Fig. 1 B) adopted F e r n a n d e s  respirom eter b u t introduced 
essential changes; he connected the second arm  of the m anom eter M  to the  com­
pensating cham ber C-CH  and closed herm etically  the electrolysis un it EU and thus 
he become independent of the changes in the barom etric pressure during the m ea­
surem ents. He also added the com pensating vessel CV joined w ith the bu re tte  M B

Fig. 1. Developm ent of electrolytic respirom eters
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to com pensate the variations of the hydrostatic p ressure in the burette . D e  B o e r  
(1929) m easured the resp ira tion  of Phycom ycetes in his respirom eter.

S w a b y ,  P a s s e y  (1953) (Fig. 1 C) like their predecessors m easured volum et- 
rically  the quantity  of H2 collected in  the m easurem ent bu rette  MB; the solution 
of H2S 0 4 was used as the electrolyte. The construction is sim plified, since the 
cathode C is located directly  in the burette. An im portan t im provem ent is the in tro ­
duction of feed-back in the autom atic control of the electrolysis tim e by placing 
the anode A in a k ind of m anom eter open to the atm osphere. The consumption of 
0 2 in the resp ira tory  cham ber R-CH  results in the contact of the anode w ith the 
electrolyte and following discharging of the com pensating volum e of 0 2 this contact 
is broken. The lack of com pensating cham ber m akes it necessary to introduce the 
corrections for the barom etric pressure. S w a b y ,  P a s s e y  (1953) m easured the 
gas exchange of the soil.

C a p r a r o  (1953) gives only a very short description of the  principle. The so­
lution of NaOH w as subject to electrolysis and the cu rren t in tensity  of the electro­
lysis was controlled by the pressure changes in the resp ira tory  cham ber. The curren t 
intensity, which through integration in the tim e function w as converted into the 
am ount of produced oxygen, was m easured.

In the respirom eter of W i n t e r i n g h a m  (1959) (Fig. IE )  in the “m acro” 
model, the cu rren t in tensity  of the electrolysis fluctuate in tim e, since as a resu lt 
of application the system  of 5 anodes A  and resistors R  the cu rren t intensity  increa­
ses or decreases step by step  together w ith  the increase or decrease of the oxygen 
up take in the resp ira tory  cham ber R-CH. The principle of operation of the au to ­
m atic control by connecting the anode to the m anom etrie system  is the same as in 
S w a b y ,  P a s s e y  (1953). In  the “m icro” model (Fig. I F )  the anode is single. 
Since the cathode p a rt of the electrolysis un it does not have a com pensating cham ­
ber bu t is connected directly  to the atm osphere, the changes in  the atm ospheric 
pressure during the m easurem ents w ere considered in the corrections for calcula­
tions. The intensity  of the electrolysis cu rren t was in tegrated  by the planim etring  
of the field under the curve on the record in the “m acro” m odel or by adding the 
series of peaks in the “m icro”. The am ount of discharged oxygen was calculated 
from  the F araday’s laws of electrolysis and additionally calib rated  directly by means 
of a m ercury bu rette  attached to the resp ira tory  cham ber; the b u re tte  “sim ulated” 
the consum ption of the know n volumes of 0 2.

B a r t l e t t ,  P h i l l i p s  (1961) (Fig. 1 G) apparen tly  not know ing or not taking 
into account the models available at th a t tim e (e.g. W i n t e r i n g h a m  1959) con­
structed  an electrolytic resp irom eter based on a com pletely d iffe ren t principle. The 
electrolysis un it EU w ith  1 n NaOH as the electrolyte com pensates autom atically 
the oxygen consum ption in the resp ira tory  cham ber R-CH  in  a w ay very sim ilar to 
th a t of S w a b y ,  P a s s e y  (1953). The am ount of produced oxygen is calculated 
gravim etrically  as the 16/18 of the loss in  w eight of the electrolysis un it caused 
by the electrolytic degradation of w ater.

M a c F a d y e n  (1955) in  his firs t model (Fig. ID ) followed D e  B o e r  (1929) 
and used the com pensating cham ber C-CH  and the tim e of electrolysis was adjusted 
autom atically  in  the sam e way as in the S w a b y ,  P a s s e y  (1953) respirom eter. 
An essential m odification was the use of the copper sulphate solution as the elec­
tro ly te which does not cause the discharge of gaseous hydrogen on the cathode as 
in the previous respirom eter b u t results in deposits of m etallic copper. A fu rthe r 
im provem ent was the introduction of the two electrical systems in  M a c F a d y e n ’ s 
(1961) next model (Fig. 1 H): 1st the pressure-charge detecting circuit located in 
the m anom eter M connecting the resp ira tory  R-CH  and com pensating cham bers 
C-CH  w ith the NaOH solution as the electrolyte; in this circuit there is very sm all 
flow  of a lternating  cu rren t whose in terrup tion  — by the triode or pentode electronic 
am plifier — switches on the d irect cu rren t to the 2nd oxygen generating  circuit flo ­
w ing through the C u S 0 4 solution in a separate  oxygen-generator OG connected to 
the resp ira tory  cham ber. A tim ing m echanism  tests the pressure-change detecting 
circuit a t regular cycles (e.g. every 10 sec); if the la tte r  is open the oxygen-gene­
ra ting  cu rren t is sw itched on for the period of one cycle, providing a “dose” of 
oxygen. One such “dose” is constant for a given ru n  of m easurem ents and is p re-set 
depending upon the oxygen required  by the given object. The am ount of oxygen 
is calculated from  the cu rren t intensity and the tim e of flow. A recorder takes down 
each dose of oxygen. The sam e recorder and the tim ing m echanism  m ay w ork w ith 6 
respirom eters. The accuracy of the system  depends on the stab ility  of the oxygen 
generating curren t and the accuracy w ith which this cu rren t and its duration tim e 
are measured.
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Chronologically su b seq u en t1 model of the electrolytic resp irom eter is described 
by W a g e r ,  P o r t e r  (1961). The m ain diagram  is sim ilar to th a t of M a c F a d y e n  
(1961): respiration  R-C H  and com pensation C-CH  cham bers; independent detecting 
and oxygen-generating circuits; the oxygen “doses” of the am ount determ ined by 
the oxygen generating curren t and its duration; recording of the num ber of ”doses”/tim e 
unit. In the oxygen generator the NaOH solution is sub ject to electrolysis and 
the hydrogen is absorbed by the large palladium  cathode P d  surface.

S m i t h  (1962) developed and im proved the system  of W i n t e r i n g h a m  (1959). 
The introduced separate detecting and oxygen generating  circuits (like M a c F a ­
d y e n  1961, W a g e r ,  P o r t e r  1961) controlled electronically. A ssum ing th a t the 
electrolysis cu rren t in tensity  is constant, the periods of electrolysis for each re sp i­
rom eter are added by an electric clock. Since there is no com pensating cham ber 
the corrections for the differences in the barom etric p ressure a re  necessary.

The P h i l l i p s o n  (1962) model of the respirom eter does not in fac t d iffer from  
the W i n t e r i n g h a m  (1959) system. The use of two resp irom eters (out of the set 
of 10) as the therm o-barom eters makes the corrections possible w ithou t recording 
the changes of the barom etric pressure. The recorder only takes down the electro­
lysis duration, w ith the assum ption th a t the electrolysis cu rren t in tensity  is not 
subject to any changes.

Slight changes in the M a c F a d y e n  (1961) m odel w ere in troduced by F o u r -  
c h e  (1964) and B y z o v  et al. (1967). F o u r  e h e  (1964) used the refinem ents of 
the pressure-detecting system, electrodes and electronics and also the photographic 
recording of the num ber of oxygen “doses”. B y z o v  e t al. (1967) used as a pressure 
detector in the horizontal m anom eter an index drop w hose location is controlled 
by a photodiode.

M a c F a d y e n ’ s (1961) concept of a respirom eter w as also adopted in the com ­
m ercially available “Soprom at” respirom eter produced by Voith and designed for 
determ ination  of BOD (biological oxygen demand) of sewages and polluted w aters.

4. COMPARISON OF ELECTRICAL SYSTEMS USED TILL NOW

Table I  shows properties of electrical systems of the respirometers 
mentioned in the previous chapter. Apart from the first two ( F e r n a n ­
d e s  1923, D e  B o e r  1929) they are systems with a feed-back between 
the detecting unit of oxygen consumption in the respiratory chamber 
and the oxygen generator controller. The recording unit does not 
have to be electrical but may be of a different design. Figure 2 
shows the block diagram of a typical electrolytic respirometer system.

Fig. 2. G eneral block diagram  of an electrolytic respirom eter 

i  Taking into account the receip t dates of m anuscripts.
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O X Y G E N  C O N SU M PTIO N  D ETECTO RS

As seen from  Table I the  earlier respirom eters did not have separa te  
detection system s of oxygen consum ption and generation. It was only 
M a c F a d y e n ’ s (1961) model and a num ber of the successive ones 
which had a separate  detecting unit. They w ere  m ostly  m anom eters in  
which one arm  connected to the  resp iratory  cham ber had an electrode 
operating as a level sensor. A typical circuit is shown in Fig. 3 A. The 
alternating  voltage source (because of the electrolysis of liquid in  the  
m anom eter) is supplied through a contact electrode to the  input of the 
am plifier A or a very  sensitive relay  (RE).

Fig. 3. E lectric diagram  of the detection un it of oxygen consum ption in  th e  resp i­
ra to ry  cham ber. A — m anom etrie un it ( M a c F a d y e n  1961, W a g e r ,  P o r t e r  1961), 

B — volum etric u n it w ith  photodiode ( B y z o v  e t al. 1967)

Such detector circuit gives the  error signal (e) in the form  of two 
levels:

8 =  0 w hen p7^p0, £:y^0 w hen p 0> p

where: p 0 — pressure in  the  compensating cham ber C-CH, p — pressure 
in the resp irato ry  cham ber R-CH.

A volum etric varian t of the oxygen consum ption detecting system  
was applied by B y z o v  et al. (1967) (Fig. 3 B). The oxygen consum ption 
in the resp irato ry  cham ber R-CH  causes the shift of the index drop of 
liquid ID in the horizontal capillary connecting th e  resp ira to ry  R-CH  
cham ber to the com pensating cham ber C-CH. The shifting index drop 
of dyed liquid covers and uncovers the photodiode PD  which resu lts  in 
the signal e taking two above m entioned levels.

O X Y G E N  G ENERATO RS

Solutions of NaOH, H2S 0 4 and C uS 04 w ere used as electrolytes 
(Table I). W hen the firs t two are used, the gaseous hydrogen is discharged
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on the cathode and collected in the m easuring bu rette  ( F e r n a n d e s  
1923, D e  B o e r  1929, S w a b y ,  P a s s e y  1953) or released into the 
atm osphere ( W i n t e r i n g h a m  1959, B a r l e t t ,  P h i l l i p s  1961, 
S m i t h  1962, P h i l l i p s o n  1962). The discharge of gaseous hydrogen 
does not perm it the use of compensating cham ber on the cathode side 
of the m anom eter. An original solution bu t one which m akes the opera­
tion of the respirom eter complicated was found by W a g n e r ,  P o r t e r  
(1961) who used a large surface palladium  cathode which absorbed hy­
drogen. It was only through introduction of the CUSO4 electrolyte by 
M a c F a d y e n  (1955) which causes the discharge of the negligently 
small volume of copper on the cathode that the use of both com pensating 
cham ber and a separate oxygen generator w ith  its own electrical circuit 
was possible.

G E N ER A TIO N  CONTRO L A N D  M EA SUR EM EN T S OF TH E Q U A N T IT Y  OF PRO DUCED
O XYG EN

Table I shows tha t in the first two respirom eters ( F e r n a n d e s  
1923, D e  B o e r  1929) there is no autom atic feedback control of 
oxygen generation. In those two and also in  the  m odel of S w a b y ,  
P a s s e y  (1953) in  which the oxygen generation control was already 
applied the m easurem ent of its am ount is done in a nonelectrical way. 
The volume of the  discharged hydrogen is m easured and half of this 
volume is the  discharged oxygen. Also in the B a r l e t t ,  P h i l l i p s  
(1961) respirom eter there is an autom atic control of 0 2 generation, but 
the m easurem ent of its am ount is nonelectrical. The w eight loss of 
the whole electrolysis unit is m easured here; 16/18 of this loss is the  
w eight of the  produced oxygen.

In all other models (Table I) the am ount of generated  oxygen is 
m easured electrically. For this purpose it is necessary to  know the 
electric charge w hich was moved through the electrolyte in  a given 
tim e in terval. Then the equivalent amount of discharged oxygen for 
such a charge m ay be calculated from the  Faraday’s laws of electro­
lysis. For certa in  known and reiterating  charges, unm arked in  electri­
cal units, it is also possible to determ ine the oxygen equivalent in the 
em pirical way.

The system s tha t control generation and m easure the  am ount of 
produced oxygen m ay be classified by taking into account the  following 
param eters occurring in the process of electrolysis:

i — intensity  of the  electrolysis current,
At — time duration of the electrolysis (in the extrem e case the 

electrolysis m ay be continuous),
Q — electrical charge passing through the electrolyte in At.
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The in tensity  of the electrolysis cu rren t m ay always assum e the 
same value (i =  const.) or it m ay be different both in the particu lar 
periods (’’doses”) of electrolysis and in a single period (i y^ const.). The 
electrolysis duration m ay be the same (At =  const.) or it m ay be of 
a different length (zlt y^ const.). In the same way the charges moved 
through the electrolyte in the successive period of electrolysis m ay be 
the same (Q =  const.) or they may be different from each other.

In Table I the respirom eters w ith electrical m easurem ent of the 
am ount of generated oxygen w ere divided into four groups depending 
on the constancy or inconstancy of the m entioned above param eters:
i, At, Q.

Group I (Fig. 4 A) includes respirom eters of direct operation, th a t 
is, such in which there  are no separate circuits of oxygen consum p­
tion and generation detection; thus the same electrode (A  — anode) 
is both detecting and generating. The curren t flows in those tim e 
intervals (At y^ const.) when the anode contacts the electrolyte. The 
in tensity  of the  electrolysis cu rren t changes depending on the  b a tte ry  
condition and th e  properties of electrodes and electrolyte (iy^const.). 
The m easurem ent of the am ount of produced oxygen is done by means 
of recording the curren t intensity  (i) in the time function and integration 
of Q for the chosen periods, e.g. graphic method ( W i n t e r i n g h a m  
1959). Direct integration of Q by means of voltam eter, e.g. silver vo lta ­
m eter ( M a c F a d y e n  1955) is also possible.

Group II (Table I, Fig. 4 B) consist of the respirom eters differing 
from these in group I by stabilization of the electrolysis curren t 
(t=const.). In such a respirom eter it is enough to record the  tim e of 
electrolysis (At) which can be done by means of an electric clock 
( S m i t h  1962) or a chronograph ( P h i l l i p s o n  1962). Such stabili­
zation of the in tensity  of electrolysis curren t, however, requires the use 
of the detecting circuit independent of the oxygen generation circuit 
( S m i t h  1962). The curren t i is switched on by a relay RE  for certain  
(unequal) periods of tim e, depending on the signal from the  detecting 
unit DU. The cu rren t in tensity  is constant due to the applications of 
the high value voltage source and the resistance R. In tensity  of the 
polarization of electrode UP<^I7B and thus is of small influence on 
the cu rren t in tensity  i. P h i l l i p s o n ’ s model (1962) does not have 
an  independent detecting system  which can make the stabilization of 
the curren t in tensity  of electrolysis m ore difficult.

The in tention of the  designers of respirom eters belonging to group III 
(Table I, Fig. 4 C) was the  use of stabilized electrolysis curren t 
( i= const.) and constant and recu rren t length of the particu lar periods 
of electrolysis, th a t is ’’im pulses” ( It^const.) . Thus in tu rn  causes that 
the charges are constant (Q =  const.) and so the portions of the
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generated oxygen are of the same size. It is also very  essential 
th a t the system controlling the oxygen generator alw ays ensures the 
generation of the whole am ount of oxygen corresponding to the elec­
tric charge (Q) independent of the  signal changes (e.g. em ersion of the 
control electrode) w ithin the impulse (At) duration. Sufficient repetition 
of the impulse time and good curren t stabilization are crucial for the 
operation of such respirom eters. The la tte r proves to be ra th e r  difficult 
due to the character of the electrolysis process and particu larly  the 
processes of electrode polarization. In the respirom eters of group III 
the num ber of impulses in the time function is recorded by means of 
graphic or photographic recorders. Most probably the fo rerunner of 
such a respirom eter is M a c F a d y e n ’ s model (1961). The basic ele­
m ents of the system  appear in  the rem aining resp irom eters of this 
group: W a g e r ,  P o r t e r  (1961), F o u r  e h e  (1964), B y z o v  et 
al. (1967). The last two m entioned above are a direct developm ent of 
M a c F a d y e n ’ s concept. In all these models the detection circuit is 
independent of the oxygen generation circuit. The source of the  a lte r­
nating voltage u(t) (Fig. 4 C) is fed to  the am plifier input A M  through

Fig. 4. E lectric diagram s of respirom eters (compare Table I). A — G roup I ( C a p r a -  
r o  1953, M a c F a d y e n  1955, W i n t e r i n g h a m  1959), B — G roup II ( S m i t h  1962, 
P h i l l i p s o n  1962), C — G roup III ( M a c F a d y e n  1961, W a g e r ,  P o r t e r  1961, 

F o u r  e h e  1964, B y z o v  et al. 1967, “S aprom at”)
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the control electrode CEj 2. The signal s comes to the snap-action switch 
S 1 of the tim ing m echanism  TM  which shuts the Si for a short tim e 
a t regular intervals. If a t the m om ent of closing of Si the signal e 7^ 0 
then  the ’’one shot” generator OSG is switched on which in turn, by 
m eans of relay  RE  and switch S2 supplies curren t i = const, from  the 
stabilized power supply SPS; the curren t flows in the  oxygen genera­
tor OG during .d t^const. A fter At the switch Si is switched on again; 
if the signal a is still not equal to 0 then the ’’one shot” generator OSG 
switches on the curren t i for the next At. The impulses are repeated 
so long as e 7^ 0, th a t is the control electrode CEi is subm erged in  the  
electrolyte in  the m anom eter. Each impulse is counted in  the  decade 
counter DC by  m eans of a pen-recorder, or photographic reg istra to r or 
digital p rin ter, etc.

The respirom eter proposed by the authors of the present w ork belongs 
to  a new group IV (Table I) in which the constant charge (Q =oonst.) 
is obtained w ithout the stabilization of the intensity  of the electro­
lysis curren t (i ^  const.) and w ithout the stabilization of im pulse tim e 
(Zlt 7^ const.). Chapter 5 contains the description of the respirom eter 
and its comparison w ith those discussed so far.

C A LIB R A TIO N  OF RESPIRO M ETERS

The models w ith nonelectric m easurem ent of the quantity  of gen­
erated  oxygen do not require additional calibration or control. As seen 
from  Table I in all models w ith  electric m easurem ent the calculation 
based on the F araday’s laws of electrolysis (1 m A /hr =  209 ul 0 2(STP)) 
was used as the basic m ethod of calibration. M a c F a d y e n  (1955) 
proposed voltam etry  as the com parative method of electric calibration. 
A part from calculation some authors (W i n t e r i n g h a m  1959, W a- 
g e r ,  P o r t e r  1961, S m i t h  1962, B y z o v  et al. 1967) used as 
a control the ’’sim ulation” of the oxygen consumption by m eans of m er­
cury  or w ater burettes connected to the respiratory  chamber.

5. CAPACITY ELECTROLYTIC RESPIROMETER (KZ-CER-01T)
P R IN C IP L E  OF O PERATIO N

As seen from  the m ateria l presented in the previous chap ter the 
im provem ent and developm ent of electrolytic respirom eters in the ir

2 In order to sim plify and to m ake the presentation  of electronic circu its’ d ia­
gram s uniform  it was assum ed th a t in all Group III respirom eters the control elec­
trode is in the m anom eter’s arm  from  the side of the respira tory  cham ber, th a t is, 
closing of the detection circuit is a signal for sw itching on the oxygen generator. 
In fact, in the respirom eters of M a c F a d y e n  (1961) and F o u r  e h e  (1964) such 
signal is break ing  of the detection circuit (the control electrode is on the side of the 
com pensating chamber). However, this difference is not essential for the  principle 
of operation of G roup III respirom eters.
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electric aspect w ent in the direction of stabilizing the  param eters, that 
is: i — intensity of the electrolysis current, At — electrolysis duration, 
and as a resu lts  of that: Q — stabilized electric charge passing through 
the electrolyte in At. The m easurem ent consists in counting the num ­
ber of Q, practically the num ber of times the electrolysis unit is switch­
ed on. This causes certain  difficulties, the most significant of which 
are connected w ith obtaining the real stabilization of cu rren t and w ith 
the accuracy of circuits stabilizing the electrolysis duration  during 
individual switchings.

One of the  proposed objectives by us is also to obtain th e  stabiliza­
tion of the electric charge Q, w ithout the necessity, however, of stabi­
lizing the other param eters: i, At which can change during the succes­
sive ’’im pulses”. Such dosing of the charge we obtain through the appli­
cation of capacitance. The capacitor stores the charge Q expressed by 
the form ula:

Q = U • C
w here: U — voltage, C — capacitance.

Since in the process of electrolysis it is impossible to discharge the 
capacitor to 17 =  0 because of the polarization of electrodes, th e  dischar­
ging is carried to certain  voltage U2 a t which th e  capacitor is discon­
nected from  the circuit to which the charge is released. A device per­
form ing dosing of the charge by means of transferring  it through char­
ging and  discharging of the capacitor will be called here a ’’capacity 
pum p”. It w ill be described later.

G EN ER A L D E SC R IP T IO N  OF THE R ESPIRO M ETRIC U N IT

A volum etric respirom eter described earlier by K l e k o w s k i  (in 
prin t) has been used as a model for the general diagram  of the glass 
parts of the capacity electrolytic respirom eter. The appara tus (Fig. 5) 
consists of two identical vessels, one of which (1 ) plays th e  role of the 
resp ira to ry  cham ber and the o ther (2 ) of the com pensating cham ber. 
The upper parts of both vessels (3) connected to  the  lower ones by 
ground joint act as C 0 2 absorbers. Each of them  contains in the circular 
cavity 25°/o of NaOH solution (4) which saturates cylindrically shaped 
W hatm an filte r paper (5). Both absorbers are connected by ground 
jo int to  the respirom eter arm s (6 , 7). The arm  (6 ) connected to the 
resp ira to ry  cham ber has an  additional branch w hich by m eans of ground 
joint is connected to the oxygen generator (8 ), w here  in the  C uS 0 4 

solution saturated  in  0.5°/o of H2S 0 4 (9) p latinum  anode (10) and cathode 
(11) are  submerged. The external term inals of electrodes are  in short 
tubes in  which they are  connected to the cables by m eans of Wood 
alloy. The joints and cables are protected  by rubber tubings slipped
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Fig. 5. Capacity electrolytic respirom eter — resp ira to ry  gasometric unit. 1 — resp i­
ra to ry  cham ber, 2 — com pensating cham ber, 3 — C 0 2 absorber, 4 — 25% NaOH solu­
tion, 5 — filte r paper, 6, 7 — respirom eter arms, 8 — oxygen generator, 9 — sa tu ra ­
ted  C uS 04 solution, 10 — anode, 11 — cathode, 12 — horizontal capillary, 13 — tap, 
14, 15 — branches of the  horizontal capillary, 16 — tygon tubing, 17 — capillary of 
the  control electrodes holder, 18 — bulb of the control electrodes holder, 19 — p ro ­
tecting tubing of the control electrode, 20 — control electrode CElt 21 — control 
electrode CE2, 22 — perspex  supporting plate, 23 — brass holders, 24 — brass ou t- 
triggers, 25 — attach ing  screw, 26 — ground stopper, 27 — m icrom eter gauge, 28 — p is­
ton of m icropipette, 29 — cylinder of m icropipette, 30 — pressure-tub ing  jo in t, 31 — 

branches of C 0 2 absorber. A rrow  — surfaces greased w ith vaseline

on the glass tubes. The tubings protect the  places w here electrodes are 
connected to the cables and come out above the surface of the w ater 
in  the therm ostat. The cables are  connected to the  herm etic socket. 
The respirom eter arm s (6 , 7) are joined together by a horizontal capil­
lary  (12). In its m iddle part the horizontal capillary m ay be closed by 
a specially constructed tape (13), a fte r th e  tape is closed, both  parts 
of the capillary are cut off from each o ther and from  the atm osphere; 
a fte r it is open, both parts are joined and join the atm osphere. On 
both sides of the tape (13) the horizontal capillary has branches (14, 15) 
directed downwards. The branch of this part the horizontal capillary 
which is connected to  the compensating cham ber has an olivary at the  
end to which tygon tubing (16) is fixed. The o ther branch (15) of the
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horizontal capillary betw een the tape (13) and a branch connected to 
the oxygen generator (8 ) is short and term inated  w ith  a ground joint. 
The control electrode holder is m ounted on this joint. In  its lower part 
it has a capillary of 1.5 m m  diam eter (17) widening into a bulb (18) 
in its upper part. The bulb has the capacity of ca. 10 ml. The lower 
part of the  capillary has an olivary to w hich tygon tubing (16) is 
fixed. H alf-w ay the bulb height there is a tube (19) w ith  the upper 
end of the control electrode CEj (20). This electrode is a 0.15 mm p la ti­
num  w ire. The lower end of the w ire goes as far as approxim ately  1/3 
of the  capillary length. This part which is in  the capillary  is sealed 
by m eans of the oxygen flam e to the capillary wall. The other control 
electrode CE2 (2 1 ) has one end in the tube branching out a t the lower 
1/3' leng th  of the capillary and is sealed to  its w all (opposite to the 
control electrode CEj (20)). The upper end of CE2 (21) reaches the bulb. 
The cables connected to the electrodes by m eans of Wood alloy and 
protected  by rubber tubing reach the  herm etic socket.

The resp irom eter is m ounted on the perspex supporting plate (22) 
by m eans of brass holders (23). This p late (22) is fixed ro ta ry  to  the

Fig. 6. P rincip les of functioning of the “capacity pum p”. A — un it d iagram , B — flow
diagram

http://rcin.org.pl



490 R. Z. K lekowski and J. W. Zajdel

Fig. 7. Block diagram  of the capacity electrolytic respirom eter (C ER ) showing the
operation of the  “capacity pum p”

pin (24), attached to the basal p late  (Fig. 11) which is suspended in 
the therm ostat on a steel support. The plate (2 2 ) m ay be immobilized 
by tightening the nicked screw (25).

The lower part of branch (14), tygon tubing (16) and the lower 2/3 
of the capillary (17) are filled w ith  0.5°/o of H2S 0 4 so th a t the lower 
end of the  control electrode Cl?! (20) be subm erged — w ith  the tape (13) 
open — in 3—5 m m  of electrolyte. The level of electrolyte in  the  ca­
pillary (7) is adjusted by adding the electrolyte through a very  small 
funnel inserted in  the opening, w hich is then  closed w ith  a ground 
glass stopper (26) secured w ith  a rubber band or a stainless spring.

D E SC R IP TIO N  OF TH E ELECTRIC CIRCUITS

Detecting unit

The m anom etrie detecting unit DU of the U-pipe type w as used. 
The changes in  the  level of the  m anom etrie liquid w hich is 0.5% 
solution of H2S 0 4 cause the change of resistance of the  system  con­
sisting of two platinum  electrodes of different length CFX and CE2 
(20 and 21 in Fig. 5). The electric un it detecting the changes of re ­
sistance is a sensitive conductom eter which detects w hether the re ­
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sistance of the electrolyte column betw een the electrodes is higher or 
lower than  the  accepted m inimal critical value R m. R m is chosen de­
pending on the used electrolyte and electrode arrangem ent. In  our 
detecting unit it is possible to set this value in the 1 to 8 k £2 range 
The value of 3 kQ was accepted; a t this value the shorter electrode 
is subm erged to the  dep th  of ca. 0.5 m m  in the  0.5% H 2SO4 electro­
ly te  and the distance betw een the electrodes is about 1.2 mm. The 
detecting un it’s operating point is adjusted by m eans of a potentics 
m eter P 4 (Fig. 8 ) on the front panel. Since the detecting unit m ust be 
able to react to  very  small changes of resistance occurring on the level 
of the accepted value of electrolyte resistance (3 kQ) it m ust have very  
large rela tive sensitivity  (below 1%). The am plifier of non-linear 
threshold  characteristic w as used.

The detecting unit operates in the following w ay (Fig. 7, 8 , 9): square 
w ave oscillator SW O  of 5 kHz 3 operating in  the  m ulti-v ib ra to r circuit 
(transistors T 17 and T18) supplies through the capacitor C7 the detecting 
un it DU  form ed by a divider: resistance of electrolyte betw een elec­
trodes CE± and CE2 — resistors R52 and Ru and diode D22. The detecting 
unit signal is fed to the nonlinear am plifier (transistor T9, resistor R9) 
and th en  to the  shaper SCHj (Schmitt trigger) consisting of transistors 
T 5 and T6. A m plifier and shaper are denoted on the block diagram  
(Fig. 7 B) by a symbol NDA.

If the input signal am plitude on the resistor R 52 is lower than  the 
am plifier threshold the am plifier gain is 0 and there is no signal at 
the  output. W hen the input signal am plitude exceeds the  threshold 
value which happens w hen the resistance betw een the control elec ­
trodes decreases sufficiently enough due to the increase of the electrode 
subm ersion CEt a sequence of pulses (reinforced ’’peaks” of inpu t signal) 
appear at the  am plifier output (resistor R9). These pulses w ill be later 
form ed in the shaping unit (SCHi in Fig. 8 ).

Thus the e rro r signal is a sequence of pulses w hich occur w hen the 
pressure in  the resp iratory  cham ber decreases due to the  oxygen con­
sum ption of an object in the chamber. It should be stressed that the 
param eters of the detecting unit should be chosen so tha t it reacts to 
the  changes of gas quan tity  on the resp iratory  cham ber sm aller than 
the  oxygen am ount generated by 1 pulse. In  o ther words: a good de­
tecting unit provides the  oxygen doses following 1 pulse and not in 
series w ith  long intervals. This was accomplished in  th e  above descri­
bed detecting un it by an original arrangem ent of control electrodes, 
large rela tive sensitivity  below 1% , and suitably chosen capillary dia­
m eter (17 in Fig. 5) containing the control electrodes.

3 This frequency has been chosen em pirically. Dower frequencies proved unsu i­
tab le  as they caused electrolysis on the control electrodes and generation of gas 
bubbles.
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Fig. 8. Logical diagram  of th e  capacity electrolytic respirom eter. “0” — 0-2 V (false), 
“l ” — 9-18 V (true), p. — a signal beginning the charge dosing phase, k. — output 
signal of the com parator: “l ” w hen I7C< U 2, a., b., c., d. — NOR output signals Na,

N b , N c , Nd

Charge dosing unit (’’capacity pum p”)

The unit operates in the  following way:

1. P reparatory  cycle: relay  contact 1 RE  (Fig. 7 A) is in such a posi­
tion tha t it connects points 2 and 3. The capacitor C1 is charged until 
the voltage has the value of Ui. The duration  of the cycle has to be 
chosen in such a w ay th a t th e  capacitor be sufficiently charged. The 
m inim um  tim e depends on the tim e constant RiCi. E ither the operating 
cycle or the idle cycle m ay follow charging while the capacitor is 
connected to the voltage source Ut.

2. The operating cycle: m ay follow the  preparatory  cycle. In the 
operating cycle the  relay  contact IRE  connects points 1 and 3. The 
capacitor Ct is discharged through the output circuit R2. Discharging 
continues until the voltage on the capacitor is decreased to  the value 
of U2. This value is detected by the com parator CO and signalled to 
the steering and computing un it SCU. Then the relay 1 RE  is switched 
and the preparato ry  cycle begins. Switching m ust be fast enough in 
comparison w ith  the speed of voltage changes on the capacitor Cj to
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ensure sufficiently small dynamic error. Since the capacitor was 
discharged from  voltage Ut to U2 the following charge w as moved 
through the output circuit:

Q = (U 1 — U2) • c

where: C is capacitance.
The accuracy with which the charge is dosed depends on the sta­

bility of the reference voltages Ui and U2, speed of switching, com para­
tor sensitivity, and the quality  of the capacitor Cx. To obtain the suf­
ficient speed of switching one can use the  sufficiently fast electrom e­
chanical contact relays or contactless electronic relays. In  our respiro­
m eter the herm etic relays (contactrons) were used as the switching ele­
m ents which ensure the sufficient speed of switching.

The steering and computing unit SCU realizes a defin ite cycle: 
[preparatory cycle w aiting (idling) -*• operating cycle] or [preparatory 
cycle operating cycle] (see Fig. 6 B), counts the num ber of charge 
doses and doses the charge which depends on the w ay in  w hich the 
device is used. A considerable flexibility  of charge dosing is possible 
due to the application of the steering  unit w ith  a suitable algorythm .

In our respirom eter the steering unit doses the charge keeping up 
w ith the varying in tim e demand. Figure 7 B shows the using of ’’capa­
city pum p” in respirom etry. The unit operates in the following way: 
oxygen consumed by an animal causes the pressure drop in the re ­
spiratory chamber R-CH  and changes the level of the electrolyte in the 
m anom eter M  which in tu rn  causes th a t the electrode CE± is subm er­
ged more and the electrolyte resistance betw een the electrodes is lo­
wered. The decrease of resistance is detected by the detecting unit DU, 
amplified in the  nonlinear detector am plifier ND A  and in  the  form  of 
signal e sent to the  steering and computing unit SCU. The steering and 
computing unit SCU controls the charging and discharging of the capa­
citor Cj by means of the  relay  1 RE. In the charging phase w hen the 
contacts (2) and (3) are connected in the relay 1 RE, capacitor Ct is 
charged by resistor Ri in tim e t  chosen in such a way th a t the  voltage 
on the capacitor increases to the level Uj. A fter tim e r the  unit is 
ready for the operating cycle. If signal £ equals 0 then the unit is kept 
in  the waiting (idle) phase and the capacitor Cx is all the  tim e con­
nected to the voltage source Ui. W hen the signal e does not equal 0, 
the operating cycle is begun w here contacts 1 and 3 are  connected in 
IRE  and the curren t i2 flows through the resistor R 2 and the oxygen 
generator OG. Capacitor Ci became discharged under control of the  
com parator CO which compares the voltage UC1 on the capacitor Ci 
w ith  the voltage of reference U2.
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When both these voltage become equal (Ucl — U2) com parator CO 
supplies a signal to the steering and computing unit SCU, relay  1 RE  
connects points 2 and 3 and thus the n ex t phase of charging the ca­
pacitor Cj is begun. This phase, like the previous one, laists for tim e 
T and increases the voltage on the capacitor to  U\.

N.B. the operating cycle once begun lasts till the end; also in  the 
case when, w ith in  the cycle, signal e stops.

The described above m ethod of dosing the charge by the  capacity 
pum ps ensures that equal portions of oxygen are generated in the 
oxygen generator.

Successive operating cycles are counted by the pulse counter incorpo­
rated  in the steering and computing un it SCU. The m eter readings are 
recorded by the recording unit RU  w hich is periodically triggered by 
the program m ing unit PU. In our respirom eter a set of (15) telephone 
calls counters was used as the  pulse counter. The cam era (type Ro­
bot-Record er 18 M) w ith  the program m ing unit (S tenergerät Ila) was 
used for photo-recording.

The logical diagram  of the respirom eter

The steering unit was based on the  elem ents of the NOR  (sum ne­
gation) logical function (Fig. 8). The N A and N B make the static trigger 
controlled by means of logical signals p. and k. Signal p. is the  logical 
product of negation of the signal e and the readiness signal d. This 
product is produced on the N D elem ent. Since signal e is a sequence of 
”0” pulses (see: explanation to Fig. 8) in case of oxygen dem and in 
R-CH  and the continuous signal ”1” in case of the lack of dem and we 
receive a sequence of ”1” pulses on the N D output w hen there is oxygen 
demand and when the unit is in the readiness state (charged capaci­
tor Ci). The first pulse of the sequence will put the trigger (NA —N B) 
into such a state tha t a. =  0 and b .=  1. Signal b. =  l w ill stim ulate the 
relay REB through the am plifier A M B. The contact 1REB of the relay 
will then be closed and the discharge current of the capacitor C4 will 
begin to flow through resistor R2 and oxygen generator. Since the 
capacitor Cb was charged signal k. had ”0” value at the m om ent of 
switching the {NA — N B) trigger. A fter switching the  trigger 
{Na — N b) signal b. assumes the value of ”1” which w ill cause the 
signal c. to have the value of ”0” , and thus the readiness signal d. 
will become ”0” too. The effect of the readiness decay is the fact that 
the signal d. assumes the ”0” state. The phase of charge dosing lasts 
since the appearance of b. =  l. W hen the capacitor C  ̂ discharges to the 
value of the lower threshold (voltage U2) it will be detected by the 
com parator CO and will cause the change of signal k. from state ”0”
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into state  ”1”. The trigger (NA — N B) w ill be adjusted so th a t a. =  l and 
b. — O. The relay  REB w ill stop operating w hereas the  contact 
1 REb will be opened thus completing the  charge dosing phase. A mo­
m ent later 4 relay  REA w ill s ta rt operating, stim ulated by an  am plifier 
A M a whose contact 1REA w ill close the  charging circuit of the  capa­
citor. Then signal k. w ill again become ”0” since the voltage on the 
capacitor will reach the value of UC> U 2. Since charging is taking 
place b. — O and thus signal c .=  l will appear on the output of the N c 
elem ent. A fter tim e r the  readiness signal d. will appear and only 
then the  trigger (NA — N B) w ill be in the charge dosing phase (a. =  0, 
b. =  l). It was m entioned earlier in this paper tha t tim e t  is chosen 
in such a w ay tha t charging capacitor C4 to the  full value of voltage 
Ut is ensured.

To check the correct operation the device was equipped w ith  three 
control lamps which show the phases of operation: L A — charging, L B 
-— charge dosing, L c — readiness State.

Schematic diagram  of the electronic circuit

Figure 9 shows the schematic diagram  two parts of which can easily 
be isolated: the stabilized power supplies and proper steering unit.

The p o w e r  s u p p l y  consists of a 220V 50 Hz transform er Tr 
protected w ith a fuse Flt rectifier Dj_4, filte r C3 C4 C4 and the stabili­
zing element. The stabilizer’s circuit w ith a series control elem ent (tran­
sistors T i and T2 in the D arlington circuit) was needed. The comparing 
elem ents is m ade up of transistors T3 and T4 and the resistor divider 
R3, R4, RS, P 4. The reference voltage is generated on the stabilizer S t4. 
The s t e e r i n g  u n i t  can be divided into sub-units w hich perform  
functions shown in the block diagram  (Fig. 7) and the logical diagram  
(Fig. 8). Individual sub-units will be discussed below.

L e v e l  m e t e r  LM was discussed in detail in the part on ’’De­
tecting un it”. It is an electric part of a detecting un it w hich includes 
apart from LM, the  m anom eter M and the electrode system  (CE1 — CE2). 
The level m eter can be divided into th ree  parts: square wave oscillator 
SWO, detecting unit DU and a part of the threshold am plifier NDA. 
This part of ND A  w hich does not belong to LM  is the  Schm itt shaper 
shown in the logical diagram  (Fig. 8) as a sub-unit SCH4 because it 
is the m atching elem ent betw een the level m eter and the logical ele­
ments. The SCHj system  is m ade of transistors T5 and T6.

4 The characteristic of the relays used here are such th a t the tim e from  the 
m om ent the voltage is applied to the coil to the m om ent of closing the contact is 
longer than the tim e betw een the m om ent of rem oving voltage from  th e  coil and 
th a t of opening the contacts. Due to this p roperty  relays REA and R E b are never 
sw itched on at the sam e time.
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C o m p a r a t o r  CO is a simple one-transistor T10 system. The ref­
erence voltage U2 is generated on the stabilizer S t2. The input signal 
from  the com parator is shaped by the SCH2 system  consisting of tran ­
sistors T7 and T8. The SCH2 system  m atches the com parator's input 
signal to the signal requirem ents in the used logical elem ents NOR. In 
the block diagram  (Fig. 7) the shaper was shown as the component part 
of the com parator CO.

NOR  l o g i c a l  e l e m e n t s .  They are . tw o-input resistor-diode- 
transistor circuits. The elem ent N A consists of transistor T14, diode D17, 
collector resistor R43, resistor R42 and the input resistors R4o and R44. 
The elem ents N B, N c , N D are made of transistors T15, T16 and T19, 
respectively.

I n v e r t i n g  a m p l i f i e r s  AM. They are one transistor circuits 
which, instead of a collector resistor, use circuits composed of a relay  
coil, a series resistor and a diode protecting against overloading. The 
logical ” 1” on the am plifier input causes the relay w ork and the appear­
ance of the logical ”0” on the collector of the transistor. It is, th ere­
fore, the inverter for logical signals. The am plifier A M a is composed of 
the elem ents T n , R2i, RE A, Dn , R20, R19 and D14. Am plifiers A M B and 
A M C are built of transisto rs T 12 and T43.

T i m e  d e l a y  c i r c u i t  T is composed of the elem ents R 54, R27, 
C6, P 2, S t4. The logical ” 1” on the output of the elem ent N c — transistor 
Tie — causes charging of capacitor C6 through resistors R5i, P2 and R-27. 
T ransistor T 13 will be driven only when the voltage reaches the proper 
value. The tim e delay ad justm ent is perform ed by means of a potentio­
m eter P2. When the logical ”0” appears on the output of N c the capa­
citor Gg is quickly discharged through R27 and transistor T4g (R'27<śz R27 d~ 
+  Rsi)-

C o n t r o l l i n g  a n d  c o m p u t i n g  c i r c u i t .  Control lam ps L 
are supplied with a lternating  curren t from a separate transform er w ind­
ing Tr through the contacts of respective relays. The decade counter 
DC is supplied by m eans of a rectifier composed of diodes D5.8 and ca­
pacitor C5.

C A LIB R A TIO N

Table I shows th a t calibration of systems is necessary in all models 
of electrolytic respirom eters in which the m easurem ent of 0 2 generation 
is done electrically. As a ru le  calculation is based on the Faraday’s laws 
of electrolysis from  which it appears tha t for example 1 [iAh gives 
298.45 mg 0 2 through electrolysis of e.g. C uS 04. In respirom eters in 
groups I, II, and III (Table I) the results of m easurem ents are finally  
converted into Ah which is enough to convert it into the am ount of gen­
erated oxygen ( = consumed in the respiratory  chamber). Some authors
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use additional control of calibration. For this purpose M a c F a d y e n  
(1955) uses voltam eter. A sim pler m ethod is the application of gasom etric 
devices (mercury burette  — W i n t e r i n g h a m  1959, W a g e r ,  P o r ­
t e r  1961, S m i t h  1962 or w ater burette  — B y z o v  et al. 1967). The 
authors of the present w ork in general applied the em pirical gasom etric 
m ethod of calibration. The device is shown in Fig. 5. A ready  m ade ele­
m ent of titra ting  m icroburette was fixed to the supporting p late  (22). 
A m icrom eter gauge (27) scaled in units of volume moves the piston (28) 
in the cylinder (24) joined w ith the resp iratory  cham bers. For th is p u r­
pose a C 0 2 absorber (3) w ith  a branch (31) is used. By m oving the piston 
back by known same volumes of gas its loss in the resp ira to ry  cham ber 
is sim ulated. The num ber of impulses necessary to m ake up for th is ’’loss” 
is recorded. The same ’’losses” are repeated up to using the  whole volume 
of m icropipette (in our case 500 pi). The obtained data are p lo tted  on 
the diagram  averaged graphically and then 0 2 generation per pulse is 
calculated. N.B. It is necessary to take into consideration the barom etric 
pressure a t the m om ent of closing the respirom eter and tem pera tu re  of 
w ater bath. The 0 2 production per 1 pulse should be calculated in pi 
0 2(S tp )>  th a t is S tandard  Tem perature (0°C) and P ressure (760 mmHg) 
(details in K l e k o w s k i  in print). F igure 10 gives the exam ple of such 
calibration. A nother possible m ethod is to apply a ballistic galvanom eter 
and to m easure by its m eans the charge moved through the circuit during

Fig. 10. An exam ple of ca lib ra tion  of the 
capacity electrolytic resp irom eter (CER ). 
1 scale division of m icropipette =  19.8 pi. 
Since a t the m om ent of m easurem ent the 
barom etric pressure w as 752.7 m m  Hg 
(19°C) thus: 1 scale div. =  17.98 ul of gas 
(STP); 1 scale div.=54.5 im pulses; 17.98: 

: 54.5 =  3.329 pi 0 2(STp)/imp.

one pulse. The accuracy of such calibration is estim ated to be of 1-2%. 
This last m ethod requires the application of equipm ent not generally 
used in biological laboratories.

D E SC R IP T IO N  OF TH E C E R  U NIT

CER assembly consists of the following elements: 1. w ater therm o­
sta t in which 15 respirom eters (such as shown in Fig. 5) are  suspensed,
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Each un it has a herm etic socket (SOi in Fig. 9). From  the socket a 4- 
wire cable5 w ith  herm etic plugs leads to a proper panel in  the control 
and m easurem ent rack (S 0 2 in Fig. 9). In three upper sections5 of the 
rack7 there  are 15 panels8 of 5 to a section. Each panel consists of a set 
of electronic circuits (as in Fig. 9) designed for cooperation w ith one 
respirom etric unit. There are on each panel: 1 — a socket for the cable 
connecting the respirom etric unit; 2 — control lam ps indicating: charging 
of capacitors, readiness state, operation cycle — discharging through oxy­
gen generator, 3 — control of operation point of detecting unit DU, 4 — 
control of duration of operation cycle, 5 — 0.5 A fuse in the d.c. c ir­
cuit, 6 — 0.5 A fuse in the prim ary  w inding of the  m ains transform er, 
7 — m ain on-off switch.

The low er p a rt of the contr.-means, rack contains 15 batteries of capa­
citors. One battery  consists of polyester capacitors of the MKSE-011 type 
having the to ta l capacitance of 500 \iF. For proper selection of pulses the 
capacitance of 100, 250 and 500 [xF m ay be used from  each battery  of 
capacitors.

A recording unit is located in the upper p a rt of the rack. It consists 
of: 1 — a block of 15 impulse counters9. A clock is situated  near their 
windows. 2 — ’’Robot” photographic cam era (Recorder 18 M), ’’RoboF’-de- 
vice (S tenergerät Ila) program m ing the frequency of photographs and 
conditions of exposure, 3 — flash lamp. Figure 12 shows two fram es 
w ith the recorded indications of the counters. Depending on the used 
cartridges it is possible to take 80 to 3000 photographs w ithout changing 
the cartridge. And so, for example, w ith 4 photographs per hour continu - 
ous recording m ay last up to 30 days.

O PER A T IO N A L  IN STR U C T IO N

The w ay of procedure w ith  a single gasometric unit GU (Fig. 5) will 
be given below. GU is located outside the w ater bath on a stand. The 
tap (13) is open. Place a cylinder of W hatm an’s filte r paper (starchless) 
of equal size in both C 0 2 absorbers (3) and grease the surfaces m arked 
by arrow s w ith  vaseline in order to prevent creeping of NaOH solution. 
Grease sligh tly  the ground joints of absorbers w ith vaseline-caoutchouc 
m ixture (or good silicone non-toxic grease for biological purposes). Soak 
filte r paper in both C 0 2 absorbers w ith  an equal am ount of 25% NaOH,

5 Two w ires in the cable led to the electrodes CEt and CE2 are screened in order 
to elim inate ex terna l disturbances which m ay d isturb  the operation of a very  sen ­
sitive detecting  circuit.

® Type B-2, produced by POLON, Poznań, Poland.
7 Type C-25, produced by POLON, Poznań, Poland.
8 Type A -l, produced by POLON, Poznań, Poland.
9 Telephone calls m eters, produced by TELFA M anufacturing Co., Bydgoszcz, 

Catalogue No. 8-4467-002-5.
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Fig. 11. G eneral view of th e  capacity electrolytic respirom eter (CER)

then attach the absorbers to the respirom eter’s arm s and secure w ith 
springs or rubber rings. Place the animal(s) in the respiratory  cham ­
ber, then attach  both cham bers to the ground joints of appropriate ab­
sorbers, greased earlier, and secure w ith spring or rubber rings.

Place the gasometric un it on a support in w ater bath. A djust the po­
sition of supporting plate (22) to set up the right electrolyte level in 
capillary (17), fix by m eans of nicked screw (25). Connect the cable 
which goes betw een the gasometric unit and the appropriate panel in 
the control and m easurent rack. Switch on the main switch on the panel 
so th a t oxygen generation sta rts  and the H2S 0 4 solution in the oxygen 
generator becomes saturated  w ith oxygen. W ait ca. 10 min until tem ­
pera tu re  is equalized. Close the tap (13) and switch on the recording 
device.

W henever a larger num ber of respirom eters is used at the  same time,
each experim entator m ust m ake his own compromise about the succe­
ssion of operations w ith individual instrum ents.

E X A M P L E  OF THE M EA SUR E M EN T OF O X Y G EN  CO N SU M PTIO N

Figure 13 shows two exam ples of the m easurem ent of oxygen con­
sum ption by cockroaches (Blatella germanica L.) F igure 13 A shows the 
frequent m easurem ent, m ade ca. every 5 min (20°C, anim al w et w eight 
36 mg). Section 1 was m ade at the tim e when after closing the valve 
(13 in Fig. 5) the pulses succeded each o ther continuously un til the  me-
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Fig. 12. A fram e from  the film  recording the reading of the pulse counters

Fig. 13. Exam ples of m easuring the oxygen consum ption by Blattella  germanica.
A — m easurem ents every 5 min. 1 — m axim um  oxygen generation in respirom eter, 
2 — respiration of anim al. B — m easurem ents every 15 min. 2, 3, 4 — decrease of 
respiration  from  th irs t and hunger, 5 — constant resp ira tion  in presence of

food and w ater
15011
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niscus of the electrolyte in the capillary (17 in Fig. 5) was lowered to 
the working position. Thus, this section allows for the  calculation of 
the m axim um  oxygen generation in the oxygen generator at the given 
capacity of the battery  of capacitors and the regime of charging and 
discharging. In our case: 776 im p/hr th a t is 4.6 sec/imp. From  previous 
calibration (compare Fig. 10) it was known th a t 1 imp. =  0.329 pi 02(s t p )> 

thus the m axim um  generation of 0 2 =  776 • 0.329 =  255 pi 0 2/hr. W ith 
the capacity of Ci =  500 pF and the full operation cycle 1.5 sec (2400 
imp/hr), the m axim um  efficiency of the described respirom eter equals 
790 pi 0 2(STP)/hr. It m ay be added th a t such efficiency corresponds to 
the continuous electrolysis w ith the cu rren t of 3.8 mA.

Section 2 shows respiration of Blattella germanica (Insecta). The cal­
culation: 154 im p/hr : 154 • 0.329 =  50.7 pi 0 2/hr.

Figure 13 B shows two m easurem ents of cockroach’s respiration (20 °C, 
anim al w et weight 130.5 mg) w ithin 20 hours w ith the recording done 
every 15 min. In the first m easurem ent (upper curve) th ree sections of 
the curve (2, 3, 4) w ere distinguished for which sim ilar calculations to 
those in the previous example w ere perform ed. They were: 1 — 43.6, 
2 — 34.6, 3 — 23.0 pi 0 2(STP)/hr • ind. The decrease of oxygen consump­
tion after 10 h r in the respirom eter resulted  probably from th irst and 
hunger. In the second m easurem ent (lower curve) food and w ater were 
added. Oxygen consumption (34.6 pi 0 2(Stp)) did not decrease w ith time 
spent in the respirom eter.
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6. SUMMARY

The firs t p a rt of the paper includes a review  of developm ent of electrolytic 
respirom eters and a system atic analysis of electrical, electronical and gasom etric 
systems applied in these respirom eters.

The second p a r t of the paper includes a description of original electrolytic r e ­
spirom eter KZ-CER-01T in which a series (battery) of condensers was used as 
a source of current. Detailed descriptions of electronic system  which ensure a s ta ­
bility  of electric charge and therefore a stab ility  of generated by this charge 
portions of oxygen during subsequent “im pulses” as well as of counting and re ­
cording system s are  given. The m easurem ents in KZ-CER-01T respirom eter can 
be carried out continuously for m any days, a t a constant, not decreasing concen­
tra tion  of oxygen in the vessel holding the object investigated. A com plete set 
consists of 15 respirom eters. Each respirom eter is an independent un it which can 
be used separately  from  the rem aining units. Records of results are done by m eans 
of set of counters of im pulses and autom atic photographical registration.

7. STRESZCZENIE

W pierwszej części pracy dokonano historycznego przeglądu rozw oju respiro- 
m etrów  elektrolitycznych i dokonano system atycznej analizy układów  elektrycz-
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nych, elektronicznych i gazom etrycznych jakie były stosowane w  tych respiro- 
m etrach.

D ruga część pracy zaw iera opis oryginalnego respirom etru  KZ-CER-01T, w k tó ­
rym  zastosowano jako źródło p rądu  elektrolizy baterie kondensatorów . Podano 
szczegółowy opis układów  elektronicznych, które zapew niają stałość ładunku  elek­
trycznego, a co za tym  idzie, stałość generowanych przez ten ładunek porcji tlenu 
w czasie poszczególnych „im pulsów” oraz układu zaliczającego i rejestru jącego. 
Pom iary w  respirom etrze KZ-CER-01T mogą być prowadzone w sposób ciągły 
przez wiele dni, przy stałym , niem alejącym  stężeniu tlenu w naczyniu zaw ierającym  
badany obiekt. K om plet urządzeń składa się z 15 respirom etrów . Każdy respiro- 
m eter stanow i samodzielny układ, k tó ry  może być w ykorzystyw any niezależnie 
od pozostałych. R ejestracja w yników  odbywa się za pomocą zespołu liczników 
im pulsów i autom atycznego układu fotograficznego.
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NOTICE TO AUTHORS

Polskie A rch iw um  Hydrobiologii publishes papers in every field of hydrobio­
logy. Only w orks not subm itted elsew here are accepted.

L e n g t h .  Succinctness of style is a prerequisite. In general, papers are lim ited 
to 16 prin ted  pages, including illustrations, references etc.

L a n g u a g e s .  Papers are published in the official congress languages of So- 
cietes In ternationalis Limnologiae, i.e., English, French, G erm an and Italian. Works 
subm itted  in Polish w ill be translated  into English by the Editors. The Authors are 
requ ired  to quote English equivalents of all the special term s they employ, according 
to th e  usage cu rren t in English and/or Am erican scientific publications. A tran sla ­
tion w ill be supplied to the A uthor for a verification. The final touch m ust be made 
a t th a t phase. No am endm ents other than purely technical will be allowed in 
proofreading.

P a p e r  a r r a n g e m e n t .  A paper should be arranged as follows: 1. ABSTRACT 
— a b rief repo rt of the topic, results and conclusions, not exceeding 100 words, 
2. INTRODUCTION — containing a form ulation of the subject, a sta tem ent on its 
actual stage of elaboration, and a clear definition of the aim  of the paper, 3. MA­
TERIAL and METHODS — the description m ust be sufficiently  detailed to enable 
a repetition  of the procedure by other researchers, 4. RESULTS — o n l y  the results 
a tta ined  in the w ork should be dealt w ith under this heading, 5. DISCUSSION — 
a com parison of the results brought by the paper w ith  results of o ther works, an 
elucidation of theoretical and logical aspects, deductions and conclusions, etc.,
6. SUMMARY — presenting the m ain results and conclusions in no m ore than 200 
w ords. The sum m ary w ill be prin ted  in the au tho r’s native language and in the 
language of the m ain  text.

T a b l e s .  They should be typed on separate sheets, num bered w ith Roman 
num erals, w ith a brief title above each table. Large tables exceeding the size of 
a p rin ted  page should be avoided.

F i g u r e s .  Pencil drawings on profile paper (mm) are accepted. Only contrast 
photographs can be reproduced. The size of figures should not exceed the size of 
a sheet of norm al typescript. Each figure m ust bear an A rab num eral and the nam e 
of the author. Titles of figures and the ir descriptions ought to be presented on 
a separate  sheet of typescript, common for all of them . F igures should not contain 
inform ation already cited in tables, and vice versa.

B i b l i o g r a p h y .  I t should contain all the references cited in the text. The 
list should be arranged  in the following m anner: surnam es of the au thors (in alpha­
betical order), initials, year of publication, title  of paper, title of journal (abbre­
viated according to the World List of Scientific Periodicals), volume, pages of 
reference (first and last); see the exam ples below.

W hen papers published in non-congress language are quoted, sum m aries in 
a congress language (if any) should be m entioned (see exam ple No. 2). If the title 
is stated  in a congress language, it should be quoted (see exam ple No. 2). Names 
of non-L atin  au thors should be translite ra ted  into the Latin  alphabet according 
to the ISO-Recom m endations, unless the cited au thor him self prefers another 
translitera tion  of his own name.

Books should be cited as in exam ples 4 and 5.
1. R e y n o l d  s o n ,  T. B., Y o u n g ,  J. O., T a y l o r ,  M. C. 1965. The effect of 

tem perature of the life-cycle of four species of lake dwelling triclads. J. anivi. 
Ecol., 34, 23-43

2. S o l s k i ,  A. 1962. M ineralizacja roślin wodnych. I. U w alnianie fosforu i potasu 
przez w ym yw anie [M ineralization of the aquatic vegetation. I. Liberalization 
of phosphorus and potassium  salts by leaching]. Pol. Arch. Hydrobiol., 10, 
107-196 [Engl. summ.].

3. [I m s h e n e c k  i j, A. A.] H M in  e H e u K H ft, A. A. 1949. O im iM a jib H b ie  n iiT aT ejibH bie  
c p e j .b i min a n a a p o Ö H b ix  u e j i.i io .i0 3 H b ix  óaK T ep u ft. [Optim al nu tritional environm ents 
for anaerobic cellulose bacteria] Mikrobiologia, 18, 215—223.

4. E k m a n ,  S. 1953. Zoogeography of the sea. London. Sidgwick and Jackson.
5. B e e  t o n ,  A.  M., C h a n d l e r ,  D. C. 1963. The St. L aw rance G reat Lakes. In: 

F r e y ,  D. C. [Ed.] Lim nology in North America, 535-558, M adison, The U ni­
versity  of W isconsin Press.
In the text, references should be quoted by m entioning the au tho r’s nam e and 

date, e.g. ( B o g u c k i  1953) or B o g u c k i  (1953); w hen a work by m ore than two
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authors is referred  to, only the nam e of the first among them  should be m entioned, 
followed by “et al.”, e.g., R e y n o l d  s o n  et al. (1965); papers by the sam e authors 
published in the same year should be distinguished by sm all le tters of the alphabet 
added after the year, e.g., K a m l e r ,  R i e d e l  (1960 a).

Som etim es there is a need to cite works which have not yet been published 
in prin t. They ought to be set forth in the following way:

a. unpubl. (Not expected to be published a t any definite time). To be m en­
tioned in the te x t only.

b. in prep. (A work prepared but not subm itted for p rin t by its author). Quote
the au tho r’s nam e and the w ork’s title.

c. in p rin t. S tate  the au tho r’s name, title of the work and of the journal, and 
the year and volum e w henever possible.

M a r k i n g  o f  t h e  t y p e s c r i p t s .  The authors of papers subm itted  in 
congress languages are requested to m ake no m arkings on their m anuscripts.

R e p r i n t s .  The authors receive 25 rep rin ts  of their papers free of charges. 
75 m ore rep rin ts  is given for which the costs are covered from A uthor’s fees or by 
his Institu te  if the form al order is delivered. I t is emphasized th a t the num ber 
of reprin ts prin ted  m ust be equal, for technical reasons, for all papers of a given
issue, so the A uthors are requested not to refuse th a t 75 reprints.
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