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S. N I E W O L A K

SEASONAL CHANGES IN NUMBERS OF SOME PHYSIOLOGICAL 
GROUPS OF MICROORGANISMS IN IŁAWA LAKES

D epartm ent of Technical M icrobiology, H igher School of A griculture, 
Kortowo 43, Olsztyn, P oland

ABSTRACT
. j

B acterioplankton, heterotrophic bacteria and yeasts are moire abundan t in w a 
ter depths of the polluted Lake Jeziorak  Maly than  in th a t of the eutrophi^ 
L ake Jeziorak. In the m uddy and  sapropelic bottom  sedim ents of the investp  
gated  lakes the m icroorganism s are m ore abundan t than  in sandy soils. They 
are also abundan t in the net p lankton of Iław a lakes. The m axim um  am ounts 
of bacteriop lankton , heterotrophic bac teria  and yeasts in w ater depths and bottom 
sedim ents of Iław a lakes w ere usually found in spring or at the : beginning 
of sum m er and in autum n, the  m inim um  am ounts — in sum m er and w inter. 
E xtensive deviations from the general seasonal course w ere more frequently 
‘observed in Jeziorak  Mały Lake. In the net plarikton of the Iław a lakeSj 
■seasonal variations in num bers of the investigated  m icroorganism s werq alsd 
observed.

1. INTRODUCTION
* i • ' !I

The num ber of m icroorganism s and their distribution in a lake depend on 
several factors: natu ra l, clim atic and m eteorological conditions, type of bottom} 
season, w ate r characteristics, quality  and depth, and others. These subjects 
have been investigated several tim es. Q uantitative dynam ics of! bacterioplank-j 
ton and of heterotrophic bacteria  in w ate r w ere investigated most often; much 
less attention  has been devoted to bottom  sedim ents, w ater plants and plant 
and anim al plankton.

Seasonal varia tions of num bers of bacterioplankton w ere observed in detail 
in  the following lakes: W hite and Black lakes a t Kosino ( K u z n e t s o v  1934), 
G lubokoye Lake near Moscow ( K u z n e t s o v  1937, S o k o l o v a  1961, S h c h e r- 
b a k o v l 9 6 7 ) ,  a m ontane Lake Sevan (G a m b a r y a n 1957), Naroch and Batorin 
lakes in Byelorussia ( B e l y a t s k a y  a - P o t a y e n k o  1964, P o t ä y e n k o  1968), 
Constance Lake (D e u f e 1 1967), Balaton Lake ( 0 1 a h 1969 a, b) and others. 
Yearly quan tita tive  dynam ics of heterotrophic bacteria w ere investigated in the 
following lakes: A lpine lakes ( M i n d e r  1918, D u g g e l i  1924, D e u f e l  1967, 
G o l d m a n  et al. 1968), eu trophic lakes at Kosino and m esotrophic Glukoboye 
Lake near Moscow ( K u z n e t s o v  1934, 1958), A lexander Lake in Minnesota, 
U.S.A. ( H e n r i c i  1938), Balaton Lake ( 0 1 ä h 1969 a, b) and others. However, 
there are few  papers on lake yeasts, and specially on seasonal variations of their 
num ber ( H e d r i c k ,  S o y u g e n c  1967, M e y e r s  et al. 1970). In several of the 
above m entioned papers, an increase of the num ber of m icroorganism s in the 
spring-sum m er period w as noticed, due to the raise of w ate r tem perature and 
to the mass developm ent and the dying off of phytoplankton. . »
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350 S. Niewolak

In  the present paper, the num bers and seasonal varia tions of bacterioplank- 
ton, heterotrophic bacteria and yeasts in w ater, bottom  sedim ents, and net p lank
ton of Iław a lakes of d ifferent pollution degrees, are presented.

2. TERRAIN DESCRIPTION AND METHODS

M aterials w ere taken  in 1967-1969 once a m onth, from 5 stations of Jezio- 
rak  Maly Lake and from  10 stations of Jeziorak  Lake. The to ta l characteristics of 
the investigated lakes and selected stations are given in Tables I and II. Due to

Table I. Some m orphom etric data on the investigated Iław a lakes

C haracteristics
Lake

Jeziorak Mały Jeziorak

L atitude 
Longitude 
A ltitude (m a.s.l.)
Surface area (ha) 
M axim um  length (m) 
M axim um  w idth (m) 
Length of shore line (m) 
M axim um  depth (m) 
M ean depth (m)
W ater volume (m3 • 1000)

53°36'7"N
19°33'6"E

100
26

805
365

2330
6.4
5.0

890.3

53°35'30"N 
19°31'—19°35'E 

99 
3230 

27,000 
2700 

148,500 
11.1 
5.0

1415,945.2

Table II. Some hydrographic data on the investigated stations and bottom  deposits
type of the Iław a lakes

Lake Station
Distance 

to the shore 
(m)

Depth
(m) Bottom deposits type

Jeziorak Mały 1 15 4.5 m uddy
2 20 4.5 m uddy
3 * in the middle 6.4

of the lake m uddy
4 20 2.0 m uddy w ith  a thick

saw dust layer
5 20 5.0 m uddy

Jeziorak 6* 150 5.0 m uddy
7 15 2.0 m uddy
8* 300 2.5—3.0 sapropel
9* 15 2.0 sandy

10 15 5.0 sandy
11 * 650 11.1 m uddy
12 15 5.0 sandy
13 15 6.0 sandy
14 450 6.0 m uddy
15 15 5.0 sandy

* M icrobiological data presented in this paper.

difficulties in p resentation  of all the results of microbiological investigations, 
only those of the five selected most typical stations (Fig. 1) are given in  the

http://rcin.org.pl



Seasonal changes in numbers of microorganisms in Iława lakes 351

present paper: No. 3 in Jeziorak Mały Lake (m uddy sediments, w ater heavy 
polluted by dairy and m unicipal sewages), and four others in  Jeziorak Lake: 
No. 6 (muddy sediments, w ater slightly polluted by m unicipal sewages), No. 8 
(slightly m ineralized sedim ents of sapropelic type), No. 9 (1 mm thick sedim ents 
on sandy substratum ), and No. 11 (muddy sedim ents, w ater unpolluted by any 
sewages). Organic m atte r contents was about 42% in m uddy sedim ents and 1-2% 
in sandy soils.

Fig. 1. Location sketch of the Iław a lakes — Jeziorak Mały and Jeziorak. 3, 6, 8,
9, 11 — sam pling stations

W ater was sampled from d ifferen t depths w ith  an apparatus of Isachenko 
( R o d i n a  1965); sam ples of the upper layer (5 cm thick) of bottom  sedim ents 
w ere taken with,, an Ekm ann apparatus ( P r z y ł ę c k i  1954), and sam ples of net 
p lankton were obtained by filtering of 10 1 of w ater th rough p lankton net No. 25.

In the draw n samples the num ber of m icroorganism s w as estim ated for each 
group.

For w ater bacterioplankton, the m ethod of direct counting on m em brane fil
te rs according to R a z u m o v  (1932) w as applied. M em brane filte rs  of MF 15 
(group 5) produced by M em branfiltergesellschaft GmbH, G ottingen, w ith pores 
of 0.275 nm in diam eter, w ere used afte r sterilization by boiling in fresh distilled
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352 S. Niewolak

w ater for 30 min. Each tim e 1 ml of the investigated w ate r diluted w ith  sterilized 
physiological NaCl solution in 1 : 10 proportion was filtered . B acteria on filters 
w ere coloured on circles of filter paper placed on P etri dishes w ith 5% ery t- 
hrozyne dissolved in 5°/o phenole solution, for 3 hr.

For bacterioplankton in bottom sedim ents the m ethods given by R o d i n a  
■(1965) w ere applied. Each tim e 1 g of bottom  sedim ent was placed in a sterili-
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Seasonal changes in numbers of microorganisms in Iława lakes 353

Fig. 2. Seasonal changes in num ber of bacterioplankton in the w ater of the Iław a 
lakes. Each point is an average value of 3 parallel repetitions (semi-log scale). 
1 — surface w ater, 2 — near bottom  w ater. Jeziorak Maly Lake: A — station No. 3; 
Jeziorak Lake: B — station No. 6, C — station No. 8, D — station No. 9, E — station

No. 11

zed bulb and subm erged w ith sterilized 0.0004 n NaOH solution; then it was 
shaked for 20 m in and pu t away for 1-2 m in to allow the larger particles to 
settle down. 1 ml of suspension was filtered  through a m em brane filter and after 
colouring and drying the filters, m icroorganism  cells were counted in a sample. 
The results w ere recalculated per 1 g dry w eight of sediment.

Num ber of bacterioplankton in net p lankton was estim ated afte r sm earing in 
a m ortar and shaking of 1 g of fresh  mass in a bulb w ith 100 m l of sterilized 
physiological NaOH solution.

N um ber of heterotrophic bacteria was estim ated afte r cultivation on broth 
agar of pH 7.2, for 7 days a t 20°C.

N um ber of yeasts w as estim ated afte r cultivation on m alt agar for 5 days 
a t 25°C.

Besides, bacteria fixing atm ospheric nitrogen in aerobic conditions (Azoto- 
bacter) and anaerobic conditions (Clostridium pasteurianum)  as w ell as oligo- 
nitrophilous bacteria were estim ated; the results are given in N i e w o l a k  (1972 a).

All the estim ations w ere m ade on the basis of 3 para lle l inoculations and the 
obtained results w ere recalculated per 1 ml of w’ater, 1 g of dry w eight of sedi
m ent or 1 g of fresh w eight of phytoplankton.
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354  S. Niewolak

3. RESULTS

BACTERIOPLANKTON

In water, numbers of bacterioplankton were from about a dozen 
thousands to about 2 milion cells per 1 ml (Fig. 2). Bacterioplankton

1967 19fi8 19B9

Fig. 3. Seasonal changes in num ber of bacterioplankton in the bottom  deposits 
of the Iław a lakes. Each point is an average value of 3 parallel repetitions 
(semi-log scale). 1 — station No. 3, 2 — station No. 8, 3 — station No. 9, 1 — station

No. 11http://rcin.org.pl



Seasonal changes in numbers ot microorganisms in Iława lakes 355

was more abundant in Jeziorak Mały Lake (Pig. 2 A) and in shallow  
stations of Lake Jeziorak (Fig. 2 B-D) where, except in few cases, it 
amounted from 100,000 to 2000,000 cells per 1 ml of water. However, 
in the deepest station (No. 11) there was as few as several dozen thou
sands cells per 1 ml of water (Fig. 2 E).

In Jeziorak Maly Lake, bacterioplankton was abundant in different 
months, even in winter; in Jeziorak Lake it was regularly more abun
dant from May to July and in September, and only rarely in other 
months.

In both lakes, now and then there were pretty considerable diffe
rences in bacterioplankton distribution between surface and near to 
bottom water. In the vegetation period the microorganisms were mostly 
more abundant near the bottom, whereas in winter — in surface water.

In bottom sediments (the upper layer), bacterioplankton was many 
times more abundant in water (Fig. 3). Particularly rich with bacterio
plankton were muddy soils of Jeziorak Maly Lake (station No. 3) and 
muddy and sapropelic sediments of Jeziorak Lake (stations No. 6, 8, 
11), containing up to 916 million cells per 1 g of dry weight. The mi
croorganisms were the least abundant (up to 1.1 million cells per 1 g 
of dry weight) in sandy soil (station No. 9). In all the soil types more 
bacterioplankton was observed in autumn and winter; moreover a slight 
increase of their number was recorded in June.

In net plankton, numbers of bacterioplankton were 4—75 million 
cells per 1 g of fresh mass (Fig. 4), i.e. from several dozen to several

Fig. 4. Total num bers of bacterioplankton in the net p lankton  of the Iław a lakes 
in  1968 (average values of 3 parallel repetitions, sem i-log scale). ? — no data
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356 S. Niewolak

hundred times more than in water. Maximum amounts were recorded 
in October 1968, minimum amounts in September 1968 (station No. 8).

HETEROTROPHIC BACTERIA

In water of Jeziorak Mały Lake no regularity was found, with so
me exceptions, in seasonal occurrence of heterotrophic bacteria counted 
in broth-agar. For example, in station No. 3 (Fig. 5 A) most hetero
trophic bacteria were found in spring 1967, in both surface and near to 
bottom water, and in 1968 they were abundant in several months: in 
surface water in May, September, October and December (2000—2700 
cells/ml), in near to bottom water mainly in January, March and April, 
and also in June and September (up to 10,800 cells/ml). In 1969 they 
were specially abundant in March (up to 20,500 cells/ml). Irregular 
occurrence of heterotrophic bacteria in this lake is connected with its 
pollutions with sewages from a nearby dairy and sawmill and with 
municipal sewages from the residential areas.
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Seasonal changes in numbers of microorganisms in Iława lakes 357

Fig. 5. Seasonal changes in num ber of heterotrophic bacteria in the w ater of the 
Iław a lakes. Each point is an average value of 3 parallel repetitions (semi-log) 
scale). 1 — surface w ater, 2 — near bottom  w ater. Jeziorak Maly Lake: A — station 
No. 3; Jeziorak Lake: B — station No. 6, C — station  No. 8, D — station No. 9,

E — station No. 11
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358 S. Niewolak

The same can be said about station No. 6 of Lake Jeziorak polluted 
with the municipal sewages of the town Iława (Fig. 5 B). Maximum 
numbers of heterotrophic bacteria in water in this station were recorded 
in April 1968 and March 1969 (up to 3500 cells/ml). In a shallow bay 
of Lake Jeziorak, in stations No. 8 and 9 (Fig. 5 CD), heterotrophic 
bacteria were more abundant in May, August and November 1967, 
and August, September and November 1968. A similar seasonal pat-

Fig. 6. Seasonal changes in num bers of the heterotrophic bacteria in the bottom  
deposits of the Iław a lakes. Each point is an average value of 3 parallel repetitions 
(semi-log scale). 1 — station No. 3, 2 — station  No. 8, 3 — station No. 9, 4 — station

No. 11http://rcin.org.pl



Seasonal changes in numbers of microorganisms in Iława lakes 359

tern of occurrence of heterotrophic bacteria was observed in the dee
pest station No. 11 (Fig. 5 E).

In bottom sediments of the lake, distribution of heterotrophic bac
teria was as irregular as in water and it depended on bottom type 
(Fig. 6). In stations No. 3 and 11, in muddy soils of both lakes and

Fig. 7. Total num bers of heterotrophic bacteria in the net plankton of the Iław a 
lakes in 1968 (average values of 3 parallel repetitions, semi-log scale). ? — no data

in station No. 8, in sapropelic sediments of Lake Jeziorak, more hete
rotrophic bacteria (up to 2 million cells per g dry weight) were found 
than in station No. 9 in sandy soils (up to 28,300 cells/g dry wt.). Ma
ximum amounts of the heterotrophic bacteria in bottom sediments of 
the investigated lakes were found in June and November. In winter 
they were relatively less abundant and only in station No. 3 (Jeziorak 
Maly Lake) there was more than 4000,000 cells/g dry wt. in 1969.

In net plankton, heterotrophic bacteria were numerous (Fig. 7). They 
were specially abundant in June 1968, during the period of Cyanophy- 
ceae development of the genera of Anabaena, Aphanizomenon and 
Microcystis, and they were the least numerous in autumn during the 
abundance of species of the genera of Oscillatoria, Asterionella and 
some others.

YEASTS

In water of the Iława lakes the yeast one not numerous. In Jezio
rak Maly Lake they were more numerous in near to bottom water 
(Fig. 8 A), whereas in Jeziorak Lake they were rather regularly dis
tributed both in surface and in near to bottom water (Fig. 8 B-E). They
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360 S. Niewolak

were very numerous in spring (May or June) and in autumn (October 
or November), and exceptionally in other months. In winter and early 
spring they were not numerous; several times they were not observed 
at all at 1 ml inoculations.

In bottom sediments the yeasts were relatively more numerous, 
particularly during the vegetation period (Fig. 9). Depending on a se
diment type or a degree of its pollutions, numbers of yeasts varied 
from 0 to 6200 cells per g dry weight in the period of investigations. 
As a rule, more yeasts were found in muddy sediments, especially in 
Jeziorak Maly Lake (station No. 3), where, the dairy sewages rich with 
carbohydrates flow in, than in other soil types. In Jeziorak Maly Lake, 
the maximum amounts of yeasts in bottom sediments were recorded 
in April and May, the minimum ones in winter. In Jeziorak Lake (sta-

http://rcin.org.pl



tions No. 6, 8, 9, 11) the yeasts were more abundant in June and Octo
ber, and the minimum amounts were found in winter.

Net plankton is also a convenient environment for yeasts (Fig. 10). 
They were found in amounts of 150—15,000 cells per g fresh weight. 
In Jeziorak Maly Lake they were more abundant in June, and in Je
ziorak Lake — in September 1968.

I *

Seasonal changes in numbers of microorganisms in Iława lakes 361
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362 S. Niewolak

Fig. 8. Seasonal changes in num bers of yeasts in the w ater of the Iław a lakes. 
Each point is an average value of 3 parallel repetitions (semi-log scale). 1 — surface 
w ater, 2 — near bottom w ater. Jeziorak M ały Lake: A — station No. 3; Jeziorak 
Lake: B — station No. 6, C — station No. 8. D — station No. 9, E — station No. 11
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Fig. 9. Seasonal changes in num bers of the yeasts in the bottom  deposits of the 
Ilaw a lakes. Each point is an average value of 3 parallel repetitions (semi-log 
scale). 1 — station No. 3, 2 — station  No. 8, 3 — station No. 9, 4 — station No. 11
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364 S. Niewolak

Fig. 10. The num bers of yeasts in the net plankton of the Iław a lakes in 1968 
average values of 3 parallel repetitions, semi-log scale)

4. DISCUSSION

In Jeziorak Mały Lake, seasonal variations in bacterioplankton oc
currence deviated considerably from the regularities observed in the 
stations on Lake Jeziorak, due to the inflow of sewages of a nearby 
dairy, sawmill and municipal sewages from the neighbouring areas 
In Jeziorak Lake more bacterioplankton' was found in spring and 
autumn which was connected with development or dying off of algae 
and other planktonie organisms in that periods. Similar seasonal varia
tions were observed by B e l y a t s k a y a  (1958) in an eutrophic Ba- 
torin Lake, mesotrophic Naroch Lake and Myastro Lake of a meso- 
trophic-eutrophic transitional type, by D e u f  e l  (1967) in Constance 
Lake, and by others.

Municipal sewages of the town Iława also influenced the numbers 
of heterotrophic bacteria in Jeziorak Mały Lake. The mean numbers of 
these bacteria in the period of investigations, amounting to 2200 cells/ml 
of surface water and 2930 cells/ml of near to bottom water, are typi
cal for heavy polluted urban lakes of the Mazurian Lakeland ( N i e 
w o l a k  1972 b). However, these numbers are many times lower than 
those recorded in 1960—1963: on average, 45,000 cells/ml of surface 
water and 115,000 cells/ml of near to bottom water ( N i e w o l a k  1966). 
It was an initiation of a sewage treatment plants of dairy sewages 
(operating with a method of an activated sludge) in the middle of 1963 
and bringing it to its full efficiency in the next years which influen
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Seasonal changes in numbers of microorganisms in Iława lakes 365

ced the numbers of heterotrophic bacteria towards their decrease in 
the last period. Untill 1963 the unprocessed dairy sewages had been 
inflowing the lake directly.

Yeast numbers recorded in Jeziorak Maly Lake correspond to the 
values given for polluted waters (A h e a r n et al. 1968, S i m a r d, 
B l a c k w o o d  1971 a, b). Sewage nature of this lake has a bearing 
on irregularity of seasonal occurrence of all the three mentioned mi
croorganism groups.

In water of Jeziorak Lake, particularly in stations No. 8, 9 and 11 
situated far from Iława town, numbers of heterotrophic bacteria were 
lower, rarely exceeding 1000 cells/ml. Similar numbers of heterotro
phic bacteria (up to 870 cells/ml) were recorded by K u z n e t s o v  
(1952) in a relatively pure Lake Swyatoye (Kosino), by G e r l e t t i ,  
M e l c h i o r r  i-S a n t o 1 i n i (1968) in lakes Monate and Mergozzo, 
and by others. Also yeast numbers in Lake Jeziorak (up to 225 cells/ml) 
corresponded to values given in V a n  U d e n, A h e a r n (1963), M e
y e r s  et al. (1970) for unpolluted lakes.

Seasonal variations dynamics of numbers of heterotrophic bacteria 
in water of Lake Jeziorak depends, first of all, on occurrence of available 
nutrients. Maximum amounts of these microorganisms in all stations 
of this lake, found in spring (May—June), were connected with increased 
intake of organic matter from neighbouring fields, as well as with 
increased production in the lake at higher temperature, while in autumn 
(September—November) their amount was related to the dying off of 
planktonie organisms being a substratum for these bacteria. Similar 
regularity of heterotrophic bacteria development in this lake was re
corded also in 1960—1963 ( N i e w o l a k  1966). In other lakes similar 
regularities were found by H e n r i c i  (1938), P o k o r n y  (1971) and 
others. Lasser densities of heterotrophic bacteria in lake waters during 
summer and winter stagnation periods are commonly known. For example, 
P o k o r n y  (1971) observed such a phenomenon in Titisee Lake. A de
crease of the number of heterotrophic bacteria in summer can be caused 
by more intensive development of Zooplankton or other animal organisms 
feeding on bacteria, and/or by negative influence of toxic excretions 
of algae on bacteria. Such phenomena are often mentioned in the 
literature ( K u z n e t s o v  1952, P a l u c h ,  D o b r z a ń s k i 1956).

Bakterioplankton as well as heterotrophic bacteria and yeasts were 
more abundant in muddy and sapropelic bottom sediments than in sandy 
soils of the investigated lakes. This was apparently due to the higher 
contents of organic matter in muddy and sapropelic bottom sediments. 
As to the numbers of heterotrophic bacteria, both muddy and hardly 
mineralized sapropelic sediments of the Iława lakes are similar to those 
of some eutrophic lakes in the Soviet Union ( E k z e r t s e v  1948, Z a 
v a r z i n a  1955). However, the total number of bacterioplankton was

http://rcin.org.pl



366 S. Niewolak

never so high as the value given by H a r t u l a r i  (1939) for bacterio- 
plankton of the surface sapropelic layer of some lakes in the Soviet 
Union. The differences could be caused by different sampling methods.

Maximum numbers of heterotrophic bacteria in summer and autumn 
are connected with great amounts of organic matter stored at the 
bottom in these periods, resulting from mass dying off of phytoplankton 
after its spring blooming as well as from dying off of phyto- and 
Zooplankton during autumn chills. The winter decrease of the numbers 
of these bacteria in bottom sediments of the Iława lakes is connected 
with the decrease of temperature of the upper layer of the bottom 
and/or with depletion of reserves of assimilable organic matter. A si
milar sequence of seasonal variations of development of this micro
organism group was also described by K u z n e t s o v  (1952) for bottom  
sediments of some lakes in the Soviet Union.

High amounts of bacterioplankton, heterotrophic bacteria and yeasts 
found in summer and autumn 1968 in net plankton of the Iława lakes 
were connected with diluted organic substances excreted by phyto
plankton, composing a substratum for these microorganisms. On this 
account, several authors ( Cha n ,  M c M a n u s  1969, C o 1 e r, G u n 
n e r  1969, S t r z e l c z y k ,  M i e l c z a r e k  1971) justly pointed to the 
analogy between root microflora of land plants and microorganisms living 
in water plants zone.

A relatively small number of the investigated samples of net plankton 
did not allow to determine the reasons of seasonal regularity of micro
organisms in the studied biocenosis. Maybe they are related to the 
development of some algae groups and/or excretion of some nutrient 
or toxic products of algae metabolism.
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5. SUMMARY

The distribution of bacterioplankton, heterotrophic bacteria and yeasts in w a te r 
of the Iław a lakes depends m ainly on the type of a lake, and th a t in bottom  
sedim ents — on the bottom type. All the investigated m icroorganism  groups w ere 
more abundan t in w ater of Jeziorak  Mały Lake, polluted w ith sewages, than  
in the eutrophic Jeziorak Lake. In m uddy and sapropelic bottom  sedim ents of the 
investigated lakes all the groups w ere several tim es m ore abundant than in sandy 
soils. High am ounts of all the m icroorganism s groups w ere also found in  the 
net p lankton  of the Iława lakes. U sually the m axim um  am ounts of the m ic ro 
organism s w ere found in spring or in early  sum m er and in autum n; the m inim um  
am ounts — in sum m er and w in ter stagnation periods. R em arkable deviations from  
the general p a tte rn  of seasonal occurrence of m icroorganism s w ere m ore often 
observed in Jeziorak Mały Lake. Seasonal varia tions of am ounts of the investigated  
m icroorganism s were also observed in the net plankton of the Iław a lakes.http://rcin.org.pl
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6. STRESZCZENIE

W rozmieszczeniu bakterioplanktonu, bakterii heterotroficznych i drożdżaków 
w wodzie jezior iławskich zasadnicze znaczenie posiada typ zbiornika, a w osadach 
dennych charak ter dna. W szystkie badane grupy drobnoustrojów  w ystępują licz
niej w toni wodnej ściekowego Jezioraka Małego, m niej licznie w eutroficznym  
jeziorze Jeziorak. W m ulistych oraz sapropelowych osadach dennych badanych 
jezior, zarówno bakterioplankton jak  też bak terie  heterotroficzne i drożdżaki 
w ystępują w ielokrotnie liczniej, aniżeli w gruntach piaszczystych. Duże ilości 
bakterioplanktonu, bakterii heterotroficznych i drożdżaków w ystępują również 
w planktonie sieciowym jezior iław skich. W sezonowym w ystępow aniu badanych 
drobnoustrojów  w wodzie i osadach dennych stw ierdza się na ogół m aksym alne 
ilości wiosną lub z początkiem  la ta  i w jesieni, m inim alne w okresie stagnacji 
letniej i zimowej. Większe odchylenia od ogólnie obserwowanej sezonowości roz
w oju bakterioplanktonu, bak terii heterotroficznych i drożdżaków w ystępują częściej 
w Jezioraku Małym. Stw ierdza się również sezonowe w ahan ia liczebności badanych 
drobnoustrojów  w planktonie sieciowym jezior iławskich.
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ABSTRACT

In the period of investigations 97 p lanktonie p lan t species w ere identified in the 
southern  Baltic. The analysis of the hydrographical background exhibited th a t 
during the  period of investigations some changes took place in the southern 
B altic sea. In  1969 a salt w ater influx  took place from  the N orth  Sea into the 
Baltic. I t caused an increase in salinity  and brought w ith some species of phyto
plankton , rare ly  noted hitherto . These changes concerned as w ell the increm ent 
of species num ber afte r each w ater influx from  the N orth Sea, as the hydro- 
biological character of the southern Baltic phytoplankton.

1. INTRODUCTION

This contribution deals w ith the species composition of the southern Baltic 
phy toplankton  in 1971 w ith respect to the horizontal and vertical distribution  and 
the seasonality  of appearance of particu lar p lan t species com pared w ith  analogous 
resu lts obtained for some previous years.

The phytoplankton  distribution in the southern Baltic in relation to hydro- 
logical conditions (tem perature and salinity) has been investigated  since 1946 
( R u m e k  1948, M a ń k o w s k i  1951, R i n g e r  1970, 1973). The presen t paper 
gives the  resu lts  of investigations th a t are a continuation of the same kind of 
p lankton  studies. It prim arily  concerns the relations betw een the changes observed 
in the biocenosis of phytoplankton and the hydrological fluctuations th a t actually 
take in the  Baltic sea. The obtained results would be the basis for an elucidation 
of a num ber of events th a t are relevant for the nex t link of the trophic chain 
in the Baltic.

2. TERRAIN DESCRIPTION, MATERIAL AND METHODS

The phytoplankton was sampled in 1971 in the m onths representative of 
p articu la r seasons: M arch (winter), May (spring), A ugust (summer), November 
(autum n) by vertical hauls perform ed w ith p lankton net of Copenhagen type 
(mill gauze No. 25, 80 th reads in 1 cm). A part from  the data for 1971 there are 
also those for 1967-1968 ( R i n g e r  1970) and for 1970 ( R i n g e r  1973). The hauls 
w ere m ade throughout the whole w ater colum n from  the bottom  to the surface 
bu t the sam ples were taken separately from  the w ater layers: 0—15, 15-30, 30-50, 
50-70, 70-90 m and from  90 m to the bottom . In 1971 on the whole 92 samples 
w ere taken  all over the area of the southern Baltic at stations At (Arkona Deep), 
B t (Bornholm  Deep), B, (western p art of the Słupsk Furrow), G2 (Gdańsk Deep) 
and a t K 2 (situated  NE_ from Rozewie a t about 70 m depth) (Fig. 1).

The m a te ria l was preserved in 4% form alin. The analysis of salinity and 
tem peratu re  conditions was elaborated on the basis of m easurem ents made a t the 
sam e tim e as sam pling p lankton m aterial.
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Fig. 1. Routine hydrographic and p lankton  sam pling sta tions in the southern 
Baltic. Broken lines — isobaths. Aj, Bj, B2, G2, K 4 — sam pling stations

The system atics has been elaborated after: B r a n d t ,  A p s t e i n  (1908),
P a s c h e r  (1915), L e b  o u r  (1925, 1930), W o ł o s z y ń s k a  (1928), L a  k o  w i t  z 
(1929), H u b e r - P e s t a l o z z i  (1938-1955), H u s t e d t  (1962), S i e m i ń s k a  (1964).

3. RESULTS

SALINITY

The surface layer salinity during 1971 amounted, on the average, 
to 7.5°/00 all over the southern Baltic, the exception was the Arkona Deep 
where in November the salinity was observed to be as high as 9.2°/00- 
The bottom salinity in 1971 ranged from 7.9°/oo in the area represented 
by station K4 up to 16.3°/oo found in the area of the Arkona Deep. 
In November a small influx of oceanic water from the North Sea into 
the Baltic took place. This influx caused increase of salinity in the 
Arkona Deep and it was also stated in the bottom water layer of the 
Bornholm Deep.

TEMPERATURE

In March 1971 the surface temperature in the southern Baltic ranged 
from about 1°C in the area of Arkona Deep to about 2°C in the Gdańsk 
Deep. In May the surface temperature ranged from about 6°C (in the 
Słupsk Furrow) to about 11.5°C (in the Gdańsk Deep). In August the 
surface temperatures were the highest of the year amounting to about 
15°C in the Arkona Deep and increasing gradually eastward up to 
over 17°C noted in the Gdańsk Deep. In November the extreme surface 
temperatures were: 9.2°C (at A4) and 8.4°C (at G2).
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PHYTOPLANKTON

The detailed phytoplankton compositions is given in Table I. On the 
whole, for these four years 83 forms were identified as to the species 
and 14 forms as to the genus only. Out of those 97 species, 1 belonged 
to the group of Chrysophyceae, 14 — to Dinoflagellatae, 3 — to Silicofla- 
gellatae, 17 — to Cyanophyceae and 40 species to Bacillariophyceae.

In the surface water layer in 1971 the most numerous were the 
species; Aphanizomenon flos-aquae, Nodularia spumigena, Coscinodiscus 
granii, Actinocyclus ehrenbergii, Chaetoceros borealis, Chaetoceros da- 
nicus, Peridinium pellucidum  and Dinobryon balticum.

From the point of view of their salinity demand the above cited 
species are euhalobes or mezohalobes ( K o l b e  1927). In 1971 the phyto
plankton was most numerously found in the top water layer of the sea. 
In the layer 40—60 m the number of species was markedly lower, 
apparently due to greatest fluctuations of temperature and salinity 
since at these depths there are both the halocline and the thermocline. 
Near the sea bottom the phytoplankton was quite poor. In the inter
mediate and bottom layers Bacillariophyceae and Cyanophyceae were 
relatively most abundant.

The species compositions changed during a year.
In winter the vegetation was rather poor, characterized by small 

quantities of plankton that belonged to following species: Aphanizomenon 
flos-aquae, Nodularia spumigena, Chaetoceros borealis, Chaetoceros de- 
cipiens, Actinocyclus ehrenbergii, Coscinodiscus granii, Ceratium tripos 
and Sceletonema costatum. In view of the salinity requirement these 
species are considered meso- or euhalobes. In March the phytoplankton 
of the surface layer was relatively most numerous in the western area 
of the Słupsk Furrow (at B2). Following number of species were found 
there: 6 species of Bacillariophyceae, 3 — of Cyanophyceae, 2 — of Dino
flagellatae, 1 — of Chrysophyceae and 1 species of Chlorophyceae.

In May the most numerous species at that time were: Dinobryon 
balticum, Aphanizomenon flos-aquae and Peridinium pellucidum. All 
these species belong to mesohalobes. In this time the richest in phyto
plankton was the Gdańsk Deep area with its 5 species from the group 
of Bacillariophyceae, 2 — from Cyanophyceae, 3 — from Dinoflagellatae, 
1 — from Chrysophyceae and 3 species from Chlorophyceae.

In August the most numerous species were: Aphanizomenon flos- 
-aquae, Coscinodiscus granii and Actinocyclus ehrenbergii. These species 
are either euhalobes or mesohalobes. The most dense phytoplankton was 
found at this time in the area situated NE from Rozewie (station K4). 
It was represented by 4 species from the group of Cyanophyceae, 3 species 
from that of Bacillariophyceae and 4 species from Chlorophyceae.

Ln November following species did occur: Coscinodiscus granii, Acti
nocyclus ehrenbergii, Ceratium tripos, Ceratium fusus, Chaetoceros bo-
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Table I. Species composition of phytoplankton in Southern Baltic
ol — oligohalobe, e u  —  e u h a lo b e ,
m  — mezohalobe, p o l —  p o ly h a lo b e .

Species 1967 1968 1970 1971

Chrysophyceae

m Dinobryon balticum  (Schütz) Lemm. + + + +
D inoflagellatae

eu Dinophysis norvegica Clap. Lemm. + + +
m Dinophysis acuminata  Clap. Lachm. + + +
m Dinophysis ovum var. baltica Schütt. +

Dinophysis sp. +
pol Peridinium stenii Jörg. + + +
m Peridinium divergens  Ehbg. ' +
m Peridinium catenatum  Levander + + +
m Peridinium pellucidum  (Bergh.) Schütz. + + + +

Peridinium sp. +
m Peridinium granii Ostenfeld + +
m Ceratium fusus  (Ehrenb.) Clap. Lachm. + +
m Ceratium tripos (O.F.M.) Nitsch. + + + +
pol Ceratium macroceros Schrank + +
pol Ceratium arcticum  (Ehbg.) Cleve + +

Silicoflagellatae
eu Dictyocha fibula Ehrenb. +
eu Distephanus speculum  (Ehrenb.) Haeckel -f
m Ebria tripartita (Schum) Lemm. + + + +

Cyanophyceae
ol Merismopedia punctata  Meyen +
m Merismopedia tenuissima  Lemm. +
ol Merismopedia glauca (Ehrenb.) Nägeli +

Merismopedia sp. +
m Microcystis aeruginosa K ützing + + + +
ol Microcystis grevillei (Marsal) Elenkin + +
m Microcystis flos-aquae (Wittr.) E lenkin +

Chroococcus sp. +
ol Gleocapsa turgida  (Kützing) Holler +

Gleocapsa sp. +
ol Oscillatoria tenuis Agardt. +

Oscillatoria sp. +
m Aphanizomenon flos-aquae L. Ralfs + + + +
m Nodularia spumigena  M ertens + + + +
m Anabaena spiroides K lebahn + + +
m Anabaena flos-aquae (Lyngh.) Breb. + + + +

Anabaena' sp. +
Chlorophyceae

ol Pediastrum clathratum  (Sehr.) Lemm. +
ol Pediastrum boryanum  (Turpin) Manegh. + + +
ol Oocystis solitaria W ittr. + +
m Oocystic submarina  Lagerh. + +
ol Oocystis lacustris Chodat + +
ol Oocystis borgei Snow. +

Oocystis sp. +
m Scenedesmus acuminatus  (Lagerh.) Chodat +
m Scenedesmus quadricauda (Turp.) Breb. + +
m Scenedesmus obliquus (Turp.) Kg. +
ol Crucigenia tetrapedia (Kirchn) W.n. G.S.West +
m Dictyosphaerium ehrenb er gianum  Naeg. + + + +
m Ankistrodesmus falcatus  Corda Ralfs + + +
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Species 1967 1968 1970 1971

m Ankistrodesmus falcatus var. mirabile W.N.
G.S.West +

m Ankistrodesmus nivalis  (Chod.) Brunnth. +
m Ankistrodesmus setigerus (Schröd) G.S.West +
m Trochiscia brachiolata (Möb) Lemm. 1T ~ r + 4
m Trochiscia multispinosa  (Moeb) Lemm. 4 4
m Trochiscia clevei Lamm. 4 4 + 4
m Hexasterias problematica Cleve +
ol Kirchneriella subsolitaria G.S.West +
ol Characium limneticum  Lem merm. +

Bacillariophyceae
m Melosira nummuloides  (Dillw.) Agarth. +
m Melosira juergensii Ag. 4 + 4

Melosira sp. 4 4 +
m Sceletonema costatum  (Grev.) Cl. 4 + + 4
m Thallasiosira baltica (Grun.) Ostf. 4 4 + 4
m Thallasiosira gravida Cleve +
pol Thallasiosira nana Lohm ann 4*
m Cyclotella meneghiniana  (Kütz) 4 4 + 4
m Cyclotella stelligera Cl. G run +
m Cyclotella striata v. subsalina Grunow +
m Coscinodiscus granii Gough. + 4 + 4
m Actinocyclus ehrenbergii Ralfs + + + 4
m Chaetoceros danicus Cleve 4 + + ’ 4
eu Chaetoceros densus  Cleve 4
eu Chaetoceros borealis Bail 4 4 + 4-
pol Chaetoceros decipiens Celve +
eu Chaetoceros affinis  L auder +
m Chaetoceros laciniosus Schütt. + 4
m Chaetoceros brevis Schütt. 4 + 4- 4
m Chaetoceros holsaticus Schütt. + + 4
m Chaetoceros wighami  Brightw 4 + 4
m Chaetoceros subtilis  Cleve 4
m Chaetoceros debilis Cleve 4
m Chaetoceros socialis L auder 4
eu Chaetoceros gracilis Schütt. 4
ol Diatoma elongatum  (Lyngh) Ag. 4
pol Thaliassiotrix nitzschioides  Grun. 4 + 4
ol Synedra ulna  (Nitzch.) Ehrenb. 4 +
pol Asterionella gracillima (Hantzch) Heib. +-
m Asterionella zasumensis  (Cabejsz.) Lundh. Aim. 4-
m Fragilaria crotonensis Kitt. +
m Ditylium brightwelli  (West) +

Navicula sp. +
eu Achnanthes taeniata Grun. 4 4 4
m Dipioneis interrupta  (Kütz) Cl. 4

Gyrosigma sp. +
pol Guinardia flaccida Castr. + 4

Asterionella sp. 4
Lyngbya sp. +
Chaetoceros sp. +

realis. All these species are euhalobes. In November the area of Arkona 
Deep had the richest plankton vegetation. The occurence of following 
species was observed there: 3 species from the group of Bacillariophy- 
ceae, 2 — from Dinoflagellatae, 1 — from Cyanophyceae and 1 species 
from Chlorophyceae.
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After the influx of 1969 several species of phytoplankton have appe
ared in the southern Baltic, rarely noted hitherto. These are: Dinophysis 
norvegica, Ceratium mocroceros, Ceratium arcticum, Dictyocha fibula, 
Distephanus speculum, Oocystis submarina, Thalassiorisa nana, Chaeto- 
ceros decipiens and Chaetoceros affinis. After the next influx of 1971 
which was markedly weaker in comparison with that of 1969, Ceratium  
fusus has been noted among the plankton forms. This species was 
already found in the Baltic after the influx of 1959 ( R i n g e r  1973).

Whether these North Sea plankton species will remain in the Baltic 
for good — will be known after some other years to come.

4. DISCUSSION

The analysis of the hydrographical conditions (see above) as w ell as 
of the list of occurrence of phytoplankton species (Table I and II) leads 
to the conclusion that in the southern Baltic changes in phytoplankton 
biocenosis took place at that time. These changes in the time span of 
several years were going in two directions:

1. of a conspicuous increase in number of species in 1970 after salt 
water influx from the North Sea into the Baltic on 1969 (Table II),

2. of changes in hydrobiological character of the phytoplankton in the 
next years of research after influx.

In several last years a trend to salinity increase has been observed 
in the Baltic. This salinity increase has resulted in an augmentation 
of the number of euhalobe and polyhalobe (see Table II) species which 
appeared either for a limited period or — as it was observed recently — 
seemed to remain for good (at least within some regions of the southern 
Baltic) ( M a ń k o w s k i  1963, Ż m u d z i ń s k i  1968, R i n g e r  1973).

Table. II. N um ber of phytoplankton species belonging to p articu la r groups for
a num ber of years

Group 1967 1968 1970 1971

N um ber

Chrysophyceae 1 1 1 1
D inoflagellatae 7 6 9 10
Silicoflagellatae 1 1 3 1
Cyanophyceae 10 8 6 8
Chlorophyceae 6 10 8 8
Bacillariophyceae 12 20 29 19

Total 37 46 66 49

Percentage (%>)

Oligohalobe 10 12 12 5
Euhalobe +  polyhalobe 10 10 15 10
Mesohalobe 70 68 63 75
Indefinited 10 10 10 10
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5. SUMMARY

In 1971 studies on distribution and  seasonability of the southern Baltic phyto
p lankton w ere conducted together w ith  tem perature and salin ity  m easurem ents. 
These studies w ere com pleted by the  data on species com position from 1967, 1968 
and 1970. During those 4 years 97 phytoplankton species w ere identified: 1 species 
belonged to Chrysophyceae, 14 w ere those of Dinoflagellatae, 3 — of Silicoflagellatae, 
17 — of Cyanophyceae, 22 — of Chlorophyceae, 40 — of B acillariophyceae (Table I). 
The composition of phytoplankton varies together w ith region, depth and  season. 
The changes in the species com position w ere stated as depending on w ate r influxes 
from  the N orth Sea which also resu lted  in general increm ent of species num ber, 
and  th e ir  hydrobiological character (see Table I and II).

6. STRESZCZENIE

W 1971 r. przeprowadzono badania nad rozmieszczeniem oraz sezonowością 
w ystępow ania fitoplanktonu B ałtyku południowego na tle w arunków  hydrologicz
nych. B adania te uzupełniono danym i składu gatunkowego z la t 1967, 1968 i 1970. 
W ciągu tych czterech lat określono 97 gatunków  roślin planktonow ych, z tego 
1 gatunek zaliczono do Chrysophyceae, 14 do D inoflagellatae, 3 do Silicoflagellatae, 
17 — Cyanophyceae, 22 — Chlorophyceae, 40 — B acillariophyceae (Tab. I). Skład 
fitop lanktonu  zm ienia się w zależności od rejonów  badań, od głębokości oraz od 
sezonu. Stw ierdzono zm iany w składzie gatunkowym  roślin planktonow ych w za
leżności od wlewów wód słonych z Morza Północnego, które pow odują w zrost ogól
nej ilości gatunków  oraz zm iany charak teru  hydrobiologicznego w ystępujących 
gatunków  (Tab. I i II).
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Poland

ABSTRACT

On the  basis of the review  of the litera tu re  of 1927-1970 on phytoplankton species 
composition in the southern Baltic, it was found th a t there occurred some changes 
in the phytoplankton biocenosis under the influence of an  increasing salinity.

The review of the literature of 1927—1970 leads to a conclusion that 
considerable changes of the environment and phytoplankton biocenosis 
in the Baltic have taken place. The aim of the present paper is to 
survey the changes of this biocenosis during the last fifty years, simi
larly as it was made for planktonie and bottom animals ( M a ń k o w s k i  
1951, 1963, Ż m u d z i ń s k i  1968). Unfortunately, the Baltic phytoplank
ton had been studied only fragmentarily, in some years and in some 
zones of the southern Baltic; nevertheless the available investigations 
allow to recognize the general tendencies of changes occurring there. 
Changes in salinity presented in Fig. 1 show a general tendency to an 
increase of salinity in Baltic water. Both the phenomenon of periodical 
inflows and the mentioned general tendency towards the “ocean” are 
reflected in the phytoplankton composition (Table I). Periodical water 
inflows result in immediate appearance of some oceanic and North Sea 
phytoplankton species in the Baltic, which can be assumed to be the 
periodical biological indicators of inflows. Moreover, the general tendency 
to increasing salinity forms an environment for some of the species 
rarely or never found in the southern Baltic before to settle down there.

In 1927 the investigations were made in Bornholm Deep (H e s s 1 e, 
V a 11 i n 1934, H e n t s c h e l  1951). Salinity of surface water was 7.11°/oo, 
and of near to bottom water — 16.1°/oo (Fig. 1 A). Salinity values do 
not testify to any inflow having taken place in the period previous 
to the investigations. Anyway, those investigations of phytoplankton 
were fragmentary, and the number of recorded species was small. The 
determined brackish-water species were rather typical for the Baltichttp://rcin.org.pl
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and the only oceanic species found out were those which are usually 
recorded as originating from an inflow of cold and considerably salty 
waters. They were Chaetoceros borealis and Chaetoceros decipiens. 
Thus an inflow did take place however considerably earlier.

Fig. 1. Changes of salinity  of the surface (1) and a t depths (2) in: A — Bornholm  
Deep, (90 m), B — G dańsk Deep (110 m), C — A rkona Deep (46 m)http://rcin.org.pl
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In 1938 the investigations had been made in the Gdańsk Deep zone 
(R o t h e 1942). Salinity of surface water was 7°/oo, however in the 
near to bottom water it was more than 13°/oo, so it testifies to an inflow  
having taken place in the period previous to the investigations (Fig. 
1 B). In the region so distant from an inflow source — the North Sea 
— no oceanic species were found, however there was a considerable 
number of North Sea species. There were 25% of North Sea species 
and 74% of brackish-water species.

A similar pattern could be observed in 1948 (R u m e k 1948, 1950) 
in the same region. Salinity of surface water was 7.3%o or normal, 
and in the near to bottom water it was more than 13%0. There were 
10% of North Sea species; some of them were those recorded in 1938 
and the others were new. More of brackish-water species was then found, 
and still there were no oceanic species, which could be explained, as 
before, by a considerable distance from the inflow source.

In 1951—1952, the investigations were carried only in Arkona Deep 
(L a z a r-D m y t r e n k o 1967), but they confirmed a great inflow from 
the North Sea. In March 1951 salinity of near to bottom water was 
22%o, and in January 1952 — 22.3%o. There were two successi/e water 
inflows in this period. In the region, 10% of North Sea and oceanic 
species were found, among which Chaetoceros densus was recorded for 
the first time in this region. (Chaetoceros gracilis, also an oceanic 
species, was recorded as late as in 1956 and as far as in Gdańsk Deep 
( R i n g e r  1973) where the consequences of those inflows were felt 
for such a long time).

In 1956 the whole region of the southern Baltic was investigated 
( R i n g e r  1973), including Pomeranian Bay ( Z e m b r z u s k a  1967). 
Apparently the hydrological conditions in the Bornholm Deep region 
of that period, thus also the salinity of near to bottom water being 
about 16%o all the year, resulted from the heavy inflows of 1951—1952. 
In the other regions, the salinity was not observed to be increasing. 
The number of recorded species was rather low; there were 1% of 
oceanic and North Sea species, and 69% of brackish-water species.

In 1959 ( R i n g e r  1973) the salinity of Baltic water decreased 
by about 0.5—3%o. In the region of Arkona Deep, an inflow of warm 
salty water took place in November, which brought, besides 3 cceanic 
species, already recorded in the Baltic, a new one, Chaetoceros atlan- 
ticus. There were found 6% of North Sea species and 92% of brackish- 
water species.

In 1962—1963 ( K i j o w s k a  1964) the investigations were made only 
in the Bornholm Deep region. The salinity was somewhat higher in 
this region by then, in comparison with the previous investigation 
period (in February 1961 there was a small inflow). 2% of North Sea 
species and 96% of brackish-water species were recorded.
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Changes of phytoplankton biocenosis in Baltic 385

In 1967—1970 ( R i n g e r  1970, 1973), the regular observations in 
all the southern Baltic regions were made in winter (March), spring 
(May), summer (July) and autumn (November). In the four-year period 
two inflows of considerable salinity were recorded. In the Arkona 
Deep region, salinity had increased up to 18°/oo in May 1967, and after 
a heavy inflow in February 1970, it was up to 23°/oo. In 1967—1970 
the number of oceanic and North Sea species was rather even, about 
1—2°/o, and only after the 1970 inflow it increased (Table II).

Table II. Num bers of species found in  the southern Baltic in 1927-1970 
S — the whole southern Baltic, A — A rkona Deep, B — Bornholm  Deep, G — 

G dańsk Deep, P — Pom eranian Bay

Year Region Influx
Total 

num ber of 
species

Gr
polihalobe

and
euhalobe

CO

oup of speci 

m esohalobe
CO

2S

oligohalobe
(%)

1927 B — 10 30 70
1938 G + 14 25 74 1
1948 G + 42 10 75 15

1951-1952 A + 40 10 78 12
1956 S — 57 1 69 30
1958 P — 35 1 97 2
1959 S + 60 6 92 2

1962-1963 B — 27 2 96 2
1967 S + 28 1 97 2
1968 S — 43 2 96 2
1970 S + 41 1 98 1

A tendency to increasing salinity in the Baltic was confirmed by 
a steady occurrence of the typically oceanic and North Sea species, 
never found in this region several years ago, as w ell as by a disappea
rance of several freshwater species, recorded in the Baltic before.

The newly settled, oceanic or North Sea species are as follows: 
Chaetoceros borealis, a species recorded in the northern Atlantic, North 
Sea, Arctic Ocean and Pacific Ocean. In 1927 it was found by H e s s 1 e, 
V a 11 i n (1934) in the northern zone of Bornholm Basin; now it is 
abundant in the Gdańsk Deep and Gotland Deep. Chaetoceros atlanticus 
occurs in the northern Atlantic, North Sea, Mediterranean Sea. Chae
toceros decipiens is recorded in Arctic Ocean, northern Atlantic, English 
Channel and since 1951 in Arkona Deep. Coscinodiscus jonesianus, 
recorded in the seas of high salinity (even in Caspian Sea — H u s t e d t  
1962), is found in all the Baltic regions and even in Vistula Bay. 
Ceratium furca is found in the northern Atlantic, North Sea, English 
Channel and in the recent period even in Słupsk Furrow region.

The above review confirms that a known Baltic feature — changea-
http://rcin.org.pl



386 Z. Ringer

bility of hydrological conditions caused by inflows of salty water from 
North Sea — is reflected by changes in the Baltic biocenoses thus also 
in phytoplankton biocenosis. Similarly as in animal Baltic biocenoses 
(plankton, bottom fauna), also in phytoplankton there are some species 
being the inflow-indicators, which live in the Baltic for a short time 
(e. g. Chaetoceros atlanticus) as well as some settled species being the 
indicators of permanent changes in the Baltic resulting from the in
creasing salinity (e. g. Chaetoceros borealis and Coscinodiscus jonesianus). 
The increasing salinity caused retreat of several freshwater species, 
abundantly occurring in the Gdańsk Deeep till 1948, from the southern 
Baltic. They were: Fragilaria capucina, Gomphosphaeria aponina, Ana- 
baena contorta, never found in the last period of investigations.

SUMMARY

A review  of the  literature of 1927-1970 leads to a conclusion on changeabi
lity of the southern  Baltic environm ent and thus also on changeability of the 
phytoplankton biocenosis. Periodical inflows of N orth Sea w ater resu lt in appea
rance of some oceanic and North Sea species in the Baltic. The species e ither 
disappear soon, thus being only periodical indicators, or adapt them selves to 
the environm ent conditions. During the considered period, a general tendency 
to an increasing salinity in the Baltic has been observed (Fig. 1), confirm ed by 
the perm anen t occurrence of planktonie p lan t species originating from  the 
inflows. Such species are: Chaetoceros borealis, Chaetoceros decipiens, Chaetoce
ros atlanticus, Coscinodiscus jonesianus, Ceratium furca. In the sam e period of 
increasing silinity, re trea t of some freshw ater species was recorded, w hich had 
been abundan t in the Gdansk Bay till 1948. They w ere Fragilaria capucina, 
Gomphospaeria aponina and Anabaena contorta.

STRESZCZENIE

Przegląd lite ra tu ry  z la t 1927-1970 prowadzi do wniosku o zm ienności śro 
dowiska B ałtyku południowego oraz idącej za tym  zmienności biocenozy fito- 
p lanktonow ej. Okresowe wlewy wód z Morz Północnego prow adzą do po jaw ie
nia się w B ałtyku gatunków oceanicznych lub północnomorskich. G atunki te bądź 
to szybko giną i są wówczas tylko czasowymi w skaźnikam i, bądź to  przystoso
w ują się do panujących w arunków  środowiska. Na przestrzeni rozpatryw anych 
la t zaznacza się tendencja do wzrostu zasolenia w  B ałtyku (Fig. 1), co zostaje 
potw ierdzone trw ałym  występowaniem gatunków  roślin planktonow ych, które do 
stały się do B ałtyku dzięki wlewom. Do takich gatunków  należą: Chaetoceros 
borealis, Chaetoceros decipiens, Chaetoceros atlanticus, Coscinodiscus jonesianus,  
Ceratium furca. W tym samym okresie, kiedy zaznaczał się w zrost zasolenia, 
zanotowano zanik szeregu gatunków słodkowodnych, k tóre jeszcze do roku 1948 
spotykane były w  Zatoce Gdańskiej dość licznie, były to gatunki: Fragilaria ca 
pucina, Gomphoshpaeria aponina i Anabaena contorta.
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OXYGEN PRODUCTION
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ABSTRACT

The present paper deals w ith  problem s concerning determ ination  of algae p a r ti
cipation in oxygen production in biological ponds. On the basis of the complex 
biological and physico-chem ical studies, including m eteorological data, it has 
been stated  th a t biologically purified sewage is favourable for developm ent of 
algae. Algae are m ain producers of oxygen in the process of photosynthesis. This 
m ateria l estim ated quantita tively  can be utilized for designing and operating the 
ponds, working as the te rtiary  sewage trea tm en t plants.

1. INTRODUCTION

In the process of sewage purification in the biological ponds, algae perform  
two essential functions, nam ely: furnishing oxygen indispensable for the norm al 
course of the oxygen processes, and removing the n u trien t substances from the 
sewage.

The object of the present study was to determ ine the participation  of algae 
in the production of oxygen in the process of photosynthesis; w hereas the role 
of algae in the rem oval of nitrogen and phosphorus from  the sewage has been 
discussed in another paper ( K a l i s z  1973).

In  the most frequently  used method of biological purification  of sewage 
(activated sludge) oxygen, required  for decomposition of organic waste m atters 
in  the sewage, is introduced in an artific ia l m anner, w hereas in the ponds the 
na tu ra l reaeration  and photosynthesis are the m ain sources of oxygen in the 
w ater.

The photosynthesis of algae in the ponds is affected by th ree  principal factors, 
intensity  of light, depth of the pond, and density of algae. Sunlight is the 
d irect source of energy for photosynthesis. A quatic p lan ts  benefit from  it to 
a higher degree than  te rres tria l plants, due to the fact th a t the form er have 
supplem entary colouring m atters (phycocyanin and phycoerythrin) w hich absorb
light energy and transm it it to chlorophyll.

Light, as one of the m ost im portan t photosynthetic factors, m ust have 
a proper quality, intensity , and an adequate tim e of duration. The m axim um
intensity  of the C 0 2 assim ilation in the range of the in fra red  light occurs in
the 655-720 mpi w ave length and in the u ltrav io let range in the 400-500 mfi 
w ave length.

O s w a l d ,  G o t a a s  (1955) and O s w a l d  et al. (1957) stated  th a t algae
seldom m ake use of 10-12% of the to ta l sun radiation , in  general those values 
are considerably lower. Moreover, those authors have observed th a t 3.68 cal 
of energy is required  for production of 1 mg of oxygen in the process of pho
tosynthesis.

The output of oxygen produced in the process of photosynthesis increases 
together w ith  the increase in the intensity  of light. I t  is assum ed th a t at the

http://rcin.org.pl



intensity  of light of 257 lux  the am ount of oxygen released by algae (Chlorella) 
equals the quantity  of oxygen used in metabolic processes. A t a higher in tensity  
of light the am ount of the released oxygen increases proportionally  un til the
intensity  of light reaches the value of approxim ately 6500 lux.

The intensity  of light ranging from about 11,000 to 43,000 lux  has a restra in ing  
effect on the process of photosynthesis.

The light falling upon the surface of the w ater level penetra tes in to  the
deeper w ater layers only partially  since a p a rt of the rad ia tion  is absorbed by 
algae and other substances existing in w ater. The degree of absorption is de
term ined by the local conditions, i. e. the character of the w ate r body. B a r t s c h  
(1961) and T o w n e  et al. (1957) declare th a t in the ponds of Dakota 99% of 
the light is absorbed already a t the depth of 50-70 cm. Thus, the process of 
photosynthesis decreases w ith the increasing depth, in accordance w ith loga
rithm ic curve, in resu lt of the extinction of light.

When light passes through a suspension of algae its in tensity  decreases.
T hat phenom enon is called m utual shadowing. The g rea ter the algae are dense
the greater is the m utual shadowing and the light p en e tra tes  less deep into 
the w ater depths. On the o ther hand, the oxygen production  in the process of 
photosynthesis is strictly  associated w ith  the density of algae. O s w a l d  et al. 
(1957) declare tha t w ith 1 g increase in the dry mass of algae a m inim um  of 
1.6 g of oxygen is released in the process of photosynthesis.

The depth to which visible light penetrates can be expressed, a fte r the
B e a r-L  a m b e r t  law, by the following equation:

d =  l n J -  (1)
Cc • Q

where: d — depth to which visible light penetrates (cm), J — incident light intensity  
(lux), Cc — concentration of algae (mg/1), a — absorption coefficient of the algae 
cells (usually about 1.5 • 10—3).

In general the depth of the artific ially  formed ponds serving as sewage 
trea tm en t p lants is deeper than  it would resu lt from the above presented equation 
which is accounted for by the fact th a t ponds of g rea ter depth  are less sensitive 
to the effect of the atm ospheric conditions.

According to O s w a l d  et al. (1957) the am ount of oxygen th a t m ay be 
produced depending on the photosynthetic efficiency of algae can be calculated 
on the basis of the following form ula:

W 02=  F ' ^  mg/1 • day 
3.68

( 2 )
or: W 02 =  100 F - — =  27.1 F • S kg/ha • day

3.68

w here: WO, — w eight of oxygen (mg), S — visible solar energy (cal/cm2 • day), 
F — efficiency of light energy conversion into chem ical energy (%), 3.68 cal — energy 
required to produce 1 mg of oxygen through photosynthesis.

The pond area required  for production of a given am ount of oxygen through 
photosynthesis depends on the visible solar energy and photosynthetic efficiency 
of algae. However, in  the p lanning of a rtific ia l ponds one m ust take into account 
a lim ited area and som etim es also duration  of the sewage detention time. In con
sideration of the physiology of algae the duration  of sewage detention tim e 
required for the m aintenance of adequate density of algae population should 
not be shorter than  one day. Therefore, by including the detention tim e D (expressed 
in days) and the area A  (expressed in cm 2) into the equation  (2) it w ill take 
the following form :

W 02 = F-~ S  * D —  (3)
3.68

w here S • D • A  expresses the to tal visible solar energy reaching the pond in 
a defined period of time.

390 L. Kalisz
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Role of algae in sewage purification. Oxygen production 391

The volume of sewage brought into the pond in a defined period of tim e 
is expressed, as follows:

w’here Q — ra te  of flow per day.
W hen the volum e of w ater in  the pond is expressed in liters  and its area 

in cm2 then the area corresponding to 1 1 of sewage can be expressed, as follows:

wThere d — depth (cm).
By substitu ting the above expression into the equation (3) the following form ula 

is obtained:

The last expression indicates that, when such factors as photosynthetic effi
ciency, density of algae population, etc. are constant then the  to ta l oxygen 
production in the pond is a function of the detention tim e and depth. The ratio  d/D 
is expressed in cm/day.

The equation (6) allow s to determ ine either the sewage detention tim e in the 
ponds w ith  a known area and depth or the depth and area of the new designed 
artific ia l ponds, w hen characteristics of the sewage are known.

To determ ine the  theoretical quantity  of oxygen required  for stabilization 
of pollution expressed as BOD5 the following form ula can be used:

2.54
expressed in mg 0 2/l.

By com paring the possible photosynthetic efficiency of algae (form ula 2) w ith 
the  required  photosynthetic efficiency equalizing BODs (form ula 7) the critical 
photosynthetic efficiency is obtained, as follows:

Assuming th a t photosynthesis produces the to ta l am ount of oxygen, Fc from 
the  equation (8) expresses the critical efficiency. On the o ther hand, the actual 
photosynthesis efficiency F in the given conditions, as expressed by O s w a l d  
et al. (1957), is as follows:

V = Q • D (4)

A = s  10 0 0

d

W Q , =  1000 - r - s . D

3.68 • d
( 6)

or: d _  1000 • F . S
D W 02 • 3.68

WBOD5=0.226 - L t • —  .
D 2.54

=0.100 L t • ~  
D

(7)

112 •———  coefficient of conversion from  lb/acre • day into kg/ha • day, w here Lt is BOD5

27.1 • Fc • 5 =  0.100 . L f  —  
D

or: ( 8)
Fc =  0.0037—-------

S D

(9)

d
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S' — available light energy (cal/1 • day),
d — depth of the pond (cm),
h — heat of com bustion (cal/mg) (norm ally 6.0),
Yc — yield of cell m ateria l (mg/1 • day),
Cc — concentration of algae (mg/1).

The ratio of values F / F c term ed oxygenation factor m ay serve as an index 
of the oxygenic conditions in  a given pond. I f  FIFC—1.0, i t  m eans the am ount 
of oxygen th a t can be produced in the pond is such as required  for stabilization 
of pollution, expressed as BOD5.

F  < 1 .0  — the conditions in  the pond are partia lly  anaerobic.
Fo

F  > 1 .0  — there is a surplus of oxygen in the pond.
F c

The above presented in terre lations allow to control effectively the oxygen 
conditions in the ponds.

2. MATERIAL AND METHODS

Studies w ere carried out in the ponds located in the  grounds of the  M unicipal 
Sewage T reatm ent P lan t in Kielce, during the vegetative season of 1960, and in the 
ponds of the Experim ental Sewage T reatm ent P lan t in Częstochowa, during the 
yearly  cycles of 1967-1968.

Fig. 1. The plan of the ponds in parallel system  in the Sewage T reatm ent 
P lan t in  Kielce. B — aeration  tank , I — inlet, O — outlet, S — secondary settling

tank, 1-5 — pond num bers
http://rcin.org.pl
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Ponds in Kielce, presen ted  schem atically in Fig. 1, w ith  to ta l area of 5320 m 2 
and average depth  of 0.87 m w ere located near the Silnica R iver and w orked 
in parallel system. Sewage afte r biological purification w ith activated  sludge 
in Scheffield type aeration  tanks was brought into the ponds.

Fig. 2. The p lan  of the ponds in series system in the E xperim ental Sewage 
T reatm ent P lan t in Częstochowa. I — inlet, O — outlet, 1-3 — pond num bers

Table I. Physico-chem ical and bacteriological characteristics of sewages flow ing
into the ponds (mean values)

C haracteristics Unit
S

Kielce

ewage

Częstochowa

Sewage tem pera tu re °C 16.0 23.8
pH 7.9 7.8
Dissolved oxygen mg 0 2/l 3.4 —
b o d 5 mg 0 , / l 5.2 27.5
Ammonia n itrogen mg N-NH4/1 1.1 20.2
N itrite nitrogen mg N -N 02/1 0.08 0.13
N itra te  n itrogen mg N-NO,/l 9.1 0.11
Organic n itrogen mg Norfi/1 2.6 6.21
Total suspended solids mg/1 103.0 34.2
Phosphorus mg P20 5/1 0.85 4.9
Phenol mg/1 — 0.20
Total num ber of bac teria  per 1 ml

afte r 72 ha a t 20°C cells/m l 3754 139,000
Total num ber of bac teria  per 1 ml

afte r 24 h r a t 37°C cellsm/1 2724 103,000
Colititre io —3 i o - 5

— No data.
http://rcin.org.pl
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Ponds in Częstochowa, presented  in Fig. 2, w ith to ta l area  of 4200 m 2 and 
average depth of 1.47 m, operated in series system. M unicipal sewage of the  town 
Częstochowa is carried off into the ponds after biological purification  by the 
activated sludge m ethod in aeration  tanks of the Inka and K essener system.

Sewage carried off into the ponds in Kielce differed considerably as regards 
its physico-chem ical characteristics, from the sewage flowing in to  the ponds 
of Częstochowa (Table I). The form er was thoroughly purified  biologically, the

Fig. 3. Technological param eters of pond operation in the Sewage T reatm ent 
P lan ts in Kielce and Częstochowa. 1-5 — pond num bers. A — detention tim e of 

sewage in ponds, B — hydraulic loading, C — BOD5 loading

Table II. M ean daily a ir tem peratures and radiation characteristics for Kielce 
and Częstochowa (according to the S tate  H ydro-M eteorological In stitu te  in  W arsaw)

Town Year Month
Mean
daily
temp.

(°C)

Total radiation Insolation period

cal/cm 3 • 
month

cal/cm8 • 
day h r/m o n th hr, day

July 16.0 10,421 336 144.5 4.65
1960 Aug. 16.1 10,340 334 174.7 5.63

Sept. 11.7 7570 250 149.7 4.99
Oct. 9.3 3781 122 81.2 2.52

July 19.4 14,337 460 279.9 9.0
Aug. 17.3 11,568 373 212.1 6.85

1967 Sept. 14.2 7890 263 157.3 5.25
Oct. 11.6 4635 149 125.2 4.05

Często Nov. 3.9 2242 75 68.0 2.27
chowa Dec. —1.7 1189 39 17.9 0.58

1 QfiR Jan. —3.5 1578 51 35.6 1.15
Febr. 0.2 2569 88 38.4 1.32
March 3.2 7151 230 141.2 4.55
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la tte r  only partia lly , e.g. the ir BOD5 am ounted to 5.4 mg 0 2/l and 27.5 mg 0 2/l, 
respectively.

D ata presented  in Fig. 3 show th a t the ponds of Częstochowa operated a t higher 
technological param eters, than  the other ones.

Physico-chem ical analyses for determ ination of sewage tem perature , pH, C 0 2, 
dissolved 0 2, BOD5, nitrogen (ammonium, n itrite, n itra te , and organic nitrogen) 
and phosphorus, gave the m ateria l indispensable for determ ining the basic techno
logical param ete rs and the effects of the pond operation. Besides, they allowed 
to correlate closely the physico-chem ical phenom ena occurring in the ponds w ith 
the  dynam ics of algae developm ent. The physico-chem ical determ inations were 
perform ed using m ethods given by H e r m a n o w i c z  et al. (1967).

Biological studies consisted in determ ination of the species composition, po
pulation  density, and biomass of the phytoplankton.

In order to get a more complete determ ination of the biocenotic character 
of the investigated  ponds, besides the studies on phytoplankton, analyses of species 
com position of Zooplankton and investigations on vascular p lan ts and attached 
algae living a t the bottom  w ere carried out. A precise m ethodology of biological 
research was discussed by K a l i s z  (1972). Samples w ere collected a t two-week 
in tervals  (som etim es at 3-day intervals). M eteorological da ta  from the S tate 
Hydro-M eteorological Institu te  in W arsaw  referred to the m ean daily a ir tem 
pera tu re , m onthly and daily to tal solar energy and insolation (Table II).

3. RESULTS

DYNAMICS OF PHYTOPLANKTON POPULATION IN THE PONDS OF KIELCE
AND CZĘSTOCHOWA

Table III. The list of p lanktonie algae found in the ponds of the Sewage
T reatm ent P lan t in Kielce

Species
Pond

No. 1 No. 2 No. 3 No. 4 No. 5
Cyanophyta

Oscillatoria pseudogeminata  G. Smith 4 4 4 4
Bacillariophyceae

Amphora ovalis Kiitz. 4
Fragilaria crotonensis (Kitton) Kütz. 4 4
Gomphonema olivaceum  Lyngb. 4
Nitzschia dubia  W. Sm. 4 4 4 4 _L_1
Nitzschia palea (Kütz.) W. Sm. 4 + 4 4
Synedra acus Kütz. 4 4 4
Synedra ulna  (Nitsch) Ehr. 4 4

Chlorophyta
: Characium limneticum  Lem m erm an 4 — 4 4 4

Characium gracilipes F. D. L am pert 4 4 4 4 4
Coleastrum microporum  Naegali 4 4 4 +
Dictiosphaerium pulchellum  Wood 4 4 4
Ankistrodesmus falcatus  (Corda) Ralfs 4 4 4
Actinastrum  Hantzschii  Lagerheim 4
Pediastrum Boryanum  (Turpin) Menigh 4 4 4 4 4
Pediastrum Tetras  (Ehrenberg) Ralfs 4

, Scenedesmus quadricauda var. alternans G. M.
Sm ith 4 4 4 4 4

Scenedesmus acuminatus  (Lagerheim) Chodat 4 4 4
Scenedesmus obliquus  (Turp.) Kützing. 4 4 4
Tetraedron caudatum  (Corda) Hans 4 4 4
Tetraedron quadratum  (Reinsh) H ansgirg 4 - 4 4
Oocystis sp. 4 4
Closterium moniliferum  (Bory) Ehr. 4 4 4 4
Pandorina morum  (Müll.) Bory 4
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In the material collected for the studies on phytoplankton from the 
ponds in Kielce, 23 species were determined and one component was 
classified in respect of its genus only. Plankton algae found in the 
investigated ponds were the representants of Cyanophvta, Chrysophyta 
(solely Bacillariophyceae), and Chlorophyta (Table III). Phytoplanktor. 
from ponds No. 2, 4, and 5, differed radically from that collected in 
ponds No. 1 and 3. While in the former Chlorophyta were predominating, 
in the latter phytoplankton was represented by Cyanophyta, Bacillario
phyceae and Chlorophyta, without a distinct predominance of any group, 
and showed a considerably smaller density of population. In general, 
it can be said that the phytoplankton density was decidedly higher 
in ponds No. 2 and 4 than in the other ones.

In the phytoplankton material collected from the ponds in Często
chowa, 25 species were determined (Table IV). In 3 components it was

Table IV. The list of planktonie algae found in the ponds of the Experim ental 
Sewage T reatm ent P lan t in Częstochowa

Species
Pond

No. 1 No. 2 No. 3

Cyanophyta
Phormidium sp. + + 4~
Oscillatoria sp.

Euglenophyta
Euglena viridis Ehrb. _i_1 + —
Euglena proxima  Dang. + — —
Euglena acus Ehrb. + + 4-
Phacus pleuronectus  (O.F.M.) Duj + + +
Phacus longicauda (E.) Duj. + + —
Phacus caudatus  Hübn. + — —
Phacus pyrum  (Ehrb.) Stein + — —
Trachelomonas volvocina  E. + + +
Trachelomonas hispida (Perty) Stein +
Lepocinclis Marsonii Lemm. + — —
Lepocinclis ovum  (E.) Lemm. + + —

Bacillariophyceae
Nitzschia palea Kütz. W. Sm. + + —
Synedra ulna  (Nitzch) Ehr. + + —
Synedra acus Kütz. — —
Navicula cuspidata Kütz. + — —
Navicula gracilis Ehr. — + +

Chlorophyta
Chlamydomonas sp. + + +
Chlorogonium elongatum  Dangeard + — —
Pandorina morum  (Müll.) Bory + ■f +
Chlorella vulgaris Beijerinck + + +
Scenedesmus quadricauda (Turp.) Breb. + 4- +
Scenedesmus obliquus (Turp.) Kütz. + + +
Scenedesmus acuminatus  (Lagerh.) Chod. — 4-
Ankistrodesmus falcatus  (Corda) Ralfs — 4- +
Dictiosphaerium pulchellum  Wood + + +
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possible to define genus only. The phytoplankton from those ponds was 
represented by the following systematic groups: Cyanophyta, Eugleno- 
phyta, Chrysophyta (Bacillariophyceae community) and Chlorophyta. 
Euglenophyta and Chlorophyta were predominating. Bacillariophyceae 
occurred relatively unfrequently and Cyanophyta only sporadically.

Differences observed in various ponds were mainly quantitative, the 
species composition of phytoplankton was in general approximate. The 
highest degree of phytoplankton development was observed in pond No. 1. 
In pond No. 2 algae were distinctly less frequent. Pond No. 3 was the 
poorest among the other ones, in respect of the frequency distribution 
as w ell as the population density. The maximum of the phytoplankton 
development in all investigated ponds was observed in summer and 
autumn.

GENERAL CHARACTERISTICS OF ZOOPLANKTON IN THE PONDS

To give a fuller picture of the biocenosis in the investigated ponds, 
attention was turned to Zooplankton as one of its important components.

Three basic Zooplankton groups: Rotatoria, Cladocera, and Copepoda, 
were observed in the ponds.

In the Kielce ponds (No. 2, 4 and 5) a greater variety of species and 
greater numbers of Rotatoria were found, as compared with other ponds. 
The most numerous representants of Rotatoria were Braclnionus calci- 
florus Pall, Philinia longiseta Ehr., Polyarthra sp., while slightly less 
numerous were Lepadella patella O.F.M., Testudinella patina Herr., 
Rotaria rotatoria Pallas, Brachionus rubens Ehr., Brachionus angularis 
Gosse, Keratella quadrata O.F.M., and Keratella cochlearis Gosse. The 
numbers of the representants of Copepoda were at a similar level in all 
the ponds, except one (pond No. 5). The greatest density of population 
of that group was reached directly after the filling up of the ponds 
with water and the greater part of the individuals occurring at that 
time were their larval forms. Cladocera were represented mainly by 
Daphnia magna (Lillj) and Bosmina longirostris O.F. Müll.

It is worth to emphasize that the numbers of Zooplankton, especially 
of Cladocera, is inversely proportional to that of algae. In pond No. 2 
the representants of Cladocera were not found at all, and in pond No. 4 
they were observed but sporadically. The above mentioned ponds were 
characterized by intensive development of phytoplankton.

In the Częstochowa ponds, just the same as in the ponds of Kielce, 
Rotatoria was the most abundant component of Zooplankton. The most 
frequently occurring species were Brachionus calciflorus Pallas, Brachio
nus rubens Ehrb., Brachionus angularus Gosse, Lepadella patella  Müller, 
Keratella cochlearis Gosse, Philodina roseola Ehrb., and Rotaria rotatoria 
Pallas. Less frequently found were such species as Polyarthra vulgaris 
Carlin, Asplanchna priodonta Gosse, and Testudinella patina Hermann.
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The maximal development was reached by Rotatoria in summer, then 
the number of individuals amounted to several thousands per 1 liter. 
The period of late autumn and winter appeared to be less favourable 
to their development. Copepoda and Cladocera were less abundant in 
comparison with Rotatoria, nevertheless, in general, they were observed 
as a regular component of Zooplankton in the investigated ponds, es
pecially in summer and autumn.

DESCRIPTION OF THE VASCULAR VEGETATION AND ATTACHED ALGAE LIVING
IN THE PONDS

Rooted plants as w ell as algae living at the bottom of the pond, 
constitute a vital biotic factor in the characteristics of plankton.

In Kielce, in ponds No. 1 and 3 Polygonum amphibium  L., Rhumex  
hydrolapathum  Hudson, and Equisetum sp. were found. Pond No. 2 
was devoid of rooted plants, while in ponds No. 4 and 5 only single 
specimens of Typha latifolia L., Scirpus lacustris L., Rhumex hydro
lapathum Hudson and Sparganium ramosum Huds., were present. In pond 
No. 4 considerable number of bryophytes, water mosses, Drepanocladus 
fluitans (L) Warst, and Fontinalis antipyretica L., was also observed. 
In all the investigated ponds the bottom was covered with attached 
algae, Cladophora fracta (Vahl.) Kütz., which were growing most densely 
in pond No. 5.

Although the vascular plants covering the bottom of the ponds in 
Częstochowa were abundant, there was no marked differences in vege
tation composition between the ponds. The plants found most frequently 
were Ceratophyllum demersum  L., Polygonum amphibium  L., and Spar
ganium ramosum Huds. The Częstochowa ponds showed a disposition 
to become overgrown with duckweed (Lemna minor L.), which by 
covering the surface of the water level hindered the penetration of light 
into the deeper water layers. In the summer-autumn season its growth 
was so thick that it was necessary to remove it mechanically from the 
surface of the ponds.

BIOMASS OF PHYTOPLANKTON

Figure 4 shows the mean monthly biomass of the various groups 
of algae (Cyanophyta, Bacillariophyceae and Chlorophyta) from the Kielce 
ponds. The maximum total biomass value in pond No. 1 amounted to 
as few as 0.0979 g/m3, though apparently there were favourable con
ditions for the development of algae (small depth of the pond, good 
insolation, and a long detention time of sewage).

In pond No. 2, with hydraulic loading and the BOD5 loading slightly  
higher as compared with pond No. 1, the maximum of the algae de
velopment occurred in October, then the biomass amounted to 
257.527 g/m3, as compared with its minimum value of 0.0037 g/m3 in
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July, i. e. at the initial stage of the experiment. Chlorophyta had the 
greatest share in the total biomass of algae.

In pond No. 3, where Cladocera occurred in abundance, the biomass 
values were low, just the same as in pond No. 1. The maximum biomass 
value of 0.288 g/m3 was noted in October. However, results obtained 
from this pond are not conclusive due to the considerable infiltration 
of water. The unfavourable subsoil (high infiltration coefficient) deranged 
thoroughly the working of the pond, in consequence, after some time 
it was excluded from the service.

Pond No. 4, working at the technological parameters twice as high 
as those in the other ponds, showed a high increase in biomass ranging

Fig. 4. Phytoplankton biomass in the ponds of the Sewage T reatm ent P lan t in 
Kielce. 1 — Cyanophyta, 2 — Bacillariophyceae, 3 — Chlorophyta, 4 — total algae

from 0.23 g/m3 in July up to 225.33 g/m3 in October. Immediately after 
the inflow of sewage, in July and also in August, Bacillariophyceae 
were the main component of the biomass, whereas in September and 
October the Chlorophyta group was prevalent.

In pond No. 5, with the highest hydraulic loading and BODj loading 
of pollution, the biomass increment at the beginning of investigations, 
amounting to 0.0377 g/m3, was similar to that in ponds No. 2 and 4. 
In August the biomass increment amounted to 2.471 g/m3 and was more 
than twice higher than in pond No. 4. As the time went on, not only 
there was no increase in the development of algae, but a marked 
decrease was noticed, instead. This may be explained by the fact that
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already at the beginning of September there was a mass development 
of Cladocera (Bosmina longirostris) feeding on algae.

Summing up, it can be said that in July, after the inflow of sewage, 
in all the ponds there was a minimal increase in biomass, ranging from 
0.0009 g/m3 in pond No. 3 to 0.232 g/m3 in pond No. 4, and the pre
dominance of any group of algae was not noticed at that time. In August, 
however, Chlorophyta group prevailed in the biomass of all the ponds, 
except in pond No. 4. In September, the ponds were already differentia
ted into two distinct groups: one group was characterized by mass 
development of algae and high biomass value, the other by low biomass 
value.

The monthly mean biomass value of each group of algae is given 
in Fig. 5.

Fig. 5. P hytoplankton  biomass in the ponds of the E xperim ental Sewage T reatm ent 
P lan t in  Częstochowa. 1 — Euglenophyta, 2 — Chlorophyta, 3 — to ta l algae
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On the whole, all the ponds differed considerably from one another 
in respect of the biomass value 1.

In July 1967, at the beginning of the investigations, the biomass 
value amounted to 87.78 g/m3, in August — 109.25 g/m3. Beginning from 
September, the biomass value was lowering gradually until it reached 
its minimum of 2.81 g/m3 in December. Then, there was again an in
crease in the biomass value up to 14.68 g/m3 in January, 22.49 g/m3 
in February, and 35.25 g/m3 in March. Data obtained in the typical 
vegetative period, i.e. in July, show that Euglenophyta are the main 
biomass producer (48.5°/o), Chlorophyta are the second (32°/o) and Bacil
lariophyceae the third (19.5°/o). From August till March, with exception 
of December, Chlorophyta play a predominant role in the biomass 
production; the share of Euglenophyta is considerably smaller, Bacil
lariophyceae play an insignificant role, and if at all then mainly in 
summer.

Pond No. 2, working at considerably lower technological parameters, 
had a distinctly lower biomass value, as compared with pond No. 1. 
The maximum of biomass value amounting to 59.13 g/m3 was noticed 
in September and minimum of 1.990 g/m3 in December, just the same 
as in pond No. 1. From January the biomass increases reaching in 
February the value of 14.309 g/m3. On the whole, it can be said that 
in pond No. 2 the main role in the biomass production is played by the 
representants of Chlorophyta, with exception of August and November 
when it is periodically overtaken by Euglenophyta.

Pond No. 3 appeared to be the poorest as concerns the biomass 
production in comparison with the other investigated ponds. Here, its 
maximum values occur in the autumn months, i.e. in September and 
October, when the biomass reaches the value of 33.66 and 15.10 g/m3, 
respectively. A considerable decrease of biomass is observed in late 
autumn with the minimum value of 0.60 g/m3 occurring in December. 
Then, there is again a gradual increase up to 2.09 and 11.830 g/m3 in 
January and February, respectively, and once more a decrease to 
6.66 g/m3 in March. In the biomass production, as in other ponds, 
Chlorophyta are placed first, Euglenophyta — second, Cyanophyta and 
Bacillariophyceae are insignificant.

Maximal values of the biomass were noted in pond No. 1, con
siderably lower in pond No. 2, the lowest in pond No. 3. The phe
nomenon of the most dynamic development of the phytoplankton in 
pond No. 1 and the gradual lowering of the biomass value in the sub
sequent ponds suggest that the most favourable conditions for the 
development of algae were in pond No. 1. The gradual depletion of food

1 The ponds have been filled w ith w ater since 1966, and the investigations
started  in July  1967.
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substances suitable for algae was probably the limiting factor in their 
development in the subsequent ponds.

THE INTERDEPENDENCE OF TEMPERATURE, pH, CARBON DIOXIDE,
AND DISSOLVED OXYGEN IN THE PONDS

In order to get a more comprehensive picture of the role of algae 
in the process of photosynthesis in correlation with the determined 
physico-chemical factors, the interdependence of algae and temperature, 
pH, free carbon dioxide, dissolved oxygen were analysed in 24 hr cycles 
(every 3 hrs).

The two most representative ponds in Kielce were taken under con
sideration, namely, pond No. 1 with a weak development of phytoplankton 
and pond No. 2 with an intensive one.

It was found that in the latter the dissolved oxygen content was 
much higher than in the former one (Fig. 6). The highest content of

Fig. 6. Changes of dissolved oxygen contents during 24 h r records in Sewage 
T reatm ent P lan t in Kielce. 1-5 — pond num bers. A — Ju ly  31-Aug. 1, B — Aug. 27-28,

C — Sept. 28-29, D — Oct. 16-17http://rcin.org.pl
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Table VI. Analyses of oxygen conditions in the ponds in

Pond Month

---
---

---
---

---
---

---
-1

M
ea

n 
w

at
er

 
te

m
p.

 
(°

C)

Average 
visible 

It energy 
(cal/day)

A
ve

ra
ge

 
se

w
ag

e 
B

O
D

s 
(m

gO
/1

)

Alage
conc.
Q

(m g/l)

Yield of 
cell 

m aterial 
Yc 

(mg/l • 
day

Com bu
stion heat 
H (cal • 

day)S  per 
cm'-

S’ 
per 1

K i e l c e  
Pond No. 1 

(depth 70 cm, 
detention pe
riod 50 days)

July
Aug.
Sept.
Oct.

23.4
21.5 
14.7 
12.0

336
334
250
122

48.0
47.5
35.5 
17.4

5.2
4.5
6.9
5.1

0.00
0.10
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.01
0.00
0.00

Pond No. 2 July 24.3 336 32.0 5.2 0.00 0.00 0.00
(depth 105 cm, Aug. 22.5 334 31.8 4.5 7.65 0.33 2.00
detention pe Sept. 14.4 150 14.4 6.9 121.42 5.30 31.8
riod 23 days) Oct. 11.0 122 11.7 5.1 257.53 11.20 67.0

Pond No. 4 July 23.1 336 43.0 5.2 0.23 0.02 0.14
(depth 78 cm, Aug. 24.0 334 43.0 4.5 1.07 0.11 0.64
detention pe Sept. 14.7 150 19.2 6.9 87.34 8.73 52.3
riod 10 days) Oct. 12. ) 122 15.6 5.1 225.33 22.53 135.0

Pond No. 5 July 24.0 336 30.0 5.2 ^.04 0.013 0.07
(depth 113 cm, Aug. 22.5 334 29.6 4.5 2.47 0.82 4.94
detention pe Sept. 14.7 150 13.3 6.9 0.92 0.31 1.83
riod 3 days) Oct. 12.0 122 10.8 5.1 0.01 0.00 0.02

C z ę s t o 
c h o w a July 22.8 460 30.5 29.0 83.83 23.30 140.0

Pond No. 1 Aug. 21.4 373 24.7 37.5 109.26 30.40 182.0
(depth 151 cm, Sept. 19.0 263 17.4 35.7 82.26 22.90 137.0
detention Oct. 13.7 149 9.9 31.0 28.49 7.92 57.5
period 3.6 days Nov. 6.9 75 4.9 24.3 19.52 5.43 32.6
July-N ov., Dec. 4.5 39 2.6 23.5 2.82 0.54 3.24
5.3 days Jan. 3.8 51 3.4 22.8 14.68 2.77 16.6
D ec.-M arch) Febr. 4.8 88 5.84 21.7 22.49 4.25 25.5

March 6.2 230 15.2 21.8 35.26 6.65 40.0

Pond No. 2 July 24.2 460 31.3 20.6 29.27 8.62 51.7
(depth 147 cm, Aug. 21.8 373 25.4 12.8 53.82 15.80 95.0
detention Sept. 18.5 263 17.9 22.8 59.14 17.40 104.0
period: 3.4 days Oct. 14.2 149 10.8 15.8 36.27 10.65 64.0
July-N ov., Nov. 6.2 75 5.1 13.5 9.94 2.92 17.5
5.2 days Dec. 3.8 39 2.7 11.1 1.99 0.38 2.28
Dec.-M arch) Jan. 2.8 51 3.5 13.9 6.86 1.32 7.90

Febr. 4.5 88 6.0 13.3 14.31 2.76 16.6
March 5.3 230 15.7 12.6 12.92 2.41 14.5

Pond No. 3 July 24.0 460 26.2 10.3 11.59 3.21 19.2
(depth 175 cm, Aug. 21.5 373 21.3 12.7 12.85 3.67 21.4
detention Sept. 18.5 263 15.0 18.0 33.66 9.35 56.0
period Oct. 13.7 149 8.5 9.7 15.10 4.20 25.2
3.6 days Nov. 6.5 75 4.3 12.0 4.85 1.34 8.05
July-N ov., Dec. 4.0 39 2.2 10.5 0.61 0.11 0.66
5.5 days Jan. 3.5 51 2.9 12.1 2.09 0.38 2.28
Dec.-M arch) Febr. 5.3 88 5.0 12.5 1 11.83 2.33 14.0

March 6.0 230 13.1 11.0 6.62 1.20 7.20
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relation  w ith phytoplankton biomass and light energy

F = H /S ’ d/D Lj/S Fc
Oxygen
factor

P=F/FC

W0 =  
27.1 F • S 
(kg02/h a  

• day)

Dissolved
oxygen

BOD5 load 
(kg/ha • day)

R
ed

uc
tio

n 
(%

)

mg
o , / i k g 0 2/ha influx out

flow

0.00 1.4 0.02 0.01 0.00 0.00 3.2 22.6 0.7 0.5 3.3
0.00 1.4 0.01 0.00 0.04 0.02 5.5 38.4 0.8 0.5 1.8
0.00 1.4 0.03 0.01 0.00 0.00 4.7 33.0 0.9 0.5 49.5
0.00 1.4 0.04 0.02 0.00 0.00 8.7 61.0 0.7 0.4 32.0

0.00 4.6 0.02 0.03 0.00 0.00 9.0 93.5 2.2 1.5 31.0
0.09 4.6 0.10 0.02 3.55 5.64 11.0 116.0 1.9 1.5 20.0
3.18 4.6 0.03 0.05 28.70 19.0 12.3 129.0 3.0 1.5 48.0
8.20 4.6 0.04 0.07 81.00 272.0 20.3 214.0 2.3 1.5 34.0

0.00 7.8 0.02 0.04 0.07 0.29 4.1 32.0 4.0 1.7 55.0
0.01 7.8 0.01 0.03 0.49 1.34 3.4 26.5 3.5 1.7 51.0
2.72 7.8 0.03 0.08 20.30 110.0 7.2 56.2 5.4 1.7 68.0
8.65 7.8 0.04 0.12 71.50 284.0 13.8 108.0 4.0 1.7 57.0

0.00 37.7 0.02 0.22 0.00 0.23 3.6 40.6 19.6 13.2 32.6
0.17 37.7 0.01 0.15 1.13 15.0 4.1 46.2 17.0 13.2 22.4
0.14 37.7 0.03 0.38 0.21 5.54 5.4 61.0 26.0 13.2 49.0
0 02 37.7 0.04 0.58 0.00 0.05 11.9 134.8 19.2 13.2 31.0

4.60 42.0 0.06 0.97 4.70 575.0 6.0 90.5 122.0 86.0 30.0
7.35 42.0 0.10 1.56 4.70 742.0 3.5 53.0 158.0 54.0 66.0
7.85 42.0 0.14 2.11 3.70 560.0 5.7 86.0 150.0 96.0 36.0
5.80 42.0 0.21 3.24 1.80 234.0 5.2 78.5 130.0 66.5 49.0
6.60 42.0 0.32 5.05 1.31 134.0 4.3 65.0 102.0 56.5 44.5
1.24 28.5 0.60 6.30 0.20 13.2 2.5 37.7 65.0 31.6 51.0
4.90 28.5 0.45 4.70 1.04 67.9 1.7 25.6 63.0 39.6 37.0
4.35 28.5 0.25 2.20 1.61 103.0 5.8 87.5 62.0 38.0 39.0
2.63 28.5 0.09 1.00 2.63 164.0 7.6 114.0 62.0 36.0 42.0

1.65 43.2 0.04 0.72 2.30 206.0 5.9 86.5 89.0 44.5 50.0
3.74 43.2 0.03 0.55 6.80 377.0 6.1 89.5 55.0 54.0 20.0
5.80 43.2 0.09 1.39 4.17 413.0 6.0 88.0 98.5 78.0 20.8
5.90 43.2 0.11 0.69 3.50 239.0 6.9 101.0 68.0 42.0 38.0
3.43 43.2 0.18 2.88 1.20 70.0 4.9 72.0 58.5 52.0 11.1
0.86 28.3 0.28 2.97 0.29 9.2 2.7 39.0 31.4 29.7 5.5
2.28 28.3 0.27 2.86 0.80 31.5 1.7 25.0 39.2 34.2 12.7
2.77 28.3 0.15 1.58 1.75 66.0 5.6 82.0 37.5 35.4 5.6
0.92 28.3 0.05 0.58 1.60 57.5 6.0 88.0 35.5 31.2 12.0

0.73 48.5 0.22 0.40 1.83 92.0 8.4 147.0 41.1 28.4 31.0
1.00 48.5 0.03 0.61 1.64 101.0 9.1 158.0 51.0 43.0 15.7
3.72 48.5 0.07 1.23 3.00 266.0 8.2 143.0 72.0 63.0 12.5
2.96 48.5 0.06 1.16 2.55 119.0 6.5 114.3 38.8 31.6 18.5
1.87 48.5 0.16 2.86 0.65 38.0 5.2 91.0 48.0 45.0 6.3
0.30 31.8 0.27 3.14 0.09 3.14 3.1 55.0 27.9 2».0 14.0
0.78 31.8 0.24 2.78 0.28 10.85 2.7 47.2 32.0 33.0 0.0
2.80 31.8 0.14 1.67 1.67 67.0 5.3 92.5 33.1 34.0 0.0
0.55 31.8 0.06 0.68 0.81 34.2 8.6 150.0 26.1 26.0 10.7
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dissolved oxygen was noted between 2 and 5 p.m., the lowest between 2 
and 8 a.m. Differences in oxygen content between the two ponds were 
considerable, throughout the 24 hr period, in pond No. 2 its value 
amounted to more than twice as much as in the other one. The relation 
of the oxygen and carbodioxide was inversely proportional (Table V). 
Likewise, the pH value increased with the decrease of C 0 2 content. 
The very great difference in oxygen content in pond No. I and 2, 
should be especially emphasized. When in pond No. 1, with weak de
velopment of phytoplankton, the maximum content of dissolved oxygen 
in particular 24 hr cycles amounted to 2.75, 5.6, 7.5 and 4.5 mg 0 2/l, 
then in the other pond abounding with phytoplankton, the corresponding 
values were much higher: 13.0, 14.4, 10.5 and 13.7 mg 0 2/l. And the 
mean values from four 24 hr cycles were 4.26 and 10.7 mg 0 2/l, respec
tively. Doubtlessly, this on an average 2.5-fold increase in the oxygen 
content is due to the greater number of algae. The next noteworthy 
instance is the observed convergence of fluctuations of the oxygen content 
and the temperature in the 24 hr cycle. In the first 24 hr cycle (July 31 — 
Aug. 1), in pond No. 2, there was noted a considerable temperature 
fluctuation: 22—27°C (a very sunny day) and also analogically great 
fluctuation of the dissolved oxygen content, ranging from 5.6 to 
.13.0 mg 0 2/l. In pond No. 1, notwithstanding considerable temperature 
fluctuations no significant variations were observed in the oxygen con
tent. During the subsequent 24 hr cycles, an increase in the oxygen 
content occurred regularly in pond No. 2, whereas its value in pond 
No. 1 remained pretty much the same. This fact may be taken as 
evidence of the important role of algae in the oxygen production through 
photosynthesis.

PHOTOSYNTHETIC EFFICIENCY OF ALGAE

Efficiency in oxygen production by plant organisms, in this case 
phytoplankton algae, depends on density of their population and the 
quantity of light energy per area unit.

It was assumed as the basis for the present considerations that the 
quantity of oxygen required for stabilization of polluting matters, ex
pressed in BOD5, derives from the process of photosynthesis only. The 
obvious fact of the supplementary enrichment of the environment in 
oxygen from reaeration was left out of account. Basing on that postulate 
it was necessary to calculate, on the one hand, the value of critical 
photosynthetic efficiency expressed in per cent (Fc) depending on BOD5, 
light energy, depth, sewage detention time, and on the other, the actual 
photosynthetic efficiency (F), depending on the phytoplankton biomass 
and insolation. It was estimated that for production of 1 mg of algae 
as much energy is required as obtained from combustion of 1 mg of 
algae, i.e. 6 cal ( O s w a l d  et al. 1957). The F/Fc ratio characterizinghttp://rcin.org.pl
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oxygen conditions in the environment is generally denominated as oxige- 
nation factor (P).

For a better illustration of the oxygen conditions in the ponds of 
Kielce and Częstochowa oxygen values are given in mg 0 2/l, they were 
obtained from direct chemical measurements and the oxygen values 
in kg/ha • day obtained from the expression (3). Results are given in 
Table VI.

The comparison of those values allows to state that on the whole 
the minimum oxygen values from direct measurements corresponding to 
its lowest values from the formula (3) and vice versa (e.g. in pond No. 2 
in October, 20.3 mg 0 2/l from chemical determination of the oxygen 
level can be conversed into 214 kg 0 2/ha, comparable value computed 
from the formula amounts to 272 kg 0 2/ha • day).

It has to be emphasized that at the low value of phytoplankton 
density the value of the oxygen level from direct measurements is in 
most cases higher than it would result from the actual photosynthetic 
efficiency calculated from the formula. On the contrary, at high value 
of phytoplankton density the dissolved oxygen values are slightly lower 
than it results from the calculations. On the basis of the investigations 
in Kielce it can be presumed that oxygen production in the process of 
photosynthesis starts to be decisive only then when the concentration 
of algae is slightly greater than 0.5 mg 0 2/l • day.

In spite of charging the ponds with a reduced load of polluting 
matters the process of purification continued further on. The reduction 
of the load of waste matters in ponds No. 2 and 4 amounted on an 
average to 33.4 and 57.5%, respectively.

4. DISCUSSION

The analysis of the obtained results allows to declare that species 
composition of phytoplankton in the ponds of Częstochowa showed mar
ked differences in comparison with those in Kielce. While in the latter 
Chlorophyta, in particular Chlorococcales, were decidedly predominant, 
in the former two groups of algae predominated: Chlorophyta (Chloro
coccales, Volvocales), and Euglenophyta. Cyanophyta and Bacillario
phyceae were present in insignificant numbers in the ponds of both 
places.

Scenedesmus genus dominated in the phytoplankton of the Kielce 
ponds. Representants of the genera Phacus, Euglena, Chlamydomonas 
and Chlorella were predominant in the Częstochowa ponds.

The species composition from both places was in accordance with 
data from the literature ( Z a k h a r o v ,  K o n s t a n t i n o v a  1929, 
S i l v a ,  P a p e n f u s s  1953, M a l c h o v - M e l l e r  et al. 1955, B i c k,
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S c h o l t y s e k  1960, S i v k o ,  S o k o l o v a  1964, S i n g h ,  S a x e n a  
1969).

In the first period of operation of the Kielce ponds the daily pro
duction of algae was very low, in consequence the oxygenation factor 
(P) value was also low. With the biomass increase in the ponds the 
oxygen conditions improved.

Notwithstanding the longest detention time of sewage in pond No. 
1 there was a very weak development of phytoplankton (the Yc maxi
mum value in August — 0.00196 mg/1, day) and therefore the oxygenation 
factor was very low.

Generally speaking, the best oxygen conditions were found in ponds 
No. 2 and 4, i. e. those in which the highest production of the phyto
plankton was noted. They showed a fairly high oxygenation factor after 
a month of experiment already. This was confirmed by the chemical 
determination of the dissolved oxygen. The maximum daily increase 
in algae production occurred in October; average Yc— 11.20 and 
22.53 mg/1 • day for ponds No. 2 and 4, respectively. The highest P 
values was also noted in October; 81.0 and 71.5, respectively.

Taking into account that the process of biological purification of 
sewage in the ponds has a normal course when P value is slightly 
greater than 1.0 the charge of the waste matters load could be much 
higher in the ponds characterized by intensive phytoplankton deve
lopment.

The investigations of Częstochowa ponds showed the highest Yc 
values in pond No. 1 — average 11.5, maximum — 30.4, minimum — 
respectively. In pond No. 3 they were the lowest — 2.086, 9.35, 
0.54 mg/1 • day. In pond No. 2 they were lower — 6.9, 17.4, 0.38 mg/1 • dayr 
0.111 mg/1 • day, respectively.

The above presented data show a distinct decrease in the biomass 
production in subsequent ponds. It can be inferred that in the course 
of the purification of sewage the environment in the subsequent ponds 
became more and more deficient in indispensable food components.

The actual photosynthetic efficiency (P) oscillated rather nearer 
to the lower limit of the potential efficiency. The F value averaged 
approximately 5°/o (oscillation range 1.24—7.85%), 3% (0.92—5.90%), 
1.65% (0.297—3.72%) for the subsequent ponds 1, 2 and 3, respectively.

The critical photosynthetic efficiency (Pc), characterizing the given 
oxygen demand, averaged in pond No. 1 3.1% (ranging from 0.975 
to 6.3%). This value was also nearer the bottom limit of the theoreti
cal possibility (upper limit 12.5%). In pond No. 2 the Fc values were 
still smaller, averaging 1.7% (ranging from 0.55 to 2.97%). In pond 
No. 3 — 1.6% (0.40-3.14%).

The oxygenation factor value was P > 1 .0 . In pond No. 1, the mean 
P value was 3.1 (oscillation ranging from 0.197 to 4.7). A sharp defi-
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ciency of oxygen occurred in December; in January there was an 
equilibrium between the requirement and the photosynthetic efficiency.

In pond No. 2, the mean P value averaged 2.5 (maximum 6.8, mi
nimum 0.29). Similarly to pond No. 1, there was a deficiency in oxygen 
in December and January.

In pond No. 2, the mean P value averaged 2.5 (maximum 6.8, mi- 
in oxygen occurred in November, December and January. From the 
above presented values it is evident that the mean value of the oxy
genation factor (P) decreases proportionally to the biomass in the 
subsequent ponds, from 3.1 in pond No. 1 to 1.4 in pond No. 3.

The control experiments on dissolved oxygen confirmed the accor
dance of the dissolved oxygen with the factor P. In pond No. 1 the 
lowest oxygen content was recorded in December and January 
(1.7—2.5 mg 0 2/l), i. e. in those months when the value of the factor 
P was lowest. In ponds No. 2 and 3, likewise, the minimum values 
of dissolved oxygen and factor P occurred in the same months. Ana
logically, with exception of few cases which must be treated as 
non-typical, the maximum P values went along with the maximal 
values of dissolved oxygen.

The actual efficiency in oxygen production in kg/ha • day through 
photosynthesis (W0) computed in Table VII is approximate to the value 
given in the Introduction. The average value for pond No. 1 throughout 
the experiment period amounted to 288 kg 0 2/ha • day (oscillation from 
13.2 kg 0 2/ha • day in December to 742 kg 0 2/ha • day in August). 
Analogically the values for pond No. 2 are considerably sm aller— 163 
(from 9.2 in December to 413 in September). The smallest values were 
noted in pond No. 3 — 91.5 (from 3.14 in December to 266 in Septem
ber) respectively.

It should be also mentioned that in spite of relatively low load of 
waste matters in the Częstochowa ponds, expressed in kg BOD5/ha • day, 
nevertheless, there was a further reduction, averaging 44°/o (ran
ge 30—66%), 19.5% (5.5—50%) and 12% (0—31%) for ponds No. 1, 2 
and 3, respectively. The obtained reductions are not very high but 
one must remember that decomposition of those organic substances 
remaining after the biological purification is particularly difficult.

The results of working of the ponds, obtained on the basis of cal
culations from formulae (8) and (9), correspond exactly to the results 
from physico-chemical analyses. This fact confirms the theoretical 
postulates accepted in those formulae and at the same time proves 
that algae are the main producer of oxygen in the ponds.

Thus, knowing the characteristics of sewage and climatic conditions 
of a given region it is possible to design, manage and control the opera
ting of the ponds.

Summing up, it should be mentioned that the degree of purification
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of sewage discharged into the ponds has an effect on the species com
position of phytoplankton. A lower degree of purification is favourable 
to development of Euglenophyta and Chlorophyta, particularly Vol- 
vocales and Chlorococcales. On the other hand, strong mineralization 
of sewage is followed by development of Chlorophyta — Chlorococcales.

Algae occurring in the ponds are characterized by dynamic increase 
in numbers. The maximum density of population is found in the 
summer-autumn season. In the Częstochowa ponds the highest phyto
plankton increase in conversion into biomass amounted to 30.4 mg/1 • day 
or 304 kg/ha • day. In the Kielce ponds the daily increase in biomass was 
lower.

At the increase in biomass greater than 0.5 mg/1 • day algae, due 
to photosynthesis, were the main producer of oxygen in the ponds. 
Maximum oxygen content produced through photosynthesis, computed 
from the formula W0 =  27.1 • F • S, amounted to 742 kg 0 2/ha • day (pond 
No. 1) in Częstochowa, 284 kg 0 2/ha • day (pond No. 4) in Kielce. Oxy
genation factor (P) characterizing oxygen conditions (ratio of actual 
and critical photosynthetic efficiency) was proportional to the biomass 
increase. At the biomass increase greater than 0.5 mg/1 • day coeffi
cient (P) was greater than 1.0.

6. SUMMARY

In the biological ponds in Kielce and Częstochowa, w orking at different 
technological param eters, complex biological and physico-chem ical experim ents 
were carried out, including m eteorological data. The object of the study was 
to determ ine phytoplankton population in the biological ponds and its share 
in oxygen production.

On the basis of investigations, it has been established that:
The degree of sewage purification in the  ponds has a selective effect on 

Euglenophyta and Chlorophyta, Volvocales and Chlorococcales, in particular. On 
the o ther hand the predom inance of Chlorococcales w ent along w ith  far-fetched 
m ineralization.

The specific characteristics of the investigated ponds was the small num ber 
of represented species w ith  a large num ber of individual organisms. Chlorophyta 
were predom inant in the phytoplankton biomass, yet, in the ponds of Często
chowa, w orking a t higher technological param eters, Euglenophyta had an im 
portan t share. Cyanophyta and Bacillariophyceae played a secondary role in both 
groups of ponds. Algae w ere characterized by a dynam ic increase in num bers. 
Their m axim um  density occured in the sum m er-au tum n tim e, the minimum 
in w inter. The highest daily ra te  of grow th of algae am ounted to 30.4 mg/1, 
corresponding to 304 kg/ha • day. Mass developing algae are the m ain producer 
of oxygen derived from  photosynthesis. O xygenation factor P  (i.e. F/Fc), cha
racterizing oxygen conditions in the ponds, w as proportional to the biomass of 
algae.

The m axim um  quan tity  of oxygen produced through photosynthesis in the 
ponds of Kielce and Częstochowa am ounted to 284 and 742 kg/ha • day, respec
tively.

The results of the p resen t research allow to ascertain  th a t algae living in 
the ponds in great concentration and w ith  adequate insolation are the main 
producer of the oxygen obtained through photosynthesis. The quan tity  of oxy
gen derived from  photosynthesis can be calculated for practical purposes w ith 
sufficient exactitude. http://rcin.org.pl
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7. STRESZCZENIE

Przeprowadzono kompleksowe badania biologiczne i fizyczno-chemiczne, 
z uwzględnieniem  danych meteorologicznych, w staw ach biologicznych w K iel
cach i Częstochowie, pracujących przy różnych param etrach  technologicznych. 
Celem badań było określenie populacji fitoplanktonu w staw ach biologicznych 
oraz jego udziału w produkcji tlenu.

Na podstaw ie badań stwierdzono, że:
Stopień oczyszczania ścieków dopływających do stawów w pływ ał rćżnicująco 

na fitoplankton. Niższy stopień oczyszczania ścieków sprzyjął rozwojowi Eugle- 
nophyta oraz Chlorophyta, szczególnie Volvocales i Chlorococcales. N atom iast 
daleko posuniętej m ineralizacji towarzyszył rozwój głównie Chlorococcales.

C harakterystyczną cechą badanych stawów była niewielka liczba gatunków 
przy znacznej liczebności organizmów. G rupam i dom inującym i w biom asie fito 
planktonu były Chlorophyta, przy czym w staw ach w Częstochowie, p racu ją 
cych przy wyższych param etrach  technologicznych, poważny udział przypadał 
również Euglenophyta. Cyanophyta i Bacillariophyceae zarówno w jednych jak 
i drugich staw ach odegrały rolę raczej drugorzędną. W ystępujące glony cha
rakteryzow ały się dynam icznym zwiększeniem liczebności. M aksym alna ich li
czebność przypadała na okres letnio-jesienny, a najniższa w okresie zimowym. 
Najwyższy uzyskany dzienny przyrost glonów wynosił 30.4 mg/l, co odpowiada 
304 kg/ha • doba. Masowo rozw ijające się w staw ach glony były głównym produ
centem  tlenu w ytw arzanego w procesie fotosyntezy. W spółczynnik natlenienia P 
(t.j. F/Fc) charakteryzujący stosunki tlenowe w staw ach, kształtow ał się propor
cjonalnie do biomasy glonów.

M aksym alna ilość tlenu wytworzonego w procesie fotosyntezy d!a stawów 
w Kielcach wynosiła 284 kg/ha • doba, a dla stawów w Częstochowie — 742 kg/ha 
• doba.

Przeprowadzone badania pozwoliły stwierdzić, że glony w ystępujące w s ta 
wach przy odpowiednim nasłonecznieniu i zagęszczeniu są głównym producen
tem  tlenu w ytw arzanego w procesie fotosyntezy. Ilości tlenu pochodzącego z fo 
tosyntezy, mogą być dla celów praktycznych wyliczone z w ystarczającą dokład
nością.
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ROLE OF ALGAE IN SEWAGE PURIFICATION. PART II. NUTRIENT 
REMOVAL
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In stitu te  of M unicipal Economy, K olektorska 4, W arszawa, Poland

ABSTRACT

The participation  of algae in the process of nitrogen and phosphorus rem oval 
from sewage has been determ ined. I t has been established th a t algae elim inated 
nu trien t com ponents from sewage, and reduction of nitrogen corresponds roughly 
to its proportional share in the dry w eight of algae, w hereas reduction of phos
phorus was higher. The higher reduction of phosphorus was due not only to 
the activ ity  of algae but also to the physico-chem ical processes occurring in the 
investigated environm ent.

1. INTRODUCTION

In clean natu ra l w aters concentrations of nitrogen and phosphorus are insig
nificant, much greater quantities of their compounds are found in  polluted w a
ters. Sewage is an im portant source of nitrogen and phosphorus, owing to its 
composition m ade up of organic and inorganic substances, e ither dissolved or 
in form  of colloids and suspensions.

By using conventional methods in the process of biological sewage p u rifi
cation (activated sludge, trickling filters) according to W u h r m a n  (1965), 
3 0-5 0 °/o  reduction of nitrogen and about 30%  of phosphorus was obtained. The 
rem aining p art of nitrogen and phosphorus is drained off together w ith sewage 
directly into a reservoir. This, to a considerable degree, renders difficult the 
possibility of utilization of ground w ater for com m unal and industria l use, since 
the nu trien t substances (nitrogen, phosphorus) contained in the biologically p u 
rified sewage prom ote excessive developm ent of algae, and th a t may lead in 
tu rn  to an incidental pollution of w ater reservoirs. M oreover, a high content of 
nitrogen compounds, particu larly  in form  of non-ionized am m onia a t the lowered 
content of oxygen dissolved in w ater and low pH, causes the toxicity of waters. 
The toxic effect of free am m onia occurs already a t the concentration of 10 mg 
N-NH3/I. To lim it the fertility  of ground w aters it is often stipu lated  th a t the 
content of nitrogen should not exceed 4 mg/l ( G a ń c z a r c z y k  1966). For tha t 
reason a g reat deal of attention  is given, lately, to the problem  of nitrogen and 
phosphorus rem oval from sewage afte r its biological purification.

N itrogen and phosphorus compounds can be rem oved from  sewage by phy 
sical, physico-chem ical, and biological methods.

The use of physical methods for nitrogen rem oval from  sewage through 
ionic conversion, adsorption, or therm ic exhausting, is lim ited from  economical 
and technological viewpoint. Those m ethods allow to remove only the organic 
and am m onia nitrogen, bu t they do not solve, a t all, the problem  of oxygen 
rem oval in oxidized form.

The rem oval of phosphorus from  sewage by physico-chem ical methods gives 
satisfactory  results ( L e a  et al. 1954, N e i l  1957, V a s s e u r  1962, W u h r m a n  
1964). Among those m ethods, the one w ith the use of coagulants, such as alum i
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nium  and ferrum  salts, is w orthy notice. By using coagulants it is possible to 
obtain reduction of phosphorus am ounting up to 99% ( L e a  et al. 1954).

Besides the tw o m entioned above, one can also use biological m ethods for 
nitrogen and phosphorus rem oval from  the sewage.

The rem oval of nitrogen com pounds can be accom plished through den itrifica
tion, during which a t the oxygen scarcity n itra tes, owing to the  action of 
n itrifying bacteria , are reduced into nitrites, am monium, or N2. From  the  view 
point of practical u tilization this process solves the technological problem s of 
m unicipal sewage purification  (B r  i n g m a n n et al. 1959. W u h r m a n  1964). 
E xperim ents w ere also carried out on the possibility of making use of den itri
fication for the industria l w astes treatm ent. In the method used by B r i n g m a n n  
et al. (1959) and W u h r m a n  (1964), as well, sewage undergoes denitrification  
afte r the end of biological purification through nitrification.

The rem oval of nu trien t substances by algae found practical application  in 
the biological ponds as the so-called te rtiary  sewage treatm ent. B u s h  e t al. 
(1961), B o g a n  (1961), B o ż k o  et al. (L962, 1966) and L o e h r ,  S t e p h e n s o n  
(1964) declare th a t it is one of the sim plest and least expensive m ethods of 
nu trien t substances rem oval from  the sewage.

Studies carried out in m any countries on a large scale confirm ed the use
fulness of th a t m ethod and potential possibility of its application in the trea tm en t 
of m unicipal sewage, and even industria l wastes. Depending on local needs and 
conditions, ponds of th a t type are designed e ither as single units or in a com plex 
of several units w orking in series or in parallel.

This paper p resents the results of studies undertaken w ith a view  to de ter
mine the ro le of algae in the rem oval of nu trien t substances (nitrogen and ph o 
sphorus) from  sewage. A thorough investigation of th a t problem  in the operating 
conditions w as ra th e r d ifficult due to the coexistence of a series of environm ental 
factors w hich could, in consequence, obscure the real picture, com pletely. T he
refore, experim ents w ere carried out in laboratory conditions.

2. MATERIAL AND METHODS

E xperim ental tests w ere perform ed on two kinds of sewage, m echanically  or 
biologically purified, m ixed together in 1 :1  proportion. Samples w ere collected 
from the Experim ental Sewage T reatm ent P lants of the Institu te  of M unicipal 
Economy in W arsaw. The m echanically purified sewage was sam pled from  the 
prim ary settling  tank, w hereas the other one — from  the secondary se ttling  tank.

The physico-chem ical characteristics of the exam ined sewage w as as follows: 
sewage tem peratu re  9°C, pH 6.5. There was a trace of dissolved oxygen and 
the content of free carbon dioxide am ounted to 30 mg C 0 2/1. The to ta l suspen
ded solids content was about 93.5 mg/1, BOD5 — about 92.50 mg 0 2/l. There was 
a considerable am ount of am monium nitrogen — 32 mg N-NH4/1. The n itrite
and n itra te  nitrogen contents w ere 0.13 mg N -N 0 2/1 and 0.35 mg N -N 0 3/1, 
respectively. Organic n itrogen — 13.0 mg Nore/l, and phosphorus — 9.0 mg P 20 5/1.

Tests w ere perform ed in 10 1 flat-bottom  flasks, kept in the rack. Each 
flask contained 8 1 of sewage. The test-rack  w as lit up from the  sides and the 
bottom by norm al electric bulbs. Incident light in tensity  was about 3000 lux. 
Lighting tim e — about 7 h r a day. In order to avoid an excessive heating  of 
sewage, the regular tem peratu re  w as m aintained by fan cooling, operating a t 
the same tim e as lighting. Twice a day the contents of each flask w ere stirred.

The basic physico-chem ical determ inations comprised m easurem ents of se
wage tem perature , pH, dissolved oxygen, free carbon dioxide, BOD5, am m onium , 
nitrite, n itra te , organic nitrogen and phosphorus.

The methodology of determ ination, ju st as in investigations in field condi
tions w ere adopted afte r H e r m a n o w i c z  et al. (1967).

The scope of biological exam inations was as follows: isolation of algae m o
nocultures, q uan tita tive  analysis of algae and calculation of coefficient K  (ave
rage daily growth ra te  of algae), exam ination of the degree of greenery on the 
Coli 5 m em brane filters, calculation of dry w eight of algae.

Q uantitative determ ination  of algae w as perform ed in a plankton cham ber 
of 1 ml volume. The num bers of organism s are given per 1 1 of sewage.

The average daily increase in the num ber of cells (K) was calculated  from
M y e r s ’ fo rm ula (1953), as follows:http://rcin.org.pl
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where: N  — num ber of cells a t the tim e of m easurem ents, N 0 — num ber of cells 
at the beginning of experim ent, t — tim e (days).

The degree of greenery on the Coli 5 m em brane filters w as determ ined as 
follows: 10 ml sewage sam ples w ere strained  through the Coli 5 m em brane f il
ters, by m eans of a filtration apparatus. Next, filters w ere dried in room tem 
perature . Algae suspension caused a perm anent colouring of the m em brane 
filters.

D eterm ination of the value of the algae dry w eight required the use of a 
special procedure, due to the fact th a t sewage, after m echanical and  biological 
purification, as well, contains a considerable quantity  of suspended solids, w hich 
are composed of both organic and m ineral compounds. Calculation of the  inc re
m ent of algae by direct determ ination  of suspension by w eighing m ethod would 
not give a real picture of algae developm ent. Therefore, the num ber of cells, 
in the m onoculture grown in a liquid m ineral m edium, was determ ined w ith  
a microscope in 1 ml sample. Then, the exactly  m easured am ount of m onocul
tu re (500 ml) was strained through Coli 5 m em brane filters by using a Coli appa
ratus. Before filtration , the m em brane filters w ere dried to a constant weight, a t 
105°C, during 3 hr. A fter filtration, filters w ith algae suspension w ere also 
dried and weighed. In each culture 3 para llel tests w ere carried out in  order 
to obtain the m ean value. Knowing the values of the num ber of the  cells in 
the exam ined sample and the dry w eight of algae, it was possible to m ake 
an adequate calculation which, consequently, allowed to determ ine th e  num ber 
of cells of each genus per 1 mg of dry mass volume.

W ith the use of th a t method, the results w ere as follows (million of cells 
per 1 m g of dry weight):

Chlorella vu lgaris— 100.0 
Scenedesm us quadricauda — 24.0
S. quadricauda var. alternans — 11.5 
Scenedesm us obliquus — 50.0 
Scenedesm us acum inatus — 32.5.
Thus, the density of algae cells served as starting  point for the calculation 

of dry mass in laboratory experim ents.
Sam ples w ere collected, on the  average, every th ree days, a t abou t 8 a.m., 

during the 33 day period of experim ent. Before sam pling the sewage w?as stirred 
thoroughly.

3. RESULTS

After the preparation of the testing material, sewage was inoculated 
with the following cultures of algae:
Chlorella vulgaris Beijerinck,
Scenedesmus quadricauda (Turp.) Breb.,
Scenedesmus quadricauda var. alternans G. M. Smith,
Scenedesmus obliquus (Turp.) Krüger,
Scenedesmus acuminatus (Lagerh.) Chodat,
Mixed culture,
Control (without algae).

After the inoculation of sewage, the density of population in each 
particular genus was approximately equal in all the cultures, amounting 
to: 148-10s, 153 • 105, 146 • 105, 147 • 10s, 145 • 10s, 146-105 per 1 1, 
respectively. Their dry mass amounted to: 0.148, 0.638, 1.27, 0.294, 0.445, 
0.547 mg/1, respectively. Thus, directly after inoculation the highest dry 
mass weight was noted in the culture of Scenedesmus quadricauda var.
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alternans, the lowest — Chlorella vulgaris. Algae development rate in 
particular cultures, the coefficient K, and dry weight values are pre
sented in Tables I and II, and in Fig. 1.

After 7 days of culture an increase in cells of all the above mentioned 
groups of algae species was observed, expressed by coefficient K  it

Fig. 1. G row th of algae on sewages in the laboratory, (semi-log scale). A — Chlo
rella vulgaris, B — Scenedesm us quadricauda, C — Scenedesm us obliquus, E — 

Scenedesm us acuminatus, F — mixed culture
http://rcin.org.pl
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amounted to: 1.93, 0.71, 1.47, 0.93, 1.38, 1.87, respectively. As can be seen, 
Chlorella vulgaris showed the highest development dynamics and Scene
desmus quadricauda — the lowest. In the course of the next period of 
experiment (after 9, 11, and 13 days of culture) a further development 
of algae was noticed, i.e. increase in cell number, dry weight, and the 
coefficient K  value.

After 13 days, the mixed culture had the highest K  value — 11.20. 
Scenedesmus obliquus — 10.30 and Chlorella vulgaris— 10.20 — followed 
closely. Scenedesmus quadricauda var. alternans — 2.32, i.e. the lowest K  
value. The highest dry weight value was reached by Scenedesmus acu- 
minatus — 49.30 mg/1. Next comes Scenedesmus obliquus — 39.60 mg/1. 
Scenedesmus quadricauda var. alternans and mixed culture — 36.20 and 
36.80 mg/1, respectively. The lowest values — 24.70 and 19.60 mg/1 had 
Scenedesmus quadricauda and Chlorella vulgaris, respectively.

After 15 days, just as in the previous period the highest K  values 
were found in mixed culture and Chlorella vulgaris, the lowest in 
Scenedesmus quadricauda.

After 23 days, the course of development in particular cultures was 
analogical. Chlorella vulgaris reached the highest K value (20.60) among 
all the groups. The coefficient K showed also an upward tendency in 
Scenedesmus acuminatus and Scenedesmus quadricauda cultures. On the 
other hand, it has decreased in the three remaining cultures, as compared 
with the previous period, thus: Scenedesmus quadricauda var. alter
nans— 22°/o, Scenedesmus obliquus — 15°/o, the mixed culture — 16°/o. 
At the same time, the highest dry weight value was noted in the 
cultures: Scenedesmus quadricauda var. alternans — 113.0, Scenedesmus 
acuminatus — 117.0, and mixed culture— 102.03 mg/1. Somewhat lower 
values — 70.0 and 64.0 mg/1 were noted for Chlorella vulgaris and 
Scenedesmus obliquus, respectively, and the lowest one — 56.0 mg/1 for 
Scenedesmus quadricauda.

After 26 days, there were further changes in the coefficient K  value, 
in comparison with the foregoing period, as it increased in the cultures: 
the mixed one, Scenedesmus acuminatus, Scenedesmus obliquus, and 
Scenedesmus quadricauda, and decreased in Scenedesmus quadricauda 
var. alternans, remaining at the same level as previously in the Chlorella 
vulgaris culture.

After 33 days of algae culture in the sewage medium the maximum  
content of cells was observed, which in conversion into 1 1 of sewage was 
for each particular species as follows: Chlorella vulgaris— 18 • 10°, mixed 
culture — 1515 • 107, Scenedesmus quadricauda — 4 • 109, Scenedesmus 
acuminatus — 5 • 109 , Scenedesmus obliquus — 44 • 108, Scenedesmus qua
dricauda var. alternans — 192 • 107 per 1 1. The highest value of the 
coefficient K  was obtained in Chlorella vulgaris — 36.80 and somewhat 
lower in the mixed culture — 30.80. Among the algae of Scenedesmus

http://rcin.org.pl



420 L. Kalisz

species the highest K  value — 10.5 — was noted in S. acuminatus, slightly 
lower — 9.10 and 7.93 in S. obliquus and S. quadricauda, respectively, 
the lowest — 4.00 in S. quadricauda var. alternans. The highest dry 
weight value — 219.74 mg/1 was found in the mixed culture, at the 
same time it should be mentioned that Chlorella vulgaris had the greatest 
share in the increase of dry mass in this particular culture (54.5°/o), 
S. obliquus a slightly smaller one (22°/o) and S', quadricauda var. alter
nans (20°/o). The share of S. acuminatus and S. quadricauda was very 
small — 2.5 and l°/o, respectively. The dry mass value in the cultures 
was for Chlorella vulgaris — 180.0, S. quadricauda and S. quadricauda 
var. alternans — 167.0, S. acuminatus— 153.44, and S. obliquus — 
88.19 mg/1.

The progressive development of algae was confirmed by examinations 
of the Coli 5 membrane filters. The range of gradation of colouring 
from grey-yellowish (colour of sewage) through all the shades from very 
light up to very bright green shows a very systematic increase in the 
density of the algae cells. The degree of the colouring of filters changed 
proportionally to the increase in dry mass of a particular algae species. 
Species with a higher dry weight value imbued the filters with a darker 
shade of green. Filters with control samples were almost to th$ end of 
experiment grey with yellowish hue, only in the last week they tinged 
with green due to the spontaneous self-development of algae.

REDUCTION OF PHOSPHORUS AND NITROGEN COMPOUNDS

In the initial stages of the experiment at a low level of oxygen 
(Table III) there was a considerable reduction of BOD5 while no basic 
changes were observed in the content of the various forms of nitrogen 
(Table IV). They appeared, however, in the later stages of the investi
gations. Along with the increase in the development of algae, the content 
of soluble oxygen and the pH value were increasing while the content 
of carbon dioxide decreased. In result of photosynthesis the developing 
algae enriched the environment in oxygen at the expense of light energy 
and C 0 2 which in turn created favourable conditions for the progress 
of nitrification.

The allover course of nitrogen conversion may be presented as 
follows: after 17 days of the experiment there was observed a fairly 
rapid decrease in the content of the ammonium nitrogen along with 
a high increase in nitrite nitrogen and an inconsiderable one in nitrate 
nitrogen. The degree of decrease in the former was higher than the 
increase in the latter two. This was followed by a systematic decrease 
in mineral nitrogen. It may be assumed that the relatively considerable 
loss of ammonium nitrogen could be an after effect of both the process 
of nitrification and fixation by algae.

http://rcin.org.pl



Role of algae in sewage purification. Nutrient removal 421

For a better illustration it is worthwhile to present the course of 
mineral nitrogen reduction in Chlorella vulgaris culture, where nitrogen 
conversions, in the general outline, had a similar character to those 
observed in other cultures. On the 9th day of investigations the total 
content of mineral nitrogen was 37.28 mg N/l and from that day its 
value decreased slowly but systematically down to 23.58 mg/1 (the 
17th day). Then, after 23 days from the beginning of the experiment 
there was a rather sudden loss of that form of nitrogen (13.75 mg N/l). 
At that time ammonium nitrogen with its 5.62 mg N-NH4/1 value ceased 
to be preponderant overall and its role was overtaken by nitrite nitrogen 
(7.07 mg N-NO9/I). As concerns organic nitrogen its value decreasing 
during the first 11 days increased distinctly in the following days.

In the initial period of the experiment the process of decomposition 
of organic nitrogen outweighed its increase in a form of algae, hence 
a loss of organic nitrogen and a slight increase in ammonium nitrogen. 
It may be assumed that that phase of conversion took its course without 
a decisive influence of algae. Next, with the gradual development of 
algae and increase in their biomass, the presence of algae in the envi
ronment began to bear effect on nitrogen cycle conversions. First of all, 
there was an increasing requirement for mineral nitrogen used in the 
formation of cells. This, in turn, determined not only the level of mineral 
nitrogen requisite by the increased demand but also of organic nitrogen 
as result of an intensified development of algae. Though it is quite certain 
that the organic nitrogen compounds underwent dissociation, but they 
gave priority to the processes of nitrogen fixation, in form of the in
creasing biomass of algae. Then, the apex of the dynamics of algae 
development was denoted, extensive saturation of the environment 
with oxygen, and intensified nitrification. In result, ammonium nitrogen 
content was reduced practically to naught, with simultaneous high in
crease in nitrite nitrogen (over 20 mg N -N 0 2/1). The organic nitrogen 
content was also increased considerably. The high increase in 'the nitrite 
nitrogen value evindenced the intensity of the process of nitrification 
in its first phase, one can suppose that there was also a second phase 
of nitrification, but the produced nitrates were used by algae.

Nitrogen conversion in the control culture had a somewhat different 
course. During the first 15 days of the experiment the ammonium nitro
gen content was increasing which proved that there was a preponderance 
of the process of decomposition of the organic substances containing 
nitrogen, but the process itself lasted much longer than in the cultures 
with algae (7—9 days). Then, in the further course of the test, while in 
the cultures with algae a striking loss of ammonium nitrogen was obser
ved, its slow systematic decrease was only beginning in the control 
culture, which was probably due to the process of nitrification. It should 
be also mentioned that in the last period of the test, algae were self-
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-developing spontaneously and at the same time a slight increase in 
organic nitrogen and pH value was noticed together with a decrease 
in C 02. The colouring of the membrane filters appeared simultaneously.

The content of soluble phosphorus at the time of the inoculation of 
algae in the sewage amounted to approximately 9.4 mg/1. In the course 
of experiment a systematic decrease of soluble phosphorus was observed 
in subsequent samplings from each particular culture. Its highest content 
was found in Chlorella vulgaris culture. After 33 days it amounted 
to 4.0 mg/1, while in other cultures it was much lower and did not 
exceed the value of 1 mg P20 5/1.

In subsequent samplings from the control culture its decrease was 
relatively insignificant. After 33 days its value was 6.0 mg P 2Oä/l.

4. DISCUSSION

Considering the dynamics of algae development in the sewage on the 
basis of results from the experiment, one can say that its highest value 
in respect of the number of cells and the increase in dry mass, as well, 
was shown by Chlorella vulgaris. The high value of the coefficient K  
indicates that Chlorella vulgaris cultures were characterized by an in
tensive and systematic increase in growth values during the whole ex
perimental period, while e.g. Scenedesmus quadricauda var. alternans 
reached its maximal development after 17 days, already, and Scene
desmus acuminatus after 26 days.

It should be emphasized that the coefficient K  values given by 
M y e r s  et al. (1953) were distinctly divergent from those presented 
by V l a d i m i r o v a  et al. (1966), who had cultured Chlorella vulgaris 
in specific conditions (temperature and lighting) and obtained after
5 days, already, the K  values ranging from 35 to 80.

Data on the increase in algae dry mass and changes in the level 
of the content of total soluble nitrogen (total sum of all particular forms 
of nitrogen, i.e. N-NH4, N -N 02, N -N 03, soluble Norg) and soluble 
phosphorus, are given in Tables V and VI. The comparative analysis was 
performed for 7 day periods.

According to the data from literature the percentage of nitrogen 
content in the algae dry mass ranges from 6.5 to 10°/o, and from 2.2 
to 7.65% for Chlorella (G i t e 1 z o n 1964) and Scenedesmus species 
(K r a u s s 1956), respectively.

The ratio of the nitrogen loss to the increase in Chlorella vulgaris
dry mass ranged from 6.75% after 23 days to 10.8% after 13 days.
Throughout the experiment the loss of nitrogen averaged 7% in relation 
to the increase in dry mass, so it is within the limits given in other 
papers (after 33 days total soluble nitrogen— 12.60 mg/1, the increase 
in dry w eigh t— 179.85 mg/1). http://rcin.org.pl
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In the Scenedesmus quadricauda culture oscillations in the percentage 
of the nitrogen loss in relation to the increase in dry mass was much 
higher. The lowest one was noted after 23 days (13.4°/o), the highest 
after 7 days (27.6°/o). As concerns the last value, doubtlessly, it could 
not come only as result of the presence of algae. The average loss in 
relation to the increase in algae dry mass in this culture was after 33 days 
6.45°/o, so it is also within the range given in literature. The weight 
loss of the total soluble nitrogen was 10.75 mg/1.

Analogical data for S. quadricauda var. alternans are expressed in 
values ranging from 10.8 to 18.20%. After 33 days the ratio of nitrogen 
loss to dry mass increase was 10.8%, i.e. much more than the value 
given in literature (7.65%). The weight loss of nitrogen after 33 days 
was 17.85 mg/1.

The highest percentage of loss after 33 days was noted in S. obliquus 
culture — 13.90%. On the basis of this study it is not possible to explain 
that phenomenon explicitly but one can suppose that there must have 
been some other factors (bacterial flora) that were not taken under 
investigation and might have caused the supplementary reduction of 
nitrogen.

In the remaining cultures, i.e. S. acuminatus and mixed culture, the 
value of the percentage mentioned above was but slightly exceeded; 
for the former it amounted to 8.75%, for the latter 8.40%, as related 
to 7.65%. It should be emphasized that the overall reduction of nitrogen 
was rather considerable and for the greater part it exceeded the per
centage rate presupposed on the basis of the value of the algae dry mass 
increase.

For comparison, in the control sample after 23 days some loss of 
total nitrogen was also noted — 1.79 mg/1, while at the same time in 
the samples with algae those values ranged from 7.50 to 15.7 mg/1. 
Similar results were obtained by I s a a c ,  L o d g e  (1960). In respect 
of the control sample the last week of investigations was left out on 
account of spontaneous self-development of algae.

The greater reduction of nitrogen observed in the initial phase cor
responds to the results obtained by G e r l o f f ,  S k o o g  1954, 1958). 
They agree that this phenomenon does not come as result of the lack 
of nitrogen and phosphorus in the environment but is caused by the 
ageing process in the cultures, which absorb less and less of those 
compounds.

Data from the analysis of quantitative changes in soluble phosphorus 
are also given in Tables V and VI.

According to the data from literature the content of phosphorus in the 
dry mass of algae amounts to 1—2%.

Data obtained on the basis of investigations on the loss of phosphorus 
are significantly divergent from the values of the dry mass of algae.
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The lowest loss of phosphorus in relation to dry mass was noted after 
33 days in Chlorella vulgaris — 3%, the highest in Scenedesmus obliquus 
culture — 9.10°/o. The exceptional convergence of results of the highest 
loss of both, nitrogen and phosphorus, in the latter is worthy noticing. 
It seems that such a high percentage in the loss of phosphorus was 
caused, also among other factors, by the mass development of algae.

It is generally known that the intensive development of algae goes 
along with the increased pH value, which is likewise evident in the 
present study (Table III). The pH value has increased from 6.5 up to 9.5, 
and in some cases was even more than 10. The high pH value precipitates 
the slightly soluble phosphorus salts from the environment. This comes 
as result of P 0 4 ion becoming an insoluble salt in alkalic environment. 
Probably among other reducing agents (e.g. consumption of phosphorus 
by nitrifying bacteria) this was the most important one, in producing 
the unusually high reduction of phosphorus. In this case algae played, 
so to say, an intermediary role.

The obtained results lead to the following conclusions:
The increase in the algae dry mass is associated with reduction of 

total soluble nitrogen and insoluble phosphorus.
This interrelation is not strictly connected with the increase in dry 

mass and has quite significant divergences in respect of the proportional 
nitrogen and phosphorus share in the dry mass increase,

There is a difference in the percentage value of the nitrogen and 
phosphorus loss in particular algae cultures,

Along with the proceeding of the experiment the percentage of the 
nitrogen and phosphorus decreased.

Results from laboratory examinations were compared with possible 
nitrogen and phosphorus reduction (after 33 days of experiment) basing 
on the data from papers by K r a u s s  (1956) and G i t e l z o n  (1964) 
(Table VII).

Table VII. The actual (according to the -investigations) and possible (according 
to the litera tu re  data) reduction of phosphorus and nitrogen

Culture
N P

Actual
(%)

Pos.1 ible 
(%)

Actual
(%)

Possible
(%)

Chlorella vulgaris 28.4 42.5 57.5 28.4
Scedenesm us quadricauda 
Scedenesm us quadricauda

26.0 30.8 99.0 37.0

var. alternans 50.0 35.6 99.2 41.5
Scenodesm us obliquus 34.0 19.0 96.5 21.2
Scenedesm us acum inatus 35.0 33.0 97.0 58.3
M ixed culture 50.0 46.5 97.5 55.0

Mean 37.0 34.6 91.1 38.0
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The actual total reduction of soluble phosphorus after 33 days of the 
experiment averaged for 6 cultures 37.3°/o, i.e. only slightly exceeding 
the possible reduction of phosphorus requisite for cell formation (34.6%). 
Considerable differences, however, are observed in particular cultures 
as concern both the actual and the possible loss of phosphorus. The 
actual reduction of phosphorus is very high, averaging 91.1%, i.e. it is 
nearly 2.5-fold greater (38.5%) than it would result from the possible 
reduction of phosphorus required for cell formation.

5. SUMMARY

E xperim ents carried out in laboratory  conditions w ere to  determ ine the role 
of algae in the rem oval of nitrogen and phosphorus from sewage. The investigated 
sewage, consisting of a m ix ture of sewage samples, m echanically and biologically 
treated , w as inoculated w ith algae commonly occurring in biological ponds, nam ely: 
Chlorella vulgaris, Scenedesm us quadricauda, S. quadricauda var. alternans, S. obli
quus, S. acum inatus, and mixed cultures.

D uring the course of the experim ent adequate physico-chem ical m easurem ents 
were perform ed, as concerns: tem perature , pH, soluble oxygen, C 0 2, BOD5, am 
monium , n itrite , n itra te  and organic nitrogen, and phosphorus. The scope of 
biological exam inations comprised studies on quan tita tive  analysis, average daily 
increase, dry m ass of algae, greenery of the m em brane filters, and so on.

The obtained results indicated an intensive developm ent of algae and reduction 
of n itrogen and phosphorus from the sewage. D ifferences in the degree of 
reduction of nitrogen and phosphorus in particu lar m onocultures w ere estim ated. 
The h ighest reduction of both com ponents in proportion to the dry mass increase 
was noted in Scenedesm us obliquus culture. The lowest percentage of nitrogen 
reduction was found in S. quadricauda, of phosphorus — in Chlorella vulgaris. 
The value of nitrogen reduction approxim ated the proportional share of this 
com ponent in the algae dry mass, w hereas the reduction of phosphorus was 
higher.

At the beginning of the experim ent the percentage reduction of both nitrogen 
and phosphorus w as higher than a t the tim e of its final period.

6. STRESZCZENIE

Prow adzono badania w w arunkach laboratoryjnych nad określeniem  roli glo
nów przy usuw aniu  azotu i fosforu ze ścieków. Badane ścieki, stanow iące m ie
szaninę ścieków po mechanicznym i biologicznym oczyszczeniu, zaszczepiono glo
nami pow szechnie w ystępującym i w  staw ach biologicznych, a mianowicie: Chlorella 
i'ulgaris, Scenedesm us quadricauda, Scenedesm us quadricauda var. alternans, 
Scenedesm us acum inatus  oraz k u ltu rą  mieszaną.

Podczas eksperym entu  w ykonywano odpowiednie oznaczenia fizyczno-chemiczne, 
takie jak: tem peratu ra , odczyn pH, tlen rozpuszczony, C 0 2, BZT5, azot am onowy, 
azotynowy, azotanowy, organiczny i fosfor. Zakres badań biologicznych obejm ow ał 
analizę ilościową glonów, średniodobowy przyrost glonów, badania zazielenienia 
na sączkach m em branow ych, suchej masy glonów.

Na podstaw ie wyników badań stw ierdzono intensyw ny rozwój glonów oraz 
reukcję azotu i fosforu ze ścieków. Dla poszczególnych m onokultur notow ano 
różną redukcję azotu i fosforu. Najwyższą redukcję azotu i fosforu w stosunku 
do przyrostu  suchej masy glonów stwierdzono w kulturze Scenedesm us obliquus. 
Najniższy procent redukcji azotu w stosunku do przyrostu suchej m asy stw ie r
dzono w kulturze Scenedesm us quadricauda, a fosforu w kulturze Chlorella vulgaris. 
R edukcja azotu odpowiadała w przybliżeniu procentow em u udziałowi tego sk ład
nika w suchej m asie glonów, natom iast redukcja fosforu była wyższa.

Na początku eksperym entu procentow a redukcja azotu i fosforu była wyższa 
niż w okresie końcowym. http://rcin.org.pl
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The presented below m ethodical paper by M. B. Ivanova “Some rem arks 
on the method of production estim ation” is to criticize the m ethod of calcu
lation of Zooplankton production proposed by W. Zaw iślak (“Production of c ru 
stacean zooplankton in Moty Bay, Lake Jeziorak. P a rt I. The method of production 
estim ation”. Pol. Arch. Hydrobiol., 1972, 19, 179-191), which has been elaborated  
— according to the au th o r’s intention — to modify significantly the common 
accepted method by W inberg; the m odification having to increase the cred ib i
lity of the estim ations.

The subject of calculation methods, i. e. the estim ation of anim al biom ass 
and production in a w ater body, is still investigated and discussed, especially 
w hen there are concerned such anim als as zooplanktonic ones, i. e. those the 
life cycle of which is very short, the num bers and age structu re  are continuously 
changing, and their recru itm ent is continuous. D uring the developm ent of re 
searches on organism productivity, the problem  of calculation m ethods have 
been widely discussed; many specialistic elaborations, particu larly  in the Soviet 
literatu re , can be found. They offer m any m ethods w hich are commonly used. 
The detailed exposition of various calculation m ethods, including those for 
zooplankton, was published in IBP M anual No. 17 (W. T. Edmondson, G. G. 
W inberg [Eds] “A Mannual of M ethods for the Assessm ent of Secondary Pro
ductivity  in  Fresh W aters”. 1971, Blackwell, Oxford. In spite of all the system s 
existing which set the m ethods in order and unified them , each investigator 
estim ating zooplankton production m eets some difficulties and doubts. The most 
im portan t of them  are connected w ith great changeability  of p lanktonie anim als 
populations on the one hand, and w ith ever insufficient sampling m ethods, thus 
lim ited inform ation on basic param eters for production calculations (requirem ent, 
growth, individual size) on the other hand. Therefore there is the situation 
stim ulating to search for d ifferent m odifications of the existing m ethods to m ake 
them  more detailed.

That is why the Editorial Board of Polish A rchives of Hydrobiology decided 
to publish the papers by W. Zaw iślak notw ithstanding the autor did not assum e 
an attitude tow ards the critical notices of the papers review er, Dr. A. H illb- 
richt-Ilkow ska. At present, this is the subject of the detailed critical estim ate 
in the paper by M. B. Ivanova, published below.

Both the papers: by W. Zawiślak and M. B. Ivanova, discuss very im portan t 
and interesting  problem s for all the investigators of secondary productiv ity , not 
only those who study the zooplankton productivity.

We invite to discuss.
The Editors

M. B. I V A N O V A

SOME REMARKS ON THE METHOD OF PRODUCTION ESTIMATION

Institu te  of Zoology, Academy of Sciences of the U.S.S.R., U niversitetskaya 
N abereznaya 1, Leningrad, U.S.S.R.

ABSTRACT

The paper comprises the polemics against the papers by W. Z a w i ś l a k  “P ro 
duction of crustacean zooplankton in Moty Bay, Lake Jeziorak. P a rt I. The
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4 3 6  M. B. Ivanova

m ethod of production estim ation” (Pol. Arch. Hydrobiol., 1972, 19, 179-191), in 
w hich the m odification of the W inberg’s m ethod of production calculation was 
presented.

Z a w i ś l a k  (1972 a, b) critisizes the methods of production esti
mation of the population with the prolonged reproductive period 
(with continuous recruitment). This method is based on the calcu
lation of the population production on the basis of the mean daily 
weight increment or growth rate of the animals.

The proposed remarks and “corrections” resulted from the author’s 
wrong understanding of the analysed method.

This method was presented by P e t r o v i c h  et al. (1961) for the 
first time and then developed in the subsequent works of P e c h e n ’ 
S h u s h k i n a  (1964), W in  b e r g  et al. (1965), P e c h e n ’ et al. (1968), 
W i n b e r g  (1971). According to this method, the production value of 
a separate age group at every given moment is obtained by multiplying 
the average growth rate (weight increment) (CB) by biomass (B). CB 
for a given age (stage) equals an average rate of growth of the sepa
rate animals Cw, and it is defined according to the growth curve. In 
the first variation Cl0 was calculated on the basis of the differences 
between the average weights ( P e t r o v i c h  et al. 1961).

C w =  (~W i+ 1~  W i \ . W i  (1)
A

where Dt stands for the length of the development of the i stage.
But later, the calculation of the mean daily growth rate was made 

more precise ( P e c h e n ’, S h u s h k i n a  1964, W i n b e r g  et al. 1965) 
and the difference between the initial and final Wi + 1 weights of 
a given stage was taken instead of the differences between the average 
weights, while the final weight of the stage is considered to be the 
initial one for the stage i + 1 .

C,„= l —  I : U ,

/ W  _Ll   W  \
Because if Bt =  Nt • Wh then P, =  |  —----- — j : Ni

( 2 )

The production of the animal population (P) at every given mo
ment of time equals:

n n I Wi —  Wi \
p = Z  Pi =  — - A

1=1 i 1 \  D i I (3)

where n stands for the number of age groups, and the eggs ought
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to be considered, as the first group in the sequence (i =  l). If the eggs’ 
initial weight equals zero, then the egg production equals:

Pe=  ^  ' We (4)
D e

As a rule, while calculating the production, a whole day is con
sidered the time measuring unit. It is evident that the population
production during a longer period of time will be considered as an
integral value.

Pt = / ” P (dt) t (5)
tO

For example, it has been determined that for the moments of time 
ti, t2, U ... tn, the following values of production P u P2, P3 ... P n were 
obtained (Fig. 1 ).

Fig. 1. Production estim ation by m eans of the biomass increase. A fter the absciss: 
the length of tim e between the sam plings; afte r the ordinate: the value of the 

population production (or of the age group) per tim e unit

The population production for the whole period of time is calcula
ted on the basis of the area, limited by the curve of the daily pro
duction value. As a rule, the simplest method of integration, it means 
the calculation of the trapezium area, is used.

P t , — t n  —  —^ 2 ~ ^ 2— '^1) ~ f ~ ' A /  — * 2 )~ b  ■ ■ ■ ~i— ~ l~ 2 ~ ~ ~  — *n —1) (6 )
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or:
P = P l / * A _ J i \ + p / * a L J .  +  t_ 2 _ J s \ +  . . .  — —

=  Pl- '  +  P,T.1+  . . .  PĄ -  
z z

(7)

where T stands for the length of the period of time, for which we can 
assume that CB is a constant. If the samples are taken at the same 
intervals of time, the formula looks as follows:

P =  (P2+ P 3+  ... +P„-,) T +  (P, +  P„)— (8)
2

because to—t i=  ts—t» =  tn T

Thus in formula

Pt =  (Pe +  Pn+Pc)T  (9)

where Pe, Pn and Pc stand for the production value of different age 
groups, T does not stand for the intervals of time between which 
the samples are taken, but it stands for the period of time during 
which the number of population (N ), an average animal weight (W), 
an average daily weight increment (CB), and thus the value of pro
duction, can be considered as constants.

In the first part of the paper, Z a w i ś l a k  (1972 a) critisizes the 
above mentioned method of the production value estimation, misun
derstanding that in the equation (here as well as below the formula 
is given for Copepoda):

T V V
r w e • Ne . (W„c— W„n) • Nn , JVc(Wa— W0c)"| . 
L De Dn Dc J ( 1 0 )

T stands for the length of time between the different production value 
estimations. Basing on this wrong presentation, i. e. that during the 
T average growth rate varies, the author suggests to introduce some 
corrections into the existing formula. His opinion is based on the 
assumption that during the period T the animals have changed their 
age group, so that their Cw also changes.

Zawiślak divides each age group into two classes (the method of 
division has not been described): the animals in which the age status 
has not changed during the T period belong to the first class, thus 
for the second class — the ones which will be transformed into the 
next age group. In the result the equation for calculation of the pro
duction looks as follows:
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Ne • We\ _ i / PnT • T \ _ JVe 
De / V 2 / De

+
, P c T  

PnT-WnClH NcC12 +

( 1 1 )

I P c T
PcT • iVcClj-j ■ 1VcC12

2

The authors does not take into consideration the fact, as it is seen 
from equation (1 1 ), that during the intervals between the sampling 
not only individual animals change their age group but their number 
is changed because of elimination. As it is well known, the changes 
in number can be described by the exponential function:

Nt =  N0e InNt — \nN0
( 12)

where Nn stands for the initial number, Nt stands for the final number, 
T — the interval of time between the calculations, i. e. t2— while using 
this method (equations 5, 6, 7 picture) or T according to the author’s 
understanding of the articles being under discussion. Let us discuss this 
change in the number on the example of the egg production calcula
tion (Fig. 2) representing the simplified picture from Z a w i ś l a k  (1972).

Fig. 2. The egg production estim ation by m eans 
of Z a w i ś 1 a k ’s m ethod (1972). A fter the absciss: 
the length of tim e between sam plings; a fte r the 
ordinate: the increase of the egg num ber per 

tim e unit (a day)

Zawiślak divides the whole egg production into the production of 
eggs (Ne/De • We) and the production of those nauplii, which have 
hatched from the eggs laid by females during the investigated period 
of time. According to the author, on the basis of the daily egg pro
duction Ne/De the nauplii number hatching from the eggs equals 
(Ne/De)T, but the author ignores completely the nauplii decrease cau
sed by the elimination.
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But, it is clear, that in reality the nauplii number at the end of the 
T period will equals:

NT =  (Ne/De) • T—juT (13)

MT =  (Ne/De)e- dT (14)

where MT stands for the number of the eliminated animals, d — death 
rate.

Then the whole egg production (the first term of the equation 11) 
will be as follows:

PeT =  I \ . r +  /JVe. t  _  Z f  . e-ar ,. Pn t
De / \ De De

(15)

The value, calculated in such a way, will be lower than the one 
obtained by the author. Thus, while calculating the production, we 
take into account a very difficult for calculation value — the death 
rate of only those nauplii, which were hatched from the eggs laid 
by females during the period T. Therefore in order to calculate this 
value it was necessary to perform the detailed analysis of the nauplii 
age structure at the beginning and the end of the T period, and tc 
estimate the nauplii growth exact to 24 hr which is very difficult.

Similar presentation of the constant animal number comprised the 
basis for the calculation of the nauplii production (the second term of 
the equation 1 1 ) as well as for the calculation of the copepodite produc
tion (the third term of the same equation). But, while calculating the 
production on the basis of the generally used method (equation 5, 6 , 
7, Fig. 1), changes in number, occurring between the investigation data, 
for which the production is being calculated, are taken into calculation.

And really,

P ,= C B1 • N, • Wx; P2 =  CB2 • N2 • W,; PT=  . T (16)
2

And because of the fact, that the production calculated on the 
basis of the daily growth rate takes also into consideration the changes 
in number (the increase because of the recruitment and the decrease 
because of the elimination), therefore the population production, du
ring the whole vegetative season, obtained on the basis of the biomass 
growth rate calculation equals the one, calculated after the elimination, 
only if the population number and its age structure is the same at the 
beginning and the end of the season.http://rcin.org.pl
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The second part of the article contains seme data concerning Je
ziorak Lake production; the data have been obtained by means of 
formula offered by W i n b e r g et al. (1965), modified by Z a w i ś l a  k’s 
(1972 a) interpretation as well as the author’s own formulae. As it was 
expected, the general modifications concerning Copepodites with slower 
development were less significant, for Cladocera, that grow much 
quicker, the difference in the result appeared to be fairly significant.

The production value estimated by means of Z a w i ś l a  k's equa
tion (1972 a, b) is twice higher than the same value obtained by the 
means of an ordinary method. Most probable it indicates the conside
rable rate of the crustaceans elimination in this lake, that the author 
has not taken into consideration.

Summing up, it is necessary to note that it is impossible to agree 
with Z a w i ś l a k  (1972 a, b) modifications that were suggested to be 
introduced into the formula of the production estimation on the basis 
of the rate of biomass increase.
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ABSTRACT

Influence of heated w aters discharged from the power station at Skaw ina on 
river biocenosis and chem ical properties of w ater in Skaw inka and Vistula rivers 
was investigated. In Vistula River, oxygen contents were decreasing and quan ti
ta tive changes in biocenosis under the influence of discharges of heated w aters 
w ere observed. The highest harm less tem perature of heated w ater was established 
to be 30°C.

1. INTRODUCTION

The significance of the influence of heating the surface w ater by discharges 
from  therm al pow er stations is ever increasing. T herm al pow er stations use 
considerable am ounts of w ater for the ir cooling systems, thus heating it and 
bringing a negative influence on biological and chem ical conditions of rivers. 
Up to now, any detailed data on destructiveness and on a perm issible heating 
degree, causing no harm ful effects are missing.

The subject of heated w aters has been studied by several authors, especially 
since the early sixties. The firs t more extensive Polish investigation w as on Vistula 
and San rivers (Możliwości... 1962). K r e s  s e r  (1957) discussed heated w aters 
and sewages. According to him, in polluted w aters no definite relationship between 
increased tem perature and self-purification was found. The R e p o r t s  of US 
Com m ittees (1962) are a quite com prehensive source of inform ations on chemical 
and biological conditions in artificially  heated A m erican w aters. The papers by 
T r e m b l e y  (1960, 1961) estim ated an influence of heated w aters on life of aquatic 
organism s in USA. In France the investigations of heated rivers w ere described 
by G o u b e t  (1965), A p p o u r c h a u x  (1965) and L e y n a u d  (1967). The present 
au thor described an influence of heating on chemism and biocenosis of surface 
w aters in the Report for the European Commission for Economy of UNO in Geneva 
T u r o b o y s k i  (1969 a, b) being a collective complex elaboration on the subject 
of heated w aters.

The above m entioned papers offer a brief survey of investigations on heated 
w aters. The aim  of the presen t paper was to investigate an influence of heated 
w aters on rivers and to elaborate some standards of harm less heating of w ater by 
a pow er station, by w ay of an exam ple of V istula and Skaw inka rivers near 
Cracow, heated by the pow er station in Skawina.

2. TERRAIN DESCRIPTION

The m ean w ater flow of V istula River a t Tyniec is about 80 m 3/sec. The 
drainage area of Skaw inka River, a righ t-bank  affluent of Vistula, is 364 km 2.http://rcin.org.pl
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The Ł ączany-Skaw inka Channel, 17 km long, leads w ater to the sluice a t Borek 
Szlachecki and to power station a t Skaw ina (Fig. 1).

Fig. 1. The investigated sections of Vistula and Skaw inka rivers. The num bered 
circles — sam pling stations, arrow s — directions of w ater flow

W ater requirem ent of the pow er station is 16-24 m 3/sec. The discharged w ater 
is heated  in condensors of the pow er station and it falls into Skaw inka R iver 
a t its 3.3 rd  km and fu rth e r  on into Vistula River. The w ater flow of S kaw inka 
River (w ithout the discharges from the power station) is 2.6 m 3/sec. The w ater 
flow values are presented  in Fig. 2. »

Fig. 2. The w ater flows in V istula River in 1962-1963 and 1964-1965. A — u p 
stream  of the estuary  of Skaw inka River (km 57.5 th), B — a t Bielany (km 69 th)http://rcin.org.pl
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The m ain pollution sources of V istula R iver are: trad e  w astes from  Silesia 
carried  by Przemsza and Upper Vistula, and trade w astes from the industria l 
regions of Trzebinia, Chrzanów and from  the Chemical Works a t Oświęcim. Trade 
wastes from  Silesia contain coal powder, m ineral oils, phenols, chlorides, sulphates, 
u rban sewages and others. Besides, w astes from the Cellulose Factory a t Klucze 
and several toxic organic compounds coming from  the Chem ical W orks a t O św ię
cim are carried by Przemsza River; w astes from the petroleum  rafinery  a t T rze
b inia and others, e. g. heavy m etals, come into V istula River. V istula R iver in the 
investigated  section is dram atically  polluted; oil smudges and various suspensions 
can often be seen in w ater; the bottom  is covered w ith  coal powder, som etim es 
w ater smells of phenols or petroleum  sewages.

The investigations were carried on in the following stations (Fig. 1):
1. Łączany Channel; the w ater intake by the pow er station a t Skaw ina,
2. The place of discharges of heated w ater of the pow er station  to Skaw inka 

River,
3. Skaw inka River upstream  of the discharges from  the pow er station (km 3.5th),
4. Skaw inka River upstream  of its estuary to V istula R iver (Vistula km 60.2nd),
5. V istula River upstream  of the estuary of Skaw inka River (km 57.5th),
6. V istula River dow nstream  of the estuary  of Skaw inka River, righ t bank 

(km 61st),
7. V istula River dow nstream  of the estuary  of Skaw inka River, le ft bank 

(km 61st),
8. V istula R iver a t Tyniec, righ t bank (km 63.5th),
9. V istula River a t Tyniec, left bank (km 63.5th),
10. V istula River a t Bielany, righ t bank (km 69th),
11. V istula R iver a t Bielany, left bank (km 69th),
12. V istula River a t Bodzów, rig h t bank (km 72nd),
13. V istula River a t Bodzów, left bank (km 72nd),
14. V istula River upstream  of Bielany, right bank (km 67.5th),
15. V istula River upstream  of Bielany, left bank (km 67.5th),
16. V istula River at Cracow (km 74.5th),
17. Raba R iver a t Książnice (km 37.4th) (investigated for comparison).
In  1962-1963 stations No. 1-13 w ere investigated, and in 1964-1965 — No. 4-7 

and 14-17.

3. METHODS

The physico-chem ical analyses were m ade according to J u s t ,  H e r m a n o 
w i c z  (1964) and P r z y ł ę c k i  (1954). The following estim ations w ere m ade: 
w ater and a ir tem peratures, w ater tu rbid ity , colour, smell, pH, dissolved oxygen, 
air sa tu ra tion  BOD5, chem ical oxygen dem and (KM nOJ, suphates, chlorides, total 
iron, m anganese, am monia nitrogen, to ta l hardness, carbonate and non-carbonate 
hardness, total alkalinity , free and aggressive carbonate dioxide, dry residuals, 
suspensions, phenols. In total, 330 chem ical samples w ere analysed.

Hydrobiological analyses were made in the following w ay:
In  1962-1963, the seston was filtered through the p lankton net of siik gauze 

w ith m eshes of 70 n in diam eter. 301 of w ater w ere condensed up to 40 m l and 
the organism s were counted in a K olkw itz’s cham ber a fte r the ir previous more 
detailed determ ination on a slide. The results were recalculated per 1 1 of w ater. 
A usual (not-inversed) Zeiss microscope was used. In to tal, 96 samples of seston 
were analysed.

M icrobenthos from subm erged stones was estim ated according to a scale 
of five degrees: 1 — very few, 2 — few, 3 — m any, 4 — very many, 5 — in masses. 
In total, 36 sam ples of m icrobenthos w ere analysed.

In  1964—1965 samples w ere taken from  the so-called d iatom eters w hich had 
been placed in a river. A device is m ade of a polystyrene block connected w ith 
a microscope slide. Those diatom a th a t settled on the polystyrene blocks w ere 
counted and values w ere given in per cent, w hereas the other organism s w ere 
determ ined on the basis of analyses of the populations settled on the slides 
and th e ir  densities were given per 1 cm2 of a slide. As it happens, the diatom a 
grow specially well on polystyrene, and the other organism s — on slides. P eriphyton  
was investigated  by P u d o  (1969) (320 samples).

M acrofauna was sam pled from an area of 1 m2 w ith  a bottom  scraper and 
the results w ere given per 1 m 2 of bottom. In  total, 160 samples of m acrofauna 
w ere taken  (the analyses w ere m ade by mgr A. K y s e 1 a for a com mission of the 
In stitu te  of W ater Economics Research).
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The investigations lasted for 31 m onths and comprised 38 analysed series 
in total. Moreover, 15 series of sim plified analyses of the Vistula profile a t km 62nd 
in a single both banks section were made ( T u r o b o y s k i ,  H u m n i c k a  1965). 
In total, more than 1400 hydrobiological, chemical and bacteriological analyses 
were made, as well as 16 series of ichtiological investigations ( B a d a n i a . . .  1967).

4. RESULTS

TEMPERATURE

An increase of water temperature in Vistula River caused by heating 
in the condensors of the power station was about 7°C with the maximum

Fig. 3. W ater tem peratu re in Vistula River in 1962-1963. 1 — right bank, 2 — left 
bank. A — upstream  of the estuary  of Skaw inka River (km 57.5 th), B — dow n
stream  of the estuary  of Skaw inka River (km 61st), C — at Tyniec (km 63.5 th), 

D — at Bielany (km 69 th), E — at Bodzów (km 72 nd)
http://rcin.org.pl
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of 9.5°C. The maximum temperature of discharged water 35cC was 
recorded on July 26, 1963. The discharged waters were becoming slightly 
cooler already in Skawinka River; but only once (on March 19, 1963) 
it was by 3°C.

Maximum temperature of water in Vistula, heated with discharged 
water from the power station (34°C) was recorded on July 26, 1963, 
in the right heated current at km 61st (Fig. 3 B). On that day water 
temperature at Bielany (Fig. 3D) and at Bodzów (Fig. 3 E) was 32°C. 
The differences in water temperatures of Vistula River between unheated 
water upstream of the estuary of Skawinka River (km 57.5th — Fig. 4 A)

Fig. 4. W ater tem peratu re  in Vistula River in 1964-1965. 1 — right bank, 2 — left 
bank. A — upstream  of the estuary  of Skaw inka River (km 57.5 th), B — dow n
stream  of the estuary  of Skaw inka River (km 61 st), C — upstream  of Bielany 

(km 67.5 th), D — at Cracow (km 74.5 th)

and heated water downstream of Skawinka River at right bank 
(km 61st — Fig. 4 B) were up to 9°C (e.g. in July 1964). Great differences 
in water temperatures were also downstream of the estuary of Skawinka 
River between the right and left current of Vistula (Fig. 3, 4). The right
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current was as a rule warmer, since the heated waters from the power 
station flowing along Skawinka River were gradually mixing with water 
of Vistula and initially they were flowing near the right bank. In this 
way the water temperatures of the right and left current were gradually 
levelling and the temperature became even as far as at Bodzów (km 72nd) 
and sometimes at Bielany (km 69th). Water temperature at km 61st 
in the right current was never lower than 5°C.

In 1963 the additional investigations of water temperature in Vistula 
River were made at km 62nd at both banks during the exceptionally hot 
summer ( T u r o b o y s k i ,  H u m n i c k a  1965). Even then the heated 
water temperature at the right bank was by some degrees higher than 
at the left bank, several times the difference being more than 6°C.

CHEMICAL ANALYSES

D i s s o l v e d  o x y g e n .  In the cooling water of the power station, 
heated in condensors, dissolved oxygen content was sometimes increasing 
by 0.7—2.1 mg 0 2/l, or at other times it was decreasing by 1.8 mg 0 2/l. 
Sometimes no changes were recorded.

In Skawinka River, probably under an influence of a rapid current, 
dissolved oxygen content was inconsiderably increasing. However in 
Vistula River, dissolved oxygen contents was systematically decreasing

Fig. 5. Dissolved oxygen contents in w ate r of Vistula R iver in 1962-1963. 1 — right 
bank, 2 — left bank. A — upstream  of the estuary of Skaw inka River (km 57.5 th), 
B — dow nstream  of the estuary  of Skaw inka R iver (km 61st), C — a t Tyniec 

(km 63.5 th), D — a t Bielany (km 69 th), E — a t Bodzów (km 72 nd)
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under an influence of heated waters flowing from the powTer station. 
It was lower by as much as 5 mg 0 2/l at the right bank at km 61st 
on June 2 , 1964; this is particularly injurious in conditions of the heavy 
polluted Vistula River. The minimum dissolved oxygen contents were 
recorded in the right current at km 61st on July 26, 1963, June 17, 1964, 
and July 29, 1964 — about 2 mg 0 2/l (Fig. 6 B). Similar oxygen contents-

Fig. 6. Dissolved oxygen contents in w ater of V istula River in 1964-1965. 1 — righ t 
bank, 2 — left bank. A — upstream  of the estuary  of Skaw inka River (km 57.5 th ) , . 
B — dow nstream  of the estuary  of Skaw inka River (km 61 st), C — u p s tre a m . 

of Bielany (km 67.5 th), D — a t Cracov (km 74.5 th)
' ”  W  ./ m n o / y n i ;  o / ' J  \ f o v . i ' !  c h r j A V  '.hi o o . ! ; . : - - . o u l  ' i d

.W (..Lii i) .w.dnc; nbbv \ W i  oCMuyrkjoheJJjucr: hm; .j-Jm-;:it>/;d .N:i)i/i v.wlvm 
was found upstream of Bielany (km 67.5th) in June 1964 and then even' 
at Cracow (km 74.5th) it was only 3 mg 0 2/l. Also in the cooler left 
current, the dissolved oxygen contents were often low, e.g. it was as low' 
as 3 mg 0 2/l at Bielany (km 69th) on July 5, 1963 (Fig. 5). In general,, 
per cent of saturation in Vistula River was decreasing under an influence 
of heated waters from the power station, especially in the right current 
at km 61st.
g n i a r . o v i , l c.  : . >•, . u ! , \ r > ' . m r v o ‘ .--.ij>• j'v; (v < c u A , '

B i o l o g i c a l  o x y g e n  d e m a n d .  In Vistula River upstream' 
of the estuary of Skawinka River (km 57.5th), BOD5 was between 3.1 
and 15.2 mg 0 2/l in unheated water. Downstream of the estuary of 
Skawinka River, it was between 2.5 and 16.4 mg 0 2/l in the heated 
right current and between 2.7 and 10 mg 0 2/l in the less heated left 
current. The minimum values are not reliable as they must have been 
higher.

The water of Vistula River contains many toxic compounds which 
certainly influence the self-purification intensity being decreased through 
inhibition of bacteria activity; for these reasons BOD5 is lower. Bio-http://rcin.org.pl
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chemical oxygen demand is often somewhat higher in heated water 
than in unheated water upstream of the estuary of Skawinka River. 
However, on July 4, 1963, it was 5.3 mg 0 2/l in unheated water and 
9.3 mg CWl in heated water. But in general the differences were 
inconsiderable.

C h e m i c a l  o x y g e n  d e m a n d .  Oxygen consumed from potas
sium permanganate was between 12.0 and 29.4 mg 0 2/l in unheated 
water of Vistula River. At km 61st, in the heated region, it was between 
10.0 and 33.4 mg 0 2/l in the warmer right current and between 11.8 
and 30 mg 0 2/l in the cooler left current. The differences between the 
heated and unheated places were so small that no practical significance 
can be ascribed to them.

No other investigated chemical indicators that have been mentioned 
in the “Methods” section showed any changes under the influence of 
discharges of heated water from the power station. All the physico- 
-chemical analyses, however, characterized Vistula as a heavily polluted 
river, with organic and mineral compounds coming from the sewages.

HYDROBIOLOGIC AL INVESTIGATIONS

B i o s e s t o n  1962—1963. Discharges of heated water from the power 
station at Skawina have influenced neither the species composition nor 
the numbers of aquatic organisms around the place of discharge. The 
most numerous group was Bacillariophyceae.

In bioseston of Vistula River the most numerous were Sphaerotilus 
natans Kütz. bacteria, and Bacillariophyceae Nitzschia palea (Kütz.) W. 
Sm. and Nitzschia acicularis W. Sm. In summer, when water tempe
ratures were between 28 and 34°C, Nitzschia palea was the most 
numerous species, Nitzschia acicularis W. Sm., and Chlorophyceae — Eu- 
dorine elegans Ehr. and Scenedesmus quadricauda (Turp.) Breb. were 
also abundant. The most numerous animal species in summer was Arcella 
vulgaris Ehr. (Rhizopoda).

During very hot days the numbers of other organisms, such as 
Sphaerotilus natans and Asterionella formosa Hassal, were decreasing, 
both in the warmer regions of Vistula and in those not heated with 
cooling waters from the power station. Exceptionally high densities 
of bioseston were observed in the warm period (July 1963 — Fig. 7). 
The negative influence of heated water on the number of bioseston 
organisms could be observed in this period downstream of the estuary 
of Skawinka at km 61st  (Fig. 7 B — right bank). Their density there 
was lesser than upstream, at km 57.5 th (Fig. 7 A) where water was not 
heated.

In the warm period, as water became cooler downstream, numbers 
of bioseston organisms were gradually increasing (as compared withhttp://rcin.org.pl
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Fig. 7. The to tal num bers of m icroorganism s in the seston of Vistula River in 
1962-1963. 1 — right bank, 2 — left bank. A — upstream  of the estuary  of Ska
winka R iver (km 57.5 th), B — dow nstream  of the estuary  of Skaw inka River 
(km 61st), C — at Tyniec (km 63.5 th), D — at Bielany (km 69 th), E — at Bodzów

(km 72 nd)

the station at km 61st) and at the end of the investigated section they 
were similar to those recorded upstream of the estuary of Skawinka 
River at km 57.5 th. In the warmer right current the organisms were 
less numerous than in the left one. To sum up, it can be stated that 
in the hot period the heated water brought about a decrease of algae, 
animal organisms and Sphaerotilus natans Kütz. bacteria, the most 
conspicuously when water temperature was above 30°C.

M i c r o b e n t h o s  1962—1963. In microbenthos communities, the 
most numerous organisms were Nitzschia palea (Kütz.) W. Sm., Nitzschia

http://rcin.org.pl
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acicularis W. Sm. and Sphaerotilus natans Kütz. Bacillariophyceae were 
most numerous in July at higher temperatures while Sphaerotilus na
tans was then decaying, as usually in rivers in warm periods. It was 
observed that Stigeoclonium tenue Kütz. algae appeared in masses in 
the heated region of Vistula River in July whereas it was not found 
upstream of the estuary of Skawinka River in unheated water of 
Vistula River also in this month.

P e r i p h y t o n  1964—1965. In periphyton of Vistula River inve
stigated with the use of diatometers, 9 predominating species were 
recorded: Bacteriophyceae — Sphaerotilus natans Kütz. and Siderocopsa 
sp., Chrysophyceae — Lagynion sp., Bacillariophyceae — Diatorna elon- 
gatum V. tenue (Ag.) V. H., Navicula mutica Kütz., Navicula viridula 
Kütz. v. avenacea (Breb.) Grun., Gomphonema angustatum  (Kütz.) Rbh. 
V. productum  Grun. Gomphonema olivaceum (Lyngb.) Kütz., Surirella 
ovata Kütz. Data on species composition, seasonal changes, etc. of this 
group of organisms were compiled in P u d o (1969).

7 periphytonic species, sensitive to an influence of heated water 
from the power station at Skawina, were distinguished:

Sphaerotilus natans (Kütz.) (Fig. 8) was numerous or very numerous 
in all the investigated stations. From the end of June to the beginning 
of September in the right current this bacteria was decreasing under 
the influence of the heated water from the power station (Fig. 8 C).

In Figure 8 some difference can be seen between the right heated 
current of Vistula River and the left cooler one; usually Sphaerotilus 
occurred more abundantly in the cooler current. In the station in the 
unpolluted, natural Raba River, selected for comparison, this species 
occurred scarcely all over the year.

Siderocapsa sp. occurred in Vistula and Skawinka rivers only in 
summer, scarcely in Vistula River upstream of the estuary of Ska
winka River and in masses in the heated section of Vistula. In Raba 
River it was not found.

Lagynion sp. occurred in masses in summer in all the investigated 
stations in Vistula and Skawinka rivers; in autumn it was less abun
dant as water got cooler and in February and March it disappeared 
completely in the left less heated current. In the right warmer current, 
it could be found, although in small amounts, all the winter. Thus it 
is a stenothermal species. In Raba River it occurred in small amounts 
in summer and autumn and since November it had disappeared.

Diatorna elongatum Lyngb. Ag. V. tenue (Ag.) V. H. occurred in 
small amounts in all the stations in summer and autumn, and in winter 
and spring it was more abundant. Under the influence of heated water 
from the power station, in Skawinka River and at km 61 st in the 
right current of Vistula River, considerable decreases of its numbershttp://rcin.org.pl
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were recorded. In Raba River, like in Vistula, the diatoma were not 
numerous in summer and autumn and abundant in winter and spring.

Navicula mutica Kütz. (Fig. 9) was remarkably reacting to the heated 
water from the power station; it was intensely developing in the 
heated region of Vistula River downstream of the estuary of Ska
winka River while in the unheated region it was scarce. As water was 
cooler, e.g. by Cracow (km 74.5 th), it was less abundant than in the 
heated water. In Raba River it was not found at all.

Navicula viriduala Kütz. v. avenacea (Breb.) Grun. occurred all 
the year in Vistula and Skawinka rivers, but more abundantly in the 
heated current. In Raba River it was scarce.

Surirella ovata Kütz. occurred in Vistula and Skawinka rivers
during the whole period of the investigations in the most heated
places, i. e. in the right current of Vistula River at km 61 st and in
Skawinka River upstream of its estuary to Vistula. In other stations 
it was most numerous from September to January. In Raba River it 
was scarce all the year.

M a c r o f a u n a  1964—1965. The investigations showed a nearly
complete retreat of organisms sensible to pollutions, such as Epheme- 
roptera, Plecoptera and Trichoptera larvae, which had been abundant 
earlier (unpublished data of Kat. Ryb. UJ). It testifies to a catastrophic 
state of Vistula River; these organisms are still abundant in the unpol
luted Raba River. The present analyses showed more intensive deve-

Fig. 10. O ccurrence of Physa acuta Drap. snail in Vistula River in  1964-1965 (the 
num bers of individuals per 1 m 2 of bottom area). 1 — upstream  of the es tuary  of 
Skaw inka R iver (km 57.5 th), 2 — dow nstream  of the estuary  of Skaw inka River 
(km 61 st), right bank, 3 — dow nstream  of the estuary  of Skaw inka River (km 61 st),

left bankhttp://rcin.org.pl
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lopment of Physa acuta Drap. (Mollusca) in the heated region (Fig. 10). 
It was less and less abundant towards Cracow, as water became cooler.

5. DISCUSSION

To make the hydrochemical characteristics of Vistula River in its 
present state is by no means easy. Limnological criteria based on chemi
cal spectral analyses for water under natural conditions cannot be used 
in the conditions of considerable and different pollutions.

This has not always been so. S t a r m a c h  (1938) defined Vistula 
River near Bielany, according to Naumann spectra, as a mesotype 
river which was equivalent to a transition towards an eutrophic type.

Deterioration of water of Vistula during the recent years is unques
tionable. In the present investigations, the considerable water salinity 
in Vistula River was recorded, up to 700 mg/1, with abundant sulphates 
which together with aggressive carbon dioxide constitute a harmful 
corrosive factor. The corroding impact was certainly intensified by 
heated water from the power station at Skawina. High turbidity of 
water (more than 100 mg S i0 2/1) inhibited photosynthesis by impairing 
the translucency. Skawinka River, beginning from the discharge place, 
can be characterized similarly. Frequent low oxygen content, caused 
by considerable organic pollutions as well as water toxicity, caused 
by abundance of such compounds as phenols and others, make the water 
of Vistula River to be qualified as unsuitable to any purposes. Coal 
powder covered the river bottom, thus mechanically destroying its 
biocenosis.

Oxygen content decrease, up to 2 mg/1 downstream of the estuary 
of Skawinka River, is another index of the dramatic state of Vistula 
River.

The investigations of heated water in Poland were initiated by the 
team supervised by N e h r e b e c k i  ( M o ż l i w o ś c i  ... 1962). They 
were carried out also in the sections of Vistula and Skawinka rivers 
investigated in the present study. However, the heating of water was
relatively small by then since the power station at Skawina had
operated with incomplete efficiency. Water of Vistula River was never 
heated up to 30°C. Six series of measurements were then made.

S t a n g e n b e r g ,  P a w l a c z y k  (1960) recorded the maximum  
heating of water in Nysa Łużycka River (by the power station at
Hirschfelde in the German Democratic Republic) up to 36°C and mi
nimum oxygen content equal to 4 mg 0 2/l. In the present investigations, 
the extreme values were 34°C and 2 mg 0 2/l, respectively.

The investigations of American rivers in the USA ( T r e m b l e y  1960, 
R e p o r t  1962) showed similar trends of changes as in Vistula River: 
an increase or decrease of oxygen content in water which just passedhttp://rcin.org.pl
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through the condensors of power stations, a decrease of oxygen content 
and a small increase of BOD5 in the rivers artificially heated by dis
charges from power stations.

The International Inquiry of the European Economical Committee of 
the UNO in Geneva ( T u r o b o y s k i  1969 a, b) compiled a comprehensive 
comparable material on the effect of heated waters: In England, up to 
30°C no harmful effects of heated water were stated as the chemical 
composition of water was unchanged. In France, decreases or increases 
of oxygen contents in water that passed through the condensors of the 
power stations were observed (similarly as at Skawina). G o u b e t (1965) 
described heated French rivers, and A p p o u r c h a u x  (1965) — the 
heated Seine River. The papers showed that water temperature in rivers 
should not be higher than 30°C. Oxygen content decreases were small 
or inconsiderable in general, while in Vistula they often raised to high 
values. In the German Federal Republic, water temperature in rivers 
in general did not exceed 28°C. It was suggested that heating of water 
might cause an increase of BOD5. The Soviet reports on the subject 
tend to be similar to Polish ones.

The first Polish hydrobiological investigations of heated waters were 
described by S t a r m a c h  (1962). The authors stated that in the 
heated waters of Skawinka and Vistula Rivers, numbers of algae cells 
in seston were decreasing but already at Tvniec in the warm current 
they were recovering. In the present investigations the results are si
milar. In Warta River, heated by wastes from the ironworks at Często
chowa town ( T u r o b o y s k i  1968), no effect of heating on benthic 
and sestonic organisms was stated. T r e m b l e y  (1960) recorded an 
increase of Cyanophyceae and some Bacillariophyceae as well as a de
crease of Chlorophyceae and several Protozoa species in the heated 
Delaware River (USA). In the present investigations no visible increase 
of the numbers of Cyanophyta or decrease of Chlorophyta were found 
in Vistula and Skawinka rivers. T r e m b l e y  (1960, 1961) recorded a de
crease of numbers in the heated waters in the warm period. A p p o u r 
c h a u x  (1965) stated that in Seine, heated by the power station at 
Montereau, phyto- and zooplankton were still abundant, and in winter 
some plant and animal species could develop well owing to heated wa
ter. In the warm period, unicellular and filamentous algae of periphyton 
occurred more numerously in the unheated than in the heated places of 
Seine River. In the heated region of Vistula, some decreases in num
bers of bioseston and periphyton were observed, some species of peri
phyton, however, were developing more intensely. Data on the influence 
of heated waters on rivers can also be found in the following papers: 
K r e s s e r  (1957), D u s s a r t (1966), L e y n a u d (1967), T u r o b o y s k i  
(1969 a, b). It can be seen from these papers that water temperatures
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in the range of 28—30°C can inhibit the development of different aquatic 
organisms.

Bacteriological investigations ( S m y k  et al. 1965) carried out simul
taneously with those here presented, showed that the discharge of 
heated water into Skawinka and Vistula rivers diminished in some degree 
the microbiological activity of those rivers. The number of psychrophilic 
microorganisms was decreasing, photosynthesing bacteria disappeared, 
and Sphaerotilus-Leptothrix group was retreating. The bacteria assimi
lating nitrogen were retreating and the numbers of some sulphuric, ni
trifying and cellulose decomposing bacteria were decreasing. Thus the 
decomposition of proteins, carbohydrates and aromatic hydrocarbons 
could be impeded. On the other hand, an increase of activity of other 
mesophilic bacteria was observed under the influence of heated water.

Ichthiological investigations of Vistula and Skawinka rivers (Badania 
... 1967), also carried out by a commission of the Institute of Water 
Economic Research, simultaneously with our investigations, showed that 
the fish were gathering in the heated regions, especially in winter. Many 
times the changes in fish distribution could be observed, ranging up 
to 80—95% of their number in heated water while in unheated water 
there was 5—20%. No harmless effects of heating on fish were stated. 
A considerable tolerance of several species to increasing temperature, 
different pollutions and low oxygen contents was found.

Heating of water can also have positive effects, as it counteracts 
freezing and in this way it makes reaeration and navigation possible; 
however, in summer, on hot days, heating of water to more than 30°C 
can be harmful for industry, water intakes and biocenosis of Vistula 
River.

The investigations showed that to avoid the injuring effects of 
heating of Vistula River, a maximum permissible temperature of heating 
of the cooling water in the condensors of the power station at Ska
wina, in the place of discharges into Skawinka River, should be fixed 
at the 30°C level.

6. SUMMARY

W ater tem perature in Vistula River was increasing up to 34°C at km 61 st 
in the righ t cu rren t and up to 32°C at km 72nd under the influence of d is
charges of cooling w ater from the power station at Skaw ina. M aximum tem pe
ra tu re  of discharged w ater was 35°C. Oxygen content decrease was often con
siderable, the m inim um  level being 2 mg 0 2/l a t km 61st in the heated righ t 
current. As com pared w ith the unheated station upstream  of the estuary  of 
Skaw inka River, it could decrease even by 5 mg 0 2/l in the heated region; 
thus the decrease was considerable. The other chemical param eters did not 
show changes of a practical significance.

In the bioseston of heated regions of Vistula River, the num bers of orga
nisms w ere decreasing, as compared w ith the unheated region upstream  of the 
estuary of Skaw inka River. In the heated region, at km 61st, there was a double 
decrease of the am ount of biosestonic organism s as com pared w ith the unheated 
region. http://rcin.org.pl
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In m icrobenthos, an increase of the num ber of Stigeoclonium  tenue  Kütz. 
was observed, and in periphyton the num bers of Sphaerotilus nutans Kütz. bac
te ria  and of some Bacillariophyceae were d°creasing, while e. g., Navicula mutica  
Kütz. was more abundant. Siderocapsa sp. bacteria and Chrysophyceae Lagynion  
sp. w ere also more intensely developing in the periphyton of the heated region 
than  in the unheated one.

In m acrobenthos, num ber of Physa acuta Drap. (Mollusca) increased under 
an influence of heated waters.

The bacteriological investigations carried out sim ultaneously by the De
partm en t of Microbiology of H igher School of A griculture in Cracow showed 
th a t heated w ater inhibited the activ ity  of bacteria in Vistula River.

The ichthiological investigations carried out sim ultaneously by the D epart
m ent of Fisheries of H igher School of A griculture in Cracow showed th a t the 
fish were gathering in the heated w ater of V istula and Skaw inka rivers and 
no harm ful effects of heated w ater on fish w ere found out

7. STRESZCZENIE

Podgrzanie wody w iślanej przez zrzut chłodniczych wód z elektrow ni 
w Skaw inie dochodziło do 34°C na km 61 w praw ej strudze, i do 32°C w rejonie 
km 72. M aksym alna tem peratu ra  wód zrzutowych z elektrow ni wynosiła 35°C. 
Ubytki tlenu w Wiśle były niekiedy znaczne pod wpływem ocieplonych wód 
z elektrow ni w Skawinie; najniższy poziom tego gazu wynosił 2 mg 0 2/l na km 61 
Wisły w praw ym  ogrzanym nurcie. W porów naniu zaś ze stanow iskiem  powyżej 
Skaw inki znajdującym  się w m iejscu niepodgrzanym  Wisły, zawartość tlenu 
w strefie ogrzanej poniżej ujścia Skaw inki mogła być m niejsza naw et o 5 mg 0 2/l. 
Ubytek tlenu pod wpływem ciepłych wód z elektrow ni mógł być zatem duży. 
Pozostałe param etry  chemiczne nie wykazywały zm ian o znaczeniu praktycznym .

W biosestonie Wisły ogrzanej notowano ubytki ilości organizmów w porów
naniu do strefy niepodgrzanej powyżej Skaw inki. W strefie  ogrzanej zanotowano 
w okresie gorącym dw ukrotnie m niejszą ilość organizmów w biosestonie (na 
km 61) niż w m iejscu niepodgrzanym w Wiśle powyżej Skawinki.

W m ikrobentosie zaobserwowano wzrost ilości glonu Sligeoclonium  tenue 
Kütz., a w peryfitonie spadek bakterii Sphaerotilus natan; Kütz. i pewnych 
gatunków  Bacillariophyceae oraz w zrost innych jak  np. Navicula mutica  Kütz. 
B akteria Siderocopsa sp. oraz spośród Chrysophyceae — Lagynion sp. także w y
raźnie silniej się rozwijały w peryfitonie w strefie Wisły ogrzanej niż nieogrzanej.

W m akrobentosie stwierdzono w zrost liczebności Physa acuta Drap. (Mollusca) 
pod wpływem ogrzanych wód.

Badania bakteriologiczne, przeprowadzone równolegle przez K atedrę M ikro
biologii W.S.R. w K rakow ie wykazały, że podgrzanie ham uje aktywność flory 
bak tery jnej w Wiśle.

Z równolegle przeprowadzonych badań przez K atedrę Rybactwa W. S. R. 
w K rakow ie wynikało, że ryby skupiają się w ciepłej wodzie w Wiśle i S ka- 
wince i nie stw ierdzono ujem nych skutków  podgrzania wody w stosunku do 
rybostanu.
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ABSTRACT

Eight com m unities situated  along the landw ard edge of the reed-belt of the 
Nesyt fishpond (South M oravia) were estim ated for the ir seasonal m axim um  
shoot biomass, shoot density and m axim um  shoot length at the peak of the 1971 
growing season. Dry w eight of standing dead m ateria l w as estim ated in some 
of the com munities. The relatively w ettest com m unities appeared to have the 
highest shoot production.

1. INTRODUCTION

Eight com m unities situated along the landw ard edge of the reed-belt of the 
Nesyt fishpond (South M oravia) were estim ated for the ir seasonal m axim um  shoot 
biom ass (W, kg/m 2), shoot density (d, n/m 2) and m axim um  shoot length (h, cm) at 
the peak of the growing season. The following average values of W, d, h w ere 
recorded, respectively: G lycerietum  aquaticae: 0.99, 291, 191; Phalaridetum  arun- 
dinaceae: 1.27, 422, 240; Scirpo-Phragm itetum , degraded, w ith M entha aquatica: 
0.71, 500, 110; Bolboschoenetum  m artim i continentale: 0.27, 536, 85; Caricetum  
ripariae : 1.01, 191, 201; Caricetum  otrubae 0.54, 341, 113; A trip lex  hastata-com
m unity: 0.89, 476, 201; C uscuto-convolvuletum  pulicarietosum  dysentericae 0.99, 
392, 122. Dry w eight of standing dead m aterial w as estim ated in some of the 
com m unities. The relatively w ettest com m unities appeared to have the highest 
shoot production.

2. MATERIAL AND METHODS

In cooperation w ith the staff of the Institu te  of Geography, Czechoslovak 
Academy of Sciences, Brno, we obtained, w ith a cam era situated  on a low-flying 
a irc ra ft model, a set of aerial photographs in colour, which recorded the pattern  
of N esy t’s litto ral vegetation. Using these pictures, the surveying of the various 
p lan t com m unities was com pleted (see H u s ä k ,  S m i d  in print), see Fig. 1. 
The releves of the phytocoenoses, together w ith  the sem i-quantitative estim a
tes of the combined cover degree-abundance and sociability according to the 
scales of the Zürich-M ontpellier School have been arranged  in Table I (see also 
H e j n y, H u s ä k  in print). Climatological characteristics of the area in question 
have been described in a paper by S m i d ,  P a 1 ä t  (in print). The soil pro-
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Table I. Average values (with ranges) of the shoot density, m axim um  length, 
seasonal m axim um  shoot biomass, and standing dead m aterial, by individual species, 
in 8 m arginal* p lan t com m unities (A-H) of the Nesyt fishpond. The last column 
(a-s) indicates combined cover degree-abundance and sociability according to

B raun-B lanquet’s scale

Com munity Density
(n /m 2)

M axi
mum le

ngth (cm)

Biomass 
(g dry 
w t./m 2)

Standing 
dead 

(g dry 
wt./m2)

a-s

Glyceria aquatica 281 191 983.0 356 5.5
M entha aquatica 7 33 2.8 1.1
Persicaria amphibia 1 18 0.4 —0.1

A Galium palustre 2 42 0.2 +0.1

Total 291 986.4 356
(209—403) (858—1055) (292—412)

Phalaris
arundinacea 344 240 1194.0 476 5.5

M entha aquatica 45 45 57.1 2.1
Lycopus europaeus 21 38 11.4 1.1
Persicaria amphibia 5 29 1.9 +0.1

B Hippuris vulgaris 3 18 0.9 +0.1
Malva neglecta 1 22 0.8 —0.1
Potentilla anserina 3 31 0.3 —0.1

Total 422 1266.4 476
(304—478) (775—1566) (240—823)

M entha aquatica 307 103 624.8 5.5
Hippuris vulgaris 77 55 36.0 2.1
Polygonum

lapathifolium 37 76 21.3 2.1
Bidens tripartitus 3 110 16.2 1.1

f Persicaria m itis 15 54 10.3 1.1
Veronica

anagalis-aquatica 2 61 2.3 +0.1
Agrostis alba 59 29 1.2 1.1

Total 500 712.1
(360—664) (509—1014)

Bolboschoenus
m aritim us 526 85 Ä 266.8 5.5

D Agropyrum  repens 10 53 0.9 +0.1

Total 536 267.7
(304—660) (226—315)

E Carex riparia 191 201 1008.0 652 5.5

Carex otrubae 87 113 231.0 3.2
Potentilla anserina 192 32 275.0 5.5

p H ippuris vulgaris 62 17 33.0 +0.1

Total 341 539.0
(229—388) (207—940)

A trip lex  hastata 340 201 867.3 5.5
Potentilla anserina 108 52 9.8 2.1
R u m ex m aritim us 16 70 4.4 1.1

Pulicaria dysenterica 4 49 2.2 +1.1
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G

Chenopodium  
glaucum  

Chenopodium  
rubrum  

Carex riparia

2

4
2

21

36
42

0.7

0.5
0.2

+0.1

+0.1
—0.1

Total 476 885.1
(208-760) (572-1012)

Pulicaria
dysenterica 232 122 912.2 5.5

M entha aquatica 24 102 23.0 2.1
Chenopodium

rubrum 20 68 18.0 1.1
Calystegia sepium 20 103 11.3 1.1
Lycopus europaeus 8 106 10.4 +0.1
Potentilla anserina 72 61 8.8 2.1
Althaea officinalis 4 76 4.1 +0.1
Carex hordeistichos 12 84 3.7 1.2

Total 392 991.4
(332-444) (656-1272)

parties, together w ith the hydrochem ical analyses w ere sum m arized by t J l e h l o v a ,  
R e j  t h a r  (in print). The sam pling ot the biomass was carried out in the summ er 
of 1971: on 28th June in A, B, and C, on 8th June in F, and on 28th August 
in C, D, G, and H. The sample plots m easured 100 by 100 cm in the com m uni
ties A, B, E, and F, 50 by 100 cm in D, and 50 by 50 cm in C, G, and H. 
In all cases, four parallel samples w ere analysed; the figures presented  in Table I 
rep resen t means of these 4 samples.

Fig. 1. P a rt of the vegetation m ap of the Nesyt fishpond showing the locali
ties of two of the com m unities exam ined, i.e . C — Scirpo-P hragm itetum  W. 
Koch 1926 m enthetosum  aquaticae and  H — Cuscuto-C onyolvuletum  Tx. 1947 
pulicarietosum  dysentericae, and other com m unities shown in the map: 1 — m i
xed com m unity of Phragm ites com m unis, Typha angustifolia  and T. latifolia,
2  Phragm ites com m unis, 3 — Phalaris arundinacea, 4 — Glyceria m axim a, 5 —
H ippuris vulgaris, 6 — Potentilla anserina, 7 — Chenopodium  glaucum, 8 mixed 
species from com m unities A gropyro-R um icion crispi Nord. 1940, Euarction  Tx. 1937 
and Sisym brion officinalis Tx. Lohm. e t Preis, in Tx. 1950. 9 — sam pling sites, 
10 — buildings and deposits of village w astes, 11 — footpath, 12 — w ater, 13 —

direction of w ater flow
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3. RESULTS AND DISCUSSION

Besides the stands of Phragmites communis and Typha angustifolia, 
and other reedswamp communities of the alliance Phragmition com
munis W. Koch 1926 (marked A, B, C in the present paper), the shores 
of the Nesyt fishpond (see H e j n y ,  H u s ä k  in print) are covered by 
other stands of littoral macrophytes which are interesting from both 
the phytocoenological and primary production point of view. On the 
one hand, they are represented by communities of helophytes (in the 
western and southern parts of the Sedlec Bay), among which the wide- 
-spread littoral stands belong to the alliance Scirpion maritimi Dahl 
et Hadać 1941 (D). Landwards of the zone of the reedswamp stands, 
there are physiognomically conspicuous communities of tall sedges be
longing to the alliance Caricion gracilis Neuhäusl 1959 (E), and com
munities of the alliance Deschampsion caespitosae Horvatic 1931 (F), 
which show considerable primary production. In the recent years, the 
artificially raised water level in Nesyt influenced the development of 
new phytocoenoses along the new littoral line. So far, these new stands 
did not achieve structural equilibrium and, consequently, it is 'difficult

Fig. 2. Biomass of the dom inant species (left columns) and the biomass of the 
other species (right columns) in the 8 com m unities exam ined (A-H)

Fig. 3. V ertical d istribution, by 40 cm layers, of shoot biomass of the dom inant 
species in stands of the com m unities: C — M entha aquatica, D — Bolboschoenus 
m aritim us ssp. compactus, G — A trip lex  hastata  and H — Pulicaria dysenterica, 
assessed on Aug. 28. 1971. Values of total shoot biom ass (W) of each of the

dom inats are also givenhttp://rcin.org.pl
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to identify their definitive position in the phytocoenological system. In 
a preliminary attempt, these communities were classed within the 
alliances Bidention tripartiti Nordhagen 1940 (G) and Calystegion sepium 
Tüxen 1947 (H). They can be found mainly in the northern part of 
the Sedlec Bay, and along the Southern margin of the fishpond.

Following are brief comments on the phytocoenoses analysed on the 
shores of the Nesyt fishpond (Fig. 2 and 3.).

A. P H R A G M I T I O N  C O M M U N I S  W. KOCH 1926, G L Y C E R I E T U M  M A X I M A E  HUECK 1931

This phytocoenosis develops in the contact zone with Phragmites 
communis. In the Sedlec Bay western end of Nesyt), closed and compact 
stands cover the depressions flooded by water in the spring. In these 
transition stages, Glyceria achieves neither its highest aboveground 
biomass nor its maximum height, obviously, due to the predominating 
limosal ecophase. A similar phytocoenosis sampled on the Opatovicky 
Fishpond in South Bohemia showed a density of 220 to 560 shoots and 
a biomass of 1390 to 2860 g/m2 (D y k y j o v ä 1971).

B. P H R A G M I T I O N  C O M M U N I S  W. KOCH 1926, P H A L A R I D E T U M  A R U N D I N A C E A E
LIBBERT 1931

In the Sedlec Bay, this phytocoenosis appears to be a link between 
the reedswamp stands and, either initial stages of the succession, or, 
on the contrary, depleted patches of the stands belonging to the alliance 
Agropyro-Rumicion crispi and Bidention tripartiti. Among the marginal 
communities studied on the shores of Nesyt, this particular phytocoe
nosis showed the highest primary production.

C. P H R A G M I T I O N  C O M M U N I S  W. KOCH 1926, S C I R P O - P H R A G M 1 T E T U M  W. KOCH 1926

A degraded stage with Mentha aquatica which forms a compact 
belt along the Sedlec Bay, just like the stands with predominating 
Pulicaria dysenterica. However, in the former stands the transition into 
a proper border community is not yet properly marked.

D. S C I R P I O N  M A R I T I M I  DAHL ET HADAC 1941, B O L B O S C H O E N E T U M  M A R I T I M  I  
C O N T I N E N T  A L E  CSOO 1927/1957

A depleted form of this association had developed after ploughing 
on the southern shores of Nesyt early in the spring. The underground 
organs of Bolboschoenus maritimus ssp. compactus gave rise to a ho
mogeneous stand. Though the ecophases were markedly retarded, the 
20% of the shoots were fertile. The shoot production was, however, 
lowest among the analysed communities. Gradual rise of the water 
level in the fishpond shifts gradually this association towards the 
external border of the zone with predominating tall sedges (Magno- 
caricetea), as it was observed during the period of our studies. On the
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other hand, the lowering of the water level pushes the Bolboschoenetum 
towards the zone of the reedswamp stands.

E. C A R I C I O N  G R A C I L I S  NEUHÄUSL 1959, C A R I C E T U M  R I P A R I A E  SOO 1928

The stands analysed in the Sedlec Bay show the predominance of 
the tall sedge Carex riparia which appears to develop polycormous 
patches. The habitat corresponds in its water conditions to that of the 
Glycerietum maximae.

F. D E S C H A M P S I O N  C A E S P I T O S A E  HORVATIC  1931, C A R I C E T U M  O T R U B A E  P R O V .

A characteristic community in the Sedlec Bay, with relatively high 
species diversity. The fluctuating water level affects the spreading of 
Potentilla anserina which marks the limosal-terrestrial ecophase of the 
earlier period. Hippuris vulgaris, on the other hand, shows increased 
distribution following the littoral ecophase of the recent years. The 
stand appears to be fairly resistent to grazing by geese.

G. B I D E N T I O N  T R I P A R T I T I  NORDHAGEN 1940, A T R I P L E X  H A S T A T A - COMMUNITY

A phytocoenosis regularly developing on swampy margins of the 
Sedlec Bay, supported mainly by its favourable carpobiological features. 
The mature stands are relatively tall.

H. C A L Y S T E G I O N  S E P I U M  TÜXEN 1947, C U S C U T O - C O N V O L V U L E T U M  TX. 1947 
P U  L I C  A R I E T O  S U M  D Y S E N T E R I C A E

A phytocoenosis regularly covering the wet margins of the Sedlec 
Bay, and alternating with the stands dominated by Mentha uquatica.

The pattern of the above described phytocoenoses can be readily 
seen in Fig. 2 and 3 which are derived from aerial photographs. The 
size of the areas covered by individual stands can be estimated accor
ding to the scale attached to the figures. The two last mentioned com
munities develop from Scirpo-Phragmitetum atriplicetosum hastatae 
Hejny 1970, and Scirpo-Phragmitetum calystegietosum  in the process 
of suppressing the edificatory role of the reedswamp species, which 
results in the spreading of broad-leaved herbs possessing high primary 
production.

A comparison of phytocoenological releves with somewhat more 
quantitative methods of production ecology suggests that a combined 
approach using both methods results in a satisfactory description of 
the vegetation in its natural setting.
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ABSTRACT

Effects of 2,4-D-Na concentrations of 1.25, 2.50, 5.00 and 7.50 mM on oxygen con
sum ption by Asellus aquaticus  males after 6, 12 and 24 h r expositions in a given 
solution w ere investigated. I t was found th a t effects of 2,4-D-Na concentrations on 
oxygen consum ption in Asellus aquaticus  were significant. A specially high increase 
of oxygen consumption (up to 142.1°/o of th a t of the control) was observed under 
the influence of 5.00 mM concentration. It seems to be the critical concentration 
for Asellus aquaticus.  It can be supposed th a t 2,4-D-Na brings its influence on 
the respiration chain and causes oxidizing phosphorylation to be uncoupled.

1. INTRODUCTION

More and more intensive application of chem icals of the herbicide group 
in Polish agriculture, their significant toxicity and a possibility of contam ination 
of drinking w ater supplies, are the reasons to search for any tests determ ining 
herbicide effects on an organism ( N o w i ń s k i  1959, B r a g i n s k i j  1962, R o l a ,  
O s t r o w s k i  1964, R u s i e c k i  1964, T r z e b i a t o w s k i  1966, N o v a k o w a, 
D i n a j e w a 1970).

Effects of herbicides on a hum an organism  have not been precisely known 
yet; neither have perm issible contents of particu lar herbicides in w ater been 
established. Therefore it seems to be purposeful to investigate herbicide influence 
on physiological processes in organisms.

One of the coefficients defining the whole of in te rnal processes in the system 
is oxygen consumption.

In the present paper an influence of 2,4-D-Na herbicide on respiration of 
a rep resen tan t of aquatic anim als, Asellus aquaticus  (Crustacea), w as investigated. 
This crustacean is a specially convenient object for such studies since, contrary 
to e. g. Daphnia magna, its receptivity is very high; its sensibility to several 
side-factors, both chemical (oxygen deficiency, electrolyte composition, accessory 
pollutions) and physical (m echanical injuries, shocks, tem perature variations) as 
well as physiological (starvation) is low, and it is more long-lived ( C a b e j s z e k ,  
M a l a s z e w s k a  1970, K a m i ń s k i  1957, 1965).

2. MATERIAL AND METHODS

The form ulated product of 2,4-D-Na contains several adm ixtures among which
2,4-chlorophenole (up to 3°/o) causes uncoupled oxidizing phosphorylation. Therefore 
the chem ically pure, 2,4-D-Na p reparate  was used for investigations, obtained

This work was supported w ith  the Polish Academ y of Sciences w ithin the
project PAN 09.1.7.4.2. http://rcin.org.pl
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from the form ulated product “P ielik” by purification w ith the m ethod of 
Z v i r g z d s ,  B ä l i n a  (1969).

2,4-D-Na solutions w ere prepared in conditioned tap w ater, in the following 
concentrations: 1.25, 2.50, 5.00 and 7.50 mM.

Oxygen dem and was determ ined in volum etric respirom eters ( K l e k o w s k i  
1968) placed in a therm ostat at 20°C.

The studied object was an aquatic Crustacea Asellus aquaticus  originating 
from our own aquarium  culture. For experim ents, male individuals identically 
pigm ented and about 6 mm long w ere caught. They w ere acclim ated for 2 weeks 
in a therm ostat a t 20°C and then put into crystallizers, 40 m l in capacity, 3 indi
viduals in each, in a given 2,4-D-Na solution, 2.5 ml of volume per one individual. 
The anim als w ere kept in the crystallizers for 6, 12 or 24 hr, and then  their 
survival rates w ere estim ated and their oxygen consumption w as m easured in 
volum etric respirom eters at 20°C. Respiration m easurem ents w ere m ade consi
dering the daily rhythm  of animals. In each experim ent series, resp ira tion  was 
m easured in 7 respirom eters (2 controls w ith conditioned tap  w ater and 5 repe
titions w ith a given 2,4-D-Na solution), one individual in each. In to tal, resp ira
tion was m easured in 230 individuals. A fter exposition, the anim als w ere taken 
out of respiration cham bers, dried on filter paper, and then weighed.

For estim ation of significance of the differences betw een groups, U -criterion 
of non-param etric statistics of W ilkoxon-M ann-W hithney was used. Dispersion 
degree in groups was expressed by standard  deviation (8).

3. RESULTS

Effect of particular concentrations of 2,4-D-Na herbicide on oxygen 
demand in Asellus aquaticus can be seen in Fig. 1.

Fig. 1. Effects of d ifferent concentrations of 2,4-D-Na on oxygen consum ption in 
Asellus aquaticus  (means from  4 repetitions). Concentrations: 1 — 0 mM (control), 
2 — 1.25 mM, 3 — 2.5 mM, 4 — 5.00 mM, 5 — 7.50 mM. A — oxygen consum ption 

in w eight units, B — oxygen consum ption as per cent of the control
http://rcin.org.pl
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All the concentrations brought their visible effects on respiration 
of the experimental animals. The differences between the treated and 
control animals were statistically significant at p<0.05 level.

Figure 1 shows that oxygen consumption in Asellus aquaticus was 
similar in concentrations 1.25 and 2.50 mM (differences statistically in
significant at p<0.05 level). As the animals were kept longer in the 
herbicide, their oxygen consumption increased and after 24 hr it amoun
ted to 0.45 jrl 0 2/hr/mg live weight.

However, in 5.00 mM concentration, oxygen consumption rapidly 
increased and after 24 hr it was 0.54 (.il 0 2/hr/mg live wt., i.e. as much 
as 142.1%) of that of the control. In 7.50 mM concentration, animal

Fig. 2. Influence of exposition periods to different concentrations of 2,4-D-Na 
on oxygen consumption in Asellus aquaticus  in comparison w ith the control. 
1 — control anim als, 2 — treated  animals. A — 6 hr exposition, B — 12 hr expo

sition, C — 24 hr exposition
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mortality was as high as 75°/o, and oxygen consumption of those which 
survived rapidly decreased, being 0.32 ptl 0 2/hr/mg live wt. after 6 hr 
exposition (i.e. 81.1°/o of that of the control), and 0.26 pil 0 2/hr/mg live 
wt. (i.e. 70.3°/o of that of the control) after 24 hr exposition.

Effects of different concentrations of 2,4-D-Na on oxygen consump
tion in Asellus aquaticus after 6, 12 and 24 hr expositions in the her
bicide are presented in Fig. 2. It can be seen that the animals exposed 
to the herbicide for 24 hr differ most from the control. In comparison 
with the control (0.38 ftl 0 2/hr/mg), respiration increased to 0.45 ul 
0 2/hr/mg in 1.25 and 2.50 mM concentrations, considerably increased 
to 0.54 |xl 0 2/hr/mg in 5.00 mM concentration, and significantly decrea
sed to 0.25 [il 0 2/hr/mg in 7.50 mM concentration.

4. CONCLUSIONS

The effects of the concentrations of 1.25, 2.50, 5.00 and 7.50 mM 
of 2,4-D-Na herbicide on oxygen consumption in Asellus aquaticus are 
significant.

The effects of concentrations of 1.25 and 2.50 mM are similar and 
amount to about 115°/o of that of the control.

A high oxygen consumption was observed in the 5.00 mM concen-. 
tration. Probably the oxidizing phosphorylation was uncoupled in this 
concentration. 2,4-D-Na brings its influence on the respiration chain 
by disrupting the oxidizing phosphorylation, as well as by disturbing 
the connections between electron transportation and phosphorylation. 
It seems this concentration to be critical one for Asellus aquaticus.

75% of animals died in 7.50 mM concentration, and respiration of 
those that survived was as low as 70%) of the control.

5. SUMMARY

Effects of 2,4-D-Na concentrations of 1.25, 2.50, 5.00 and 7.50 mM on oxygen 
consum ption by Asellus aquaticus  males afte r 6, 12 and 24hr expositions in given 
solution w ere investigated. Oxygen consum ption was m easured in constant-press- 
ure volum etric respirom eters (K 1 e k o w s k i 1968), placed in a therm ostat a t 20°C.

It was found out th a t effects of 2,4-D-Na concentrations of 1.25, 2.50, 5.00 and 
7.50 mM on oxygen consum ption in Asellus aquaticus w ere significant. A specially 
high increase of oxygen consum ption (up to 142.1«/o of th a t of the control) was 
observed under the influence of 5.00 mM concentration. I t seems to be the critical 
concentration for Asellus aquaticus. I t can be supposed th a t 2,4-D-Na brings its 
influence on the respira tion  chain and causes oxidizing phosphorylation to be 
uncoupled.

6. STRESZCZENIE

Badano wpływ stężeń 1,25, 2,50, 5,00 i 7,50 mM 2,4-D-Na na zużycie tlenu przez 
samce Asellus aquaticus  po 6, 12 i 24 godzinach ekspozycji w danych stężeniu h e r
bicydu. Zużycie tlenu określano w stałociśnieniowych respirom etrach w olum etrycz- 
nych (K 1 e k o w s k i 1968), umieszczonych w term ostacie w temp. 20°C.http://rcin.org.pl
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Stwierdzono, że 2,4-D-Na w stężeniach 1,25, 2,50, 5,00 i 7,50 mM wpływa w 
sposób istotny na zużycie tlenu przez Asellus aquaticus. Szczególnie duży wzrost 
zużycia tlenu (do 142,1% w stosunku do kontroli) w ystępuje pod wpływem stężenia 
5,00 mM. W ydaje się, że to w łaśnie stężenie 2,4-D-Na jest krytyczne dla Asellus 
aquaticus. Należy się spodziewać, że 2,4-D-Na w pływ a na łańcuch oddechowy po
w odując rozprzężenie fosforylacji oksydatywnej.
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ABSTRACT

The present studies were carried out in th e  A ntarctic Station M olodezhnaya 
in the sum m er tim e (December 1971 — M arch 1972). The sub-fast ice com munity 
in which P. walkeri  is found during the w inter undergoes destruction in sum m er 
and the anim als move down to the sea bottom. In the investigated population of 
P. walkeri  two generations w ere present — the younger one was in the intensive 
grow th stage, the older one was dying out afte r breeding. Size d istribution in 
the exam ined generations and in terre lation  between the length and w eight of 
individuals have been analysed. P. walkeri m etabolism  has been studied experi
m entally at every two degree grad ien t of tem peratures ranging from  -1.2°C to 
12.0°C and 29%o salinity and also a t 2.2°C and 15%o salinity. A nim als were accli
m ated to different tem peratures. In sum m er the metabolic level was higher 
than  in w inter and the increase in tem perature increased the oxygen consumption 
only slightly in contrast to w inter. A decrease in salinity  caused an increase in 
oxygen consumption.

1. INTRODUCTION

The in itial studies on biology and m etabolic processes of the A ntarctic 
species of Amphipoda — Paramoera walkeri S tebbing were undertaken  a t the 
USSR Station Molodezhnaya in w inter 1969 (R a k u s a-S u s z c z e w s k i 1972 b, 
K l e k o w s k i  et al. 1973). At th a t tim e it has been found th a t P. walkeri 
population lives in the litto ra l zone. In the autum n, end of May, the species popu
lation m igrates from  the bottom up to beneath the ice w here it stays during 
the w in ter being the m ain com ponent of the forming sub-ice com munity. In 
the beginning of June fem ales lay eggs and in October and November the new 
generation is hatched. The sexual m atu rity  is reached in 19 months.

The respiration  m easurem ents carried out in w inter 1969 have shown a low 
level of m etabolism  in the exam ined P. walkeri population and the oxygen 
requirem ent averaging 0.72 j^l/ind./hr per m ean 20.5 mg w et w eight of individuals, 
a t —1.9°C and 34.4%o salinity, which corresponds to environm ental conditions. At 
the experim entally  increased tem perature to those values to the species encoun
ters w ithin a year cycle a rapid  increase in respiration  was observed which 
calculated for the whole population gave a high coefficient value of Qjo^IS.9.

A second stay a t M olodezhnaya in the 1972/1973 sum m er season allowed to 
enlarge the scope of observations. Excepting the studies by T h u r s t o n  (1968, 
1970) and B o n e  (1972) concerning Bovallia gigantea the biology of the A ntarc

This work w as supported w ith  the P olish  A cadem y of Sciences w ith in  the
project PA N  22.
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tic species of Am phipoda is unknown. E nvironm ental conditions in the litto ral 
zone, fate of the sub-ice com munity, distribution of P. walkeri,  its age struc
ture and individual grow th of the species w ere observed. Except the studies on 
metabolism of Orchomonella chilensis H elR r (A r m i t a g e 1962), Fuphausia su- 
perba Dana ( M c W h i n n i e ,  M a r c i n i a k  1964) and Paramoera walkeri  Stebbing 
( K l e k o w s k i  et al. 1973) there is a lack of inform ation about the  effect of 
tem perature on the respiration  of the bottom  Crustacea. Thus it seems to be 
particu larly  interesting to undertake experim ents on respiration  both a t the tem 
peratures and salinities actually  prevailing in the environm ent in sum m er and 
also at higher tem peratures to which the anim als were gradually  acclim ated. 
Results obtained in th a t m anner allowed to m ake the com parison of m etabolic 
processes of both seasons, w in ter and sum m er as well.

2. METHODS

Studies were carried out at M olodezhnaya (67°40'S, 45°50'E) in the period 
from December 22, 1971 to M arch 5, 1972. The assigned area for observations 
and sample collecting was a t the “O pasnaya” bay situated  near to the Thala 
Hills oasis.

M easurem ents of w ater tem perature w ere perform ed w ith a reversib le th e r
mometer. Salinity w as determ ined w ith a densitom eter. Oxygen conten t in sea 
w ater was m easured using W inkler method. Samples from the underside of the 
ice w ere collected by m eans of an “um brella” (cf. R a k u s  a-S u s z c z e w s k i  
1972 b). Samples from the bottom  w ere laddled out w ith an E km an-type dipper. 
The m ateria l was transported  to the laboratory  in a therm os jug. The length of 
P. walkeri  was m easured from rostrum  to the end of telson exact to 0.5 mm, and 
its w et weight was weighed exact to 0.5 mg. In Jan u ary  the hem olym ph was 
collected from 25 individuals of length ranging from 10 to 15 mm long. Single 
capillaries w ith hem olym ph were im m ediately sealed and in a frozen sta te  brought 
back to the laboratory  in W arsaw. The osmotic concentration of the body fluid 
was m easured by m eans of a Ram say-type microcryoscope m odified by K l e 
k o w s k i  (1963).

M easurem ents of oxygen consum ption of P. walkeri  w ere perform ed w ith 
the m ethod of closed respirom etric vessels (Fig. 1) of 220 ml volume. The oxygen 
concentration was determ ined w ith the W inkler method. In experim ents at low 
tem peratures a t most 25 individuals of sim ilar size were placed in a container

Fig. 1. Respirom etric vessel. 1 — plexiglass stopper w ith  a device a t its lower 
end to fasten the net w ith anim als, 2 — net made of a loosely woven bolting-cloth, 
3 — plexiglass ring, 4 — plexiglass bottom  cover, 5 — anim als under exam ination , 
6 — plexiglass stopper w ith bevelled low er end. A — vessel p repared  to pu t in 
collected anim als, 2 — vessel w ith anim als in a plastic net during exposure time, 

C — vessel a fte r the anim als w ere taken out before fixation
http://rcin.org.pl
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of a loosely-woven bolting-cloth, a t h igher tem peratu res (above 6°C) only a few 
or several. The oxygen consum ption was determ ined in relation  to the control 
vessels. Respirom etric vessels w ere placed in therm ostats which m aintained tem 
pera tu re  exact to 0.1°C. Experim ents w ere carried out a t tem peratures of: — 1.2°C,
0.1°C, 2.2°C, 4.0°C, 6.0°C, 8.0°C, 10.0°C, 12.0°C and salinity  of about 29%o. A series 
of experim ents w ere also perform ed at 2.2°C and 15%o salinity. The anim als in which 
m etabolism  was m easured a t — 1.2°C w ere not acclim ated longer than  24 hours. 
For tests a t other tem peratures anim als w ere fed w ith  detritus and acclim ated by 
gradual transfe r to higher tem peratures. The acclim ation tim e for respective 
tem peratures averaged in hours: 122(0.1°C), 206(2.2°C), 222(4.0°C), 141(6.0°C),
135(8.0°C), 205(10.0°C) and 284(12.0°C). In the experim ent at 15%o salinity the 
acclim ation tim e to the tem peratu re of 2.2°C w as 152 hours. The tim e of exposure 
of anim als before the m easurem ents of oxygen consum ption ranged between 5 
and 6 hours. The experim ents w ere started  on January  6 and finished on F eb ru 
ary 19. A ltogether 89 results w ere obtained. A t the tem perature of 12.0°C only one 
experim ent was perform ed due to the sm all num ber of the acclim ated animals. 
The single result is the m ean value of the consumed oxygen converted into mean 
w et w eight of the individuals used in the experim ent. A high m ortality  rate  in 
older individuals in the course of the long-lasting culture caused a decrease in the 
m ean w eight value of the anim als used in the experim ents a t higher tem peratures.

3. RESULTS

ENVIRONMENTAL CONDITIONS

Hydrological and ice conditions prevailing in the coastal region of 
“Opasnaya” Bay during the summer are illustrated in Fig. 2. Throughout 
the whole period of our studies the ice held on at the edge of the mainland

Fig. 2. Hydrologie and ice conditions a t the litto ral of the “O pasnaya” Bay 
(Alasheyev Bight) * — directly  beneath the ice
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and was not brought out to the sea. The thickness of ice in the littoral 
was on Dec. 22, 1971, between 125 and 132 cm thick. On Jan. 4, 1972, 
due to heavy waves was broken over a several hundred meters large 
distance from the shores. Together with progressive crumbling of ice in 
result of the tidal surge and the appearance of open water the tem
perature of the sea water began to rise from — 1.6°C measured beneath 
the ice on Dec. 24, 1971, up to the maximum of —0.05°C measured at the 
surface on Jan. 24, 1972. On Feb. 21 water temperature dropped to 
— 1.6°C. A fresh ice-cover 20—30 cm thick appeared again on the bay 
waters. Salinity in the early January and February remained at the 
same level of 26—29°/oo. Over the last three weeks of January salinity 
of the surface water decreased several times below 8%o in result of the 
thawing of ice and diplacement of the fresh waters flowing into the sea 
from the oasis area in the coastal zone. The oxygen content in water 
examined at the beginning of investigations showed marked differences 
ranging from less than 7 ml/1 at the depth of 2—3 m deep to 9 ml/1 
directly beneath the thawing ice.

Hydrologie conditions observed in the littoral and sub-fast ice zone 
during the summer are characterized by slight fluctuations in tempe
rature and marked fluctuation in salinity and oxygen content in water. 
In the region under investigation the greatest environmental changes 
occurred in the period from mid-January to mid-February.

BIOLOGY OF P. W A L K E R I

In the last 10 days of December, P. walkeri was not found any longer 
directly beneath the ice since its bottom side in the coastal region was 
smooth and devoid of algae. Instead, the species occurred in abundant 
agglomerations in the crevices and hollows in the rocks at the bottom of 
the water a few meters deep. In the times of the tidal wave, P. walkeri 
could be seen floating in the sea.

Length sizes of the collected individuals are shown in Fig. 3. 
As can be seen there are two groups of length. One group consists of 
juvenile and adolescent individuals, 5.5—11 mm long, which in the 
period of investigations were growing intensively. The other is composed 
of females, 11.5— 16.0 mm long, which have produced the offsprings. 
In January some of the females still had bristle oostegites. At the end 
of February such females were not found any more. In the littoral zone 
individuals hatched in spring could be seen neither beneath the ice nor 
at the sea bottom, unless perhaps a few single specimens.

The interrelation between wet weight and length of individuals of 
the examined population is shown in Fig. 4 and 5. Using the methods 
of the smallest squares on the double logarithmic plot this relationship 
can be expressed as: W —a ' L b, where W — wet weight (mg), L — 
length (mm), a and b — regression coefficients. At the beginning of

http://rcin.org.pl



Biology and respiration of Param oera w alkeri in summer 479

l e n g t h  ( m m )

Fig. 3. Length distribution of P. walkeri population. 1 — juveniles and adolescents, 
2 — females. Figures indicate the num ber of the m easured anim als

Fig. 4. Relation between w et w eight 
and lenght of P. walkeri juveniles, 
adolescents, and females. 100 indivi
duals w ere collected and m easured on 

Jan. 2, 1972

Fig. 5. Relation betw een w et w eight 
and length of P. walkeri  juveniles, 
adolescents and females. 100 ind iv i
duals w ere collected and m easured on 

Feb. 18, 1972http://rcin.org.pl
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January this relationship in P. walkeri is described by the formula: 
W =  0.02 • L2-84, at the end of Febrauary it is very similar: W =  0.02 • L2-91.

From the length distribution of both age groups of the population
modal lengths were selected and the respective body weight has been 
calculated. The obtained values are closely approximate the values ex
pressing individual increase in the species body weight in the period
of time which was determined earlier, hypothetically (cf. Fig. 6).

Fig. 6. W et w eight increase in P. walkeri  population and tim e of experim ents 
on respiration a t d ifferent age. 1 — data from  w in ter 1969 ( R a k u s a - S u s z c z e 
w s k i )  1972 b), 2 — data from sum m er (present paper), 3 — tim e and life stage 
of individuals exam ined in respiration experim ents in w inter 1969 ( K l e k o w s k i  

et al. 1973), 4 — as above in sum m er 1972 (present paper)

In the course of the period under examination, the number of females 
in the third year of age decreases considerably in consequence of the 
natural mortality at the end of that generation lifetime. This has been 
confirmed also by the observations of the animal cultures used in 
respiration experiments.

Lethal temperature and salinity were not distinctly determined for 
P. walkeri. It has been merely stated that they survive in 100°/» 
a shortlasting (3 hr) increase in temperature up to 14.8°C, but in 26°/o 
only after a period lasting 14.5 hours. It has been also observed that 
reduced salinity from 29 down to 15°/oo caused an increase in locomotor 
activity and speed of limb movement.

Analysis of P. walkeri hemolymph showed the mean A°C value =
http://rcin.org.pl



Biology and respiration of Param oera w alkeri in summer 481

=  —2.06 (S. E. ±0.04) which proves its hyperosmotic concentration in 
relation to sea water salinity of 29°/oo.

RESPIRATION OF P. W A L K E R I

Results from the experiments on P. walkeri respiration in relation 
to temperature and salinity are shown in Table I. A slight increase 
in the metabolic rate of P. walkeri caused by an increase in temperature 
ranging from —1.2 to 0.1 °C, i.e. a range that species encounters in the 
environment. At temperature of 2.2°C the rate of respiration decreases. 
Its lowest values were noted at 4.0°C. In the ranges of 4—6°C and 
8—10°C the respiration rate has increased markedly. Between 6°C 
and 8°C there was almost no change at all. At 12°C respiration values 
in P. walkeri were lower than in individuals of similar weight examined 
at 10°C. Results from studies on P. walkeri respiration at 2.2°C and 
salinity 15°/oo are also shown in Table I and as can be they have a marked 
effect on the increase in oxygen consumption.

Table I. Respiration of P. walkeri  a t various tem peratu res and salinity  29%o, and 
coefficients a and b values from the form ula R = a  • W& (R — respiration, W — w et

w eight)

Temp. (°C)
N um ber of 
experim e

nts

Num ber of 
anim als u - 
sed in expe

rim ents

Mean wet 
w eight of 

1 ind. (mg)
Respiration 
|ü  0 2/ind.hr a b

— 1.2 15 290 11.0—25.0
20.7 1.87 0.27 0.65

0.1 13 274 11.0—25.0
20.4 1.98 0.34 0.61

2.2 9 156 12.0—25.0
27.7 2.40 0.22 0.73

2.2* 8 74 6 6—38.6 
19.8 3.80 0.70 0.58

4.0 8 130 6.7—33.0
15.7 1.20 0 13 0.77

6.0
I

10 j 109 6.2—30.0
14.3 2.60 0.52 0.60

8.0 15 133 5.0—31.8
14.9 2.8 0.47 0.66

10.0 10 45 8.5—16.5
11.7 6.90 1.27 0.69

12.0 1 2 11.2 5.20 —

* Salin ity 15V»o.
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The mean respiration values in P. walkeri (cf. Table I) at various 
temperatures and salinities are obviously influenced also by the factor 
of weight of animals used in the experiments. At higher temperatures 
the b values of the mean wet weight of individuals was lower in result 
of a higher mortality of older individuals during the longlasting culture 
period. Despite the limited range of body weight and a small number 
of results, we have decided to calculate the regression of oxygen con
sumption in relation to wet weight with the method of the smallest 
squares, it gave: R =  a • Wb, where R — oxygen consumption in 0 2 p.l/hr, 
W — wet weight (mg), a and b — regression coefficients (their value is 
given in Table I). Regression values computed for each temperature 
allowed to make the calculation of the respiration of individuals of the 
same wet weight and a comparison with the results obtained in winter 
(Fig. 7).

Fig. 7. Respiration of P. walkeri  
during w inter ( K l e k o w s k i  et al. 
1973) and sum m er (present paper) in 
the range of tem peratures such as 
in natu ra l conditions. 1 — individuals 
of 12 mg w et w eight during w inter, 
2 — individuals of 35 mg w et w eight 
during w inter, 3 — individuals of 
12 mg w et w eight during sum m er, 
4 — individuals of 35 mg w et w eight

temperature (°C) d u r i n S s u m m e r

4. DISCUSSION

In winter the temperature of sea water in the littoral and sub-fast
ice zone remains at the same level of about — 1.8°C, oxygen content
is about 7.4 ml/1, salinity averages about 34.4°/oo (cf. R a k u s a - S u s z 
c z e w s k i  1972 a). The observed in summer changes in temperature, 
salinity, and oxygen content, are striking though shortlasting. In the 
region under investigation those changes occurred within a period of 
time from mid-January to mid-February. Their occurrence may change 
from year to year and differ locally but they confirm nonetheless the 
typical character of hydrologie phenomena which are in the summer
characterized by slight fluctuations in temperature and considerable
fluctuations in salinity (cf. R a k u s a - S u s z c z e w s k i  1972 b).

The fate of the sub-ice community, including P. walkeri which is the 
main component of the crustacean fauna, in winter, is associated with 
the ice thawing process. As it was observed in 1969, the undersidehttp://rcin.org.pl
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of the ice was overgrown with a thick layer of micro-algae still at the 
beginning of December. The presence of three generations of P. walkeri 
population beneath the ice has been stated at that time. The present 
observations started in the last the days of January 1971 have shown 
that all the algae and P. walkeri population likewise went down to the 
bottom and the sub-ice community was destroyed. At the sea bottom 
two generations were found in the P. walkeri population occurring 
simultaneously. The younger group consisted of individuals in the second 
year of life passing through a phase of intensive growth, the other group 
was in the dying-out phase and was composed of the post-breeding 
females in the third year of age. It seems that some females are able 
to survive the summer and produce the offsprings once more, in the 
spring, similarly to that what has been observed in Bovalia gigantea 
( T h u r s t o n  1968, B o n e  1972). Individuals representing the youngest 
P. walkeri generation hatched in the spring have not been catched this 
time and it can be only suspected that they might be present in the 
depths of sea waters farther from the shores. Reactions of animals 
inhabiting the Antarctic coastal waters, where temperatures are per
manently below 0°C with extreme fluctuations not beyond 2°C, and 
the thermal lethal limits of those animals is a matter of great interest 
so much more that the knowledge of that subject is as yet very slight. 
The lethal temperature for the Antarctic Amphipoda O. chilensis 
averaged 15°C, as reported by A r m i t a g e  (1962). P. walkeri, as 
observed in the cultures, survives 12°C and at a shortlasting time of 
exposure resists even to higher temperatures.

Relation of the range of survived temperatures to the range of 
fluctuations encounters by this species in the environment is many 
times higher than in the Arctic Crustacea which, as reported by 
S c h o l a n d e r  et al. (1953) encountering throughout the year tempe
rature fluctuations ranging from —2.0° to 9.4° died at 25°C. K r o g  
(1954) has demonstrated the seasonal acclimation influence on thermal 
tolerance. Resistance to high temperatures can be also influenced by 
light ( H o a r  1956), a longer day increases tolerance to higher tempe
ratures. Studies on interrelated influence of salinity and temperature 
involve a more complex situation. Increase in salinity may increase 
the survival time at high temperatures ( K i n n e  1958) though according 
to W i e s e p a p e et al. (1972) low salinity “are a better preparation 
for heat resistance at any salinity”. When animals are exposed to the 
fluctuations of temperature and salinity their effect may be modified 
by the age of animals, as the younger, intensively growing, individuals 
are more resistant ( K i n n e  1960). In our results attention is called to 
a high value of the freezing point during the summer Zl°C=— 2.06 
in P. walkeri in which hemolymph concentration is hyperosmotic in 
relation to the environment. This values is higher than that found by
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S c h o l a n d e r  e t a l .  (1957) in the Arctic Crustacea and approximate 
to the value observed in three Antarctic fish species living in sub-ice 
zone in which A°C = —1.98, —2.01 and —2.07 (D e V r i e s ,  S c m e r o  
1970). Sensitivity of metabolic responses to temperature under expe
rimental conditions are controlled by series of factors, among others also 
the solubility of gases in sea water, as may be expected.

The coefficient of the influence of temperature on metabolic changes 
is expressed by the Qi0 value. The Qi0 value may differ markedly within 
population or within one species as the effect of temperature influence 
on reactions activity is affected by other factors, such as weight of 
individuals under examination ( Rao,  B u l l o c k  1954), their age 
( V e r n b e r g ,  V e r n b e r g  1969), acclimation temperature ( B u f 
f i n g t o n  1969) and acclimation time ( I v l e v a  1972). Metabolic tem
perature sensitivity varies and the Qio value is different for the same 
animals in measurements of their standard, routine or active metabolism 
(cf. H a l c r o w ,  B o y d  1967, N e w e l l ,  N o r t h c r o f t  1967, R o u x  
1972) which, however, is questioned by some authors ( T r i b e ,  B o 
w l e r  1968). As results from our respiration measurements (K 1 e- 
k o w s k i et al. 1973) performed on P. walkeri in winter 1969 after 24-hr 
acclimation the Qi0 value, in the range of temperatures —1.9—0.0°C,
0.0—2.0°C and —1.9—2.0°C for the whole population, amounted to 15.9, 
4.6, and 8.6, respectively. It differed markedly in juvenil individuals and 
females with eggs. In experiments on P. walkeri performed in summer 
after many-day acclimation in —1.2 to 0.1 °C temperature range, only 
a slight increase in metabolism was found. A similarly weak reaction 
on temperature as in P. walkeri was reported by A r m i t a g e  (1962) 
in his acute experiments also performed in summer on O. chilensis 
respiration. As results from his study the temperature of sea water 
inhabited by O. chilensis was — 1.8°C and yearly fluctuations in the 
investigated region did not exceed 0.2°C ( L i t t l e p a g e  1965), the 
depths in which the animal lived excludes dramatic changes in salinity. 
Thus, it seems that differences between the reaction on temperature 
of P. walkeri population examined in winter and O. chilensis and P. wal
keri population examined in summer are caused by different level of the 
metabolic processes. The influence of seasonal temperature changes seems 
to be of less importance here in relation to other factors, such as feeding 
conditions, light, activity, stage of life cycle. So, the steady state 
( G r a i n g e r  1956) is different in population in which the applied in 
P. walkeri  in summer experiments acclimation was not of neglegible 
importance as can be seen from the similarity of results obtained by 
A r m i t a g e  (1962) in his studies on response to temperature in O. chi
lensis which were not acclimated. It is very interesting, though, that 
in O. chilensis and P. walkeri, as well, a high degree of metabolic 
regulation was observed at the temperature between 6—8°C which
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according to A r m i t a g e  (1962) may come as result of “the genetic 
history of population that previously lived in water with wider fluctu
ation of temperature”. In that way we would have in the Antarctic 
Amphipoda two zones of relative thermal independence. One, “con
temporary” ranging at about 0°C and slightly below, and the other 
“historical” in 6—8°C range, however, this seems to be rather unlikely. 
In the Antarctic fish metabolic rate drops at temperatures above 0°C 
(W o h l s c h l a g  1960) similarly as in Amphipod, but temperature of 
6°C is already the lethal limit for the whole organism.

In the studies on correlation between body size and metabolic rate, 
which in double log. scale may be described as: R =  a • Wb, much attention 
was paid to the b coefficient. Generalizing observations on Crustacea, 
S u s h c h e n y a  (1972) has stated that relation between metabolism  
and body weight at temperature of 20°C is expressed by the formula 
R =  0.125 • W0-759 and for Amphipoda as: R =  0.142 • W0-79. As results from 
various studies ( V e r n b e r g ,  V e r n b e r g  1969, B u f f i n g t o n  1969, 
B u i k e m a 1972 and others), the b value depends on temperature and 
salinity and is not stable for all species, it varies with geographically 
separated populations of the same species. It is affected also by stage 
of life cycle, body weight, light intensity and acclimation time. Measu
rements of maintenance and active metabolism ( N e w e l l ,  N o r t h -  
c r o f t  1967) or standard and routine (H a 1 c r o w, B o y d  1967, 
B a y n e  1971) influence the coefficient b value in the formula presented 
above. In his studies on correlation between sizes and metabolism in the 
Antarctic Amphipoda, A r m i t a g e  (1962) has examined a wide range 
of O. chilensis individuals of different weight, i.e. of various age, the 
obtained coefficient values were relatively low (0.455—0.665). The range 
of weight in the examined P. walkeri individuals was less diversified 
and was variable at different temperatures. The determined b coef
ficient values were higher than those in O. chilensis as w ell in summer 
(cf. Table I) as in winter (K 1 e k o w s k i et al. 1973). With an increase 
in metabolism the b value decreases, also then when the increase was 
cused by reduced salinity. With a decrease in metabolic processes at 4°C, 
as observed in P. walkeri and in O. chilensis as well, the b value in
creases. At low temperatures, slow growth and “discrete” weight and 
length within the population (cf. R a k u s a - S u s z c z e w s k i  1972 b) 
coming as effect of breeding onceayear, differentiation of the reaction 
of individuals of the same population may be greater than in populations 
growing faster and having a shorter life cycle. Results obtained for 
individuals .of various weight and various stage of development were 
analysed in the course of investigations on relationship of weight and 
metabolism in Antarctic Amphipoda. Oxygen consumption by females 
at the end of their life time may be nearer their standard metabolism
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while in smaller individuals growing more intensively it is closer to 
their routine metabolism.

Both, reaction on temperature increase in respiration rate of the whole 
population and correlation between body weight and metabolism observed 
in P. walkeri are distinctively differing between the summer and the 
winter. The level of metabolic processes in the whole population is also 
diverse, and what is worthy of notice it is higher in summer than in 
winter.
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5. SUMMARY

Studies were carried out in the sum m er from December 22 1971 till the end 
of F ebruary  1972 at the USSR station Molodezhnaya a t the shores of the A lasheyev 
Bight (67°40'S, 45°50'E). They were undertaken in continuation of the research on
biology and m etabolism  of Amphipoda — Paramoera walkeri S tebbing in itia ted
over there in 1969. This species is in w inter the m ain com ponent of the com m u
nity form ing beneath the ice in the littoral zone. In summ er, the environm ental
conditions of th a t regions are undergoing considerable changes. W ater tem pera tu re
fluctuates in the range from  - 1 .6 ° to -0.5°C. Oxygen content shows differences 
ranging from  9 ml/1 a t the w ater surface to 7 ml/1 a t the bottom  in a depth 
of several metres. Those differences come as resu lt of reduced salin ity  of 
26-29%o and its shortlasting  decreases at the surface to as low as below 
8 %o. The sub-ice com m unity undergoes destruction w ith progression of a rap id  
thaw ing of ice. Algae overgrowing the underside of the ice drop to the bottom . 
P. walkeri  goes down to the bottom, likewise. In the population of th a t 
species jevenile and im m ature individuals w ere found in their second year 
of life and a stage of intensive growth and females th a t have produced offsprings 
and w ere in their th ird  year of age, i.e. a t the end of the ir life-tim e. C orrela
tion between w et w eight and length of P. walkeri in Jan u ary  is expressed by 
form ula: W =  0.02 • L2-84, a t the end of February as W =  0.02 • L2-91. The presen t
observations have confirm ed the character of individual growth and the life 
cycle of the species described previously. The analysis of hem olymph indicated  
its hyper osmotic concentration in relation to sea w ater, as A t = — 2.06, and su rv i
ving +  12.0°C in the culture. Respiration of P. walkeri was tested in experim ents 
perform ed at every 2.0°C gradient of tem perature ranging from -1.2 to +12.0°C 
and 29%o salinity. Anim als were fed and gradually acclim ated during a period 
of about 5 to 1 0  days a t subsequent tem peratures. P. walkeri  resp ira tion  was 
also m easured at tem perature of 2.2°C and 15%o salinity. Analyses of the oxygen 
consum ption dependence on the body weight of the exam ined species indicated  
th a t the coefficients from  the form ula R = a  • Wb w ere changing respectively 
w ith the test tem peratures and salinity (a from 0.13 to 1.27, b from  0.58 to 0.77). 
The obtained results w ere com pared w ith earlier observations carried  out in w in ter. 
Increase in tem perature in the ranges close to those the anim al encounters in 
the environm ent increases oxygen requirem ent in sum m er only to slight degree 
in contrast to the w inter. Above 10°C m etabolism  decreases w ith  im pending 
le thal tem perature. W ith decrease in salinity oxygen consum ption increased. 
Basic differences in P. walkeri  m etabolic reaction on tem peratu re betw een su m 
m er and w inter seasons are due, as it seems, to various steady states of the 
exam ined population.

6 . STRESZCZENIE

Badania prowadzono w okresie letnim  od 22.XII.1971 do końca lutego 1972 
na radzieckiej stacji M olodezhnaya położonej u brzegów Zalewu A lasheyevahttp://rcin.org.pl
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(67°40'S, 45°50'E). Były one kontynuacją prac rozpoczętych tu zimą 1969 r. i do
tyczyły biologii i m etabolizm u A m phipoda— Paramoera walkeri Stebbing. G atu 
nek ten w okresie zimowym jest głównym kom ponentem  zespołu formującego się 
pod lodem, w strefie przybrzeżnej. Latem  w arunki środowiskowe ulegają w tej 
strefie znacznym zmianom. T em peratura wody wraha się w granicach od‘ -1.6 do 
-0.5°C. Zaw artość tlenu w ykazuje różnice od 9 ml/l na powierzchni do 7 ml/l 
przy dnie na głębokości paru  m etrów. Różnice te są wynikiem  obniżonego zaso
lenia do 26-29%« i krótkotrw ałych jego spadków na powierzchni do poniżej 8 %«. 
Zespół podlodowy ulega destrukcji w raz z postępującym  gw ałtownym  topnie
niem lodu. D iatom ea porastające spodnią w arstw ę lodu opadają na dno. Na dno 
opada również P. walkeri. W populacji tego gatunku stwierdzono osobniki ju - 
venilne i niedojrzałe będące w drugim  roku życia w fazie intensywnego wzrostu, 
oraz samice, które wydały potom stwo i będące w trzecim  roku u kresu życia. 
Zależność pomiędzy m okrą m asą i długością P. walkeri  w styczniu opisuje wzór 
W =  0 .0 2  • L2.84; z końcem lutego zaś W =  0.02 • L2-91. Obserwacje obecne potw ier
dziły charak ter wzrostu osobniczego i cykl życiowy gatunku opisany wcześniej. 
Analiza hem olim fy w ykazała jej hyperosm otyczną koncentrację w stosunku do 
wody morskiej Af=-2,06 oraz przeżyw anie w hodowli tem peratury  +12,0°C. 
Oddychanie P. walkeri  badano w eksperym entach przy tem peraturze od —1,2 do 
+  12,0°C co 2,2°C i w zasoleniu 29%o, karm iąc i aklim atyzując zwierzęta stop
niowo przez okres od około 5 do 10 dni w poszczególnych tem peraturach. Mie
rzono również oddychanie P. walkeri  przy tem peraturze 2,2°C i zasoleniu 15%o. 
Analizowano zależność zużycia tlenu od masy ciała badanego gatunku, stw ier
dzając że w tem peraturach  i zasoleniu prowadzonych eksperym entów  w spół
czynniki a i b we wzorze R = a  • Wb zm ieniają się odpowiednio (0,13—1,27 i 0.58-0,77). 
Wyniki porównano z wcześniejszymi obserw acjam i prowadzonymi zimą. Latem  po
ziom m etabolizm u P. walkeri był dw ukrotnie wyższy. W zrost tem peratury  w prze
dziale bliskim  tem peraturom  z jakim i zwierzę styka się w środowisku, tylko 
w  niewielkim  stopniu zwiększał zapotrzebowanie tlenowe, w przeciw ieństw ie 
do okresu zimowego. Powyżej 10°C metabolizm  spadał w raz ze zbliżaniem  się do 
tem peratury  letalnej. Spadek zasolenia wywoływał w zrost zużycia tlenu. Zasad
niczego różnice w reakcjach m etabolicznych P. walkeri  na tem peraturę w okre
sie zimowym i letnim  są, jak  się w ydaje, wynikiem  innego “steady sta te” bada
nej populacji, przy której stosowana w  eksperym entach aklim atyzacja nie ode
grała większego znaczenia.
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ABSTRACT

It was found tha t the spring tem perature rise above 10°C causes im portant chan
ges in the physiological state of G. polytomus  larvae. The w et and dry weight 
increases more intensively w ith increase in length, the calorific value of the 
dry mass and of organic m atte r increases and so does the oxygen consumption 
rate  m easured under aerobic conditions. P relim inary  m easurem ents of oxygen 
consum ption, RQ and lactic acid content under hypoxic conditions seem to indi
cate a higher contribution of anaerobic processes under these circum stances.

1. INTRODUCTION

Larvae of Chironom idae are found in most types of w ater bodies both in 
high-m ountain  stream s and in w aste stabilization ponds. Som etim es they consti
tu te  the dom inating group in the benthic m acrofauna. Their abundance and 
biomass may reach high values, for instance J ó n a s s o n  (1969) reports for 
Chironomus anthracinus  in the eutropic Lake Esrom in A pril a density of 5000 
individuals/m 2 and a biomass of about 61 g/m2. Frequently  Chironomidae are 
m ultivoltine species, therefore, their annual production may attain  high values, 
K i m e r l e ,  A n d e r s o n  (1971) report 459 kcal/m 2 for Glyptotendipes barbipes 
in a waste stabilization pond.

Owing to these properties, Chironom idae are an im portan t link in energy 
transfer in aquatic ecosystems. Their significances as an im portan t component 
of fish food is widely known. A t present, however, their role in energy removal 
from w ater environm ents polluted owing to the activity of m an seems no less 
im portant. Owing to their relatively  large dimensions and the ir occurrence in 
large num bers, short life cycle, and, particularly , ability of life a t low oxygen 
content, Chironom idae seem to be most interesting from this point of view. 
K i m e r l e ,  A n d e r s o n  (1971) report th a t the annual energy rem oval by 
G. barbipes from a w aste stabilization pond am ounted to 184 kcal/m 2 by em ergence 
and 730 kcal/m 2 by respiration.

The role of Chironom idae, however, is probably not lim ited to energy re
moval which may be evaluated by m easurem ent of em ergence and respiration. 
They also take p art in organic m atter degradation. M oreover, some species are 
capable of acquiring energy by anaerobic pathw ays. Such a conclusion has been

This work w as supported w ith  the Polish Academ y of Sciences w ithin  the
project PAN 22. http://rcin.org.pl
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reached by P 1 a t z e r-S  c h u 11 z (1968 a) in her investigations. Even under con
ditions of high oxygen content, energy loss in respiration  by Chironomus dorsalis 
la rvae m easured by K a s h i r s k a y a ,  L y u k s h i n a  (1970) constitu ted  only 
70—9G<i.'o of their to tal energy loss. The authors suppose th a t a t low oxygen con
ten t these differences would be still wider. K a s h i r s k a y a  (1970) m easured 
the rate  of glycogen consum ption by C. dorsalis larvae starved for 24 h r a t 20°C. 
From  the data of this author it results that, under conditions of unreduced 
oxygen content, the glycogen level fell by about 39°/», at an oxygen content 
of 2.11 mg 0 2/l (i.e. 23% air saturation) by 45°/o, and a t a content of 0.8 mg 0 2/l 
(i. e. 9%  air saturation), by as much as 75°/o. The au thor concludes th a t it is at 
th is  oxygen level th a t m ainly anaerobic processes occur.

The investigated G. polytomus  larvae in the present study w ere very abun
dan t on the bottom of the w aste stabilization pond. C z e c z u g a  (1962) m entions 
th a t this species has an exceptionally high hemoglobin content (30% of dry weight 
on the average) and th a t the glycogen content in G. polytomus  (18.6% of dry weight 
on the average) was the highest as com pared w ith the other seven species of 
Chironom idae studied. He claims th a t this species is exceptionally w ell adapted 
to life in an environm ent w ith low oxygen content.

The present study was undertaken in order to establish the character of 
growth, calorific value and respiration (oxygen consum ption and RQ) of G. po
lytomus  larvae in conditions of high oxygen content. The investigations w ere 
perform ed before and afte r the beginning of the vegetation season, in order to 
asecrtain  w hether the above m entioned elem ents are characterized by constant 
values in G. polytomus  or w hether they change in dependence on the life con
ditions of the larvae. P relim inary m easurem ents of oxygen consum ption, RQ 
and lactic acid content w ere also carried out in larvae bred in conditions of low 
oxygen content in order to observe their mode of adaptation  to life under hypo
xic conditions.

2. MATERIAL AND METHODS

The larvae of G. polytomus  were collected in ponds in which w astes from 
the yeast factory at Józefów near Błonie are  sedim ented. L arvae were very 
abundant there and dom inated in the fauna. Sam ples w ere taken on 6 and 20 
M arch, and 4, 15 and 22 April, 1972. They w ere brought to the laboratory in 
therm oses w ith mud. T ransport lasted about 3 hr. In the laboratory the anim als 
w ere divided into three groups.

The first one was placed on enam elled trays w ith w ater and m ud at room 
tem perature and covered w ith a net. It proved th a t all the em erged imagines 
belonged to one species — Glyptotendipes polytomus  Kieff.

The second group was preserved in 4% form alin solution. This m ateria l served
for length and w eight and calorific value m easurem ents in all sam ples except the
one from April 15.

The length of larvae was determ ined w ith an accuracy up to 1 mm. Earlier
prelim inary  m easurem ents perform ed in Jan u ary  1972 on larvae of a rela ted  species 
Chironomus plumosus  collected from ponds in Gołysz, Cieszyn D istrict showed th a t 
preservation in form alin does not change the length of larvae. The m ean length 
of 40 live larvae was 20.6 mm (95% confidence lim its 19.5-21.7). On the other 
hand, the ir m ean length afte r 13 days preservation  in form alin w as 20.1 mm 
(limits 19.0-21.0).

As another param eter of body dimensions the breadth  of the head was ten 
tatively  used. P relim inary  m easurem ents w ere perform ed on the above m entio
ned 40 larvae of Ch. plumosus.  The relation between w et w eight and body 
length and the relation between w et w eight and head breadth  w ere established. 
These relations may be expressed by the form uła W = a • L*>, w here W is w et 
w eight (mg), L is length (mm) ora breadth  of head (in mm, m easured under 
the microscope w ith an accuracy up to 1 • 10—4 mm), and a and b are coeffi
cients. For the range of w eights of Ch. plumosus  larvae from 3 to 40 mg these 
coefficients have the following values:
for the dependence of w eight on body length head bread th
regression coefficient a 0.0108 62.46
regression coefficient b±SE 2.56+0.138 2.89±0.244

As seen, the variation of the w eight-head breadth  relation is much w ider. 
This partly  results from the error in head b read th  m easurem ent. The m easuredhttp://rcin.org.pl
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larvae had to be then weighted and their calorific value had to be determ ined, 
therefore, whole (intact) larvae had to be placed under the microscope, and 
then the head was not so well visible. Moreover, in contrast to body length 
and weight, the head breadth  is a discrete instar-specific criterion for midges 
( C z e c z u g a  1962, E d m o n d s o n ,  W i n b e r g  1971). Since in the present study 
on G. polytomus,  the age structu re  was not taken into account, only the size 
of the larvae, no other m easurem ents except those of body length and weight 
w ere taken into account.

Wet w eight of the anim als dried w ith filter paper, and dry w eight after 
previous drying a t 50° over NaOH to constant w eight were determ ined. The 
accuracy of weighing was ±0.01 mg.

For m easurem ent of calorific value of 1 mg dry weight, larvae, were chosen 
w ith in a narrow  range of lengths, 13-16 mm. A microbomb calorim eter (P h i 1- 
l 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 print) was used, 
and the technique recom m ended by P r u s  (1968) was applied. Calibration and 
determ ination , of exactness of the calorim eter was perform ed directly before the 
determ inations. Tw enty five benzoic acid pellets w ere burnt. H eat sensitivity of 
the apparatus was 0.6724 cal/m m of galvanom etre deflection, the coefficient of 
variation  was 4%. The calorific value of 1 mg of dry organic m atter was calcu- 
Ash content was determ ined by successive burning of subsam ples in a muffle 
lated on the basis of the calorific value of 1 mg of dry w eight and ash content, 
furnace up to constant weight.

The th ird  group of anim als w as placed in vessels w ith mud. The w ater 
layer above the mud was continuously aerated. The vessel was placed in a w ater 
bath  at 8.0+0.1°.

Oxygen consum ption by the anim als was determ ined in all samples with 
the exception of the one from  6 M arch, under conditions of oxygen content 
close to a ir saturation. The m easurem ents were carried out on the same w ater 
bath. C onstan t-pressure volum etric respirom eters described by K l e k o w s k i  
(1968) w ere used. M easurem ents in the num ber of 56 w ere perform ed on anim als 
taken directly from  the mud in laboratory culture, the rem aining 26 m easure
m ents, on anim als which were previously kept 24 hr in a vessel w ith pure 
aerated  w ater. The anim als w ere placed in glass respirom etric cham bers of 
about 4 ml volume. The to tal a ir volum e in the system was about 12 ml. Good 
oxygen access to the w ater was ensured by the sm all am ount of w ater in the 
cham bers (0.3 ml). Accuracy of the readings was ±0.1 gl. On the basis of these 
m easurem ents the relation between respiration, and both live w eight and season 
was established. RQ was m easured w ith full oxygen access on the same respi- 
rom etres by the procedure described by K l e k o w s k i  (1968). In these m easu
rem ents pH was m aintained w ithin 6.2-6.9 (mean 6.6).

Several prelim inary  m easurem ents of oxygen consumption, RQ,  and lactic 
acid content were perform ed under conditions of low oxygen supply. Larvae 
weighing jointly 500 mg (about 50 of them) were taken from the mud and 
placed in bottles w ith ground glass stoppers. The volume of the bottles was 
determ ined w ith an accuracy up to 0.01 ml and am ounted to 55-60 ml. Oxygen 
content in the w ater was reduced by nitrogen bubbling, w ater pH was 6.2-6.7. 
The anim als w ere kept in these conditions for 18 hr a t 8°.

A ttem pts of application of volum etric respirom etres for oxygen consumption 
m easurem ents, when the oxygen content was low and controlled were unsuccessful; 
therefore determ inations were perform ed by the closed-bottle method. Oxygen 
content was determ ined afte r W inkler in in itial control bottles, final control 
bottles and in experim ental bottles containing anim als. The results are means from 
two parallel m easurem ents. A lthough the results obtained by the closed-bottles 
m ethod are burdened w ith an erro r resulting  from  the enhanced oxygen con
sum ption (overshoot) a t the beginning of m easurem ents (K a m 1 e r 1969), however, 
in this case the application of th is method seems perm issible since the tim e of 
exposure w as long and always the same, and the oxygen content was lower 
than  3 per cent air saturation. P  1 a t z e r-S  c h u 11 z (1968 a, b) noted overshoot 
only a t higher oxygen content (above ca. 14% air saturation) in Chironomus  
strenzkei,  a t lower oxygen values this phenom enon did not appear.

For m easurem ent of RQ, C 0 2 content was determ ined in control and expe
rim ental bottles. The Van Slyke m ethod was used in R o d i e r ’s modification 
(R 0  d i e r  1960).

Lactic acid content was determ ined afte r B a r k e r ,  S u m m e r s o n  (1941) 
in tissues of larvae taken directly from  the mud used in laboratory  culture, and 
larvae which afte r rem oval from the mud w ere kept for 18 h in w ater withhttp://rcin.org.pl
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low oxygen content. Lactic acid content was also determ ined in w ater w ith 
larvae and w ithout. No differences w ere found between the values obtained for 
w ater. Only fu rth e r investigations m ay elucidate w hether G. polytomus  la rvae 
actually do not excrete lactic acid into water, or w hether the am ounts removed 
were too sm all to be detected in the given experim ental system.

3. RESULTS

The course of temperature in the investigated period is shown in 
Fig. 1. In the period between the collection of the last two samples 
(4—22 Apr.) the first warmer weather occurred, air temperature exce
eded 10°C.

Fig. 1. T em perature course in spring 1972. Line — mean daily air tem pera tu re  
a t N iepokalanów  meteorological station (ca. 20 km from  sam pling places, data 

from PIHM). Dots — w ater tem perature in ponds

The dependence of wet weight (range 0.8—25 mg) on the length 
(5—18 mm) in four samples of G. polytomus is shown in Fig. 2. In 
each sample one linear relationship on a double logarithmic scale can 
be found. In the very early spring period (samples collected from 6 
March to 4 Apr., Fig. 2 A—C), the regression coefficients b are much 
below 3 what means that the shape of a growing larva changes to a 
more elongated form, whereas in the sample collected on Apr. 22 the 
same coefficient is very close to 3. This indicates that in this period 
some factor appeared compensating the changes towards body elonga-
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Fig. 2. Wet w eight (W, mg) as a function of body length (L, mm) for G. polytomus  
A  — larvae collected on 6 M arch; B — 20 M arch; C — 4 A pril; D —22 A pril

tion. Table I (upper right side) summarizes the results of calculation 
of the significance of differences between the regression coefficients b. 
As seen, the coefficient b found for the sample of Apr. 22 (Table I, 
last right column) differs significantly from those found for earlier 
collected samples.

All these regularities may also be observed when we consider thehttp://rcin.org.pl
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dependence of dry weight on length (Fig. 3, Table I lower left side), it 
should be stressed that no significant differences were found between

Table I. D eterm ination of differences between slopes of regression of w et weight 
on length and of dry w eight on length in four samples of G. polytomus.  The 
figures denote d ( B a i l e y  1957, com parison of two regression coefficients). 

NS — no significance, S — 5% level, HS — 1%> level

W et weight

Day of 6 March 20 March 4 Apr. 22 Apr.
sampling n =  58 n =  60 n =  5 4 n =  58

6 March X 2.30
S

0.34
NS

2.57
S

20 March 1.02
NS X 1.36

NS
3.54

HS

4 A pril O
NS

0.85
NS X 2.41

S

22 April 3.62
HS*

4.60
HS*

3.12 
• HS X

Dry w eight

* B etter, than 0.1% level.

coefficients b in the three earlier collected samples (6, 20 March and 
4 April), and that the coefficient b in the last sample (22 Apr.) is 
markedly higher than in the earlier ones, the differences being statis
tically highly significant (Table I, lowest row).

Fig. 4 shows the values of coefficient b for wet (curve 1) and dry
weight (curve 2) found for all samples. As seen, coefficents b for wet
and dry weights are similar. Therefore, within the range of sizes of
the G. polytomus larvae investigated, no essential changes are to be 
expected in the percentual dry weight content in the wet weight with 
the growth of the animal. For larvae 10 mm long dry weight was 18.0, 
14.7, 17.3 and 15.2%> of wet weight, respectively, for the samples col
lected on 6 and 20 March, 4 and 22 April. The mean ash content was 
3.35% of dry weight (4 determinations, one from each sample).

Changes in the calorific value for larvae 13—16 mm long are shown 
in Fig. 5. In the earlier samples (6 and 20 March, 4 April) the calori
fic values are low and no significant differences between them were 
noted (Table II). In the last sample (of 22 April) the calorific values 
are higher (Fig. 5). As seen in Table II (for dry matter last right 
column, for organic matter lowest row), these differences are significant. 
Only the differences between the samples of 6 March and 22 April 
are not significant.

http://rcin.org.pl
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Fig. 3. Dry w eight (W, mg) as a function of body length (L, mm) for G. polytomus.
A — D as in Fig. 1

The relation of oxygen consumption (R , pi 0 2/ind. • hr) to weight 
(W, mg wet weight) was established on the basis of 82 measurements 
performed with oxygen access in volumetric respirometres at 8° (Fig. 6).

This dependence (as calculated by least squares method) is expres
sed by the formula: log R =  (—0.5240 ± 0.0725) +  (0.6718 ± 0.0876) • log W; 
the 95% confidence intervals for the parametres are shown here. Thus, 
R =  0.3-W°-67. For calculating this relation all measurements were per-http://rcin.org.pl
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formed on individuals collected in the period from 20 March to 22 
April, both those in which animals were taken from the mud, and 
those in which the larvae were kept for 24 h in aerated water. It could

Fig. 4. Regression coefficients b. 1 — w et weight; 2 — dry weight. Vertical lines
are 95% confidence in tervals

Fig. 5. Calorific values of G. polytomus  (body length 13-16 mm). 1 — calorific 
value of 1 mg dry w eight, 2 — calorific value of 1 mg organic m atter. V ertical 

lines are 95% confidence in tervalshttp://rcin.org.pl
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Table II. D eterm ination of differences betw een calorific values found in four 
G. polytomus  samples. F igures denote t ( B a i l e y  1959, com parison of m eans 

of two sm all samples). NS -  no significance, S — 5°/o level, HS — 1% level

Calories/m g dry  w eight

Day of 
sampling

6 March 
n =  8

20 March 
n =  6

4 April
n — 6

22 A pril 
n =  7

6 March X 0.63
NS

1.03
NS

0.89
NS

20 March 0.58
NS X 0.37

NS
2.70

S

4 A pril 0.78
NS

0.18
NS X 3.41

HS

22 April 0.89
NS

. 2.55 

S
2.89

S X
1

Calories/m g organic m atter

have been expected that the larvae from mud lived before the measu
rements in worse oxygen conditions than those taken from water. It 
was necessary therefore, to ascertain whether the regression coefficient 
in the above given formula (a —0.3) is not burdened with an error

Fig. 6. Oxygen consum ption (R, nl/ind. • hr) a t 8°C as a function of w et w eight
(W; mg) for G. polytomus
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resulting from these differences in the method, and whether oxygen 
consumption of the larvae from mud is not markedly higher (repay
ment of oxygen debt) than that of larvae kept in water. Since in all 
samples individuals of various weights were present (Fig. 2 and 3), 
and since the regression coefficient (5 =  0.67) differs significantly from 
1.0, comparable units of body size ( K l e i b e r  1961) had to be used 
for comparing oxygen consumption of the individuals taken from mud 
(56 measurements) and those from water (26 measurements), that is 
oxygen consumption rates per mg0-67. Mean oxygen consumption of 
individuals taken from mud was 0.321 pi 0 2/mg0-67 • hr, and of those 
from water 0.323 pi 0 2/mg0-67 • hr. For evaluation of the significance 
of this difference, the criterion of nonparamatric U-test was used 
(W i 1 c o x o n-M a n n-W h i t n e y, in G u b l e r ,  G e n k i n  1969). Uexp 
calculated was 678. Since the table of G u b l e r ,  G e n k i n  (1969) does 
not contain U values for n> 20 , the theoretical U value was calculated 
according to L u k ’ y a n e n k o  (1967). For a 5°/o level Utheor =  531, Uexp 
>^theor, the difference is nonsignificant. Thus, on the basis of oxygen 
consumption solely, repayment of the oxygen debt by G. polytomus  
larvae kept in mud before measurements could not be ascertained. 
There is, therefore, no mistake in considering together the results of 
oxygen consumption for both these groups.

The mean oxygen consumption rates were compared for individuals 
collected at various dates

Sample of 20 March 4 April 15 April 22 April
No. of measurements 11 21 24 14
Mean 0 2 consumpt. rate

Thus, an increase in oxygen consumption of G. polytomus is observed 
in spring.

Oxygen consumption calculated by the formula given in Fig. 6, under 
conditions of full oxygen access (100°/o air saturation, i.e. 8.26 ml 0 2/l 
at 8°C) by one live individual weighing 10 mg is 1.41 pl/ind. • hr. 
Preliminary measurement of oxygen consumption of individuals of the 
same size in closed bottles at low oxygen content (also at 8°C) gave the 
following results:

(pi O2/mg0-67 • hr) 0.219 0.341 0.313 0.369

initial and final 0 2 content 0 2 consumption 
(ml 0 2/l) (pl/ind. • hr)
0.26-0.135 0.0070

(°/o air saturation)
3.1—1.6 
1.3—0.6 0.10-0.05 0.0032

It proved that G. polytomus larvae can utilize oxygen even from 
water with a very low oxygen content. Oxygen consumption under these 
conditions is several hundred times lower than when there is full
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access of oxygen. Mortality of larvae kept in these conditions for 18 hr 
was not observed.

The mean respiratory quotient from 31 measurements performed 
with full oxygen access in volumetric respirometres was 0.55, thus it 
was very low what might be an indication of repayment of the oxygen 
debt. On the other hand, RQ measured at a low oxygen content 
(0.1—0.05 ml 0 2/l, i.e. 1.3—0.6% 'air saturation) was exceptionally high 
reaching 44.4. Since the measurements were not replicated, this last 
result should be treated as an approximate evaluation of the order of 
magnitude.

Lactic acid content in G. polytomus  tissues was determined preli
minarily. Individuals taken from mud over which water was intensively 
aerated were examined as w ell as those taken from mud and kept 
for 18 hr in water with a low oxygen content (Table III). In the tissues

Table. III. Lactic acid content in tissues of G. polytomus  larvae w ith m ean 
weight 10 mg: tem pera tu re  8°C. — not determ ined

Individuals 
from  mud

Individuals kep t in w ater j 
for 18 hr Mean lactic acid 

accum ulation rate 
([i.g/ind. hr)Lactic acid con

ten t (iig/ind.) 0 2 (o air sat.) lactic acid content 
Ug/ind.)

2.83 — — —

3.66 ca. 29.0 5.10
5.09 0.0797

4.59 3.1—1.6 7.55
7.47 0.1622

of the animals taken from mud, lactic acid was found, this indicating 
that they satisfied their energetic requirements partially on anaerobic 
pathways. In the tissues of individuals kept in water with low oxygen 
content a higher lactic acid content was found. This substance was de
tected in increasing amounts as the oxygen content decreased. It could 
not be elucidated whether the larvae excrete lactic acid into the en
vironment or not.

4. DISCUSSION

The coefficient of regression b for the relation of weight and body 
length in the same G. polytomus  population was not constant. In March 
and the beginning of April it was distinctly lower than 3, and reached 
this value on 22 April. At this time development of larvae, previously
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inhibited, started, the thoracic segments became markedly swollen at 
the sites of future wing muscles in prepupal stage. Moreover, as de
monstrated by A r a b i n a ,  G a v r i l o v  (1969), coefficient b is not
only dependent on the nature of growth of the given species, but also 
on the environmental conditions in which growth occurs. For Chironomus 
f.l. plumosus A r a b i n a ,  G a v r i l o v  (1969) report widely differing 
coefficients b, for instance 2.2 in the Lake Narocz, 2.9 in ponds. In the
present paper (preliminary measurements) b =  2.56 was determined for
Ch. plumosus (Golysz ponds, January).

Below the calorific values (cal/mg dry wt.) are listed for Chironomidae
larvae according to various authors.

T u b b ,  D o r r i s Harnischia tenuicaudata 5.34 season not
(1965) mentioned

Tanypus stellatus 5.61 season not 
mentioned

Chironomus plumosus 5.84 season not 
mentioned

W i s s i n g, Glyptotendipes sp. 4.70-5.60 * Aug —Nov.
H a s  1 e r  (1968)*
K a s h i r s k a y a , Chironomus dorsalis 4.90-5.00 season not
L y u k s h i n a mentioned
(1970)
K i m e r 1 e, Glyptotendipes barbipes 4.98 the year
A n d e r s o n round, but
(1971) most summer 

samples
W i s s i n g, Chironomidae, 4.90-6.41 Jun.- Sep.
H a s 1 e r (1971) mostly Glyptotendipes
M a l i k o v a Chironomus plumosus 4 94 ** season not
(1971) * mentioned

If we compare these data probably mostly obtained in the summer 
months, with the results of the present study (Fig. 5, curve 1), it is 
apparent that the calorific values for G. polytomus in the period 6 
March—4 April were markedly lower than those in the above quoted 
literature. It is only on 22 April that the calorific values (4.65-4.99 cal/mg 
dry wt.) become similar to the lower range of values quoted for summer.

Seasonal changes in caloricity have been reported many a time, for 
instance S t r o g a n o v  (1954) for sturgeons, M a k h m u d o v  (1966) 
for marine zoobenthos. B ł a ż k a  (1966) gives the chemical composition

* Calculated from  the ash-free values and per cent of ash given by W i s s in g, 
Ilasler (1968).

** Calculated from chem ical composition given by M a l i k o v a  (1971) using 
calorific equivalents for carbohydrates, proteins and fa t according to W i n b e r  g 
et al. (1971).
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of Chironomus plumosus larvae from ponds. After conversion it appears 
that the calorific value on 12 Feb. was 5.24, and on 20 April 5.40 cal/mg 
org. matter, that is by 0.16 cal/mg org. matter more. In the present 
study an increase in calorific value of G. polytomus  larvae was found 
in the period 6 March—22 April amounting to 0.28 cal/mg org. matter. 
J ó n a s s o n  (1965) mentions the percentual nitrogen and fat content 
in Chironomus anthracinus in the eutrophic Lake Esrom. On the basis 
of these data and the percent of ash in dry weight found in the present 
determinations, it was calculated that between 14 and 22 April the 
calorific value of Ch. anthracinus increased by 0.37 cal/mg dry wt. This 
result/is very close to that evaluated for the same period in the present 
work (0.40 cal/mg dry wt. — Fig. 5). J ó n a s s o n  (1965) noted in this 
period a distinct increase in fats (from 10 to 18% of dry wt.) and 
believes that in this period larvae store fat as a fuel for the imago.

Oxygen consumption of G. polytomus measured under high oxygen 
content proved to be proportional to the body surface area (regression 
coefficient b for respiration/wet weight relationship was 0.67). Different 
results were obtained by E d w a r d s  (1958) who in Chironomus riparius 
found b =  0.83. Uniform results cannot be expected in the entire 
taxonomic group of Chironomidae, as shown by K a s a t k i n a  (1960) 
who determined the relation between respiration and weight at 20°C 
in seven species of Chironomidae. For two species she found a relation 
quite different from the one here presented (R =  0.312 • W0-91), whereas 
for the remaining four species (among them Glyptotendipes gripekoveni) 
the relation could be expressed by the formula R =  1.30 • W0-73. Coefficient 
b =  0.73 lies within the confidence interval obtained in the present study 
(0.58—0.77). When the value 1.30 is converted from 20° to 8° after 
W in  b e r g  (1956) (on the basis of Krogh’s “normal curve”), we get 
1.30 : 3.48 =  0.37. This figure is only slightly higher than the upper 95% 
confidence limit obtained in the present work (0.36). It could have been 
expected that the respiratory values measured by K a s a t k i n a  (1960) 
are somewhat too high since she used a Warburg respirometre performing 
100 shakings per minute. The proportionality of respiration under high 
oxygen content to the body surface area was observed by K o n s t a n t i 
n o v  (1971) and K a s h i r s k a y a  (1972) in a number of Chironomidae 
species.

Seasonal changes in the oxygen consumption rate have been pointed 
out among others by E d w a r d s  (1958) who found that this rate in 
Chironomus riparius is lower in winter than in summer. The change 
occurs in spring. This is confirmed also by the results of measurement 
of respiration of Heocagenia recurvata (Ephemeroptera) carried out by 
M o r g a n ,  W i l d e r  (1936). B e r g  et al. (1958) found that the res
piration rate of the snail Ancylus jluviatilis increases in March—April, 
the spring maximum is about 1.3 to nearly twice that of the consumption
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noted in winter. A similar, about 1.6-fold increase in respiration rate 
in Ephemera simulans (Ephemeroptera) was reported by Eriksen (1964) 
in the second half of April when the temperature of the environment 
exceeded 10°C. The agreement of the results of the present study and 
of the quoted paper is extraordinary in view of the geographical and 
taxonomic distances separating them.

The G. polytomus larvae examined were collected from waste sta
bilization ponds of a yeast factory. Yeast is considered to be good food 
for Chironomidae ( C z e c z u g a  1962, P l a t z e r - S c h u l t z  1968a, 
B u r b a n c k ,  M o z l e y  1969). It appeared, however, that in winter, 
owing to low temperature and low oxygen content and lack of phyto
plankton admixture in the food, the animals cannot utilize it, the larvae 
are practically starved. The winter depression of the regression coef
ficients b for the weight-length relationship, of calorific values and of 
respiration may be regarded as evidence of this as well as of an arrested 
development in the overwintering generation which remains at the 
larval stage from late autumn until late April. The consistent increase 
in all these parametres in the second half of April is connected with 
the improvement of conditions, and physiological changes preparing the 
initiation of reproductive activity.

Data concerning oxygen consumption by larvae of various species 
of Chironomidae in dependence on oxygen content in water are reported 
in papers of numerous authors (W a 1 s h e 1948, B e r g  et al. 1962, 
J ó n a s s o n  1964, 1965, 1969, J ó n a s s o n ,  K r i s t i a n s e n  1967, 
P l a t z e r - S c h u l t z  1968 a, K o n s t a n t i n o v  1971 and K a 
s h i r s k a y a  1972). It results from these papers that, in general, species 
living in environments poor in oxygen are of regulator type. When the 
oxygen values fall, they maintain their oxygen consumption at a rather 
stable level up to a critical oxygen pressure, below which consumption 
falls more abruptly. The highest oxygen pressure at which the animal 
is not capable of taking up oxygen from the environment is the re
sidual oxygen pressure ( B ł a ż k a ,  K o p e c k y  1961). According to 
the data of B e r g ,  J ó n a s s o n  (1965), the oxygen content 1—2 cm above 
the bottom of the eutropic Lake Esrom was 0.1—0.3 ml 0 2/l at 9—11°C. 
These conditions were considered as close to natural for G. polytomus. 
Larvae under these conditions were still capable of oxygen take-up 
from water, its consumption was, however, markedly diminished thus, 
such an oxygen content lies within the critical and residual values for 
G. polytomus. B ł a ż k a ,  K o p e c k y  (1961) give the residual pressure 
for Carassius carassius as 5 mm Hg. In the conditions of the present 
experiments the values 0.1 ml 0 2/l corresponded to 1.9 mm Hg. This 
means that for G. polytomus residual oxygen pressure < 1 . 9  mm Hg, 
thus it is exceptionally low.

When the larvae of G. polytomus  were transferred from hypoxic
http://rcin.org.pl
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conditions to water rich in oxygen, no enhanced oxygen consumption 
was noted (repayment of oxygen debt) as compared with that of the 
animals kept for a long time in high oxygen content. P l a t z e r -  
- S c h u l t z  (1968 b) found that Chironomus strenzeki larvae partially 
paid the oxygen debt. K o n s t a n t i n o v  (1969, 1971) claims that the 
apparent payment of the oxygen debt measured in animals transferred 
from low to high oxygen content results from their enhanced motor 
activity. In larvae of Chironomus plumosus, Ch. dorsalis and Ch. cingu- 
latus immobilized by anesthetics no increased oxygen consumption could 
be observed. This increase after a period spent in hypoxic conditions 
is characteristic rather for animals which find themselves for a short 
time in an environment with low oxygen content (e.g. T r u 11 a acc. 
to B ł a ż k a  1958) than for animals which, as for instance G. polytomus  
studied here, live continuously in hypoxic conditions.

It was found that 10-mg larvae of G. polytomus  taken from mud 
(conditions similar to natural) contained 2.83—4.59 jig of lactic acid/ind., 
that is, if we assume the mean value of 17°/o of dry weight in wet 
weight 1.64—2.71 mg/g dry wt. A u g e n f e l d  (1967) in Ch. plumosus 
larvae taken from a lake found very similar values, namely, 0.38— 
—2.13 mg/g dry wt. This author after keeping the larvae for 12 days 
at 8°C under anoxic conditions (unfortunately he does not give the 
oxygen content) found an increase in lactic acid content to 4.64 mg/g 
dry wt. Almost identical lactic acid values after 18 h at the same 
temperature and at 3.1—1.6% air saturation were noted in the present 
study in G. polytomus — 4.44 mg/g dry wt. A u g e n f e l d  (1967), while 
trying to elucidate the question of lactic acid excretion under anaerobic 
conditions, also met with difficulties. His results seem to indicate that 
excretion does occur. After reintroduction of oxygen he found a decrease 
in lactic acid in animal tissues, thus, this substance may also be 
removed by active metabolic processes. In favour of such an interpre
tation would also speak the exceptionally low value of RQ (0.55) found 
in the present work in larvae kept in a medium with high oxygen 
content.

G. polytomus  larvae are thus capable of living under conditions of 
exceedingly low oxygen content in the environment. In these conditions 
anaerobic processes, known to be energetically about 20 times less effi
cient than aerobic ones, prevail in their metabolism. Therefore, G. poly
tomus larvae living in great abundance on the bottom of waste stabili
zation ponds seem to be important for the degradation of the organic 
matter accumulated there in excess.

5. SUMMARY

In the period between 6 M arch and 22 A pril the length, w et and dry weight, 
calorific value and oxygen consumption were m easured in G. polytomus  larvaehttp://rcin.org.pl
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in a medium  w ith high oxygen content. The rise of tem perature in spring 
above 10°C was found to produce im portan t changes in the physiological state 
of the larvae. Wet and dry w eight increased more intensively w ith increase 
in length, the calorific value of dry m ass and organic m atte r increased and so 
did the intensity of oxygen consumption.

M etabolism was m easured a t various oxygen contents. Under hypoxic con
ditions respiration of G. polytomus  w as greatly  reduced. The larvae are capable 
of taking up oxygen even from  an environm ent very poor in this gas. The resp i
ratory  quotient of larvae under hypoxic conditions is very high, w hereas in high 
oxygen content it is very low. Lactic acid accum ulates in the tissues of the 
larvae in increasing am ounts as the oxygen content is reduced. It would seem, 
therefore, tha t one of the form s of adaptation  of these anim als to life under 
hypoxic conditions is an increased contribution  of anerobic processes to their 
metabolism.

6. STRESZCZENIE

W okresie od 6 m arca do 22 kw ietnia mierzono długość, żywy i suchy ciężar, 
w artość kaloryczną i zużycie tlenu w dobrych w arunkach tlenowych u larw G. po
lytomus.  Stwierdzono, że wiosenny w zrost tem peratury  powyżej 10°C spowodował 
ważne zmiany w stanie fizjologicznym larw . Żywy i suchy ciężar w zrastają in ten 
sywniej ze wzrostem długości, w zrasta w artość kaloryczna suchej masy i m aterii 
organicznej oraz w zrasta intensywmość zużycia tlenu.

Przeprowadzono pom iary m etabolizm u w różnej zawartości tlenu. W obniżo
nej zawartości tlenu respiracja G. polytomus  znacznie się obniża, larw y m ają 
zdolność wyczerpywać tlen naw et ze środowiska bardzo ubogiego w ten gaz. 
W spółczynnik oddechowy (RQ) larw  w obniżonych w arunkach tlenowych jest b a r 
dzo wysoki, zaś w dobrych — bardzo niski. W tkankach larw  gromadzi się kw as 
mlekowy w ilościach w zrastających w raz ze spadkiem zawartości tlenu. Można 
więc przypuszczać, że jedną z adaptacji tych zw ierząt do życia w środowiskach 
ubogich w tlen jest wzrost udziału procesów anaerobowych w ich metabolizm ie 
w tych w arunkach.
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ABSTRACT

M etabolism of silver eel was studied from  the point of view of its adaptations 
in view of an economical expenditure of its energetic reserves. As com pared 
w ith  other fish, considerably low oxygen consum ption and both carbon dioxide 
and nitrogen excretions were found. It is supposed th a t in the firs t place lipids 
serve as the main energetical m ateria l for this fish. The analyses of lipid and 
carbohydrate content in the body and liver of the investigated silver eels were 
made.

1. INTRODUCTION

It is commonly known th a t the silver eel, a typical fish of two habitats, 
m akes long m igrations connected w ith its reproduction. In Polish waters, it 
becomes m ature a t the age of 4-8 years ( S a k o w i c z  1930). I t then stops feeding 
and is ready to s ta rt m igration to its spawning grounds. According to P i ą t e k  
(1970), the w eight of m ales am ounts by then to about 90 g, and of females — to 
about 500 g.

It seemed interesting  to search for the physiological m echanism s which 
m ake it possible for unfeeding silver eels to cover such long distances to reach 
the Sargasso Sea, w here spawning takes place. Investigations of m igrating silver 
eels are ra th e r difficult; however, it is possible to observe them  in estuaries 
of rivers when they begin their m igrations.

Thus, it seems desirable to investigate oxygen consum ption and carbon 
dioxide excretion in unfeeding silver eel, as well as to observe losses in its 
body w eight during several m onths. A fter the experim ents the fish were killed 
and dry w eight and ash, lipid and carbohydrate contents w ere determ ined in 
the ir bodies and livers.

2. MATERIAL AND METHODS

Five m ature individuals of silver eel (Anguilla anguilla L.) w ere used for 
investigations. They w ere caught in  lakes near Olsztyn in the au tum n of 1970. 
Their body length was 30 cm, and body w eight — 70-100 g. According to the 
criteria  recom m ended by P i ą t e k  (1970), they w ere recognized to be males. 
A t the beginning of the experim ents, live food (Turbificidae) was adm iniste
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red, bu t since the fish did not eat, no m ore food was given. The experim ents 
lasted for 54 days (January  11 to M arch 5, 1971). D uring this period 85 m easure
m ents of oxygen consumption, 72 m easurem ents of carbon dioxide excretion and 
59 m easurem ents of nitrogen excretion w ere made. The m easurem ents w ere made 
between 11 a.m. and 1 p.m. Each day every fish was m easured for only one param eter.

To check the gas exchange in the night, m easurem ents of oxygen consum p
tion and of both carbon dioxide and nitrogen excretion w ere m ade twice, at 
10 p. m. and a t m idnight.

During the experim ents the fish w ere kept in 10 1 respiration  cham bers 
placed in a therm ostat a t 18±0.1°C (Fig. 1). W ater in the respiration cham ber 
was intensively aerated  and renewed every four days. The fish w ere weighed 
on the first and last day of the experim ent.

Fig. 1. Scheme of the experim ent. 1 — the ja r  w ith fish, 2 — w ater inflow, 3 — 
w ater outflow, 4 — w ater sampling, 5 — therm ostat, 6 — agitator, 7 — heater, 8 — 
dividers, 9 — w ater reservoir, 10 — air  diffuser, 11 — regulator of w ate r level, 
12 — solid p art of stopper, 13 — rim  of jar, 14 — rubber p a rt of stopper, 15 —

stand of respiration  cham bers

M easurem ents of gas exchange (oxygen and carbon dioxide) w ere taken  in 
a flowing w ater respirom eter (Fig. 1) described in detail by F i s c h e r  (1970). 
One ja r  served as control and did not contain any fish. Oxygen, carbon dioxide 
and nitrogen contents in the w ater of the tanks w ith fish w ere com pared w ith  
those of control w ater.

Oxygen consum ption by fish was m easured by determ ination of oxygen 
content in w ater outflowing from  the respiration cham ber, according to W i n k 1 e r ’s 
method modified by J u s t ,  H e r m a n o w i c z  (1964) and C a r r i t ,  C a r p e n 
t e r  (1966). Carbon dioxide content in w ater was determ ined according to the 
V a n  S 1 y k e method modified by R o d i e r  (1960).

Ammonia nitrogen was determ ined according to P r o c h a s k o v a  (1964). 
The rem aining non-protein nitrogen content w as calculated for all the fish 
together by sub tracting  the am m onia nitrogen from  to tal non-protein  n itrogen 
estim ated according to K j e 1 d a h l ’s method. Probably the m ain com ponent 
of the to ta l non-protein  nitrogen is u rea n itrogen ( W o o d  1958, A l t m a n  1961).

A fter the experim ents the fish w ere killed and the ir livers w ere taken  out. 
The bodies and the livers w ere homogenized and then  analysed. The percentual 
w ater content was calculated from  the difference in w eight betw een fresh  and 
homogenate dried to constant w eight a t 60°C. Ash content w as determ ined  byhttp://rcin.org.pl



M etabolism  of A n g u i l la  angu i l la  509

com bustion to constant w eight in a m uffle furnace at 550°C. Total carbohydrate 
content in dry weight of both the bodies and the livers was estim ated by the 
an throm e m ethod ( T r e v e l y a n ,  H a r r i s o n  1952), and lipids — according to 
S t e r n ,  S h a p i r o  (i953).

3. RESULTS

Loss of body weight after 54 days of experiment is presented in 
Table I. It can be seen that the loss of weight in the fish not feeding 
for quite a long time was rather small (mean 3.77°/o) as compared with

Table I. Loss of body w eight afte r 54-days experim ent

Fish
No.

Initial
weight

(g)

Final
weight

(g)

W eight Loss

g o'/Ö

1 72.25 68.70 3.55 4.68
2 105.92 101.04 4.88 4.40
3 66.55 66.05 0.50 0.74
4 82.80 77.60 5.20 5.90
5 86.40 83.60 2.80 3.13

Mean 3.77

the data of V i e w e g e r  (1928 a, b) (about 10°/o). Losses of weight were 
similar in all fish except one, No. 3, which, for unknown reasons, 
showed hardly any loss. If this fish were not taken into consideration 
when calculating the mean value, the mean would increase from 3.77

Table II. Mean values of oxygen consumed and both carbon dioxide and am monia
nitrogen excreted

Fish
No.

Consumption 
(u-l 0 2/h r/ind .± .S E .)

Excretion
p-1 C O j/hr/ind .+S .E . |i.g N—NH3/h r/in d .4  S.E.

1 1939±470 3736Ż404 48.8± 9.1
2 2074±45G 2411±226 27.2± 8.0
3 1370±413 2293Ż302 16.8± 5.7
4 2570±850 3400+544 51.2± 15.8
5 1680+428 2836±355 44.9± 8.2

to 4.03% which is not a significant difference in so few samples. It 
could be supposed that during the experiment some changes in water 
content could have occurred in this fish; it was proved, however, after 
the experiment that the dry weight of this fish was 45%, being similar 
to that of the other fish (45.5—47.1%, Table III).

The mean values of oxygen consumption and carbon dioxide and 
ammonia nitrogen excretion are presented in Table II. Excreted nitro
gen was determined on the basis of measurements made in daytime.http://rcin.org.pl
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The mean oxygen demand of silver eel of the size under study 
was about 1926 [»1 Oo/hr/ind. Mean carbon dioxide excretion was about 
2900 pi C 02/hr/ind. Ammonia nitrogen was excreted in daytime only 
(night experiments gave no results). Mean ammonia nitrogen excretion 
was 37.7 [il N-NH3/hr/ind. Mean remaining non-protein nitrogen was 
24.5 ftg N/hr/ind., and mean total non-protein nitrogen — 62.2 pg N/hr/ind.

The chemical compositions of the bodies and livers of the investi
gated fish are presented in Tables III and IV.

Table III. Chemical composition of silver eel body

Fish
No.

Total wet 
weight after 
killing (g)

Dry weight 
1%)

Lipids 
in dry wt.

(%)

C arbohyd
rates 

i i  dry wt.
(t)

Ash in
dry wt.

tt)

1 68.9 45.5 55.1 0.18 6.4
2 99.1 47.1 49.7 0.18 3.3
3 62.8 45.6 49.9 0.18 63
4 78.7 46.1 44.2 0.19 7.5
5 81.4 46.0 53.2 0.14 7.6

Table IV. Chemical composition of silver eel liver

Fish
No.

Wet
weight

(mg)

Dry
weight

(%)

Percentage of li
ver body weight (",) L ipids (°0) C arbohydrates (°0)

dry wt. wet wt. dry wt. wet wt. dry wt. w et wt.

1 520 25.0 0.43 0.75 17.6 4.4 1.47 0.36
2 940 32.0 0.94 0.95 19.9 6.6 13.8 4.60
3 520 30.8 0.93 0.87 28.4 8.7 6.5 2.00
4 750 37.4 0.74 0.95 26.3 9.7 7.9 2.92
5 870 24.2 0.57 1.07 12.7 3.2 13.6 3.30

The values presented in Table III for chemical composition of the
silver eel body are similar to those given by P i ą t e k  (1970) for this
fish.

The results presented in Table IV point to a relatively small liver 
weight. P i ą t e k  (1970) found that under natural conditions a liver 
of a silver eel amounted to more than 2%, or even more than 4°/o
of wet weight of the whole body, whereas in our experiments tms
value was close to 1% at its maximum. Y a s u o  I n u i ,  Y a s u o  
Oh  s h i m  a (1966) gave values between 0.8 and 1.5%, depending on 
the starvation period (experiments carried out at 28°C). Undoubtedly 
this value is influenced by the duration of the fasting period.

Lipid content in the livers of the investigated fish were similar 
to those recorded by Y a s u o  I n u i ,  Y a s u o  O h s  h i m  a (1966) at 
high temperatures (28°C). They recorded maximum mean values ofhttp://rcin.org.pl
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about 6%, whereas in our experiments the mean value was 6.5°/o. The 
ranges of the results are also similar. Ya s u o l n u i ,  Y a s u o O h s h i m a
(1966) found that the carbohydrate content in the liver decreased as the 
starvation period lasted longer. At the beginning of the experiment 
carried on at 28°C, it amounted to 6°/o and already on the 15th day 
it was lower than l°/u. However, in the experiment carried out at 
12°C, carbohydrate content in the liver was higher (about 3n/o), and 
its decrease, as the starvation period lasted, was slower: it was only 
on the 90th day that carbohydrate content reached 4%. Our experi
ments were carried out at 18JC and probably this was why the carbo
hydrate content in the liver was between 0.3 and 4.6%, i. e. considerably 
lower than that obtained by Y a s u o  I n u i ,  Y a s u o  O h s h i m a  (1966) 
at 28°C, but higher than at 12°C.

4. DISCUSSION

During the experiments, the investigated silver eels were hardly 
active. They did not change their positions for days, and even on nights 
no increase in their activity could be observed. In consequence, their 
metabolism could be considered only as resting metabolism. It is a 
striking example of the influence of laboratory culture, since under 
natural conditions this should have been a period of long and energy- 
-consuming migration to their spawning grounds.

Admittedly, the study of the energy balance of the silver eel was 
not the aim of the present paper, it seems, however, that on the basis 
of the results obtained some suggestions can be made as to eel ener
getics. When dealing with an organism which does not feed or grow 
and excretes only few faeces, the commonly accepted formula of energy 
balance C =  P +  R-\-F+U  (where C — consumption, P — production, R — 
respiration, F — faeces, U — urinary) can be transformed in the following 
way: 0 =  P +  R +  0 +  0, thus P + (  — P) =  0. The situation is similar to that 
occurring in energetic transformations of insect pupae. A detailed ana
lysis of such a system in which negative production is equal lo meta
bolism was given for Tribolium castaneum by K l e k o w s k i  et al.
(1967). According to these authors, during pupation the calorific value 
of an individual decreases at the cost of diminishing lipids, and respi
ration is considerably decreased. Thus, it would seem that it is mainly 
lipids which are oxidized in the respiration process.

On the basis of oxygen consumption measurements and carbon 
dioxide and nitrogen excretion, the calculated RQ coefficient was always 
higher than 1. Perhaps this indicates excessive oxidation of carbohy
drates. Maybe, in silver eel not only fats are directly oxidized, but also 
proteins are transformed into lipids and the latter become oxidized, 
too. Another explanation of the high RQ can be anaerobic respiration.

http://rcin.org.pl
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However, it seems hardly probable in our experiments, as water was 
fully aerated. It can be mentioned in favour of the hypothesis of pro
teins being transformed to lipids, that the alimentary tract of fasting 
silver eels is resorbed.

In our experiments, the silver eels consumed about 1900 gl 0 2/hr/ind. 
on the average, and the mean data for a feeding eel (N i c o i 1960, 
P r e c h t  1961) are about 3000 gl 0 2/hr/ind. An analogy can be drawn 
between oxygen consumption in the silver eel against feeding eel, and 
respiration in pupae against larvae of Tribolium castaneum. Oxygen 
consumption in pupae is considerably lower than in larvae ( K l e k o 
w s k i  et al. 1967), similarly as oxygen consumption in silver eel in our 
experiment is considerably lower than that in naturally feeding eel 
investigated by N i c o l  (1960) and P r e c h t  (1961). B o e t i u s, 
B o e t i u s  (1967) obtained also approximate low values when investi
gating silver eels in the experiments similar to ours. Oxygen consum
ption values of silver eels obtained in the present paper as well as 
by B o e t i u s ,  B o e t i u s  (1967) are surprisingly low. They are about 
three times as low as those obtained for other fish ( P r i v o l n e v  1945, 
I v l e v  1954, F r y  1957, G e r  k i n g  1967, F i s c h e r  1970, 1972 a, b). 
It is possible that the main reason is the reduced activity of the fish, 
however, it should be mentioned that the experiments on grass carp 
by F i s c h e r  (1970, 1972 a, b) were made by the same methods, in 
chambers of the same capacity, and thus grass carp and silver eel had 
the same mobility conditions. Nevertheless, the levels of activity of those 
fish were quite different.

The negative growth of the investigated fish is surprisingly low 
being on the average only 3.7% after 54 days, i. e. only 0.08% per 
day. The possible explanation can be also the small activity of the fish. 
In similar experiments on feeding eels which were starved, V i e w e g e r  
(1928 a, b) obtained 0.14%) daily loss of the initial weight, and Y a s u o  
I n u i ,  Y a s u o  O h s h i m a  (1966) — 0.1%. It can be calculated from 
data of Tables I and III, assuming regular loss of all body components, 
that our silver eels were losing about 70 mg of wet weight per day 
thus about 215 cal per day. The mean oxygen consumption (1900 pi 
0 2/hr/ind., thus 46 ml 0 2/24 hr/ind.) can be converted to 220 cal per 
day. In this way surprisingly similar calorific values resulted. To obtain 
an approximate energetic value of respiration, an oxy-calorific coefficient 
was adopted ( I v l e v  1939, H a r r o w ,  M a z u r  1958), amounting to 
4.84 cal for all the animals. Since RQ value was higher than 1, indirect 
calorimetry was not used. A possible error resulting from the approxi
mation should not affect the results which are anyway only prelimi
nary. According to K a m i  e r  (1972), the possible error is not higher 
than 7%». Similarity of the results in calories of both respiration and

http://rcin.org.pl
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negative growth was obtained when the mean values were taken into 
consideration, whereas for the particular fish they were as in Table V.

Table V. Com parison betw een silver eel resp i
ration  and loss in calorific value of its body

Eish R —P
No. cal/ind./24 hr

1 221 195
2 230 270
3 163 23
4 297 288
5 196 153

It can be seen in Table V that in 4 cases out of 5, respiration is 
approximate to negative growth, whereas in fish No. 3, the smallest 
one, the negative growth was much lesser than respiration. Apparently 
the fish, sampled for experiments at random, were not in the same 
physiological state. While in most of our fish all the body components 
were uniformly oxidized, in fish No. 3 it involved mainly lipids. This 
suggests the possibility of utilizing different body components to satisfy 
the organism’s requirements. Indeed, as it was mentioned, the expe
rimental fish were little active, whereas under natural conditions fish 
at this stage start a long migration to their spawning grounds and 
cover a distance of a dozen or several dozen kilometers per day ( G a- 
j e w s k i  1960). Thus, under natural conditions their energy expendi
ture is considerably higher, possibly even double (more than 400 cal).

On the basis of the measurements of excreted nitrogen (Table II) it 
can be supposed that oxidation of proteins in the respiration process 
of silver eel is but minimal. This is testified by remarkably small 
amounts of the excreted nitrogen, being four times lower than in other 
fish ( S m i t h  1929, I v l e v  1939, B ł a ż k a  1966, F i s c h e r  1972 b). 
Y a s u o  I n u i ,  Y a s u o  O h s h i m a  (1966) had starved feeding eels 
weighing about 100 g. They found that nitrogen excretion after 50 days 
of starvation was about 6 mg/24 hr/ind. It can be calculated that a si
milar fish from our experiments excreted about 0.8 mg of nitrogen per 
day (considering that night excretion had not been observed). Compa
rison of these values clearly suggests an economical protein regime 
in silver eel.

Assuming a double increase of metabolism of migrating silver eels 
as compared with those of our experiments, a silver eel of 80 g should 
use up all its lipid reserves in one year. This time is quite sufficient 
to reach the spawning grounds, assuming ( S z m i d t  1950, G a j e w s k i  
1960) the mean rate of migration to be 30—50 km per 24 hr. Ii seems 
that migration time is a physiological period when a fish may not lose its

http://rcin.org.pl
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energy in the search for food. From an energetic point of view, release 
of the energy accumulated in an organism is more advantageous. The
refore, the regime of a silver eel organism is fully adapted to the 
release of lipid energy. The lack of observable differences between 
day and night activity of silver eel (which are so distinct in feeding 
eel) suggests that the physiology of its organism is strongly directed 
towards uninterrupted migration. Owing to such an adaptation, the 
fish, though not a very fast swimmer, can cover immense distances in 
a relatively short time.

The present paper is a preliminary report. The results are based 
on too small a number of individuals and do not allow to elaborate 
the subject more completely. Further studies will be undertaken in 
the near future.
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5. SUMMARY

M etabolism  of silver eel was studied. Loss of weight after 54 days of the 
experim ent was found to be 3.7% of in itial fish weight. The investigated  fish 
used about 1.9 m l 0 2/hr/ind.

Analyses of chemical composition of both body and liver w ere made. On 
the basis of the results it is supposed th a t the main energetic m ateria l for silver 
eel are lipids, and its whole metabolism is adapted to an econom ical energy 
expenditure due to which silver eel can m igrate long distances to its spawning 
grounds, using fats stored in its organism.

6. STRESZCZENIE

Prowadzono badania nad metabolizmem węgorza schodzącego. B adano sp a
dek ciężaru ciała po 54 dniach doświadczenia, który wynosił 3,7% w stosunku 
do początkowego ciężaru ryb. Badane ryby zużywały około 1,9 ml OVgodzVind.

Przeprowadzono również analizę składu chemicznego ciała i w ątroby  Na 
podstaw ie otrzym anych wyników autorzy w ysuw ają wnioski, że głównym  m a
teriałem  energetycznym  dla węgorza schodzącego są lipidy. Cały zaś m etabolizm 
jest dostosowany do oszczędnej gospodarki energetycznej, dzięki czem u węgorz 
może bez odżyw iania pokonać długą drogę na tarlisko korzystając z nagrom a
dzonego tłuszczu.
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ABSTRACT

The problem  of sex determ ination  in the eel was studied w ith  the use of karyo - 
logical m ethods. In  th is species sex differentiation  is difficult on account of the 
identical m orphology of fem ales and males. In the p resen t investigation  the 
karyotype of the eel w as established. The diploid num ber of chromosom es of 
the eel is 2n =  38, including 36 autosomes and 2 heterochrom osom es. The results 
perm itted  developm ent of karyological m ethod for in vivo sex identification  in 
the eel, th is being of im portance for experim ental studies of the cu ltu re  of this 
fish under n a tu ra l conditions.

1. INTRODUCTION

The subject of study  involves the karyology of the eel and the problem  of
sex d ifferen tia tion  a t the early  and p rem atu ral stages of ontogenesis in this 
species. The p resen t study deals w ith a new m ethod for in vivo sex determ i
nation.

No ex tensive investigations on the karyology of the eel have as yet been 
perform ed. According to the available literatu re , diploidal num ber 2n==38 has 
so fa r been found for th is species (M a k i n o 1951, S i c k  et al. 1962, C h i a r e l l i  
e t al. 1968). The la tte r  paper m entions also a heterom orphic pa ir of chromosom es 
which the au tho rs consider to be heterochromosomes.

As early  as in 1874, in adu lt eels flowing from  lakes and rivers down to the 
sea the so-called “S y r s k i ’s organ” has been detected, to be subsequently  
identified as im m ature testes by S i e b o l d  and F r e u d ,  w ith  the  use of 
histological methods. A ttem pts have been m ade to bring about fu rth e r develop
m ent of th e  gonads by injection of various horm one preparations (B o e t i u s 
et al. 1962, B o e t i u s  1967), and the induction of the com plete m ale sexual 
cycle was thus attained. However, all the above m entioned m ethods rule out 
fu rth e r experim en tation  w ith the  fishes treated , as they have to be sacrified.

Possibly earlies t in vivo sex determ ination in the eel is of g reat im portance 
on the genetic and physiological m echanism s underly ing d ifferen tia tion  in the 
size of fishes flowing down to the sea, as w ell as for studies of th e ir  energy 
balance carried  out a t the D epartm ent of Bioenergetics and B ioproductivity, N encki 
Institu te  of E xperim ental Biology, Polish Academy of Sciences ( J ę d r y c z k o w s k i ,  
F i s c h e r  1973).

This work was supported with the Polish Academy of Sciences within the
project PAN 22. http://rcin.org.pl
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The aims of the present investigation comprised:
1. D eterm ination of the karyotype characteristics of both sexes of the eel. 

The results of th is p art of the study were the  starting  point and control for 
its second p a rt dealing with:

2. D evelopm ent of a method for in vivo sex determ ination.

2. MATERIAL AND METHODS

Eels im ported for culture purposes w ere brought by p lane from  France. 
They were cu ltured  in aquarium s. The fishes studied were 5-30 cm long.

THE KARYOTYPE OF THE EEL

The procedure used in this series of experim ents for obtaining karyological 
preparations involved injection of about 50 pi of a 0.025% solution of colchicine 
into the dorsal m uscles of eels about 2 hr p rio r to sectioning ( M c P h a i l ,  J o n e s  
1966). A fter the fish had been sacrified, gill epithelium  w as removed and cut w ith 
scissors; fragm ents of this tissue were kept in distilled w ater for 3-4  hr to re 
duce cell tu rgor and facilitate preparation of so-called “squashes”. The m aterial 
was then fixed w ith  a 50°/o acetic acid solution during 20 min, w hereupon 
“squashes” w ere prepared by placing the fixed tissue between a glass slide coated 
w ith adhesive and a cover glass, and subsequently com pressing the glasses a t 
a pressure up to 15 kg/cm2 in a press w ith fla t steel jaws. A fter the cover glass 
had been rem oved by dipping in 70% ethanol, the p reparation  was sta ined  w ith 
alkaline fuchsine in phenol solution and d ifferentiated  in 96% ethanol. Finally, 
the preparations w ere m ounted in Canada balsam  ( M a t t h e y  1952, J o r d a n  
1959).

The well spread m etaphases were photographed and karyotypes w ere estab li
shed by arrang ing  the different elements according to s tru c tu re  and size.

IN VIVO SEX DETERMINATION

The second series of experim ents was designed to obtain in vivo m ito
tic divisions, in order to identify the heterochromosomes characteristic of this 
species.

In eels placed on a wet surface, epithelium  from the region of the ta il was 
scrapped off w ith  a sharp scalpel, whereupon the culture of the trea ted  fishes 
in aquarium s was continued. A fter 3-4 days the regenerating epithelium  was 
once more scrapped off from the same place. Thus obtained tissue fragm ents 
w ere trea ted  for 2 hr w ith a 0.4% solution of colchicine on a w atch glass, and 
then w ere transfe rred  to a hypotonic 0.9% solution of sodium citrate for 30 min, 
whereupon preparations were obtained according to the described procedure.

3. RESULTS

On the grounds of the data obtained in both series of experiments 
the karyotype of the eel was established. The karyotypes of both sexes 
of this species obtained in the first series of experiments (after colchi
cine injection) are recorded in Fig. 1. No picture of the karyotype de
termined by the in vivo method is presented, since there are no impor
tant differences in the structure and shape of chromosomes obtained by 
both methods.

The diploid number for the eel is 2n =  38, including 36 autosomes 
and 2 heterochromosomes. Autosomes exhibit marked differentiation in 
size and structure. They comprise 10 pairs of metacentric or subme- 
tacentric chromosomes and 8 pairs of distinctly acrocentric chromosomes.http://rcin.org.pl
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Heterochromosomes show a characteristic structure. Chromosome X 
(Fig. 1 and 2) is metacentric, and its size is similar to that of the 8th 
pair of autosomes. Heterochromosome Y (Fig. 2) is markedly smaller 
than Y; its structure is submetacentric, and the size is intermediate 
between that of the 7th and 8th pair of acrocentric autosomes.

The present results establish the karyotype of the eel; moreover, 
they permit the development of a method for in vivo sex identifica
tion in this species. The latter fact has already been mentioned to be 
of consequence with respect to investigations on the differences in size, 
nutrition, respiration and metabolic energy balance between both sexes 
of the eel. Subsequent studies in this series will be designed to identify 
the different autosomes and the heterochromosome pair by methods 
used in karyosystematics.

Since the present paper was finished new  data on chromosomes of Anguilla  
Tostrata  have been published (O h n o et al. 1973). In view of the fac t th a t the 
sex of the specimens studied here was net established, the nex t paper w ill be 
devoted to a fu rther explanation of the sex determ ination problem.
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