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BOTTOM  FA U N A  OF DEAD V ISTU LA
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ABSTRACT

T he environm ental factors in Dead V istula (salinity, oxygen content, tem peratu re  
o»f w ater and character of bottom) w ere investigated. The qualita tive species com 
position of m acrobenthos was analysed. Special a tten tion  was paid to the depend
ence of the occurrence of common species in Dead V istula on salinity. Seasonal 
investigations of the dynam ics of num bers and biom ass allowed to distinguish the 
dom inant groups in the overgrown parts and in the parts w ithout p lants in th ree 
regions in various seasons. Considerable d ifferen tia tion  of the bottom  fauna w as 
found along Dead Vistula, and also g rea t seasonal changes.

1. INTRODUCTION

The inform ation on the environm ental conditions of Dead Vistula can be found 
in  the papers by K a p t u r  (1965 — 1966 — unpublished, 1967) and in the m ateria ls of 
th e  S tate H ydrom eteorological Institu te  (1969 — unpublished).

Biological investigations connected w ith Dead V istula are m ainly on the m orpho
logy and physiology of inhabiting it organism s. P articu larly , the papers deal w ith  
embriology, endocrynology and neurosecretion of Rhitropanopeus harrisi subsp. tn -  
dentatus  M aitl. ( Ł a w i ń s k i ,  W ę g l a r s k a  1959, S z u d a r s k i  1963, L a  w i ń 
s k  i, P a u t s c h  1963 and others), Nereis diversicolor O.F.M. ( K o n o p a c k a ,  S z a ń -  
k o w s k a  1962) and w ith the cytochem istry and histology of Cordylophora caspia 
Pallas ( O s u c h o w s k a - B i e l a ń s k a  1959).

However, there is not m uch of the ecological publications from this region. The 
occurrence of several species is discussed in some papers: Decapoda — Rithropano- 
peus harrisi subsp. tridentatus  M aitl. ( M i c h a l s k i  1957, Ż m u d z i ń s k i  1961, 
P a u t s c h  et al. 1969), Paleomonetes varians (Leach) ( Ł a w i ń s k i ,  S z u d a r s k i  
1960), Am phipoda ( J a ż d ż e w s k i  1967) and N udibranchia — Em bletonia pallida 
A lder Hancook ( Ł a w i ń s k i  1968). The distribution of the secondary hard  soil 
fauna was presented by A r n d t  (1965).

The m acrobenthos studied in this paper supplem ents the ecological investiga
tions of Dead Vistula. P resen t paper analyses the species composition, num bers 
dynamics and changes of the biom ass cf benthic inverteb rates taking into consid
eration hydrological conditions. The m ention of these investigations was already 
published ( K l e k o t  1968).

2. MATERIALS AND METHODS

Benthic sam ples and w ater sam ples for the chem ical analyses w ere collected 
in w inter (6—7 March), spring (1-2 May), sum m er (18—21 August) and au tum n (10—14 
November) 1965.

The chosen sam pling stations represen ted  various environm ents. The changes 
of the w ater level, character of bottom , salinity  and the distribution  of em ergent 
and subm erged vegetation w ere taken into consideration. The sam pling stations 
were unevenly d istribu ted  along Dead V istula (Fig. 1). F ive samples w ere collected 
from each of them  during every sam pling except of w inter, when only 2 sam ples 
were taken. Benthos was sam pled w ith  the help of Ekm an dredge w ith the sam 
pling area of 225 cm 2. A total of 240 sam ples was collected, and 45,195 individuals 
examined. http://rcin.org.pl
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The samples w ere w ashed a t the sieve w ith the mesh size 0.7 m m 2, and then 
preserved in 4«/o form alin. All organism s w ere taken out from  each sample, and 
then their species composition, num bers, dry w eight of each system atic group 
and dry w eight of all organism s a t the station w ere exam ined. Dry w eight was

Fig. 1. Map of Dead Vistula. A — general map. B — detailed m ap and location of
sampling stations. I — m outh region, II — m iddle region, III — east region, ..... —
boundaries of regions. 1—21 — num bers of sam pling stations. Time of sam pling: a — 
w inter, spring, sum m er and autum n, b — spring, sum m er and autum n, c — w inter, 
sum m er and autum n, d — w in ter and autum n, e — spring and sum m er, f — summ er

(after K l e k o t  1968)

estim ated afte r drying the anim als to the constant w eight on the blotting papers 
in 105°C. Mollusca w ere weighed together w ith the ir shells.

The content of the organic .m atter in bottom  sam ples was determ ined from one 
series of samples collected in August 1966. The samples w ere ashed in 650°C for 
4 hr, and the! resu lt is a m ean from  3 parallel samples.

The samples of w ater from  near the bottom  w ere collected w ith the help of 
P e t t e r s e n ’ s sam pler (Copenhagen model) of 1.7 1 capacity. The chlorides 
w ere determ ined according to the K n u d s e n ’ s m ethod and the oxygen by W i n 
k l e r ’ s one. The tem perature , w ith the accuracy to 0.1°C, and the depth were 
m easured a t each sam pling station.

3. TERRAIN DESCRIPTION

Dead Vistula (Fig. 1) is an old bed of the Vistula River. There is no cu rren t 
there since 1895, when the Vistula got a m an-m ade river m outh to the Gdańsk Bay 
near Swibno. The investigated reach of Dead Vistula, 14,800 m long starts a t the 
je tty  in Szewce G dańskie and finishes a t the m outh of Wisła Śm iała near Górki 
Wschodnie. The w idth of the reach was from  400 to 600 m, bu t in the m outh to 
the sea it was only 58 m. The depth in the previous curren t is 2—8 m.

The oxygen content in w ater varied from  4.4 mg/1 a t 2°C in the SE p art 
(sampling station No. 20 — w inter) to 12.3 mg/1 a t !0cC in the same p art (station 
No. 18 — spring) and in NW p art at 6.9°C (station No. 2 — autumn).

The salinity varies greatly  vertically  and horizontally ( K a p t u r  1967), and 
according to the present investigations it was from  3 to 7%o. Dead Vistula is fed 
w ith both fresh and sea w aters. F resh w ater comes from  the drains from  Żuławy, 
and periodically sm all quantities of it get there through the Przegalina lock. W ater 
of the 7%o salinity get there from the Gdańsk Bay. The salinity of the near bottom  
w ater a t the tim es of benthos sam pling is shown at the Fig. 2; these data agree

I
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Bottom  fauna of Dead Vistula 153

w ith the continuous records of K a p t u r  (1965 — 1966 — unpublished). The highest 
salinity was noticed near the Dead Vistula m outh to the Baltic Sea, and it decreased 
eastw ard. The lowest salinity was found during the spring due to the income 
of fresh  w ater, larger than  in the other seasons. High salinity values w ere noticed 
during the autum n and w inter. This was due to the disgorges of the sea w aters

Fig. 2. Salinity  changes in Dead Vistula (A) and the depths (B). 1 — w inter, 2 — 
spring, 3 — sum m er, 4 — autum n, 5 — depth. O ther explanations as in Fig. 1

during the storms, and a t the sam e tim e a m inim al inflow  of fresh w ater. During 
the  sum m er the salinity depends m ainly on the w ind direction. During the winds 
from  the sea the salinity increases, w hile during the w inds from  the land — decreases. 
G enerally the salinity of Dead Vistula increases together w ith the increase of the 
depth.

The bottom of Dead Vistula, sandy a t the m outh, changes w ith the distance 
from  the sea to sandy w ith  some quantities of mud, and then to m uddy w ith large 
quantities of detritus. The percentage content of organic m atter in bottom sedi
m ents is presented a t the Fig. 3. The lowest value, below l°/o  was found a t the 
stations No. 2 and 21, the highest one — 19.4°/o — at the station No. 20 w ith m uddy 
bottom  w ith detritus.

The near bank vegetation is unevenly distributed , and recently strongly re 
duced due to the conservancy of the banks. Phragm ites com m unis Trin., Juncus 
sp. and subm erged plants occur there (P a u t s c h  1965).

Three regions w ere distinguished w ithin the studied reach on the basis of h y 
drological conditions and distribution of benthic com m unities: I — the m outh region,http://rcin.org.pl
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II — the m iddle one and III — the east one (Fig. 1). In each of them  two parts w ere 
distinguished: w ith plants, and w ithout plants.

I. The mouth region covers the m outh of Wisła Śm iała to the Baltic Sea. There 
was a sandy bottom, m axim al depth 6 m, salinity about 7%o — sam pling stations 
No. 1, 2 and 6. A shallow bay was also included there. It was located a t the west 
bank of Wisła Śmiała, overgrown w ith subm erged vegetation surrounded from 
th ree sides by reeds, w ith bottom sandy w ith mud and salinity about 4%o — sam 
pling stations No. 3, 4 and 5.

II. The m iddle region covers the length of 5 km and is slightly overgrown with 
vegetation (only station No. 9). There was a sandy bottom  covered w ith 3—4 cm

Fig. 3. Organic m atte r content in bottom  sedim ents of Dead Vistula. Black co
lum ns — parts w ith plants, plain columns — parts w ithout plants

of mud. The average depth in the previous cu rren t was 6 m. The salinity  varied 
from  4.5 to 6%o. Sam pling stations No. 7—12 and 14 w ere located there.

III. The east region was 7 km long, partly  overgrown — stations No. 16, 19 
and 21. The stations No. 15, 17 and 20 w ere located in places w ithout any vegeta
tion. Mud at the bottom was m ixed w ith detritus, and its  layer a t the site No. 19 
was 1 m deep. There was the highest content of organic m atte r in bottom  sedi
m ents of all investigated regions. The exceptions w ere only sam pling stations 
No; 16 and 21 located a t sandy bottom. The average depth in the previous curren t 
was 5 m. The salinity was the lowest among the distinguished regions and it varied 
from  3 to 6%o.

Two sam pling stations, No. 13 and 18 are not included in any of the d istin 
guished regions because of their distinct character. A lthough the density of fauna 
on them  was very low, an attention  should be paid to them  due to the species 
composition there.

4. RESULTS
N U M B E R S A N D  BIO M A SS

T he ben th ic  in v e rte b ra te s  of Dead V istu la  belonged to the  follow ing 
system atic  groups: N em ertin i (not determ ined), O ligochaeta (11 species), 
P o lychaeta  (5 species), C rustacea  (11 species and  D ecapoda larvae), In- 
secta la rv ae  (15 C hironom idae species, also L ep idop tera  and T richop- 
tera), G astropoda (7 species) and  L am ellib ran ch ia ta  (6 species). Thehttp://rcin.org.pl
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occurrence of p a rtic u la r  g roups in  th e  places w ith  an d  w ith o u t v e g e ta 
tion  is show n a t th e  Fig. 4.

In  th e  I region, in the  p a r t w ith o u t p lants, 96%  of the  to ta l num bers 
of benthos consisted of P o lychaeta , C rustacea, L am ellib ran ch ia ta  and 
O ligochaeta. L am ellib ranch ia ta  show ed th e re  th e  h ighest biom ass. F our

Fig. 4. Num bers and biomass of benthos of Dead Vistula. I—III — investigated re 
gions. 1 — N em ertini, 2 — Oligochaeta, 3 — Polychaeta, 4 — H irudinea, 5 — Crustacea, 
6 — Chironomidae, 7 — Gastropoda, 8 — Lam ellibranchiata. Black columns — parts 

w ith plants, plain columns — parts w ithout p lan t

groups: C hironom idae, G astropoda, O ligochaeta and P o ly ch aeta  w ere 
v ery  num erous in th e  overgrow n p art. In  th is p a r t th e  g re a te s t share  
in  th e  biom ass had G astropoda, th en  C hironom idae and L am ellib ran ch ia 
ta. T he d ensity  and biom ass of ben thos in th e  overgrow n p a r t  of th e  
I region w e re  re la tiv e ly  high.

In th e  II region, in th e  p a r t w ith o u t vegeta tion , P o ly ch aeta  occur in 
th e  g re a te s t density , th en  O ligochaeta, C rustacea and  L am ellib ranch iata ,http://rcin.org.pl
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respectively  4, 8 and  9 tim es less num erously . T he L am ellib ran ch ia ta  
dom inated  in  th e  biom ass, and  th e ir  biom ass w as severa l tim es h ig h er 
th an  th a t of o th er groups. In  th e  overgrow n p a r t of th is  region, O ligo- 
chaeta  and G astropoda are  of the h ighest density . G astropoda dom ina
ted  in th e  biom ass, L am ellib ran ch ia ta  had 5 tim es low er biom ass, and 
C rustacea half of th e  la tte r  value. T he num bers and  biom ass in the  
II region w ere  th e  h ighest am ong all th ree  regions.

In  th e  III region, in  th e  p a r t w ith o u t vegeta tion , ben thos consisted  
m ain ly  of O ligochaeta and  C hironom idae, th e  la tte r  in  2.5 tim es low er 
d ensity  th an  th e  form er. T he biom ass w as low, bu t the  h ighest one w as 
th is of C hironom idae. In  th e  overgrow n p a r t G astropoda w ere  m ost 
num erous, and th en  O ligochaeta 6 tim es low er in  num bers. G astropoda 
had the  g rea te s t sh are  in th e  biom ass. The nu m b ers and biom ass in 
the  III region w as betw een  th e  values for the  I and II one.

SE A SO N A L  CH ANG ES

T he seasonal changes of the  n um bers and biom ass of benthos in th e  
investigated  regions of Dead V istu la  a re  show n a t the  Fig. 5. D uring  a ll 
seasons th e  h ighest n um bers w ere  found in th e  overgrow n p a r t of the 
I region, b u t th e  biom ass w as not especially  h igh there . The nu m b ers

Fig. 5. Seasonal changes of the density (A) and biomass (B) of bottom  fauna in the 
exam ined regions. D ata for bottom  w ithou t plants and w ith  plants presented se p a 

rately. I—III — num bers of regionshttp://rcin.org.pl
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and biom ass m axim a w ere  usually  found in au tum n , w ith  th e  exception  
of the  I region, p a rt w ith o u t vegata tion , and th e  II region, overgrow n 
part, w h ere  these m axim a occurred  in sum m er. In  th is  last p a r t th e  
biom ass m ax im um  occurred  in au tum n , a lthough  th e  n um bers w ere  
the  h ighest du rin g  th e  sum m er. A h igh  biom ass in  th e  overgrow n p a r t 
of the  III reg ion  during  th e  sp ring  is also one of th e  exceptions. A p art 
from  th e  above exceptions th e  biom ass increases to g e th er w ith  th e  in 
crease of the  n um bers in  p a rtic u la r  seasons. H ow ever, th is  dependence 
is not p roportional in th e  m a jo rity  of th e  investigated  p a rts  of the  w a te r 
body. E.g. in  th e  overgrow n p a r t  of th e  I reg ion  a considerab le increase 
of the  num bers w as observed — from  14,479 ind iv id u a ls/m 2 in  sum m er 
to 39,107 ind iv iduals in  au tu m n  — w ith  only sligh t increase of the  b io
m ass from  25.3 to 39.5 g /m 2.

Fig. 6. A nnual changes of the percentage share of num bers and biomass of various 
groups in particu lar regions. I—III — num bers of regions. 1 — Chironomidae, 2 — 
Crustacea, 3 — Gastropoda, 4 — Lam ellibranchiata, 5 — Oligochaeta, 6 — Polychaeta

7 — others

http://rcin.org.pl
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A nnual changes of th e  percen tag e  share of g roups of ben th ic  fauna  
in  p a r tic u la r  reg ions a re  show n at th e  Fig. 6. The an n u a l changes of 
th e  p ercen tage sh are  of p a r ticu la r g roups in to ta l n um bers in the  p a rts  
w ith o u t p lan ts  a re  q u ite  d iffe ren t in stud ied  regions, and th ey  are  d iffe r
en t from  the b iom ass changes. T he p ercen tage v aria tio n s of the  n u m 
b ers  and biom ass in  th e  overgrow n p a rts  of th e  II and  III region are, on 
th e  o th er hand, sim ilar. T he h ighest densities w ere  found for O ligochaeta 
an d  G astropoda. T he sh are  of G astropoda in n um bers of all an im als is 
la rg e  during  th e  spring , sm aller in  sum m er, and again  large in  au tum n . 
T hese an im als d om inate  du ring  all y ea r in the  biom ass of benthos in 
bo th  p arts , w ith  an d  w ith o u t p lan ts, of all regions, reach ing  a t th e  a v e r 
age 60°/o of th e  biom ass. D uring  th e  sum m er th e  p ercen tag e  share  of 
th e  biom ass of G astropoda is also sm aller. H ow ever, th e  occurrence of 
fau n a  in  the  o verg row n  p a r t of the  I reg ion  is d iffe ren t.

It should  be underlined , th a t  du ring  the  au tu m n  th e re  w ere  observed 
th e  m ass appearances of th e  young ind iv iduals of M ollusca (P o ta m o p yr - 
gus jenkensi  S m ith , B ith yn ia  tentaculata  L., Macoma baltica L.) and Po- 
ly ch ae ta  (A lkm aria  rom ijn i  H orst), and du ring  th e  sum m er of e.g. C ru 
stacea (Bathyporeia  pilosa Lind.).

SPEC IES D IF FE R E N T IA TIO N

In  th e  fauna of D ead V istu la a group of species ch arac te ris tic  for th is 
w hole  w ate r body can be d istinguished , and also groups of species con
n ec ted  w ith  th e  overgrow n p a r t or th e  p a r t w ith o u t p lants.

The follow ing species occurred  along the  w hole stud ied  reach, in d e 
p en d en tly  from  th e  presence or absence of vegeta tion : Lim nodrilus  
h o ffm e is ter i  C lap., Peloscolex heterochaetus  (Mich), T u b ife x  costatus  
C lap., Nais elinguis  O.F.M. (Oligochaeta); Nereis  diversicolor  O.F.M., 
Streblospio  shrubsoli  (Buchanan) (Polychaeta); Balanus im provisus  D ar- 
vin, Corophium  volu ta tor  (Pallas), Rhithropanopeus harrisi subsp. tri- 
d en ta tus  M aitl. (C rustacea); Chironomus p lum osus  L., Tanytarsus  m an-  
cus (W alker) (C hironom idae); Potam opyrgus jenkens i  Sm ith, B ithyn ia  
ten tacula ta  L., R a d ix  ovata baltica Nillss. (G astropoda); Macoma baltica L.. 
M ya arenaria  L. (L am ellib ranchiata); Piscicola geom etra  L. (H irudinea)

T he follow ing species occurred alm ost exclusively  in th e  p a rts  w ith 
ou t p lan ts: E nch y trae id ae  (O ligochaeta); Pygospio elegans  C lap., A lk m a 
ria rom ijn i  H orst, M anayunkia  aesturina  B ourne (Polychaeta); B a th y 
poreia pilosa L ind., C yathura  carinata K röyer, Corophium locustre  V anh., 
G am m arus  sp. (C rustacea); C ardium lamarcki  Reeve, M ytilu s  edulis L. 
(L am ellib ranch iata). T hus Polychaeta , L am ellib ran ch ia ta  and C rustacea 
are  th e  ch a rac te ris tic  g roups for the  not overgrow n parts.

T he follow ing species occurred  alm ost exclusively  in  th e  overgrow n 
p arts : Stylaria lacustris  L., Ilyodrilus ham m oniensis  (Mich) (O ligochaeta); 
Erpobdella octoculata  L., Helobdella stagnalis  L. (H irudinea) O rthocla-

http://rcin.org.pl
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dinae, G lyp to tend ipes  gripecoveni  K ieffer, Endochironomus tendens  
(Fabr.) and Endochironom us dispar M eigen (C hironom idae); R a d ix  ovata  
baltica Nilss., Planorbis planorbis  L. (G astropoda). T hus m ain ly  O ligo- 
chaeta , C hironom idae larvae, G astropoda and  H irud inea  w ere  found in 
th e  p a r ts  w ith  vegeta tion , in d ep en d en tly  from  th e  salin ity .

S everal tim es it w as found  th a t  various species from  the  sam e sy stem 
atic  group  dom inate  in various regions. C hanges of the  species com po
sition  w ith in  m ost com m on groups from  Dead V istu la  a re  show n a t th e  
Fig. 7. Am ong e.g. O ligochaeta th e  m ost n u m erous in  the  p a r t  w ith o u t 
p lan ts  of th e  I reg ion  a re  E nch treaidae , in th e  II region — T u b i fe x  cos
ta tus  Clap, and  Peloscolex heterochaetus  Mich., and  in th e  III reg ion  — 
Lim nodrilu s  ho ffm eis ter i  C lap, ap a rt from  the  ju v en ile  ind iv iduals  of 
Lim nodrilu s  sp. Am ong P o lychaeta , Nereis diversicolor  O.F.M. dom inates 
in  th e  I reg ion  and in th e  overgrow n p a r t of th e  II one, w h ile  in th e  
p a r t  w ith o u t p lan ts  in  th e  II reg ion  —  A lkm aria  rom ijn i  H orst is a d e te r 
m ined  dom inant. In  the  III reg ion  P o lychaeta  n ea rly  did not occur. 
A m ong C rustacea, in th e  p a r t  w ith o u t p lan ts of th e  I reg ion  dom inated  
B athyporeia  pilosa, in  the  sam e p a r t of the  II reg ion  — Corophium  vo-  
lu ta tor  Pallas, and  in th e  las t reg ion  — G am m arus sp.

T he species v aried  m ore in  th e  p a rts  w ith o u t p lan ts  of th e  w hole 
s tu d ied  reach, th a n  in th e  overgrow n p a rts  of th e  II and III region. T he 
overgrow n p a r t of the  I reg ion  w as an  exception. H ere the  h ighest n u m 
b e r of species w as found am ong all th e  d istingu ished  p a rts  of D ead V istu 
la. Species ch a rac te ris tic  fo r th e  I and II reg ion  w ere found here, and  
th e  d ifference betw een  the  n u m b er of fresh w ate r and B altic species w as 
th e  sm allest as com pared  w ith  o th er regions. In  the  I reg ion  w ith  th e  
h ig h est sa lin ity  th e re  is a m uch h igher num b er of B altic th an  fre sh w a te r 
species in th e  p a r t w ith o u t p lan ts, w hile in th e  III reg ion  w ith  th e  low est 
sa lin ity  th e re  is an  inverse  re la tio n  betw een  fre sh w a te r and B altic  species.

A t th e  tw o of sam pling stations, No. 13 and  18, located in th e  d ra in 
age channel and in the  lock be tw een  Dead V istu la  and the  V istu la  R iver 
th e  follow ing species occurred, w hich  w ere no t found in D ead V istula: 
R yodrilu s  bavaricus  O eschm ann, L im nodrilus  udekam ianus  Clap, and  
la rv ae  of H eleidae.

IN F L U E N C E  OF SA L IN IT Y  ON TH E D IST R IB U T IO N  OF BEN T H O S IN  D E A D  V ISTU L A

F ig u re  8 show s th e  lim its  of sa lin ity  for several species from  Dead 
V istu la  and th e  com parable li te ra tu re  data. For some fre sh w a te r sp e
cies, as e.g. Stylaria  lacustris  L., C hironomus p lum osus  L., th e  quoted  
va lu es of sa lin ity  a re  the  h ighest lim iting  ones. For the  m a jo rity  of 
g iven  species th e  m axim al and  m in im al sa lin ity  values from  Dead V is
tu la  a re  w ith in  the  lim its of th e ir  occurrence. These a re  e.g. R adix  
ovata f. baltica Nilss., Piscicola geom etra  L., G am m arus  zaddachi Sex-
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on, Procladius sp., Balanus im provisus  D arvin , Cordylophora caspia 
Pallas, Cyathura carinata  K royer, C orophium  volu ta tor  Pallas, Nereis  
diversicolor  O.F.M., P otam opyrgus jenkensi  S m ith  and M ytilu s  edulis

No.
S alin ity  (% o) Zones  

Species I cc-m ixo -o ligoha line  \ß -m ixo - mesotialine
____________________ * j  *,' ? f _ r
Styloria lacustris L.
Corophium lacustre l/onhoffen 
Bithyma tentaculata L.
Hlyptotendipes gripecom/ Kief (er 
Chironomus plumosus L.
Rhithropanopeus harrisi suhsp.

tndentatus Maitland 
Radix ovata f. baltico Nilss 
Pi sc i col a geometra L.
Damarus zaddachi Sexton 
Procladius sp.
Balanus improvisus Darwin 
Cordylophora caspia Pallas 
Cyathura carinata Kroyer 
Corophium volutator Pallas 
Nereis diversicolor O.F.tl.
Potamopyrgus jenkensi Smith 
Mytilus edulis L.
Limnodrilus hoff meisten Clap.
Tubifex costatus Clap.
Peloscolex heterochaetus Michael sen 
Alkmaria romijni Horst 
Streblospio shrub sob Buchanan 
Macoma baltico L.
My a arena r io L.
Pygospio elegans Clap.
Cardium lamarckt Peeve 
Bathyporeia pilosa Lind 
Enchytraeidde

Fig. 8. Limits of salinity for several species from  Dead Vistula

L. F or some B altic species as e.g. T u b ife x  costatus  Clap., A lkm a ria  
rom ijn i  M orst, Streblospio shrubsoli B uchanan, Macoma baltica L., M ya  
arenaria  L., Pygospio elegans  Clap., Cardium  lamarcki  Reeve, B a th y p o 
reia pilosa Lind, the  found sa lin ity  values a re  th e  low est lim iting  ones.

Species Peloscolor heterochaetus  M ichaelsen (O ligochaeta), found  in 
Poland  for th e  f irs t tim e, occurred  a t th e  sa lin ity  3.8-7.0°/00-

5. DISCUSSION

D ead V istu la  is a n ea r B altic b rack ish  w a te r body. A ccording to  th e  
V enetian  system  it is /?-m ixo-m esohaline and  a-m ixo-o ligohaline w ith  
s ligh tly  la rg e r a rea  covered by th e  la tte r  zone. Am ong th e  Polish  b ra c k 
ish w a te r  bodies it can  be placed, as fa r as th e  sa lin ity  is concerned  
be tw een  Z atoka P ucka ( Ż m u d z i ń s k i  1967) and  Z alew  W iślany 
( S z a r e j k o - Ł u k a s z e w i c z  1959). T he investigated  reach, 14 km  
long, has a v ariab le  en v ironm en ta l conditions sim ilar to th a t of th e  
p a r ts  of the  sea bays u n d er th e  d irec t in fluence of B altic. The m ean  
sa lin ity  in D ead V istu la  is about 4.5°/00- T he an im als liv ing h ere  a re  
eu ry h alin e , h igh ly  to le ran t to  th e  changes of salin ity , and  these w ere
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m et along th e  w hole investigated  reach. F resh w a te r  species a re  in  the  
m inority . B altic species in  th e  /3-m ixo-m esohaline zone w ere not n u m e r
ous, b u t th e  m a jo rity  of th em  occurred in a-m ixo-o ligohaline zone, 
living in th e  sa lin ity  occasionally low er than  4 0/ 0o- H ow ever, th e  d ivision  
betw een  these  tw o zones a t 5 ° /o 0 (acc. to the  V enetian  system ) can be 
tre a ted  m ore g enerally . T he 4 ° / 0o salin ity  can be assum ed as th is  div ision 
for th e  zones in  the  m ajo r p a r t  of th e  studies reach  of Dead V istu la. 
This low ering is caused by sh o rt lasting changes of the  salin ity , d ep en d 
ent m ain ly  on the  w ind d irec tions causing the  w a te r m ovem ents, and 
on th e  seasonal changes (low spring  salin ity  is du e  to th e  in filtra tio n  
of fresh  w a te r  th ro u g h  the  r iv e r  em barkm en ts a t the  high level of 
V istula, and due to thaw ing  of the  ice cover on D ead V istula). T he 
re su lts  from  D ead V istu la are  thus in ag reem en t w ith  the  conclusion 
of W i k t o r  (1969), th a t B altic species occur in  /?-m ixo-m esohaline zone, 
and m ore seldom  in  a-m ixo-o ligohaline one.

The lim its of th e  occurrence of species No. 7—17 and 24 in  Fig. 8 
a re  not continuous, as the m axim al and m inim al sa lin ity  values of these  
species a re  la rg e r th an  g iven in  the  table. This re su lts  p robab ly  from  
the  choice of th e  w a te r bodies included in the  tab le, b u t not from  th e  
lack of to lerance to the  sa lin ity  changes. The excep tion  is C ythura  
carinata K ro y er (No. 13) in a-m ixo-o ligohaline zone, found only by 
W i k t o r  (1962) a t the  low sa lin ity  of 0 .18-2 .18°/00 in  K anał P iastow ski 
in Szczecin Bay.

The low er n u m b er of fre sh w a te r species w as found w hen the  sa lin ity  
w as h igher. T he B altic species occurred  in la rg e r n um ber in D ead V is
tu la  w hen the  sa lin ity  w as abou t 5 ° /o 0 or h igher. T hese observations 
confirm  th e  conclusion of R e m a n e  (1934) th a t th e re  is a sign ificant 
decrease of th e  n u m b er of fre sh w a te r species in th e  sa lin ity  above 
3 ° /o o , and a sign ifican t decrease of th e  n um ber of sea species in  th e  
sa lin ity  below  5 ° / 0o.

In  D ead V istu la  an  in fluence of the  ch a rac te r of bo ttom  on th e  
occurrence of fauna was noticed. P o lychaeta  —  brack ish  species, and 
C hironom idae —  fresh w a te r species, w ere  b o th  m ost num erous in  th e  
II reg ion  and in  th e  bay  of th e  I region w ith  sand  and m ud a t the  
bottom , b u t not in  th e  I o r III region, as it could be supposed tak ing  
in to  consideration  th e  salin ity . T he above dependence caused probab ly  
th e  lack of co n tin u ity  for ce rta in  species in Fig. 8. A lthough it is 
know n from  th e  l i te ra tu re  d a ta  (Fig. 8) th a t these  species occur in th e  
sa lin ity  h ig h er th a n  th a t  in  D ead V istu la, th ey  w ere  not found in the  
region w ith  th e  h ighest salin ity . The d iffe ren tia ted  bo ttom  of D ead 
V istu la con tains various q u an titie s  of th e  organic m a tte r. Its percen tage 
share  in bo ttom  sed im ents decreases, g enerally  from  SE p a rt to th e  
m outh  of W isła Śm iała. R ela tively  large  decrease of th is percen tage 
is in  th e  div ision of D ead V istu la  and W isła Śm iała (station  No. 8) and
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in the  m outh  to G dańsk B ay (station  No. 2), from  w h e re  the  organic 
m a tte r  is w ashed out by a s trong  cu rren t. T he cu rren ts  w hich have 
place in the m outh, due tq  th e  changes of w a te r  level, p robab ly  deposit 
th e  organic m a tte r  near th e  je tty  (station  No. 1), and  on th e  o th er side 
a t the  fro n t of th e  back delta, i.e. n ea r s ta tio n  No. 6, w h e re  the  organic 
m a tte r  con ten t is ten  tim es h ig h er th an  in  the  sed im ents. T he organic 
m a tte r  is also deposited  in the  w est side of th e  r iv e r m outh , w h ere  the  
w aves action  is m uch w eaker. T he d iffe ren tia ted  q u an tity  of th e  organic 
m a tte r  along W isła Śm iała is caused by th e  every  y e a r  dredging  for 
the  sailing purposes. In  th e  p a rts  w ith  p lan ts  th e  organic m a tte r  con
te n t in  bottom  sedim ents depends on th e  in ten s ity  of w a te r  m ovem ents. 
P laces m ore p ro tec ted  aga inst these  m ovem ents show h ig h er conten t 
of organic m a tte r, as e.g. th e  bay — sam pling  sta tions No. 3, 4 and 5. 
T he low organic m a tte r  con ten t in th e  sed im en ts a t s ta tio n  No. 21 is 
th e  re su lt of w aves action  w hich  cannot be stopped  a t th e  sm all d ep th  
of 30 cm  by a poor stand  of Juncus  sp. T hus the  d is trib u tio n  of benthos 
in  th e  d istingu ished  regions of Dead V istu la  is lim ited  by tw o factors; 
sa lin ity  and  the  ch a rac te r of bottom . As bo th  these  facto rs act sim u l
taneously  it is im possible to say w hich one is m ore im p o rtan t. The d en 
sity  of bo ttom  fauna of Dead V istu la  is tw ice h ig h er th an  th a t  of Zalew  
W iślany ( Ż m u d z i ń s k i  1957) and one and  a half tim es h igher th an  
th e  one in Zalew  Szczeciński (W i k t o r 1962). The la rg e r d ensity  of 
ben thos in Zalew  Szczeciński as com pared  w ith  Zalew  W iślany is 
exp la ined  by W i ' k t o r  (1962) as re su ltin g  from  a considerable inflow  
of fresh  w a te r ca rry ing  th e  n u trien ts . L ack of such d a ta  unables such 
conclusion in th e  case of Dead V istu la, b u t it can be assum ed th a t 
the  inflow  of dra inage w ate rs  from  Ż uław y influences the  d ensity  of 
benthos. H igh con ten t of the  organic m a tte r  in sed im ents a t station  
No. 13 and 18 (Fig. 3) in d ra inage  ch an n el and  in the  lock supports 
th is assum ption.

T he m ost typ ical for th e  overgrow n p a r t  of D ead V istu la a re  P oly- 
chaeta, L am ellib ranch iata , C rustacea, and  as fa r as biom ass is concerned, 
add itionally  G astropoda. Ż m u d z i ń s k i  (1967) found in the  near 
shore p a r t of G dańsk Bay ex trem ely  h igh  occu rrence of fauna, h igher 
th an  th a t in the o th er p a r ts  of B altic. T he h ighest biom ass in  his 
investigations was the  one of groups w hich  w ere also p resen t in Dead 
V istu la. H ow ever, because of various m ethods of th e  biom ass d e te rm i
nation, th e  re su lts  a re  not com parable. In  the  overgrow n p a rts  of 
Dead V istu la  O ligochaeta, C hironom idae la rv ae  and G astropoda w ere 
found in d ependen tly  from  the  sa lin ity  values. T he overgrow n p a rt is 
v e ry  num erously  inhab ited  w ith  benthos. Such p a rts  in Zalew  Szcze
ciński a re  also very  ab u n d an t w ith  ben thos, sim ilarly  to th e  shallow s 
W i k t o r  (1962) found th e re  M ollusca, C hironom idae and O ligochaeta. 
How ever, in Dead V istu la Potaviopyrgus jen ken s i  S m ith  dom inates am onghttp://rcin.org.pl
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M ollusca, w h ile  in Zalew  W iślany ( Ż m u d z i ń s k i  1957) and  Szcze
ciński ( W i k t o r  1962) —  Dreissena polym orpha  (Pall.), w hich  occurs 
only sporad ically  in Dead V istu la. T he sa lin ity  of th e  p a r t  of D ead 
V istu la  w ith o u t veg e ta tio n  is s im ilar to th a t  of the  shore p a r ts  of 
G dańsk Bay, w ith  th e  exception  of th e  m ost SE p a r t of th e  III region. 
T he sa lin ity  of the  p a r t of III reg ion  and of th e  overgrow n p a rts  of 
D ead V istu la  is sim ilar to th e  sa lin ity  of Zalew  W iślany and Zalew  
Szczeciński.

T he investigations of Ż m u d z i ń s k i  (1957) in  Zalew  W iślany show ed 
qu ite  considerab le seasonal v aria tio n s of benthos, and especially  of its 
biom ass. In  h is investigations and  in  the  p resen t ones th e  h ighest 
values w ere  found  in  sum m er and  au tum n. C hanges of th e  p ercen tag e  
share  of various groups in th e  to ta l biom ass of ben thos in D ead V istu la  
a re  not proportional, or even analogous to th e  changes in th e ir  n u m 
bers. This re su lts  from  large d ifferences in th e  size and  w e ig h t of in 
d iv iduals of th e  sam e species. It is w ell seen in th e  case of M ollusca 
and C rustacea, as th e ir  shells have a considerable share  in  to ta l biom ass 
of these  groups. T he decrease of th e  biom ass in  re la tio n  to th e  nu m b ers 
is especially  w ell seen a t th e  tim e of th e  ap pearance of young in d i
v iduals as e.g. in sum m er of Bathyporeia  pilosa Lind., and  in au tu m n  
of Potam opyrgus jenkens i  S m ith , B ithyn ia  tentaculata L., Macoma  
baltica L., and of Alkm aria  rom ijn i  H orst.

6. SUMMARY

The benthic fauna of Dead Vistula was investigated along the 14 km reach 
during 1965. This w ater body is connected w ith G dańsk Bay through the m outh 
of Wisła Śmiała and w ith the Vistula River through the lock (Fig. 1). The en v i
ronm ental conditions, and especially the salinity and the type of bottom are 
shown a t Fig. 2 and 3. The analysis of the benthos species composition is shown 
at the Fig. 7. D ifferent composition of inverteb rate  com munities was found for 
the overgrown p art and the p art w ithout any vegetation. The species of benthos 
w ere m ore changeable in the parts w ithout than w ith plants. The occurrence of 
more common species in Dead V istula w ere found to depend on the salinity  
(Fig. 8). Certain species w ere typical for a-m ixo-oligohaline and /?-m ixo-m esoha- 
line zones, or for one of them. On the basis of the investigations of the dynam ics 
of num bers and biomass and taking into the consideration the salinity and type 
of bottom  there w ere distinguished parts w ith plants and w ithout plants in th ree 
regions: I — m outh region, II — m iddle region and III — east region. Various groups 
of d ifferen t num bers and biomass dom inate in these regions (Fig. 4). The m ax i
mum of num bers and biomass have place usually in autum n, bu t it occurred 
also in sum m er. The rise of num bers is not always proportional to the rise 
of biomass (Fig. 5 AB) due to large differences in the size of animals. A consid
erable decrease of the biomass in relation to the num bers is characteristic for the 
periods of mass appearances of juvenile individuals. The yearly changes of the 
percentage share of particu lar groups of benthic anim als are quite d ifferen t in 
various regions. These differences are larger for the parts w ithout plants than  
for the overgrown ones (Fig. 6). The investigations allowed to state on the basis 
of an analysis of benthic fauna th a t the studied reach was highly d ifferentiated , 
a t least during the investigations.
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7. STRESZCZENIE

W roku 1965 zbadano faunę denną M artw ej Wisły na odcinku ok. 14 km. 
Zbiornik ten m a połączenie z Z atoką G dańską przez ujście Wisły Śm iałej i z Wisłą 
przez śluzę (Fig. 1). Uwzględniono aktualnie panujące tam  w arunki abiotyczne, 
a w szczególności zasolenie i charak ter dna (Fig. 2, 3). Przeprowadzono analizę 
składu gatunkowego (Fig. 7). Stw ierdzono różny skład zespołów bezkręgowców 
w  części zarośniętej zbiornika i w części pozbawionej roślinności, a w iększą zm ien
ność gatunkow ą wzdłuż M artwej Wisły w jej części niezarośniętej niż zarośnię
tej. Zwrócono uwagę na zależność w ystępow ania pospolitszych gatunków  M artw ej 
Wisły od zasolenia (Fig. 8). Stwierdzono, że gatunki w ystępujące w M artw ej Wiśle 
są euryhalinowe, typowe dla strefy a-m ixo-oligohalinowej i /?-m ixo-m esohalino- 
wej, lub dla jednej z nich. Na podstaw ie badań nad dynam iką liczebności i b io
masy uwzględniających zasolenie i charak ter dna wyróżniono: części zarośnięte 
i bez roślinności w trzech rejonach: I — ujściowym, II — środkowym, III — w schod
nim. Dom inują w nich różne grupy o innej liczebności i biom asie (Fig. 4). Badania 
nad zmiennością sezonową wykazały, że m aksim um  liczebności i biomasy dla róż
nych rejonów  przypada przeważnie jesienią, a niekiedy latem . W zrost liczebności 
nie zawsze jest proporcjonalny do w zrostu biomasy (Fig. 5 AB), co jest wynikiem  
dużych różnic w wielkości osobników bezkręgowców. Znaczne obniżenie biomasy 
w stosunku do liczebności jest charakterystyczne dla okresu pojaw iania się m a 
sowo młodych osobników. Roczne zm iany procentowego udziału poszczególnych 
grup fauny dennej w różnych rejonach przebiegają bardzo odmiennie. Różnice te 
są większe dla części niezarośniętych niż dla zarośniętych (Fig. 6). Przeprow adzo
ne badania pozwoliły stw ierdzić na podstawie fauny dennej silne zróżnicowanie 
akwenu, przynajm niej w okresie prowadzonych badań.
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ABSTRACT

Evidence is supplied th a t near the lake bottom  the ben th ic ro tifers species are a u 
tochthonous, w hereas eurytopic and planktonie ones im m igrate from  other lake 
zones chiefly from  epilimnion. During the w arm  season the quan tita tive  and qu alita 
tive species composition of ro tifers over lake bottom  is affected m ainly by eu ry 
topic and planktonie species. Thq num ber of benthic species does not a lter consid
erably during the research period. The num ber of species and abundance of in d i
viduals in the near-to -bo ttom  zone decreases w ith increasing depth.

1. INTRODUCTION

Hydrobiological litera tu re  comprises papers concerning rotifers, chiefly pelagic 
ones, from  various lakes. I t is lacking however in da ta  on profundal rotifers, occur
ring principally  in w ater overlying the surface of bottom  sedim ents. This is due 
to technical difficulties in sampling, which constitute an essential obstacle in in 
vestigating this habitat. No herm etic sam plers are available th a t w ould prevent 
surface w ate r to penetrate  into them  during the draw ing out of a sam ple tow ards 
the surface. A lthough P e j l e r  (1962) investigated the ro tifers of the near-to-bottom  
zone of a lake, still his in terest was lim ited to depths not exceeding 1 m. This 
au thor allows for difficulties in finding a m ethod of sam pling in the bottom zone 
a t g rea ter depth. B i g e l o w  (1928) investigated the m icrofauna com m unities in v a 
rious lakes, considering the litto ral fauna as poorly known. W i s z n i e w s k i  (1953) 
w rites th a t ro tifers from  litto ral and benthic com m unities rem ain alm ost unknown 
even from  the faunistical viewpoint. The lake litto ral ro tifers w ere studied by 
K l i m o w i c z  (1964). In connection w ith p lan t com munities, the occurrence of 
benthic ro tifers a t greater depths was however not taken into account. P a w ł o w 
s k i  (1958) adm its th a t the bottom  composed of m uddy soft sedim ents is very poorly 
settled  by rotifers, particularly  in lake profundal.

The present paper aims a t investigating the ro tifers settling the near-bottom  
zones of lakes and at establishing the ir sources of im m igration.

2. METHODS

The m ateria l was collected in lakes M ikołajskie and Tałtow isko (M azurian 
Lakeland) from  June 7 to Nov. 15, 1963. Two series of samples w ere taken every 
m onth. Each series of near-bottom  samples contained: a sam ple from  the littoral 
taken  from  am ong reeds a t a depth 1—2 m, the bottom  being for the  most p a rt

1 P resen t address: Institu te  of Public U tility Service, L aboratory of H ydro
biology, K olektorska 4, W arsaw, Poland.http://rcin.org.pl
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sandy, slightly silted; a second) one taken from  the depth of 3.0-3.5 m, w here the 
bottom was m ore m arkedly silted and often covered w ith under-w ater meadows. 
N ext samples originated from  the bottom covered w ith grey m ud and w ere taken 
from  the sub littoral up to the deepest parts of the lake (32 m). The d istance from  
the shore to the deepest point was 400 m in Lake M ikołajskie and about 800 m in 
Lake Tałtowisko. A to tal of 192 samples w ere taken from  the near-bo ttom  zone.

The sam plers w idely used for plankton sam pling are not suitable for sam pling 
organism s in a th in  near-to -bottom  layer of w ater. In the course of p resen t investi
gation the samples w ere taken by m eans of a tube sam pler of Lastoczkin type 
equipped w ith a lid herm etically  covering the top p art of the tube, the construction 
of which was im proved a t the Institu te  of Ecology, Polish Academy of Sciences. 
This modified sam pler was fu rth e r equipped w ith a set of replaceable sam pling tu 
bes up to 50 cm long w ith apertures of a surface of 10—50 cm2. The sam ple taken 
from  the near-bottom  zone was composed of a  10—20 cm layer of m ud in its low er 
part and 30—40 cm layer of w ater in the top part, th a t underw ent fu rth e r ex am i
nation. The sam pler construction enabled to isolate the m ateria l originating from  
the th in  layer of w ater ju st above m ud surface.

In. order to elucidate the sources of im m igration of ro tifers to the near-bottom  
zone, additional samples w ere taken from  the pelagial. Over the deepest parts  of 
the lake 24 samples w ere taken  from  surface w ater layer down to 0.5 m and 62 
samples every 2 m down from  surface to bottom  in two series from  each lake. These 
86 sam ples from  the pelagial w ere taken using an autom atically  closed sam pler of 
Bernatowicz type, p a rt of them  being preserved w ith form alin a t the sam pling s ta 
tion for quan tita tive exam ination.

The w ater sam ples w ere filtered  through a net of m ill gauze No. 25. Most sam 
ples w ere exam ined in a live state the same day, only few being preserved till the 
nex t day in a therm ostat a t a tem perature close to th a t of lowerm ost layers of lake 
w ater (4—7°C). The exam ined ro tifers w ere firs t determ ined as to species, th e reafte r 
the  num ber of individuals w as counted in a cham ber of 1 ml w ith the bottom  
divided into 1000 squares.

3. RESULTS

T he n u m b er of species and  abundance of ro tife rs  in one litre  of w a te r  
of th e  n ea r-to -b o tto m  lay e r a t various dep th s a re  p re sen ted  on Fig. 1 as 
average data  fo r th e  w hole research  period. As follow s from  th ese  data, 
th e  n u m b er of species and abundance of ind iv iduals  decrease along w ith  
increase of d ep th  and  d istance from  the  shore. O n Fig. 2 n u m b ers  a re  
p re sen ted  of species found a t various d ep th s  an d  average  n u m b ers  of in 
div iduals p e r 1 litre  of w a te r  found in  a w a te r  colum n from  su rface  to 
bottom , in th e  deepest p a r ts  of th e  lake. A ten d en cy  of decrease  of n u m 
b e r of species and ind iv iduals along w ith  increasing  d ep th  is ev iden t. 
T his decrease is less m ark ed  (Fig. 2, T ables I, II) in  th e  w a te r  la y e r a t 
th e  low er lim it of occurrence of p hy top lank ton , in L ake M ikołajsk ie a t 
7-8  m, in  L ake T ałtow isko 11-12 m. T his lay e r is ch arac te rized  by  high  
density  of p h y top lank ton , num erous p lank ton ie  Crustacea and slig h tly  
increased  abundance of ro tifers . A com plete list of ro tife rs , found in  la 
kes M ikołajskie and T ałtow isko is p resen ted  on T ab le III show ing th e  
vertica l reach  of occurrence of species.

T he b en th ic  species, th a t  in sp ite  of sw im m ing ab ility , re m a in  in 
a p e rm an en t con tac t w ith  a solid su b stra tu m , a re  p laced in th e  u p p e r of 
T able III (No. 1~7). N ex t a re  eury top ic  species occurring  in  th e  n e a r-  
-bo ttom  zone and  am ong p lan ts  even in th e  shallow est p a r t  of, th e  l i t to 
ra l (No. 8-20). T he follow ing place in T able III is occupied by  specieshttp://rcin.org.pl
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ch a rac te ris tic  chiefly  for pelagic lake p lank ton , tran sp o rte d  how ever to 
n ea r-b o tto m  and litto ra l zones (No. 21-31). T he su b seq u en t species a re  
those n ev e r found in h ab ita ts  m ost specific fo r ro tifers , th a t  is in  the

Fig. 1. N um ber of species and m ean density of R otatoria in the near-to -bo ttom  
w ater layer, in relation to w ater depth. The distances of sam pling stations from  
the shore are given in brackets. Lake M ikołajskie: 1 — num ber of species, 2 — den

sity, Lake Tałtowisko: 3 — num ber of species, 4 — density

Fig. 2. N um ber of species and mean density of pelagic R otatoria in relation to w a 
te r depth. Lake M ikołajskie: 1 — num ber of species, 2 — density, Lake Tałtowisko: 

3 — num ber of species, 4 — density

litto ra l or pelagial, b u t observed only in  deep n ea r-b o tto m  zones of lake 
(No. 32-35). These a re  follow ed by species found only in  th e  ep ilim nion 
(No. 36-37) th en  by  those found in  litto ra l and  ep ilim nion (No. 38-42), not 
observed in  deeper near-b o tto m  lake zones. O n th e  last p lace of Table 
III a re  species found only in  lake litto ra l (No. 43-51).

Am ong ro tife rs  inhab iting  th e  lacu strin e  p ro fu n d al n ear-b o tto m  zones, 
tw o g roups of species m ay be d istingu ished  according to  T ab le  III: b en 
th ic  ones, th a t  a lthough  capable of floating  rem a in  p erm an en tly  in  con-
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tac t w ith  solid su b stra tu m  (No. 1-7); eu ry top ic  ones th a t find  optim um  
life conditions in  deep w a te r and  am ong p lan ts  as w ell as p lanktonie 
form s (No. 8—31).

Table II. Changes of abundance (ind./l) of R otatoria w ith  increase of depth. 
Lake Taltowisko, Sept. 5, 1963

No. Species
Depth (m)

0.5 1 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

1 Keratella cochlearis 
(Gosse) 30 31 36 19 9 7 12 15 9 2 3 3 2 1 3 3 1 4

2 Keratella quadrata 
(Müll.) 15 20 17 12 6 2 1 6 2 1 2 1 2 3 1 1 2

3 Synchaeta pectinata  
Ehrb. 17 10 12 11 3 2 3 — 2 — 2 1 1

4 Trichocerca cavia 
(Gosse) 5 3 4 1 2 2 -------1 2 1 1 2 2

5 Keratella cochlearis 
tecta  (Gosse) 20 18 14 6 7 8 10 10 5 1 1 1 1 1

6 Pom pholyx sulcata 
Hudson 15 17 10 2 3 1 1 1

7 Anuraeopsis fissa  
(Gosse) 9 5 2 1 ! _______ 2

8 Kellicottia longispina 
(Kelli.) 22 19 7 1 2 1 — 1 2 — 1 — — — — — — —

A considerab le abundance of ro tife rs  in  epilim nion  (down to 4 m, 
T ables I, II) is connected  w ith  m ass occurrence in th is zone of eu ry top ic 
species (No. 8-11, 13—14, 18; T ab le III) and  of p lank ton ie ones (No. 21, 
23-26; T ab le  III). Ind iv iduals of eu ry top ic  and p lank ton ie species w ere  
found in m ost cases from  su rface  lay ers  of ep ilim nion  to th e  bottom  
th ro u g h o u t th e  w hole w a te r  colum n.

B en th ic  ro tife rs  (No. 1-7; Table III) occur ch iefly  in  lake litto ra l. The 
reach  of occurrence of these species in  d eep er lake zones is variab le . In  
deep lay ers  ind iv iduals of these  species a re  found  exclusively  in  th e  n e a r-  
-bo ttom  zone, excep t for Rotaria rotatoria  (No. 1), Euchlanis dilatata  (No. 
3) and Lophocharis oxys te rnon  (No. 4). W ith in  th is  group of species the  
o ccurrence of Rotaria rotatoria  (No. 1) dese rves special a tten tio n . It is an 
in te re s tin g  fact th a t  ind iv iduals of Rotaria rotatoria, a species req u irin g  
u su ally  a solid su b s tra tu m  fo r creeping, w as absen t in L ake M ikołajskie 
from  w a te r  su rface  dow n to 16 m of depth , th en  it w as found  in  w a te r 
from  16 to 20 m and in th e  n ea r-b o tto m  layer. A ll d ep th s  exceeding 
6 m  R. rotatoria  w as alw ays a dom inating  species as to  n u m b er of in 
d iv iduals  in  th e  40 cm lay e r above th e  bottom .

T aking  in to  account th a t in  L ake M ikołajskie m axim um  d ep th  a tta in s  
24 m  th e  occurrence of th is ben th ic  species also in  w a te r colum n, 8 m 
above th e  bottom , is significant. In  L ake T altow isko  ind iv iduals of th is 
species w ere  found a t th e  d ep th  26 m i.e. 6 m  above th e  bottom . In  
A ugust and  n ex t m onths in m ost sam ples from  d eep er s tra ta  of n ea r-http://rcin.org.pl



Table III. R otatoria species found

M ikołajskie Tałtowisko

No. Species L itto 
ral

Depth (m) L itto 
ral

Depth (m)
N ear N ear- |

(1-2 m) bottom Pelagial (1-2 m) bottom P elagial
zone zone

1 Rotaria rotatoria 
(Pallas)

+ 4-24 16-20 + 4-32 26-32

2 Rotaria neptunia + 4-16 — + 4-28 —
(Ehrb.)

263 Euchlanis dilatata  
Ehrb.

+ 4-24 1-2 + 4-24

4 Lophocharis oxysternon  
(Gosse)

+ 4-8 2 — 4-24

5 Philodina roseola 
Ehrb.

+ 4-16 ---

6 Dissotrocha macrostyla  
(Gosse)

+ 4-8 — --- 4-12

7 I tur a aurita + 4-12 — --- — —
(Ehrb.)

0.5-328 Keratella cochlearis + 4-24 0.5-32 + 4-32
(Gosse)

4-28 0.5-329 Keratella quadrata + 4-24 0.5-22 +
(Müll.)

0.5-3210 Trichocerca cavia — — — + 4-28
(Gosse)

4-24 0.5-2611 P om pholyx sulcata 
Hudson

+ 4-24 0.5-6 +

12 Keratella quadrata + 4-24 0.5 + 4-20 0.5
jrenzeli (Eckstein)

+ 4-20 0.5-2013 Anuraeopsis fissa — — —
(Gosse)

+ 4-8 0.5-1014 Polyarthra vulgaris 
Carlin

+ 4-16 0.5-22

15 Trichocerca tenuior + 4-8 — — — —
1 1 (Gosse)

+16 Trichotria pocillum + 4 0.5 —
(Müll.)

+17 Brachionus angularis — — — 4
Gosse

0.5-3218 Synchaeta pectinata + 4-24 0.5-22 + 4-28
Ehrb.

0.5-1019 Gastropus sty lifer  
Imhof

+ 4-12 0.5-10 + 4-12

20 Bipalpus hudsoni + 4-8 — — — —
(Imhof)

+ 0.5-2821 Keratella cochlearis + 4-24 0.5-22 4-32
tecta  (Gosse)

+ 20-2222 Trichocerca pusilla — — — 4-28
(Jennings)

4-24 0.5-2023 Asplanchna priodonta + 4-24 0.5-22 +
Gosse

+ 0.5-2024 Kellicottia longispina + 4-24 0.5-16 4-24
(Kelli.)

+ 4-24 0.5-1025 Conochilus unicornis + 4-16 0.5-20
Roussel.

4-12 0.5—2626 Chromogaster ovalis + 4-24 0.5-12 —
(Bergandal)

+ 4-24 0.5-2627 Trichocerca sim ilis + 4-8 0.5-20
(Wierzej.)

8-20 10-2228 Collotheca m utabilis 
(Hudson)

\
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in selected zones of exam ined lakes

M ikołajskie Tałtowisko

No. Species L itto 
ral 

(1-2 m)

Depth (m) L itto 
ral

(1-2 m)

Depth (m)
N ear
bottom

zone
Pelagial

N ear
bottom
zone

Pelagial

29 Trichocerca capucina 
(Wierz. Zach.)

— 4-16 0.5-8 + - -

30 Synchaeta grandis 
Zacharias

+ 4 0.5 --- “
31 Filinia limnetica  

(Zacharias)
+ 4 0.5 ---

32 Notholca squamula  
(Müll.)

--- --- 8-20

33 Rotaria neptunoidea  
H arring

12-16 12

34 Synchaeta stylata  
W ierzejski

8-16

35 Cephalodella sterea 
dentata  Donner

4—12

36 Brachionus calyciflorus 
dorcas Gosse

--- 0.5-4 --- "
37 Brachionus diversi- 

cornis (Daday)
--- " 0.5 --

38 Euchlanis triquetra  
Ehrb.

+ 2

39 Cephalodella gibha 
(Ehrb.)

+ 1

40 Lecane luna 
(Müll.)

+ 0.5 +

41 M onostyla lunaris 
(Ehrb.)

+ + 0.5

42 Cephalodella catellina 
(Müll.)

+ 0.5

43 Lepadella patella  
(Müll.)

+

44 Colurella bicuspidata  
(Ehrb.)

+

45 Cephalodella auricu- 
lata (Müll.)

+

46 Trichocerca tigris 
(Müll.)

+

47 Lepadella ovalis 
(Müll.)

+

48 Lepadella rhomboides 
(Gosse)

+

49 Pleurotrocha petro- 
m yzon  (Ehrb.)

50 Philodina citrina  
Ehrb.

+

51 Lecane stichaea 
H arring

+
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-bo ttom  zones of lakes only specim ens of Rotaria rotatoria  w ere  found. 
D uring  th is  period  of investigations th e  group  of species in  p ro fundal 
near-b o tto m  zones of both  lakes w as m uch the  sam e.

Special sam pling  w as ca rried  out from  a lay e r of 40 cm, close to th e  
bottom , to exam ine its m icrostra tifica tion ; it  p roved  th a t irre sp ec tiv e  of 
th e  tim e of re search  period, th e  less num erous ro tife rs  fauna  w as found 
in  a lay er of few  cen tim ete rs  above the  bottom .

T he abundance of ben th ic  species as e.g. Rotaria rotatoria  in the  l i t 
to ra l of L ake M ikołajskie was 0-25 specim ens in  1 li tre  of w ater, and in 
th e  p ro fundal n ea r-b o tto m  zone 5-11 specim ens p er litre . Euchlanis  
dilatata  in  litto ra l 3-18, in  p ro fundal 0-2  specim ens. Lophocharis o xy -  
s ternon  0-15 and  2-4  respectively , Philodina roseola 0-12 in  th e  l i t 
to ra l and 0-2  in  th e  p ro fu n d al n ear-b o tto m  zone. A n analogical general 
q u an tita tiv e  situ a tio n  in ben th ic  species w as observed  also in Lake 
Taltow isko, w h e re  th e  nu m b ers  of specim ens w ere  low er and not all 
th e  species noticed in  L ake M ikołajskie w ere  found in L ake Taltow isko 
as well. No dependence w as observed of th e  n u m b er of ben th ic  speci
m ens in  th e  p ro fu n d al zone of a lake upon th e ir  q u an tita tiv e  develop
m en t in the  litto ra l.

T he fauna of ben th ic  ro tife rs  in p ro fu n d al zone does no t undergo  
th ro u g h o u t th e  w arm  season any  considerable changes, as it has been  
proved  by num erous tests, because of s tab le  en v iro n m en ta l conditions. 
D uring  th is season in  deepest regions of the  exam ined  lakes in a lay er 
of less th an  1 m ete r over th e  bottom  th e  oxygen  concen tra tion  was 
0.0 to 2.4 mg/1 and  th e  te m p e ra tu re  4.5 to 9.4°C. Lack of oxygen in 
w a te r (0.0 mg/1) w as observed since th e  beg inn ing  of A ugust. A t th e  
sam e tim e a d is tin c t decrease in num b er of ro tife rs  specim ens, so m e
tim es dow n to a dozen per 1 litre  of w a te r  w as no ticed  in  both  lakes.

T he eu ry top ic  and p lank ton ie  ro tife rs  (No. 8—31; T able III) w ere  
found in b o th  th e  pelagial and  th e  p ro fu n d al n ea r-b o tto m  w a te r  layers. 
R ep resen ta tiv es of m ost species w ere p re sen t in  th e  w hole w a te r colum n 
from  u p p er epilim nion  to th e  bottom . D esp ite  of th e  p resence of ra th e r  
num erous specim ens of th e  above m entioned  species in  th e  n ear-bo ttom  
layer, y e t evidence is g iven by  exam ples show n on T ab le  I and II th a t 
rep ro d u ctio n  occurs ch iefly  in  th e  epilim nion. T he abundance of spe
cim ens of eu ry top ic  and p lank ton ie  species in  th e  n ear-b o tto m  zone is 
exclusively  d ep en d en t on th e ir  sim u ltaneous abundance in overly ing 
w a te r layers. W ith in  these  species the  follow ing ones w ere  rep resen ted  
by th e  h ighest n u m b er of th e  ind iv iduals: Keratella  cochlearis, K. cochlea- 
ris tecta, K. quadrata, Synchaeta  pectinata, Kellicottia  longispina, and 
Asplanchna priodonta.  F rom  th e  d istingu ished  eup lank ton ic  and p la n k 
tonie species (No. 8-31; T able III) the  follow ing ones should  be selected , 
th a t occur in  abundance in epilim nion, b u t a re  considerably  less re s is tan t 
to conditions of th e  n ear-b o tto m  zohe: Polyarthra vulgaris  (No. 4, Table I),http://rcin.org.pl
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Asplanchna priodonta  (No. 5), Conochilus unicornis  (No. 7), Chromoga-  
ster ovalis (No. 10), Kellicottia longispina  (No. 8; T able I, No. 5; T able II). 
Trichocerca cavia (No. 4; T able II) and Anuraeopsis  fissa (No. 7, Table 
II). Specim ens of these species a re  sporad ically  found in th e  n ea r-b o t
tom  zone. A t dep ths below 5 m  these  species a re  found not in every  q u an 
tita tiv e  sam ple lim ited  to 5 1. T hey  a re  m ore n u m erous in layers  of 
less th an  1 m ete r above th e  bottom , how ever not a tta in in g  the sam e 
abundance as in epilim nion. As follow s from  exam ples p resen ted  in 
T able I and  II, m ost ind iv iduals of eu ry top ic  and p lank ton ie species 
ce rta in ly  sink from  the  epilim nion to deeper p ro fu n d al layers. The 
reach  of occurrence of species in th e  n ea r-b o tto m  zone of deep  profundal 
is not equal (No. 8-31; Table III). E xcep t for ind iv iduals of Trichocerco. 
tenuior  (No. 15), Trichotria pocillum  (No. 16), Brachionus angularis  (No. 
17), Bipalpus hudsoni  (No. 20), Synchaeta  grandis  (No. 30), and Filinia 
l ivinetica  (No. 31), all o ther species a tta in  dep ths exceeding 10 m.

Species denoted  in Table III by No. 43~51, occurring  in th e  reed 
zone, did n o t exceed 3.5 m of d ep th  over a firm  bottom , b u t sporadically  
w ere  found over u n d erw a te r m eadow s. No specim ens of these  species 
w ere  noticed a t th e  bo rd er of u n d e rw a te r m eadow s or of su b litto ra l 
w ith  firm  bottom . The reach  of these  species over lake bo ttom  is p a r t 
icu larly  d istinct. T he chances of m eeting  on u n d erw a te r m eadow s ind i
v iduals  of these species decreased  c lea rly  to g e th er w ith  th e  decrease 
of th e ir  abundances in the  bo rd er zone be tw een  reeds and th e  pelagial.

M icroscopic exam ination  of su rface  layers of lake bo ttom  sedim ents 
enabled  to count dead and decaying specim ens of ro tife rs . Only very  
few  lorica w ere  found, strong ly  dam aged. Dead undam aged  specim ens 
w ere n ev e r recorded.

4. DISCUSSION

P e j l e r  (1962) observed only p lank ton ie  form s in  sam ples tak en  
from  d ep th s  exceeding 16 m. This au th o r noticed also, th a t  m ost ro tife rs  
species avoid loose bottom  sedim ents. O nly ind iv iduals of species 
Euchlanis tr iquetra  and Lepadella triptera,  th a t have trigonal cross- 
-section of body w ith  a w ide basis, a re  ad ap ted  to reside over loose 
surface of bo ttom  sedim ents. M o o r e  (1939) en u m era tes  28 ro tife rs  
species from  L ake Douglas, am ong w hich in  deeper su b litto ra l and p ro 
fu n d a l zones occur: Rotaria rotatoria, R. tardigrada  and  Dissotrocha  
macrostyla.  B etw een  14 and 22 m only Rotaria rotatoria  is observed 
A fte r this au th o r th e  num b er of ro tife rs  species decreases w ith  in c rea
sing depth. C om paring w ith  o th er seasons, a t th e  sam e dep ths in lake 
pro fundal, du ring  sum m er stagnation  th e  m icrofauna is reduced  as to 
n u m b er of species and abundance of individuals.

T he m ain orig inal fe a tu re  of th e  p re sen t p ap e r is the  discussion ofhttp://rcin.org.pl
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origin of ro tife rs  resid ing  in th e  p ro fundal n ea r-b o tto m  lake zones. As 
it follows from  d a ta  p resen ted  in Table III, th e  species occurring  in  
n ear-b o tto m  zone of a lake and being a special object of th e  p resen t 
investigation , a re  p robab ly  b o rn  in  the  n ea r-b o tto m  h ab ita t as w ell 
as th e  pelagic one. T he m ain  d iffe rence be tw een  species in  th is h ab ita t 
is th e ir  origin, from  th e  n ea r-b o tto m  zone or im m igra ting  species. A less 
num erous group of species a re  the  au tochthonous, ben th ic  ones, th a t  in  
p a rtic u la r  m onths of th e  w arm  season succum b to insign ifican t changes 
as to species com position and  abundance of ind iv iduals. On the  con tra ry , 
th e  m ajo r group of species a re  th e  im m igra ting  ones, eu ry top ic or 
planktonie, th a t undergo  changes in  species com position and  d ensity  of 
ind iv iduals th ro u g h o u t the  w arm  season of th e  year. T h e ir occurrence 
in  the  discussed h ab ita t depends on th e ir  abundance in th e  ep ilim nion  
(exam ples —  T ables I and  II), th a t d e term in es th e ir  abundance in th e  
profundal, over the  lake bottom .

T he ben th ic  species in  lake p ro fu n d al a re  indigenous, since th ey  
find  conditions favourab le  to rep ro d u ctio n  and  developm ent in the  
w a te r lay er over lake bottom . T hese species a re  o ften  rep resen ted  by 
a considerably  h ig h er n u m b er of ind iv iduals in  deep  w a te r  s tra ta , th an  
in  th e  litto ra l a t th e  sam e period. O nly  few  specim ens m ay m ig ra te  
from  th e  litto ra l to p ro fundal lake zones. T h e ir abundance as to n um ber 
of ind iv iduals is s tab le  in  the  w arm  season. T he discussed species 
a re  p resum ab ly  re s is tan t to oxygen deficiency and low w a te r tem p e r
a tu re . In w arm  sum m er days, in th e  course of ex am in a tio n  of sam ples 
tak en  from  th e  n ear-b o tto m  zones, specim ens of ben th ic  species d ied  
m uch fa s te r th an  specim ens of the  sam e species found in sam ples 
tak en  s im ultaneously  from  am ong reeds in  th e  litto ra l. T his fact cor
roborates also th e  supposition  th a t specim ens of ben th ic  species found 
in th e  p ro fundal m ust rep ro d u ce  chiefly  above th e  lake bottom , since 
th ey  are  b e tte r  adap ted  to low er te m p e ra tu re s  and oxygen deficiency 
th an  those o rig inating  from  lake litto ra l. B enth ic  species, th a t dom inate 
in th e  p ro fundal n ear-b o tto m  lake zone occur ab u n d an tly  excep t for 
Rotaria neptunoidea,  also in sm all w a te r pools in  w in ter, w hen  oxygen 
concen tra tion  is 0.0-2.0 ml/1 and w a te r  te m p e ra tu re  0.5-4.0°C  ( K l i m o -  
vv i c z 1970).

T he abundance of ind iv iduals of th e  group  of eu ry top ic  and p lan k 
tonie species in  th e  near-b o tto m  lake zones is m ark ed ly  vary ing  du rin g  
the w arm  season of the  year. T his v a r ia b ility  is in fluenced  chiefly by 
the  developm ent of these  ro tife rs  in lake epilim nion. This conclusion 
is co rroborated  by p a ra lle l investigations of H i 11 b r i c h t-1 1 k o w - 
s k a  (1967) on production  of ro tifers, tak in g  K eratella  cochlearis as a 
model.

It should be m entioned  th a t th e  g en e ra lly  accepted  presum ption, of 
m ass deposition on lake bo ttom  of dead  specim ens of organism s occurhttp://rcin.org.pl
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ring  in the  w a te r colum n up to th e  surface, found no confirm ation . 
A ccording to a ju stified  assum ption, th e  lorica scarce ly  found  in the  
surface lay er of bo ttom  sedim ents, o rig inate  ch iefly  from  popu lation  
of ro tife rs  occurring  near the  lake bottom , th e ir  n u m b er in  th e  sam ples 
being too sm all. C erta in ly  th e  sinking of dead ind iv iduals tow ards the  
bottom  is v e ry  slow and th ey  undergo  an  advanced  decom position in  
the  w a te r  colum n, so th a t only few  carapaces s trong ly  decayed  a tta in  
the  bottom . In  th e  su rface lay er of m ud eggs of C ladocera w ere  often  
found in th e  form  of " eph ip p iu m ” , desp ite  of th e  fact, th a t  dead spe
cim ens of C ladocera w ere v ery  uncom m on. C arapaces of Chydorus  
sphaericus  w ere  an  exception, th ey  w ere  found freq u en tly  in  sam ples.
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5. SUMMARY

The settlem ent of rotifers in the near-bottom  profundal lake zone of lakes 
M ikołajskie and Tałtowisko in the w arm  season was exam ined. Samples w ere 
taken also from  the litto ral and from  the w ater column from  surface to bottom  
a t the deepest places of the exam ined lakes. Individuals of benthic species are 
autochthonous in the near-bottom  profundal zone, since no dependence was 
noticed of their abundance on tha t in the littoral. On the other hand eurytopic 
and planktonie species im m igrate from  other lake zones, chiefly from  the epili- 
mnion (Tables I and II). The fauna of R otatoria over the lake bottom  undergo 
qualita tive and quantita tive changes, this regards however chiefly eurytopic and 
planktonie species. The intensity of changes depends on the density of these specie1* 
in other lake zones, chiefly in the epilim nion (Table I, II). Benthic species w ere 
more stable as to qualitative and quan tita tive changes. O ccurrence of particular 
species and density of individuals in the near-bottom  lake zone and in the w ater 
column from  surface to bottom decreases w ith increasing depth (Fig. 1, 2). A de
viation from  this ru le was noticed only in the w ater column from  surface to 
bottom at the lim its of phytoplankton reach and a w ater layer close to the 
bottom, w here the num ber of species and abundance of idividuals increases.

6. STRESZCZENIE

Badano zasiedlenie w rotków  w przydennej profundalnej strefie w  ciepłej po
rze roku jezior Mikołajskiego i Tałtowisko. Pobierano również dodatkowe próby 
z lito ra lu  oraz z pionu wody od powierzchni jeziora do dna w najgłębszych m iej
scach badanych jezior. Osobniki gatunków bentosowych w strefie przydennej pro- 
fundalu  są tu autochtoniczne, nie stw ierdzono bowiem zależności ilościowego w y
stępow ania ze spotykanym i w littoralu, natom iast eurytopow e i planktonow e n a 
pływ ają tu  z innych stref jeziora, głównie z epilim nionu (Tab. I—II). Fauna Ro
tatoria nad dnem  jeziora zmienia sie nod względem jakościowym  i ilościowym, 
zm iany te dotyczą jednak głównie gatunków  eurytopowych i planktonow ycn. N a
silenie zm ian jest uw arunkow ane liczebnością tych gatunków  w innych strefach 
jeziora, a głównie epilim nionie (Tab. I-II) . G atunki bentosowe nie zm ieniały się 
tak w yraźnie pod względem jakościowym i ilościowym. W ystępowanie poszczegól
nych gatunków  i liczebność ich osobników w  w arstw ie przydennej jeziora oraz 
w pionie wody od powierzchni lustra  do dna, zm niejsza się w raz z głębokością 
(Fig. 1, 2). Nieznaczny w yjątek stwierdzono jedynie w pionie wody od powierzchnihttp://rcin.org.pl
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do dna na granicy zasięgu fitoplanktonu i w w arstw ie wody przy samym dnie 
gdzie zwiększa się liczebność gatunków  i osobników.
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ABSTRACT

Form ulas of W i n b e r g  et al. (1965) for estim ation of net production of crustacean 
Zooplankton have been modified. The m odifications account for the changes in b io
mass increase of anim als hatching from eggs and transform ed into individuals 
of successive stages before the lapse of the period T for which production is es ti
m ated.

1. INTRODUCTION

In recent years the estim ation of prim ary and secondary production in w ater 
ecosystems has become one of the focal in terests of hydrobiologists. Precise u n 
derstanding of the directions of the flow  of energy betw een the trophic levels of 
w ater reservoirs w ill allow to find out the cause of the rapidly progressing eu- 
trophication of lakes, and eventually to check the process or even to reverse it; 
this is a long range objective bu t considering the im m inent deficit of clear w ater it 
is of param ount im portance. The in itial stage of the extensive research  program  
ought to involve reliable estim ation of production of the predom inating anim al and 
plan t groups in reservoirs. As it  seems, an assessed value of production in a given 
reservoir, particu larly  of its secondary production, is likely to approxim ate reality, 
provided th a t the form ulas employed for the calculation account for the actual state 
of the investigated population a t every m om ent of its developm ent. For exam ple, 
the form ulas for the estim ation of crustacean Zooplankton production, besides ac
counting for the tim e of developm ent and the num ber of individuals in the several 
stages, m ust also take into consideration, w hether it is the process of developm ent 
or of ageing which predom inates in the investigated population.

2. THE EXISTING METHODS OF ESTIM ATION OF ZOOPLANKTON
PRODUCTION

The m ethods of estim ation  of Zooplankton p roduction  o ffered  in li t
e ra tu re  depend on th e  d e te rm in a tio n  of th e  increase  of th e  n u m b er of 
ind iv iduals d u rin g  a stud ied  period, or else on th e  d e te rm in a tio n  of th e  
increase  of th e ir  w eight.

A n ea rly  a tte m p t a t solving th e  p rob lem  w as p resen ted  b y  E l s t e r  
(1954, 1955). H e proposed to ca lcu la te  th e  n u m b er of ind iv idua ls  h a tch -
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ing from  eggs from  th e  know n n u m b er of eggs in  th e  env ironm en t 
and  th e ir ra te  of developm ent. N a u w e r c k  (1963) ca lcu la ted  th e  p ro 
duction of all the  stages of developm ent of E udiap tom us gracilis em - 
ploing E 1 s t e r ’ s (1954) “ re s to ra tio n  in d ex ” . S t r o s s  e t al. (1961) 
assessed th e  n u m b er of new ly  produced  ind iv iduals  of Daphnia longispina  
and of D. p u le x  du ring  T days, using a fo rm ula  sim ilar to th a t em ployed 
by E d m o n d s o n  (1960), assum ing a s tra ig h t-lin e  increase of th e  
n u m b er of ind ividuals. T he  re su ltin g  n u m b er of produced  ind iv iduals 
was; used by these  au th o rs  to define th e  period  of tu rn o v e r of in d i
v iduals w hich, m u ltip lied  by average  biom ass of th e  w hole popu lation  
and  d iv ided b y  th e  len g th  of th e  period  of investigation , ren d ered  
th e  biom ass production. Such m ethod  of p roduc tion  estim ation  is exposed 
to  th e  charge th a t  it re q u ire s  an  additional, not alw ays sound assum p
tio n  to th e  effect th a t th e  tim e of tu rn o v e r of ind iv iduals is equal w ith  
the  tim e of tu rn o v e r of biom ass. H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  
(1967) discuss th e  m erits  and  fa ilu re s  of fo rm ulas and  m ethods of Zoo
p lank ton  p roduc tion  estim ation  offered  in l i te ra tu re  of th e  p receding  
decade.

It is w o rth -w h ile  to consider the  m ethod  of W i n b  e r g et al (1965), 
p erh ap s th e  m ost com m only em ployed now. In  th is m ethod, th e  p ro 
duction  v alue  of each deve lopm en t stage is ob tained  by m u ltip ly ing  th e  
num ber N 0 by  th e  d iu rn a l increase of biom ass of the  g iven stage and by 
th e  leng th  of th e  period  of investigation  T in  days. T he fo rm ula  expressed  
in  un ifo rm  sym bols ( H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  1967) for 
ca lcu lating  th e  p roduc tion  of th e  w hole popu lation  (exem plified  by  Co- 
pepoda) looks as follows:

P TW--
W e • N 0e i (W0c — W Gn) N 0n ] (Wä —  W 0c)N 0c 

De ^ D n ^  Dc

w h e re  PTW s tan d s for p ro d u c tio n  expressed  in w eigh t units, We, W 0n, 
W 0c, Wä stan d  for in itia l w e igh t of an  egg, nauplius, copepodite and an 
average m a tu re  ind iv idual (at th e  in itia l m om ent t D); De, Dn, Dc sy m 
bolize the  period  of developm en t of an  egg, nauplius, copepodite as d e 
p en d en t on th e  te m p e ra tu re  of w a te r  d u rin g  th e  period  of investigation : 
N ae, N 0n, N 0c re p re sen t th e  n u m b er of eggs, naup lii and copepodites 
respectively  a t  th e  m om en t t 0.

T he fo rm ula  does not include an  e lem en t for ca lcu la ting  th e  increase 
of biom ass of m a tu re  ind iv iduals, since it has been  assum ed th a t C ope- 
poda stop to grow  w h en  th ey  a tta in  sex u a l m a tu rity . A fte r due tra n s 
form ation , th e  fo rm ula  can  be em ployed to  ca lcu la te  the  p roduction  of 
C ladocera ( H i l l b r i c h t - I l k o w s k a ,  W ę g l e ń s k a  1970). T he 
app lication  of th e  quo ted  fo rm ula  re q u ire s  to tak e  for g ran ted  th e
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sim plify ing  assum ption  th a t every  ind iv idual rem ains in th e  ‘‘developm ent 
s tag e” in  w hich it has been  a t th e  m om ent t 0 u n til th e  end of th e  in v esti
gated  period  T, though  its biom ass con tinues to increase. H ow ever, w e 
know  th a t  young ind iv iduals w hich  w ill increase  th e ir  biom ass, w ill 
h a tch  from  eggs sam pled a t th e  m om ent t Q and  also from  some eggs 
laid  by  fem ales du ring  th e  period of investigation  T.

T hus, th e  biom ass produced  by eggs can be considered  as a sum  of 
th e  biom ass of eggs laid  by fem ales and of b iom ass increases of ind i
v iduals hatched  du ring  th e  period T.

We face a sim ilar s itu a tio n  w hen p roduc tion  of la rv ae  in th e  
n au p lia l stage is ca lculated . In  each sam ple d raw n  from  th e  lake th e re  
a re  ind iv iduals of various w eights. E ven though  th e  period  T, fo r w hich  
production  is assessed, ought to be sh o rte r, or a t least not longer th an  
the  period  of developm ent of the  naup lia l stage, it is obvious th a t the 
la rg est ind iv iduals w ill be tran sfo rm ed  in to  la rv a e  of th e  n ex t stage, 
y ield ing h igher d iu rn a l increases of th e ir  biom ass, even  before the  
period  T elapses. This is illu s tra ted  on th e  exam ple  of an  ind iv idual “a” 
w eighing  0.001 mg (Fig. 1).

Fig. 1. A graphic m ethod of computing Copepoda production from  the curve of d e 
velopm ent. Dn, Dc — periods of developm ent of a nauplius and copepodite in days; 
W„c — in itial w eight of a copepodite;W a — average w eight of an adu lt individual; 
x  — production of an individual a during 8 days; y  — production of an individual b

during 8 days

P roduction  of th is ind iv idual for T (8 days) com puted  by m eans of 
th e  above quoted  fo rm ula (W i n b e r g et al. 1965) is 0.0024 mg. A ctually  
how ever, a f te r  only two days, th e  ind iv idual w ill be tran sfo rm ed  into 
th e  copepodite form  w hich gives h ig h er b iom ass increases. Its p roduction  
“ X ” read  from  th e  g raph  (Fig. 1) is a sum  of its biom ass increases in 
the  n aup lia l stage (2 days) and in th e  copepodite stage (6 days), X =http://rcin.org.pl
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=  0.0016 +  0.0142 =  0,0158 m g. It is th u s m ore th an  six tim es h ig h er 
th an  the  v a lu e  ren d ered  by  th e  application  of th e  form ula.

A d iffe ren t s itu a tio n  arises in th e  copepodite stage. F or exam ple , 
a big ind iv idual “b” (Fig. 1) w ill a tta in  sexual m a tu rity , i.e. it w ill stop 
to grow , before  th e  lapse of th e  period  T, and  its  p roduction  “Y ” read  
from  th e  g rap h  is 0.0156 mg, i.e. less th an  th e  v alue  g iven b y  th e  fo rm u la  
(0.0197) u n d er th e  assum ption  th a t each ind iv idual in  th is  stage  con
tinues to  increase  its w eigh t du rin g  th e  w hole period  T.

It can  be  seen from  w h a t has been  said th a t  p roduc tion  for a period  
T com puted  by m eans of th e  fo rm ula  ( W i n b e r g  e t al. 1965) is 
u n d eres tim a ted  for th e  egg and  naup liu s stages, and  o v erestim a ted  for 
the  copepodite  stage as com pared  w ith  the  ac tu a l values. T he fo rm u la  
fails, to account for as im p o rtan t a facto r as th e  deve lopm en t stage 
of an  in v estig a ted  p opu la tion  — w h e th e r it is grow ing or ageing. Two 
popu lations w ith  th e  sam e in itia l p a ram ete rs  needed  to com pute th e ir  
p roduction , b u t contain ing  am ong, e.g., its copepodites, m ore of you n g er 
and sm a lle r ind iv iduals in  one case and  m ore of b igger and  heav ie r 
ind iv iduals in  th e  o ther, w ill ac tu a lly  y ield  d iffe ren t b iom ass increases 
in  a d e fin ite  tim e instead  of equal ones, as g iven  by  an app lica tion  of 
th e  fo rm u la  (W i n  b e r  g e t al. 1965).

It seem s th a t p roduc tion  values m ost ad eq u a te ly  re flec tin g  w h a t 
ac tu a lly  occurs in  n a tu re  can be ob ta ined  by  sum m ing up  th e  re su lts  
ren d ered  by  m u ltip ly ing  th e  n um ber and  p roduc tion  (as read  ou t of 
a graph) of ind iv iduals belonging to all th e  size or w e ig h t classes of 
an  in v estig a ted  population . T his is still im possible since w e are  lack ing  
a fu ll se t of g raphs rep resen tin g  the  curves of developm en t of the  
p redom ina ting  species in d iffe ren t tem p e ra tu re s  and  food conditions.

H ow ever, th e  fo rm ula  of W i n b e r g  e t al. (1965) can  be large ly  
im proved  so as to m ake up  for th e  c ritica l ob jections by app ly ing  
m odified fo rm ula, based on th e  assum ption  th a t daily  p roduc tion  w ith 
in th e  sev era l stages of developm ent rem ains constan t.

3. DEDUCTION OF THE MODIFIED FORMULA FOR PRODUCTION
ESTIMATION

In th e  deduction, un ifo rm  sym bols of H i 11 b r  i c h t - 1 1 k o w s k a, 
P a t a l a s  (1967) w ere  used. In  th e  final versio n  of th e  fo rm ula, p ro 
duction  of a single ind iv idual du rin g  a period  T  is sym bolized for 
nauplius, ju v en ile  form  of C ladocera and  copepodite by  P n  • T, 
P j • T, P c • T respectively , w h e re  Pn, P j, Pc s tand  for d a ily  p ro 
duction. F o r the  deduction, as w ell as for th e  app lica tion  of th e  fo r
m ulas, it is necessary  to d iv ide  an  in v estig a ted  popu lation  into sm all 
len g th  and  w eigh t classes and  to know  th e  n u m b er of an im als in  each 
class.
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PR O D U C TIO N  OF EGGS

In  the  sam ple d raw n  from  th e  lake a t th e  beginning  of th e  period  
T  th e re  is a ce rta in  num ber of eggs, Ne, in  d iffe ren t s tages of d ev e l
opm ent, as it is show n by  th e  a rro w s 1, 2, 3 cu t by  th e  v ertica l 
line t 0 (Fig. 2).

Fig. 2. An auxiliary  illustration  for the deduction of the form ula PnT  • TV2 • Ne/De, 
for com puting the production of individuals hatched from  eggs before the lapse of 
T. T — the period between two samplings of p lankton; t„, t t — the in itia l and final 
m om ents of T; De — the period of egg developm ent; Ne — the num ber of eggs
caught a t the m om ent t0; B0e, Bte — w eights of eggs a t the in itial and final m o
m ents of T; Ne/De • We • T — production of eggs during T; a, b, c — the period of

growth of an individual from  the hatching to the end of T

Since we know how long an  egg. develops (De — 3 days), w e can 
assum e th a t 1/3 of eggs (arrow  1) had  been  laid  3 days befo re  the  
sam pling, 1/3 (arrow  2) tw o days before  th e  sam pling, and  th e  re m a in 
ing  1/3 (arrow  3) one day  before  th e  sam pling (Fig. 2). I t  can  be 
expected th a t  fem ales w ill lay  new  eggs, in th e  am o u n t equal to 
N e/D e =  1/3 of the  num ber of eggs in  th e  sam ple, ev e ry  day  (arrow  
I ' to 7' on Fig. 2). Each of these w ill also develop for th re e  days. This 
n u m b er m u ltip lied  by the  w eight of one egg We and by  T gives the  
biom ass of eggs laid  during  the  w hole period  T;

Ne • We

This is th e  w ell know n fo rm ula to es tim ate  th e  p roduc tion  of eggs 
(W i n b e r g  et al. 1965, H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  1967).

T he n ex t s tep  is to trace  th e  developm en t of eggs cau g h t in the  
sam ple and  of those laid by fem ales in th e  severa l days of thehttp://rcin.org.pl
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period  T. O nly a p a r t of them  w ill rem ain  in  the  egg stage by th e  
end of th e  period  T; those are  rep resen ted  by  arrow s 5', 6', 7', cu t by 
th e  v ertica l line tj (Fig. 2). T hey  w ill m ake up th e  m ass of eggs caugh t 
in  th e  n ex t sam ple. O ut of th e  rem ain ing  eggs (arrow s from  1 to 4') 
naup lii w ill h atch  sooner or la te r  du ring  th e  period  T, w hich  a re  m arked  
by  h igher b iom ass increases. Am ong them , 1/3 (Ne/D e  — arro w  4') w ill 
be tran sfo rm ed  into naup lii one day  before th e  end of th e  period  T  
(arch a, Fig. 2); the  p roduction  of these  n au p lii is Ne/D e  (or th e ir  
num ber) m u ltip lied  by  th e  daily  p roduction  of a naup liu s (Pni):

Ne
—  ' Pnt (2)
De

1/3 of eggs (arrow  3') w ill be so transfo rm ed  tw o days before th e  period  
T lapses (arch b). T he p roduction  of th is portion  of n au p lii is g iven 
by th e  form ula:

Ne
 • P no (3)
De

S im ilarly  for th e  rem ain ing  eggs.
The p roduction  of th e  naup lii hatched  from  eggs w hich  are  sym bol

ized by arrow  1 can be p resen ted  by th e  form ula:

Ne
- PnT  (4)
De

A fte r th e  re ite ra tin g  p a rt Ne/D e  is w ith d raw n , a series of seven 
te rm s rem ains, in w hich  th e  firs t te rm  P n i rep resen ts  the  daily
p roduction  of a naup liu s du ring  th e  w hole period  T. To find its sum ,
w e have to add th e  f irs t and  th e  last n u m b er and  div ide th e  re su lt 
by  2, according w ith  th e  fam ilia r m ath em atica l ru le:

(Pni +  P n T ) -T
-------------------------------------------------------------------------------  (o)

2

m ultip lied  by th e  w ith d raw n  re ite ra tin g  p a r t N e/D e  is the  fo rm ula  for 
com puting the  p roduction  of naup lii ha tch ed  (before th e  lapse of the
period  T) from  eggs caugh t in th e  sam ple and  from  those laid  by fe 
m ales du rin g  T:

(Pnj +  PnT) • T N e
 ----------------  (6)

2 De

The sum  of the  biom ass increases as ind icated  by (1) and  (6) re p re 
sents th e  v a lu e  of p roduction  of eggs and  of ind iv iduals hatched  from  
them  du rin g  th e  w hole period  T (Fig. 2, th e  do tted  space).

As th e  fo rm ula  (6) w as p rac tica lly  applied , it tu rn e d  out th a t  thehttp://rcin.org.pl
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re su lts  d iffered  w hen  fu ll days or sh o rte r  tim e  spans, e.g. 12 hour 
periods, w ere  su b s titu ted  for tim e sym bols. T he cause of th e  e rro r can 
be m ost easily exp lained  by m eans of a g rap h  (Fig. 3).

Fig. 3. An auxiliary  illustration for the deduction of form ula (7). H ortizontal lines 
define the period T,, vertical ones the value of production of nauplii, arrows — 

Ne/De (continous in days, dotted in half-day  intervals)

In  F igu re  3 horizontal lines define  th e  period  T, th e  continuous line 
in daily  in te rv a ls  and th e  do tted  one in 12 h o u rs  in terv a ls; continuous 
arrow s stand  for N e/D e  a t daily  in te rva ls , and  d o tted  arrow s rep resen t 
N e/D e  a t ha lf-day  in terva ls.

W hen values expressed  in  te rm s of daily  in te rv a ls  w ere  su b stitu ted  
for th e  respective  sym bols in (6), th e  re su ltin g  v a lu e  of p roduction  was 
iden tical w ith  th a t ob tained by p lan im etries  of th e  field  lim ited  by the 
continuous lines and arrow s. This value w as h ig h er from  th a t obtained 
by  m eans of the  fo rm ula (6) w hen  12 hours d a ta  w ere  em ployed, or by 
m eans of p lan im etries of th e  sm aller field  lim ited  by th e  do tted  lines 
and arrow s. T he real value of p roduction  of n au p lii h a tch ed  from  eggs 
before th e  lapse of T is g iven  by p lan im etries  of th e  trian g le  (a, b, c) in  
Fig. 3, as expressed  by th e  form ula:

P n T - T  N e
' De (7>

PR O D U C TIO N  OF N A U P L II

In o rder to estim ate  m ore p recise ly  th e  p roduc tion  of nauplii, in 
d iv iduals w hich  w ill rem ain  in th a t stage u n til  th e  end of th e  period  
of investigation  and those w hich  w ill be tran sfo rm ed  in to  the  n ex t 
la rv a l stage before th e  lapse of T m u st be considered  separate ly . The 
p opu la tion  of nauplii m ust be d ivided in to  tw o  classes and  th e  num ber 
of ind iv idua ls  in  each of them  m ust be d e te rm in ed .http://rcin.org.pl
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T he value of p roduction  of a naup lius d u rin g  period  T m ust be 
su b trac ted  from  th e  w eigh t of th e  sm allest copepodite in  o rd e r to ob tain  
th e  biom ass of an  ind iv idual on the  bo rd er of th e  two req u ired  classes 
(c -P n T  — a , Fig. 4).

Fig. 4. Production during T  of a class 2 nauplius (WnCl,) transform ing into a cope
podite before the lapse of T. t x  — the period of life of the individual b in the n au 
plial stage, x  — production realized by b during its nauplial stage, ty  — the period 

of life in copepodite stage, y  — production realized in copepodite stage

A ll th e  an im als in  th e  n au p lia l stage w eighing  m ore th a n  the b o rd e r 
v a lu e  (class 2) w ill be tran sfo rm ed  into the  n ex t la rv a l stage, show ing 
h ig h er biom ass increases, befo re  th e  lapse of th e  period  T. Ind iv iduals 
w ith  lesser w eigh t (class 1) w ill rem a in  in  th e  n aup lia l stage u n til the 
end of th e  period  T.

T he estim ated  n u m b er of class 1 ind iv iduals  is su b s titu ted  for the 
resp ectiv e  te rm  of th e  fo rm ula  for com puting  th e  p roduction  of th is 
class of anim als. It is based on th e  fo rm ula  o ffered  by W i n b e r g  et 
al. (1965):

P nT  • N nC li (8)

P n  sym bolizes th e  daily  p roduc tion  of a naup lius, T th e  period betw een  
tw o sam plings, N nCli the  n u m b er of ind iv iduals belonging to class 1.

P ro d u c tio n  of la rv ae  of class 2 is the  sum  of b iom ass increases of 
ind iv iduals (of various w eights) d u rin g  th e  period  of investigation . As 
a m ethod  of estim ation  of production , such an  approach  is d ifficu lt and 
toilsom e. A n appro x im ate  v a lu e  of p roduc tion  can  be a tta in ed  by  m u l
tip ly ing  th e  biom ass increase  of an  ind iv id u a l w ith  average w eigh t 
belonging to class 2 du rin g  th e  period  T by  th e  n u m b er of ind iv iduals 
in  th a t  class:

(P n  Cl2 • T) • N nC l2 (9)http://rcin.org.pl
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A pplication  of th is fo rm ula req u ires  a num b er of m ath em atica l oper
ations. To obtain  th e  p roduction  X  of an  ind iv idual “b ” , an average 
one in  class 2, u n til the  m om ent of its  tran sfo rm a tio n  in to  a copepodite, 
its w eigh t should be su b trac ted  from  th e  w eigh t of th e  sm allest cope
podite  “c” :

c~h — X  (10)

The value  X from  (10) div ided by th e  d a ily  p roduc tion  of a naup liu s 
defines th e  tim e t x  (Fig. 4) of th e  developm en t of th e  ind iv idual “ b” 
du rin g  its n aup lia l stage:

X
—  =  tx  (11)
Pn

How ever,
T ~ t x = t y  (12)

w h ere  ty  (Fig. 4) defines th e  tim e of developm en t of an  average class 
2 naup liu s from  th e  m om ent of its tran sfo rm atio n  to th e  end of the 
period  T  (i.e., du ring  its copepodite stage). T he tim e t y  (as defined  in 
(12)) m u ltip lied  by  th e  daily  producion  of a copepodite Pc show s the 
biom ass increase “y ” of an  average class 2 ind iv idual from  its tra n s fo r
m atio n  in to  a la rv a  of th e  n ex t stage u n til th e  end of th e  period  of 
investigation  (Fig. 4):

t y - P c = y  (13)

The sum  of values ren d ered  by  (10) and  (13) defines the  p roduction  
of an  average class 2 ind iv idual “b ” du rin g  th e  w hole period  T:

x + y  =  P n C \2T  (14)

T he v alue  obtained from  (14) and th e  estim ated  n u m b er of ind iv iduals 
in class 2 ought to be su b s titu ted  for th e  respec tive  sym bols in fo rm ula  
(9).

T he w e ig h t of an average class 2 ind iv iduals is close to th e  biom ass 
va lue  s itu a ted  in the  m iddle betw een  points a and  c on the  g raph  in 
Fig. 4, w hich define th e  p roduction  du rin g  T of the  sm allest ind ividual 
belonging to class 2. T hus w e can assum e th a t an  average class 2 in d i
v idual w ill be transfo rm ed  in to  a copepodite a f te r  th e  lapse of th e  half 
of th e  period  T. Its biom ass increase before  tran sfo rm atio n  w ould  th u s  
be equal to th e  half of th e  biom ass increase  (during  th e  w hole period
T) of a nauplius, and a f te r  tran sfo rm atio n  it w ill be equal to th e  ha lf
of th e  b iom ass increase of a copepodite d u rin g  th e  considered period.http://rcin.org.pl
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This reasoning allow s to  deduce the  fo rm ula  fo r estim ation  of p ro 
duction  of class 2 ind iv iduals  in w hich the  calcu lations from  (10) to (14) 
can be elim inated:

P nT  PcT
• N n  CL

2 2
(15)

The sum  of the  values ren d ered  by fo rm ulas (8) and  (15) is th e  
value  of p roduc tion  of a ll the  nau p lii du rin g  th e  period  T.

PR O D U C TIO N  OF IN D IV ID U A L S IN  THE C O PE PO D ITE STA G E

P roduction  of th e  copepodites ought to be th e  sum  of b iom ass in 
creases of ind iv iduals w hich  w ill con tinue th e ir  g row th  d u rin g  th e  w hole 
period T (class 1) and  of those w hich  w ill a tta in  sexual m a tu rity  (and 
th u s w ill stop to grow) before  th e  lapse of T (class 2).

The w eigh t of an  ind iv idual “a” d iv id ing  th e  popu la tion  in to  the  
two classes is obtained  by  su b trac tin g  th e  p roduction  of a copepodite 
du rin g  th e  period T from  th e  biom ass of an  average ad u lt ind iv idual 
*c” (Fig. 5):

Days

Fig. 5. P roduction (x) during T of an average w eight class 2 copepodite (Wc Cl2) 
a ttain ing sexual m atu rity  before the lapse of T

c —  PcT — a (16)

T he estim ated  nu m b ers of ind iv idual in  both  classes a re  su b sti
tu te d  fo r te rm s  of th e  respec tive  fo rm ulas, i.e. th e  n u m b er of an im als 
in  class 1 is in troduced  into the  fo rm ula  defin ing  th e  p roduc tion  of 
ind iv iduals w hich  con tinue th e ir  g row th  u n til th e  end of the period  T:

PcT • JVnCZi (17)
http://rcin.org.pl
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w here  Pc stands for th e  daily  p roduc tion  of a copepodite estim ated  
according to the  form ula of W i n b e r g  e t al. (1965), T —  th e  period 
b e tw een  two sam plings, IVnCli — the n u m b er of ind iv idua ls  in class 1, 
w hile  th e  n u m b er of ind iv iduals in  class 2 is in tro d u ced  in to  the  fo r
m ula defin ing  th e  p roduction  of copepodites w hich  w ill a tta in  sexual 
m a tu rity  before th e  lapse of T:

P cC12T • N cC12 (18)

P cC12T • N cC12 sym bolizes th e  biom ass increase  X of an  average class 
2 ind iv idual du ring  the  period T, ob tained  as th e  d iffe rence  betw een 
the  w eigh t of an  average ad u lt ind iv idual “c” and  th e  w eigh t of an 
average class 2 ind iv idual “b” (Fig. 5).

A ssum ing th a t sim ilarly  as in  th e  n aup lia l stage th e  w eigh t of an 
average class 2 ind iv idual app ro x im ates th e  biom ass v a lu e  p laced on 
the  g raph  in  Fig. 5 in the m iddle b e tw een  poin ts a, c, th e  form ula 
for com puting  th e  production  of class 2 ind iv iduals  assum es the form :

PcT
N cC12 (19)

T he sum  of th e  values ren d ered  by fo rm ulas (17) and  (19) is the 
p roduction  of all the  an im als in th e  copepodite stage du rin g  the  p e
riod T.

In  its final version, the  fo rm ula  for es tim atio n  of th e  p roduction  
of th e  w hole C yclopidae popu lation  d u rin g  th e  period  T, consists of 
fo rm ulas (1), (7), (8), (15), (17), (19) as its e lem ents.

P  W T --

N e  • W e
- E T I - T  +

P nT  • T

2
Ne
De

IPnT  PcT 
P nT  • IVnCl*+  ( — + - -

iVnCl2 4-
PcT

PcT • N c C U +  • -NcClo (2 0 )

4. DISCUSSION

P roduction  values for eggs and naup lii as com puted  by m eans of 
fo rm ula  (20) deduced in  the  p resen t w ork  is h ig h e r from  those ob tained 
by m eans of th e  fo rm ula offered in  W i n b e r g  e t al. (1965), w hile 
for th e  copepodite stage the  p re sen t m ethod  gave a low er value.

T he fo rm ula  o ffered  here  can be fa ir ly  easily  h and led  if a ce rta in  
sequence of operations is observed. A t firs t, daily  p roduction  values
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fo r ind iv iduals in each phase of developm ent m ust be com puted  by 
m eans of W i n b e r g  et al. (1965) form ula. The m ost d ifficu lt phase 
is th e  estim ation  of th e  n u m b er of ind iv iduals in  th e  several classes 
(for it is a new  operation, no t described  in e x tan t lite ra tu re ), b u t it 
w ill not be v e ry  troub lesom e if th e  re sea rch e r w ho applies th e  p re sen t 
m ethod  w ill have elabo rated  fo r h im self a tab le  of biom asses co rre 
sponding to th e  leng ths of ind iv iduals.

A fte r s ligh t m odifications, th e  offered  fo rm ula  can be applied  for 
estim ating  th e  p roduc tion  of C ladocera:

-P W T ~
Ne  • We 

De

T + l p yr1 T \  N e  

I 2 ) De
+ P jT -N jC  1 ,+

P jT  PaT

N jCl +
W a • W0a 

Da
N  a (2 1 )

P jT , PaT  stand  for biom ass increases (during the period T) of a single 
indiv idual of th e  juven ile  (j) and ad u lt (a) form s of C ladocera; W 0a 
rep resen ts  the  w eigh t of th e  sm allest ad u lt ind iv idual; N a sym bolizes 
the  n um ber of ad u lt an im als and D a the period of developm ent of an 
average ad u lt ind iv idua l com puted  by  m eans of th e  fo rm ula  offered 
in H i l l b r i c h t - I l k o w s k a ,  W ę g l e ń s k a  (1970).

The value of p roduction  com puted  by m eans of fo rm ula  (21) w ill 
be h ig h er fo r eggs, low er fo r ju v en ile  form s, and equal fo r ad u lt 
an im als th an  th e  resp ec tiv e  va lu es ob tained  by app lication  of th e  fo r
m ulas ( W i n b e r g  e t al. 1965, H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  
1967). This can be exp lained  by a d iffe ren t shape of the curve of develop
m en t than  in th e  case of Copepoda, and  by the  fact th a t ad u lt C ladocera 
continue to grow , though a t a slow er ra te  th an  in the  ea rlie r stages.

The v a lid ity  of production  estim ation  is im p o rtan tly  in fluenced  by 
th e  leng th  of th e  period  T fo r w hich  p roduc tion  is com puted. M ost 
au th o rs  a re  of th e  opinion th a t  th e  period  b e tw een  tw o sam plings 
should  not exceed  th e  tim e of th e  n au p lia l stage  (for Copepoda) or th e  
period  of developm en t of th e  ju v en ile  fo rm  (for C ladocera). If T is 
sh o rte r th an  th e  periods of d eve lopm en t of those form s, the  popu la
tions of the investigated  stages m u st be divided in to  tw o classes 
If T is equal or s ligh tly  longer th an  Dn or Dj, all ind iv iduals in these 
stages w ill belong to class 2, and th u s  fo rm ula  (8) can be le ft out. 
If  T is m uch longer th an  D n or Dj, es tim atio n  of p roduction  w ill be 
com plicated or even im possible, since som e ind iv iduals hatched  from  
eggs w ill be tran sfo rm ed  in to  copepodites (in case of Copepoda) or into 
the  ad u lt fo rm  (in case of C ladocera). Not only com putations w ill thereby
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be m ade m ore com plex, b u t a huge e rro r  w ill be in troduced  by m o r
ta lity  of anim als.

5. SUMMARY

F am iliar form ulas of W i n b e r g  et al. (1965) and H i l l b r i c h t - I l k o w -  
s k a ,  P a t a l a s  (1967) have been modified in order to arrive a t a m ore precise 
estim ation of the net production of plankton crustaceans. The modifications 
account for the changes in biomass increases of anim als hatching from  eggs or 
transform ed into the nex t stage of developm ent before the lapse of the period 
T during which production is estim ated. In order to apply the m odified fo r
mulas, an investigated population m ust be divided into sm all classes of size, 
and the num ber of individuals in each class m ust be estim ated. Such a classifi
cation is helpful in determ ining the num ber of larvae which rem ain  unchanged 
or are transform ed into the nex t stage of developm ent during the period T. 
Form ula (20) serves for estim ation of Copepoda production, and (21) for Cla- 
docera.

6. STRESZCZENIE

W celu dokładniejszej oceny produkcji netto  skorupiaków  planktonow ych, 
zm odyfikowano znane z litera tu ry  wzory W i n b e r g a et al. (1965) i H i l l b r i c h t -  
- I l k o w s k i e j ,  P a t a l a s a  (1967). M odyfikacje te dotyczą uw zględnienia zmian 
przyrostów  biomasy zw ierząt wylęgających się z jaj, lub po przeobrażeniu się 
przechodzących przed upływem czasu T  (za który jest oceniana produkcja) do 
następnego stadium  larwalnego. W celu posługiwania się zm odyfikowanym i wzo
ram i należy badaną populację podzielić na m ałe klasy pod względem wielkości 
osobników i określić liczebność zw ierząt w każdej z nich. Podział ten jest po
mocny do oznaczania liczebności larw  pozostających (w okresie T) i przechodzą
cych do następnego stadium  rozwojowego. Do oceny produkcji Copepoda służy 
wzór (20), Cladocera — (21).
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ABSTRACT

C rustacean zooplankton production was estim ated during five m onths (May 2—No
vem ber 7, 1969) in a shallow and slightly eutrophized Bay Moty, Lake Jeziorak. 
Production was com puted by two m ethods: W i n b e r  g e t al. (1965), and W i n -  
b e r g ’s m ethod modified by Z a w i ś l a k  (1972). The modified m ethod gave higher 
values of production of the investigated species.

1. INTRODUCTION

Zooplankton constitutes a specific group of anim als, providing the link  between 
the trophic levels of producers (phytoplankton) w ith the successive levels of con
sum ers. Exact assessm ent of the production of this group of anim als is a step towards 
the knowledge of the energetic balance of w ater reservoirs. There are several 
m ethods now in use for estim ating the zooplankton biomass increase. In Z a 
w i ś l a k  (1972), the m ethod of W i n b e r g  e t al. (1965) for com puting the cru 
stacean zooplankton production was modified. The m odification allow s to compute 
biomass increases of anim als hatching from  eggs, transform ed into the successive 
larval stage, or attain ing m atu rity  before the lapse of the period of investigation. 
The aim  of the present w ork is to com pare the values of production as obtained by 
the m ethod of W i n b e r g  et al,'(1965) and by its m odified version, and to judge 
the degree of usefulness of the la tte r for estim ation of production.

2. TERRAIN DESCRIPTION, MATERIAL AND METHODS

Moty is a shallow (depth up to 1.5 m) and eutrophized bay in the southern  part 
of Lake Jeziorak. I t has a well developed coastal line; about 67 species of plants 
grow in its litto ral zone ( B o h r  1965). In this p a rt of the reservoir zooplankton 
consists of an abundant variety1 of species. On some stations, am ounts of ind iv idu
als w ere several times g reater than the quantities of p lankters caught in other 
zones of the lake ( Z a w i ś l a k ,  B i 11 el in print).

The m ateria l for the present work was sam pled a t 7 days in te rvals in spring, 
and a t 10 days* in tervals in autum n. P lankton was draw n on 4 stations, 1.5 m of 
depth each, arranged along the bay.

On each station w ater was sampled from  the surface and from  0.3, 0.6, 0.9 and
1.2 m w ith  a 5 1 dipper (described in, P a t a l a s  1954), 25 1 in total.

Since there is no stratification  in the bay, the m ateria l f ilte red  out (gauze No. 
25; 74 threads/cm ) of 100 1 of w ater from  the four stations was poured together and,
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according w ith the suggestions of H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  (1967) 
it was handled  as an uniform  sample. A p art (one tenth) of each fixed sample was 
surveyed under a microscope to determ ine the length and species indentity  of 
anim als. Individuals in each species population w ere divided into sm all classes 
of body length a t 25 ^ intervals. The num ber of anim als in each class was de
term ined. Then the lengths w ere translated  into body w eights employing the fo r
m ulas of P e c h e n  (1965) for Bosmina and Daphnia, and those of K 1 e k o w s k i, 
S h u s h k i n a  (1966) for Copepoda and their developm ental stages.

W ater tem peratures w ere gauged during the whole period of investigations to 
determ ine the averages for the several in tervals betw een the samplings. It allowed 
to define the tim es of developm ent of the particu lar stages for various species. The 
set of graphs from  H i l l b r i c h t - I l k o w s k a ,  P a t a l a s  (1967) w ere used.

6 m onths production (from May 5 to Septem ber 7, 1969) a t the tem perature 
of w ate r equal to or higher than  10°C was determ ined for the predom inating 
species. Production was estim ated by means of the m odification of W i n b e r g 
form ulas elaborated by the present author ( Z a w i ś l a k  1972), and for comparison, 
by m eans of the original form ulas (W i n b e r g et al. 1965; H i l l b r i c h t - I l k o w -  
s k a ,  P a t a l a s  1967). The production for 6 m onths was the sum of biomass in 
creases during short, 7 or 10 days intervals. Since there w ere large differences in 
the am ounts of eggs (particularly  in Cladocera) in the consecutive samples, average 
quantities from  two succeeding samples w ere introduced into the form ulas, thereby 
elim inating the spurious jum ps in  the fertility  of females.

3. RESULTS

A m ong th e  iden tified  species th e  follow ing p red o m in a ted  in q u an ti
ty: Mesocyclops leuckarti,  M. (Th.) oithonoides, of th e  Cyclopidae; Dapli-

Table I. P roduction (g/m3) of Cyclopidae during 6 m onths calculated by the 
au tho r’s m odification of W i n b e r g ’ s form ulas. Successive m axim al values of 

production of the several stages are shown w ith in  the fram es

Date Stage I
Total

1eggs nauplii copepodits

May 2 0.03 0.10 0.26 0.39
May 9 0.10 0.29 1.46 1.85
May 16 0.09 0.39 2.88 3.37
May 23 0.06 0.48 3.94 4.48
May 29 0.11 0.33 .63 4.08
June  6 0.07 0.22 I 4.94 5.21
June 13 0.17 0.17 1 3.75 4.09
June  20 0.70 1 0.96 2.02 3.69
June 27 0.74 1.28 1.92 3.96
Ju ly  5 0.07 0.79 1.19 2.05
Ju ly  11 0.08 1.62 2.19 3.89
Ju ly  18 0.10 1.69 2.67 4.46
Ju ly  25 0.04 0.33 I 1.24 1.61
Ju ly  31 0.14 0.76 1.12 1.91
A ugust 8 0.17 0.68 1.30 2.15
A ugust 15 1 0.20 1 0.93 1.07 2.19
A ugust 22 0.48 2.03 0.90 3.41
Septem ber 1 0.21 1.09 1.34 2.64
Septem ber 11 0.10 1.58 2.19 3.87
Septem ber 22 0.05 0.37 2.70 3.12
Septem ber 30 0.01 0.12 2.43 2.56
October 9 0.01 0.05 2.11 2.17
October 18 0.01 0.05 1.70 1.71

Total 3.75 16.31 49.27 69.33
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nia cucullata, Bosmina longirostris  and  B. coregoni am ong th e  C ladocera. 
T he to ta l biom ass of ind iv iduals of those species m ade up 95-100%  of 
th e  w hole crustacean  Zooplankton biom ass in each sam ple. As th e  d ata  
concerning th e  periods of ind iv idual developm ent and th e  re la tio n  of 
len g th  to biom ass w ere  iden tical for all th e  C yclopidae, w h ile  species 
id en tifica tion  of juven ile  form s w as d ifficu lt, th e  p roduction  of this 
g roup  of an im als w as estim ated  jo in tly  (Table I).

The investigation  of th e  changes in  p roduc tion  of th e  sev e ra l de
velopm ent stages allow ed to d istingu ish  th ree  periods of re g en era tio n  of 
th e  C yclopidae popu lation  (Table I). In  each of th e  periods, tw o phases 
of developm ent w ere  discerned: (1) in itia l grow th , m ark ed  by th e  h ighest 
p roduc tion  of biom ass by eggs and nauplii, (2) s tab iliza tion  and  ageing 
of the  population , m arked  by a  decrease  of its p roduction.

In one of these periods (May 9 to Ju n e  13) th e  f irs t phase  w as less 
d istinct; th e  developm ent seem ed to  s ta r t  from  th e  stages of n au p lii and 
th e  sm allest copepodites w hich have su rv ived  th e  w in ter. A ctually , then, 
th e  developm ent had s ta rted  in  th e  p reced ing  au tu m n  and continued  
du ring  th e  w in ter. In  general, the  p roduction  of C yclopidae w as fa irly  
un ifo rm  du rin g  the  w hole period  of investigation .

Table II. P roduction (g/m3) of Cladocera during 6 m onths calculated by the 
au tho r’s m odification of W i n b e r g ’ s form ula. Successive m axim al values of 

production of the several species are shown w ithin the fram es

Date Species Total
D. cucullata B. coregoni B. longirostris

May 2 — _ 0.10 0.10
May 9 — — 1.47 1.47
May 16 0.35 0.11 7.97 8.43
May 23 0.67 0.41 , 9.10 10.18
May 29 2.12 0.55 1 7.45 10.13
June 6 1.77 0.36 1 6.36 8.49
June 13 1 2.15 0.39 ! 0.18 2.73
June 20 ; 3.12 1 0.24 0.21 3.57
June 27 i 4.29 1 0.14 0.38 4.81
Ju ly  5 0.67 0.06 0.23 0.95
July  11 0.40 0.10 0.16 0.66
July  18 0.39 0.12 0.36 0.86
Ju ly  25 0.19 0.09 0.37 0.65
July  31 0.48 0.23 1.42 2.12
August 8 0.62 0740 I 1.52 2.54
A ugust 15 0.44 0.48 i 0.78 1.70
A ugust 22 j 1.42 I 0.72 i 0.87 3.01
Septem ber 1 1.09 1 0.34 0.05 1.47
Septem ber 11 0.43 0.16 0.02 0.60
Septem ber 22 0.46 0.09 0.02 0.57
Septem ber 30 0.57 0.08 0.01 0.66
October 9 0.19 0.08 0.01 0.28
October 18 0.19 0.08 C.02 0.29
October 28 0.23 0.C8 0.01 0.30

Total 20.22 5.20 39.05 64.47
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In  opposition to Cyclopidae, th e  p roduction  of C ladocera w as d iv e r
sified (Table II).

Tw o periods of sudden  increase of p roduction  w ere  recerded : in M ay- 
-Ju n e  and in A ugust, w hich  gave 75 and  15°/o of the  to ta l biom ass in 
crease respectively , for th e  w hole season of vegeta tion . M axim al biom ass 
increases of th e  p a rticu la r species of C ladocera (Table II) w ere observed 
a t various periods and they  w ere  sep a ra ted  by periods of decrease in p ro 
duction  of equal length . It w as rem ark ab le  th a t  th e  m axim a occurred in 
periods d irec tly  p receding  the  h ighest ind iv idual daily  increases of b io
m ass in th e  sev era l species (June  2 0 -Ju ly  5 and  A ugust 22—S ep tem ber 
22).

In  sum , th e  p roduction  of C yclopidae and  C ladocera for six m onths 
w as estim ated  by  m eans of th e  m odified m ethod  as 134 g /m 3, i.e. 69.3 
and 64.5 g /m 3 respectively . T hese values w ere  h ig h er th an  the  values 
ob tained  by  th e  orig inal m ethod  (W i n  b e r  g et al. 1965). D ifferences 
in  production  of th e  p a rtic u la r  developm ent stages of C yclopidae are  
show n in Fig. 1, w h e re  th e  values ob tained  by m eans of th e  W i n b e r g 
et al. (1965) fo rm ula  are  rep resen ted  by th e  s tra ig h t horizon ta l line.

T he app lica tion  of the  m odified fo rm ulas gave h igher values of p ro 
duction  for eggs and naup lii and  low er values for copepodites during  th e  
w hole period of investigation . P roduction  values for th e  w hole popu la
tion  (Fig. 1) w e re  a t d iffe ren t periods e ith e r low er or h ig h er th an  those 
obtained  by  W i n  b e r  g et al. (1965) m ethod. T he g rap h  is a good illus- 

ü b c

Fig. 1. D ifferences betw een production values as com puted by m eans of W i n -  
b e r g ’s form ulas (0 level) and by the au tho r’s m odification of these formulas. 
1 — eggs and nauplii, 2 — copepodites, 3 — the total production, a, b, c — periods cf

regeneration of the populationhttp://rcin.org.pl
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tra tio n  of how g rea t in fluence is ex e rted  upon p roduc tion  by an  actual 
s ta te  of developm ent of th e  investigated  population . In  th e  phase of 
g ro w th  and  stab iliza tio n  th e  m odified m ethod  gave h ig h er values, and 
in  th e  phase of ageing it gave low er ones th an  those ob ta in ed  by the  
m ethod  of W i n  b e r  g et al. (1965). F igu re  1 (the stakes) ex actly  re flects  
th e  phases of developm ent in  the  th re e  periods of reg en e ra tio n  of the  
popu lation  (Fig. 1 — a, b, c), m en tioned  above w h en  T able I w as discussed. 
In  th e  period  “a ” , ending on Ju n e  13, only th e  second and  th ird  phase 
w ere  p resen t; th e  f irs t one had  occurred  in w in te r, as w e have a lready  
rem arked .

T he value  of production  of C ladocera (64.5 g /m 3) as com puted  by 
m eans of th e  m odified fo rm ulas w as h igher th an  th a t ob tained  by the
m ethod  of W i n b e r g  et al. (1965).

S im ilarly  as in  th e  case of Cyclopidae, th e  d ifferences in  p roduction  
of th e  several stages and of th e  popu lation  as a w hole em phasize the  in 
fluence of th e  developm ent stages upon th e  v alue  of p roduction .

Table III. P roduction of the predom inating species as calculated by the two 
methods. The value given by the m ethod of W i n b e r g  et al. (1965) is assumed

as 100%

Species
Method Difference

by the author by W inberg g/m3 °//o

Cyclopidae 69.330 63.812 5.518 8.7
B. longirostris 39.049 30.176 8.873 29.4
B. coregoni 5.204 3.652 1.552 42.5
D. cucullata 20.222 10.943 9.279 85.1
Total 133.805 108.583 25.222 23.2

In  T ab le II I  th e  values of p roduction  for th e  w hole season, ob ta ined  
by th e  m odified and by th e  orig inal m ethod  of W i n b e r g  e t al. (1965), 
a re  ju x tap o sed  for com parison.

T h e  percen tag es of d iffe rences b e tw een  those values fo r th e  several 
species v aried  from  9%  for C yclopidae to 85%  for Daphnia cucullata. For 
th e  w hole of c ru stacean  zooplankton th e  value  of p roduction  obtained by  
m eans of th e  m odified m ethod  w as 23%  higher.

T able IV. The shares of developm ental stages in total production of species 
populations (%), according w ith the two m ethods

Species
Eggs Juvenile Cladocera, 

nauplii
A dult Cladocera, 

copepodites

acc. to the 
author

acc. to 
W inberg

acc. to 
the  au thor

acc. to 
W inberg

acc. to the 
author

acc. to 
W inberg

D. cucullata 65.0 29.3 20.7 44.6 14.3 26.1
B. coregoni 73.0 52.1 17.0 33.7 10.0 14.2
B. longirostris 74.0 60.8 16.3 27.0 9.7 12.2
Cyclopidae 5.4 0.6 23.3 10.3 71.3 89.1http://rcin.org.pl
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The ra tio  of average daily  p roduction  of young ind iv idua ls  to a v e r
age daily  production  of m atu rin g  ones w as v ery  low (0.1) fo r C yclopidae 
and high for C ladocera, it w as 1.3 for Daphnia cucullata, 1.9 for Bosm i-  
na coregoni and 2.2 for B. longirostris. I t w as th is  ra tio  w hich  w as deci
sive for th e  p ercen tag e  co n trib u tio n  of th e  sev era l developm en t stages 
to th e  to ta l p roduction  of a species popu lation  (Table IV).

Since th e  ra te  of m o rta lity  is low er for you n g er an im als, it seem s 
th a t th e  com puted value  of p roduction  for C ladocera is m ore close to 
rea lity  th an  in  th e  case of Cyclopidae. T he p a tte rn  of re su lts  in  T ab le 
IV clearly  suggests th a t  th e  p ercen tag e  sh are  of eggs in  th e  to ta l p ro 
duction  of a popu lation  increases for th e  species in  w hich  fem ales lay 
b igger eggs in re la tio n  to th e  size of th e ir  bodies. Of course, fe r t il i ty  of 
fem ales p lays an  im p o rtan t ro le here.

As th e  P/B  coefficient and  th e  tu rn o v e r ra te  of b iom ass can be easily  
tran s la ted  in to  each o ther, only th e  T B w as com puted  (Table V).

Table V. Turnover ra te  of biomass (days), calculated by the two methods, 
a — m edium  for the whole season, b — the ranges of oscillations during the season

Method D. cucullata B. coregoni B. longirostris Cyclopidae

a
By the author

b

4.1

1.6-12.3

5.2

1.7-11.9

6.6

0.6-19.8

7.2

2.4-23.7

a
By W inberg

b

7.3

3.2-19.6

7.2

3.2-14.7

8.1

1.4-22.4

72

2.9-22.4

M edium  tu rn o v e r ra te s  of biom ass as com puted  from  produc tion  
values estim ated  by W i n b e r g  et al. (1965) m ethod w ere, fo r a ll the

Fig. 2. Turnover ra tes of biomass as dependent on w ater tem peratu re (in °C). 1 --  
Cyclopidae, 2 — Bosmina longirostris, 3 — Daphnia cucullatahttp://rcin.org.pl
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species of C ladocera, equal or longer th a n  th e  tu rn o v e r ra te  of biom ass 
for Cyclopidae.

I t w as in terestin g  to trace  the  in fluence of w a te r  te m p e ra tu re  upon 
the  tu rn o v e r ra te  of biom ass (Fig. 2).

Shapes of the  curves in Fig. 2 suggest th a t th e re  w ere  tw o points of 
op tim al developm ent for a ll th e  species of anim als, i.e. a t 16 and  21°C.

In Z a w i ś l a k  (1972) it w as pointed out th a t the stage of develop
m en t of a population influences the  va lid ity  of p roduction  estim ations. 
O bviously, p roduction  values should re flec t th e  course of developm ent 
of an  investigated  population . An increase  of p roduction  of young in 
d iv iduals is an evidence of g row th  of th e  population , w h ile  its decrease 
accom panied by an  increase in  p roduction  of ad u lt form s re flects  a t r a n 
sition  of th e  popu la tion  to th e  phase of ageing.

F ig u re  3 p resen ts  th e  ra tio  of p roduction  values of eggs and  naup lii 
to p roduction  values of copepodites as com puted  by  th e  orig inal m ethod

Fig. 3. The relation  of eggs and nauplii production to copepodites production, ca l
culated from  production values as given by 1 — W i n b e r g ’ s form ulas, 2 — the

present au tho r’s m odification

( W i n b e r g  et al. 1965) and by  th e  m odified  one. Each m ethod  gave 
a cu rve of developm ent d iffe ren t in shape, p a r tic u la rly  w ith  respect to 
th e  in itia l and  m axim al phases of grow th.

4. DISCUSSION

T he production  of cru stacean  Zooplankton com puted  for 6 m onths 
as 134 g /m 3 w as fa ir ly  high. W i n b e r g  et al. (1965) estim ated  the  p ro 
duction  in  an  eu troph ic  Lake B ato rin  as 113.4 g /m 3 du rin g  5 m onths.http://rcin.org.pl
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W a r d  a (1968) obtained  th e  re su lt of 18.4 g /m :! in L ake M ikołajskie 
fo r Ju ly  and A ugust; H i l l b r i c h t - I l k o w s k a ,  W ę g l e ń s k  a(1970) 
rep o rted  22 g /m 3 du rin g  40 days in  L ake M ikołajskie.

O ur re su lts  recom puted  to 1 m 2 basis a re  close to those rep o rted  in 
lite ra tu re . We ob tained  201 g /m 3. Hi 11 b r  i c h t - 1 1 k o w s k a et al. (I960) 
estim ated  th e  p roduc tion  of Lake M ikołajskie as 296 g /m 2 and of Lake 
T ałtow isko as 198 g/m'2 (including R o tato ria  production) du rin g  the 
w hole v ege ta tion  season. W a r  d a  (1968) estim ated  th e  increase of Zoo
p lan k to n  biom ass in L ake M ikołajskie du rin g  tw o m onths (Ju ly -A u g u st) as 
174 g /m 2.

It is d ifficu lt to exp la in  fu lly  th e  la rg e  range  in p ercen tag e  d iffe r
ences of p roduc tion  values as estim ated  by  th e  tw o m ethods (Table III). 
T he shapes of th e  curves of developm ent for C ladocera and Copepoda 
a re  essen tia lly  d iffe ren t. In C ladocera, th e  h ighest daily  biom ass in 
creases are  observed in  ju v en ile  ind iv iduals, w hile in Copepoda the 
m ost efficien t p roducers a re  copepodites. In  com parison w ith  th e  m ethod 
of W i n b e r g et al. (1965), h ig h er p roduction  values w ere  obtained for 
eggs 1 and nau p lii in  Cyclopidae, and  for eggs in C ladocera, w hile low er 
values tu rn e d  up in bo th  groups fo r m a tu rin g  individuals. A verage daily  
production  va lu es of young ind iv iduals  in  all species a re  a rran g ed  (in 
a succession from  th e  la rg est to th e  sm allest) in  fu ll accordance w ith  
th e  p ercen tag e  d iffe rences be tw een  p roduc tion  values as estim ated  by 
the  tw o m ethods (Table III). It seem s, then , th a t  it w as th e  value  of a v e r
age daily  p roduc tion  of ju v en ile  ind iv iduals  w hich decisive influenced 
th e  p a tte rn  of p roduction  rep o rted  in  T able III.

T he tu rn o v e r ra te s  of biom ass (W i n b  e r  g et al. 1965 m ethod) for all 
the  species of C ladocera w ere  equal or h ig h er th an  th e  tu rn o v er ra te  
of biom ass of Cyclopidae. S im ilar re la tio n sh ip s can be observed in the  
lakes Ś n ia rd w y  and M ikołajskie by  analysing  th e  values of P/B  coef
ficien ts for C yclopidae, D iap tom idae and  C ladocera (W a r  d a 1968). 
S im ilar values of the  P/B  coefficient (and th u s also of th e  tu rn o v er ra tes) 
for C yclopidae and Daphnia cucullata  w ere  rep o rted  by  W i n b e r g  et 
al. (1965) for th e  lakes B ato rin  and  M iastro.

The long period  ind iv idual deve lopm en t of C ladocera in com pari
son w ith  C yclopidae and th e  low daily  production  of th e ir  juven ile  
stages w ould ra th e r  suggest th a t  th e  tu rn o v e r ra te  of th is group of 
an im als is lik e ly  to be longer th a n  in  C ladocera. Such a p a tte rn  was 
ob tained  in th e  p re sen t research  by  m eans of th e  m odified m ethod  
only (Table V).

T urnover ra te s  of biom ass of a ll the  investigated  anim als, and of 
C yclopidae in  p articu la r, oscillated  d u rin g  th e  vege ta tion  season (figures 
in b rackets, T ab le  V).

1 Biomass increases of individuals hatched from  eggs before the lapse of the 
period T w ere considered as biomass produced by eggs ( Z a w i ś l a k  1972).http://rcin.org.pl
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M easurem ents continued  during  the  w hole v eg e ta tio n  season proved 
th a t th e  body of Mesocyclops leuckarti  co n trac ted  as w a te r  tem pera  
tu re  increased  (up to 1/4 of its m axim al length).

If recom puted  to biom ass, th is gives alm ost double decrease. E 1 b o u r n 
(1966) observed a con traction  of the  body of Cyclops s trenuus  s trenuus  
by  1/5 from  Jan u a ry  to A ugust, w hen  w a te r  te m p e ra tu re  increased  
by 20°C. S im ilar observations on Copepoda of th e  B lack Sea are  re 
p o rted  by  K o v a l e v  (1964). Seasonal changes in  len g th  and  biom ass 
of th e  body of ind ividuals, w hile  w eights of eggs alm ost do no t change, 
m ake up a favourab le  s itu a tio n  for a re la tiv e  (in re la tio n  to th e  in i
tia l biom ass) increase of p roduction  of the  C yclopidae population , and 
th e re b y  for a sho rten ing  of th e  tu rn o v er ra te  of biom ass.

It can be seen from  th e  p a tte rn  of th e  cu rves in  Fig. 2 th a t th e re  
w ere  two optim al periods of developm ent for each of th e  species. Am ong 
C yclopidae th e  p redom inating  species w ere  Mesocyclops leuckarti  and 
M. (Th.) oithonoides. B oth  w ere  found du rin g  th e  w hole re search  sea 
son, b u t th e  fo rm er p redom inated  w hen  w a te r  w as cooler, and the 
la t te r  w h en  it w as w arm er. D ifferen t periods of q u an tita tiv e  p re 
dom ination  of each of these  species, and th e re b y  of th e ir  p roduction, 
m ade th e  tu rn o v er ra te s  of biom ass sh o rte r; th e  effect is visib le in 
Fig. 2. Bosmina longirostris  occurred  in a few  form s w hich  form ed 
th e ir  op tim al conditions of developm ent a t d iffe ren t w a te r tem p e ra 
tu res . O n th e  o ther hand, Daphnia cucullata  show ed th e  g rea tes t 
ch an g eab ility  of its shape (cyclom orphosis), closely d ep en d en t on tem 
p e ra tu re s  of w ate r. As it seems, such changes of C ladocera h igh ly  
in fluenced  the  oscillations in  d u ra tio n  of th e  tu rn o v e r ra te .

5. SUMMARY

Crustacean Zooplankton production was estim ated by two methods, of 
W in  b e r g  et al. (1965), and by W i n b e r g ’s m ethod m odified by the present 
author, for short, 7 to 10 days, periods from  May 2 to Novem ber 7, 1969. P ro 
duction am ounted to 133.8 g/m 3, 64.5 g/m3 for Cladocera and 69.3 g/m 3- for 
Cyclopidae according to the modified m ethod (Table III). These values w ere 
h igher by 23% from  those com puted by W in  b e r g  et al. (1965) form ulas.

For all the predom inating species the modified m ethod brought higher values 
(Table III). The differences w ere 8.7% for Cyclopidae, 29.4% for Bosmina longi
rostris, 42.5% for B. coregoni, and 85% for Daphnia cucullata.

Medium turnover ra te  of biomass was estim ated as 4.1 day for B. cucullata,
5.2 days for B. coregoni, 6.6 days for B. longirostris and 7.2 days for Cladocera 
(Table V).

6. STRESZCZENIE

M etodam i W in  b e r g  a et al. (1965) i m odyfikacją au to ra m etody W i n b e r g  a 
obliczono produkcję zooplanktonu skorupiakowego dla krótkich 7—10 dniowych 
odcinków czasu w okresie od 2 m aja do 7 listopada 1969 r. Za cały okres badań 
wynosiła ona 133,8 g/m2, z czego na Cladocera i Cyclopidae w ypadło odpowied
nio 64,5 i 69,3 g/m 3 (Tab. III). Były to w artości wyższe o 23,2% od wyliczonychhttp://rcin.org.pl
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przy pomocy wzorów W i n b e r g a  et al. (1965). Dla wszystkich gatunków  do
m inujących wyższe w artości produkcji uzyskano m etodą zm odyfikowaną (Tab. 
III). Różnice w w artościach produkcji wynosiły dla Cyclopidae 8,7°/o Bosmina  
longirostris 29,4%, B. coregoni 42,5% i Daphnia cucullata 85%. Ś redni tu rnover 
biomasy oceniono na 4,1 dnia dla D. cucullata, 5,2 — B. coregoni, 6,6 — B. longi
rostris i 7,2 dla Cyclopidae (Tab. V).
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ABSTRACT

During the sum m er m onths in the Uchinskoye w ater reservo ir D. polymorpha  Pallas 
excretes 48.8 tons dry w eight per day of the agglutinated  seston in the form  of 
faeces and pseudofaeces. The possibility of utilization of this m atte r by Chirono- 
m idae larvae (Endochironomus albipennis Mg. and Chironomus anthracinus Zett.) 
w as experim entally  investigated. The newly born la rvae w ere kep t till the 3rd in 
star on various food which was agglutinated or not by D. polymorpha, such as 
n a tu ra l suspended m atter, mud, detritus originating from  Potamogeton sp. Pseudo
faeces of D. polymorpha  are m ore rich in bacteria than  the original seston. The 
suspended m atte r agglutinated by D. polymorpha  was the m ost valuable food source 
for Chironom idae larvae.

1. INTRODUCTION

The significance of filtrato rs in the com plicated processes of the se lf-purifica
tion of w ater bodies is commonly known. However, in order to evaluate the sig
nificance of particular species in the suspended m atte r sedim entation process (detri
tus t, phyto and Zooplankton), and its fu rth e r transform ation, the quantita tive 
approach to these processes is necessary. The experim ents to estim ate the signifi
cance of D. polymorpha  for the seston sedim entation in the Uchinskoye w ater re 
servoir w ere carried out in 1968 — 1969. The possibility of fu rth e r utilization of the 
suspended m atte r sedim ented by molluscs was investigated  in experim ents w ith the 
Chironom idae larvae: Endochironomus albipennis  Mg. — litto ral species, and Chi
ronomus anthracinus  Zett — abundant profundal species.

2. MATERIALS AND METHODS

D. polymorpha  is the m ost effective filtra to r in the Uchinskoye w ater re se r
voir. Its population covers about 40% of the reservoir area a t the depth from  1.5 
to 8 m. The average biomass in this zone is about 500 g/m 2, and num bers about 
1000 individuals per square m etre. The greatest density of these molluscs was at 
the depth 2—3.5 m, w here the free divers found a w ide belt of great clumps of 
D. polymorpha, spreading below the zone occupied by m acrophytes. The zone of

1 By detritus we understand the m ineral and organic substances (organic de
tritus) and m icroorganism s inhabiting them. This m eaning of the term  “detritu s” 
was established during the sem inar cn detritus and its significance in the production
processes in w ater bodies ( S u s h c h e n y a  1968).http://rcin.org.pl



subm erged m acrophytes occupies about 150 ha of the reservoir bottom  surface. The 
m ajority  of the D. polymorpha  larvae settle on these m acrophytes, which serve as 
a substratum . The num ber of settling larvae varies in d ifferen t years as e.g. in I960 
in the spawning period 1 m 3 contained 30,000 ind., and in 1967 — up to 150.000. A f
te r  the larvae se ttlem ent they grow quickly and m easure about 17 mm at the end 
of the vegetation season. The quantity  of detritus and plankton transform ed by D. 
polymorpha  and sedim ented in the form  of faeces and pseudofaeces was calcu
lated on the basis of experim ents carried out directly in the reservoir. The experi
m ental m ethods of M i k h e e v  (1967) w ith  some m odifications w ere applied. The 
experim ents w ere  carried out in the funnels of a surface 0.01 m 2, joined with the 
test tubes by rubber tubings. The funnels contained polystyrol nets, w here the a n i
m als w ere placed. These experim ental cham bers w ere lowered to the near bottom 
w ater layer in the zone m ost num erously inhabited  by D. polymorpha,  i.e. to the 
depth 1.5—2.0 m. A total of 15 series of experim ents w ere made. Each series con
tained 10 funnels with, m olluscs and 2 control ones to estim ate the quantity  of the 
sedim enting suspended m atte r. F ive to tw enty  individuals of D. polymorpha  of the 
sam e size w ere placed in each funnel. The sedim ented m atte r was collected once 
a day and then weighed afte r drying to constant w eight a t 105°C.

The filtra tion  ra te  of D. polymorpha  was estim ated in the laboratory conditions 
a t 20°C on the basis of changes of the suspended m atte r quantity  at the beginning 
and a t the end of the experim ent. The clay suspension was used in these experi
m ents. The continously stirred  suspension passed through a glass tube w ith mo1- 
luscs to the o ther container below the previous one. The molluscs w ere weighed, 
m easured, and the filtra tion  ra te  and the rela tive filtration  ra te  per one gram m e 
w et w eight of m ollusc w ere estim ated ( L v o v a - K a t c h a n o v a  1971).

The experim ents w hich allowed to determ ine the nu tritive  value of pseudo
faeces for the C hironom idae larvae w ere carried  out in the laboratory. In the experi
m ents lasting for 20 to 50 days the developm ent of Chironom idae larvae was 
being observed from  their hatching m om ent to the 3rd instar a t the tem perature 
17—21 °C. The larvae w ere divided into groups of 10—20 individuals placed in dishes 
of a diam eter 60 mm, filled w ith  the already  filtered  w ater. The pseudofaeces of 
D. polymorpha  w ere added there as the food: 1 — these from  the natu ra l suspended 
m atte r of reservoir w ater, 2 — from  the m ud collected a t the depth w here the 
la rvae inhabited, 3 — from  the previously dried and m illed Potamogeton perfolia- 
tus L. or P. pectinatus L. The control groups of larvae w ere kep t on the same food 
bu t not agglutinated by D. polymorpha. A part from th a t the larvae w ere kept in 
the filtered  w ater of the Uchinskoye w ate r reservoir w ithout ex tra  food or w ith 
yeast suspension added every day. Daily observations w ere carried out. The n u tr i
tive value of food was estim ated on the basis of larvae survival, their behaviour, 
the growth rate , and the tim e betw een moultings. Each experim ental varian t was 
repeated  th ree times. The num ber of bac teria  was estim ated by d irect counting.

Changes in the assim ilation degree of Potam ogeton detritus and its agg lu ti
nates, depending on the detritu s decomposition degree, w ere studied by the rad io 
carbon m ethod ( S o r o k i n  1966, 1968) on C. anthracinus larvae in the 4th instar. 
For this purpose Potamogeton pectinatus L. was m arked w ith 14C and dried. Before 
the experim ent Potam ogeton was covered w ith w ater, m illed in a m ortar, and 
then half of it  was agglutinated  by D. polymorpha, while the other half was not. 
The in tensity  of food assim ilation (the ra tio  of the assim ilated food to the w eight of 
larvae) by la rvae was estim ated during 8 days. The larvae w ere placed in both 
kinds of food every day for 12 hr, then for 6 to 6.5 hr in the not-m arked food. 
A fterw ards the larvae w ere homogenized and m ounted on microscopic slides. The 
hom ogenate was equally arranged on the circle of a diam eter 20 mm. This circle 
was draw n on 1/3 of the microscopic slide w ith a w ax pencil. Radioactivity was 
estim ated w ith the help of the end w indow counter of a w indow diam eter 25 mm
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3. RESULTS AND DISCUSSION

T he calcu lations allow ed to es tim a te  th e  possible effect of filtra tio n  
by D. po lym orpha  popu lation  in  th e  U chinskoye w a te r reservoir. It was 
ca lcu la ted  on th e  basis of the  lab o ra to ry  ex p erim en ts  th a t du ring  the  
su m m er m onths a t th e  te m p e ra tu re  20°C th e  average ra te  of filtra tio n  
p er 1 g w et w eigh t of m ollusc is 40 m l/h r. T h is allow s to say th a t on 1 m 2http://rcin.org.pl
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of bo ttom  surface the  m olluscs f iltra te  d u rin g  24 h r  0.48 m 3 of w a te r 
(40 m l/g • h r • 500 g /m 2 • 24 hr), and the w hole popu lation  of D. polymorpha  
abou t 3 m ilions m 3 w hich is 1/50 p a rt of th e  volum e of th e  w hole re 
servoir. T he D. polym orpha  f iltra tio n  in  o th e r re se rv o irs  is also high. 
S t a ń c z y k o w s k a  (1968) ca lcu la ted  th e  tim e  necessary  fo r th e  D. p o 
lym orpha  population  to f iltra te  th e  w hole volum e of epilim nion. This 
tim e for various M azurian  lakes w as found to v a ry  from  2 days to 2000 
days (w ith the average ra te  of f iltra tio n  35 m l/h r /g  w e t w e ig h t of m ol
lusc). M i k h e e v  (1967) ca lcu lated  th a t in th e  P ja lovskoye w a te r  re se r
voir D. polym orpha  f iltra te s  during  one day  1/20 p a r t of th e  w hole re 
servoir.

A ll these calculations give only the  idea of th e  o rd e r of m agn itude  
of th e  discussed phenom enon and they  cannot be applied  to es tim ate  the 
q u an tity  of sed im enting  suspended m a tte r, as D. po lym orpha  f i l tra te s  
only th e  n ea r-to -b o tto m  w a te r layer. D epending  on the  hydro logical co n 
d itions in th e  reserv o ir and on the  d ensity  of D. po lym orpha  popu la tion  
the  sam e volum e of w a te r  can be filte red  various n u m b er of tim es. The 
w a te r passing th ro u g h  th e  gill ap p a ra tu s  of D. polym orpha  is a lm ost ab 
so lu te ly  dep rived  of the  suspended  m a tte r. It w as found  th a t in  th e  w a
te r  from  th e  U chinskoye w a te r re serv o ir f ilte red  by D. po lym orpha  2.2 
to 2.4 mg/1 of th e  suspended  m a tte r  is le ft (estim ated  on th e  B eilis’s 
tu rb id ity -m e te r, m odel of R ublev  S ta tion  of Moscow p ip e-lin e  system ), 
w hich  canno t be sed im ented  by m olluscs even a f te r  rep ea ted  passages 
th ro u g h  th e ir  gill apparatus.

D uring  th e  f iltra tio n  th e  w a te r is sucked in to  the  m an tle  cav ity  of 
zebra m ussel by  the  in h a lan t siphon, the ten tac le s  of w hich  act as a p re 
lim in ary  f i l te r2. T he p a rtic u la r  of d e tr itu s  and p lan k to n  b ro u g h t in by 
the  w a te r  cu rren t a re  su rrounded  by  m ucus ex c re ted  by  th e  cells 
of gill ap p a ra tu s  and agg lu tina ted . The p artic le s  of th is suspension  m ove 
along th e  gill lobes in  th e  d irec tio n  of th e  m o u th  opening, w h e re  a food 
p o rtio n  is form ed. P a r t  of th e  filte red  d e tr itu s  gets in to  th e  a lim en ta ry  
canal and is digested. T he not assim ila ted  p a r ts  (faeces) in th e  form  of 
2 cm  long filam en ts su rro u n d ed  by m ucus leave th e  m an te l cav ity  th rough  
the ex h a lan t siphon and th ey  sed im ent on th e  bo ttom . P a r t  of th e  su sp en 
ded m a tte r  w hich does not get in to  the  a lim en ta ry  canal passes in to  the  
back p a r t of the  m ollusc m an te l cav ity  w h e re  it form s la rg e r partic les 
su rro u n d ed  w ith  m ucus, and is th ro w n  out from  th e  cav ity  th ro u g h  the  
in h a lan t siphon  and se ttles  also on the  bottom . T hese a re  th e  so-called 
ag g lu tin a tes  or pseudofaeces.

T he d a ta  obtained  by th e  applied  funne l m ethod  allow  to calcu late  
th e  av erag e  q u an tity  of th e  suspended m a tte r  w hich sed im en ts in the

- The detailed description of the gill apparatus, filtration  process, feeding 
m echanism s and the excretion from  the m antle cavity of D. polymorpha  can be 
found in Y o n g e ,  C a m p b e l l  (1968) and M o r t o n  (1969).
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re se rv o ir  due to the ac tiv ity  of D. polym orpha.  T he  re su lts  can  be ex
p ressed  p er various size g roups of zebra m ussel, in  m g/ind . or in m g/g 
w e t w eigh t of m ulluscs. F o r D. po lym orpha  in d iv id u a ls  w eigh ing  from
0.025 to 3.700 g, 5-32 m m  long, the  w eig h t of th e  f ilte re d  suspended  
m a t te r  is; from  2 to 400 m g p e r ind iv idual, or from  80 to  1 m g/g w et 
w e ig h t of m ollusc a t 17-21 °C. W hen ca lcu la ting  th ese  d a ta  fo r th e  av e r
age biom ass of D. po lym orpha  in  its  h ab ita t it w as found  th a t  these 
m olluscs filte red  7 g d ry  w eig h t of th e  suspended  m a tte r  p e r m 2. The 
a g g lu tin a ted  suspended m a tte r  is g rad u a lly  tra n sp o r te d  to  g re a te r  depths. 
A ssum ing th a t it sp reads even ly  a t th e  bo ttom  of th e  re serv o ir, D. po
lym o rp h a  sed im ents 2.5 g d ry  w e ig h t/m 2, and 48.8 t in  th e  w hole re se r
voir.

T he suspended  m a tte r  sed im ented  by  D. p o lym orpha  is u tilized  by 
th e  C hironom idae la rv ae  and  b y  o th er organism s.

T he g row th  of C hironom idae la rv ae  from  th e ir  h a tch in g  to th e  3rd 
in s ta r, k ep t on food ag g lu tin a ted  by D. po lym orpha  or not agg lu tina ted , 
a llow ed  to d e term in e  the  n u tritiv e  v a lu e  of pseudofaeces.

T he ex p erim en ts  show ed th a t for th e  C hironom idae la rv ae  th e  m ost 
v a lu ab le  food are  th e  ag g lu tin a tes  (pseudofaeces) of th e  n a tu ra l suspen-

Table I. The growth and developm ent of Chironomus anthracinus  Zett. la rvae fed
w ith varius foods

I — in s ta r , I — a verage  le n g th  o f la rv a e  (m m ), % — p e r ce n ta g e  o f  la r v a e  liv in g  from  th e  
b e g in n in g  o f  e x p e r im e n t, \  — en d  o f  e x p e r i m e n t ,  n o  data .

ded m a tte r . The ag g lu tin a tes  of m illed  P o tam ogeton  w e re  also w ell as
sim ila ted . The la rv ae  fed on th is  food had  a q u ick er g row th  and  the 
p e rcen tag e  of su rv iv ing  la rv ae  w as h ig h er (Table I, II). A p a rt from  the 
y o u n g er stages of C hironom idae la rv ae  also th e  E. a lbipennis  la rv ae  in 
th e  4 th  in s ta r w e re  k ep t on th is food. D uring  th e  ex p e rim en t the  num -

Date

F o o d

N atural sus
pended m atter 
in the reservoir 

w ater
I T °/o

D. polymorpha  
pseudofaeces 
from  natural 

suspended 
m atter 

I 7 °/o

The mud of 
the reservoir 

bottom

I T °/o

F iltered
reservo ir

w ater

I 1 °/o

F iltered  
w ater +  yeast

I ~l %

June  9 
Ju n e  14 
Ju n e  17
June  20
June  24 
Ju n e  26
Ju n e  29
Ju ly  4 
Ju ly  6 
Ju ly  9 
Ju ly  13 
Ju ly  23

1 1.00 100 
1 1.15 100 
1 1.50 100
1 1.50 90
1 1.50 80 
1 1.50 70
1 1.60 40
1 1.50 10 
1 1.50 10

X X 0 
X X X  
X X X

1 1.00 100 
1 1.25 100 
1 1.60 100
1 1.60) ,QQ
2 1.80) 1UU 
2 2.10 100 
2 2.50 100
2 3.00 100
2 3.50 100
3 3.50 100 
3 4.20 100 
3 5.00 90 
3 5.20 40

1 1.00 100

1 1.40 100
X X 0
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

1 1.00 100 
1 1.00 30

— — 20

— — 0
X X X
X X X
X X X
X X X
X X X
X X X
X X X

1 1.00 100

1 1.50 100
1 1.50) jqq
2 1.801

2 3.00)
3 3.501 1UU

X X X
X X X
X X X
X X X
X X X
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bers of b ac te ria  w ere  also con tro lled  in  th e  food and in th e  gu ts  of la r 
vae (Table III,, IV). T he sam ples w ere  tak en  a f te r  half an  hour, a f te r  48 
h r and a f te r  154 h r  from  th e  beginning  of th e  experim en t. As it could

Table III. Num bers of bacteria (millions of cells/ml) in various foods

Time from  the beginning of the experim ent
Food 0.5 h r 

m ean n
48 hr 

m ean n
154 h r 

m ean n

N atural suspended m atter 
in the reservoir w ater 2.3 2 9.8 2 21.6 2
D. polymorpha  pseudofaeces from  
natu ra l suspended m atte r 9.1 2 68.2 2 100.1 2
The mud of reservo ir bottom 2.9 2 12.7 2 17.7 2
D. polymorpha  pseudofaeces 
from  mud 4.1 2 20.2 2 25.5 2
Potam ogeton detritus 7.7 2 91.0 2 113.7 2
D. polymorpha  pseudofaeces from 
Potam ogeton detritus 10.9 2 102.3 2 127.4 2
Filtered reservoir w ater 0.9 2 5.0 2 13.2 2

have been expected  the  bac te ria  w ere  m ore num erous in  th e  gu ts  of la r 
vae feeding on th e  food rich  in bac te ria , th an  in th e  gu ts of la rv ae  kep t 
on food poor in  bac te ria  (Table IV). W hile analysing  th e  bac te ria  n u m 
b ers in  the  food, in  th e  gu ts  of th e  4th in star, and th e  ra te  of g row th  and 
developm ent of younger larvae, it is obvious th a t th e  norm al g row th  and 
developm ent of C hironom idae la rv ae  is conditioned by food rich  in  b ac te 
ria  (m ore th a n  60 m ilion  cells/m l d u rin g  f irs t 48 hour of th e  e x p e ri
m ent). T hese d a ta  confirm  th e  high n u tr itiv e  v alue  of the  b ac te ria l p a r t 
of th e  d e tr itu s -b a c te ria l com plex ( R o d i n a  1966, S u s h c h e n y a  1963, 
E s i p o v a  1969).

The ex p e rim en ts  w ith  th e  u tiliza tio n  of food m arked  w ith  ,4C a l
lowed to d iscover th e  changes in th e  assim ila tion  degree of d e tr itu s  and

Table IV. Num bers of bacteria (thous. of cells per one gut) in the guts of 
Endochironomus albipennis  larvae fed w ith various foods

Food

Time from  the beginning of 
experim ent

48 hr 
m ean n

154 hr 
m ean n

N atural suspended m atte r in the reservoir 
w ater
D. polymorpha  pseudofaeces from  natu ra l
suspended m atter
The m ud of the reservoir bottom
D. polymorpha  pseudofaeces from  mud
Potam ogeton detritus
D. polymorpha  pseudofaeces from
Potam ogeton detritus
Filtered reservoir w ater

3.75 2

30.60 2
5.85 2 
7.60 2

34.45 2

37.85 2
1.85 9

17.10 2

39.50 2 
11.45 2 
16.85 2
43.25 2

58.25 2 
11.35 2
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its agg lu tinates. C. anthracinus  la rv ae  in th e  4 th  in s ta r  a re  active and 
th ey  build  th e ir  cases w hen placed in the agg lu tinates, a lthough  th e ir 
gu ts a re  n early  em pty  du ring  the f irs t 6 days, and th e  food assim ila tion  
is low despite  its g radual increase from  0.091°/o to 0.325°/o. T he  assim ila
tion  rap id ly  increased  on th e  seven th  day  to 3.7°/o, and it w as 6.1°/o on 
the  eigh th  day. H ow ever, as it can be seen in T ab le  III, th e  rap id  increase 
of th e  q u an tity  of b ac te ria  in the  ag g lu tin a tes  takes p lace on th e  second 
day, and th e  food is th en  po ten tia lly  easy to assim ilate . T he lack of food 
in  th e  gu ts  of larvae can be explained  by th e  fact th a t th e  agg lu tinated  
p a rts  a re  h ardened  by m ucus, w hich softens and  g rad u a lly  b reaks up 
because of th e  continuous ac tiv ity  of larvae. T he d e tritu s  sed im en tated  
by m olluscs is as if p reserved . In  our ex p e rim en ts  th e  ag g lu tin a tes  w ere  
a w ell assim ila ted  food w hile the  n o t-ag g lu tin a ted  d e tr itu s  w as losing its 
n u tritiv e  value  to a la rge  ex ten t due to m inera liza tion  (the assim ilation  
in ten sity  of th is  food by th e  C hironom idae la rv ae  decreased  from  9.6°/'o 
to 0.09%). The suspended  m a tte r  du ring  th e  passage th ro u g h  th e  m an tle  
cavity  of D. polym orpha  is p reserved  by  m ucus ex c re ted  by  the  gill cells, 
b u t it also becom es rich er in  b ac te ria  (Table III). A p art from  th a t th e  
m ucus itself is rich  in acid polym ucosaccharides, d e te rm in ed  by us w ith  
th e  help  of the  pas-reaction , and its is p robab ly  an  add itional food source 
for bac teria . T he h igher n u tritiv e  value  of th e  ag g lu tin a ted  food can  be 
also exp lained  by  th e  fact th a t the d e tr itu s  in  it is easier to assim ila te  d u t 
to th e  acid phosphatase  w hich is m ost p robab ly  p re sen t in  th e  m ucocytes 
of D. polym orpha,  as it is so in all m ucocytes of M ytilu s  sp. (P a s t e e 1 s 
1969).
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4. SUMMARY

The role of Dreissena polymorpha  Pallas in the sedim entation of the suspen
ded m atte r was established as well as the possibilities of the utilization of this 
m atte r by Chironom idae larvae: Endochironomus albipennis  Mg. and Chironomus 
anthracinus Zett. The experim ents w ere carried out in the Uchinskoye w ater re 
servoir w here the occurrence of D. polymorpha  is on the average 1000 ind./m 2 and 
the biomass — 500 g/m 2. In the zone of their occurrence these molluscs sedim ent per 
day 7 g of the suspended m atter (dry w eight per square meter). The population of 
D. polymorpha  in the whole reservoir sedim ents in the form  of agglutinates and 
faeces 48.8 t per day.

The laboratory experim ents on, the growth of Chironom idae larvae on aggluti
nated and on not-agglutinated  food (natural suspension, mud, detritus from  Pota- 
mogeton sp.) showed tha t larvae grow and develop in the n a tu ra l way when kept 
on food w ith a large quantity  of bacteria (more than 60 million cells/ml for the
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firs t 48 hours of the experim ent). The n a tu ra l suspended m atte r agglutinated by 
D. polymorpha  was found to be the most nu tritive  food. D. polymorpha  enriches 
the agglutinated m atte r w ith  bacteria, and, probably under the influence of the 
digestive enzymes of the mucocytes, it changes the organic detritus into a move 
readily  assim ilated form.

5. PE3IOME

BbiacHeHa pojib Dreissena polymorpha  Pallas b ocaxtAeHHM B3Becw n b o 3 m o jk -  
nocTb AaJibHeiiiuero ee ncnojib30BaHMH JiMHMHKaMM Chironomidae: Endochironomus  
albipennis Mg. m Chironomus anthracinus  Zett. DKcnepmvieHTbi npoBO^njincb Ha 
yniiHCKOM BOAOxpaHMJiMme. nocejieHMH D. polymorpha  npii cpe^Heii h h c j ic h h o c tm  
1000 3K 3/m 2 M 6noMacce 500 t / m 2 b  3 0 H e  ee pacnpocTpaHeHHH ocaxqRaiOT 3a 24 uaca 
7 r cecTOHa (cyxoii Bee) Ha 1 m2. IIonyjiHqMH D. polymorpha  b o  b cöm  BOAOxpaHn- 
jiraue ocajK^aeT b BHfle arrjiioTMHaTOB m cjpeKajinii 48,8 t  extecyTOHHO.

JIaoopaTopHbie onbiTbi no BbipamMBanmo jih h h h o k  Chironomidae Ha arrjiiOTMHM- 
poBaHHbix M HearrjnoTMHwpoBaHHbix KopMax (ecrecTBeHHaH B3Becb, m ji, a^tpht m3 
Potamogeton) noKa3ajin, hto  jim h m h km  HopMajibHo pacTyT a  pa3BHBaiOTCH Ha Kop- 
M:ix c SojibmHM KOJiHHecTBOM 5aKTepnü (öojiee 60 m jih . k ji. / mji uepe3 48 nacoB ot 
Hauajia onbixa). Hawöojiee nwTaTejibHbiM k o p m o m  OKa3ajiacb arrjnoTHHiipoBaHHaH
D. polymorpha  ecTecTBeHHaH B3Becb, Tax xax  arrjnoTWHMpyH B3Becb D. polymorpha  
oSorauiaeT ee óaKTepMHMw u, BepoaTHO, noA ^eiłcTBueM nMLqeBapMTejibHbix c£>ep- 
MeHTOB MyxopMTOB nepeBOAHT opraHiiHecKMü ,qeTpnT b Sojiee ycBoaeMyio (JiopMy.
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ABSTRACT

A m odification of the G o ł o  w i n ’s (1968) vector of saprobity was proposed to 
suit the general scheme of w ater quality. All 5 lim nosaprobic as well as 4 eusa- 
probic degrees w ere included into the half-circle. The vector of saprobity plays 
here the role of a pointer.

T he sap ro b ity  of an  aquatic  h ab ita t w as estim ated  in past tim es 
sub jectively  according to the  in v es tig a to r’s know ledge of d iffe ren t o rgan 
ism s applied  as ind icato rs of ce rta in  saprobic degrees (zones, stages, 
levels). P a n t l e ,  B u c k  (1955) s ta r te d  th e  a ttem p ts  for a m ore exact 
expression  of re su lts  and  proposed the  saprobic index  “S” w hich proved 
to be v e ry  su itab le  and is used in  m any  E uropean  countries. Z e- 
l i n k a  e t al. (1959) in troduced  th e ir  concept of saprobic valency  
expressed  in  a 10-points-system , w hich  is m ore exact, b u t also m ore 
laborious. T he th ird  w ay is th e  vec to r of sap ro b ity  proposed by  G o- 
l o w i n  (1968) w hich req u ires  q u a n tita tiv e  data , b u t th e  re su ltin g  sap 
ro b ity  is ach ieved  by  a sim ple g raph ical p rocedure . All these th ree  

w ays arose from  the  saprobic system  founded b y K o l k w i t z ,  M a r s s o n  
(1902, 1908, 1909) and developed m ore in d e ta il in recen t y ea rs  by 
a series of investigators, m ainly  a f te r  th e  severe  critiq u e  ra ised  by 
C a s p e r s ,  S c h u l z  (1960).

T he vec to r of saprob ity  is an  o rig inal and  p rogressive m ethod  and 
can be considered  th e  b est Polish ach ievem en t in  th e  field  of sapro- 
biology.

A h a lf-c irc le  is div ided by G o 1 o w i n (1968) in  such a m an n er 
th a t  th e  angles 0-45° rep resen t po lysaprob ity , 45-90° o-m esosaprobi- 
ty , 90-135° /?-m esosaprobity and 135-180° oligosaprobity . T he lines 
rep resen tin g  th e  above nam ed angles a re  th e  boundaries betw een  each 
tw o degrees of saprobity . T he cen tres  of a ll degrees a re  m arked  by  
add itional lines =  axes show ing the  values of 22°30' fo r po lysaprobity , 
67°30' fo r o-m esosaprobity , 112°30' fo r ß -m esosap rob ity  and  157°30'
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for o ligosaprobity . T he q u an tita tiv e  d a ta  of ind icato r organism s b e 
longing to  every  re sp ectiv e  saprobic degree (according to th e  rev ision  
of L i e b m a n n  1951, 1962) are  m arked  on these axes and  considered 
vectors. T he re su ltin g  sap ro b ity  is th en  ca lcu lated  as sum  of vectors 
by a sim ple g raph ical p roced u re  and  th e  angle d e te rm in es  th e  re su lt
ing sap rob ity . F u rth e rm o re , app ly ing  th e  surfaces of triang les, G o- 
l o w i n  developed  also a g raph ic  w ay  to show the  saprobic valency 
of th e  w ho le  com m unity  u n d er consideration .

A q u estio n  arises if th e re  is a re la tio n  to th e  g eneral schem e of w a te r 
q u a lity  ( S l ä d e c e k  1966), w h ere  th e  sam e half-c irc le  w as used and 
com prised  a ll n ine  degrees of saprobity , w hereas G o ł o w i n  applied 
only four.

It is easy  to  m odify  th e  schem e of G o ł o w i n  to su it th e  general 
schem e of w a te r  q u a lity ; The sequence of angles is rev ersed  and we 
s ta r t  w ith  0° in  th e  le ft as the  beg inn ing  of xenosaprob ity . The angle 
90° is th e  bo rder line betw een the  las t lim nosaprobic degree polysa- 
p ro b ity  an d  th e  firs t eusaprobic deg ree  isosaprobity . It is also a de
m arca tio n  b e tw een  th e  aerobic conditions (on th e  left) and  the  a n 
aerobic conditions (on th e  righ t). W ith in  the  lim nosaprob ity  (x-p) each 
saprobic deg ree  has now  18° vec to ria l angle and its axis is s itu a ted  
9° from  bo th  bo rd er lines (Fig. 1). B ecause th e  eu sap rob ity  has 4 d e
grees, one degree has 22°30' vec to ria l angle and  th e  axis is s itu a ted  
11° 15' from  both  b o rd e r lines. The p roced u re  of the  g raph ical calcu la-

Fig. 1. M odification of the G o ł o w i n ’s (1968) vectorial calculation of saprobity 
to su it the system  of w ater quality. W ithin the lim nosaprobity (x, o, ß, a, p) each 
degree has 18° vectorial angle, w ithin the eusaprobity  (i, m, h, u) 22°30'. The 
sequence of degrees is reversed and the +  and — signs neglected. Border lines 
m arked by longer lines than  vectors. A bbreviations: x — xenosaprobity, o — oli
gosaprobity, ß  — /ł-m esosaprobity, a — a-m esosaprobity, p — polysaprobity, i — iso

saprobity , m — m etasaprobity, h — hypersaprobity, u — ultrasaprobityhttp://rcin.org.pl
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tion  is th e  sam e as in th e  orig inal form  of G o ł o w i n; w e d isregard  
th e  g raph ical +  and — signs and gain  a p erfec t con fo rm ity  w ith  the 
system  of w a te r q u ality  in  its circle schem e. T he vec to r of sap ro b ity  
p lays h ere  a ro le of a po in ter.

T he m odification is m ean t m ore as a th eo re tica l considera tion  and 
effo rt to keep all m odern  procedures in  a d irec t re la tio n  w ith  th e  
gen era l concept of w a te r quality . In  a rea l case of lim nosaprobic 
com m unities the  orig inal and m ore sim ple schem e of G o ł o w i n  is 
p re fe rred .

SUMMARY

A fter the publication of two methods of calculation of the resu lting  sapro 
bity  b y P a n t l e ,  B u c k  (1955) and by Z e l i n k a  et al. (1959), the th ird  m ethod 
was proposed by G o ł o w i n  (1968) who introduced a sim ple graphical solution 
of the vector of saprobity. Because G o ł o w i n  used only 4 degrees of sapro
bity  for his half-circle, which is useful for practical purposes, bu t inconvenient 
for theoretical considerations, a modification is proposed in Fig. 1, w here 5 lim- 
nosaprobical and 4 eusaprobical degrees are included in the sam e half-circle. 
This m odification is in conform ity w ith the circle scheme of the system  of w a
te r quality  and the vector of saprobity plays here the role of a pointer.

SOUHRN

Po dvou m etodach k vypoctu vysledne soprobity ( P a n t l e ,  B u c k  1955, Z e 
l i n k a  et al. 1959) pribyla treti, velmi exaktni m etoda vypoctu vek toru  saprobity, 
k terou  navrh l G o ł o w i n  (1968). Protoże G o ł o w i n  rozdelil pü lkruh  jen  na 4 
stupne saprobity, coż je pro prakticke ücely velm i użitećne, avsak mälo vhodne pro 
teoreticke predstavy jednotneho schem atu jakosti vody, je v Fig. 1 navrzena modi- 
fikace s ohledem na teorii: v pülkruhu je zahrnuto 5 lim nosoprobnich a vsechny 
4 eusaprobni stupne. Tato m odifikace pine odpovidä system u jakosti vody a vektor 
saprobity  tu  m a ülohu ukazatele.
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ABSTRACT

Energetic balance of O donata Lestes sponsa larvae w as estim ated for the ir whole 
life un til metam orphosis. Food was supplied in excess during the w hole labora
tory experim ent (Daphnia magna . Tubifex  tubifex). Daily food in take, resp ira 
tion and w eight increases w ere m easured and energy conversion indices (Kj, K») 
were com puted cum ulatively for the whole larval life of the investigated d ra 
gonflies.

1. INTRODUCTION

Studies w ere m ade on Lestes sponsa (Hans.), whose larvae live typically in
astatic reservoirs. The life cycle of this species consists of a short period of
larval developm ent of 2 m onths (M ay—June), coinciding w ith the existence of
periodic sm all ponds, and a long, 10-month period of em bronic developm ent
of eggs, coinciding w ith dry or frozen period of these ponds ( F i s c h e r  1964 a, 
b). The ra te  of growth in this species is very intensive as com pared w ith  that 
of other dragonflies, occurring in more static environm ents. Therefore, one would 
expect a very intensive transform ation of energy by this species. In order to 
obtain the energy budget, the following elem ents w ere ascertained: 1. the food 
intake or consumption (i.e., the weight and calorific value of the food consumed 
during 24-hr period), 2. the cost of m aintenance (the am ount of oxygen consu
med and its calorific equivalent), 3. the calorific values of the larvae a t d ifferent 
age classes which corresponded to subsequent stages of their developm ent.

2. MATERIAL AND METHODS

F ifty  larvae about 24 h r old, w ith live w eight of 0.2 mg each, w ere captured 
in a periodic sm all pond in the Kampinos Forest, near W arsaw. They w ere 
brought to the laboratory and put into glass containers, 50 ml in volum e, each 
larva separately  to prevent cannibalism  ( F i s c h e r  1961). The containers w ere 
subm erged in a w ater bath  of 20°C and illum inated  w ith day light. I t  was 
necessary to bring another supply of larvae 6 days la te r and use them  in the 
experim ents on account of a high m ortality  caused by greater vu lnerab ility  of 
younger larvae ( F i s c h e r  1964 b). This m ateria l was collected from  the  same 
pond as previously, bu t the larvae were older and weighed about 12 mg. The

1 P aper prepared for In ternational Meeting on ‘ M ethods of Assessm ent of 
Secondary Productiv ity  in Fresh W aters”, Prague 1967.http://rcin.org.pl
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larvae w ere initially  fed w ith Cladocera (Daphnia magna) for one m onth, la ter 
w ith Tubificidae (Tubifex  tubifex). The food consum ption was m easured daily. 
Every m orning, a known num ber of w ater fleas w as introduced into each vessel. 
A fter 24 hr of exposure the num bers of recovered individuals w ere recorded. The 
am ount of Tubificidae consumed was ascertained by weight. The Tubificidae 
w ere weighed before and afte r the 24-hr exposure. The calorific value of the 
food was calculated from  the lipid and ash contents, which w ere m easured. 
By subtracting the am ount of lipids and ash from  the dry w eight biomass, the 
am ount of proteins and carbohydrates was calculated. The lipid content was esti
m ated by w arm  extraction w ith ethyl ether w hen the m ateria l was abundant, 
and by a photom etric m ethod ( S t e r n ,  S h a p i r o  1954) w hen the m ateria l was 
scarce. The ash content was defined by combustion. The calorific value of proteins 
and carbohydrates was assumed as 4.3 cal/mg and th a t of lipids 9.3 cal/mg 
( B l a d e r g r o e n  1955), and the calorific value of the food was calculated. The 
sam e m ethod was used for defining the calorific value of the dragonfly larvae, 
four tim es during the entire experim ent. The calorific value of Tubificidae 
ranged from  4.5091 to 4.7666 cal/mg dry weight, and those of Daphnia magna  
from  3.6603 to 4.8458 cal/mg.

The respiration  ra te  of dragonfly larvae was m easured in a constant-pressure 
respirom eter (K 1 e k o w s k i 1967), one larva being placed into each resp iro 
m eter. During the firs t week of larval life the m easurem ents w ere taken daily, 
la ter on — 3 tim es a week.

The energy budget elem ents w ere calculated as follows: the food in take — by 
m ultiplying the food calorific value by the am ount of food eaten during 24 hr; 
the oxygen consumption was converted into energy units using the calorific 
equivalent coefficient: 1 u l 0 2 —4.840 • 103 cal, or 1 mg 0 2 =  3.38 cal ( I v l e v  1939, 
H a r r o w ,  M a z u r  1958); to assess production, the daily increase in the body 
w eight was m ultiplied by the calorific value of the larvae in a given stage of 
development.

The; diagram s are based on the moving averages (except for those illustrating 
the data on the chemical composition and calorific value of dragonfly larvae). 
Because of high m ortality  of very young larvae, already m entioned, it was 
difficult to assess their consumption, cost of m aintenance, and production. Thus, 
the data for the early  period of larval life w ere in terpolated  (broken lines in 
Fig. 1). The high m ortality  of larvae occurred also on 32nd day of the ex p e ri
m ent, w hen the m etam orphosis processes began. The survival was then so poor 
th a t only one larva reached the adult stage. The data for this final period of 
developm ent are based on one or two specim ens only (Fig. 1).

In order to m ake all the results com parable, they w ere related  to the tim e 
of developm ent and not to the w eight of larvae. O therw ise the final period ol

Fig. 1. Food intake, cost of m aintenance and production in la rva l developm ental
cycle of Lestes sponsahttp://rcin.org.pl
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the la rva l developm ent would be artificially  extended in the graphs since the 
grow th ra te  was very high then. On the other hand, the early la rv a l period 
wrould be underestim ated because of the very slow grow th ra te  a t th a t time. 
From  the standpoint of biology of this species, the early period of developm ent 
is a t least equally, if not more, im portan t than  the rem aining periods. An esti
m ation of age was m ade for the la rvae of the second series, b rought to the 
laboratory  a t the w eight of 12 mg. From  earlier studies on this species ( F i s c h e r  
1964 b), it is known th a t in n a tu ra l conditions the growth of larvae in the early 
period of their developm ent is relatively uniform . The following w eights corres
pond to subsequent days of la rva l life: f irs t day — up to 0.2 mg, second day —
0.8 to 3.0 mg, th ird  day — 0.6 to 0.8 mg, fourth  day — 0.8 to 3.0 mg, fifth  day — 
up to 5 mg. From  these data the curve was draw n of the age-w eight relationship 
in order to estim ate the age of young larvae of the known weight. This refers 
only to the larvae of the second series, weighing about 12 mg a t the beginning 
of the experim ent. Thus, the age of each la rva was estim ated, and la te r on the 
days of the experim ent w ere counted.

3. RESULTS

D uring  th e ir developm ent th e  la rv ae  of L estes  sponsa  assim ila te  
less th a n  50°/o of energy  tak en  in  food. Of th e  assim ila ted  am o u n t of 
energy, about 80°/o is spen t for p roduc tion  and  abou t 20%  fo r the 
cost of m ain tenance (Fig. 1). T he h ighest assim ila tion  ra te  w as observed 
du ring  th e  final 5 days before m etam orphosis. In  th is  period, th e  cal
orific value  of th e  la rv ae  decreases (Fig. 2). I t can  be assum ed th a t

Fig. 2. Chemical con, position and calorific value of Lestes sponsa larvae. A — 
dry w eight of larvae, B — calorific value of ash free dry w eight of larvae, C — 

calorific value of 1 mg dry w eight

in  dragonflies, s im ilarly  as in H olom etabola, th e  am oun t of lip ids de
creases in  favour of p ro te ins and  ca rb o h y d ra te s  in th e  period  p re 
ceding th e  m etam orphosis since in th is  period  th e re  w as no change in 
th e  h y d ra tio n  of th e  larvae: th e  ra tio  of w e t w eigh t to  d ry  w e ig h t was 
abou t 6.5.

T he am oun t of energy  used by one la rv a  d u rin g  its w hole develop
m en t is p resen ted  in  its cum ulative  form  in  Fig. 3. F rom  th is  g rap h  it 
is ev id en t th a t du rin g  its w hole life an  average la rv a  of L estes  sponsa 
consum es 243.8 cal in  the  food, it s to res 56.8 cal in th e  body, and  uses 
32.4 cal fo r th e  cost of m ain tenance.

T he daily  energy  budget as pe rcen tag e  of th e  food in tak e  is p re 
sen ted  in Fig. 4. It show s w h a t p e r cen t of th e  d a ily  food in tak e  ishttp://rcin.org.pl
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spent for th e  cost of m ain tenance, fo r p roduction , and w h a t p roportion  
of th e  unassim ila ted  en e rg y  is re jec ted  b y  th e  organism . D uring  th e  
final 6 days p reced ing  th e  m etam orphosis, th e re  is a conspicuous in -

Fig. 3. C um ulative energy budget of an average larva of Lestes sponsa

Fig. 4. Daily instantaneous energy budget as percentage of food intake

crease in  th e  assim ila tion  of the  energy  taken . A t th is  period  th e  daily  
consum ption also increases (Fig. 1). In  general, a p a rt from  th is  final 
period, th e  assim ila tion  of energy  show s a ra th e r  co n stan t level d u rin g  
the  w hole la rv a l deve lopm en t and  am oun ts to abou t 40°/o of th e  daily  
food in take, a lth o u g h  it oscillates g re a tly  (in sp ite  of th e  app lica tion  
of m oving averages). http://rcin.org.pl
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T he changes of assim ila tion  and  th e  gross an d  n e t p ro d u c tio n  effi
ciency indices re la ted  to tim e are  show n in  Fig. 5. T he gross p ro d u c tio n  
efficiency index  (K d is fa ir ly  constan t d u rin g  th e  la rv a l developm ent.

Fig. 5. Gross production and net production efficiency indices and assim ilation

A fte r an  ea rly  period of about 10 days, w h en  it decreases from  35 to 
25°/o, the  gross production  efficiency index  rem ains constan t for th e  la te r  
period. It can be in fe rred  from  th is index  th a t a re la tiv e ly  la rg e  p ro 
p o rtion  of food consum ed is re ta in ed  as p ro d u c tio n  of body tissues d u rin g  
th e  w hole larva l developm ent. T he n e t p roduc tion  efficiency index  (K2) 
is v e ry  high, especially  a t the  ea rly  period  of ab o u t 6 days of th e  la rv a l 
developm ent. The high values of K 2 are  re la ted  w ith  a low m etabo lic  
loss due to ra th e r  inactive b ehav iou r of these  an im als and  an  excess 
of food in  th e  experim ent.

Food assim ila tion  (A) is som ew hat h ig h er in  th e  ea rly  period  of 
10 days of la rv a l life, as com pared w ith  th a t of th e  rem ain in g  28 days 
of life. In  general, it ranges from  35 to th e  final 46°/o, in  th e  la tes t 
period  of la rv a l life.

W ate r con ten t in th e  la rv ae  w as also studied . It show s conspicuous 
changes du ring  la rva l developm ent, especially  in  th e  ea rly  life period. 
In  v e ry  young la rv ae  the  w a te r con ten t is 93°/o, and  la te r  on it  de
creases a b ru p tly  to 84.7%. T hus, due to th is  decreases, th e  ra tio  of d ry  
w eigh t to live w eigh t of la rv ae  is doubled. It is m ost p ro b ab le  th a t 
it is du rin g  th is period  th a t  the  la rv ae  beg in  to produce chitin . T here  
a re  no conspicuous changes in th e  h y d ra tio n  du rin g  th e  fu r th e r  period  
of th e  la rv a l life. J u s t  before m etam orphosis takes place, w a te r  co n ten t 
decreases to 83.9%. P ro b ab ly  it corresponds to a rap id  d eh y d ra tio n  of 
th e  body a t the  beginning of m etam orphosis. O n account of technical 
d ifficu lties, w a te r con ten t du rin g  th e  m etam orphosis w as not stud ied .

http://rcin.org.pl



220 Z. Fischer

4. DISCUSSION

C om paring  the p resen t d a ta  w ith  th e  only, as fa r  as th ey  w ere  
ava ilab le , d a ta  on th e  d ragonfly  la rv ae  and th e ir  energe tics by  B e r e 
z i n a  (1957), it  can  be said  th a t  the  tw o sets show som e resem blance. 
U n fo rtu n a te ly , it is v e ry  d ifficu lt to m ake an y  close com parison, since 
B e r e z i n a  w orked  w ith  Aesclnna grandis, a species belonging  to 
A n iso p te ra  w hose life h is to ry  is com plete ly  d iffe ren t from  th a t  of 
Z y g o p te ra  to w hich L estes  sponsa  belongs. I t  w as even  m ore d ifficu lt 
since B e r e z i n  a ’ s p ap e r lacks in fo rm ation  on th e  developm en t stage 
a t w h ich  th e  ex p erim en ts  w ere  m ade as w ell as any  d a ta  on changes 
in  th e  calorific v alue  of th e  la rv ae  (larval period  in  Aesclnna grandis  
la s ts  for abou t 2 years).

T he general sequence of life  processes of Lestes  sponsa corresponds 
to  C o r  b e t ’s d a ta  (1962). B efore m etam orphosis, th e  oxygen consum p
tio n  increases, b u t th e re  are  som e d iffe rences in te rm s of the  feeding 
b eh av io u r and  daily  food in take. C o r b e t  (1962) rep o rted  on th e  lack 
of feed ing  ac tiv ity  for several days before  m etam orphosis, quo ting  A n a x  
im pera tor  as an  exam ple. He suggested  th a t th is  phenom enon  is typ ical 
fo r o th e r dragonflies. In  L estes  sponsa, th is  period  is v e ry  short, one 
d ay  or less (Fig. 1). T his is obvious, since th e  la rv a l period  in  Lestes  
sponsa  is m uch sh o rte r (about 40 days) as com pared  w ith  th a t of A n a x  
im pera tor  (about 300 days). H ow ever, in th e  period  before th e  em er
gence occurs, the  food re q u irem en t increases, th e  daily  food in tak e  
being  th e n  11 cal, w hereas an  average daily  consum ption  d u rin g  the  
la rv a l period  is around  7 cal p e r larva . D uring  th is  fin a l period, th e  
la rv a e  show  an  increased  p re fe ren ce  to w ard s organism s of h igh  ca
lorific  va lu es ( F i s c h e r  1967). T he perio d  of fasting  w hich  occurs 
d irec tly  before  em ergence, o ften  called a h u n g er phase, seem s to be 
com ple te ly  d iffe ren t from  th e  tru e  hunger. A n an im al d e lib e ra te ly  
re fu ses  to tak e  food and its  re sp ira tio n  is q u ite  norm al or even som e
w h a t increased, w hereas a t typ ical s ta rv a tio n  th e  re sp ira tio n  conside
ra b ly  decreases. Thus, th e  period  d irec tly  before  m etam orphosis should  
no t be considered as th e  stage of hu n g er, a lthough  th e  la rv ae  do not 
feed  then . The en tire  organism  undergoes such tho rough  reb u ild in g  
d u rin g  th is  period th a t bo th  its m orphological s tru c tu re  and th e  enzy
m atic  system  are  not able to cope w ith  th e  functions of feeding, d i
gestion , an d  assim ilation.

T he re su lts  concerning h y d ra tio n  and  its  changes du rin g  th e  la rv a l 
period  in  L estes  sponsa  a re  in  accord w ith  g en e ra l find ings for insects 
( H o a r  1966) as w ell as w ith  d e ta iled  d a ta  for T ribo lium  castaneum  
(K 1 e k  o w  s k i et al. 1967). Y et, in  T ribo lium  th e re  is a fu ll m e ta 
m orphosis, and  th u s  too close com parisons should  be avoided. N e v e rth e 
less, b o th  in  T ribo lium  and in  L estes, h y d ra tio n  is h igh d u rin g  th ehttp://rcin.org.pl
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early  stages of la rva l developm ent, follow ed by  a decrease  in  w a te r 
con ten t preceding th e  em ergence of an  adu lt.

W hen com paring th e  e lem ents of energy  b u d g e t of L estes  sponsa  
w ith  R i c h m a n ’ s (1958) d a ta  on Daphnia pu lex ,  and  K 1 e k  o w - 
s k i ,  S h u s h k i n a ’ s (1966) on Macrocyclops alhidus, a s trik in g  s im 
ila rity  can  be found betw een  th is  rep re sen ta tiv e  of C opepoda and  
th e  species u n d er stu d y  (certain ly  because of th e  p red a to ry  b eh av io u r 
of these  anim als), b u t also a conspicuous d iffe ren ce  from  Daphnia p u 
lex. T he assim ilation of food in D. p u le x  ranges from  6 to  24°/o of its food 
in take, depending on th e  food concen tration , in M. albidus  —  from  40 
to 80% , and in L. sponsa — from  40 to 45%. T he la tte r  values correspond  
to those for M. albidus  a t the low est food concen tra tions. T he gross 
p roduction  efficiency index  (K J  in  L. sponsa  la rv ae  (25%) is also sim 
ila r to th a t of M. albidus; in f iltra tin g  D. p u le x  it is m uch  low er, 
from  3 to 13% (R i c h m a n 1958). T he n e t p roduction  efficiency  
index, K 2, indicates th a t the  L. sponsa  la rv ae  a re  effic ien t tran sfo rm ers  
of energy, as a re  the  copepods ( K l e k o w s k i ,  S h u s h k i n a  1966). 
F or the  d ragonfly  in  th e  early  period  of la rva l life  th is  index  am oun ts 
to 90%. S im ilarly , h igh values of K 2 index  w ere  observed by I v l e v  
(1964) in Actinia equina  (from  50 to 93.8%). In  sp ite  of an  im p o rtan t 
taxonom ic difference, th e re  is som e resem blance b e tw een  these  tw o 
organism s. T hey  are  both p red a to ry  species and  bo th  rev ea l l i tt le  
m obility . T he L. sponsa larvae, sim ilarly  as m arin e  anem ones, a re  
am ong th e  heaviest p red a to rs  of th e ir  en v ironm en ts ( F i s c h e r  1961, 
1967). These dragonflies lead alm ost sed en ta ry  life  ( F i s c h e r  1964a, 
1967), th ey  a re  not eager to change th e ir  position  and w ould  s tay  for 
days and days passively  u n til a p rey  gets w ith in  th e  ran g e  of th e ir  
m ask. Especially  u n d er th e  circum stances of th is  ex p erim en t, th ey  
had no neec| to m ove since food w as bo th  in excess and  access, and  th e  
la rv ae  w ere  not com pelled to change th e ir  position  fo r w eeks. W ith  
such a m ode of living, bo th  in Actinia equina  an d  L. sponsa  la rv ae  th e  
g re a t m a jo rity  of assim ila ted  food is spen t for th e  g row th  and  only  
a scant q u an tity  for resp ira tion , w hich  is rev ea led  by  th e  h igh  K 2 
index.
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5. SUMMARY

In order to obtain an energy balance estim ation of O donata Lestes sponsa 
larvae, daily  food intake, respiration  and body calorific values of la rvae of 
various ages w ere m easured. I t was found th a t as in this group of anim als the 
m etam orphosis is not complete, their cum ulative energy balance during d e
velopm ent is gradual and reveals no sudden shifts. Food assim ilation is fairly  
sm all, as it is about 40%; the gross index of ecological efficiency K, can behttp://rcin.org.pl



222 Z. F ischer

considered as constant a t about 20 do 30%. The net index of ecological efficiency, 
K?, is high, particu larly  during the in itial 6 days of life (90—80%) and la ter on it 
falls down to as little  as 70%. High values of the K 2 index can be probably 
accounted for by the low assim ilation of food and sm all m etabolic losses as the 
investigated predators m ove very little  under excess of available food.

6. STRESZCZENIE

W celu sporządzenia bilansu energetycznego larw y Odonata Lestes sponsa 
w ykonano oznaczenia następujących param etrów : racji pokarm ow ej, oddychania 
oraz w artości kalorycznej larw  różnego wieku. Stwierdzono, że w związku z p rze
obrażeniem niezupełnym  u tej grupy zwierząt, bilans energetyczny kum ulatyw ny 
w czasie rozwoju m a przebieg bardzo płynny i nie w ykazuje gw ałtownych zmian. 
W ykorzystanie pokarm u jest raczej niew ielkie i wynosi około 40%, współczynnik 
wydajności ekologicznej b ru tto  (Kj) je s t stały i wynosi około 20—30%. W spół
czynnik w ydajności ekologicznej (K2) netto  jest wysoki, szczególnie w okresie 
sześciu pierwszych dni życia (90-80%), w ciągu dalszego w zrostu larw  spada do 
zaledwie 70%. W ysokie w artości współczynnika K2 są związane najpew niej z niską 
przysw ajalnością pokarm u oraz m ałym i stra tam i m etabolicznym i zw iązanym i 
z mało ruchliwym  trybem  życia drapieżnika przy nadm iarze pokarm u.
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ABSTRACT

Fecundity, survival and haem olym ph concentration was investigated in labora
tory populations of fresh w ater species Physa acuta Drap. and Tubifex  tubifcx  
Müll, acclim ated to d ifferent salinities of ex ternal m edium  (from 1 to 10%o). In 
salinities surpassing norm al (fresh w ater) osmotic concentration of body fluids,
i.e. 4%o for T. tubifex  and 4.5%o for. P. acuta, egg laying decreases very rapidly 
and embryonic developm ent is stopped. Resistance of adu lt anim als is higher, 
some snails survive even in 10°/oo, and some tubificids in 9%o. In non-acclim ated 
anim als rapid  increase of m ortality  rate  is observed in the zone of critical salinity of 
5—8%«, being the physiological boundary between m arine and fresh  w ater eco
systems. In anim als acclim ated to brackish m edia haem olym ph concentration is 
in any case higher than this of the ex ternal m edium. The curves of osm ore
gulation in investigated fresh w ater anim als are sim ilar to sim ilar curves for 
euryhaline brackish w ater species, probably illustrating  the course of osmotic 
evolution of m arine ancestors invading hypotonic media.

1. INTRODUCTION

There is no doubt today th a t the physiological characteristics of anim als 
influence their eco-geographical distribution. We know th a t any factor in the 
environm ent which changes the physiology of an organism  m ay constitute the 
,‘threshold fac to r” lim iting the survival of a species in this environm ent. F or the 
two physiologically d ifferent groups of m arine and fresh  w ater anim als it is 
the salinity of w ater m edium  which appears as the essential lim iting factor. 
The problem  of “A rten-M inim um ” (R e m a n e 1934, R e m a n e ,  S c h l i e p e r  1958). 
or of the sudden decrease of the num ber of species in the range of salinity from 
5 to 8%o, i.e. in the transitory  area between m arine and fresh w aters, is fam iliar 
to any investigator of brackish waters. The overcoming of this barrie r of critical 
salin ity  has always been a crucial m om ent in the evolution of species and their 
expansion into environm ents threatening w ith osmotic stress ( D a h l  1956, 1959, 
K i n n e  1964 a, b, K h 1 e b o v i c h 1969).

Eggs, embryos, larval stages and spawning adu lt individuals tend to be most 
sensible to environm ental changes ( B u l l o c k  1960, K i n n e  1964 a, K h l e b o -  
v i c h 1969). Their response to osmotic stress essentially lim its the actual colo
nization of environm ents w ith  d ifferent salinities even if these can be tolerated 
by adult individuals w ith better developed osm oregulatory m echanisms. How 
ever, reports of observations concerning this type of sensibility in invertebrates 
are ra th e r scanty. There are data concerning eggs and larvae of the trem atode 
Fasciola hepatica  ( S t y c z y ń s k a - J u r e w i c z  1965) and of Schistosoma japo- 
nicum  (I t o 1955), various aspects of reproduction and  developm ent of Nereishttp://rcin.org.pl



224 E. Styczyńska-Jurew icz

diversicolor ( B o g u c k i  1953, 1954, 1963, S m i t h  1957, 1964), fresh w ater molluscs of 
the genera of A nodonta and V iviparus ( K h l e b o v i c h  1965), am phibiontic snails 
Succinea putris and S. p fe iffer i  ( P e t e r s e n  1967) and crustaceans Acanthocy-  
clops viridis ( K h l e b o v i c h  1960) and  Triops cancriformis  ( K l e k o w s k i ,  H e m -  
p e l - Z a w i t k o w s k a  1968).

The presen t paper reports the influence of salinity in the range from  1 to 10%o 
on reproduction of Physa acuta  Drap, as a representative of fresh w ater snails and 
of T ubifex  tub i fex  Müll, as a represen tative of Oligochaeta group, abundantly  oc
curring in fresh  and brackish w aters. In addition, sensibility of spaw ning adult 
individuals to the transm ission from  fresh to brackish m edia is presented. The 
curves of surv ival during in itia l periods of acclimation and of the changes in 
blood concentration as re la ted  to the  increased salinity of the m edium  are put 
forth.

2. M ATERIAL AND METHODS

Salinities of 1 to 10°/oo w ere m ade by diluting artific ia l sea w ater prepared 
after H a l e  (1958) w ith conditioned tap  w ater which was also used as the control 
m edium. Groups of 5 adult spaw ning snails of Physa acuta from  laboratory  culture 
w ere put into sm all all-glass aquaria  8X8X8 cm, w ith sand on the bottom , filled 
w ith w ater of a given salin ity  and covered w ith  glass to lim it evaporation. In each 
salinity there w ere 10 snails (two vessels), fed w ith fresh lettuce and dried daph- 
nids. Every second day all the newly laid egg-masses w ere taken out and the 
eggs in them  w ere counted. New snails w ere also substitu ted  for dead ones to keep 
their num ber in the vessels constant. Between successive renew als of w ater in 
aquaria, salinities w ere constant or increased insignificantly (0.2—0.3%o).

E xperim ents w ere m ade a t a room tem perature, in two series: in series I the 
snails w ere not acclim ated to the respective salinities; losses, occurring how ever 
just in 8%«, w ere replaced by individuals from a fresh  w ater culture. Two ex p eri
m ents w ere carried  out, a t tem pera tu re  ranges from 20 to 22°C in the first, and 
17 to 19°C in the second one. In  series II, the firs t experim ent was sta rted  afte r 
27 days of acclim ation of the snails to the respective salinities; only 5 individuals 
(1 vessel) w ere exam ined a t each salinity w hile another 5, likew ise acclim ated 
served to replace the losses. The tem peratu re  ranged from  19 to 21°C. In the 
second experim ent the snails w ere acclim ated for a longer period (47 days), the 
tem peratu re  ranged from  20 to 21 °C. The rem aining conditions w ere sim ilar as 
in the firs t experim ent of this series.

The m ateria l of T ub ifex  tub ifex  was purchased in a zoological store; for each 
experim ent adult individuals w ith well developed clitella w ere selected from 
a single sample. Laboratory  cultures w ere cultivated according w ith L e h m a n  
(1941) prescriptions. In each fu ll glass aquarium  18 cm in length. 9 cm in b read th  
and 13 cm in depth, 30 anim als w ere p u t on a 4 cm layer of pure sand w ith  5 cm 
of w ater upon it. W ater w as aerated  and the worms w ere fed w ith yeast. Balls 
of fresh  yeast w ere dried and pulled deep in sand, 3 in each aquarium , so th a t 
there was an abundance or even surplus of food. Losses of w ater in aquaria  caused 
by evaporation w ere supplem ented each day w ith distilled w ater. Cocoons laid 
deep in sand w ere collected from  it by m aking them  tu rn  up on its surface by 
rap id  stirring. For each salin ity  there w ere two aquaria: one w ith the experi
m ental population and the o ther for replacing the losses. Two 12 days experim ents 
w ere carried out. In the f irs t one the tem perature ranged from  20 to 22°C; w ater 
renew al, collecting of cocoons and replacing of losses w ere m ade a t 4 days in te r
vals. The worm s which had survived afte r the last collecting of cocoons w ere left 
in  their aquaria for another 10 days bu t the daily losses of w ater due to evapo
ration  w ere no longer supplem ented, so th a t the concentration of the experim en t
al m edia increased a little  as it was revealed by cryoscopic m easurem ents. A fter 
th a t period, haem olym ph w as sam pled from  4—5 worms and its osmotic concen
tration  was gauged. The freezing point depression of haem olym ph was found by 
a Ram say m icrocryoscope as m odified by Klekowski (the apparatus and the p ro 
cedure are described in K l e k o w s k i  1963).

In the second experim ent the tem peratu re  ranged from  20 to 24°C; control 
activities w ere perform ed every other day and haem olym ph was taken im m ediate
ly afte r the experim ental period.

An average num ber of eggs per one individual as the m easure of fecundity  
was com puted w ith  account for the m orta lity  rates; i.e. those individuals which 
have survived a given tim e in terval (i.e. between two tests) plus a half of those 
which had died during th a t period w ere considered.http://rcin.org.pl
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Survival as related  to m edium  salinity was defined only for unacclim ated 
anim als and for those during the firs t phase of acclim ation, i.e. during the initial 
10 days for Physa acuta and un til the firs t test (after 4 days in the firs t experi
m ent or after 2 days in the second) for T ub ifex  tubifex.  A d iffe ren t approach was 
technically impossible since the m ortality  ra tes of T. tub i fex  in the highest sa
linities w ere very high and the reservers of m ateria l w ere insufficient to m ake up 
for all the losses.

3. RESULTS
TH E IN F L U E N C E  OF SA L IN IT Y  ON F E C U N D IT Y

As it can be seen in  Fig. 1, Physa acuta  lay  eggs in ten siv e ly  up to 
5°/oo- A t th is level th e  lay ing  of eggs is checked ab ru p tly , th o u g h  eggs 
can be laid  sporadically  even a t  8°/00- T he snails a re  m uch less sensible

Fig. 1. Effect of m edium  salinity on 
fecundity  in non-acclim ated snails 
Physa acuta. A — m ean num ber of 
eggs laid by one snail during 10 days 
experim ent, B — frequency of egg 
laying — m ean num ber of egg masses 
per one snail, C — m ean num ber of eggs 
per one egg mass. 1 — firs t experi
m ent (temp. 20—22°C), 2 — second e x 

perim ent (temp." 17—19°C)

Fig. 2.. E ffect of m edium  salinity  on 
fecundity in acclim ated P. acuta. A — 
m ean num ber of eggs laid by one
snail during 10 days experim ent, B — 
frequency of egg laying — m ean num 
ber of egg masses per one snail, C —
m ean num ber of eggs per one egg
mass. 1 — firs t experim ent (temp. 19—
21°C) s ta rted  afte r 27 days of p re 
vious acclim ation of snails, 2 — second 
experim ent (temp. 20—21°C) s ta rted  a f 

te r 47 days of acclim ationhttp://rcin.org.pl
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th en  th e ir  process of reproduction , fo r th ey  can su rv ive even  as long as 
2 m onths at 9 to 10°/00 of salin ity . The h ighest concen tra tion  a t w hich 
th e  h atch ing  of young snails w as observed, w as 5°/00 though  a t th is  lev 
el m any  em bryos w ere  in ju red  and did not realize th e ir  developm ent. 
T he eggs laid  a t sa lin ities  above 5°/00 w ere  le th a lly  dam aged a t the  
beginning  of th e ir  em bryonic developm ent. A t 8°/00 m any  em p ty  jellies 
w ere  found w ith  d eg en era ted  capsules in  them .

In u nacclim ated  snails a s tim u la tin g  in fluence of ce rta in  sa lin ities  
upon egg p roduc tion  could be noticed; in  the  firs t ex p e rim en t th e  h ig h 
est fecu n d ity  w as observed a t l 0/00, w h ile  in th e  second ex p erim en t, 
ca rried  ou t in  a low er tem p e ra tu re  it w as noticed a t 5°/00. H ow ever, a f te r  
a long acclim ation  to sa lin ity  th is  s tim u la tin g  in fluence tends to van ish  
and th e  fecu n d ity  of snails a t 1 to 5°/00 does no t d iffe r from  th e  control 
fresh  w a te r  level (Fig. 2). A n average  n u m b er of eggs in  1 eggs-m ass is 
fa ir ly  changeab le and in d ep en d en t on sa lin ity  and  a f te r  a long acclim a
tion i t  tends to  be m ore un ifo rm  in  a ll th e  to le ra ted  sa lin ities (c.f. Fig. 
1C and  2C).

A sim ilar p a tte rn  of th e  re la tio n sh ip  b e tw een  fecu n d ity  and sa lin ity  
was observed  in  T u b i fe x  tu b i fe x  (Fig. 3). T he cu rve of fecu n d ity  b roke 
dow n som ew hat ea rlie r, a lread y  a t 4°/00, and  th e  eggs laid  sporad ically  
a t 5 and  6°/00 w ere  deform ed  and  incapab le of developm ent. T he h ighest

Fig. 3. Effect of m edium  salinity on fecundity  in non-acclim ated T. tubifex. A  — 
m ean num ber of eggs per one individual, B — m ean num ber’of cocoons per one in 
dividual, C — m ean num ber of eggs per one cocoon. 1 — firs t experim ent (temp. 

20—22°C), 2 — second experim ent (temp. 20—24°C)http://rcin.org.pl
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sa lin ity  a t w hich th e  hatch ing  and su rv iva l of T. tu b i fe x  la rv ae  w as ob
serv ed  was 4°/00, b u t w hen  eggs in  m ore advanced  stages of em bryonic 
developm ent (em bryos elongated  in  form ) w ere  p u t into sa lin ity  of 5°/00> 
norm al hatch ings did occur (h igher salin ities w ere  no t investigated ).

F ecund ity  a t 1 and 2a/00 as com pared w ith  th e  fresh  w a te r  con tro l 
w as h ig h er by 36 and 23°/o respectively  in  th e  f irs t ex p e rim en t and  97 
and  65°/o in  th e  second one. In  opposition to P. acuta  in w hich  no in 
fluence of sa lin ity  upon th e  num ber of eggs in  an  egg-m ass w as ob
served, in T. tu b i fe x  th is num ber was changing w ith  fecu n d ity  and  it fe ll 
to th e  average of 2 eggs in a cocoon in stress  en v iro n m en ts  as com pared  
to 4 in optim al conditions (Fig. 3C).

SU R V IV A L  OF A D U L T  IN D IV ID U A L S

S urv ival of unacclim ated  Physa acuta  w as v ery  good, b e t te r  th a n  
th a t of T u b ife x  tub ifex .  It w as recorded  for th e  w hole ex p e rim en ta l 
p eriod  of 10 days (Fig. 4B). A high m o rta lity  ra te  of snails occu rred

Fig. 4. M ortality ra te  in the in itia l phase of acclim ation to salinity. A — P. acuta: 
1 — first experim ent (temp* 20—22°C), m ortality  during 10 days of acclim ation, 2 — 
second experim ent (temp. 17-19°), m ortality  during 10 days of acclim ation; B — 
T. tubifex:  1 — firs t experim ent (temp. 20-22°C), afte r 2 days of acclim ation, 2 -  

second experim ent (temp. 20-22°C), afte r 3 days of acclim ation

only  a t 10°/oo. bu t even th en  it w as q u ite  sm all in  a low er te m p e ra tu re  
(Fig. 4A — 2). T he d iagram  shows th a t th e  m o rta lity  ra te  is h ighest
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d urin g  the  firs t phase of acclim ation  and decreases as acclim ation  con
tinues. This fact p e rm itted  to c a rry  out the  investigations a f te r  a long 
period  of acclim ation as discussed above.

In  T u b i fe x  tu b i fe x  cu ltu re s  a good condition of an im als a t 1 and 
20/00, b e tte r  th an  in o th e r sa lin ities  and in the  control, w as rem arkab le. 
T he an im als k ep t in those concen tra tions w ere  big and  fa t and th e ir  cli- 
te lla  w ere  w ell developed, w h ile  in h ig h er salin ities beginning  from  
7°/oo th ey  w ere  em aciated , th e  re a r  segm ents of th e ir  bodies w ere  rr.ore 
freq u en tly  re jected , th e  c lite lla  d isappeared , th e  body flu ids becam e 
m ore viscous and th e ir  vo lum es decreased.

The m o rta lity  ra te s  of unacclim ated  T. tu b i fe x  w ere  m uch higher 
th an  th a t  of the  snails an d  for th a t reason  a ttem p ts  a t p rolonged accli
m atio n  had failed. A t 5°/00 th e  m o rta lity  ra te  w as abou t 25°/o b u t at 
10°/Oo it w as fu ll 100%. In  th e  la tte r  sa lin ity  th e  w orm s did not screw 
in to  th e  sand a t a ll b u t w ere craw ling  on it revealing  a typ ical escape 
reac tion  and th ey  died d u rin g  the  firs t 24 hr. The m o rta lity  ra te s  w ere 
fa lling  dow n as acclim ation  con tinued  b u t th ey  could no t be s tr ic tly  de
te rm in ed  in q u an tita tiv e  te rm s because of sm all n u m b er of w orm s 
su rv ived .

H AEM O LYM PH  C O N C EN TR A TIO N  A S A N  E X PR E SSIO N  OF HYPEROSM OTIC
R EG U LA TIO N

T he changes in  th e  in n e r m edium  investigated  a f te r  th e  series of 
ex p e rim en ts  revealed  th a t b o th  Physa acuta  and  T u b i fe x  tu b i fe x  are 
hyperosm otic  reg u la to rs  also in  b rack ish  m edia, i.e. th ey  alw ays m ain 
ta in  a positive d iffe rence b e tw een  th e  concen tra tion  of in n er and ou ter 
m edium . A ll the  th ree  cu rv es in  Fig. 5 hav e  p la teau s corresponding to 
th e  ran g e  of ou ter m edium  co n cen tra tio n  w ith in  w hich  it does not ex
ceed th e  orig inal (i.e., observed  in fresh  w ate r) co ncen tra tion  of inner 
m edium ; th u s the  p la teau s correspond to th e  s ta te  of osm otic hom eosta
sis of an  organism . In  P. acuta  th e  p la teau  covers the  ran g e  from  fresh  
w a te r  to  only abou t 2% 0 and  beginning  from  th is  level the  cu rve  of 
o sm oregu lation  m ounts so as to m ain ta in  a m ore or less constan t posi
tive d iffe ren ce  (about 0.1 d°C ) betw een  haem olym ph and the  ou ter 
m edium  (a “hyperosm otic  su rp lu s” , S t y c z y ń s k a - J u r e w i c z  
1972).

T he  changes of th e  shape of th e  osm oregulation  cu rve in T. tu b i 
f e x  a f te r  th e  pro longed acclim ation  period a re  rem ark ab le  (Fig. 5B). 
The p la tea u  w hich includes th e  4 % 0 level a f te r  12 days of acclim ation, 
is ex ten d ed  to 6% 0 a f te r  22 days and hyperosm otic su rp lus decreases 
from  abou t 0.15 A°C  to abou t 0.08 /1°C, so th a t  a t h ig h er salin ities the 
cu rve of osm oregulation  ru n s  n ea re r to th e  line of isoosmosis (Fig 
5B — 2). http://rcin.org.pl
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Fig. 5. Changes in haem olym ph concentration m easured as freezing point depression 
in relation  to salinity. A — P. acuta a fte r 10 days of acclim ation to sa lin ity ; B — 

T. tubifex:  1 — after 12 days of acclimation, 2 — afte r 22 days of acclim ation

4. DISCUSSION

A ce rta in  secondary  ad ap ta tio n  of fresh  w a te r  an im als to b rack ish  
en v iro n m en t, p re sen ted  in th is w ork, shows th e  problem  of “critica l 
sa lin ity ” as having  a very  im p o rtan t ecological consequences. K h l e -  
b o v i c h (1969) analysing  th e  problem  in its ev o lu tio n ary  aspect 
a r riv e s  a t a no tab le generaliza tion  concerning th e  w ay  in w h ich  m a
rin e  an im als had  colonized fresh  w ate rs . This was possible because of 
a d ev e lo p m en t of osm oregulatory  m echanism s p e rm ittin g  to m a in ta in  
th e  in n e r osm otic concen tration , or th e  “in n er sa lin ity ” as he te rm ed  
it, a t a level no t below  th e  critica l one, i.e. not lesser th a n  4 -5°/00- H ow 
ever, because of g rea t sen sib ility  of the  processes of re p ro d u c tio n  to 
osm otic stress, various form s of th e ir  p ro tec tio n  m ust have developed  
as th e  em bryos or early  la rva l stages are  in  g en e ra l no t bestow ed  w ith  
effic ien t o sm oregu lato ry  m echanism s. Such form s are: in n e r  in sem i
nation , or in freq u en t cases herm aphrod itism , v iv iparousness or a sh o rt
ening of th e  post em bryonic developm ent.

B eside those form s, m entioned  by K h l e b o v i c h  (1969), o thers 
can be po in ted  out, as th e  s tru c tu re  of eggs of som e fresh  w a te r  an i-http://rcin.org.pl
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m als in  w hich eggs a re  p ro tec ted  by  w ell developed envelopes w ith  
se lec tive  perm eab ility , and a freq u en tly  ap p earin g  colloidal lay e r also 
p lay ing  its ro le  in  o sm oregu lation  ( S t y c z y ń s k  a -J  u r e w i c z 1970, 
1972).

In  th e  tw o fresh  w a te r  species in v estig a ted  in  the  p re sen t w ork  
a fu ll to le ran ce  of th e  rep ro d u c tio n  processes tow ards the  ex te rn a l sa
lin ity  w as observed w ith in  th e  range not exceeding th e  “in n e r sa lin ity ” 
of th e  an im als i.e., th e  n o rm al co n cen tra tio n  of body flu ids in  fresh  
w a te r conditions. In  T u b i fe x  tu b i fe x  th is  co n cen tra tio n  is 0.22 z)°C, 
i.e. abou t 4°/00 and in  P hysa acuta  it is, s im ilarly , 0.21 to 0.24 A °C, 
i.e. 4—4.5°/0o. W hen th is  level of sa lin ity  of th e  ex te rn a l m edium  is 
surpassed , the  process of egg laying is d is tu rb ed  and  checked in  the  
f irs t place, and  th en  th e  sam e happens to th e  developm ent of eggs 
still laid  to th e  in to le rab le  en v iro n m en t as by  in ertia . This proves th a t 
the  ecologically elim inating  in fluence of env iro n m en t sa lin ity  is not 
ex e rted  d irec tly  by hand icapp ing  the  developm ent of eggs w hich  had 
been laid  to it b u t ra th e r  un d irec tly , b y  inh ib iting  the  fecu n d ity  of 
p a ren t organism s (Fig. 1~3).

It can be supposed th a t th e  evo lu tionary  ad ap ta tio n  of species to 
osm otic changes of th e  m edium  m ust have developed on th e  sim ilar 
w ay and  th a t th e  re lev an t ad ju s tm en ts  in  th e  processes of rep roduction  
had had  to occur as an  effect of th e  changes w hich th e  osm otic stress 
m ight have caused in  th e  tissues of th e  p a ren t organism s.

In  ex p e rim en ta l conditions, th e  inh ib ition  of egg lay ing  in P. acuta 
and T. tu b i fe x  in in to le rab le  en v iro n m en t w as not im m ediate; sporadic 
laids of egg-m asses of P. acuta  could be found even  a t 8°/00 of sa lin ity  
w hich was le th a l for eggs. Cocoons of T. tu b i fe x  appeared  a t s im ilarly  
le th a l sa lin itie s  of 5 and  6°/00-

A sim ilar low ering  of fecu n d ity  in osm otically  stressfu l m edium  
(10°/oo for succinids) w as observed  by P e t e r s e n  (1967) in Succineo  
putris  and  S. p feif fer i ,  cu ltiv a ted  in m edia of various salin ities.

T he stim u la ted  effect of a low sa lin ity  upon egg p roduction  in unac
c lim ated  P. acuta  and  T. tu b i fe x  (Fig. 1 and 3) seem s to be a resu lt 
of th e  stim u la tin g  in fluence of such sa lin ity  upon th e  general m etab o 
lism  and  ac tiv ity  of an im als ( K a r a n d e e v a  1966, K 1 e k o w s k i, 
D u n c a n  1966). A n evidence in  fav o u r of such an  in te rp re ta tio n  is 
the  lack  of an  obvious stim u la tin g  effect in  an im als a f te r  longer accli
m ation  in  w hich  m etabolism  p robab ly  re tu rn e d  to th e  norm al (Fig. 2)

SA L IN IT Y  A N D  SU R V IV A L

A n in vestiga tion  of su rv ival of ad u lt an im als w as a m arg in a l ob jec
tive of th is w ork, being m ain ly  an  au x ilia ry  tool for a sound assessm ent 
of fecund ity . H ow ever, the curves of m o rta lity  of anim als d u rin g  the
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in itia l phase of acclim ation (Fig. 4), tho u g h  based on scan ty  m ateria l, 
obviously po in t to tw o reg u la ritie s: 1. th e  m o rta lity  ra te  increases
w ith in  th e  ran g e  of th e  critica l sa lin ity , 2. for ad u lt an im als th e  ran g e  
of to lerance (up to 9°/o0 in  T. tu b i fe x  and  up  to 10°/oo in P. acuta) a re  
g re a te r  th a n  those for eggs (up to 4n/on in  T. tu b i fe x  and up to 5%„ in 
P . acuta).  Of course, a g rea te r to le ran ce  does not m ean  100% of s u r 
vival, w hile  100% m o rta lity  ra te  m eans a com plete  in to lerance, b u t 
th e  ran g e  of to lerance can be ex tended  by m ore g rad u a l in tro d u ctio n  
into s tress  conditions. N e ith er does it m ean  th a t an  an im al w hich  su c 
ceeds to su rv iv e  un d er stress, re ta in s  its orig inal hom eostasis; on th e  
opposite, th e  orig inal physiological s ta te  alw ays undergoes som e m o d i
fications, as it is evidenced by th e  changes of haem olym ph co n cen tra 
tion in th e  investigated  anim als (Fig. 5).

It is rem ark ab le , though scan ty  m a te r ia l req u ires  care, th a t th e  
su rv iv a ls  of snails w as im proved  if th ey  w e re  exposed to osm otic s tress  
in  a low er tem p e ra tu re  (Fig. 4B).

A v e ry  good condition of an im als in 1~2% 0 salin ity , noticed m ain ly  
in  T. tu b i fe x ,  m ay be an  effect of an  advan tageous decrease  of th e  
osm otic tension  betw een  an organism  and th e  hypotonic m edium . If 
th is w as th e  case, th e  therm odynam ic ex p en d itu re  for reg u la tio n  w ould 
decrease, according w ith  P  o 11 ’s (1964) m odel. This observation  can 
have a p rac tica l significance for th e  cu ltiv a tio n  of fresh  w a te r  anim als, 
w hich could be p robab ly  m ore efficien t if an  o ligohaline m edium  of 
1—2°/0o w ould  be used.

H AEM O LYM PH  C O NCENTRATIO N A N D  TH E E V O LU TIO N  OF OSM O REG ULATO RY
F U N C T IO N S

T he cu rves of osm oregulation for P. acuta  and T. tu b i fe x  (Fig. 5) 
have  a shape w hich  seem s to be typ ical fo r an im als w hich  have accom 
p lished  or a re  still accom plishing th e  process of evo lu tio n ary  a d a p ta 
tion  to hypotonic environm ent. S im ilar in  ch a rac te r  a re  th e  cu rves of 
changes in th e  osm otic concen tra tion  in  th e  snails Coretus corneus  
( K l e k o w s k i  1963) and Potam opyrgus jenk ins i  ( D u n c a n  1967) ex 
posed to sea w a te r w ith  rang ing  degrees of salin ity . A ll of th e  an im als 
m en tioned  here , w hen  exposed to  sa lin ities  above th e ir  norm al h a e 
m olym ph concen tra tion  (i.e., above th e  level m ain ta ined  in fresh  w a 
ter), a lw ays show a concen tra tion  of th e ir  in n er m ilieu  w hich exceeds 
m ore (Physa, C oretus, T ubifex) or less (Potam opyrgus) th e  co n cen tra 
tion of th e  o u te r env ironm ent, so th a t th e  cu rve of o sm oregu lation  a l
w ays ru n s  above th e  line of isoosmosis. T he m echanism  of m ain ten an ce  
of such hyperosm otic  su rp lus is not y e t understood . T he in te rp re ta tio n  
by  K l e k o w s k i  (1963) who sees th e  cause of the  increase of th e  i n 
ner osm otic concen tration  in perm eation  of ions from  th e  m edium  to
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haem olym ph, is insufficien t. Of course such a process m ust occur, but 
it can only equ ilib re th e  osm otic concen tra tion  of in n er and o u te r m e
dium . T he ap pearance of hyperosm otic  su rp lus m ust involve b iochem i
cal m echanism s of osm oregulation. If hyperosm otic su rp lus w as e s ta 
blished by organic m olecules for w hich  the  body cover is im perm eable , 
its m ain tenance w ould not involve therm odynam ica lly  expensive m e
chanism s of ac tive tran sp o rt, b u t energetic  costs w ould  on ly  have  fc 
account for the  energy  req u ired  for th e  secretion  of such osm otically  
active m olecules to th e  blood. T he observed increase of haem olym ph 
viscosity in h ig h er sa lin ities m ay be an  evidence in favour of th is  h y 
pothesis, a lthough  it can also re su lt from  a g re a te r d eh y d ra tio n  of the 
w hole organism .

F inally , le t us po in t to th e  sim ilarity , in te re stin g  from  the evo lu tio 
n a ry  poin t of view, of th e  ex p e rim en ta l curves of osm oregulation  in 
fresh  w a te r organism s and th e  corresponding  curves for eu ry h alin e  
brackish  anim als of m arin e  origin. E.g., s im ilar shapes of osm oregulation  
curves w ere found for c rustaceans G am m arus  duebeni  ( K i n n e  1952) 
and Rhithropanopeus harrisi ( K i n n e ,  R o t t h a u w e  1952), w ith  an 
ex tensive p la teau  in th e  oligo-m esohaline range  and  w ith  a hyperosm otic  
su rp lus from  th is level tow ard  h ig h er salin ities.

It seem s th a t th is  ty p e  of curves, typ ical for fresh  w a te r anim als 
a rtific ia lly  con tacted  w ith  saline m edia, i l lu s tra te s  the  course of osm o
tic evolution of th e ir  m arine  ancesto rs invading hypotonic en v iro n 
m ents and re flects  such evolu tion  in th e  rev ersed  direction.
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5. SUMMARY

1. The investigated species, Physa acuta Drap, and T ubifex  tub ifex  Müll, r e 
veal norm al or even higher fecundity  w ith in  the range of m edium  salinities not 
exceeding the norm al osmotic concentration of haem olym ph of those anim als in 
fresh w ater, i.e. up to about 4%o for T. tub i fex  and 4.5%o for P. acuta.

2. In higher salinities the process of egg laying is inhibited and eggs spora
dically laid to the excessively concentrated environm ent do not develop.

3. A dult organism s are m ore to le ran t to osmotic stress than  the em bryonic 
stages; some of them survive even in 9%o (T. tubifex)  or 10%o (P. acuta) of salinity.

4. When the salinity  of ex ternal m edium  exceeds 2%o for P. acuta and  4<lóo 
for T. tubifex,  haem olym ph concentration of investigated anim als increases so 
th a t a m ore or less constant positive difference (“ hyperosm otic surplus”) between 
the inner and outer m edium  is m aintained.

5. Such hyperosm otic surplus am ounts to about 0.1 A°C for P. acuta after 
10 days of acclim ation; for T. tub i fex  a fte r 12 days of acclimation to about 0.15 
A°C, but afte r 22 days to only about 0.08 zl°C.

6. The curves of osm oregulation of freshw ater anim als acclim ated to brackish 
w ater are sim ilar in character to the corresponding curves for euryhaline anim als 
of m arine origin, illu stra ting  probably the course of physiological evolution of 
osm oregulatory functions in m arine ancestors colonizing hypotonic media.http://rcin.org.pl
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6. STRESZCZENIE

1. Badane gatunki, Physa acuta Drap. i T ub ifex  tub ifex  Müll., w ykazują nor
m alną lub wyższą od norm alnej płodność w obszarze zasolenia środow iska ze
w nętrznego, odpowiadającym  swą koncentracją osmotyczną norm alnej, tj. p rze ja
w ianej w  wodzie słodkiej, koncentracji osmotycznej hem olim fy tych zw ierząt, czyli 
do około 4%o dla T. tub ifex  i 4.5°/oo dla P. acuta.

2. W wyższych od tego zasoleniach proces składania ja j zostaje zaham owany, 
a ja ja  składane jeszcze sporadycznie do środow iska zbyt zasolonego nie rozw ijają 
się.

3. T olerancja osobników rodzicielskich, dorosłych, w stosunku do stressu osmo- 
tycznego je s t większa niż tolerancja rozrodu, część z nich przeżywa naw et w za
soleniu 9%o (T. tubifex)  i 10°/oo (P. acuta).

4. Gdy zasolenie środowiska zewnętrznego przekroczy 4%o (dla T. tubifex)  lub 
2%o (dla P. acuta), koncentracja hem olimfy tych zw ierząt podnosi się w k ierunku 
utrzym ania mniej więcej stałej dodatniej różnicy między środowiskiem  zew nętrz
nym  a w ewnętrznym .

5. Ta nadw yżka ciśnienia osmotycznego hem olim fy („nadwyżka hyperosm otycz- 
n a”) w obszarze zasolenia od 4 do 10%o wynosi dla P. acuta po 10 dniach ak lim a
tyzacji około 0.1 Zl°C, a dla T. tub ifex  po 12 dniach aklim atyzacji około 0.15 
j°C , zaś po 22 dniach aklim atyzacji tylko 0.08 zl°C.

6. Krzywe osmoregulacji zw ierząt słodkowodnych aklim atyzow anych do wód 
słonawych przypom inają swym charak terem  podobne krzyw e dla zw ierząt eury- 
halinow ych pochodzenia morskiego, ilustru jąc praw dopodobnie przebieg fizjolo
gicznej ewolucji funkcji osm oregulacyjnych u m orskich przodków kolonizujących 
środow iska hypotoniczne.
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