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MUTUAL RELATIONSHIPS OF MICROORGANISMS 
IN IŁAWA LAKES WATERS
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Kortowo 43, Olsztyn, Poland

ABSTRACT

Among 166 investigated cultures of saprophytic bacteria isolated from  w aters of 
Iław a lakes, 79°/o hindered the development of num erous w ater bacteria. Relatively 
the g rea test num ber of antagonists was observed in w inter, and the least in autum n. 
The m ost extensive antagonistic action was observed in spore-form ing bacteria of 
the genus Bacillus; the least num ber of antagonists appeared among bacteria of the 
genera Aeromonas, Alcaligenes, and Micrococcus. The phenom enon of au toan tago
nism w as observed in 9 strains of the genera Pseudom onas, F lavobacterium , M icro
coccus, and Bacillus. 11 strains of the genera Aeromonas, Corynebacterium , M icro
coccus and Bacillus stim ulated the development of various types of bacteria.
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1. INTRODUCTION

Very few  authors have studied the problem of m utual relationships between 
w ater m icroorganism s, and m ost of the existing w orks concern the antibiotic p ro 
perties of Pseudomonas fluorescens. Thus, e.g., L e w i s  (1929) isolated from sea w ater 
a stra in  of Pseudomonas fluorescens which ham pered the developm ent of various 
spore-form ing bacteria and soil fungi in laboratory conditions. W a l l h ä u s s e r  
(1951 a, b) found a strong inhibition of growth of Bacillus terrestris  and Bacillus 
petasites  in  the presence of Pseudomonas fluorescens. L ater it w as proved ( G r a f  
1958) th a t this property  is a fea ture of individual strains. K l i n g e  (1959) reported  
th a t only some strains of Pseudomonas fluorescens do secrete to their environm ents 
an ingred ien t ham pering the developm ent of other microorganism s.

According to R o s e n f e l d  and Z o B e l l  (1947) antibiotic substances are p ro 
duced by various sea bacteria. G r i e n  and M e y e r s  (1958) observed antibiotic 
properties in 50% of actinom ycetes isolated from riv ers’ estuaries a t Florida banks, 
w hile D e m n y  et al. (1961) proved antibiotic properties in 154 out of 1414 strains 
of actinom ycetes isolated from  salt marshes, sea w ater, litto rals and estuaries. K r  a-
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s i l n i k o v a  (1961) investigated  the influence of 326 strains of sea bacteria  isolated 
a t various depths of the Pacific Ocean upon Escherichia coli, Staphylococcus aureus, 
M ycobacterium  lu teum  and Saccharom yces cerevisiae; she found antibiotic p roper
ties in 27 strains only. The highest percentage of antagonistic strains was found 
among the spore-form ing bacteria.

A num ber of strains of fresh -w ater bacteria also reveals an antagonistic in 
fluence upon the developm ent of m icroorganism s ( N i z e g o r o d o v a  1968). Accord
ing to her, about 30°/o out of the 420 cultures of saprophytic bacteria isolated from 
the bottom sedim ents of the D anube delta acted antagonistically against the develop
m ent of Staphylococcus aureus, Escherichia coli, Actinom yces violaceus and Bacillus 
mycoides. The m axim um  am ounts of bacteria secreting the substances which h in 
dered the developm ent of the listed m icroorganism s w ere found in the grey and 
black muds, rich in organic compounds. In another study (F e d j a n i n 1968) it was 
proved th a t among 945 d iffe ren t strains of saprophytic bacteria , isolated from  w ater 
of the Danube draw n at various spots, 97% hindered the developm ent of Pseudomonas 
tum ejaciens, 34% of Escherichia coli, 26% of Staphylococcus aureus and 16% of B a 
cillus carotovorus. The m ost extensive range of the antagonistic influence was ob
served in strains belonging to the genera Pseudom onas, Bacterium  and Bacillus. This 
finding was corroborated by K u t e l e v  (1968) who investigated the antagonistic 
action of 100 strains of bacteria  isolated from w ater and m uds of the reservoirs fed 
from the Danube.

There are very few data as to the stim ulating action of w ater bacteria. The only 
fairly extensive approach can be found in C h o d y  n i e c k i  (1968); he found such 
action in some strains of the Pseudomonas sp. belonging to the Ilnd , I l lrd  and IVth 
groups, in the Vibrio sp. and Aeromonas sp. According to C h o d y n i e c k i, the 
strains of the Flavobacterium  sp. and some of those belonging to the Aeromonas sp., 
were particularly  sensitive to such stim ulation, while neither of the strains belong
ing to the Pseudomonas sp. proved to be sensitive to the stim ulating action of the 
other bacteria. However, the investigation was carried  out on stored strains, and not 
on freshly isolated ones.

Ecologically interesting  are the m utual relationships w ith in  the typical w ater 
m icroflora, and this is w hat the  present paper deals with.

2. M ATERIAL AND METHODS

T h e  i n v e s t i g a t e d  s t r a i n s  o f  b a c t e r i a .  The investigations were 
carried out on various strains of bacteria isolated from  w ater of Iław a lakes in w in
ter (January), spring (April), sum m er (July) and au tum n (October) of 1968 ( N i e 
w o l a k  1970). They w ere identified according w ith B e r g e y  (1957) and the S h e -  
w  an et al. (1960) scheme. All the bacteria w ere cultivated  on broth agar w ith the 
pH 7.2. In general, 166 strains w ere studied, belonging to the genera: Aeromonas (13 
strains), Vibrio (8 strains), Pseudom onas (16 strains), A chrom obacter (2 strains), Al- 
caligenes (5 strains), F lavobacterium  (3 strains), X anthom onas (2 strains), Micrococ
cus (33 strains), Streptococcus (5 strains), Corynobacterium  (7 strains), A rthrobacter 
(1 strain), Bacillus (65 strains), and to the fam ily of E nterobacteriaceae (the genera 
A erobacter and Escherichia — 6 strains).

I n t e r a c t i o n  o f  b a c t e r i a .  The problem  of interaction  of w ater bacteria 
was studied by the Fredericq-L evine method as modified by K jem s and described 
by K l i n g e  (1959). 24 hr b ro th  cultures of the investigated strains w ere inoculated 
by means of a P asteu r p ipe tte  on P e tr i’s p lates 10 cm in diam eter, w ith the agar 
substra te  partly  dried in 45°C, and then the plates w ere incubated during 48 hr in 
a tem perature which was optim al for the given strain . The developed colonies were 
subsequently killed by 60 min exposition to the chloroform  vapour, the p lates were 
ventilated in a sterile container for 30 min, and finally  poured w ith 3 ml of 0.7% 
broth  agar contam inated w ith 0.001 m l of the 24 h r broth culture of the test strain 
of bacteria. The results w ere checked afte r 24 hr of incubation in the optim al tem 
perature. If the action was antagonistic, areas of inhibition of the grow th of test 
bacteria strains could be seen around the killed colonies: the bread ths of these areas 
w ere m easured in m ilim eters from  the colonies’ edges. A stim ulating action was 
revealed by an area of stronger growth of bacteria around the killed colony.
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3. RESULTS

The investigations concerning the relationships among the w ater 
microflora were carried out separately for each of the 4 groups of bac
teria strains isolated in the four sampling term s. The results are pre
sented in Tables I-1V.

Among 35 strains of various bacteria isolated in w in ter (Table I), 32 
strains, or over 94%, revealed an antagonistic action. The num ber of 
sensitive strains was not much lesser, as it was 91.4%. The greatest 
range of antagonistic action was found in strains of the genus Bacillus. 
Some of them, e.g. Bacillus sp. No. 389 and Bacillus pumilus  No. 391 in
hibited about 45% of all bacteria tested in this group. Similar or not 
much lesser extents of antagonistic im pact w ere revealed by Micrococcus 
sp. No. 371, Micrococcus ureae No. 385 and stra in  No. 363 of the  Entero- 
bacteriaceae family. Extents of the inhibition areas varied depending on 
the intensity  of a stra in ’s bactericidal influence. The most active were 
No. 363 strain  of the Enterobacteriaceae family, and the species Bacil
lus pumilus  No. 383. On the other hand, Micrococcus candidus No. 381, 
Micrococcus varians No. 398 and Streptococcus salivarius No. 388 proved 
to be inactive. In general, the ranges of antagonistic influence, and the 
bactericidal action m easured by the extents of the grow th inhibition 
areas, tended to be ra ther weak among the Coccaceae, as well as in the 
Corynebacterium -A rthrobacter group. Corynebacterium sp. No. 410 and 
Bacillus sp. No. 389 proved to be wholly imm une to the influence of the 
investigated bacteria. The phenomenon of autoantagonism  was observed 
in Bacillus sp. No. 396. Stim ulation was observed in six cases only. Thus, 
Micrococcus ureae No. 385 stim ulated the developm ent of Micrococcus sp. 
No. 371; Corynebacterium rathaiji No. 374 stim ulated the developm ent of 
C. humiferum  No. 364; Bacillus sp. No. 368 and 376 stim ulated the de
velopm ent of stra in  No. 363 of the Enterobacteriaceae family, and of the 
species Corynebacterium humiferum  No. 364.

In the second group of w ater bacteria (47 strains) isolated early in 
spring (Table II) just after the receding of ice, an antagonistic action was 
revealed by 83% of the strains. All of them  w ere sensitive to one or more 
species of bacteria. The greatest range of antagonistic action was observed 
in the following strains: Vibrio sp. No. 526, Bacillus subtilis No. 489 and 
518, Bacillus cereus No. 509 and Bacillus sp. No. 545. They inhibited 40 
to 55% of all the bacteria used as test m icroorganisms. At the same time, 
these strains revealed the most intensive bactericidal influence. In their 
presence, the areas of inhibition of the grow th of some strains w ere as 
large as 15 or 20 mm. On the other hand, com pletely inactive were Vibrio 
sp. No. 530, Alcaligenes sp. No. 492 and a few strains of the genus Bacil
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lus. Autoantagonism  was observed in three cases, and stim ulating pro
perties were revealed only by Bacillus coagulans No. 490 w ith respect to 
Vibrio sp. No. 530.

Out of 44 strains of bacteria isolated in sum m er (Table III) antagonistic 
influence was observed in 84%, sim ilarly as in spring. The most active, 
both as to the range and intensity of their antagonistic impact, proved to 
be Aeromonas sp. No. 731, Pseudomonas sp. group IV No. 761, and Bacil
lus polym yxa  No. 753. They inhibited from 41 to 52°/o of all the investi
gated strains of bacteria, and the inhibition areas produced by them  
reached sometimes a few scores of m ilim eters. Highly active w ere also 
Aeromonas sp. No. 759, Bacillus macerans No. 703 and Bacillus sp. No. 
715. Inactive strains w ere observed among the genera Aeromonas, Flavo- 
bacterium , Micrococcus and Bacillus. The phenom enon of autoantagonism  
was observed only in the single case of Pseudomonas sp. group IV No. 
761, and stim ulating action — in four cases: Aeromonas sp. 737 and 739, 
and Micrococcus sp. No. 735 stim ulated the developm ent of Flavobacter- 
ium  sp. No. 711, and Aeromonas sp. No. 759 favoured the growth of Vibrio 
sp. No. 708. The few species im m une from the influence of the products 
of m etabolism  of other bacteria belonged to the genera Aeromonas, Mi
crococcus and Bacillus.

Among 40 strains isolated in au tum n (Table IV) 60°/o revealed an ta 
gonistic action. Particu larly  large range of such action was characteristic 
of Micrococcus sp. No. 855, Bacillus sp. No. 841, and Bacillus f irmus  No. 
845. They inhibited as m any as 40°/o of all the bacteria isolated at this 
term . At the same tim e these strains revealed intensive bactericidal im
pact expressed by the relatively largest grow th inhibition areas observed 
in this group of strains. However, m any species proved to be inactive, as 
e.g. Pseudomonas sp. I group No. 825, strains of the genus Alcaligenes, 
and a num ber of strains of the genera Micrococcus and Bacillus. A large 
part of the autum n sample, or as m any as 20% of the strains, w ere also 
insensitive to the products of m etabolism  of other bacteria. A utoantago
nism appeared in 5 cases, most rem arkably  in Bacillus circulans No. 850. 
Among the bacteria isolated in au tum n no stim ulant strains w ere ob
served.

In various strains of the same species of bacteria, both the bactericidal 
and bacteriostatic influence was often observed. They also differed in 
sensitivity. Strains No. 546 and 554 of Bacillus pumilus  are a rem arkable 
exam ple of this phenomenon. Both strains inhibited different species or 
stra ins of bacteria. Besides, Bacillus pumilus  No. 546 was m uch more 
active than  No. 554. The same can be said about the strains of Bacillus 
macerans No. 702 and 703, and about m any other ones, belonging to 
several system atic groups of bacteria and isolated in different seasons. In
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Table I. Zones of growth inhibition (mm) of bacteria strains isolated in winter (January 1968)
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Table II. Zones of growth inhibition (mm) of bacteria strains isolated in spring (April 1968)
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Table III. Zones of growth inhibition (mm) of bacteria strains isolated in summer (July 1968)
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Table IV. Zones of growth inhibition (mm) of bacteria strains isolated in autumn (October 1968)
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Mutual relationships of microorganisms in waters 269

Fig. 1. A reas of grow th inhibition of Corynebacterium  sp. No. 513 under the influence 
of Bacillus subtilis  No. 489, Bacillus cereus No. 509, Bacillus sp. No. 538, Pseudom o

nas sp. II group No. 544, Bacillus pum ilus  No. 552, Bacillus pum ilus No. 554

Fig. 2. A reas of grow th  inhibition of Micrococcus varians No. 539 under the influence 
of Bacillus subtilis  No. 489, Bacillus subtilis  No. 518, Vibrio sp. No. 526, Bacillus sp. 

No. 536, Bacillus sp. No. 538, Bacillus sp. No. 545
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270 S. Niewolak and I. Zmysłowska

Fig. 3. Areas of grow th inhibition of Bacillus subtilis No. 706 under the influence of 
Bacillus macerans No. 703, Aeromonas sp. No. 731, Bacillus po lym yxa  No. 753, Pseudo
monas sp. IV group No. 761; Bacillus sp. No. 715 and Aeromonas sp. No. 759 — inactive

Fig 4. Areas of grow th inhibition of Aeromonas sp. No. 733 under the  influence of 
Bacillus macerans No. 703, Bacillus cerus No. 707, Aeromonas sp. No. 731, P seudo
monas sp. IV group No. 761; Vibrio sp. No. 708 and Bacillus sp. No. 715 — inactive
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Mutual relationships of microorganisms in waters 271

m any cases also the sensitivity of various strains of the same species of 
bacteria to the products of m etabolism  of other microorganisms was 
found to be different.

The antagonistic properties of bacteria are docum ented in Fig. 1-4; 
they present the areas of grow th inhibition of Corynebacterium sp. No. 
513, Micrococcus varians No. 539, Bacillus subtilis No. 706 and Aeromonas 
sp. No. 733 under the influence of a num ber of w ater bacteria isolated 
in spring and sum m er 1968.

4. DISCUSSION

In natural w ater reservoirs microorganisms constitute a complex bio- 
cenosis in which the several types of bacteria, fungi and other micro
organisms rem ain in definite m utual relationships. There can be various 
types of interaction, but in w ater reservoirs they are essentially reduced 
to those of parasitism , metabiosis and antagonism. The la tte r  pheno
m enon in bacteria has been known for almost 100 years, but it was only 
the practical application of the antibiotics which turned  the attention of 
ecologists to this problem.

From  the biological point of view, the most im portant are the results 
of antibiotic influences in w ater reservoirs. The present author has found 
a very  frequent occurrence of this property  among the m icroflora of Iła
wa lakes. The antagonists were the most num erous in w in ter (94%), and 
the least num erous in autum n (60%). The broadest range of antagonistic 
action was generally typical for the spore-form ing bacteria of the genus 
Bacillus, which sometimes inhibited as m any as 30 to 55% of all the 
strains of w ater bacteria isolated in the given season. Sim ilar results were 
also obtained by F e d j a n i n  (1968) who investigated antagonistic action 
of bacteria isolated from  the Danube w ater towards the phytopathogenic 
microorganisms. However, in opposition to the results of researches by 
K r a s i l n i k o v a  (1961), N i z e g o r o d o v a  (1968) or others, the an ta
gonistic properties w ere quite w idespread among the microflora of the 
Iława lakes. Besides the spore-form ing bacteria, antagonistic strains 
occurred in the other system atic groups of G ram -negative rods and cocci, 
while their ranges of influence and its intensities m easured by the extent 
of the areas of the grow th inhibition of the test organisms were different. 
Relatively the least num ber of active strains was observed among the 
bacteria of the genera Aeromonas, Alcaligenes and Micrococcus. Strains 
of the  genus Pseudomonas isolated from w ater of Iława lakes, in oppo
sition to the data of F e d j a n i n  (1968) and C h o d y n i e c k i  (1968) 
revealed a ra ther small range of antagonistic action. Their activity  was 
also relatively weak; the  areas of grow th inhibition of the test organisms
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did not exceed 10 mm. Only one strain, No. 544, of the genus Pseudo
monas revealed a more extensive range of antagonistic influence, bu t its 
intensity  was low. Among the seven investigated strains of the  genus 
Vibrio, only one proved to be inactive. W ithin this genus, two strains 
were even found to have wide ranges of antagonistic influence and high 
intensities of their products of metabolism. However, C h o d y n i e c k i  
(1968) did not observe any antagonistic influence of m useum  strains of 
bacteria belonging to the genus Vibrio upon w ater microorganisms. P ro 
bably the capacity to produce antibiotic substances by m icroorganism s is, 
as G r a f  (1958) m aintains, a property  of individual strains, perhaps de
pendent upon their environm ental conditions. The same can be said 
about the sensitivity of bacteria to the products of m etabolism  of m icro
organisms.

An antagonistic strain  can often be in its tu rn  inhibited by another 
antagonistic microorganism. This type of phenomenon was observed m any 
tim es in the present research, and the most rem arkable example was Ba
cillus subtilis  No. 489. In laboratory conditions it inhibited the grow th of 
a num ber of species of w ater bacteria, and it was itself inhibited by some 
strains of the genera Vibrio, Pseudomonas and Bacillus. Besides, some 
m icroorganisms which produce antibiotic substances in a laboratory can 
fail to do so in their natu ral w ater environm ents. E.g., K r a s i l n i k o -  
v a (1961) found a distinct influence of the type of a substrate  on the an ti
biotic activity of several strains of bacteria. According to her, bacteria 
cultivated on proteins are the most active. In synthetic environm ents most 
of the strains investigated by her revealed fair growth but their an ti
biotic properties w ere w eaker or lacking.

According to C h o d y n i e c k i  (1968), the pH of the environm ent is 
another im portant factor determ ining the antibiotic activity of bacteria.

Some species or strains of bacteria which inhibited the grow th of 
other microorganisms, produced autoantagonistic substances, inhibiting 
their own growth and m ultiplication (W o o d 1965). Such bacteria w ere 
observed a few tim es during the present investigations, bu t the ir activity  
was ra ther small. The two exceptions were Pseudomonas sp. group IV 
No. 761 and Bacillus circulans No. 850 which inhibited rem arkably  the 
developm ent of the  cells of their sibling strains. It cannot be excluded 
tha t in specific environm ental conditions antibiotic substances can change 
into stim ulating ones; this is m aintained by W a l l h ä u s s e r  (1951a). 
Anyway, some m icroorganisms do secrete stim ulating products of their 
m etabolism  into their environm ents, as e.g. Micrococcus ureae No. 385, 
Corynebacterium rathaiji No. 374, and some others isolated from  w ater 
of the  Iława lakes.

Thus the effects of the antibiotic influences in the investigated reser
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voirs, very  in teresting for an ecologist, are determ ined jointly  by m any 
factors, among which an im portant role is played by the w ater environ
m ent conceived according w ith  the following suggestion by G e s s n e r  
(1955): “ W ater will be no longer considered as the source of food supply 
only, bu t as the space of active interaction as w ell” ; its influence will be 
eventually  explained by fu rther investigations. Probably no far-reaching 
effects of antibiotics should be expected in natu ral reservoirs. More likely 
are local influences, apparent for exam ple in the detritus, on algae or on 
other fixed particles of organic m atter in w ater, w here the most diverse 
species of bacteria survive in closed vicinity.
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5. SUMMARY

The investigations w ere carried out separately for each of the four groups of 
strains of bacteria isolated in January , April, Ju ly  and October 1968. In total, 166 
strains of bacteria w ere investigated belonging to the genera Aeromonas, Vibrio, 
Pseudom onas, A chrom obacter, Alcaligenes, F lavobacterium , X anthom onas, M icro
coccus, Streptococcus, C orynebacterium , A rthrobacter and Bacillus, and to the 
fam ily Enterobacteriaceae. The greatest proportion of antagonistic strains was ob
served in w in ter (94°/o), and the sm allest one in autum n (60%>). The w idest range 
of antagonistic action was in general characteristic of the spore-form ing bacteria of 
the genus Bacillus, which inhibited som etim es as much as 30 to 55°/o of all the w ater 
bacteria isolated in the given sam pling season. The least num ber of antagonistic 
strains w as observed among the genera Aeromonas, A lcaligenes and Micrococcus. 
Some strains produced autoantagonistic substances, bu t w ith the few  exceptions 
(Pseudomonas sp. group IV No. 761 and Bacillus circulans No. 850) the intensity  of 
their influence was small. Som ew hat m ore than  6% of the investigated strains se
creted to the environm ent products of m etabolism  stim ulating the grow th of some 
w ater bacteria.

6. STRESZCZENIE

Badania prowadzono oddzielnie na czterech grupach szczepów bakterii, izolowa
nych w  styczniu, kw ietniu, lipcu i październiku 1968 r. Ogółem przebadano 166 szcze
pów bakterii z rodzajów  Aeromonas, Vibrio, Pseudomonas, Achrom obacter, A lcali
genes, Flavobacterium , X anthom onas, Micrococcus, Streptococcus, Corynebacterium , 
A rthrobacter i Bacillus oraz z rodziny Enterobacteriaceae. Stw ierdzono największe 
w ystępow anie szczepów antagonistycznych zimą — 94%, najm niej zaś w jesieni — 
60%. Najszerszym  zasięgiem działania antagonistycznego charakteryzow ały się z re 
guły bak terie  przetrw aln iku jące z rodzaju Bacillus, które ham ow ały do 30—55% 
ogółu w yodrębnionych w  danym  okresie bak terii wodnych. N ajm niej antagonistycz
nych szczepów w ystępowało w śród bak terii z rodzaju Aeromonas, Alcaligenes i Mi- 
crococcus. N iektóre szczepy bakterii w ytw arzały substancje o w łasnościach autoan- 
tagonistycznych, jednakże poza nielicznymi w yjątkam i (Pseudomonas sp. IV gr. 
n r 761 i Bacillus circulans n r 850) aktywność ich była niewielka. Nieco ponad 6% 
badanych szczepów uw alniało do środowiska m etabolity o własnościach stym ulu
jących rozwój niektórych bak terii wodnych.
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ABSTRACT

The paper discusses 4 types of m acrofauna com m unities connected w ith various 
substra ta  accessible for colonization in shallow  lake littoral. The tips of last y ea r’s 
reeds, broken under the w ater surface, are a new  not described before habitat. They 
are colonized by a rich and alm ost monospecific com m unity of Chironomidae larvae. 
Only three Chironom idae species are common for all the four communities.
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1. INTRODUCTION

In litera tu re  dealing w ith fauna of lake litto ral the m ajority  of papers discuss 
only one of its components — benthos ( R z ó s k a  1936, R o m a n i s z y n  1954, A n 
d e r s o n  and H o o p e r  1956, N o c e n t i n i  1963), periphyton ( D u p l a k o v  1933, 
M e s c h k a t  1934, M e u c h e  1939, P i e c z y ń s k a  1964), littoral m acrofauna 
( S z c z e p a ń s k a  1958, G i z i ń s k i 1958, G u r z ę d a  1959, S t a ń c z y k o w s k a  1960, 
W o l n o m i e j s k i  and D u n a j s k a  1966), or fauna colonizing stones (D u s o g e 
1966). Several papers refer only to one system atic group, e.g. to the dom inating in 
litto ral Chironom idae larvae ( R o m a n i s z y n  1950, K a f t a n n i k o v a  1967).

In littoral there are several d ifferent substra ta  such as, e.g., bottom sediments, 
stones, subm erged parts of m acrophytes and so on. Specific and typical com m unities 
are formed for each of the substrata. Interdependences betw een these com munities 
have been observed on the simple exam ple, i.e. in conditions w here only two kinds 
of substra ta  accessible for colonization have been present — bottom  sedim ents and 
monospecific com m unity of m acrophytes.

5. Sum m ary
6. Streszczenie
7. References

* Present address: D epartm ent of Bioenergetics and Bioproductivity, Nencki In 
stitu te  of Experim ental Biology, P asteura 3, W arsaw, Poland.
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2. TERRAIN DESCRIPTION AND METHODS

Investigations have been carried  out on a chosen section of litto ral in the NW 
p art of M ikołajskie Lake (M asurian Lakeland). It is an eutrophic lake, of a surface 
area 470 ha, m axim al depth 27.8 m, and the length of shore line 14,400 m. Limno- 
logical characteristic of M ikołajskie Lake is given by S z c z e p a ń s k i  (1958) and P a- 
s c h a l s k i  (1960).

The littoral in the em ergent vegetation zone of the investigated p art was over
grown by a reed-belt (Phragm ites com m unis Trin.) 30 m wide; the bottom  was sandy 
and slimy, and the w ater depth 0.60 m. According to the classification of B e r n a 
t o w i c z  and Z a c h w i e j a  (1966) this type of litto ra l is a sm all lake phytolittoral.

Samples of benthos and p lan t m acrofauna were taken every 5 days from  5 July 
till 9 Septem ber 1967. Benthos samples w ere taken using the tubu lar sam pler of La- 
stoćkin and Ulomskij (U 1 o m s k i j 1952) type, of a surface 10 cm2. Each tim e a 
series of 10 samples was taken. The sam ples w ere rinsed on a sieve of a m esh size
0.2 X 0.2 mm and macroscopically sorted out.

Sam ples of p lan t fauna w ere taken  by cutting the reed ju st near the botom w ith 
the help of an apparatus ( K a j a k  unpublished), w hich consisted of a plexiglass tube 
w ith a movable blade a t the end, which afte r cutting the reed tightly  closed the open
ing, thus avoiding losses of fauna when pulling the reed out of w ater. The reed su r
face was m easured afte r separating  the periphyton. Then the samples w ere m acro
scopically sorted out.

The total of 548 samples w as taken, and in th a t 248 benthos sam ples and 300 
samples of fauna colonizing the reed. The fauna on reeds has been divided into three 
distinctly differing com m unities:

1. Com munity colonizing the outside surface of young reed (this y ea r’s),
2. Com munity colonizing the outside surface of old reed (last year’s). Samples 

were taken from  10 August,
3. Com m unity colonizing the in terio r of reed stalks. Sam ples w ere taken from 

10 August.
The nam e “reed sta lks” is used for the tips of old reed broken under the w ater

Fig. 1. The stalk  in the oblong section. 1 — co
lonizing fauna, 2 — detritus, 3 — the p a rt filled 

w ith w ater
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surface. Up to the first node they are filled w ith w ater and abundant w ith fauna, 
m ainiy Chironom idae larvae.

The cross-sectional areas of a broken reed tips has been assum ed as a surface of 
substra tum  for the fauna of reed stalks. This is the area through w hich the organism s 
have a contact w ith the outside environm ent, and obtain the oxygen and food (analo- 
gicaly the num ber of e.g. benthic anim als is rela ted  to 1 m2 of bottom). The way of 
d istribution  of anim als w ithin the reed stalk  (Fig. 1) is also in favour of this method 
of calculation.

Num bers of fauna were calculated per a surface un it of a colonized substratum  
(i.e. benthos — per 1 m2 of bottom sedim ents, fauna colonizing the outside surface of 
reed — per 1 m2 of submerged p art of reed shoot, fauna colonizing the interior of 
reed stalks — per 1 m 2 of the cross-sectional area of reed) and per the surface unit 
of littoral. N um ber of fauna colonizing the reed per a un it of surface of the litto ral 
was calculated considering the density of fauna per surface un it of the substratum  
and the area of this substratum  per 1 m 2 of littoral.

On the basis of m easurem ents of reed and the ir num bers per 1 m 2, the area of 
substra ta  accessible for colonization on 1 m2 of litto ra l a t a depth 0.60 m was estim at
ed on the average as:

young reed — 0.72 m2,
old reed — 0.18 m2,
reed stalks — 0.0005 m2.

For bottom sedim ents the value 1.00 m2 has been accepted, excluding the su r
face covered by reed stalks growing there, which wras ca 0.003 m2.

3. RESULTS

Q U A N TIT A TIV E A N D  Q U A L IT A TIV E  CO M PARISO N  
OF THE A N IM A L  COM M UNITIES

In all comm unities of the litto ral fauna the most num erous are the 
Chironomidae larvae, which are 50% (in bottom sediments) to 95% (in 
reed stalks) of the total num ber of organisms. Oligochaeta in benthos 
are placed second according to num ber, and in fauna on reed — Trichop- 
tera  (Table I).

The communities of fauna colonizing various substra ta  differed also in 
the ir composition. Bryozoa, Spongiae, Hydrozoa and Gyrynidae occurred 
only in comm unities on reed, w hereas broods of Chironomidae and co
coons of leeches were found only on young reed.

Oligochaeta occurred on young reed and in bottom  sediments, how
ever, on both substrata  they  w ere represented by various forms — on 
reed Naididae, m ainly Stylaria lacustris L. and Nais sp. w ere found, in 
bottom  sedim ents — Tubificidae: Ilyodrillus hammoniensis Mich, and T u 
bifex  barbatus Grube. The total participation of Oligochaeta in benthic 
fauna was high — 30% of the total num bers of fauna, bu t in the com
m unity  of fauna on reed — only 4%. Oligochaeta did not occur on old 
reed and in reed stalks.

Also observed were differentiations in the occurrence of Mollusca on 
various substrata, but these w ere not so distinct as of Oligochaeta. In 
bottom  sedim ents Mollusca w ere first of all represented by Dreisena 
polymorpha Pall., and on reed by Theodoxus fluviatilis  L. D. polymorpha
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Table I. The participation  of various anim al groups in com m unities of litto ra l m acro
fauna (percentage of the to tal num ber of fauna of the given community)

Com m unity

Group Fauna of Fauna of Fauna ofBenthos young reed old reed reed stalks ;

Chironomidae 50 62 81 95
Oligochaeta 30 4 — —
Mollusca 5 4 4 +
H irudinea 4 2 1 +
Donacia sp. 3 — — —
Nematoda 1 + -f- +
Asellus aquaticus L. 1 1 4~ —
Trichoptera + 10 9 -L
Heleidae + 1 -4* —
Bryozoa — 4 - + —
G yrynidae (larvae) — 4 + 1
Elmidae -p + +
E phem eroptera + + —
Odonata + + — —
Turbellaria 2 + + —
Hydrozoa — + — —
Spongiae — 4* + —
Others 2 8 2 2

H le ss  th an  1%
  n o t fou nd

was also found on young reed, but in sm aller quantities than  in benthos, 
and in m ajority of instances these w ere young individuals.

The only representan t of a typical benthic fauna, not found in any 
other community, w ere larvae and pupae of Donacia sp.

The fauna colonizing old reed differed from the fauna of young reed 
in composition, and especially by qualitative relations betw een p a rti
cular components — e.g. Oligochaeta, Odonata, Dreisena polymorpha  did 
not occur on old reed, and H irudinea, Trichoptera and Turbellaria occurr
ed in sm aller num bers on old reed than  on the young.

The quantitative participation of respective comm unities in the to tal 
num ber of littoral fauna is illustrated  by referring their num ber to the 
surface unit of littoral. Such comparison shows th a t benthos is the most 
num erous community:

benthos 9000 ind./m 2,
fauna of young reed 1000 ind./'m3,
fauna of old reed 600 ind./m 2,
fauna of reed stalks 330 ind./m 2.

W ith reference to 1 m 2 of colonized substratum  the quan tita tive  re la 
tions are unlike the previous ones, the most num erous com m unity is the 
fauna of reed stalks:
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benthos 9000 ind.,
fauna of young reed 1400 ind.,
fauna of old reed 3300 ind.,
fauna of reed stalks 330,000 ind.

The tim e changes in num ber of a benthic com m unity and of a com 
m unity  of fauna of young reed are sim ilar — in both these communities 
in the m iddle of Ju ly  and at the beginning of Septem ber the num bers of 
fauna decreased (Fig. 2). An increase in num ber was observed in the 
communities of fauna of old reed and of reed stalks near the end of Au 
gust.

Fig. 2. Num ber of individuals per 1 m 2 of litto ral surface in various com munities of 
littoral fauna. 1 — benthos, 2 — fauna colonizing young reed, 3 — fauna colonizing 

old reed, 4 — fauna colonizing the in terior of reed stalks

COM M UNITY COLONIZING THE INTERIO R OF REED ST A L K S

Fauna colonizing a reed stalk  concentrated at the top of it and is 
3-4 cm deep. Above the node there  is a detritus layer, 1-3 cm thick 
(Fig. 1), in which Diatomeae, Cyanophyta, Chlorophyta, rem ains of plants
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tissue, pine pollen, sand grains, Cladocera crusts and exuviae, dead in
dividuals and faeces of Chironomidae were distinguished.

Larvae of Chironomidae w ere 95°/o of the total num ber of individuals 
of the  fauna of reed stalks, and apart from them  the following occurred: 
Mollusca, Hirudinea, Nematoda, Trichoptera and Gyrinidae (larvae).

It should be assumed that a reed stalk is only the site, and not the  
source of food for Chironomidae colonizing it, as the dom inant species 
there Glyptotendipes glaucus Mg. is a typical filtra to r ( K a l u g i n a  1960, 
1963). Also the presence of the cones of salivary secretion, the  position 
of individuals inside the stalk (Fig. 1), and no traces of biting on the 
stalks prove the filtration  character of feeding of Chironomidae in stalks.

More than  half of the Chironomidae larvae occurring in stalk are the 
larvae of the IV stage (7 to 17 mm long) w hile in the rem aining com
m unities dom inate the larvae 3~6 mm long. The pupae of Chironomidae 
w ere much more frequently  found in stalks than  in other environm ents, 
and they were 8%  of the total num ber of Chironomidae, while in benthos 
only 2.5°/o.

CO M PARISO N OF THE SP E C IE S COM POSITIO N OF CH IRO NO M IDAE  
IN  THE D IS T IN G U ISH E D  C O M M UNITIES

The most num erous species in the investigated com m unities of the 
litto ral fauna is Glyptotendipes glaucus Mg., w hich am ounts from  40%) 
(in fauna on reed) to 90%) (in fauna of reed stalk) on the average of the 
to tal num ber of Chironomidae. The second species also abundantly  
occurring in litto ral is Cricotopus silvestris F. This species was the most 
num erous on young reed, w here in Ju ly  and at the beginning of August, 
the num ber of it was definitely greater than  th a t of G. glaucus. In A u
gust and Septem ber the num bers of C. silvestris decreased considerably 
(Fig. 3).

G. glaucus and C. silvestris occurred num erously in all investigated 
com m unities as their regular components. The th ird  species found on all 
substrata  is Tendipedini macrophtalma  Tshern. This species occurs in 
small am ounts in benthos and on young reed, but its num ber is quite 
considerable in reed stalks and on old reed (Fig. 3).

The following species should be added to the list of Chironomidae 
species common for benthos and fauna colonizing the outside surface of 
reeds: Tanytarsus lauterborni Kieff., Cryptochironovius pararostratus 
Lenz, Endochironomus tendens  F., Pseudochironomus prasinatus  Mall., 
Pentapedilum exsectum  Kieff. and Corynoneura sp.

Some of these species, apart from the fact of the ir occurrence on 
several substrata, definitely prefer one of them  — e.g. C. pararostratus is 
most num erous on young reed, and P. prasinatus in bottom  sedim ents.
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Fig. 3. Percentage participation of dom inant species in com m unities of Chironom idae 
larvae colonizing various substra ta  in shallow lake littoral. 1 — G lyptotendipes glau- 
cus Mg., 2 — Cricotopus silvestris  F., 3 — Pseudochironomus prasinatus Mall., 4 — 
Cryptochironom us defectus  Kieff., 5 — Tanytarsus lauterboni Kieff., 6 — Endochiro- 
nom us tendens  F., 7 — Tendipedini m acrophtalm a  Tshern., 8 — other species. A — 
bottom  sediments, B — young reed, C — old reed, D — the in teriors of reed stalks
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Tanytarsus mancus  v. der Vulp. and Cryptochironomus defectus  Kieff., 
which are very num erous in bottom  sediments, and only rarely  are found 
in other substrata, should be recognized as typical benthic species. The 
following species occurring only in bottom  sediments: Ablabesmyia lenti- 
ginosa Freis., Microtendipes chloris Mg., Tendipes plumosus  L., Allochi- 
ronomus Kieff., Procladius Skuse appear sporadically in shallow litto ral 
but are not typical for this lake zone.

Eukiefferiella bicolor Zett., Endochironomus tendens  F. and Cricoto- 
pus algarum Kieff. are recognized as typical epiphytic species. On young 
reed the num ber of Chironomidae species was greater than  on the old 
reed. The following species occur on young but not on old reed: Crypto
chironomus defectus  Kieff., Tanytarsus lobatifrons Kieff., Eukiefferiella  
bicolor Zett., Polypedilum breviantennatum  Tshern., Microspectra prae
cox Mg. and Clinotanypus Kieff. However, Stenochironomus gibbus 
Fabr. and Polypedilum convictum  Walk, were only found on old reed. 
The fauna of reed stalks is very poor in Chironomidae species, its m a
jority  consists of anim als num erously represented in all comm unities of 
littoral fauna — Glyptotendipes glaucus Mg., Cricotopus silvestris F. and 
Tendipedini macrophtalma  Tshern. (Fig. 3).

4. DISCUSSION

In litera tu re  there  has not been anything till now on the utilization of 
the interior of reed stalks as a habitat of littoral m acrofauna. C e r n o v -  
s k i j (1949) describes instances of the occurrence of Chironomidae larvae 
from the genera G lyptotendipes, Stenochironomus and Endochironomus 
in the dead stem s of Scirpus. K a l u g i n a  (1960) describes the instances 
of mining the dead parts of m acrophytes (among others also of reed) by 
Glyptotendipes glaucus. However, both these instances concern mining in 
the plant tissues, while the  process of mass colonization of the  substra
tum  (the interior of reed stalks) described in this paper is a qualitatively  
different phenomenon than  colonization by mining.

The Chironomidae cones of salivary secretion are close one to another 
and sometimes even join together in the reed stalks, although K a 1 u g i- 
n a (1959) showed that the m inim al distance betw een the cones of young 
larvae of Glyptotendipes glaucus is approxim ately the length of larva. 
Great density of anim als in reed stalks m ay be the result of the  way the 
larvae get inside: in the second half of August great am ounts of broods 
of G. glaucus w ere observed on reed just under the w ater surface, then 
the num ber of early larval stages of this species increased in the fauna 
on reed, as result of colonizing by young larvae the substra tum  to which 
the broods were attached. Only slightly bigger larvae (3-4 mm long)
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actively or passively get into w ater. P a rt of the larvae, together w ith 
detritus gets inside the reed stalks, w here they build their cones of 
salivary secretion. Only growing larvae fill the entire bore of the stalk.

G reat num ber of Chironomidae and great participation of larvae of 
the IV stage and pupae in reed stalks m ay prove the inaccessibility of this 
habitat for predators, e.g. fish. And so, reed stalks may play in the lake 
the part of specific “reserve” of larvae of Chironomidae for new genera
tions, despite e.g. greater pressure of predators in the lake.

The investigations showed a great differentiation of the density of 
littoral m acrofauna on various substrata, and thus a d ifferent extent of 
utilization of substratum  accessible for colonization. The surface is u ti
lized the best in reed stalks, and the least — on young reed. However, 
w ith the reference to the entire  littoral the num bers of a given com
m unity are not determ ined by the colonization density , but by the area 
of substrate  accessible for colonization. In the investigated section of 
littoral the largest area accessible for the colonization is tha t of bottom 
sediments, and therefore the benthos num ber is the highest (9000 ind./m 2 
of littoral). The fauna of reed stalks, despite its great density (330,000 
ind./m 2 of substrate  area) is hardly 3%  of the total num ber of littoral 
m acrofauna. This is a result of a small num ber of reed stalks per 1 m 2 of 
litto ral (about 15).

The differences betw een comm unities of fauna of young and old reed, 
showed during the investigations, may be due to the different degree of 
periphyton developm ent on both these substrata. R u 11 n e r (1963) points 
to the fact that the longer the substra ta  are subm erged in w ater the 
richer is the  periphyton grow th there, which allows for its w ider utiliza
tion as a habitat and food base for epifauna. K o w a l c z e w s k i  (1965) 
found that periphyton biomass on old reed is about twice higher than on 
young reed, and contains m ore organic m atter. Rich developm ent of fila
m entous algae (Cladophora sp.) on old reed allows for w ider utilization 
of this substratum  by epifauna, and especially by Chironomidae larvae.

5. SUMMARY

During the investigations carried from 5 Ju ly  till 9 Septem ber 1967 in shallow 
litto ral of M ikołajskie Lake four types of m acrofauna com m unities were d istinguish
ed: 1. benthos, 2. com munity colonizing the outside surface of young reed, 3. com
m unity colonizing the outside surface of old reed, 4. com m unity colonizing the in te r
iors of reed stalks. The nam e “reed sta lks” is used for the tips of old (last year’s) 
reed broken under the w ater surface and colonized by num erous fauna (Fig. 1). In 
the investigated period the larvae of III and IV stage and the pupae of Chironomidae 
w ere found in reed stalks. The participation  of larvae of IV stage and pupae 
is g rea ter in the fauna of reed stalks than in other com munities.

The num ber of m acrofauna colonizing the reed stalks in relation to the surface 
of colonized substratum  is very high — 330,000 ind./m 2. However, because of the small 
num ber of reed stalks per 1 m2 of litto ral (about 15) the significance of this fauna is
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not so great. W ith reference to a surface unit of litto ral benthos is the richest com 
m u n ity — 9000 ind./m 2.

The m ain com ponent of all investigated com m unities are Chironom idae larvae, 
which are from 50°/» of the total num ber of fauna in benthos to 95% in reed stalks. 
As far as num bers are concerned, Oligochaeta are on the second place (in benthos), 
and also Trichoptera (in fauna on plants). Mollusca and H irudinea w ere also n u 
merous.

There are only th ree Chironom idae species common for all four m acrofauna 
com munities, and these are: G lyptotendipes glaucus Mg., Cricotopus silvestris  F. 
and Tendipedini m acrophtalm a  Tshern.

6. STRESZCZENIE

W badaniach prowadzonych w okresie 5.VII—9.IX. 1967 w płytkim  lito ra lu  jeziora 
M ikołajskiego wyróżniono 4 typy zespołów m akrofauny: 1. bentos, 2. zespół zasiedla
jący zew nętrzną powierzchnię trzcin młodych (tegorocznych), 3. zespół zasiedlający 
zew nętrzną powierzchnię trzcin starych (zeszłorocznych), 4. zespół zasiedlający w nę
trza źdźbeł trzcinowych. Nazwy „źdźbła trzcinow e” użyto w stosunku do górnych koń 
ców starych trzcin ułam anych pod powierzchnią wody, zasiedlonych przez faunę (Fig. 
1). W badanym  okresie w źdźbłach trzcinowych występowały larw y III i IV stadium  
oraz poczwarki Chironomidae. Udział larw  IV stadium  oraz poczwarek w faunie 
źdźbeł trzcinowych jest wyższy niż w pozostałych zespołach.

Liczebność m akrofauny zasiedlającej źdźbła trzcinowe w odniesieniu do po
wierzchni zasiedlanego podłoża jest bardzo wysoka i wynosi 330 000 osobników na 
1 m2. Jednak  ze względu na m ałą ilość źdźbeł trzcinowych przypadających na 1 m 2 
lito ra lu  (ca 15 sztuk) rola zasiedlającej je fauny w skali całego lito ra lu  jest n ie
wielka. W odniesieniu do jednostki powierzchni lito ra lu  najbogatszym  zespołem 
jest bentos (9000 osobników na 1 m 2).

Głównym kom ponentem  wszystkich badanych zespołów są larw y Chironom idae 
stanow iące od 50% całkow itej liczebności fauny w bentosie do 95% w źdźbłach trzc i
nowych. Na drugim  m iejscu pod względem liczebności znajdu ją się Oligochaeta 
(w bentosie) i T richoptera (w faunie naroślinnej). Licznie w ystępow ały M ollusca 
i H irudinea.

Tylko trzy gatunki Chironom idae są wspólne dla wszystkich czterech zespołów 
m akrofauny: G lyptotendipes glaucus Mg., Cricotopus silvestris  F. i Tendipedini m a 
crophtalma  Tshern.
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ABSTRACT

Eggs of Artem ia salina, both dry and hydrated  revealed a considerable resistance to 
tem peratures —10, —25, —79, and —196°C. The degree of this resistance is dependent 
on dehydration of protoplasm , caused by desiccation or osmotic dehydration, but a l
most independent from the prior presence of eggs at anaerobic conditions.

CONTENTS
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1. INTRODUCTION

The problem  of resistance of anim als to low tem peratures was ra th e r broadly 
studied, especially in tardigrades, nem atodes and in resting stages of higher inverte 
brates, i.e., eggs or pupae. Recent studies dealt w ith processes following in cells at 
very low tem peratures as well as factors preventing harm ful effects of freezing. The 
review  of this problem  is given by T h o m a s (1963).

The present paper concerns the resistance of Artem ia salina eggs to low tem pe
ra tu res (—10,—25,—79, and —196°C) in connection w ith the following factors: 1. anae
robic conditions, 2. desiccation, 3. w ater salinity. These factors affect the normal 
developm ental cycle of Artemia salina, which occurs in brackish, astatic w ater bodies.

2. MATERIAL AND METHODS

The m aterial for studies were com m ercial eggs of Artem ia salina, im ported from 
California. According to D u t r i e u  (1960) they were all at an advanced stage of em 
bryonic developm ent — prenauplius stage. Sam ples of several hundreds eggs, held in 
glass vials, were frozen in electric freezers to tem peratu re  of —10 and —25°C, or 
placed in therm oses filled w ith crushed solid carbon dioxide a t tem perature of —79°C, 
or liquid nitrogen a t tem perature of —196°C.

5. Sum m ary
6. Streszczenie
7. References
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The eggs were hatched in glass containers filled w ith sea w ater w ith addition of 
15%o NaCl, to which a portion of 100 eggs transferred  from  each sam ple (technique 
acc. to D u t r i e u and C h r e s t i a - B l a n c h i n e  1966). The eggs w ere allowed to 
hatch a t tem perature of +  25°C, and the percentage of hatched larvae was ascerta in 
ed. On the average, the eggs w ere hatching from  2 to 7 days afte r placing them  in 
w ater.

Three types of experim ents w ere perform ed:
I. The effect of subm erging the eggs in oxygen-free w ater on the ir survival at 

low tem peratures. The eggs w ere placed in sea w ater w ith  addition of 15°/oo NaCl, 
deprived of oxygen by prior boiling and aerating w ith nitrogen, and kept la ter in 
desiccators w ith nitrogen. The exposures to nitrogen lasted 3, 7, 14, 20, and 32 days. 
A fter each of these periods samples of eggs were exposed to low tem peratures: —10°, 
—79°, and —196°C for the following periods: 1, 3, 7, 14, 20, and 30 days a t —10°; 1, 2, 
5, 24 hr at —79°; and 0.5, 1, 2, 3, 6 h r a t —196°C.

II. The effect of desiccation of eggs on their survival a t low tem peratures. The 
eggs w ere covered w ith sea w ater for 3 hr in order to soak in it, then they w ere 
stretched on filter paper and placed in desiccators w ith a constant rela tive hum idity  
of air (R. H.) am ounting to 9, 33, and 76%. These hum idities w ere obtained using 
the following chemicals: P 20 5 — 9% R. H. ( C h a r l e s  and H a d g m a n  1953), sa tu 
rated  solution MgCl2 — 33°/o R. H., sa turated  solution NaCl — 76% R. H. ( W i n s t o n  
and B a t e s  1960). A fter 17 days of exposure the percentage of w ater content in eggs 
was ascertained by weight, by drying a portion of eggs a t 99°C. The following resu lts 
w ere obtained: the eggs dried a t 76% R. H., 33% R. H., 9% R. H., and the com mercial 
eggs contained: 16.6%, 6.6%, 2.9%, and 9.2% of w ater, respectively. The rem aining 
eggs w ere divided into subsam ples and kept a t —79° and —196°, using the following 
tim e of exposure: 1, 5 and 24 hr for —79°C, and 1, 2, and 6 h r for —196°C. Control e x 
posures consisted of dry, com m ercial eggs.

III. The effect of w ater salinity on survival of eggs a t low tem peratures. Com 
m ercial eggs w ere covered w ith w ater of the following salt concentrations: 1. d istill
ed w ater, 2. sea w ater +  15%o NaCl of a to tal salinity of 48%o, and 3. sea w ate r T30%o 
NaCl of a to tal salinity of 63%o. The exposures to low tem peratu res lasted as follows: 
at tem perature —10°C: 1 and 2 days, a t tem perature —25°C: 1, 2, 5, and 10 days, a t 
tem perature — 79°C: 1, 5, 24, and 48 hr, a t tem perature — 196°C: 1, 2 and 6 hr.

3. RESULTS

I. The effect of subm erging the eggs in w ater deprived of oxygen on 
their survival a t low tem peratures.

Since both the effects of tem peratu re  — 10°C, often found under na
tu ra l conditions, and the results of experim ents differ considerably from 
those of —79°C and — 196°C, which can be considered as very  low tem 
peratures, they  will be discussed separately.

T e m p e r a t u r e  — 10°C. The presence of control eggs (not exposed 
to low tem peratures) in oxygen-free atm osphere decreases their hatcha- 
bility (Fig. 1). The presence of eggs in oxygen-free atm osphere followed 
by a direct exposure to a tem pera tu re  of — 10°C increases hatchability  of 
eggs at a longer period of nitrogen atm osphere action. In series kept in 
nitrogen atm osphere for the same num ber of days, the  shorter was the 
exposure to lower tem perature, the higher was the hatchability  of eggs. 
W hen the eggs w ere kept at — 10°C for the same num ber of days, the 
better hatches w ere observed in those eggs which w ere previously kept 
longer at the nitrogen atm osphere. The best hatchability  was of these 
eggs which w ere kept at the nitrogen atm osphere for 20 days.
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Fig. 1. H atchability  of Artem ia salina eggs after exposures to anaerobic conditions 
and tem perature of —10°C. 1 — 1 day a t temp, of —10°C, 2 — 3 days at temp, of 
—10°C, 3 — 7 days a t temp, of —10°C, 4 — 14 days a t temp, of —10°, 5 — 20 days 

a t temp, of —10°C, 6 — 30 days a t temp, of —10°C

T e m p e r a t u r e s  —79° a n d  — 196°C. W ith the exposures applied, 
there is no clear dependence betw een the tim e of exposure and the per
centage of eggs tha t hatched. It appears th a t w ith  such short periods 
applied, the length of exposure tim e does not affect survival of eggs. 
W hat is im portant is the speed of freezing and defrosting. High dif
ferences that were found in the percentage of hatches betw een individual 
samples resulted most probably from the fact th a t despite of trying to 
freeze and defrost the eggs as quickly as possible, w ith  m anual transferr-

Fig. 2. H atchability of Artem ia salina eggs after exposures to anaerobic conditions 
and tem peratu res of —79°C (1) and —196°C (2)
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ing of eggs, it was impossible to ensure equally rapid decreases or in 
creases of tem perature for all the samples. That is w hy for the reason of 
comparing the survival of eggs after a given exposure tim e to oxygen- 
-free atm osphere and for a given tem perature, the m eans w ere calculated 
from  different periods of exposure, as given in Fig. 2.

Lack of oxygen in the  environm ent has no clear effect on the re 
sistance of eggs to low tem peratures. The survival of w et eggs, exposed 
both to —79° and to — 196°C is low, up to 20%, irrespective to the  fact 
w hether they have been previously kept in w ater of norm al oxygen 
content or at oxygen-free environm ent. The hatchability  of eggs sub
jected to low tem peratures decreases not earlier than  after a longer 
presence at nitrogen atm osphere for about 20 days, bu t parallel to this 
there is a drop in survival of control eggs, not subjected to low tem pera
tures.

II. The effect of desiccation of eggs on their survival at low tem pera
tures.

Sim ilarly to the previous experim ent, no dependence was found be
tw een the exposure tim e at given tem peratures and the percentage of 
hatches, therefore the m eans w ere calculated for all the hatches at 
a given tem perature  (Fig. 3).

Fig. 3. H atchability  of A rtem ia salina eggs after desiccation a t d iffe ren t hum idities 
of air and exposures to low tem peratures. A — desiccation at 76°/o R. H., B — desic
cation at 33% R. H., C — desiccation at 9% R. H., D — not desiccated (commercial) 

eggs. 1 — control, 2 -------79°C, 3 ------- 196°C

Only slight differences w ere noticed betw een hatchability  of eggs ex
posed to tem peratures of —79° and — 196°C, and those not exposed to 
low tem perature; the frozen eggs showed the sim ilar degree of hatching 
as that of controls. On the other hand, clear differences w ere observed 
betw een eggs dried a t d ifferent relative hum idities of air, the hatchability  
being higher the m ore desiccated w ere the eggs. Only comm ercial eggs 
do not confirm this regularity . Before exposure to low tem pera tu re  these
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eggs w ere not hydrated, neither there  w ere dried at a given relative 
hum idity of air. Their w ater content was 9.2°/o (thus, the interm ediate 
value), but their hatchability was most intense.

III. The effect of w ater salinity on survival of eggs a t low tem pera
tures.

The intensity  of hatching at a given tem peratu re  and salinity is 
presented graphically in Fig. 4. On the contrary  to the previous ex
perim ent, there  was a clear difference found in hatchability  betw een 
frozen eggs and not frozen eggs, the difference vanishing w ith the in
creased salinity of w ater at which the eggs w ere frozen. W hen the eggs 
were frozen at a tem perature of — 10°C, the differences betw een hatches 
at different concentrations of salts are insignificant, they increase how
ever w hen the eggs have been frozen at —25°C or lower tem perature. 
There are also conspicuous differences in hatchability  of eggs frozen at 
d ifferent tem peratures, but w ith the same salinity of w ater.

Fig. 4. H atchability  of Artem ia salina eggs afte r exposures to low tem peratures at 
different salinity of the environm ent. A — distilled w ater, B — salinity of 48%o, C — 

salinity of 63%o. 1 — control, 2 ------- 10°C, 3 -------- 25°C, 4 ---------79°C, 5 --------196°C

In general, the survival of eggs after exposures to low tem peratures 
is the highest at the highest salinity of w ater. The eggs submerged in 
distilled w ater survive only the freezing at — 10°C, after exposures to 
rem aining tem peratures they even do not hatch a t 10%.

4. DISCUSSION

Eggs of Artemia salina show ra th e r high resistance to very low tem 
peratures, both dry, as a resting stage, and hydrated, during the process 
of incubation. According to W h i t a k e r  (1940), d ry  eggs can endure 
a tem perature  of — 190°C for 24 hr. D u t r i e u and C h r e s t i a - B l a n -  
c h i n e  (1967) have found tha t also eggs which w ere submerged in an 
advanced developm ental stage (after the period of diapause) survive
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tem peratures of —79° up to 31 h r and — 196°C up to 3 hr. According to 
these authoresses, the resistance of eggs depends on the stage of develop
m ent: at the beginning of incubation the resistance is higher, at the  end 
of incubation, just before hatching it is lower. These changes depend on 
the am ount of trehalose which has protective value, and its am ount 
decreases w ith incubation of eggs.

The increased cell osmotic pressure which decreases the freezing 
point end prevents from form ation of ice crystals (literature  review  in: 
T h o m a s  1963), as well as the presence of protective substances, such 
as glycerol (literature review  in: R e y 1959) saccharides such as glucose, 
saccharose, lactose — detected in bacteria, resistant to cold, and treha lo 
se, found in Trichiocampus populi, an insect resistant to cold (A s a h i - 
n a and T a n n o 1964).

The experim ents carried out here aimed at finding which of the  en
vironm ental factors increase resistance of Artem ia salina eggs to low 
tem peratures. As it is evident from the litera tu re  cited, both the desic
cation and the higher osmotic pressure of the environm ent should increase 
resistance of the eggs to low tem peratures by dehydration of developing 
embryos. The obtained results are in general in accordance w ith  the  sup
position, both in the experim ents on the effect of desiccation (Fig. 3) and 
that of increased concentration of the environm ent (Fig. 4). However, by 
comparing the content of w ater in dry eggs, exposed to low tem pera tu res 
and the intensity  of their hatches after such exposures (Fig. 3) it proves 
th a t so-called commercial eggs, in spite of higher w ater content th a t in 
the eggs dried at 9°/o R. H. and 33°/o R. H., show higher hatchability . This 
would confirm probably the hypothesis which was put forw ard by D u- 
t r i e u and C h r e s t i a - B l a n c h i n e  (1967) tha t trehalose plays role 
of a substance protecting from detrim ental effects of freezing, since acc. 
to these authoresses the am ount of trehalose decreases w ith the period 
of incubation. Therefore, the commercial eggs in the experim ents p re 
sented here, in which incubation did not start, comprised probably more 
trehalose than  the rem aining eggs which were hydrated  before desicca
tion, and started  their developm ent.

It seems that of the two factors protecting against detrim ental effects 
of freezing, dehydration and trehalose, the la tte r is much m ore effective.

As it is evident from the experim ents on the effect of osmotic p res
sure of the environm ent on resistance of eggs to cold, the hatchability  de
pends clearly on this factor (Fig. 4). It can be also said th a t the boundary 
of harm fulness of low tem peratures lies betw een — 10° and —25°C, since 
the first tem perature  is less harm ful even to eggs frozen in distilled 
w ater. It is in accordance w ith  the level of eutectic point of plasm, 
—21 °C, which changes w ith  the ion composition, concentration, etc
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( T h o m a s  1963). Protective factor in this experim ent is not only os
motic dehydration of plasm by the environm ent of higher salt concen
tration, but also the increase of glycerol level in eggs w ith  increasing 
concentration of outer environm ent, which has been observed by C l e g g  
(1964) in experim ents with Artemia salina eggs. The protective value of 
glycerol explains probably the high percentage of hatches of eggs sub
merged in the most concentrated environm ent after exposure to tem 
peratures —79 and — 196°C, this percentage being more or less equal to 
that of the eggs desiccated at 76°/o R. H.

From the comparison of hatchability  of eggs after exposure to tem 
peratures —79° and — 196°C in all experim ents it appears tha t in most 
cases tem perature  of —79 C is m ore harm ful. This would converge w ith 
the view of R e y (1959) who stated  that the least harm ful effect is that 
of the tem peratu re  of liquid nitrogen, which causes freezing of all com
ponents, together w ith in tercellu lar liquids, in one solid block and by 
this prevents from separation of liquid fractions which would caused 
osmotic disturbance.

The experim ents on the effect of anaerobic conditions on the resistance 
to low tem peratures did not give anticipated results. The results of nu 
m erous experim ents carried out on bacteria showed ( T h o m a s  1963) that 
the lethal effect of low tem peratures was proportional to partial pressure 
of oxygen in the environm ent. Vacuum or nitrogen atm osphere w ere used 
for protection against oxygen. In the present experim ents, the samples of 
eggs kept in the nitrogen atm osphere directly before freezing did not 
show any increased resistance to tem peratures of —79° and — 196°C, but 
on the contrary, after 32 days of anaerobic conditions their survival de
creased completely (Fig. 2). This result is, in general, in agreem ent w ith 
the result of glycerol and trehalose contents analyses in eggs of Artemia  
salina a t anaerobic conditions (D u t r i e u and C h r e s t i a - B l a n -  
c h i n e  1966). These contents do not increase even w hen the eggs are 
kept for several m onths in nitrogen atm osphere. In the case of tem 
pera tu re  of — 10°C previous presence at anaerobic conditions increases 
slightly the hatchability  of eggs after exposure to this tem peratu re  (Fig.
1). Such situation can be observed under natural conditions, w hen the 
eggs, lying on the bottom of a shallow reservoir among mud w ith a large 
quantity  of decomposing organic substances are  deprived oxygen for 
a longer period and at such conditions they undergo w inter decrease in 
tem perature.
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5. SUMMARY

The resistance of Artemia salina eggs to low tem peratures: —10°, —25°, —79°, and 
—196°C was exam ined in relation to: 1. previous stay at anaerobic conditions (Fig. 1 
and 2), 2. degree of their desiccation (Fig. 3), and salinity of the environm ent in which 
they froze (Fig. 4). The intensity  of hatches, expressed as per cent, was accepted as 
the criterion of evaluation. It was found th a t the eggs, both dry and hydrated, su r
vived exposures to these tem peratures, their hatchability  being higher when they 
were more dehydrated either by desiccation or osmotically.

The eggs showed ra ther high resistance to anaerobic conditions. Exposure to 
nitrogen atm osphere for 32 days caused a sm all decrease in hatchability  when the 
eggs w ere transferred  to optim al conditions. Resistance to tem peratures of —79° and 
—196°C was found to decrease after longer exposures to anaerobic conditions, the 
resistance to —10°C, on the contrary, showed a slight increase.

6. STRESZCZENIE

Badano odporność jaj Artemia salina na tem peratury  —10°, —25°, —79° i —196°C 
w zależności od: 1. uprzedniego przybyw ania w w arunkach beztlenowych (Fig. 1 i 2),
2. stopnia wyschnięcia jaj (Fig. 3) oraz 3. zasolenia środowiska, w którym  były m ro
żone (Fig. 4). Jako kry terium  oceny przyjęto intensywność wylęgu przedstaw ioną w 
procentach. Stwierdzono, że ja ja  zarówno w stanie suchym  jak  i uw odnionym  prze
żywają ekspozycje w w ym ienionych tem peraturach, a intensyw ność ich wylęgu jest 
tym większa im bardziej były odwodnione, pi zez w ysychanie lub osmotycznie.

Ja ja  wykazują dużą odporność na przebyw anie w w arunkach beztlenowych. Eks
pozycja w atm osferze azotu do 32 dni powoduje niewielki spadek intensywności w y
lęgu, po przeniesieniu jaj do w arunków  optym alnych. Odporność na tem peratury  —79° 
i —196°C po dłuższych ekspozycjach w w arunkach beztlenowych m aleje, natom iast 
odporność na tem peraturę —10°C nieco się podnosi.
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ABSTRACT

Studies w ere m ade of hatchability  of eggs of Triops cancriformis at low tem peratures 
in relation  to 1 . previous stay in oxygen-free w ater, 2. degree of desiccation, 3. pre 
-freezing. It was found that resistance to low tem peratures increases only after desic
cation and pre-freezing of eggs.
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1. INTRODUCTION

Eggs of Triops cancriformis, w hich are also a resting stage of this crustacean in 
habiting astatic w ater bodies, show a high resistance to ex ternal environm ental con
ditions. Earlier studies on desiccation ( H e m p e l - Z a w i t k o w s k a  and K l e -  
k o w s k i 1968), on response to changes in osmotic pressure of the environm ent (K 1 e- 
k o w s k i  and H e m p e l - Z a w i t k o w s k a  1968, H e m p e l - Z a w i t k o w s k a  
1969), and on resistance to strong doses of UV radiation  ( H e m p e l - Z a w i t k o w 
s k a  1970) showed th a t these responses depend to a greater ex ten t on the degree of 
progress in em bryonal development.

In the present paper studies w ere m ade of the resistance of eggs to anaerobic 
conditions and to low tem peratures, taking into account some other factors such as 
degree of desiccation or pre-freezing.

2. MATERIAL AND METHODS

M aterial for studies consisted of parthogenetic eggs collected near W arsaw  in June 
1969 and sent in oxygen-free w ater (by boiling) in closed flasks to Bordeaux where 
experim ents w ere made. During th is transporta tion , w hich lasted 7 days, the develop
m ent was stopped at the m inim um  oxygenation of w ater, which was evident from 
a long period of incubation. A fter placing the eggs in w ater w ith full oxygen content
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the incubation lasted 16 days. (Control hatches in w ater fully  sa turated  w ith oxygen, 
as shown by previous experim ents, occurred after 9—11 days of incubation).

T em peratures of —10°C and —25°C used in experim ents w ere obtained in electric 
freezers, tem perature of —79°C in a therm os w ith crushed solid carbon dioxide, and 
tem peratu re  of —196°C in a therm os w ith fluid nitrogen. Exposures of over 100 eggs 
w ere m ade in glass vials. A fter the exposures, the eggs w ere stored dry for 3 m onths 
and then allowed to hatch in tap  w ater sa tu ra ted  w ith oxygen a t a tem peratu re  of 
18°C, and percentage of hatches was calculated.

Three types of experim ents w ere made:
I. The effect of subm erging the eggs in oxygen-free w ater on their surv ival at 

low tem peratures. The eggs w ere subm erged in pond w ater deprived of oxygen by 
boiling and ventilated w ith n itrogen for 1 hour, and la ter they w ere placed in desic
cators w ith nitrogen atm osphere. Exposures to anaerobic conditions lasted 4, 6, 9, 15, 
and 29 days, la ter on the samples together w ith w ater in which they have been kept 
wTere subjected to tem peratures of —79°C and —196°C for 1, 3, and 6 hrs. The eggs 
w hich w ere kept at anaerobic conditions but not exposed to low tem peratures, were 
used as controls.

II. The effect of degree of desiccation of eggs on their survival a t low tem pera
tures. The eggs, after they had been kept for 12 days in w ater (thus approaching 
hatching), were put on a filter paper into desiccators m aintain ing constant relative 
air hum idities (R. H.): 76, 33, and 9°/o R. H. These hum idities w ere obtained over the 
following substances, 76% R. H. — satu ra ted  solution of NaCl, 33°/o R. H. — saturated  
solution of MgCl2 ( W i n s t o n  and B a t e s  1960), and 9°/o R. H . — P 2O5 ( C h a r l e s  
and H a d g m a n 1953). Desiccation lasted for 8 days, then  in a portion of eggs p er
centage of w ater content was defined by weight, w hich am ounted to 66.8%  of w ater 
in non-desiccated eggs, 14.1% — in eggs dried a t 76% R. H., 8.7% in those dried a t 33% 
R. H., and 2.7% in eggs dried a t 9% R. H. The rem aining eggs w ere subjected to low 
tem peratures, w ith the following exposures applied: 1 day a t tem peratures of —10°C 
and —25°C, 1 hour at —79°C and —196°C. Two control samples of hatching w ere used:
1. eggs desiccated and not exposed to low tem peratures and 2. hydrated  eggs exposed 
to low tem peratures.

III. The effect of pre-freezing on resistance of eggs a t tem peratu re  of —196°C. 
The eggs after 20 days of stay in w ater w ith norm al oxygen content a t tem perature 
of 20°C (being at p re-hatch ing  stage) w ere dried for 2 wreeks a t open air, then divided 
into two groups: one of which was subjected to tem peratu re  of —10°C in order to 
p re-freeze them. Later the eggs, both pre-frozen and not pre-frozen, w ere subjected 
to tem peratu re  o f —196°C w ith the following exposure tim es: 15 min, 30 min, 1, 2, 3, 
4, and 5 hr. A fter exposures the eggs were stored dry for 3 m onths, then allowed to 
hatch  and percentage of hatches was calculated. Desiccated eggs but not exposed to 
low tem peratu res were used as controls.

3. RESULTS

I. The effect of subm erging the eggs in oxygen-free w ater on their 
survival at low tem peratures.

Exposures to tem peratu re  of —79° and — 196°C preceded by stay at 
anaerobic conditions w ere lethal for all samples. The control eggs, after 
exposures to anaerobic conditions hatched less, if they w ere longer ex
posed to these conditions. P er cent of hatches in individual samples was 
as follows:

Days w ithout oxygen 0 4 6 9 15 29

°/o of hatches 78.4 79.9 77.4 83.8 52.4 9.0
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Days

Fig. 1 . H atchability  of Triops cancriformis  eggs afte r desiccation a t 76% rela tive
hum idity of air and freezing at d ifferen t tem peratures. 1 ------- 10°C, 2 ---------25°C 3 —

—79°C, 4 ------- 196°C, 5 — control

II. The effect of degree of desiccation of eggs on their survival at 
low tem peratures.

H atchability of desiccated eggs is presented in Fig. 1-4. Exposures to 
all low tem peratures applied w ere lethal only to hydrated  eggs. The m ore 
the eggs w ere desiccated previously, the better was the hatchability  of 
desiccated eggs (and not exposed to low tem peratures). The same holds 
for eggs exposed to tem perature of — 196°C: the more they w ere desic
cated, the  higher was their resistance. The highest hatchability  was of

Fig. 2. H atchability  of Triops cancriformis  eggs afte r desiccation at 33% R. H. and
freezing a t different tem peratures. 1 -------10°C, 2 -------- 25°C, 3 --------79°C, 4 _____ 196°C,

5 — control
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Fig. 3. H atchability of Triops cancriformis eggs after desiccation a t 9°/o R. H. and
freezing a t d ifferent tem peratures. 1 ------- 10°C, 2 -------- 25°C, 3 ------- 79°C, 4 -------- 196'°C,

5 — control

these eggs which w ere desiccated at 9°/o R. H., som ew hat lower after 
desiccation at 33°/o R. H. On the other hand, the  resistance of eggs to 
3 rem aining tem pera tu res (— 10°, —25°, and —79°C) is high, w ith the 
highest per cent of hatches after desiccation at 33°/o R. H. In  general, 
the eggs after exposures to these tem peratures show a very sim ilar trend  
of the curve of hatchability  which is much higher than  the curve for 
control eggs, i.e., only desiccated and not frozen. The hatchability  curve 
for eggs after exposure to — 196°C has an in term ediate value betw een 
th a t of the rem aining tem peratu res and the control eggs. A pparently  
the best hatchability  in  the case of this tem pera tu re  is obtained after 
thorough desiccation of eggs.

Fig. 4. H atchability of Triops cancriformis  eggs after desiccation at d ifferen t relative 
hum idities of air and exposures to low tem peratures. A — eggs not desiccated (no 
hatching after freezing), B — eggs desiccated at 76°/o R. H., C — eggs desiccated at
330/0 R. H., D — eggs desiccated at 9% R. H. 1 — control, 2 — —10°C, 3 ------- 25 C,

4 -------79°C, 5 ------- 196°C
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III. The effect of pre-freezing on the resistance of eggs to tem 
pera tu re  of — 196°C.

H atchability of pre-frozen eggs and not pre-frozen eggs is shown in 
Fig. 5. The hatchability curves for eggs of the  two series gather in two 
separate belts; hatchability of pre-frozen eggs is higher than  tha t of not 
pre-frozen eggs, by 40°/n, on the average. There is no visible dependence

Fig. 5. H atchability of Triops cancriformis eggs frozen a t —196°C after and w ithout 
pre-freezing a t — 10°C. Exposures to tem peratu res of —196°C: 1 — 15 min, 2 — 30

min, 3 — 1 hr, 4 — 2 hr, 5 — 3 hr, 6 — 4 hr, 7 — 5 hr

betw een the intensity  of hatches and the tim e of exposure both in pre-
-frozen eggs and not pre-frozen eggs; the observed differences are of
random  character and they probably depend on the speed of freezing 
and defrosting of a given sample.

A ttention should be draw n to the fact th a t pre-frozen eggs start 
hatching earlier than  not pre-frozen eggs.

4. DISCUSSION

The m ain factors protecting against the effects of low tem peratures 
on protoplasm  are: the increase in concentration of inner environm ent 
and the presence of some protecting substances, especially glycerol and 
saccharides (review of litera tu re  in: T h o m a s  1963). These both factors 
have a higher value in eggs of Artemia salina than  in eggs of Triops can-
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criformis since (leaving the genetic properties aside) brackish environ
m ent causes an increase in osmotic pressure in protoplasm  of eggs and 
embryos, and, as it is evident from studies by C l e g g  (1964), it increases 
the level of glycerol.

According to D u t r i e u  and C h r e s t i a - B l a n c h i n e  (1967) 
trehalose plays a protective role against the effect of freezing in eggs of 
Artemia salina. Its content in non-developing eggs, which are resistant 
to tem pera tu re  of —79° and — 196°C, am ounts to 16°/o, but in developing 
eggs, showing low resistance to these tem peratures — it am ounts to 5%. 
As it is evident from an earlier paper (H e m p e 1 and D u t r i e u  1965) 
there is no trehalose in eggs newly laid. It is synthetized during the de
velopm ent and just before hatching its content reaches 3.5°/o. Differences 
in the trehalose content as well as in osmotic concentration in eggs of 
Triops cancriformis and Artemia salina explain other responses of 
hydrated eggs of both species to tem peratures of —79° and — 196°C. The 
eggs of A. salina survive exposures to these tem peratures and their 
hatchability  is dependent from  the degree of salinity  of w ater (even in 
distilled w ater 1.7°/o of eggs survived — H e m p e l - Z a w i t k o w s k a  
1971), w hereas all hydrated  eggs of T. cancriformis died (Fig. 5).

A fter desiccation the resistance of Triops cancriformis eggs to low 
tem peratu res increases considerably. However exposures to tem peratu re  
of — 196°C show higher m ortality  than  to other tem peratures, despite 
the fact th a t this tem pera tu re  is generally less harm ful than  tem pera
ture of —79°C ( R e y  1959).

Freezing increased considerably the hatchability  of eggs as compared 
to that of control eggs (desiccated at different relative hum idities of air, 
but not frozen) most probably by a break in diapause, this break being 
caused by additional dehydration. The hatchability  of control and frozen 
eggs has sim ilar value only after the strongest desiccation at 9%  R. H. 
at all tem pera tu res examined.

Pre-freezing of eggs at tem peratu re  of — 10 °C before exposure to 
tem pera tu re  of — 196°C has caused a clear increase in resistance of eggs 
against th is tem perature (Fig. 5). The mechanism  of this process depends 
cn dehydration of in tercellu lar fluids of the embryo and form ation of ice 
crystals w ith  sim ultaneous dehydration of protoplasm , causing by this 
an increase in in tercellu lar osmotic pressure. This new state  of hydra
tion, analogous to the effect of strong desiccation, is a protection against 
harm ful effects of freezing. Sim ilar results of pre-freezing w ere obtained 
in studies by A s a h i n a and A o k i (1958) in which pre-freezing was 
applied to pupae of Cnidocampa flavescens (Walk), before they  w ere 
frozen a t tem peratu re  of fluid oxygen (— 183°C), with the best results 
obtained a t pre-freezing tem pera tu re  of —30°C. O ther tem peratures of
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pre-freezing were favourable for other animals. For example, — 25°C for 
nem atodes — plant parasites (A s a h i n a 1959), since the speed of for
m ation of intercellular ice crystals depends on hydration of protoplasm  
and on a num ber of other factors.

Lack of hatches in eggs exposed to tem peratu re  of —79°C and 
— 196 C, after exposure to anaerobic conditions indicates tha t th is factor 
does not increase resistance of eggs to very  lów tem peratures, w hich was 
confirmed by experim ents on eggs of Artemia salina ( H e m p e l - Z a 
w i t k o w s k a  1971). It is possible th a t elim ination of oxygen as 
a factor which decreases resistance to low tem peratures ( T h o m a s  
1963) does not compensate another harm ful factor, such as high hydra
tion of plasm in eggs frozen w hen subm erged in w ater.

In general, it can be said tha t long presence at anaerobic conditions 
causes very slow developm ent of eggs which indicates tha t m any of 
them  begin diapause which can be stopped by a very  intense or repeated 
desiccation. This anaerobic condition brings a sim ilar effect as desicca
tion ( H e m p e l - Z a w i t k o w s k a  1967), which, if occurs in an  early 
developm ental stage (in this experim ent, the eggs ju st before being laid 
w ere exposed to anaerobic conditions since they  w ere kept in closed 
bottles), causes a long-lasting diapause.
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5. SUMMARY

1. Eggs of Triops cancriformis showed a high resistance to tem peratures of —10°, 
—25°, —79°, and —196°C, only w hen desiccated. Exposures to these tem peratu res of 
desiccated eggs stim ulated their hatchability  as com pared w ith non-frozen eggs.

2. P re-freezing of eggs before the ir exposure to tem peratu re  of —196°C increased 
their resistance to the la tte r tem perature by about 40%.

3. W ith prolonged tim e of exposure of eggs to anaerobic conditions, th e ir  h a tch a
bility decreased. No effect was found of anaerobic conditions on resistance of eggs 
to low tem peratures.

6. STRESZCZENIE

1. Ja ja  Triops cancriformis w ykazują dużą odporność na działanie tem peratu r 
—10°, —25°, —79° i —196°C jedynie w stanie suchym. Ekspozycje w tych tem p era
turach jaj wysuszonych wpłynęły stym ulująco na intensyw ność ich wylęgu, w  sto
sunku do jaj niemrożonych.

2. W stępne chłodzenie jaj przed ekspozycją w tem peraturze —196°C zwiększyło 
ich odporność na działanie tej tem peratury  o około 40%.

3. W m iarę przedłużania ekspozycji jaj w w arunkach beztlenowych zm niejsza 
s;ę ich zdolność wylęgowa. Nie stw ierdzono w pływ u przebyw ania w w arunkach  bez
tlenowych na odporność ja j na niskie tem peratury .
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ABSTRACT

The reactions of larvae of the eurytherm , Cloeon dipterum,  and of the stenotherm , 
Perlodes intricata, to the changes of tem perature and of oxygen concentration were 
determ ined. The lethal 0 2 concentrations for C. dipterum  w ere lower, and their su r
vival in sim ilar conditions was higher than  for P. intricata. The Qu, coefficient for 
P. intricata  was m arkedly lower than  the values expected from  the K rogh’s “norm al 
curve”. The w orking of the ventila tory  system s of the two species was also analysed.
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1. INTRODUCTION

The investigation was carried out on larvae of two species w ith d ifferent en 
vironm ental requirem ents, nam ely Cloeon dipterum  (Linne), E phem eroptera and Per
lodes intricata  (Pictet), Plecoptera. The study concerned the reactions of both species 
to the changes of tem perature and of oxygen concentration. Special care was taken 
to obtain a systemic image of the reactions, and thus both factors w ere m anipulated 
parallelly  and various reactions w ere tested, like survival, 0 9 le thal values, respiration 
and resp ira tory  movements. The task of the study was also to establish, to w hat 
degree the physiological requirem ents of the anim als were related  to the ir habitats, 
and to try  to explain the cause of their d ifferent resistance to high tem peratures 
and low CL concentrations.

2. MATERIALS

The larvae of C. dipterum  w ere collected from  among the plants in a clay pit in 
a W arsaw  suburb, and the larvae of P. intricata  from  stones of the Olczyski stream  
in T atra  M ountains. C. dipterum  lives among the p lants in  pools, ponds, in the lit
toral of lakes, and in slow -running w aters. W ater tem perature in such environm ents 
can assum e high values (e.g., G i e y s z t o r  1934 reported  30.6°C in a pool) and it is

http://rcin.org.pl



304  E. Kamler

ap t to be changeable (e.g., P a t t e e  1965 observed a daily am plitude of 10.5°C in 
a reservo ir inhabited by C. dipterum).  Oxygen content is also highly changeable (e.g., 
air sa turation  of w ater can range from  10 to 170°/o in a pond — L e w k o w i c z  and 
W r ó b e l  1971). On the other hand, P. intricata lives in stony m ountain stream s, 
w ith low w ater tem peratures and high oxygen contents (Fig. 1). Figure 2 shows the 
presen t au tho r’s m easurem ents of w ater tem perature in the Olczyski stream  (Tatra 
M ountains). It can be seen th a t both the annual and daily am plitudes are  fairly  small. 
The geographical distribution  of both species is different, too. C. dipterum  is a w ide
spread species in lower parts  throughout Europe, w hile P. intricata  appears only in 
the m ountains (Fig. 3). Both species are num erous in their hab itats; e.g., C. dipterum  
accounted for 25.8u/o of all the E phem eroptera larvae caught am ong the p lants in 
pools near the Bug and N arew  rivers ( K a m l e r  unpublished), and  P. intricata  
constituted 5.8%  of all the P lecoptera collected in T atra  M ountains ( K a m l e r  1964).

Fig. 1. Oxygen and tem perature conditions of P. intricata  larvae in the ir n a tu ra l h a 
bitat. 1 — distribution of oxygen content, 2 — distribution of tem pera tu re  in T atra 
stream s (compiled from  O l e k s y n o w a  and K o m o r n i c k i  1956, 1957 a, b, 1960, 
1965), 3 — tem perature range of P. intricata  a fte r W o j t a s  (1964), 4 — tem peratu re  

range of P. intricata  a fte r P  1 e s k o t (1951)
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Fig. 2. W ater tem peratu res in Olczyski stream . Points — seasonal tem perature v a r ia 
tion (w inter—sum m er 1963, 1966, 1967, 1968, 1970), line — tem perature changes over

24 hr, Aug. 27-28, 1963

Fig. 3. D istribution of P. intricata  in Europe
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3. METHODS

Before the experim ent the larvae had been placed for 24 hr in glass basins, 
w ater had been ventilated and the basins kept in a therm osta t m aintained a t the r e 
quired tem perature w ith an accuracy of ±0.015°C.

The required oxygen contents in w ater were obtained by nitrogen, air or oxygen 
bubbling. Oxygen concentration was determ ined by W i n k l e r ’s m ethod, the s ta n d 
ard deviation of m easurem ents was 0.02 mg/1. In this paper, the oxygen content is 
expressed in per cent of air sa tura tion  of w ater, 100°/o m eans w ater sa tu ra ted  w ith 
air at a given tem perature (°C) and atm ospheric pressure (mm Hg). W hen the a tm o
spheric pressure is not know n (data from literature), it is assum ed to have been 
760 mm Hg.

Table I presents the scheme of the experim ent. 15 com binations of tem peratures 
and oxygen concentrations w ere tested. The tem peratures were selected according 
w ith the environm ental requirem ents of the studied anim als, while the oxygen con
centrations were sim ilar for both species. The exam ined reactions w ere survival, 
lethal 0 2 concentration and respiration; ten anim als w ere tested separately in each 
tem perature/oxygen com bination (Table I, experim ent la  and 2). Besides, resp ira to ry  
movements were investigated. For P. intricata  they w ere analysed together w ith the 
other indices (Table I, experim ent 2).

Table I. Scheme of the experim ents
E x p e r i m e n t  la. M easurem ents of survival, le thal 0 2 concentration and resp i
ration in C. dipterum  (each 0 2 concentration/tem perature com bination repeated  10

times)

Temp.
(°C)

O, concentration (°/o) and num ber of readings

% No. % No. 0'/O No. % No. °Lto No.

5.5 15.4 341 29.3 638 56.5 893 104.3 726 142.2 896
15.5 12.0 86 32.3 196 64.4 348 101.2 342 137.6 368
25.5 25.2 61 47.3 111 68.9 157 99.6 104 156.3 138

E x p e r i m e n t  lb. M easurem ents of resp ira tory  m ovem ents in C. dipterum  
(each 0 2 concentration/tem perature com bination repeated  5 times)

Temp.
(°C) 0 2 concentration (%)

5.5 15.5 33.6 57.3 101.4 142.0
15.5 16.3 29.9 47.4 101.9 130.2
25.5 27.0 35.9 43.7 105.2 149.4

E x p e r i m e n t  2. M easurem ents of survival, le thal 0 2 concentration, respira tion  
and respiratory  m ovem ents in P. intricata (each 0 2 concentra tion /tem perature com 

bination repeated  10 times)

Temp.
(°C)

0 2 concentration (°/o) and num ber of readings

% No. to No. 0/to No. % No. &/o No.

5.5 26.0 10* 47.1 159 69.1 257 113.2 278 194.0 576
10.5 33.6 23 42.5 39 76.1 105 108.3 190 133.5 201
15.5 25.8 10* 57.2 32 79.9 55 106.5 92 123.1 128

* M eans th e d ea th  o f a ll a n im a ls  b e fo re  th e  fir st read ing .

The procedure in experim ents la  and 2 was as follows:
1. The initial control bottle I was filled w ith w ater having the required  tem 

pera tu re  and Oo concentration. Oxygen was fixed and titra ted  im m ediately.
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2. Ten experim ental bottles containing single anim als were filled one by one 
and placed in a therm ostat together w ith the respective final control bottles. The 
volume of the bottles used for C. dipterum  was about 60 ml, and of those for P. in- 
tricata about 170 ml.

3. The in itial control bottle II was filled and the oxygen content in it was 
m easured. The oxygen content a t the s ta rt of the experim ent was calculated as 
a m ean from  the in itial controls I and II.

4. The observations of survival and the readings of resp ira tory  m ovem ents were 
continued during 1 min at regular tim e in tervals un til the death of the last anim al; 
to tal num bers of the readings are quoted in Table I, experim ent la  and 2.

5. The oxygen contents in the experim ental and final control bottles, lengths 
and w eights of the animals w ere determ ined. Dry w eights w ere determ ined after 
drying at 50°C. The la tter data allowed to establish the le thal 0 2 concentrations and 
0 2 consumption.

The p art of the experim ent concerning the role of 0 2 concentration has a cross- 
-reference pattern , as the results can be read either by com paring the anim als’ b e
havior in bottles w ith the d ifferen t in itial 0 2 concentrations, or by exam ining the 
anim als in bottles w ith the same in itial 0 2 concentration, since the oxygen content 
is gradually  lcwered by the anim als themselves.

Respiratory m ovem ents of C. dipterum  m ust have been m easured separately 
(Table I, experim ent lb) because of the com plex character of the movem ents, small 
size of the larvae, and their g reat mobility. 75 m easurem ents were taken separately 
(3 tem peratures and 5 oxygen concentrations, 5 repetitions). I t was found th a t the 
best conditions of observation were obtained by placing single larvae in glass photo
m etric cells of 10 ml capacity and 1 cm of the cell length. A cell was flushed twice 
w ith w ater supplied by means of a th in  glass tube attached to the bottom, which 
was subsequently taken away. The cell was then closed w ith a glass p late covered 
w ith dense vaseline. Form er tests by m eans of dyes had proved such a closure to be 
sufficiently tight. The vessels w ith anim als w ere placed in constant tem perature 
baths, and about ten m inutes la ter the m easurem ents started. The anim als were 
watched under 8X lens during about 7 min. The records of ventilation periods (Fig. 
4 A) and of rest periods (Fig. 4 B) were taken by m eans of a tapping key on a kym o
graph. Clock records every 10 sec (Fig. 4 C) w ere taken autom atically. The ventila-

Fig. 4. F ragm ent of registration  of gill m ovem ents of Cloeon dipterum  (A), gills ven 
tilating (B), gills motionless (C); clock records every 10 sec

tion and rest periods were then read from  the graph w ith 0.1 mm accuracy, 0.1 mm 
being equal to 868 • 10- 6 min. Next, the percentage of ventilation  tim e was calculated. 
S eparate m easurem ents of oxygen consum ption allowed to calculate th a t during 
a 7 min period of m easurem ent of the resp ira to ry  m ovem ents of C. dipterum, the 
oxygen content in the cells fell down by not m ore than 3% of its in itial value. Be
sides, a statistical analysis of the gills’ m ovem ents record was perform ed. The whole 
m easuring period was divided into two halves. The percentages of ventilation tim es 
in the first and second halves w ere com pared using the t-test, m ethod of paired 
com parisons ( B a i l e y  1959). In the firs t halves the m ean was 43.07, and in the second 
ones it was 40.12; t = 1.578. This resu lt is not significant a t the 5% level which cor
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responds to t — 2.042. Thus it can be supposed th a t the m easurem ent of the re sp i
ratory  m ovem ents of C. dipterum  has been carried out in m ore or less constant con
ditions.

Single gill m ovem ents of C. dipterum  are so rapid and complex th a t they cannot 
be subject to visual observation, so th a t resort m ust have been m ade to cinem ato
graphy. A 16 mm film, 32 shots per second, was realized in the Biological In stitu te  
for Inland W ater Research of the Academy of Sciences, Borok, USSR. The fu ll- 
-grow n larvae w ere placed in a perspex “artific ial s tream ” w ith  some gravel on the 
bottom. Two tem peratures, 13 and 23°C, were tested in stagnant w ater and in 
w ater flow  of 0.06 m/sec. The num ber of m ovem ents perform ed by the larvae in 
each series of m easurem ents w as counted sim ultaneously by two persons five to 
seven tim es during a slow projection of the film  on a screen. From the 10 to 14 re a d 
ings thus obtained the m ean w ith its standard  deviation was calculated, and coeffi
cient of variation ranged in various series of m easurem ents from  6.01 to 23.58°/o. 
Subsequently, the num ber of fram es corresponding to the established num ber of 
gill m otions was counted, and the frequency of single gill m ovem ents per 1 m in was 
computed. Because of the great m obility of C. dipterum  larvae, only a few  sections 
of the film  could be used for the readings of frequency of single gill m ovem ents, and 
thus the results m ust be considered as prelim inary.

308 E. Kamler

4. RESULTS

Survival 

The results of m easurem ents of survival of C. dipterum  larvae are 
presented in Fig. 5. It can be seen th a t in higher tem peratures the  death

Fig. 5. Survival of C. dipterum  larvae in different tem peratures (°C) and in itial Ol>
concentrations (%>)
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of the larvae occurs earlier than  in lower ones. It was also found that 
the larvae died earlier in those sets of experim ents in which the initial 
0 2 concentration was low than  in those in which there  was much oxygen 
at the start of the experim ent (by a set of experim ents is m eant here 5 
or 10 repetitions of individual m easurem ents taken at the same tem pe
ra tu re  and 0 2 conditions; see Table I). Analogous results w ere obtained 
for P. intricata (Fig. 6).

Fig. 6. Survival of P. intricata larvae in d ifferen t tem peratures (°C) and in itial 0 2
concentrations (°/o)

It can be seen from these illustrations that the survival times of se
parate  individuals in one set w ere not identical. For a be tter comparison 
of the several sets of experim ents, in each set the m ean survival tim e 
for all the 10 individuals was computed together w ith the 95% confi
dence interval. The results for C. dipterum  are presented in Fig. 7 A. 
Undoubtedly, there w ere significant differences in survival tim e of C. 
dipterum  larvae, depending on tem pera tu re  (5.5, 15.5 and 25.5°C). Such 
differences have been found a t all the tested initial 0 2 concentrations. In 
high initial O, concentrations (about 60% or more) the survival time did 
not change much w ith the change of 0 2 concentration, but below this 0 2 
value the survival tim e failed down m arkedly w ith  the decrease of the
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Fig. 7. Mean survival tim e (hr) in d ifferent tem peratures (°C) and in itial 0 2 concen
trations (%). Vertical lines — 95% confidence intervals. A — C. dipterum  larvae,

B — P. intricata  larvae

Fig. 8. Lethal 0 2 concentrations of C. dipterum  and P. intricata  larvae. Points — 
m eans for 10 m easurem ents, vertical lines — 95% confidence in tervals
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inital 0 2 concentration; this effect was particu larly  rem arkable in higher 
tem peratures. A significant difference of the m ean survival tim e of P. 
intricata larvae was also found in the tested  tem peratures 5.5°C, 10.5°C 
and 15.5°C (Fig. 7 B), but only at the in itial 0 2 concentrations higher 
than  about 60%.

It is of course impossible to compare directly  the survival tim es of 
C. dipterum  and P. intricata because of the differences of the anim als’ 
weights, of the experim ental vessels’ capacities and of the oxygen con
sum ption rates of both species of larvae. However, it is rem arkable that 
at 0 2 concentration 26.0% (temp. 5.5°C) and 0 2 concentration 25.8% 
(temp. 15.5°C) all the larvae of P. intricata died very soon after they had 
been put in the vessel (Fig. 6, and 7 B), while the larvae of C. dipterum  
have been living much longer at a much lower initial 0 2 concentration 
(12.0% at 15.5°C), as can be seen in Fig. 5 and 7 A.

Lethal 0 2 concentrations

As it was stated above, the larvae of P. intricata transported  from 
w ater rich in oxygen into w ater containing about 26% of oxygen at tem 
peratu res 5.5 and 15.5°C died almost im m ediately. At the medium tem -

Fig. 9. P er cent of ventilation tim e in C. dipterum  larvae in d ifferen t 0 2 concentra
tions a t 25.5 and 15.5°C. M arks stand for the resu lts of individual experim ents, lines

represen t their averages
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Table II. L ethal CL

0 2 concentration 
a t the s ta rt of 
experim ent (°/o)

Cloeon dipterum  (25.5°C)

25.2 47.3 68.9 99.6 158.3

M ean
0 2 concentration 
a t the end of 
experim en t (%>)
± 95°/o confidence 
in te rvals

6.95

±4.895

16.43

±9.390

9.21

±4.225

2.25

± 1.000

13.14

±14.859

pera tu re  (10.5°C) the lowest 0 2 content was somewhat higher, i.e. 33.6°/o 
(Table I). The m ean survival tim e was 5.8 hr. Thus, it can be supposed 
th a t the  lethal 0 2 concentration for the P. intricata larvae, not adopted 
form erly  to low oxygen concentrations, should be placed betw een 26 
and 34°/o.

The lethal 0 2 concentrations after exposure to an environm ent w ith 
decreasing oxygen content are presented in Fig. 8. For m ore ready com
parison, we confronted only the results of experim ents conducted at 
5.5°C and at 15.5°C, in which both species w ere tested. It can be seen 
tha t in general larvae of C. dipterum  died in lower oxygen concentra
tions th an  P. intricata. The areas defined by the 95%) confidence in te r
vals alm ost do not overlap. It is rem arkable th a t the  C. dipterum  larvae 
are able to exhaust oxygen down to very low contents values, e.g. 0.02 
ml 0 2/l  a t 5.5°C, which is equivalent to 0.23%) of air saturation. The re 
sults not presented in Fig. 8 are shown in Table II. The lethal 0 2 con
centrations seem to be fairly  stable for each species; no clear relations 
vvith tem pera tu re  or initial 0 2 concentrations w ere observed.

Respiration

To com pare oxygen consumption at various tem peratures, we selected 
the resu lts  obtained for larvae of sim ilar weight, exposed in w ater equi- 
iibred w ith  air (Table I, experim ent la  and 2, one column before the 
last). For C. dipterum  Qi0 was 2.70 in tem peratures ranging from  5.5 to 
15.5°C, and 2.62 for the tem pera tu re  range from 15.5 to 25.5°C. For P. 
intricata Qw was 1.43 at tem peratures ranging from 5.5 to 10.5°C.

R espiratory  m ovem ents

In C. dipterum  the frequency of single gill m ovem ents is high, 350 
to 750 m ovem ents per 1 m in (Table III). We did not observe a change 
of th is frequency resulting from  the change of the curren t speed from 0 
to 0.06 m/sec, or from  the change of tem peratu re  from 13 to 23°C.
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concentrations

Perlodes intricata  (10.5°C)

33.6 42.5 76.1 108.3 133.5

29.50 27.72 29.30 46.61 64.83

±3.910 ±7.210 ±8.290 ±13.760 ±8.150

The ventilatory activity of C. dipterum  is in term itten t and very  ir
regular. E.g., successive ventilation periods and rest periods of an in
dividual larva at 15.5°C and 47.4% air saturation of w ater w ere (min. 
10~3): ventilation 795, rest 13; v. 48, r. 16; v. 71, r. 8; v. 136, r. 98, and 
so on. This in term ittency and irregu larity  can be observed in Fig. 4. In 
d ifferent environm ental conditions, an anim al changes the proportion of 
the ventilation and rest periods. In F igure 9, percentage of ventilation 
time in d ifferent 0 2 contents at 25.5°C and at 15.5°C are presented. They 
increase w ith the increase of tem pera tu re  and w ith the decrease of oxy
gen content. The increase of the proportion of ventilation tim e as the 
0 2 content decreases is not rectilinear: at higher 0 2 contents, i.e. above 
100% for 25.5°C, and above 50% for 15.5°C, it is less intensive than  at 
lower concentrations. It can be supposed by extrapolating the data  from 
Fig. 9 that at oxygen concentrations below 20% the gill m ovem ents are 
continuous.

Table III. Frequency of the single m ovem ents of gills per 1 min in d ifferen t 
tem peratu re /w ater cu rren t speed com binations

Tem pe
ratu re

(°C)

C urren t speed (m/sec)

0.00 0.06

23 478.2 724.6
13 734.9 565.9 596.3 

357.0 632.7 716.0
672.5 714.6

In P. intricata, the m axim um  observed frequency of the resp iratory  
movements was 91 per m inute. The resp iratory  m ovem ents frequencies 
at the tested tem peratures and O, concentrations are shown in Fig. 10. 
The experim ents conducted at 5.5 and 15.5°C had only 4 sets each, be
cause of an almost im m ediate death of all the anim als in the lowest 0 2
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Fig. 10. R espiratory m ovem ent frequencies of P. intricata  larvae in d ifferen t tem pe
ra tu res (°C) and in itial Oo concentrations (°/o). Points — m ean frequencies of 10 in 

dividuals in given tim e, lines — respective regression lines

concentrations, which was m entioned above. The resp irato ry  m ovem ents 
frequency was proportional w ith tem peratu re  and reversely proportional 
w ith the oxygen content at the s ta rt of an experim ent. A decrease of 
0 2 concentration brought about by its exhaustion from the experim ental 
bottles by the anim als them selves also caused an increase of frequency 
of the respiratory  m ovem ents in all the sets of experim ents. This in 
crease can be described by regresions of the respiratory  m ovem ents fre-
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Fig. 11. M ean of all respiratory  m ovem ent frequencies observed in all ten  P. intri-  
cata larvae in each tem perature (°C) and initial 0 2 concentration (%>). V ertical lines

— 95% confidence in tervals

quency/m in on exposition time. The regression line at 5.5°C and 194% 
0 2 runs lower than  m ight be inferred from  the positions of the visible 
points, as 46 points in which the m ean frequency was 0 could not be 
presented graphically on the drawing. The regressions were calculated

Table IV. Param eters of the regressions of the P. intricata larvae m ovem ents/m in 
on tim e a t d ifferent tem peratures and in itial 0 2 concentrations

Tem perature 5.5°C

0 2 concentration (%) 
a 0
a i

26.0 47.1 69.1 113.2 194.0 
— 19.5 17.45 9.87 2.63 

+0.416 +0.372 +0.258 +0.006

T em perature 10.5°C

0 2 concentration (%) 
ao
«i

33.6 42.5 76.1 108.3 133.5 
43.15 48.68 28.46 27.25 20.69 

+2.247 +0.283 +0.863 +0.261 +0.077

Tem perature 15.5°C

O, concentration (%) 
o0
a i

25.8 57.2 79.9 106.5 123.1
— 49.90 53.10 25.73 28.52
— +2.225 +2.217 1.444 +0.680
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by means of the form ula: y — a0 +  a w here y  stands for the resp ira 
tory m ovem ents frequency per 1 m in and x  designates the exposition 
tim e in hours. The regression equation param eters are presented in Table
IV. It can be seen that the regression coefficients cq are always positive 
and usually their value increases w ith  the increase of tem pera tu re  and 
decreases w ith the increase of the initial oxygen content. The only ex
ception is the set of experim ents conducted at 10.5°C and initial 0 2 con
centration 42.5%, w here cq equal to 0.283 is unexpectedly low\

For more ready comparison of the results of the particu lar sets of 
experim ents, the m ean resp iratory  m ovem ents frequencies perform ed by 
all the 10 individuals in each set during the whole exposition tim e w ere 
computed. Those means, together w ith their 95% confidence intervals, 
are presented in Fig. 11. It can be seen that the resp iratory  m ovem ents 
frequencies at the th ree tested tem peratures differ significantly, and the 
difference is m aintained for all the tested initial 0 2 concentrations. The 
decrease of the resp iratory  m ovem ents frequency as the  initial 0 2 con
centration increases can be clearly seen.

5. DISCUSSION

F o x  and S i m m o n d s (1933) used a m ethod sim ilar to the one 
employed in the present w ork to determ ine the survival tim e of C. dip
terum  and of Baetis rhodani living in cold stream s. They exposed larvae 
in closed bottles at 16°C in higher and lower oxygen concentrations (6.4 
to 7.4 ml 0 2/l and 2.6 to 3.1 ml 0 2/l respectively). The larvae of B. rho
dani died afte. a few m inutes in the lower oxygen concentration, while

Table V. Com parison

S p ec ie s R ef.
N o.

T em p e ra tu r e  ra n g e  (°C )

1-6.4 5-10 5.5-10.5 6.4-12.3 5-15

Perlodes in tricata 1 1.43
Perla abdominalis 2
Perla marginata 3
Pteronarcys  californica 4 2.10; 2.19 1.3; 3.2
Acroneuria pacif ica 4 1.19; 2.24 1.8; 1.9
Claassenia sabulosa 4
A r c y n o p te r y x  signata 4
Hexagenia recurvata 5 3.32 2.65

K rogh ’s “n orm al c u r v e ” 15.59 3.65 3.47 3.31 3.22

1 — p r esen t paper,
2 — P a t t e e  a nd R o u g i e r  1969,
3 — I s t e n i ć  1963,
4 — K n i g h t  and  G a u  f  i n  1966,
5 — M o r g a n  a nd W i l d e r  1936 (w in ter  m ea su rem en ts).
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the C. dipterum  larvae survived for several hours. The authors found 
tha t the death of the larvae was not caused by C 0 2 accumulation.

The lethal 0 2 value for Brachyptera risi (Plecoptera), a species w ith 
sim ilar ecological requirem ents as P. intricata, w ere determ ined by 
M a d s e n  (1968) in standing w ater,,.at 10°C; his m ethod was the same 
as the  present one. The recalculated lethal 0 2 value for B. risi is approx
im ately 46°/o of air saturation of w ater, w ith a standard deviation equal 
to 7. The analogous value for P. intricata, determ ined at 10.5°C and 
108.3% of air saturation at the start of the experim ent was 46.6 (Table
II), w ith a standard deviation 19.23, and thus it was almost identical.

D eterm inations of oxygen consumption perform ed in this work are 
not quite precise. The sources of the lack of precision in determ ining 
oxygen consumption by means of the closed-bottle technique w ere dis
cussed in an earlier work (K a m 1 e r 1969). Hence, the present pro
cedure was lim ited to a comparison of oxygen consumption at different 
tem peratures.

Table V presents a comparison of Q10 values describing approxim a
tely the K rogh’s “normal curve”, Q10 values for P. intricata taken from 
the research data, and Qi0 values for larvae of other Plecoptera (ref. No. 
2-4) and Ephem eroptera (ref. No. 5), living in low and constant tem 
peratures. The values describing approxim ately the K rogh’s “normal 
curve” were read directly from the graph published in E g e and 
K r o g h  (1914) and computed, as the lists offered in the last mentioned 
paper and in W i n b e r g  and P e c h e n  (1968) do not contain Qt0 
values for all the  relevant tem peratu re  intervals, and besides, the Qi0 
value 2.63 for the 5°C to 15°C tem perature  range, quoted in W i n b e r g  
and P e c h e n  on page 66 as close to the “ normal curve”, seems to be

of Q10 values

5.5-15.5 11-15 10-20 11-20 15-20 15-25 20 25 15.52.5 30-20

1.52-3.65
1.40

1.2 2.2 
1.2-1.4 
1.4-1.5 
1.7

0.96-1.91 1.13-2.33 0.93-2.11 
1.3-2.0 
1.3; 1.3

0.65-2.22
0.55; 1.8 
0.91-1.5

3.14 2.81 2.63 2.61 2.43 2.40 2.37 2.35 2.19
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too low. There are m any data in lite ra tu re  concerning the relationship 
betw een the m etabolism  of various non cold-adapted anim als and tem 
pera tu re  e.g., W i n b e r g  (1956) gave an extensive comparison for fish; 
he found these data to be highly consistent w ith  the K rogh’s “normal 
curve”. P  a 11 e e (1965) quoted the Q10 value for C. dipterum  m easured 
by means of the closed-bottle (chemical) m ethod as equal to 2.6, and 
obtained by m eans of the m anom etrie m ethod as equal to 3.4. Oxygen 
consumption was m easured ju st before and 24 h r after the raising of 
tem perature by 5°C, and the obtained values w ere adjusted to those 
obtained from the m easurem ents of control anim als at a constant tem 
perature. The tem peratu re  intervals for these m easurem ents were not 
stated in P a t  t e e  (1965), bu t according to his personal inform ation, in 
the case of the closed-bottle m ethod lower tem peratures w ere 7 to 12°C 
and higher 9 to 14°C, while for the m anom etrie m ethod lower tem pera
tures ranged from 3 to 8°C and higher from 9 to 14°C, but most m easu
rem ents by the la tte r method were perform ed at 4 to 9°C. The available 
data do not allow for a full analysis of P a 11 e e’s results, bu t it can be 
supposed that his Q10 values for C. dipterum  are not very rem ote from 
the K rogh’s “normal curve”. Also the Qi0 values for C. dipterum  obtain
ed in the present work (2.70 at 5.5 to 15.5°C and 2.62 at 15.5 to 25.5°C) 
are close to the values expected from the K rogh’s “norm al curve” for 
the same tem peratu re  intervals. However, the Qi0 value for P. intricata 
is m arkedly lower. In lite ra tu re  only a few data can be found for the 
cold-adapted Plecoptera and Ephem eroptera larvae, and it can be seen 
from the comparison in Table V that they are also m uch lower from 
those expected from the K rogh’s “normal curve”. There are, however, 
two exceptions: one out of the 31 Q10 values stated  in I s t e n i ć  (1963), 
3.65 for the tem perature  in terval 11 to 15°C, which is higher from  the 
expected one (2.81), and one out of the 30 Q10 values stated  in K n i g h t  
and G a u f i n (1966), 3.2 for the 5 to 15°C tem peratu re  interval, which 
is only slightly lower from the expected value (3.22). S c h o l a n d e r  
et al. (1953) proved the Q10 values to be in general consistent w ith  those 
expected from the K rogh’s “norm al curve” for anim als inhabiting steady 
warm  environm ents (tropical seas, tropical rain  forests), and for those 
living in cold but fluctuating environm ents (arctic te rrestria l animals). 
The Qio values quoted by these authors for tem perate  clim ate anim als 
were also close to the “norm al curve” values. However, the Q10 values 
for arctic fish and Crustacea living in steady cold environm ents were 
lower than  the expected ones for the same tem peratures. It is rem ark 
able that also in the tem perate clim ate there are some relatively  steady 
cold environm ents, and the anim als inhabiting them, as e.g. the P le
coptera and Ephem eroptera larvae, reveal m uch less vulnerability  to
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tem peratu re  changes than m ight be expected from the K rogh’s “normal 
curve” w ithin the range of low tem peratures natural for them. Such 
discrepancy, however, is by no means surprising, if are rem inded that 
the “normal curve” is an em pirical device, and that it has not been based 
on m easurem ents of cold-stenotherm es. P r o s s e r  (1961), presents 
schematic graphs of log stabilized rates over a wide tem peratu re  range 
for cold-adapted and w arm -adapted animals. He rem arks th a t the most 
frequently  encountered is such pa tte rn  of acclim atization (rotation and 
translation) in which the curve at low tem peratures runs higher for the 
cold-adapted anim als than for the w arm  adapted ones, and its slope is 
less steep, which is an evidence of lower Q10 values. However, we should 
not think tha t the Qi0 is low for all the  anim als living in low tem pera
tures. P r o s s e r  (1961) gives other exam ples besides the discussed one. 
Recently, K l e k o w s k i  et al. (1970) found extrem ely high Q10 values 
at tem peratures close to 0°C for an antarctic sea Amphipoda, Paramoera 
walkeri.

The anatom y of the respiratory  apparatus and the mechanism of its 
work in C. dipterum  has been fully described by E a s t h a m  (1958). 
C. dipterum  is provided w ith 7 pairs of gills, in the first six pairs each 
gill consists of two lamellae. The gills are situated laterally  along the 
abdomen. They move in m etachronal rhythm , which causes w ater to 
flow between the gills and along the abdomen. Data on the role of gills 
in C. dipterum  are contained in W i n g f i e l d  (1939). He m easured 0 2 
consumption at various oxygen concentrations by norm al C. dipterum  
larvae and by those w ith am putated  gills. The respiration of both groups 
was of the “independent” type; the critical oxygen concentration was 
19% of air saturation of w ater for the larvae w ith their gills intact, but 
for those w ith am putated gills it was much higher, i.e. about 44% of air 
saturation. By comparing these results w ith analogous data obtained 
from  observations of operated and unoperated larvae of Baetis sp. whose 
gills are motionless, W i n g f i e l d  (1939) arrived at a conclusion that 
the m ain role of the gills does not consist in im m ediate w ithdraw al of 
oxygen from the environm ent but ra ther in causing w ater movements 
near the respiratory  surfaces. Similarly, E r i k s e n (1963) proved that 
oxygen diffusion through the gills’ surface was by no means more in
tensive than  through any other resp iratory  surfaces. Thus the main role 
of the mobile gills consists in decreasing the oxygen gradients in the 
boundary layers around the respiratory  surfaces.

An application of the cinem atographic m ethod allowed for the first 
tim e to estim ate the rate  of single gill m ovem ents in C. dipterum. This 
m ethod was employed by C u k e r z i s  (1966) for registration of the re 
spiratory  m ovem ents frequency of two species of Astacus. The present
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resu lts did not prove that C. dipterum  modified the  am ount of oxygen 
near its body by slowing down or accelerating its gills movements. 
Hence, the mechanism s of adaptation to the changing environm ental 
conditions had to be sought for in other behaviours. It tu rned  out that 
the changes in the proportion of ventilation and rest periods could con
stitu te  such an adaptation. A p a tte rn  of resp iratory  behavior sim ilar to 
C. dipterum  can be observed in larvae of Chironomidae. W a 1 s h e (1950) 
took kym ograph records of periods of irrigation of a tube, and of pauses 
in Ch. plumosum, a t 15 to 19°C. Sim ilarly as in C. dipterum, they  w ere 
ra th e r  irregular; in norm al larvae, the percentage of the tim e of irriga
tion of the tube increased, as oxygen contents in w ater fell down; this 
increase was more intensive at low oxygen contents than  at higher ones. 
Such a “turning point” for Ch. plumosus  is situated at about 20% of air 
saturation  of w ater, i.e., at lower 0 2 contents than  th a t found for C. dip
terum  (about 50% at 15.5°C and about 100% at 25.5°C). This finding 
seems to be obvious, as Ch. plumosus  is m uch m ore exposed to low 
oxygen concentrations than  C. dipterum. In the la tte r species, a conti
nuous motion of the gills can be expected below about 20% of air sa tu 
ration. It was rem arkable that F o x  et al. (1937), wTho m easured oxygen 
consumption of C. dipterum  larvae at 10°C, found the critical 0 2 content 
at about 18% of air saturation, and W i n g f i e l d  (1939) at about 19% 
at the same tem perature.

K n i g h t  and G a u f i n (1963) describe the behavioral p a tte rn  of 
Acroneuria pacifica (Plecoptera) related w ith a decrease of oxygen 
content in their environm ent. Its part are resp iratory  m ovem ents consist
ing in “bendings” of the whole body. They found th a t the  frequency of 
the respiratory  m ovem ents increased as the oxygen content decreased, 
and the curren t speed fell down. The respiratory  behavior of A. pacifica 
is sim ilar to that of P. intricata. K n i g h t  and G a u f i n  (1963) ob
served in A. pacifica the m axim um  frequency of 92 undulations per m i
nute; the same authors (1964) found it to be 145 per m inute in Ptero- 
narcys californica, and P a t  t e e  and R o u g i e r  (1969) who observed 
Perla abdominalis counted 117 movements per m inute. All these figures 
are close to the m axim um  frequency of the resp iratory  m ovem ents noted 
in P. intricata, which is 91 per m inute.

The results of the present work allow to suppose tha t one of the 
causes of the presented differences betw een the reactions of C. dipte
rum  and P. intricata to tem peratu re  and oxygen contents can be the 
difference in the efficiency of their ventilatory  systems. V ery quick 
motions of the gills of C. dipterum  can probably restore the  oxygen 
supply in the boundary layers near the respiratory  surfaces m ore effi
ciently and w ith lesser energy expense than  the relatively  slow move
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m ents of the whole body perform ed by P. intricata. It is not thereby ex
cluded, however, that regulation can occur parallelly  at the tissue level 
in the circulatory system, or by blood system.
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6. SUMMARY

Laboratory experim ents were carried  out on an eurytherm , Cloeon dipterum  
(Ephemeroptera) and a stenotherm , Perlodes intricata  (Plecoptera). 15 com binations 
of oxygen and tem peratures w ere tested (3 values of tem perature and 5 concentra
tions of oxygen); each combination was repeated 10 times. The investigated reactions 
were: survival, lethal concentrations of oxygen, oxygen consumption and resp ira tory  
m ovem ents frequency.

The larvae of C. dipterum  live longer in low oxygen concentrations than  those 
of P. intricata. The C. dipterum  larvae can exhaust oxygen down to very low values, 
e.g. to as little as 0.02 ml 0 2/l a t 5.5°C. They exhaust oxygen to lower values than 
P. intricata at the same in itial tem peratures and oxygen concentrations. Qio for the 
C. dipterum  larvae is consistent w ith the K rogh’s “norm al curve” expectations, for 
P. intricata it is m arkedly lower. The gills of C. dipterum  perform  com plicated r e 
spiratory movements at the ra te  ranging from about 350 to 750 per m inute. No re 
lationship between these m ovem ents and environm ent conditions was found out. 
Regulation consists in the change of the percentage of tim e occupied by ventilation. 
It increases w ith tem perature and as the oxygen concentration decreases. R espiratory 
m ovements of P. intricata consist in  the “bendings” of the whole body; the ir fre 
quency increases as tem perature rises up and oxygen concentration falls down. Their 
m axim um  observed frequency was 91 m ovem ents per m inute.

It is suggested th a t the difference in the resistance of both species to high tem 
peratures and low 0 2 concentrations is connected, among other things, w ith the d if
feren t efficiencies of their ventilatory  systems.

7. STRESZCZENIE

Przeprowadzono eksperym enty laboratoryjne na euryterm icznym  gatunku Cloeon 
dipterum  (Ephemeroptera) i stenoterm icznym  gatunku Perlodes intricata  (Plecoptera). 
Stosowano po 15 kom binacji tlen /tem pera tu ra (3 tem peratury  i 5 stężeń tlenu), każdą 
kom binację pow tarzano 10-krotnie. Badano: letalne stężenia tlenu, przeżywalność, 
zużycie tlenu i częstotliwość ruchów  oddechowych.

Larw y C. dipterum  w niskich stężeniach tlenu żyją dłużej niż larw y P. intricata. 
Larw y C. dipterum  mogą wyczerpywać tlen do w artości bardzo niskich, np. aż do
0.02 ml 0 2/l w 5.5°C. W yczerpują one tlen do w artości niższych niż P. intricata  w tych 
samych tem peraturach  i wyjściowych stężeniach tlenu. Q i0 larw  C. dipterum  jest 
zgodne z oczekiwanym z „krzywej norm alnej” Krogha, zaś larw  P. intricata  — w y
raźnie niższe. Skrzelotchaw ki C. dipterum  w ykonują skom plikowane ruchy oddecho
we o częstotliwości rzędu 350—750 ruchów/m in. Nie stwierdzono zależności tych r u 
chów od w arunków  środowiskowych. Regulacja polega na zm ianie procentu czasu 
zajętego na w entylację. Jest on tym wyższy, im wyższa jest tem peratura i im mniej 
tlenu  zawiera woda. Ruchy oddechowe P. intricata polegają na „przysiadach” całego 
ciała; ze wzrostem tem peratury  i ze spadkiem  zawartości tlenu  w środowisku czę
stotliwość ruchów  oddechowych w zrasta. M aksym alna zaobserwowana częstotliwość 
wynosi 91 ruchów/min.

Przypuszcza się, że różnica w odporności na wysokie tem peratury  i niskie za
wartości 0 2 związana jest u tych gatunków  m.in. z różnicą efektywności ich syste
mów wentylacyjnych.
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