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INVESTIGATIONS UPON ABILITY IN PLANKTON CRUSTACEA TO 
ESCAPE THE NET

Dept, of Hydrozoology, Higher School of Agriculture, Szczecin, 3, Kazimierza Kró­
lewicza, Poland

ABSTRACT

The escape ability in lake plankton animals was estimated on the basis of compa­
risons between eatchings into two nets which, because of their construction, were 
giving decidedly different chances of escaping to the animals. The greatest ability 
to escape the net was found in Cyclops vicinus, the least one — in Daphnia cucu-  
llata, Chydorus sphaericus, and Bosmina coregoni crassicornis. Among Cladocera, 
the greatest escape abilities were found in Leptodora kindtii and Diaphanosoma 
brachyurum.  Diurnal and seasonal changes in escape ability of Crustacea were 
confirmed. Crustacea were proved to show the least escape abilities in dusk and in 
winter. Moreover, the influence of the speed at which the net was drawn on the 
escape ability in Crustacea was ascertained.

CONTENTS
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4. Discussion

1. INTRODUCTION

Flight of plankton animals from catching objects is always a problem arising 
on occasion of quantitative investigations on Zooplankton. In general, these animals 
are thought to reveal a great escape ability and investigators supposed them to 
differ in this respect in particular species (F l e m i n g e r , C l u t t e r  1965). Large plan­
kton animals are thought to have greater possibility to escape and this may ex­
plain their scarce occurrence in the nets (B r i d g e r  1956). Increased in the day-tim e 
escape ability of these animals may be an explanation of a generally observed, 
smaller numbers caught during the day as compared with those caught at night 
( S o u t h e r n , G a r d i n e r  1926, C o l t o n , H o n e y , T e m p l e  1961, P a t a l a s  1954, B r i d g e r  
1956, F l e m i n g e r , C l u t t e r  1965). Unproportionally low catches when using smaller 
nets in comparison with those obtained with larger ones, can be also explained  
by escaping of animals from the catching nets (B r i d g e r  1956, F l e m i n g e r , C l u t t e r  
1965).

Opinions on the escape ability of plankton animals, often expressed on occasions 
of interpretation of results based on catches with nets, are nothing but hypotheses. 
Papers describing some well-evidenced studies on this phenomenon in natural con­
ditions are lacking In the literature. Under laboratory conditions, studies on this 
subject have been carried out by S z l a u e r  (1964, 1965).
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2. METHODS

The techn ique used in  th is w ork allow ed to  estim ate  th e  escape ab ility  
of p lan k to n  an im als on the basis of com parison  betw een  ca tch ings done w ith  
d iffe ren t nets, A and  B, w hich gave the an im als decidedly d iffe re n t chances 
of escaping (Fig. 1). N et A had  a re c ta n g u la r  in le t, 20 cm by  1 cm, its surface 
being  20 cm2. The d im ensions of sq u are -sh ap ed  in le t of n e t В w ere  6.4 cm by
6.4 cm, w ith  the surface of 40 cm 2. A su rface  of 25 cm 2  of s tilo n  gause (w ith 
m esh 0 . 2  m m  w ide) fe ll on each 1  cm 2  of the  in le t of both  th e  nets.

Fig. 1. Nets A and В used to observe plankton Crustacea escape ability

N et A ren d ered  the an im als exceptional possib ility  for successful fligh t. 
Som e of the  anim als, found  on the w ay  of n e t A d raw n  upw ard s w ere  
caught, how ever the re s t of them  avoided catching. The an im als caugh t in 
th e  nets w ere th en  caunted . In  o rd e r to f in d  out th e  n um ber of escaping in ­
d iv iduals, the n u m b er of ind iv iduals caugh t in n e t A w as su b trac ted  from  
th e  gen era l q u a n tity  of an im als p re sen t on the w ay of th is net. T his g enera l 
q u a n tity  of ind iv iduals p resen t on th e  w ay of n e t A was d e te rm in ed  on the  
basis of the n um ber of ind iv iduals  caugh t in to  la rg e r n e t В (Fig. 1), w hich  
w as of construction  m aking  the escape of C rustacea difficult. The nu m b er 
of caught ind iv iduals fa lling  on th e  su rface  of in le t of n e t B, equal to th a t 
of n e t A, w as re la ted  to th e  n u m b er of in d iv idua ls  p resen t on th e  w ay of 
n e t A. It equaled  to half the catches in n e t В as this net had  tw ice as big 
in le t su rface  as th a t of n e t A. T hus estim ated  nu m b er of in d iv id u a ls  escaping 
n e t A w as expressed  as p er cent of the  n um ber of C rustacea  p re sen t on  the 
w ay of th is net. This value w as accepted  as a m easure of escape ab ility  of 
C rustacea  p lank ton . P reciseness of th e  described m ethod depends on con­
ducting  catches w ith  bo th  nets along the sam e distance, w ith  the sam e speed, 
in  the  sam e place, and a t the sam e tim e. A ll these  conditions w ere  m et by 
jo in in g  bo th  the nets  w ith  a crossbar, 18 cm long (Fig. 1).

The m ethod applied  in  experim en ts had  some inaccuracy  re su ltin g  from  
th e  fac t th a t net В w as catch ing  no t all of C rustacea because of th e ir  p a r tia l 
escape. H ence, the  o b ta ined  da ta  re p re se n t on ly  re la tiv e  values.
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By using  the m ethod described above, the escape ab ility  of d iffe ren t 
species w as defined  as w ell as the  in fluence  of the day-tim e, season, and  the  
speed w ith  w hich the  n e t w as draw n.

C atches w ere carried  ou t w ith  the speed of 0.08 m/sec, except for the 
experim en ts on the in fluence  of v a ry in g  speed on the fligh t, w hen  the 
catches w ere conducted  a t speeds of 0.08 m/sec., 0.33 m/sec., and  0.66 m/sec.

The nets w ere d raw n  upw ards to the  surface from  the dep th  of 10 m. 
W hen low ered, the nets w ere no t catch ing  because th e ir  in le ts w ere then  
d irec ted  to the  surface.

The catches w ere carried  ou t u sually  betw een  11:00 and  13:00, and  in 
add ition , d u ring  d iu rn a l observations, a t 19:00 and 22:00.

Each single test consisted  of 9— 10 drough ts whose catch ings w ere  m ixed 
toge ther and  placed fo r each of the  nets in  sep ara te  bottles. Each of th e  tests 
was tw ice repeated. A veraged  resu lts  from  both the repe titio n s are  show n in 
tables. S tress w as la id  on the  exact coun ting  of the collected anim als. In  the 
case of C ladocera adults, fem ales w ere counted  together w ith  grow n in d i­
viduals. In  Copepoda, Cyclops vicinus  and  Eudiaptomus graciloides, ad u lt 
ind iv iduals and  III, ГѴ, and V th  copepodits w ere trea ted  together. The sam e 
holds fo r Mesocyclops leucarti and  Thermocyclops oithonoides. S ign ificance 
of d ifferences betw een  resu lts  w as verified  by H i l l ’s  m ethod (1961).

E xperim en ts w ere ca rried  out on an  eu troph ic  lake, K ortow o, in O lsztyn. 
The m ajo rity  of the m ateria l w as collected in  Sep tem ber 1966, some sm all 
p a r t  of it  in w in te r 1965 and  1967.

3. RESULTS

Sam ples tak en  in  Sep tem ber 1966 allow ed to de te rm ine  the escape ab ility  
in  various species. The resu lts , as show n in T able I, w ere based on  a to tal 
am ount over 40,000 ind iv iduals. T hey describe the escape ab ility  of C rustacea 
in  the day-tim e from  the  n e t d raw n  w ith  a speed of 0.08 m/sec. From  T able I, 
it is ev iden t th a t la rge  Cyclops vicinus  had the g rea test possib ility  for suc­
cessful fligh t, w hereas w a te r fleas, Daphnia cucullata, Chydorus sphaericus,  
and  Bosm ina coregoni revealed , on the con trary , the low est ab ility  to escape. 
A m ong C ladocera, Leptodora k ind ti i  and  Diaphanosoma brachyurum  w ere 
the  m ost successful in ru n n in g  away.

D iu rn a l observations upon the  escape ab ility  of C rustacea w ere con­
ducted  on 7-th and  8 -th  of Septem ber. D uring  the catches carried  ou t on these 
days a t 13:00 the w ind  was b low ing h a rd  b u t it w as ra th e r  sunny . C atches 
a t 19:00 w ere conducted a fte r  the  sunset, a t the tw iligh t. The least series of 
catch ings w ere taken  at 22:00, by m oonligh t, alm ost w ithou t w ind. D uring 
the observations the tem p era tu re  of upper w a te r lay er was 16°C. To a depth  
of 11 m the  capacity  of oxygen sa tu ra tio n  was from  8 . 6  to 8.0 mg 0 2 /l. Close 
to the bottom , a t a dep th  of 15 m, th e re  w as no oxygen and the tem p era tu re  
was 9.7°C. The resu lts show n in T able II w ere based on catches am oun ting  to
300,000 individuals.

T he escape ab ility  of all species, except fo r Eudiaptom us graciloides , 
w ere  h ig h er in the day-tim e th an  in  dusk  and  a t n ight. It is d ifficu lt t© 
define th e  escape ab ility  of Chaoborus  la rv ae  in  the day-tim e because they  
w ere n o t caught in the nets a t th is  tim e of day. O ther resu lts  concerning these
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la rv ae  are  no t c lear because of scarc ity  (150) of in d iv idua ls  caught. These 
re su lts  show th a t Chaoborus  has a g re a t ab ility  fo r escaping w hich perm its 
to com pare it w ith  th e  m ost successful species of C rustacea, Cyclops vicinus. 
D ifferences in  the  escape ab ility  of Chaoborus  la rvae  betw een  the dusk  and  
the  n ig h t w ere sta tis tica lly  in sign ifican t.

T a b l e  I
Escape ablitlity of different species expressed as % of 
individuals escaping before the net drawn with a speed of

0.08 m/sec (September 1966, 11 : 00—13 : 00)

1) Cyclops vicinus Uljanin — 75.7
2) Leptodora kindtii Focke — 53.7
3) Eudiaptomus graciloides Lilljeborg — 50.6
4) Diaphanosoma brachyurum Liéven — 45.8
5) Mesocyclops leuckarti Claus+

Thermocyclops oithonoides Sars — 41.9
6) Bosmina coregoni crassicornis Lilljeborg — 36.6
7) Chydorus sphaericus O. F. Müller — 34.7
8) Daphnia cucullata Sars — 34.1

The m ajo rity  of exam ined  C rustacea  w ere  m ore successful in the  fligh t 
from  th e  net, bo th  in the  day-tim e and  a t n ig h t th a n  in  dusk. O nly Cyclops  
vicinus  and  Leptodora  varied  in  th e ir  behaviour. In  g en era l, very  d istin c t 
lim ita tio n s of the escape ab ility  of Crustacea  w ere observed  in  dusk.

T a b l e  II
The percentage of Crustacea escaping from the net drawn with a speed of 0.08 m/sec 

in different times of the day (September 1966)

Species 13 : 00 19 : 00 22 :00

Diaphanosoma brachyurum 52.9 33.7 46.5
Daphnia cucullata 50.1 24.0 47.3
Bosmina coregoni crassicornis 44.7 30.3 40.7
Chydorus sphaericus 44.5 21.0 39.6
Leptodora kindtii ' 61.7 42.9 35.8
Eudiaptomus graciloides 58.7 37.1 66.7
Mesocyclops leuckarti+
Thermocyclops oithonoides 53.1 45.0 48.4
Cyclops vicinus 84.0 72.3 56.0
Chaoborus sp. — 74.1 71.5

Crustacea total 50.7 34.9 46.5

A ppearance  of the m a jo rity  of species only  a t g iven seasons have lim ited  
to a h igh degree the  seasonal o bserva tions on the  escape ab ility  of p lan k to n  
anim als. O nly E udiaptom us  because of its fu ll-y e a r’s appearance , could be 
tak en  in to  account as an ob ject of such observations. This species showed 
considerab ly  g rea te r ab ility  of escaping in S ep tem ber 1966 w ith  51%  of in ­
d iv iduals fled  th a n  in  Ja n u a ry  1967, w hen  on ly  19.7% of ind iv id u a ls  escaped 
the  nets. A nalysis of catches involved  about 11,000 ind iv iduals . E nv iro n m en ­
ta l conditions d iffered  considerab ly  in m onths w hen  observ a tio n s w ere  made. 
In  S eptem ber, th e  v isib ility  am ounted  to 2.2 m  and  te m p e ra tu re  of ep ilim nion
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w as about 16°C, w hereas in  J a n u a ry , the  v isib ility  reached  3.5 m, bu t the  
tem p era tu re  decreased to 0.0—5.0°C.

E xperim en ts concerned w ith  th e  in fluence  of speed of ne t on the escape 
ab ility  of p lan k to n  anim als, conducted  in  Sep tem ber 1966, did no t give any  
sa tisfac to ry  results. It w as on ly  found  th a t w hen the  n e t w as d raw n  a t a very  
low  speed (0.08 m/sec.) m uch m ore C rustacea  fled  aw ay th an  w hen it  w as 
d raw n  w ith  h igher speeds. The n e x t reg u la rity  w as th a t of re la tiv e ly  h ig h er 
ab ility  of escape a t a h igher speed of th e  m ovem ent of the n e t in these 
species w hich  fled  m ost effectively  from  the n e t d raw n  a t the  low est speed. 
It concerns Eudiaptomus, Leptodora,  and  Cyclops vicinus.

T a b l e  III
The percentage of plankton animals escaping from the net drawn with different speeds 

(January 1965, 11 : 00—13 : 00.)

Species
Speeds of the net mevement

0.08 m/sec 0.16 m/sec 0.33 m/sec 0.66 m/sec

Daphnia cucullata 37.7 0.0 0.0 0.0
Eudiaptomus graciloides 59.2 23.2 14.6 0.0
Keratella cochlearis 0.0 0.0 0.0 0.0
Keratella quadrata 0.0 0.0 0.0 0.0

M ore sa tisfac to ry  p ic tu re  of the in fluence  of various speeds on the escape 
ab ility  in  p lan k to n  an im als w as o b ta in ed  d u rin g  the w in te r of 1965. These 
observ a tio n s w ere carried  ou t, using  the sim ilar m ethod, on ly  the  nets w ere 
m ade of fine  m ill gause (No. 16). B ecause of w in te r  scan tiness of p lank ton , 
these  observations w ere conducted  on ly  on 1 0 , 2 0 0  C rustacea  and  4,700 R o ta­
to ria . The resu lts  show n in  T able III a re  so ev id en t th a t m ore deta iled  ex ­
p lan a tio n s  are  unnecessary . To avoid  m isunderstand ings, it should be said 
th a t  the  re su lts  show n in  th is tab le  a re  not com parable  w ith  o th e r da ta  given 
in  th is w ork , since they  w ere ob ta ined  w ith  som ew hat d iffe ren t m ethod.

4. DISCUSSIO N

The ob ta ined  data , in sp ite  of successful going th ro u g h  th e  s ta tis tica l 
te s ts  and  basing  on the m a te ria l am o u n tin g  to th o u san d s of ind iv iduals, did 
no t alw ays give a sa tisfac to rily  c lear evidence of a depedence. I t can be 
p a rtia lly  exp la ined  by the  fac t th a t in  q u a n tita tiv e  observations of p lan k to n , 
re su lts  of a very  h igh precision a re  n ev e r ob tained . C orrec tness of the  applied  
m ethod as w ell as of the o b ta ined  resu lts , is a ffirm ed  by accordance w ith  
the prev ious resu lts  ( S z l a u e r  1965) concern ing  the  escape ab ility  of C rustacea. 
T hey  w ere  ob ta ined  by using a som ew hat d iffe ren t m ethod  and u n d er lab o ra ­
to ry  conditions. The resu lts  of p re sen t investiga tions (Tab. I) dem onstra te  
th a t  C ladocera, Daphnia cucullata, Bosm ina coregoni,  and  Chydorus sphaeri-  
cus, w ere  characterized  by th e  low est escape ab ility  and  w ere in  th is  reg ard  
p receded  by  Diaphanosoma brachyurum .  In  bo th  th e  experim ents, a con­
sid e rab ly  g rea te r  escape ab ility  of Eudiaptom us graciloides  th an  those of 
Therm ocyclops oithonoides  and  Mesocyclops leucarti, w as affirm ed.
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The resu lts  of investiga tions, concerning the escape ab ility  in  d iffe re n t 
species, exp lained  and  a ffirm ed  to a ce rta in  degree some o bserva tions of 
o ther au thors. F o r instance , low  catchings of Leptodora k ind tii ,  rep o rted  by 
P a t a l a s  (1954) resu lted  from  h igh escape ab ilities, is p a rtia ly  confirm ed  by 
the resu lts  of the p resen t experim ents. This species surpassed  all C ladocera 
and the m ajo rity  of Copepoda in  th e  escape ab ility  (Tab. I). A re la tiv e ly  g rea t 
escape ab ilities in  Eudiaptom us  and Diaphanosoma  (Tab. I) m ay also e lucidate  
the alm ost com plete lack of these  species in the bow les of ablens in  sp ite of 
th e ir  con tem porary  fre q u e n t appearance  in  p lan k to n , as rep o rted  by 
M a r c i a k  (1962). It seems th a t  these species are  able to escape the p la n k to n - 
-feeding fish.

O ften observed, sm aller catches of p lank ton  an im als in the  day -tim e th an  
at n igh t ( F l e m i n g e r , C l u t t e r  1965, P a t a l a s  1954, B r i d g e r  1956) and  ex p la n a ­
tion  of th is phenom enon by increased  escape ab ility  d u rin g  the day-tim e, 
finds its p a rtia l a ffirm ation  in  th e  resu lts  of the p resen t investiga tions. It 
was observed  th a t p lan k to n  C rustacea  show ed a g re a te r  escape ab ility  in 
the day-tim e th an  at n ig h t (Tab. II). P rev ious observations ( S z l a u e r  1965) 
proved also seasonal d ifferences in the  escape ab ility  of Eudiaptom us graci- 
loides and  m ade the  p resen t re su lts  m ore evident. These resu lts , how ever, do 
not coincide, w hat is c e rta in ly  due to an o th e r m ethod and o th e r ex p erim en ta l 
conditions in w hich previous investiga tions w ere conducted.

S epara te  species show a g rea t d iffe ren tia tio n  in  the  escape ab ility  
(Tab. I). This is p robab ly  cond itioned  by the  speed w ith  w hich C rustacea  
move, re la ted  w ith  size of these  anim als. L ast supposition  is a ffirm ed  by th e  
fact of dem onstra ted  g re a te r  escape ab ility  in  the  la rg est species, Leptodora  
kindtii,  Cyclops vicinus,  and  Chaoborus  larvae. O ther fac to r w hich  can decide 
upon escape ab ility , is th e  ty p e  of an im als’ m ovem ent. Copepoda owe th e ir  
h igh escape ab ilities  to typical, quick  and  long jum ps.

I t is in te re s tin g  to discuss the observations show ing th a t some C rustacea  
had ev iden tly  low er escape ab ility  in the dusk  th a n  in the  day -tim e o r a t 
n igh t (Tab. II). Incongruence of resu lts  concern ing  Cyclops v icinus  and  L ep to ­
dora k ind ti i  ce rta in ly  need no t show th a t these an im als behave d iffe ren tly . 
L et us suppose the resu lts  to  be casual because of less num erous ap p earan ce  
of these anim als in  p lan k to n  com m unity. C oincidence of the  period ical, 
m inim um  escape ab ility  in  C rustacea, w ith  the fac t of an  in ten se  upw ard  
m igration  in  dusk p erm its  to bind these tw o phenom ena. P ro b ab ly  an in ­
tensive upw ard  m ovem ent decreases escape ab ility  in  C rustacea. It is d ifficu lt 
to exp lain  the periodical increase  of C rustacea escape ab ility  a t n ig h t, in com ­
parison  w ith  th a t in  dusk.

S trik in g  differences in  escape ab ility  of Eudiaptom us  found  in  S ep tem ber 
and Ja n u a ry  (Tab. Ill) allow  to  suppose th a t they  m ay cause also changes in 
reaction  of th is species and  of o ther C rustacea  to p lan k to n -feed in g  fish. The 
g rea t d ifference in lake te m p e ra tu re  betw een  sum m er and  w in te r  as w ell as 
a know n fact of a h igh  in fluence  of the  tem p era tu re  upon physio logical 
processes in po ik ilo therm  an im als show  th a t seasonal d ifferences in escape 
ab ility  w ere, in  genera l, caused by th is factor.

Investiga tions upon the in fluence  of speed a t w hich th e  n e t w as d raw n  
on escape ab ility  in  Zooplankton gave, in  genera l, expected resu lts. A n in ­
crease of the speed caused g rad u a l decrease of escape ab ility  in  Eudiaptom us  
graciloides and an a b ru p t one in  Daphnia cucullata  (Tab. III). Speeds a t
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w hich  these species w ere losing th e ir  escape ab ilities, w ere d iffe ren t and  to 
a g re a te r  degree, dependen t on the  speed of m ovem ents of the  anim als. 
Eudiaptomus,  m oving in quick jum ps, w as losing its escape ab ility  only  at 
a speed of 0.66 m/sec, bu t D aphnia — already  a t a speed of 0.16 m/sec. R em arks 
g iven above p e rta in  to the w in te r  tim e. In  sum m er, both  species and  also 
o th e r C rustacea show  some ab ilities to escape even a t the  speed of 0.66 m/sec 
of the  m ovem ent of the net. I t follow s th a t fo r th e  purpose to decrease the 
in fluence  of escape ab ility  on the catches of C rustacea, it is necessary  to d raw  
the net w ith  possibly high speed. This conclusion should  be considered as 
a p rac tica l recom endation  concern ing  p lan k to n  catches in general.

R otatoria  do not escape from  the  net, even w hen  caught a t low er speed; 
it proves th e ir m inim um  escape ab ility  in com parison w ith  C rustacea. R esults 
of p revious observations ( S z l a u e r  1965) confirm  th is find ing .

E xperim en ts described above show  severa l fac to rs in fluenc ing  escape 
ab ility  in  C rustacea. I t is doubtless th a t  these factors can in fluence the q u a n ­
tita tiv e  resu lts of catches conducted  w ith  th e  use of s tan d ard  p lan k to n  nets. 
The fligh t phenom enon, how ever, is ra th e r  of a little  im portance  in  th is case. 
W ith affirm ed in  all exam ined  species, re la tiv e ly  low  percen tages of fligh t 
from  th e  ex perim en ta l net w hich favours th e  an im als’ escape, le t us suppose 
th a t th is phenom enon does no t affect, to a g re a te r  ex ten t, the  re su lts  ob ta ined  
w ith  regu la r, big and fastly  d raw n  p lan k to n  nets. This conclusion re fe rs  to 
the lake p lan k to n  only.

5. SUMMARY

1. Among Crustacea, Cyclops vicinus  had the greatest escape ability; Daphnia 
cucullata, Chydorus sphaericus, and Bosmina corcgoni — the lowest one. Leptodora  
kindtii and Diaphanosoma brachyurum  showed larger escape abilities when com­
pared with other Cladocera.

2. Differences in Crustacea escape ability during 24-hour cycle were ascertai­
ned. The lowest escape ability was found in dusk, when compared with those in 
the day-time or at night. The highest escape ability was found during the day-time.

3. Escape ability in Eudiaptomus graciloides was more than 30% lower in w in­
ter than in summer.

4. Speeds of the movement of the net evidently influenced escape ability in 
plankton animals. Crustacea were losing possibilities of successful flight when 
caught with higher speeds. Species with slow movements were losing effective 
escape ability at lower catching speeds than fast moving Crustacea. Rotatoria were
not able to escape from the net when the catching speed was within the range of
0.08—0.66 m/sec.

5. During summer, Crustacea were able to escape at higher catching speeds 
than during winter.

6. Degree of the flight of lake Crustacea from the net used in experiments, 
ex'-'ep'ionallv facilitating the escape, permits to suppose that these animals had 
low  possibilities to escape from commonly used, standard plankton nets.

6. STRESZCZENIE

Na podstawie porównywania połowów do dwu siatek planktonowych, które z po­
wodu różnic wielkości i kształtu wlotu (rys. 1) dawały łowionym skorupiakom je­
ziorowym zdecydowanie różne możliwości ucieczki, określano ich zdolność ucieczki 
przed siatką. Za miernik zdolności ucieczki przyjęto % osobników uciekających 
przed siatką A (rys. 1) o długości prostokątnego wlotu 20 cm i szerokości 1 cm. 
Wartości takie przedstawiają tabele I—III.
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Stwierdzono, że wśród badanych skorupiaków Cyclops vicinus posiadał naj­
większą zdolność ucieczki, najmniejszą natomiast wioślarki — Daphnia cucullata,  
Chydorus sphaericus i Bosmina coregoni. Leptodora kindtii i Diaphanosoma bra­
chyurum  wyróżniały się największymi zdolnościami ucieczki wśród wioślarek.

O zmierzchu skorupiaki wykazywały najmniejszą zdolność ucieczki w  porówna­
niu z dniem i nocą. Zdolność ucieczki Eudiaptomus graciloides w  okresie zimowym  
była o 30% niższa w porównaniu z latem.

Ponadto stwierdzono wpływ prędkości ciągnięcia siatki na zdolność ucieczki 
zwierząt planktonowych.
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ABSTRACT

Studies were made of the occurrence of Ostracoda in the littoral of lake Kisajno 
during a year cycle. It was found that these animals formed several ecological 
groups which occurred depending on zonation of the littoral. A total of 27 species 
were identified, 7 of which were new to Poland. Time of reproduction and the 
number of generations have been also studied and the dominance patterns were 
analyzed.
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1. INTRODUCTION AND METHODS

Collection and elaboration of ostracods from the littoral of lake Kisajno aimed 
at learning about occurrence of these animals in different zones of the littoral as 
w ell as gathering the material concerning the life cycles of ostracod species. 
Samples have been collected during one year (July, 1958 — July, 1959): in summer — 
at fortnight intervals, in autumn and spring — once a month. During the winter, 
sampling was carried out in January before the lake freezed and in February from  
under the ice. The material was gathered from so-called “High reeds” profile, 
located on the western shore of lake Kisajno, the latter being a part of the Mamry 
lake complex.

The following zones have been distinguished along the profile in the littoral: 
shallow zone, intermediate zone, and zone of submerged meadows, all of them 
depending on the depth, type of vegetation, and the occurrence of ostracods.

I. The shallow zone was characterized by a prodigal, floating and immerged 
vegetation, muddy bottom, and a small depth (to 1 m). In this zone, samples were 
collected from 3 different habitats:

1. shore habitat, at a distance of 2 m from the shore, depth up to 50 cm, muddy 
bottom, plants: Equisetum plumosum, Carex sp. Hydrocharis morsus ranae, Lemna 
trisulca, L. minor, L. діЪЪа. The site was plenty of rotting plant debris and fallen  
leaves. The water just above the bottom was often deficient in oxygen.
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Fig. 1. Lake Kisajno, Floristic profile of “High reeds” August 23, 1957. The map 
was drawn by the staff of the Department for Lake Management, directed by

doc. Dr. St. Bernatowicz.
1 — P h ra g m ite s  co m m u n is , 2 — E q u ise tu m  p a lu stre , 3 — S c irp u s la c u s tr is , 4 — S tr a t io te s  a lo id es , 
5 — C arex, 6 — S p argan iu m  n e g le c tu m , 7 — H y d ro ch a r is  rnorsus ranae, 8 — S p iro d e lla  p o ly rrh iza , 
9 — L em n a m in or, 10 — R a n u n cu lu s  c irc in a tu s , 11— L em na tr isu lca , 12 — P o ta m o g e to n  d en su s, 
13 — C era to p h y llu m  d em ersu m , 14 — P o ta m o g e to n  p e r fo lia tu s , 15 — N ite lla ,  16 — E lo d ea  con -  

ad en s is , 17 — S a m p lin g  s ite s , 18 — D ep th s ,
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2. habitat of Stratiotes, at a distance of 8 m from the shore, depth about 80 cm, 
muddy bottom, vegetation: mainly Stratiotes aloides, also Lemna minor, L. trisulca, 
Hydrocharis morsus ranae, Sparganium ramosum, and Phragnithes communis grow­
ing sparsely;

3. habitat of compact reeds, 50 m from the shore, depth of about 100 cm, hard 
bottom, vegetation: Phragmithes communis, Hydrocharis morsus ranae, Lemna 
trisulca.

II. Intermediate zone was characterized by scarce immerged vegetation, depth 
of about 1.5 m. Samples were taken from 2 habitats:

1. boundary of reeds, i.e., the boundary between the immerged and submerged 
vegetation, 90 m from the shore line, depth to 1.5 m, soft bottom, plants: Cerat-  
hophyllum demersum, Potamogeton densis, P. perfoliatum;

2. habitat of Scirpus, the site located aside of the main profile, but included 
here on account of its specificity: its vegetation consisted exclusively of Scirpus 
lacustris; 80 m from the shore, depth of 60 cm, sandy bottom.

III. Zone of submerged meadows comprised patches of submerged vegeta­
tion, reaching a depth of 6 m. Samples were taken from 2 sites at different 
depths:

1. submerged meadows I, 120 m from the shore, depth of 3—4 m, soft bottom, 
plants: Elodea canadensis, Nitella sp.

2. submerged meadows II, 180 m from the shore, depth of 5—6 m, soft bottom, 
plants: Nitella sp.

Casually, samples were taken from the deep zone of the lake. The description 
of the “High reeds” profile is supplemented with a floristic map * on which the 
sampling sites are marked.

In the shallow and intermediate zones of the littoral, a net sampler was used, 
and a dradge in the submerged meadows. The latter was dragged along the bottom  
of the lake for a distance of about 20 m, parallel to the shore line. In the winter, 
the apparatus was dragged under the ice through the ice-holes. Few bottom samples 
were collected with Eckman dradge from the deep zone.

In order to obtain ostracods with open shells, the samples, preserved with for­
malin not later than two hours after their collection, were then transferred to 70 per 
cent alcohol solution.

2. RESULTS

A . F A U N IS T IC  R EM A R K S

The fo llow ing  species of O stracoda w ere  found  in th e  litto ra l and 
p ro fu n d a l of lake  K isajno:
l lyocypris  decipiens  M asi *, Notodromas m onaęha  (О. F. M üller), Dolerocypris  
fasciata  (O. F. M üller), Dolerocypris pellucida  K lie, Cypridopsis new ton i  
B rady  et R obertson , Cypridopsis v idua  (O. F. M üller), Cypridopsis Helvetica 
K au fm an n  *, Cyclocypris o vu m  (Jurine), Cyclocypris laevis  (O. F. M üller), 
Cyclocypris globosa  (G. O. Sars), Cypria excu lp ta  (Fischer), Cypria ophthal-  
mica  (Ju rine), Cypria curvijurcata  K lie* , Physocypria  jadeevi  D ubow sky *, 
Pseudocandona insculpta  (G. W. M üller), Candona marchica  H artw ig , Cando­
na  Candida (О. F. M üller), Candona w e ltner i  H artw ig , Candona crispata  K lie *, 
Candona fabaeform is  (Fischer), Candona ho lzkam pfi  H artw ig , Candona hyali-  
na  B rady  e t R obertson *, Candona acum inata  (Fischer), Candona pratensis  
H artw ig , Candona parallela G. W. M üller, Metacypris  cordata  B rady et Ro­
bertson  *.

* Species new  to Poland, found in the littoral and profundal of lake Kisajno.
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T ill now , 48 species of O stracoda w ere  recorded  for P o land . O ut of 27 
species lis ted  h e re  for lake K isajno, 7 a re  new  to Poland.

Such a la rg e  list of species u nknow n  fo r P o land  can resu lt, am ong o th e r  
factors, from  th e  lack of ex tensive  stud ies of lake en v iro n m en ts  th ro u g h o u t 
the  y ear cycle. M ost of the  data  on P olish  ostracods re fe rs  to sm all-pools, 
ponds, etc. Below, rem ark s a re  g iven on the o ccu rrence  of ostracod  species 
new  to  P o lan d , o r of ra re  species w hich w ere  found  in  lake  K isajno.

Ilyocypris  decipiens  M asi 1905, found  tw icely: in  a sam ple of 9 A ugust, 
1958 from  subm erged  m eadow s, a t a dep th  of abou t 6  m  (4 specim ens ?) and  
in  a sam ple of 6  Ju ly , 1959 in  the p ro fu n d a l zone (1 specim en d").

Species belonging to genus C andona, C. acuminata, C. hyalina, C. crispata, 
and  C. ho lzkam pfi ,  and  also Pseudocandona insculpta, a re  u su a lly  very  ra re ly  
found. T hey  w ere  rep o rted  o n ly  for G erm any, P o land , and  the Soviet U n ion  
(C. hyalina  w as also found  in  G reat B rita in). Thus, th ey  seem  to have, accord­
ing to o u r  p resen t know ledge a very  restric ted  range of geographical d i­
s tr ib u tio n , covering  only  E urope (m ainly  E ast Europe).

S im ila r w as found  fo r Phyrocypria  fadeevi  (Dubowsky), the  species 
w hich w as rep o rted  on ly  from  the Soviet U nion and  R oum ania. T hree  spe­
cies of th is  genus w ere rep o rted  from  Europe, b u t tw o of them , acc. to  
B r o n s t e i n  (1947), tu rn e d  to be synonym ous to Phyrocypria  fadeevi  (Dubow­
sky).

It is no t ce rta in  w h e th e r the  species above m entioned  have such a n a rro w  
o ccurrence  range, or, due to th e ir  scarcity , they  w ere om itted  by in v estig ­
a to rs in  some regions.

B . D IS T R IB U T IO N  A N D  A N N U A L  CYCLES

a. Occurrence in various zones of the littoral

O stracoda form ed several ecological groups w hich w ere d istingu ished  on  
the  basis of th e ir  occurrence  in  d iffe ren t zones of the  litto ra l (Tab. I).

G r o u p  I, species occu rring  in the shallow  litto ra l zone:

Dolerocypris fasciata  (Masi)

M entioned  by  A l m  (1915), B r o n s t e i n  (1947), and  K l i e  (1938) as a species 
of sm all ponds, b u t in  la rg e r  reservo irs  it  occurs close to the  shore, a t 
a dep th  of 20—30 cm, in  the  m ass of decom posing leaves w hich had  fa llen  
from  th e  trees  grow ing  ashore.

Candona parallela  (G. W. M ü l l e r , v a r .  a lb i c a n s )

In  Ju ly  1958, tw o fem ales w ere  found  in a sam ple from  the shore hab ita t. 
This species w as m en tioned  in th e  l i te ra tu re  to occur in  sm all ponds and  in 
shallow  lit to ra l  of lakes. I t  w as rep o rted  from  P o lan d  by G r o c h m a l i c k i  
(1912).

Cyclocypris globosa  (G. O. Sars)

D escribed  in  th e  l ite ra tu re  as typ ical fo r ephem eral ponds, found  also 
in  p e rm a n e n t w aters. In  the litto ra l of lake K isa jno  the species w as found  
to occur in  close-to-shore w a te rs  and  in  th e  h a b ita t of S tra tio tes.

A. Kosmal
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T a b l e  I

The occurrence of Ostracoda in the littoral zones of lake Kisajno

Shallow littoral 
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Intermediate 
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Zone of submerged 
meadows
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Dolerocypris fasciata 
Candona parallels

X

Cyclocypris globosa X X

Candona holzkampfi X

Candona fabaeformis X X

Dolerocypris pellucida 
Candona acuminata

+

Candona weltneri X X X X

Notodromas manacha X X X X X

Cyclocypris ovum, C. laevis 
Cypria opthalmica, 
Cypridopis vidua

+ + + + + + +

Cypria exculpta X X X X X X

Pseudocandona sp. X X X X X

Cypridopsis helvetica 
Candona hyalina

+ +

Candona Candida X X

Pseudocandona insculpta X X

Cypridopsis newtoni, Cypria 
curvi furcata Physocypria 
fadeevi, Metacypris cord.

+

Ilyocypris decipiens X X

Candona pratensis, 
C. marchica • +

Candona crispata X X X X X X

X =  Occurrence
+  == Co-occurrence wish several species
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Candona ho lzkam pfi  (H artw ig)
R eported  from  various w a te r bodies. U sually, it occurs to g e th e r w ith  

C. fabaeform is. In  lake K isajno, a sing le  specim en, cT, w as cap tu red  in  the  
h a b ita t of S tratio tes.
Candona fabaeformis  (Fischer)

R are, occurs in  various w aters. H artw ig  (1901) rep o rted  on C. fabaefo rm is 
occu rring  in  d ry ing  ponds located in  meadows. A im  (1915) observed  th is 
species in  large, p e rm an en t w a te r bodies. In  Poland , the species w as found  
by G r c c h m a l i c k i  (1912) in  sm all ponds. In  the  shallow  zone of the l i tto ra l 
of lake K isajno, 3 specim ens (including 1 cT) w ere found a t the  sites located  
in  the shore h a b ita t and in  th e  h a b ita t of com pact reeds.

Doloeocypris pellucida  (Klie)
R eported  tw icely: by  K l i e  (1926) from  sm all ponds in  S u m atra  and by 

B r o n s t e i n  (1947) from  rice fields in th e  v icin ity  of S am ark an d , Uzbek S. S. R. 
Two specim ens of th is species w ere found  in  the h ab ita t of com pact reeds 
of the  shallow  zone.

Candona acuminata  (Fischer)
V ery ra re ly  encoun tered , described as a form  occu rrin g  in  sm all ponds 

and  in  the  litto ra l of lakes / K l i e  (1926)/. Two fem ales of th is species w ere  
found  in  the h ab ita t of com pact reeds.

G r o u p  II. O nly tw o species can be listed  in  th is g roup, bo th  occu rrin g  
in  the  shallow  zone and  in  the  in te rm ed ia te  zone dow n to the  b o rd er of 
subm erged  m eadow s (cf. Tab I).
Candona w eltner i  (Hartw ig)

It lives in  various types of w aters. In  lakes, it occurs in  the  litto ra l, bu t 
can also descend in to  deeper s tra ta  ( K l i e  1926). F o r P o land , th e  species has 
been described by G r c c h m a l i c k i  (1912) as occurring  in  sm all ponds. In  th e  
litto ra l of lake K isajno , it occurred  on ly  a t sm all dep ths of the shallow  and  
in te rm ed ia te  zones in all the  h ab ita ts  exam ined, except for th e  h a b ita t of 
Scirpus. The h ighest nu m b er of specim ens was found  in  the  h a b ita t of com ­
pact reeds.
Notodromas monacha  (O. F. M üller)

The form  is typ ical fo r various, n o n -d ry in g  w a te r  bodies. In  lake  K isa j­
no, it  w as observed  to occur ra th e r  ab u n d an tly  in  th e  shallow  zone and 
acciden tally  in  the in te rm ed ia te  zone. The h ighest n u m b er of specim ens w as 
g a th ered  from  the  shore sam ples (up to 40), less from  S tra tio te s  (up to 28), 
and  m uch les from  com pact reeds (up to 18). In  th e  in te rm ed ia te  zone, on ly  
a few  specim ens w ere  found.

G r o u ^ )  III. I t includes species w hich  occurred  in  all th ree  zones of 
the  litto ra l. T hey w ere ra th e r  abu n d an t.
Cyclocypris o vu m  (Jurine)

A very  com m on species, found  in  a v a rie ty  of en v iro n m en ts: sm all ponds, 
lakes (litto ra l and  profundal), b rack ish  w aters  (in the B altic  Sea, a t sa lin ity  
of 6.4%o). C. ovum  appeared  in  g rea t n u m b ers  in all the h a b ita ts  d istingu ished  
of the  litto ra l of lake K isajno. It w as m ost a b u n d a n t in th e  shallow  zone. 
The num bers w ere clearly  low er in th e  in te rm ed ia te  zone, especially  a t the  
b o rd e r of reeds, and  th e  increased  again  in subm erged  m eadow s I.
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Cyclocypris laevis  (O. F. M üller)
This species is as com m on as th e  p rev ious one to w hich it  is closely- 

re la ted . It occurs in  various types of w a te r bodies, u su a lly  to g e th e r w ith  
C. ovum .  The range of its occurrence  in  lake K isajno  w as rough ly  sim ilar 
to th a t of C. ovum ,  i.e., it w as found  in  all the  h ab ita ts  explored  of th e  th ree  
litto ra l zones. Its occurrence  d iffe red  from  th a t  of C. o vu m  in  the  highest 
n um bers of the la tte r  found  in th e  shallow  zone, w here  C. leavis w as scarcely  
rep resen ted . In  the in te rm ed ia te  zone, the n u m b er of specim ens w as found  to 
increase  reaching  its peak  in subm erged  m eadows.

Cypria ophthalmica  (Jurine)

A v ery  common, w ide-sp read  species (not rep o rted  from  A u stra lia  only). 
It occurs in  various env ironm en ts: sm all ponds, lakes (in th e  litto ra l and 
a v e ry  deep profundal), su b te rran eo u s  w a te rs  (W o l f f  1919), w a te rs  w ith  
a h igh  iro n  con ten t (W o l f f  1919, K a u f m a n n  1900), b rack ish  w aters  (in the 
B altic Sea, at sa lin ity  of 6.4°/00). The species w as found  in  a ll th ree  zones of 
the  litto ra l of lake K isajno w ith  its  abundance  d iffe ring  from  zone to  zone. 
It w as h ighest in the shallow  zone, and  especially  in  the  h a b ita ta  of com pact 
reeds. O nly a few  specim ens w ere  found  in  th e  in te rm ed ia te  zone, bu t th e  
species w as a b u n d an t again  in  subm erged  m eadow s.

Cypridopsis vidua  (O. F. M üller)
A common species, rep o rted  from  various w a te r bodies: m arshes, sm all 

ponds, lakes (down to 70 m of dep th , acc. to K l i e  (1926). In  the  A lps, it 
ascends to 2,000 m a.s. 1., in  the  F a tra  M ts — to 1,800 m a.s.l. It is eu ry therm ic. 
In  lake  K isajno, th is species w as enco u n tered  in  a ll th ree  litto ra l zones, 
occu rring  m ost num erously  in  the h ab ita ts  of com pact reeds and subm erged 
m eadows.

Cypria exculp ta  (Fischer)
M entioned in the  l ite ra tu re  as a form  typ ica l for sm all ponds, lakes and  

rivers. I t w as found  in  all th ree  litto ra l zones of lake K isajno , except for 
the  b o rd e r of reeds. M ost num erous in  subm erged  m eadows.

Pseudocandona sp. (Fig. 2)
R are specim ens w ere  caught in  all litto ra l h ab ita ts  except for the  shore 

h a b ita t of th e  K isajno litto ra l.
G r o u p  IV. This g roup  includes species h ab itu a lly  appearing  in m o­

dera te  num bers m ain ly  in  two h ab ita ts : of com pact reeds and  of subm erged 
m eadows.

Cypridopsis Helvetica (K aufm ann)

The species closely re la ted  to C. vidua, w as described  by A l m  (1915 
and  M ü l l e r  (1912) as its subspecies. It u sually  occurs to g e th e r w ith  th e  la tte r. 
The m axim um  occurrence of th is species, found  in  the  h a b ita t of com pact 
reeds and  of subm erged m eadow s I, o verlapped  th a t of C. vidua.

Candona hyalina  (B rady et Rob.)
A ra re  species found  in  sm all ponds and  in lakes. I t is little  know n about 

its  biology. In  the  litto ra l of lake  K isajno , 3 specim ens of th is species w ere 
found  in  the  hab ita ts  of com pact reeds and  subm erged  m eadows.
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Pseudocandona insculpta  (G. W. M üller)

R eported  from  G erm any  and th e  Soviet U nion; occurs in  sm all ponds 
and in  rivers. In  lake  K isajno , a sm all num ber of specim ens w as found  in  
the h ab ita ts  of com pact reeds and  subm erged m eadow s II.

Candona Candida (O. F. M üller)

Cosm opolitan species, rep o rted  for cold w aters. In  th e  litto ra l of lake 
K isajno, sep ara te  specim ens w ere  found  a t th e  b o rd e r of reeds and in  su b ­
m erged  m eadow s II.

G r o u p  V. This group, com prising 4 species Cypriodopsis nevotoni  
(B rady and  R obertson), Cypria curvifurcata  (Klie), Physocypria fadeevi  (Du- 
bowsky), and  Metacypris  cordata  (B rady and  R obertson), is rep resen ted  by 
th e ir  single specim ens found in  subm erged m eadow s II.

l lyocypris  decipiens  (Masi)
R eported  from  Ita ly , Sw eden, and  G erm any, fo r r iv e r  env ironm ents. 

In  lake K isajno , sing le  specim ens of th is  species w ere  enco u n tered  tw icely  
in sum berged m eadow s and  in  pro fundal.

M oreover, Candona pratensis  (Hartw ig) and  Candona marchica  (H artw ig) 
bo th  w ere found  to occur in  th e  p ro fu n d a l of lake K isajno  w ith  no spe­
cim ens found in  the litto ra l. C andona crispa  (Klie) w as excluded from  the  
above lis t since it  occurred  b o th  in  the litto ra l and  profundal. Up to now, 
Candona crispata  w as repo rted  from  G erm any, the Soviet U nion, and  Poland. 
Its biology is unknow n. In  th e  litto ra l of lake K isajno , it occu rred  in all 
the  env ironm ents explored , save subm erged m eadow s II. I t w as m ost n u ­
m erous (7 specim ens) in  the  sam ples from  the  shore hab ita t. In  p ro fundal 
sam pled, only one specim en w as found.

b. Species characteristic for the littoral of lake Kisajno

In  the  shallow  litto ra l, 19 species occurred, 7 of w hich  exclusively  in  th is 
zone (Tab. I, 1—5). The h ab ita t of a shallow  w a te r is typ ica l fo r these  species. 
In  the  m ajo rity , they  w ere sum m er form s and  th e ir  developm ent w as con­
d itioned  by a fa ir ly  h igh  te m p e ra tu re  (except fo r Candona acuminata). F or 
exam ple, Dolerocypris fasciata  (O. F. M üller) and  D. pellucida  (Klie) a re  
excep tionally  fond  of h igh tem p era tu re , w hich is affirm ed  by th e  occurrence 
of these species in  Sum atra . Som e of these species, e.g. Dolerocypris fasciata, 
Candona parallela, Cyclocypris globosa  easily  su rv ive  dessication, a lthough  it 
is not necessary  fo r th e ir  developm ent. I t  is little  know n abou t th e  biology 
of Candona fabaeformis, C. ho lzkam pfi,  and  C. acum inata  and  it  is d ifficu lt 
to exp la in  w hy th ey  occur exclusively  in  shallow  w aters. Besides th e  species 
above m entioned , the shallow  lito ra l zone w as also in h ab ited  by  several 
species w hich occurred  also in  deeper w aters.

The in te rm ed ia te  litto ra l zone w ith  the tw o en v iro n m en ts  d istingu ished , 
the boun d ary  of reeds and  the h a b ita t of Scirpus, is poorest bo th  in  species 
and  in num bers of O stracoda. A to ta l of 10 species w ere  found  in  th is zone, 
3 of w hich w ere m ore num erous, Cyclocypris ovum , C. laevis, an d  C yprido-  
psis vidua. They w ere o ccu rring  ab u n d an tly  w ith in  th e  w hole litto ra l. A good
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sw im m ing ab ility  of these species can ex p la in  m ore ab u n d an t occurrence of 
these  ostracods th an  of o thers in  the in te rm ed ia te  zone. H ow ever, th e ir  
num bers w ere  som ew hat low er in  th is zone. The rem ain in g  7 species (cf. 
Tab. I) occu rred  in  m uch lesser num bers. T h ere  is no one species w hich 
w ould  occur exclusively  in th is  p a r t  of the  litto ra l. It could be exp lained  
by th e  fact th a t th is  en v ironm en t w as defic ien t in  food, w ith o u t a defin ite  
ch a rac ter, and  tra n s ie n t betw een  im m erged  an d  subm erged  vegetations.

Subm erged  m eadow s w ere in h ab ited  a t le a s t by 16 species of O stracoda. 
F o u r of them , Cypridopsis new ton i ,  Cypria  curvifurcata , Physocypria fadeevi,  
and  M etacypris  cordata, w ere found  exclusively  in  subm erged m eadows. T he­
se w ere  on ly  sing le  specim ens en co u n tered  o n ly  once, in  sp ite  of continuous 
catch ing  carried  o u t th ro u g h o u t the  year. A m ong species occurring  in  m ore 
th a n  one zone, a ce rta in  re g u la rity  w as observed , nam ely , an  aggregation  of 
th e ir  in d iv idua ls in the  two hab ita ts : of com pact reeds and  of subm erged 
m eadows. T his agg regational ten d en cy  w as m ost ev iden t in  Cypridopsis
vidua  (cf. Tab. III). Cypridopsis Helvetica, Candona hyalina,  and  Pseudo-
candona insculpta  occurred  exclusively  in  these  tw o h ab ita ts , in  sp ite  of 
a c lear d ifference  betw een  these env iro n m en ts , w hich d iffered  in  depth, 
v ascu la r vege ta tion , bottom , etc.

c. Cypria cuevifurcata (Klie) — a species unknown in the lake littoral

This species has been described  b y  K l i e  (1926) and  D u b o w s k y  (1927). 
R eported  only  from  USSR fo r riv e rs  and  th e ir  old basin s (the rivers: K am a, 
K ostrom a, Don, and  Wołchow). T his ostracod  has h ard , heavy  shell, an ten n ae
II void of sw im m ing bristles , the fu rca  is of a heavy  built. Such anatom y
po in ts  to the fac t th a t th is species is w ell ad ju sted  fo r creeping and  digging 
m ovem ents. In  lake  K isajno it w as found  in  subm erged  m eadow s II.

d. Phenology

The occurrence  of O stracoda w ith in  the y ea r cycle is how n in T able II. 
As it  can be seen  from  this tab le , on ly  6  species w ere  found  to occur th ro u g h ­
o u t the year. These w ere: Cypria exculpta , C ypria  Opthalmica, C yprido­
psis ovum ,  and  Pseudocandona sp. T he h ig h est nu m b er of species (23) 
appeared  in Ju ly  and  A ugust, the  sm allest one  (4) in  N ovem ber. In  the 
au tu m n a l period  (Septem ber, O ctober and  N ovem ber) 9 species w ere found 
altogether. This is the sm allest n u m b er of species recorded  w ith in  the  whole 
y ear of sam pling. In the w in te r  and  sp rin g  (from  D ecem ber to m id June) 
10 species w ere  usually  found  d u rin g  each sam pling. Candona ho lzkam pfi  
w as encoun tered  solely in the  spring . H ow ever i t  is no t ce rta in  w h e th e r th is 
species is exclusively  v e rn a l one since on  accoun t of being  closely re la ted  to 
C. holzkam fi  its  fem ales are  d ifficu lt to d iscern  them  from  those of 
C. fabaeformis. In  A pril one specim en of C. h o lzkam pfi ,  cf, w as found. T here 
w ere  14 species occu rring  exclusively  in sum m er. C andona c rispata  w as 
found  to be a ve rn a l-su m m er species: it ap p eared  in  the  second half of A pril 
and  van ished  in  the beg inn ing  of A ugust. N otodrom a monacha  appeared  in 
la te  sp ring  (the b eg inn ing  of Ju n e) and  d isap p eared  in  au tu m n  (mid N ovem ­
ber). C ypridopsis helvetica  w as a su m m er-au tu m n a l species occurring  from

2 P o lsk ie  A rch . H y d r o b io lo g ii
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the  end  of Ju n e  to m id N ovem ber. Candona w eltner i  appeared  in  au tu m n  
(mid Novem ber) and  vanished  in the  sp ring  (second half of A pril). Candona  
hyalina  occurred in  the  w in te r  (February) and  d isappeared  in  sp rin g  (April). 
Two species, Candona Candida and  Candona acuminata, w ere  found  to occur 
in sam ples w hich w ere tak en  in  w in te r  m onths (Jan u ary , F ebruary ).

e. Life cycles of some species of Ostracoda

Sam pling th ro u g h o u t the year allow ed to observe the  rep roduction  p e ­
riods and  the n um ber of genera tions per year in  some ostracod  species.

N otodromas monacha  (O. F. M üller)

In  sam ples of 1958, it  appeared  in the second half of Ju ly , w ith  m ales 
and fem ales occurring  sim ultaneously . In  the second half of A ugust and  th e  
f irs t one of Septem ber, the  num bers w ere decreasing  and  vanished by th e  
end of Septem ber. In 1959, sep ara te  ind iv iduals of fem ales and  m ales w ere  
found in  th e  beg inn ing  of June . K l i e  (1938) rep o rted  on tw o gen era tio n s p e r 
year w ith  a very  sho rt periods of developm ent ( 6  weeks). In  lake K isajno , 
N. m onacha had only  one genera tio n  p er year.

Doloeocypris fasciata  (O. F. M üller)

A typ ical sum m er species. I ts  fem ales w ere encoun tered  tw icely , in  Ju ly  
and A ugust, 1958. A ccording to A l m  (1916), D. fascia ta  has tw o g en era tio n s 
per year, the firs t one in A pril, and  the second in  June. K l i e  (1926) also 
m en tioned  two g en era tions in th is species. W c l f  (1919) rep o rted  on one sum ­
m er genera tion  fith in  an an n u a l cycle. In  the litto ra l of lake K isajno, on ly  
one g en era tio n  was observed , w ith  th e  m axim um  of abundance  in the f ir s t  
half of A ugust.

Cypridopsis vidua  (O. F. M üller)

This species occurred  in the litto ra l of lake K isajno  th ro u g h o u t the year. 
Ind iv iduals w ith  m atu red  eggs w ere observed  to  occur in  Ju ly . In  A ugust, 
num erous larvae, w hich probab ly  belonged to th is species, w ere encoun tered . 
I t can be in fe rred  from  th is th a t C. v idua had only  one g en era tio n  p er y ear 
in the  lake w ith  rep roduction  period  fo llow ing in  a fu ll sum m er (second 
half of July).

Cyclocypris ovum  (Jurine)
It appeared  in  the h ab ita ts  of lake  K isajno  du ring  the  w hole y ear w ith  

m axim um  num bers found  d u rin g  sum m er m onths. A ccording to A l m  (1915), 
the species has one genera tion  per y ear w ith  a very  long period  of develop­
m ent. Fem ales and m ales could be found  th ro u g h o u t th e  year, b u t th e ir  
num bers w ere  decreasing in  the w in te r.

Cypria exculpta  (Fischer)

Low num bers of th is species can be found  w ith in  the  w hole year. Acc. to 
B r o n s t e i n  (1947), the  developm ent of C. exculpta  lasts  a round  5— 6  m onths, 
from  A pril to A ugust o r Septem ber. In  the litto ra l of lake  K isajno , m atu red  
fem ales and  one m ale w ere found  in  early  sum m er (June-Ju ly ). In  Ju ly ,
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the la rv ae  of la s t stage of th is species w ere enco u n tered  (w ith a c lear c a r­
v ing p a tte rn  on the  shell surface). The h ighest num bers w ere  cau g h t in  
S eptem ber. In  a sam ple of F eb ru a ry  fem ales w ith  m a tu red  eggs and  a m ale 
w ere found. This w ould  suggest an ea rly  sp ring  rep roduc tion  period  (March). 
The developm ent ended in  Ju ly , las tin g  aro u n d  5 m onths. The m ales p red o ­
m inated  q u a n tita tiv e ly  over the  fem ales. The species had  one g en era tio n  
w ith in  the year.

Cypria ophthalmica  (Ju rine)

This ostracod occurred  th ro ughou t the  year, except fo r au tu m n a l period  
w hen its num bers w ere c learly  a t a decline. The h ighest num bers of spe­
cim ens w ere found  a t the  beg inn ing  of Ju n e  and  th en  in  th e  second h a lf  of 
A ugust. The fem ales w ith  m a tu red  eggs w ere encoun tered  tw icely, in  the 
firs t half of Ju ly  and  in  F eb ruary . This suggested th a t the  species had  tw o ge­
n era tio n s per year.

Candona w e ltner i  H artw ig

M atured  ind iv iduals, fem ales and  m ales, w ere observed  in  the sam ples 
collected in  Septem ber, F eb ru a ry , and  A pril. In  A pril, only  fem ales w ith  
m a tu red  eggs w ere found. In  lake K isajno, th is  species w as found  to lay  
eggs in  A pril and  its developm ent lasted  fo r about 5 m onths, till Sep tem ber, 
w hen m atu red  fem ales and  m ales appeared  again. The lack of m ales in  the 
sam ples collected in A pril could be exp la ined  by  the fac t th a t they  had 
died out earlie r. This fin d in g  corrobora tes K l i e ’s  (1926) opinion. Thus 
C. w e ltn e ri has one genera tion  p e r year.

Candona crispata  K lie

The biology of th is  species is unknow n. O nly K l i e  (1936) rep o rted  th a t 
a few  m atu red  ind iv iduals w ere observed to occur in M ay (w ith m ales p re ­
pondering) and  in  Ju ly  (when fem ales prepondered). In  the litto ra l of lake  
K isajno, a few  ind iv iduals of C. crispata  w ere observed  from  A pril to A ugust. 
Thus, th is is a sp ring -sum m er species. In  th e  v e rn a l period  (A pril — f irs t  
half of June) some fem ales w ere caugh t in the  shallow  litto ra l. The m ax i­
m um  of abundance  w as recorded  in  the  fu ll sum m er (first ha lf of Ju ly). In 
th is period m ales appeared  fo r a sh o rt tim e on ly  and van ished  la te r  so th a t 
by the  f irs t ha lf of A ugust o n ly  fem ales w ere noted. No fem ales w ere c a rry ­
ing eggs, th e re fo re  it is no t possible to define the  rep roduc tion  period  in  th is  
species. H ow ever, it p robab ly  follow ed in  the end  of Ju ly  and  in  A ugust.

Candona fabaeformis  (Fischer)

L ittle  is know n about this species. A l m  (1915) supposed th a t th is species 
had a very  long period  of developm ent, from  M ay to O ctober. H a r t w i g  (1901) 
considered it to be exclusively  v e rn a l form . M u l l e r ’s  (1912) o bserva tions 
show ed th is species to occur all the y ear ro u n d  w ith  tw o gen era tio n s p er 
year. In  the litto ra l of lake K isajno , 3 adu lt specim ens (including 1 m ale) 
w ere found  in  the  sam ples taken  close to the  shore and  am ong com pact 
reeds in  Ju ly , 1958.
Candona hyalina  B rady  et R obertson

The biology of th is  species w as little  studied . A ccording to K l i e  (1926), 
it develops in ea rly  sp ring , w ith  m ales p rep o n d erin g  a t the beg inn ing .
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In  lake K isajno, specim ens of th is species w ere encoun tered  3 tim es, in  
F e b ru a ry  1958 and  1959, and  in  A p ril 1959. P ro b ab ly  th e re  is on ly  one gene­
ra tio n  of th is species p er year. M atu red  in d iv idua ls can occur in  th e  w in te r  
m onths. The reproduction  w ould follow  in  th e  w in te r  period  w hat has been 
suggested  by d iscovering th e  fem ales w ith  m a tu red  eggs in F eb ruary .

Candona acuminata  (Fischer)
A ra re  species, its biology unknow n. A ccording to K lie (1926), this 

ostracod  m atu res p robab ly  in  the la te  au tum n . In  the litto ra l of lake  K isajno, 
m a tu red  ind iv iduals w ere encoun tered  in  the  w in te r  sam ples, collected on 
20 F eb ru a ry  1959 from  the h a b ita t of com pact reeds (two fem ales); also in 
o th e r  sam ples (not included  in  th is characteristics), collected on 7 Decem ber 
1957 (both fem ales and m ales) and  on 24 F eb ru a ry  1958 (one fem ale w ith  
m a tu red  eggs). This species has p robab ly  one g en era tio n  w ith  adu lts  occur­
r in g  axclusively in w in te r, w hen  th e  rep roduc tion  takes place.

3. DOMINANCE PATTERNS

F or characteristics of the dom inance p a tte rn s  in ostracods, only these 
species w ere taken  into acoun t w hich show ed a h ig h er abundance  and  lasted  
in  the  env ironm en t fo r at least 4 m onths. These w ere: Cyclocypris ovum,
C. laevis, Cypria ophthalmica, Notodromas monacha, and  Cypridopsis vidua. 
The species w hich show ed the  h ighest num bers in  a given sam ple w ere accep­
ted  as dom inants. The dom inance of ostracod species re la ted  to th e  hab ita ts  
exam ined  and  lo the tim e of th e ir  occurrence  is illu s tra ted  in  Figs 1 and  2. 
Two reasons can be m en tioned  as responsib le  fo r the  observed dom inance. 
O ne is coincidence of sam pling  w ith  the m axim um  abundance  of a species 
and  the second is the  m axim um  occurrence  in a specially  favourab le  h ab ita t 
fo r this species, e.g., in the  h a b ita t of reeds, w ith  its  s im ultaneous non-dom i­
n a n t position in o th e r env ironm ents. Cypria  ophthalmica  p redom inated  con­
s is ten tly  in  the th ree  h ab ita ts  of th e  shallow  litto ra l zone (shore, S tra tio tes, 
and  com pact reeds) d u ring  the spring. In  the  h a b ita t of com pact reeds, its do­
m inance  w as prolonged till the  beg inn ing  of sum m er (second ha lf of Ju n e  
and  the firs t one of Ju ly) w ith  no t so c lear dom ination  in the  second half 
o f Ju n e , w hen Cypridopsis v idua  show ed b u t little  low er percen tage  of 
occurrence (cf. Fig. 1). In  the shore and  S tra tio te s  h ab ita ts , C. ophthalmica  
w as losing its dom inance in  the  sum m er period  in fav o u r of Cyclocypris  
ovum.  In  the  h a b ita t of com pact reeds, the  la t te r  p redom inated  in  Ju ly , bu t 
in the  f irs t half of A ugust Cypridopsis v idua  dom inated  there. L a te r  on, 
in  the  second half of A ugust, the  num bers of Cypria ophthalmica  w ere in c re ­
asing  again , so th a t th is species re -estab lished  th en  its dom in an t position. 
In  m id Septem ber, N otodromas monacha  p red o m in a ted  in  the shore hab ita t, 
and  Cypria ophthalmica  in  the  h a b ita t of com pact reeds. In  g enera l it can 
be said th a t  in  the au tu m n  and  w in te r  the  abundance  of species decreased 
considerab ly  and the dom inance p a tte rn s  w ere  losing th e ir  c larity , except 
fo r the  h a b ita t of com pact reeds, w here Cypria ophthalmica  p redom inated  in 
F eb ru ary . In  the in te rm ed ia te  zone, a t th e  b o u n d ary  of reeds and  in the  
h a b ita t of Scirpus, w here bo th  the num bers of species and  num bers of in d i­
v iduals w ere low, a c lear dom inance w as sporad ically  observed  of on ly  one 
species, Cyclocypris laevis  (cf. Fig. 1).

V
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W ithin  subm erged m eadow s en v ironm en t, in subm erged  m eadow s I, 
Cyclocypris laevis  show ed a c lear dom inance by the second h a lf of June . 
S im ilarly  this species p redom inated  in subm erged  m eadow s II in  the  sam ples 
of A pril and  June . L a te r  on, the abundance  of th is  ostracod decreased w ith  
a sim ultaneous increase  in  num bers of Cypridopsis vidua.  Thus, in  su b ­
m erged m eadow s I, in  th e  sam ple of 6  Ju ly , tw o species, nam ely  Cyclocypris  
laevis (49%) and  Cypridopsis vidua  (44%) p redom ina ted  nu m erica lly  over 
the o th ers  (cf. Fig. 1). In  subm erged m eadow s II, Cypridopsis v idua  show ed 
a c lear dom inance (94'%) w hereas num bers of C. laevis w ere  found  to dec re ­
ase fo rm ing  only 4%  b u t in  the fo llow ing m on th  th ey  increased  to th e  
dom inance level. D uring  the second half of A ugust in  subm erged  m eadow s I 
and II Cyclocypris o vu m  developed g rea tly , its dom inance becom ing consp i­
cuous, and  la te r  on, in  Septem ber, its  num bers dropped  down.

In  S eptem ber and  O ctober, Cyclocypris laevis p redom ina ted  in  su b m er­
ged m eadow s I and Cypridopsis v idua  in  subm erged  m eadow s II. In  th e  
w in te r, Cyclocypris ovum , C. laevis, and  Cypria ophthalmica,  all w ere  
fa irly  ab u n d an t in subm erged  m eadow s I w hereas in  subm erged  m ea­
dows II — Cyclocypris laevis, Cypridopsis vidua,  and  Cypria  ophthalmica  
occurred  num erously  b u t w ithou t c lear dom inance of one species over th e  
o thers.

By and  large, of a to ta l of 27 species, o n ly  5 w ere observed  to be do­
m inants.

The dom inance is c learly  expressed d u ring  the sum m er m onths (July , 
A ugust and Septem ber) and  in  the  zone of subm erged m eadow s also in  th e  
au tu m n  (Septem ber, O ctober, Novem ber).

N ot all of the  litto ra l h ab ita ts  a re  favourab le  fo r appearance  of dom i­
nance. The dom inance can be m ost o ften  observed in  the  h a b ita t of com pact 
reeds and  in the  zone of subm erged  reeds. The p rep o n d eren ce  of Cypria  
ophthalmica  in  the shallow  litto ra l d u rin g  the sp ring  and  ea rly  sum m er 
as w ell as in  the  second h a lf of A ugust and  S eptem ber, coincided clearly  
w ith  the  m axim um  occurrence of th is species. S im ilarly , the  dom inance of 
Cypridopsis v idua  in  the  com pact reeds in  A ugust and  in  subm erged  m e­
adows in  S eptem ber coincided w ith  its m axim um  num bers.

Cyclocypris ovum  developed la te r  th an  Cypria ophthalmica;  its m ax ­
im um  of occurrence w as noted in the fu ll sum m er and  th a t is w hy  it o u tn u m ­
bered Cypria ophthalmica, becom ing the  d o m inan t species of the  shallow  
litto ra l.

4. CONCLUSIONS

In  th e  m ateria l collected from  the  litto ra l of lake K isa jno , 27 species of 
ostracods w ere identified . They form ed several ecological groups, d iscerned  
on the basis of th e ir  place of occurrence in  d iffe ren t h ab ita ts .

In  the  shallow  litto ra l zone, species repo rted  u sually  as form s of sm all 
ponds w ere encoun tered : Dolerocypris fasciata  — rep o rted  by A l m  (1915), 
B r o n s t e i n  (1947) and  K l i e  (1938), Candona prallela  — rep o rted  by  B r c n s t e i n  

(1947), Cyclocypris globosa, Doloeocypris pellucida  —  rep o rted  by  K l i e  (1926), 
and  B r c n s t e i n  (1947). A ll these species are  charac terized  by a sho rt life  
cycle, they  a re  fond of h igh  tem p era tu re  and occur in  shallow  w aters. 
S im ilarly  the  rem ain ing  species of the shallow  litto ra l a re  form s w hose
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ty p ica l env ironm en t is th a t of shallow  w a te rs  and  th e ir  developm ent is con­
d itio n ed  by ra th e r  a h igh tem p era tu re . C ypria  curvifurcata  (Klie), till now  
re p o rte d  tw icely: by K l ie  (1923) and  D u b o w s k y  (1927) fo r rivers , has been  
fou n d  in  the lake K isajno at a dep th  of 6  m, in  the h ab ita t of subm erged 
m eadow s. L ikew ise Ilyocypris decipiens  M asi (1905) described as typ ical 
fo r ru n n in g  w aters  and fo r lakes, has been  found in  th is zone. This species 
w as rep o rted  by A l m  (1915) from  Ita ly  and  Sw eden, by M ü l l e r  (1912) and 
K l i e  (1926) from  the Soviet U nion w here  i t  occurred  in  rivers. Besides, it has 
been  rep o rted  by B r o n s t e i n  (1947) as a species occu rring  in  lakes: Caca, 
B arm anca, and  P ieśćanoje in USSR.

R eproduction  seasons and the n u m b er of genera tions found  for some of 
th e  ostracod  species in  lake K isajno  d iffe red  from  those g iven in  the  lite ra tu re .

M ost ab u n d an t w ere w ide-spread , w ell-sw im m ing species occurring  in 
th e  sum m er m onths, w hen  the n um ber of species w as highest. The sm allest 
n u m b er of species (4) was observed in  N ovem ber. T here  w ere 14 species w hich 
o ccu rred  exclusively in sum m er and  2  — exclusively  in w in te r.
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6. SUMMARY

Ostracods were collected during a year cycle from the littoral of lake Kisajno. 
Three environmental zones were distinguished: Shallow littoral zone, intermediate 
zone and zone of submerged meadows. Type of vegetation, depth, and the character 
of ostracod occurrence formed the basis for this classification. A total of 27 species 
were identified, 7 of which were new for the Polish fauna. Several ecological groups 
were distinguished basing on their occurrence in various littoral zones. In a number 
of cases, species were found which up to now were thought to be typical for 
rivers and small ponds. Sampling throughout a year allowed to define the precise 
tim e of appearance of various species and the number of their generations per 
year. The dominance patterns have been analyzed for ostracods occurring in various 
zones of the littoral of lake Kisajno.

6. STRESZCZENIE

Ostracoda zbierano w  cyklu rocznym z litoralu jeziora Kisajno. Wyróżniono 
3 strefy: litoralu płytkiego, przejściowego i łąk podwodnych. Podstawą podziału 
był typ roślinności, głębokość i charakter występowania O. tracoda. W zebranym 
materiale Ostracoda stwierdzono i oznaczono 27 gatunków, w tym 7 nowych dla 
fauny Polski. Stwierdzono istnienie kilku grup ekologicznych, wyróżnionych na 
podstawie ich występowania w poszczególnych strefach litoralu. W szeregu przy­
padkach stwierdzono występowanie gatunków, które dotychczas znajdowane były 
jedynie w  rzekach i drobnych zbiornikach. Pobieranie prób w  cyklu rocznym po­
zwoliło określić pory pojawiania się poszczególnych gatunków, oraz ilość ich po­
koleń. Zanalizowano zjawisko dominacji gatunków w poszczególnych strefach lito­
ralu jeziora Kisajno.
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RUTILUS  L.) IN THE SZCZECIN FIRTH

Marine Institute of Fisheries, Division at Świnoujście, Świnoujście, 11 Plac Sło­
wiański, Poland

ABSTRACT

The roach under study, Rutilus rutilus,  formed a population occurring in 
brackish waters, with a part of the population migrating for food to inshore waters 
of the Baltic Sea. From the macroscopic survey of the gonads and their relative 
weight, the M a i e r ’s  scale of fish maturation has been adopted to study the roach 
of the Szczecin Firth. The single-cast spawning was observed in the females and 
m any-east spawning in the males. The period of development is very long. The 
sexual maturity is attained by this species after 2—6 years at the body length of
9—23 cm; the males mature earlier than the females.

Studies were made of the seasonal changes in relative weight of gonads of 
Rutilus rutilus. This feature was found to depend on the fish dimensions. The sex  
ratio of males to females, was 9:16 during the year cycle and was found to change 
with aging of the fish. In the spawning population this ratio was 8:9. The absolute 
fecundity of roach was increasing with age from 3,000 to 27,000 eggs per female. 
The relative fecundity was found to be constant within the individual life period.

A description has been made of the spawning places as w ell as of the spawning 
behaviour in this species. It was found that the roach started spawning at the end 
of April or in early May depending on the weather conditions and continued this 
process for 3 to 4 weeks with some intervals in it.

CONTENTS

Introduction e. Fecundity
Material and methods f. Spawning places and behaviour
Results g. Composition of the spawning
a. The scale of sexual maturation population

of gonads in roach 4. Discussion
b. Annual cycle of maturation 5. Summary
c. Gonad development in roach 6. Streszczenie

before the first spawning 7. References
d. Relative weight of gonads

1. INTRODUCTION

The roach of the Szczecin Firth has not been yet studied except the in­
vestigations by N e u h a u s  (1936). The roach population under study differs from the 
others occurring in freshwater environments and is similar to those of the Vistula

http://rcin.org.pl



104 A. Pęczalska

Firth and the Pucka Bay (R o m a ń s k i  1963, 1965) in terms of the growth rate, survi­
val, reproduction, and behaviour. A part of the population migrates to the inshore 
waters of the Pomeranian Eay to feed there. Probably on account of the latter 
peculiarity S t a f f  (1956) in his commentary to the Polish translation of the Detailed 
Ichthyology has considered it as a semi-migratcry form, similar in this respect to 
Rutilus ruiilus caspicus (Jak.) and Rutilus rutilus aralensis (Berg).

The :oach takes first or seccnd place in commercial catches at the Szczecin 
Firth, alternately with the bream. The roach yield showed a very great variation, 
in the years 1900—1937 it amounted to 3.2—17.3 kg/ha (the average for the whole 
Firth), in 1948—1966 — to 5.0—35.7 kg/ha (the average for the Polish part of the 
Firth).

The present paper includes a partial elaboration of the materials collected in 
the years 1956—1966 and it aims at learning about some problems on the reproduc­
tive behaviour with a certain attention given to a possible effect of the brackish 
waters.

2. MATERIAL AND METHOD

The m a te ria l fo r th is paper has been collected (together w ith  biological 
analyses) in th e  years 1956— 1958 in  m onth ly  in te rva ls . In  the years 1959— 
1966 th e  m ateria l w as g a thered  tw ice a year, in the  sp ring  and au tum n, 
basing  on both the  com m ercial and  experim en ta l catches. F rom  sm all catches 
the  w hole m a te ria l w as analyzed; from  la rg e r ones biological analyses w ere 
m ade p roportio n a lly  to the leng th  com position of the  fish. The m a te ria l fo r 
analysis can m ost o ften  of the catches m ade at W olin since in  th is  fish ing 
base the fisherm en w ere  catching the roach in  re la tiv e ly  la rg e  num bers and 
the  catches ex tended  alm ost all over the en tire  Polish  p a r t of the F irth . The 
ex p erim en ta l catches w ere m ade in the inshore zone of the  F ir th  and in  its 
ad jacen t w aters w here  spaw ning and fry  feeding occu rred  as w ell as in  the 
cen tra l p a r t of the  G rea t F irth . O bservations on the spaw ning  process and 
sites w ere done by the  au thoress, supplem ented  w ith  in fo rm ation  supp lied  
by fisherm en  and  inspectors of the D epartm en t of F ish e ry  P ro tec tion , the 
Szczecin M arine Office.

The biological analysis included the fo llow ing dete rm in a tio n s: to tal
len g th  (longitudo totalis) — accuracy of 0.5 cm, body w eigh t — accuracy  of 
5 g, sex and m a tu rity  of the gonads according to a 7-degree scale *. A to ta l 
of 6.636 young and  m atu re  ind iv iduals w ere exam ined. In  o rd er to obtain  
m ore precise in fo rm ation  on th e  sex ra tio  in R utilus, add itio n a l 4.255 fish 
w ere surveyed , th e ir  to tal leng th  and  sex recorded. In  1.219 fish  (m atura tion  
degree II—VII) the  gonads w ere w eighed and  fecu n d ity  of 122 fem ales w ith  
gonads at degree ГѴ and  V, was determ ined . The sex of young fish  w as 
iden tified  w ith  the  use of a lens. The gonads a fte r  th e  fa t  tissue had been 
rem oved w ere w eighed to an  accuracy of 0.1 g. W hen d e te rm in in g  fecundity , 
ex te rn a l m em branes w ere  rem oved from  the ovaries and  th e  ova w ere 
w eighed to an  accuracy of 0.1 g. F ecund ity  was estim ated  by w eighing  fresh, 
unp reserved  roe acc. to w eighing m ethod ( Z a ł a c h o w s k i  1959).

Since the m acro-characteristics of subsequen t stages of m a tu ra tio n  
described by M a i e r  (1906) did no t correspond tho rough ly  to  those of gonads 
n e ith e r of the roach no r of the  b ream  of the  Szczecin F ir th  ( P ę c z a l s k a  1963a),

* The M a i e r ’s  scale adopted by the authoress for Rutilus rutilus  L.
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a tr ia l  was m ade to describe m acro -charac te ristics  of the gonads of the roach 
popu la tion  w ith in  an  an n u a l cycle. F rom  the su rv ey  of gonads of 1.541 young 
and  m atu re  fish a scale of sexual m a tu ra tio n  fo r roach has been  elaborated .

3. RESULTS

A. THE SCALE OF S E X U A L  M A T U R A T IO N  OF G O N A D S IN  RO ACH  OF THE
SZ C Z EC IN  FIR T H

(Includes only these m acro -ch arac te ris tics  w hich a re  typ ical fo r the  
roach  gonads, characteristics  w hich agree w ith  those described by M a i e r  are  
om itted).

D egree I (acc. to M a i e r  —  ju v en ile  stage)

The gonads are  in  shape of very  th in  cords exp an d en d  som ew hat in 
th e ir  m iddle sections. They sp read  up to th e  p o ste rio r cham ber of the  sw im ­
m ing  bladder. G lassy in appearance. C en tra lly , along the gonads ra th e r  bu lky  
blood vessels can be seen w ith  b ran ch in g  v isib le  on ly  th ro u g h  the  lens. The 
rep ro d u c tiv e  g lands are  o ften  covered w ith  the  fa t tissue.

D egree II (acc. to M a i e r  —  re sting  stage)

The g lands are  essen tia lly  in  th e  shape  of lam inae  expand ing  in  th e ir  
m iddle parts. In alive o r fresh ly  dead fish , sex d ifferences can be easily  
recognized; the testes form  fla t lam inae , th e  cross-section of the  ovaries 
form s a trian g le  w ith  open arm s and  ro u n d  angles. In  the m iddle of the 
tr ian g le  base, there  is an oblong, shallow  fu rrow . A t tra n sp a re n t ligh t, the  
lo b u la r s tru c tu re  of th e  ovary  can be seen w ith  tra n s lu c e n t ova. U nder 
m agn ifica tion , they  are  sim ilar in  shape to those of degree I, b u t the cells 
a re  la rger. A fte r some tra in in g  it is possible to d is tingu ish  the  sex w ithou t 
using  a lens, bu t not in  all ind iv iduals of th is class. The gonads a re  alm ost 
w h ite  or sligh tly  rose and  som ew hat lustre less. L a te ra l b ran ch in g  of the 
blood vessels can be seen w ith o u t m agn ification .
D egree III (acc. to M a i e r  —  p rep a ra to ry  stage)

L arge ovaries ex tend  fo r one th ird  of the  abdom inal cav ity  leng th . Inside 
the  ovaries, ova of various size can be easily  seen. T hey are  s till tra n sp a re n t 
an d  d ifficu lt to separa te  from  the  th ick  an d  h a rd  m em brane of the  ovary. 
The lobu lar s tru c tu re  of the ovaries is v e ry  clear. They acquire  co loration  
typ ica l for fu r th e r  developm ental stages.

Testes a re  m uch bigger th an  in degree II. T he ir surfaces fold in  and the 
f irs t, shallow  fu rrow s can be seen. The fa t w hich su rro u n d ed  the  gonads 
disappears. The blood vessels form  a dense netw ork .

D egree IV (acc. to M a i e r  —  h a rd en in g  stage)

The ovaries fill in  alm ost th e  en tire  space of the  abdom inal cavity; by 
th e  end of w in te r they  a tta in  m ax im um  dim ensions. C ross-sected, a re  still 
tr ia n g u la r  w ith  the edges m ore concave th a n  in  degrees II and  III. T here  is 
a deep, oblong fu rrow  along th e  w rin k led  base of the  triang le . The ovaries 
a re  n a rro w  at the ends, th e  one d irec ted  tow ard s the head  is m ore dull. The 
ovaries acqu ire  ra th e r  v iv id  colours, grey, yellow ish, rosy, o r crim son. The
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round , in tra n sp a re n t eggs of even size covered w ith  h a rd  shells are  d is trib u ted  
sparse ly  and  grow  ra th e r  considerab ly  d u rin g  the  w in ter. I t is s till d ifficu lt 
to sep ara te  them  from  th e  in n e r  connective tissue and  the o u te r  m em brane 
of th e  ovary.

L arge  testes b u t tw ice o r th ree  tim es as sm all as the  ovaries in  the roach 
of a s im ila r body length . They are  sligh tly  w rink led  in  th e  m iddle parts. 
T heir coss-section form s eq u ila te ra l tr ian g le , its base being  sh o rte r th an  
the la tera ls. The testes are  springy , of body-m ilky  colour. In  ea rly  spring  
the testes w hen  pressed strong ly  release  h ighly  concen tra ted  sperm .
Degree V (acc. to M a i e r  —  len g th en in g  stage)

The w hole ovaries are  glassy, th e ir  co loration  faded. S tro n g  venation  
m ostly  in  the  oblong fu rro w  of the  ovaries. The la tte r  a re  s tro n g ly  w rinked , 
th e ir  m em branes becom ing th in n e r. Inside the  ovaries, the  roe is in terspaced  
w ith  the  ov arian  liquid. The fem ales pressed  s tro n g ly  on th e  b o th  sides 
re lease the roe aggregated  in  clusters. A fte r frac tio n in g  the  o v arian  m em ­
brane , the  eggs stay  com pact and  do no t disperse. T hey are  tra n sp a re n t as 
though  sligh tly  g litte rin g . The egg shell is very  th in ; touched  s ligh tly  w ith  
a needle d isin tegra tes and  the  w hole egg co n ten t pou rs out.

The testes a re  du ll-w h ite , s tro n g ly  w rink led ; w hen  pressed, the drops 
of averag ing ly  co n cen tra ted  sperm  appear along the  dorsal p a rt of the  
testis, on its  upper edge. The fish  m ay no t reveal as ye t th e  sexual co lora­
tion. In  some years, the  d isp lay  co lo ra tion  appears in  th is stage  of m a tu ra ­
tion. M atu ra tio n  degree V lasts in  the roach fo r a very  sho rt period , about 
2 —3 weeks.

D egree VI (acc. to M a i e r  —  m a tu rity  stage)

The ovaries lose th e ir  tu rg id ity , becom e du ll and  filled  w ith  m uch 
liquid . The g en ita l pap illa  is sw allen  and  reddish . The spaw ning  fem ales 
sp ray  the roe a t the  sligh test s tim u la tion , e.g. a fte r  a gen tle  tak in g  the  fish 
in the  hands, w hen  the  fish jum p on the  boat bottom , etc. A t spaw ning , the 
fem ales of the  roach popu la tion  exam ined  eject the  roe on ly  once and  w ith in  
a re la tiv e ly  sh o rt tim e (for abou t 10 hrs). I t happens th a t in th is  period some 
fem ales reveal a sligh t pearl e ru p tio n  and  all have silver body colour and 
vivid co loration  of the  fins.

The testes are  read y  fo r rep roduction  p robab ly  fo r a longer tim e (over 
1 0  days) th an  are  ovaries, b u t m uch sh o rte r th a n  the  testes of the  b ream  in  
the sam e en v ironm en t ( P ę c z a l s k a  1963a). D uring  the rep roduc tion  read iness, 
the tu rg id ity  of the testes decreases in  considerably . M ilky-w hite  coloration  
is m ain ta ined , on ly  the  posterio r p a rts  of the  testes becom e so fte r and  o v e r­
flow n w ith  blood. In  these p a rts  th e  sperm  is less co n cen tra ted  th an  in  th e  
a n te rio r  ones. W hen the  fish sides are  pressed, th e  sperm  comes out, o ften  
it even sp rays out. The d isp lay  co loration  occurs d u rin g  the  e n tire  period 
of sexual read iness, its  in te n s ity  increasing  w ith  the age of fish.

D egree V II (acc. to M a i e r  —  h alf-spaw ned  and  spaw ned stage)

The ovaries d im in ished  by  several tim es as com pared w ith  those a t 
degree VI. T hey con ta in  m ore o r less num erous eggs w hich undergo  adso rp ­
tion. The eggs are  su rro u n d ed  by a d ilu te , tra n sp a re n t su b stan ce  — develop­
ing cells of the  fo llow ing generation . T hey a re  ro u n d  and  can be seen only 
w hen m agnified. The g en ita l pap illa  is sm aller and  paler.
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The testes a re  also sm aller, acqu iring  th e  form  of th in  cords w ith  alm ost 
equal diamfeter th ro u g h o u t th e ir  leng th ; overflow ned  w ith  blood. The display 
co loration  d isappears changing  in to  norm al..

B. A N N U A L  CYCLE OF M A TU R A T IO N

A fte r re trog ressive  changes (degree VII), th e  gonads of roach w ere found  
to re tu rn  to degree II in Ju n e  and  Ju ly  fo r a re la tiv e ly  short period. In  
A ugust all m a tu re  ind iv iduals  had  the gonads a t degree III, w hich also lasted  
sho rt tim e. The gonads reached  degree IV in  S eptem ber and  O ctober, e a rlie r 
in  fem ales th an  in  m ales. The m ales a t degree  III could be s till encoun tered  
in Jan u a ry . D egree IV in  th e  roach  of the  popu la tion  exam ined  lasted  long, 
alm ost u n til the  spaw ning  period. D uring  th is period  the gonads w ere gain ing  
w eight only. A ccording to M e i e n  (1940) this stage is characterized  by a fast 
grow th . The d u ra tio n  of degree IV w as longest of all the  developm ental 
stages except fo r the f irs t one. On the  o th e r hand , degree V w as the shortest 
one, especially  in m ales. The fish of th is  stage w ere found  only  for several 
w eeks p rio r to th e  spaw ning  (before a tta in in g  degree VI). R eadiness for 
rep roduction , i.e., degree VI of m a tu ra tio n  in the  roach fem ales lasted  
p robab ly  from  severa l hours to severa l days in its u tm ost. The fem ales w ere 
p robab ly  d ischarg ing  alm ost th e  e n tire  sto rage  of th e  roe and sh o rtly  th e re ­
a fte r  they left th e  spaw ning  place, th e ir  gonads em pty  being a t degree VII. 
V ery  sim ilar-sized eggs, v isib le a t the  f irs t look a t th e  ovaries of a fem ale 
m ore advanced in  the developm ent, can suggest an one-cast spaw ning  in th is 
sex. S im ilar-sized eggs w ere repo rted  for bream , and  th e  opposite was found 
in  Blicca bjoernca  L. and  Scardinius e ry throph tha lm us  (L.) of the Szczecin 
F ir th  ( P ę c z a l s k a  1963a). D isscecting the roach fem ales for ascerting  the 
fecu n d ity  also p roved  the eveness of roe in  this species.

The m ales stayed  p robab ly  longer a t th e  spaw ning  places th an  did the 
fem ales and they  w ere p a rtic ip a tin g  in  the spaw ning  repeated ly . This has 
been suggested by the s ta te  of th e ir  gonads exam ined  a t d iffe ren t stages of 
the spaw ning process. Sexual co loration  w as found  to ap p ear essen tia lly  
d u rin g  the phase of sexual read iness, b u t it can be som etim es observed as 
ea rly  as a t degree V. The top of the head and  the dorsal p a r t of the  body 
w ere covered w ith  an in tense  e ru p tio n  w hich  w as less conspicuous on the 
sides of the head  and the  body. Pelvic fins and  the  ana l fin  w ere b rig h t-  
-flam e-orange. T he caudal fin , pecto ra l fins and the  a te rio r dorsal fin  w ere 
red  w ith  black edging. The eyes w ere ru b y -red , the  body — b rig h t silver.

The re trog ressive  changes in  the gonads a fte r  the spaw n in g  occurred  fo r 
a sh o rt period of about 6  weeks. A t the  end of th is  period , bo th  the  ovaries 
and the testes re tu rn e d  to the  shape, size, and  co loration  typ ical fo r degree II.

The phenom enon of “pau sin g ” , i.e., spaw ning  no t every  year, has been 
observed on ly  in  sev era l ind iv iduals of the  len g th  over 2 0  cm whose gonads 
had  been a t degree II  d u rin g  the  w in te r. No in fe rtile  fish w ere found  even 
am ong the o ldest ones.

The an n u al cycle of m a tu ra tio n  described above for th e  roach of the 
Szczecin F ir th  d id not occur u n ifo rm ly  fo r the  w hole population . The ph en o ­
logy of a tta in in g  by the  gonads m ore advanced  stages of m a tu ra tio n  w as 
found  to depend on sex, body size, and  p robab ly  on o th e r fac to rs (climatic
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conditions of the  year, fo r instance). A ll these fac to rs w ere causing th a t in  
p a rtic u la r  years the  spaw ning  w as s ta rted  e ith e r by sm all, or average, o r  
large fish. The d u ra tio n  of spaw ning  w as ra th e r  long, depend ing  on h y d ro - 
logical conditions of a given year. Som e differences w ere observed  in  the  
appearance  of subsequen t m a tu ra tio n  degrees from  year to year, depend ing  
on th e  p reva iling  tem p era tu re  conditions.

C. G O N A D  D E VELO PM EN T IN  RO A C H  BEFO RE THE F IR ST  SP A W N IN G

The d u ra tio n  of in itia l stages of m a tu ra tio n  in  juven ile  roach p rio r  to 
the f irs t  spaw ning  w as d iffe ren t from  th a t in  the adu lts w hich w ere re p e a t­
ing the  reproduction  process.

The sex of roach below  7 cm in  leng th  w as alm ost ind iscern ib le  even 
w ith  a lens. The reason  fo r th is w as a la te r  m a tu ra tio n  of fem ales th a n  of 
males. M ost of the  fish  a t degree I w ere 8 —9 cm long, a lthough  some w ere  
as long as 15 cm.

Ju v en ile  ind iv iduals w ith  gonads at degrees I and  II could be found  in  
the population  th roughou t the year (Fig. 1). These tw o firs t degrees lasted  
p robab ly  from  several m onths in ind iv id u a l specim ens (in m ales spaw ning  
a t the  age of 2  years) to  several years in the m a jo rity  of fem ales and  in  som e 
m ales reach ing  th e ir  sexual m a tu rity  a t the len g th  of about 15 cm.

Fig. 1. Frequency of maturation degrees of the gonads within the annual cycle in
Rutilus rutilus (1956—1964)

Degree II of m a tu ra tio n  w as observed to occur in  m ales over 7 cm in 
len g th  (age group  I) and  becam e m ore freq u en t in  b igger fish. T hroughou t 
the  y ear except for sum m er, w hen all the  ad u lt fish w ere  a t th is  stage, the 
leng th  of m ales at degree II ranged  from  7 to 18 cm, th a t of fem ales — from  
8  to 2 2  cm.

D egree III of rep roduc tive  m a tu ra tio n  w as also freq u en tly  found  th ro u g ­
h ou t the  year. It can be assum ed th a t  th e  m a jo rity  of ju v en ile , g row ing  up 
fish had th e ir  gonads at degree III fo r a considerab ly  longer tim e th an  the 
adults, fo r this degree occurred  in old fish a t a d e fin ite  tim e of the  y ea r (in 
fem ales th ro u g h  A ugust, in m ales from  the m id sum m er to la te  autum n)..
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A tta in in g  degree IV and  fu r th e r  m a tu ra tio n  of th e  gonads follow ed 
ra th e r  co n cu rren tly  bo th  in ju v en ile  and  ad u lt fish.

T he m in im um  len g th  of m ales th a t spaw ned  fo r the  firs t tim e was
9— 1 0  cm, th e  m in im um  age being 2  years; in  fem ales these m inim a w ere
10— 11 cm and also 2 years. By the len g th  of abou t 12 cm, 50°/o of m ales w ere 
a lread y  m atu red  (degree III including); in  fem ales th is p ercen tage  was 
a tta in ed  no t ea rlie r  th an  at th e  len g th  of 15 cm. Im m atu re  m ales of the  len g th

Fig. 2. Length data for the fish reproducing for the first time in R. rutilus

up to 18 cm and  im m atu re  fem ales up to 23 cm w ere ra re  exceptions (Fig. 2). 
T his w ould  ind ica te  th a t the  firs t sexual m a tu ra tio n  follow ed very  irreg u la rly ; 
th e  d u ra tio n  of degree I and  th a t of fu r th e r  m a tu ra tio n  stages (degree II to  
the f irs t spaw ning) varied  w ith  ind iv iduals. This second period of m a tu ra ­
tion , la s tin g  from  one to several years, co rresponded  to the  lin ea r g row th  
of th e  fish  from  7 to 23 cm and  age of 2 to 6  years.

D . R E LA T IV E  W EIG H T OF G O N A D S

The re la tiv e  w eight of gonads (percentage ra tio  of th e  gonad w eigh t to 
the  body w eight) is a good index  (besides th e  h isto logical p ic tu re  and  m acro- 
-characteristics) fo r de term in ing  the degree of sexual m a tu ra tio n  of fish. 
This in d ex  w as variab le  even fo r the  fish of the  sam e age, sam e develop­
m en ta l stage, and  of th e  sam e sam pling. In  genera l, the  b igger w as the fish 
the  h ig h e r w as the  re la tiv e  w eight of its gonads. F or exam ple, the  re la tive  
w eigh t of ovaries of the  roach w hich in sp ring tim e w ere a t m a tu ra tio n  degree 
IV and  15.5— 17.4 cm long was 11.14%, w hereas fo r the  ind iv iduals  of 
31.0— 33.4 cm leng th -c lass it am ounted  to  17.52%. In  all the  degrees of 
m a tu ra tio n  the ind iv idual d ifferences in re la tiv e  w eigh t w ere considerable.

The changes in  the  re la tiv e  w eight of the gonads d u rin g  a year cycle 
are  p resen ted  in  F igures 3 and  4. The causes of these changes w ere the 
follow ing: (1 ) an  increase in  the gonad  w eight d u rin g  th e  subsequen t stages 
of m a tu ra tio n , fo llow ed by a decrease on account of the  spaw ning; (2 ) ea rlie r 
a tta in in g  the fu r th e r  degrees of m a tu ra tio n  by  la rg e r ind iv iduals *, there-

* Early degrees of rr-atura'ion (up to IV or perhaps V, inclusive) were, as a rule, 
attained earlier by larger fish.
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Fig. 3. Relative weight of ovaries at subsequent degrees of maturation within the
annual cycle in R. rutilus

Fig. 4. Relative weight of testes at subsequent degrees of maturation within the
annual cycle in R. rutilus

fore those w ith  heav ier gonads, e.g., b igger fem ales w ere reach ing  degree IV 
in the au tum n; (3) a tta in in g  a g iven  degree of m a tu ra tio n  by young fish  w ith  
sm all and  ligh t gonads, e.g., a tta in in g  degree II by the  fish  of bo th  sexes th a t 
up to then  had  the  rep roductive  g lands a t the ju v en ile  stage of developm ent 
w ith  a m in im um  w eight.

The average re la tiv e  w eigh t of the  ovaries a t degree II  w as low  th ro u g ­
h ou t the  year, ran g in g  from  1.20 to 3.35%. This w eigh t w as still low  a t 
degree III, 1.54—3.81%. A t degree IV, on  the  c o n tra ry , th e  average  re la tive  
w eight of th e  ovaries w as m uch higher. It w as increasin g  in ten se ly  in  the 
au tum n , slow ly in  the  w in te r, and  rap id ly  again  in  the sp ring . E xtrem e 
values of the re la tiv e  w eight of the  ovaries a t degree IV am oun ted  to 28%.

http://rcin.org.pl



Development and reproduction of roach (Rutilus rutilus L.) I l l

The ovaries a t degree V w ere of the sam e re la tiv e  w eigh t as those of the 
m axim um  w eight a t degree IV, w hich  w ould  suggest th a t d u rin g  th is  period 
the ovaries did not g row  b u t ripened  only. I t w as no t possible to ascerta in  
the  re la tive  w eight a t degree VI since th e  cap tu red  fem ales w ere  d ischarg ing  
the roe a lready  d u rin g  the  fishing. A fte r  the  spaw ning , a rap id  decrease in 
the re la tiv e  w eight of ovaries w as observed  u n til Ju ly .

D uring  the w hole an n u a l cycle of m a tu ra tio n , the  re la tiv e  w eight of the 
testes w as considerab ly  low er th a n  th a t of th e  ovaries. A t degree II it  ranged  
from  0.29 to 1.74%, a t degree III — from  1.13 to 6.77%. D egree IV appeared  
in  October; th e  testes grew  th en  no t v e ry  in tensely  u n til the  fo llow ing spring. 
T he ir re la tive  w eight ranged  th en  from  5.86 to  7.91%. The corresponding  
w eight a t degree V w as 8.97% w ith  no increase  observed  d u rin g  th is  degree 
of m atu ra tio n . The testes w ere  losing th e ir  w eigh t slow ly a t degree VI, and  
m ere rap id ly  a t degree VII, i.e. d u rin g  th e  re trog ressive  changes.

The changes in  re la tiv e  w eigh t of gonads described above p erm it to 
conclude on the phenology of these degrees of m a tu ra tio n  w hich can be 
found  th roughou t the  year (degrees I—III).

Sex ra tio  in the  roach population .
Of a to tal of 8.477 ind iv iduals  exam ined , ran g in g  in  len g th  from  8  to 

42 cm, 3.046 (36%) w ere m ales and 5.421 (64%) — fem ales. This ra tio  was 
ra th e r  constan t in subsequen t years of th e  s tu d y  a lthough  it varied  w ith  the 
body length. The m ales u n d e r 12 cm in len g th  w ere  m ore num erous, w ith in

Fig. 5. Sex ratio in relation to body length in R. rutilus (per cent)

13—15 cm class th is ra tio  was alm ost 1:1. W ith  a fu r th e r  g row th  of the  fish, 
the  num erical p reponderence  of fem ales w as increasing  although  it show ed 
h igh  varia tions. U naccountab le  w as fo r exam ple an  increase  in  th e  incidence 
of m ales w ith in  23—30 cm class. T h a t increase canno t be exp la ined  by 
d iffe ren t sex ra tio s of various g en era tio n s of the  roach.

E. F E C U N D IT Y

The absolute fecund ity  of R u tilu s ru tilu s  ranged  from  3,400 to 
272,800 eggs per fem ale. In d iv id u a l v a ria tio n  w as very  high. D epending on 
th e  fish dim ensions, the fecu n d ity  ranged  from  severa l to a score of thousands

3 P o lsk ie  A rch . H y d ro b io lo g ii
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of eggs w ith in  the sam e length-class. T here w ere observed  som e in d iv id u a ls  
w ith  h igh num bers of eggs even over the  average value for a g iven le n g th -  
-class, a lthough  the  w eight of th e ir  gonads w as low  as for th is class. On th e  
o th e r hand , th e re  w ere o th e r fem ales w hose ovaries w ere sm all, c o n ta in in g  
low  num bers of m in u te  eggs. U sually  the  roe of sm aller fem ales w as f in e r ; 
as the  fish w ere grow ing  from  16 to 37 cm in leng th , the  average w e ig h t of 
100 eggs increased  from  64 to 105 mg, th is increase  being u n p ro p o rtio n a l 
(Tabl. I). In genera l, the  dim ensional d ifferences of eggs of one fem ale  w e re  
inconsiderable.

T a b l e  1

The absolute fecundity — body length dependence in R. rutilus

Length 
class, cm:

Average
body
weight

g

No.
obser­
vations

Weight of gonads, 
IV-V maturation degree,

No. eggs in ovaries, 
thousands Average

gfrom-to average from-to average

13.5—15.0 28 8 1.30—4.03 2.92 3.094—6.790 4.353 60
i  15.5—17.0 35 10 2.70—5.36 3.90 4.774—8.576 6.358 60

17.5—19.0 52 10 4.38—7.90 6.0 6.072—11.591 8.908 67
19.5—21.0 89 11 5.84—21.0 13.8 10.278—26.520 18.906 72
21.5—23.0 125,5 10 12.0—28.0 19.3 14.640—34.020 24.646 78
23.5—25.0 179 10 20.0—34.0 26.4 16.000—43.833 34.319 76

I  25.5—27.0 239 15 20.0—68.0 36.3 29.240—66.640 47.185 77
i  27.5—29.0 296 11 32.0—66.0 53.0 43.650—92.400 62.920 84

29.5—31.0 350 11 33.0—87.0 71.0 43.560—87.000 66.846 101
31.5—33.0 485 10 65.0—105.0 85.0 76.700—116.000 95.117 89

I 33.5—35.0 598 8 80.0—120 103.2 102.400—184.080 128.870 80
1 35.5—37.0 725 6 100-145.5 126.3 120.000—221.000 165.924 78 ;

41.5-43.0 1140.0 2 220—235 225.5 258.500—272.800 265.650 84,8

T a b l e  II
The absolute fecundity-body weight dependence in R. rutilus

Weight
class,

g

Avera­
ge

body
length

cm

No.
obser­
vations

Weight of gonads, 
IV-V maturation degree

No. eggs in ovaries, 
thousands,

Weight 
of 100 
eggs, 
mg, 

averagefrom-to avera­
ge from-to average

25—74 16.3 15 1.42—7.90 4.18 3.408—9.164 6.455 64
75—124 20.8 15 5.84—26.0 14.9 10.278—29.680 20.199 73

125—174 23.1 10 14.0 —34.5 21.8 16.000—34.020 25.218 86
175—224 25.2 10 20.0 —47.0 29.5 28.160—52.400 40.720 72
225—274 26.6 11 24.5 —68.0 35.8 32.881—66.640 47.353 75
275—324 28.1 11 30.0 —66.0 51.4 47.839—92.400 61.755 83
325—374 29.6 6 52.0 —87.0 68.0 64.000—79.040 71.025 95
375—424 30.8 4 43.0 —77.0 60.0 54.180—87.010 76.631 78
425—474 32.6 3 65.0 —82.0 75.6 76.700—100.860 89.320 84
475—524 32.6 6 70.0 —105.0 87.6 88.200—110.000 97.100 90
525—574 34.0 1 83.0 103.750 80
575—624 34.6 4 100.0 —115.0 105.0 112.700—126.000 118.675 88
625—674 33.6 1 — 116.8 — 109.792 106
675—724 35.5 4 88.0 —130.0 117.0 135.600—221.000 165.360 70
825—874 37.0 1 145.4 137.548 105
1140.0 42.0 2 220.0 —235.0 225.0 258.500—272.800 265.650 84
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The abso lu te  fecu n d ity  w as found  to depend  on th e  size of the  fem ale 
and  w as increasin g  w ith  the g ro w th  of th e  fish  (Tab. I and  II, F igs 6  and  7). 
E specially  h igh increase  in abso lu te  fecu n d ity  w as observed  in  the b iggest

Fig. 6. Absolute and relative fecundities related to the fish growth (length) in
R. rutilus

Fig. 7. Absolute and relative fecundities related to the fish growth (weight) in
R. rutilus

(the longest) specim ens, though  no t in the expense of the  eggs w eight, since, 
as it  has been  a lread y  said, b igger fem ales had  b igger eggs as com pared w ith  
those  of sm aller ones.

T he dependence of abso lu te fecu n d ity  from  the  fem ale body w eight was 
n o t so reg u la r as th a t from  th e  body length . T his p e rta in s  m ostly  to the

3*
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heav iest ind iv iduals. It is s till possible th a t th ere  w as in ad eq u a te  n u m b e r of 
sam pled ind iv iduals  am ong these w eight-classes.

The re la tiv e  fecund ity , i.e., the  n um ber of eggs p e r fem ale re la te d  to  
1 0 0  g of fem ale’s body, w as found  to be in dependen t from  1 he fem ale  size 
(Figs 6  and  7). I t varied  w ith in  len g th  classes from  17.000 to 23.000.

F . SP A W N IN G  P L A C E S A N D  B EH A V IO U R

The Szczecin F ir th  and  m ain ly  its  ad jacen t w aters, p len tifu l of calm  
sm all bays, canals, and  shallow s p ro tec ted  from  the w ind , th e ir  shores an d  
bottom s overg row n  w ith  p ro liferous vegetation , form ed su itab le  h a b ita ts  fo r 
spaw n in g  of the roach, the species eu ry typ ic  as regards the  choice of re p ro d u c ­
tion  sites. The roach can spaw n in any  place, provided  th e re  is calm  w a te r  
and  vegetation . H ow ever, the  spaw ning  did no t occur in  all of the  su itab le  
sites, the  choice being p robab ly  conditioned  by the w ea th er fac to r of a g iven  
year. N evertheless a t w indy  w ea th e r the roach w as o ften  observed to lin g e r 
in the  belt of reeds w ithou t s ta rtin g  the  spaw ning.

The roach  of the Szczecin F ir th  s ta rted  the spaw ning  as the  f ir s t  of the  
c ip rin id  species a t a tem p era tu re  of abou t 14°C, how ever, a t 16°C the  sp a w n ­
ing  w as m ore freq u en tly  observed. L ow er en v iro n m en ta l and  te m p e ra tu re  
req u irem en ts  in  this species fo r rep roduc tion  led u sua lly  to a successful 
course of the  spaw ning.

The la rg est spaw ning  te rra in s  of the  roach are  those of th e  n o rth e n  
p a r t of th e  F ir th  (so-called “K am ionka” , “W ucyk” , the  u p p er course of th e  
S w ina R iver w ith  its  num erous canals, and  the  D ziw na River). In  these  
h ab ita ts  the roach spaw ned at th e  shallow est places overg row n  w ith  h igh  
reeds o r am ong o ff-shore  reed  clum ps, w here  the  p lan ts  im m erged no t m ore 
th an  for severa l cen tim eters  above the  w a te r surface. The spaw n in g  w as 
even observed  in  the w a te r  void of p lan ts. A t the  sunset o r su n rise  th e  fish  
cam e to these  sites from  deeper layers. The m ost in ten se  spaw ning  w as 
observed  to occur in th e  a fte rnoon  and  it ended befo re  the  dusk.

The roach  a t spaw ning  w as com pletely  void of fear. The co u rtsh ip  
depended  on p e rsu its  and  escapes as w ell as on freq u en t jum ps (2 to 3) of 
the w hole groups of fish  (more th an  1 0 ) above th e  w a te r  surface.

The roe  w as deposited on the subm erged  sections of p lan ts.
The spaw ning  of the  roach in  the  Szczecin F ir th  lasted  fo r abou t 3 to 

4 w eeks, from  the  end of A pril, o r b eg inn ing  of M ay (the second half of M ay 
was an  exception) to th e  end of M ay or, ra re ly , to the  beg in n in g  of June . 
T hree  phases of th is process can be d istinguished . In  some years, the  roach 
spaw ned in  m asses very  in ten siv e ly  b u t on ly  fo r a sh o rt period  u n d e r 
ex trem e overcrow ded  conditions. F o r exam ple, enorm ous ab u n d an ce  of the  
roach and  bream  was recorded in the  D ziw na R iver on 24th of M ay, 1958, 
w hen  the  w a te r  tem p era tu re  w as 16.5°C. The b ream  w as spaw ning  n e a r the  
surface, th e  roach in deeper w aters  u n d e r the  b ream  in an y  place w here  
a tin y  spot of vegeta tion  w as p resen t. This s tro n g  spaw ning  follow ed th e re  
till m idn igh t. On 25th of M ay (temp. 18°C) th e  sw arm s of fish  d isappeared . 
A sm a lle r su rge of th e  spaw ning  popu lation  of roach w as observed  on the 
fo llow ing day, 26th of M ay; the fish  spaw ned  in  th e  evening. On 27th of M ay, 
the  sp aw ning  w as less in ten se  on  account of low er te m p e ra tu re  (15°C).
A fu r th e r  drop in te m p era tu re  to 14.5°C has stopped the  spaw ning  in  th is
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reg ion  on 28th of May. A s im ila r in tense  spaw n ing  took place in the D ziw na 
R iver in  1964. In  o th e r years, the  spaw nings w ere  ra th e r  d ispersed w ith o u t 
such stro n g  aggregation  of the fish  in  the  spaw ning  places.

The roach was observed to spaw n tog e th er w ith  the bream  as w ell as 
w ith  Scardinius ery throph tha lm us  (L.) and  silver bream , Blicca bjoernka  L. 
For exam ple th e  fish ing  in the  spaw ning  g rounds of the n o rth -w este rn  p a rt 
of the  W icko Lake, w hich had a broad  connection  w ith  the Szczecin F irth , 
c a rried  ou t by n igh t of 15th of M ay, 1956, y ielded 41 roach, 39 bream  and 
32 s ilv e r b ream , all spaw ning.

In  gen era l, sm aller roach w as found  to spaw n ea rlie r  th an  th e  la rg e r one. 
Some excep tions w ere noted , w hen, fo r exam ple in 1959 (a very  early  and 
w arm  spring) these w ere large fish  and  in  1960 — the m edium -sized fish, 
w hich  s ta r te d  the spaw nings. The m ales, m a tu rin g  e a rlie r  th a n  fem ales, came 
to th e  sp aw n in g  places ea rlie r and  stayed  th ere , or in the  v icin ity , longer th an  
d id the  fem ales. The fem ales, a f te r  hav ing  d ischarged  the w hole roe stayed 
only  fo r a w hile  in  the spaw ning place and  la te r on  th ey  w ere re tu rn in g  p ro ­
m p tly  to the  feeding popu la tion  abode. The fish ings d u rin g  the roach re p ro ­
duction  period  yielded m ostly  one sex. A t the feed ing  places, juven ile  fish 
w ith  th e  gonads a t degree I o r II w as w ell as the  fem ales (very often) at 
m a tu ra tio n  degree V and  VII have been usu a lly  caught. A t the  v ic in ity  of the 
spaw ning  place o r in the  spot of spaw ning  the yields con tained  alm ost ex c lu ­
sively e ith e r  m ales o r fem ales, ra re ly  equal p roportions of the  both  sexes. 
The roach w as found  to feed d u rin g  the rep roduction , b u t less actively.

G. C O M PO SITIO N OF TH E S P A W N IN G  P O P U L A T IO N

The sex ra tio n  in the  spaw ning  popu la tion  cap tu red  at the  spaw ning  places 
o r in  th e ir  v ic in ity  can d iffer. A m ong the  fish  of m ore o r less equal length , 
one sex  p reva ils  o r coun terbalances the  o th e r, irrespective  to the  size of the 
fish. In  th e  to ta l m ateria l collected from  the spaw ning  places w ith in  10 years, 
the  ra tio  of m ales to fem ales w as 8:9, i.e., alm ost 1:1. This ra tio  w as found  to 
depend  to a g re a te r  degree on the phase of the  spaw ning . F or exam ple, in 
the  catch  of 8 th  of M ay, 1958, the sex ra tio  w as 13:1; on 9 th  of M ay — 1:1; 
and  on  27th of M ay (the end of spaw ning) — 1:36.

The spaw ning  popu lation  of the  roach u n d er s tu d y  consisted of the fish  of 
to ta l len g th  11—44 cm, w ith  m ales m easu ring  from  11 to 38 cm and  fem ales 
from  12 to 44 cm. Most num erous w ere the m ales 16—30 cm long and  the 
fem ales 20—34 cm long.

4. DISCUSSION

The deta iled  studies of th e  m a tu ra tio n  cycles of various species of fish 
show ed th a t the com m only used m a tu ra tio n  scale w orked  ou t by M a i e r  is 
h a rd ly  app licab le  to m ost of them  ( B a c k i e l  1952, B r y l i ń s k a  1963, C h e l k o -  

w s k i  1965, P ę c z a l s k a  1963 a, and  1966). The roach of the Szczecin F ir th  also 
re n d e rs  such  difficulty .

In  describ ing  the m acro -charac te ristics of gonads in the roach popu la tion  
exam ined  an  ust w as m ade of the  M a i f .n ’s  (1940) pap er on the m a tu ra tio n  of 
R utilu s  ru ti lus  caspicus (Jak.) of the  C aspian  Sea. The m a tu ra tio n  cycles of 
these tw o form s w ere found  to be s im ila r in th e ir  m acro-characteristics, the
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re la tive  w eight of gonads, the  d u ra tio n  of subsequen t degrees of m atu ra tio n , 
and in  an one-cast of the roe a t spaw ning. T ak ing  in to  account the histological 
studies, m acro-characteristics, and  re la tiv e  w eight of gonads of Rutilus  rutilus  
caspicus, M a i e n  (1940) has adopted  a 6 -degree scale fo r th is  form . In  his scale, 
stage V of M a i e r ’s  scale has been pooled toge ther w ith  stages VI, VII, and  
VIII. H ow ever, the au tho ress of th e  p resen t p ap er is inc lined  to consider 
a 7-degree scale as m ost su itab le  fo r the roach.

The resu lts of th e  p resen t observations on the an n u a l cycle of the roach  
corrobora te  those rep o rted  by R o m a ń s k i  (1963) on the roach of the V istu la  
F ir th , b u t they  do no t agree som ew hat w ith  those given by Z a ł a c h o w s k i  
(1959). A ccording to him  th e  ovaries of th e  roach in  the  period  from  M arch to 
early  M ay can ind ica te  the tra n s fe r  s tage from  V to VI of the M a i e r ’s  scale. 
This d ifference could p robab ly  resu lt from  d iffe ren t en v iro n m en ta l con­
ditions.

O ne-cast spaw ning  in the fem ales of R. ru tilu s  w as repo rted  by P l i s z k a  

(1964) and  ind irec tly  by Z a ł a c h o w s k i  (1959) w ho w ro te  abou t the  un iform  
size of th e  roach roe. One cast of roe and  a sho rt period  th a t the  fem ales stay  
a t the  spaw ning  place w ere repo rted  by M a i e n  (1940) as typ ica l for R. rutilus  
caspicus of the n o rth e rn  p a r t of th e  C aspian  Sea.

The resu lts  of the  p resen t paper ind ica te  th a t bo th  th e  ran g e  of the body 
leng th  and of m a lu ra tio n  age in the  roach a re  b ro ad er as com pared w ith  
those repo rted  by N e u h a u s  (1936) and  by S k ó r a  (1964 a i b). H ow ever, they  
confirm  the find ings given by S t a n g e n b e r g  (1953) and  Z a ł a c h o w s k i  (1953).

The re la tive  w eigh t of gonads in the  roach u n d e r study  w as sim ilar to 
th a t reported  by S k ó r a  (1964 a and  b) from  the  w a te r bodies in  Kozłow a G óra 
and in Goczałkowice, b u t the o b ta ined  values w ere m uch h ig h er th an  those 
repo rted  by P l i s z k a  (1964).

The sex ra tio n  in a fish  popu la tion  can vary  grea tly . The reasons of th is  
v a ria tion  can be d iffe ren t and  num erous: the  species d ifferences, the body 
leng th  of the fish, the  seasonal aspect, the  feed ing  and rep ro d u ctiv e  periods, 
d iffe ren t g row th  ra te s  of m ales and  fem ales, ea rlie r  m a tu ra tio n  of one of the  
sexes, overa ll m o rta lity  and  acciden tal (due to the  fish ing  technique) m o rta lity  
d ifferen  fo r each sex, and perhaps the  en v iro n m en ta l conditions. The sex ratio  
in fish  w as also found to change w ith  tim e fac to r ( B e v e r t o n  1964, B r y l i ń s k a  

1963, C h r z a n  1959, G c r b a c z  1962, G u n d r i z e r  and  T i t o w  1962, W e s c ł o w i c z  

and W i k t o r  1959, F i l u k  1962 and 1963, N i k i t i ń s k a j a  1962, P ę c z a l s k a  1963, 
R o m a ń s k i  1962 and  1964, S c l e w s k i  1961 and  1962, S t a r m a c h  1963, S t r z e -  

Ze w s k a  1959, S t a r m a c h  and  R c s ó ł  1961, S u w o r o w  1954, Ż a r n e c k i  1963). M ost 
of the au tho rs m en tioned  have rep o rted  on th e  num erica l p reponderence  of 
fem ales over the  m ales. This fin d in g  is in  accord w ith  a know n ecological 
fact th a t the su rv ival of fem ales is h ig h er th an  th a t of m ales ( P a r k  1958).

The fecund ity  of the  roach from  the  Szczecin F ir th  w as m uch low er th an  
th a t of the roach collected from  the G oczałkow ice dam  rese rv o ir ( S k ó r a  1964b), 
b u t it  w as m uch h ig h er th an  the values observed  for th e  roach of some of  
the  M asurian  Lakes ( Z a ł a c h o w s k i  1959). The la t te r  a u th o r has also repo rted  
on a h igh in d iv idua l v a ria tio n  of th is fea tu re . A lthough  the  d a ta  p resen ted  
by him  on the  fecu n d ity  of roach in  USSR are  re la ted  to the body leng th  
(1 . corporis), th ey  allow  to conclude in d irec tly  th a t the  only  population  of  
roach  w hich is m ore p ro liferous th an  the roach  of the  Szczecin F ir th  is th a t 
of the  m id-course of the  Volga R iver.
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Z a ł a c h o w s k i  (1959) has rep o rted  on th e  increasing  re la tiv e  fecund ity  of 
the roach in  certa in  M asurian  L akes w ith  the g row th  of th e  fish, w hereas 
the fecund ity  of the roach of th e  Szczecin F ir th  rem ained  alm ost co nstan t 
d u rin g  the e n tire  life cycle. It is possible th a t the  re la tiv e  fecund ity  in fish, 
depend ing  on the  fish g row th , can follow  d iffe ren t p a tte rn s  in various species 
( K a j  and W c ł c s z y ń s k i  1957, F i l u k  1962, S c l e w s k i  1960 a, 1962, 1964), b u t it 
can be also affected  by en v iro n m en ta l factors. The re la tive  fecund ity  can 
vary  w ith  years ( W o ł o d i n  1963).

The ea rlie r (by 1—2 years) m a tu ra tio n  of m ales th a n  fem ales, thu s m ales 
m a tu rin g  as sm aller, is ra th e r  com m on in fish. The roach of the Szczecin 
F ir th  follows th is rule.

The dependence of the  spaw ning  tim e (w ith in  several w eeks’ change) 
from  the size of the fish  d iffers from  species to species ( F i l u k  1962, W i k t o r  
and  Ż u k o w s k i  1962). The lack of th is  dependence in  the roach of th e  M asurian  
L ake D istric t has been  rep o rted  by W i l k c ń s k a  and  Ż u r o m s k a  (1967). The 
roach of the Szczecin F ir th  spaw ned  at a h ig h er tem p era tu re  and  for a sh o rte r 
period  th an  th a t  of the  V istu la  F ir th  o r the  P ucka Bay ( R o m a ń s k i  1963 and 
1965).

A ccording to P l i s z k a  (1953), th e  diel peak  of spaw ning  of the roach from  
lake H arsz w as observed to  occur in  the  noon and  no t in  the evening , as it 
w as the  case fo r the  roach of the  Szczecin F irth .

The find ings of the p resen t p ap er co rrobora te  those rep o rted  b y  S w ä r d -  

s o n  (1962) w ho dealt in deta il w ith  the roach spaw ning  u n d e r n a tu ra l con­
d itions.

T he percen tage  incidence of m ales in  th e  spaw ning  popu la tion  of roach 
of th e  V istu la  F ir th  w as low er ( R c m a ń s k i  1963) th an  the co rresponding  p e r­
cen tage for the  roach of the  Szczecin F irth .

A n increased  sa len ity  of w a te r  in  th e  Szczecin F ir th  as com pared w ith  
th a t of fre sh w a te r en v ironm en ts had  no percep tib le  effect on the rep roductive  
behav iou r of the  roach.

5. SUMMARY

The roach of the Szczecin Firth can be defined as a semi-migratory form, 
similar in this respect to Rutilus rutilus ca s p ic ’s (Jak.). The material, gathered in 
the years 1956— 1966, involved biological analyses of 6.636 specimens; in 1.219 fish 
the gonads were weighed, and the fecundity has been ascertained for 122 females 
by means of the weighing method. From the macroscopic description of the gonads 
and their relative weight, the Maier’s scale of sexual maturation has been adopted 
to study the roach of the Szczecin Firth. Studies on the cycle of sexual maturation 
involved the phenology (time and duration) of subsequent developmental stages in 
the gonads (Fig. 1). It was found that (1) after the spawning the gonads were at 
maturation degree II in June and July, and at degree III in August. The females 
attained degree IV in autumn (September-October), the males at the beginning of 
winter. Degree V appeared several weeks prior to the spawning. Degree VI, 
readiness for reproduction, lasted over 10 hours in females and around 10—20 days 
in males. Recurring casting of the reproductive products was observed to occur in 
males and only one cast of the roe in females. The retrogressive changes in the 
reproductive glands lasted for about 6 weeks following the spawning; (2) the cycle 
of the first maturation in the roach showed a high variation. The fish at degree 
I were encountered throughout the year among the individuals of the total length 
up to 15 cm. Those at degree II were also found through out the year among males 
7—18 cm in length and among fem ales 8—22 cm in length. Degree III lasted longer
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in the maturing individuals than in the older fish which have been reproducing 
for several times. Further developmental stages were similar in these two age 
groups; (3) the roach was found to mature at the age of 2—6 years with a total 
length (I.e.) of 9—23 cm (Fig. 2): (4) annual changes in the relative weight of gonads 
followed the patterns presented in Figs 3 and 4; this weight was found to increase 
with the growth of the fish; (5) the sex ratio of males to females was 9:16 in the 
commercial population and 8:9 in the spawning population. The ratio was found to 
change with the age of roach; (6) the absolute fecundity amounted to 270.000 eggs 
per fem ale (Tab. I and II, Fig. 6 and 7) and it showed rather high individual 
variation.

The numerous spawning places in the Szczecin Firth did not differ much in 
their character from those of the freshwater environments. The spawning was found 
to begin in the end of April or early May and lasted 3 to 4 weeks with some in­
tervals. The fish of the spawning population had a total length from 11 to 44 cm.

6. STRESZCZENIE

Płoć Zalewu Szczecińskiego można uważać za formę półwędrowną, podobną 
w tym do wobły.

Materiał do pracy zebrano w latach 1956—1966, wykonując analizy biologiczne 
(6 636 płoci). Zważono gonady 1 219 ryb, obliczono płodność 122 samic metodą 
wagową.

Na podstawie opisu makroskopowego i względnego ciężaru gonad płoci młodo­
cianej i dorosłej przystosowano skalę Maiera do badań płoci, zbadano cykl dojrze­
wania, porę przechodzenia gonad w poszczególne stopnie rozwojowe i czas ich trwa­
nia (rys. 1). Stwierdzono, że: 1. Gonady płoci po tarle są w czerwcu i lipcu w II stop­
niu dojrzałości, w sierpniu — w III. Samice IV stopień osiągają jesienią (wrze- 
sień-październik), samce na początku zimy. V stopień pojawia się dopiero na kilka 
tygodni przed tarłem. Stopień VI — gotowość do rozrodu — trwa u samic około 
kilkunastu godzin, u samców — do kilkunastu dni. Samce mają tarło wielomiotowe, 
samice wycierają się jednorazowo. Zmiany wsteczne zachodzą w gruczołach płcio­
wych w ciągu około 6 tygodni. 2. Pierwszy cykl dojrzewania płciowego przebiega 
w  badanej populacji bardzo nierównomiernie: I stopień spotyka się w  ciągu całego 
roku u płoci do 15 cm długości całkowitej. Stopień II spotyka się w  ciągu całego 
roku u samców o długości 7—18 cm, u samic — 8—22 cm. III stopień u osobników 
dorastających trwa dłużej niż u ryb powtarzających cykl rozwoju. Dalsze stadia 
rozwoju przebiegają w obu grupach ryb podobnie. 3. Płoć ta dojrzewa w wieku 
2—6 lat, przy długości całkowitej 9—23 cm (rys. 2). 4. Roczne zmiany w ciężarze 
względnym gonad przedstawiono na rys. 3 i 4. Zwiększa się on w miarę wzrostu 
płoci. 5. W stadzie przemysłowym znaleziono ogólnie 36 samców na 66 samic i ten 
stosunek zmienia się z wiekiem płoci (rys. 5). W stadzie tarłowym ogólnie przypada 
9 samic na 8 samców. 6. Płodność absolutna dochodzi do 270 000 jaj (tabl. I i II, 
rys. 6 i 7). Wahania osobnicze wysokie.

Liczne w Zalewie tarliska nie odbiegają charakterem od tychże w wodach słod­
kich. Tarło zaczyna się w końcu kwietnia lub pierwszej połowie maja i trwa z przer­
wami 3—4 tygodnie. Stado tarłowe składa się z ryb o długości całkowitej 11 do 44 cm.
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ABSTRACT

Construction and technique of using flowing-water polarographic respirometer 
designed for the research on aquatic invertebrates are described. The apparatus 
assures continuous, required conditions of both temperature and oxygen concentra­
tion, and guarantees a stable water flow.
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. INTRODUCTION

Studying the oxygen consumed by the aquatic animals in flowing-water respi­
rometers one escapes certain undesirable phenomena that take place when confined 
respirometers are used. In the flowing-water respirometers neither oxygen concen­
tration decreases, nor accumulations of metabolites appears, and conditions are 
stable and controlled. Due to this, long-term measurements are possible, and the 
period of acclimatization to the respirometer can be rejected (M a n n , 1965). Here, the 
concentration gradients of oxygen and of metabolites at the body surface connected 
with the boundary layers (A m b ü h l , 1959) are shortened ( P h i l i p s o n , 1954). Further­
more, in the flowing-water respirometers one can perform studies on the role of 
current speed, and no problems exist as concerns the exchange of gases between the 
water and gas phases, as it can be observed in manometrie respirometers.

In the case of a low oxygen consumption by the organisms here examined, thus, 
during a feeble water flow through the respirometer, when a continuous recording 
is necessary, and/or when the oxygen cannot be estimated chemically, the oxygen 
concentration should be determined using the polarographic method. Hence, the 
flowing-water polarographic respirometers are more and more applied at present 
( S p o o r  1948, J a a g  1955 and A m b l h l  1959, M a n n  1958, 1965, E d w a r d s , .L e a r n e r  1960, 
B i e l a w s k i  1959, 1961, B e r g , J o n a s s o n  1965, H a r r i s o n  1966, E r i k s e n , F e l d m e t h  1967).

The present paper deals with the description of the flowing-water polarographic 
respirometer, describes the procedure, as w ell as gives some results of measure­
ments. The apparatus discussed in the paper is designed for the measurements of 
respiration of the individual aquatic invertebrates, particularly of the Plecoptera,

1. Introduction
2. Construction
3. Preparations
4. Procedure
5. Experiment
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Ephemeroptera and Odonata larvae, and guarantees the controlled conditions of 
oxygen contents and of temperature, as well as a constant current speed.

The prototype of this apparatus was constructed by one of us (R. Z. Klekowski) 
in the Freshwater Biologicak Laboratory of the University Copenhagen, Hilerod 
(Denmark) under the direction of Prof. Dr. K. Berg. We wish to thank him for many- 
helpful suggestions. The prototype was done from the glass. It was discussed in 
a congresspaper (Klekowski, 1964).

The content of this paper was presented as a laboratory manual in Klekowski. 
Kamler (1967).

2. CONSTRUCTION

The appara tus is placed in a la rg e  w a te r  th e rm o sta t ( l x) *. The th e rm o sta t 
characterized  by the capacity  am oun ting  to  180 1  has its  glass w alls in su la ted  
a t the  bottom  and  at the  sides w ith  s ty re n e  foam  m ats, 5 cm in  thickness. T h e  
fro n t w all in su la tion  can be tak en  off to fa c ilita te  v isual observations. T em ­
p e ra tu re  can be con tro lled  precisely  w ith  an accuracy  of ±0.015°C from  
a po in t s ligh tly  above 0°C, using a cooling device (781) or a h ea te r, and  to lu en  
therm osta t. The tem p era tu re  was con tinuously  recorded  (780).

W ater p rep ared  in a w ay described below  w as poured  in to  a re se rv o ir-  
bottle. Two k inds of bo ttles w ere  applied  a lte rn a te ly :

I. The o u tle t of w a te r is assured  m ain ly  due to a stab le  gas o v e rp re ssu re  
above the  w a te r level in  the bottle. The req u ired  am o u n t of 0 2 in  w a te r can  
be o b ta ined  by  v en tila tin g  th e  w a te r in  th e  bo ttle  w ith  gas m ix tu res  of 
req u ired  com position.

II. The o u tle t of w a te r  is assured  m ain ly  due to the  d ifferences in levels 
betw een  the  w a te r  in  the  bo ttle  and  f in a l o u tle t. The req u ired  am ount of 0 2 

in  w a te r  can be ob ta ined  by v e n tila tin g  th e  w a te r  w ith  hom ogeneous gas 
(N2 o r 0 2) d u rin g  a defined  tim e span.

B ottle  I (12) characterized  by a capacity  am o u n tin g  to 10 1 is fas ten ed  
firm ly  to the edge of th e  therm ostat. The ru b b e r  sto p p er (13, 23) of the  re se r- 
vo ir-b o ttle  I is p ro tected  against the  gas o v e rp re ssu re  th a t tends to push  it 
out. T hree glass tube pass th rough  the ru b b e r  stopper. The f irs t glass tu b e  
(14, 24) serves fo r filling  in the re se rv o ir-b o ttle  w ith  w ater. The second glass 
tube  (1 5, 2 5) leads the v en tila tin g  gas th a t flow s ou t th ro u g h  a gas d iffu se r 
Schott G3, 20 mm in d iam eter (16, 26). The last glass tu b e  (17, 27) leads off, 
du rin g  the v en tila tio n , the  excess gas th ro u g h  the o th e r glass tube  (1 8, 2 8) 
in to  a co n ta in er w ith  w ater, ap p ro x im ate ly  50 cm in  dep th  (19), (Fig. 2A), o r 
feeds gas th a t m ain la in s  the co nstan t p ressu re  in th e  rese rv o ir-b o ttle  a f te r  
the  v en tila tio n  (Fig. 2B). The excess of gas escapes th en  th ro u g h  the glass tu b e  
(110, 210) into a glass cy linder, 45 m m  in d iam eter, 200 cm in  heigh t, filled  in 
w ith  w a te r ( l n ). The level of the  gas o u tle t in w a te r  (consequently  also the  
gas p ressu re  onto the w a te r level in  the  reserv o ir-b o ttle ) is contro lled . T he 
w a te r from  th e  rese rv o ir-b o ttle  is led off to the re sp iro m ete r th ro u g h  a glass 
tu b e  (1 12).

R eservo ir-bo ttle  II (11?) characterized  by a capacity  am oun ting  to abou t 
10 1 is fastened  firm ly  to the  th erm o sta t bottom . T he neck of the re se rv o ir-  
bo ttle , plugged w ith  a ru b b e r stopper, is d irec ted  dow nw ard ; the  bo ttom  of 
the  b o ttle  is cut off, its upper edges em erg ing  from  w ate r in  the  therm osta t. 
T hree  glass tubes pass th rough  the s to p p er (114). The f irs t tu b e  (115) serves for 
fillin g  in th e  reserv o ir-b o ttle  w ith  w ater. The second tube  (116) is fo r ven-

*) Left cipher above means the number of the figure; right cipher below — 
the number of the element considered.
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Fig. 1. General diagram of polarographic respirometer (for explanation of numbering
see denotation)

1 — co n s ta n t tem p era tu re  b ath , 2 — r ese rv o ir -b o tt le  I, 3 — rubb er sto p p e r  o f  th e  r e s e r v o ir -  
-b o t t le  I, 4 — g la ss  tu b e  fo r  f il l in g  up th e  r e s e r v o ir -b o tt le  I w ith  th e  w a ter , 5 — g la ss  tu b e  
v e n t i la t in g  gas in le t  to  th e  r e se r v o ir -b o tt le  I, 6 — gas d if fu s e r  S c h o tt  G3 fo r  r e s e r v o ir -b o tt le  I, 
7 — g la ss  tu b e , gas o u t le t  fro m  th e  r e s e rv o ir -b o tt le  I d u rin g  v e n t ila t io n , or gas in le t  d u rin g  
reg u la tio n  o f  g a s  p ressu re  o n to  th e  w a ter  in  th e  r e s e r v o ir -b o tt le  I, 8 — gas tu b e , f in a l  o u t le t  
fo r  th e  gas fro m  th e  r e se rv o ir -b o tt le  I d u rin g  v e n t ila t io n , 9 — c o n ta in er  w ith  w a te r , 10 — g la ss  
tu b e , f in a l o u t le t  fo r  th e  gas fro m  th e  b o tt le  d u rin g  r eg u la tio n  o f th e  ga s  p ressu re  o n to  th e  
w a te r  in  th e  r e se r v o ir -b o tt le  I, 11 — g la ss  c y lin d er  f i l le d  w ith  w a te r , 12 — g la ss  tu b e , w a te r  
o u t le t  fro m  r e s e rv o ir -b o tt le  I, 13 — r ese rv o ir  b o t t le  II, 14 — ru b b er  s to p p er  o f th e  r e s e rv o ir -  
-b o t t le  II, 15 — g la ss  tu b e  for  f i l l in g  up  w ith  w a te r  th e  r e s e r v o ir -b o tt le  II, 16 — g la ss  tu b e , 
v e n tila t in g  gas in le t  in to  th e  r e s e rv o ir -b o tt le  II, 17 — gas d if fu se r  S c h o tt  G3 fo r  r e s e rv o ir -  
-b o t t le  II, 18 — g la ss  tu b e , w a ter  o u t le t  fr o m  th e  r e s e r v o ir -b o tt le  II, 19 — p o ly e th y le n e  d isk , 
20 — b lick  o f  p le x ig la s s , 21 — r esp ira tio n  ch am b er , 22 — su p p o r tin g  brass rods, 23 — w a te r  in le t  
to  th e  resp iro m eter , 24 — d irec t rou te , 25 — tap , 26 — b ra k in g  c a p illa r y  fo r  in f lo w in g  w a ter , 
27 — th r e e -w a y  tap , 28 — e le c tr o ly te -m ix e r , 29 — f lo w  m ete r , 30 — fin e -c o n tr o l tap , 31 — c o n ­
tr o l rou te , 32 — g la ss  tu b e  for  w a ter  sa m p lin g , 33 — w a te r  sa m p lin g  for  th e  a n a ly s is  o f o x y g e n  
c o n c e n tr a tio n  b y  W in k ler  m eth od , 34 — p o la ro g ra p h  e le c tr o d e  ch am b er , 35 — e le c tro d e  ch a m b er  
o u t le t ,  36 — c o n d u cto m eter  ch am b er, 37 — f lo w  m eter , 38 — n y lo n  fib re  f i l te r ,  39 — in le t  part 
o f  th e  resp ira tio n  ch am b er, 40 — m id d le  p art o f th e  r esp ir a tio n  ch a m b er , 4 1 — a n im a l ch a m b er , 
42 — in sert , 43 — o u t le t  part o f  th e  resp ira tio n  ch am b er, 44 — e le c tr o ly te  in le t  to  th e  e le c t r o ly t e -  
-m ix e r , 45 — m a g n etic  stirrer , 46 — m a g n et, 47 — e le c tr ic  m otor, 48 — w a te r -p r o o f p le x ig la s s  
c y lin d er , 49 — w a ter  in le t  to  th e  p o larograp h  e le c tr o d e  c h a m b er , 50 — m ercu ry  p oo l, 5 1 — w a ste  
m ercu ry , 54 — d eco m p r ess io n  g la ss  tu b e , 55 — w id e -b o re  d r o p p in g -m ercu ry  e le c tr o d e , 56 — 
s c r e w  p lu g , 57 — rubber w a sh er , 58 — s ilv e r  (s ilv er  ch lo r id e ) r e fe r e n c e  e le c tro d e , 59 — s ea l o f  
th e  M en d e le ev  (or D ek h o tin sk y ) s ea lin g  w a x , 60 — s ilv e r  rod  c o a te d  w ith  s ilv e r  c h lo r id e ,  
6 1 — cab le , 62 — p a r a ff in  w a x , 63 — m e r cu ry  r eserv o ir , 64 — b ra k in g  c a p illa r y  for  m e r cu ry ,  
65 — e le c tr o ly te  su p p ly  d e v ice , 66 — g la ss  sy r in g e , 67 — e le c tr o ly te  r ese rv o ir , 68 — th r e e -w a y  
ta p , 69 — k y m o g ra p h  a x is , 70 — c la w  co u p lin g , 7 1 — h o llo w  m e ta l cy lin d er , 72 — gap  in  th e  
m e ta l c y lin d er , 73 — p ilo t bar o f f e e l  screw , 74 — fe e d  sc r e w , 75 — q u ick -c h a n g e  c la sp  n u t, 
76—77 — b rak in g  c a p illa r ie s  fo r  o u t f lo w in g  w a ter , 78 — p o la ro g ra p h , 79 — c o n d u c to m e te r ,  

80 — tem p era tu re  record er , 81 — c o o lin g  d e v ic e .
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Fig. 2. Diagram of rubber stopper and its equipment for reservoir-bottle I
A  — T ap s in  p o s itio n  o f  g a s -v e n t ila t io n  o f  w a te r  in  th e  b o t t le .  В  — T aps in  p o s it io n  o f  reg u ­

la tio n  o f  gas p re ssu re  o n to  th e  w a te r  in  th e  b o tt le

tila tin g  gas th a t flow s o u t th rough  the  gas d iffu ser S cho tt G3 (117), 20 m m  in 
d iam eter. T hrough the  th ird  tube  (118) w a te r  is led off to th e  resp irom eter. 
The u p p er surface of w a te r  in th e  re se rv o ir-b o ttle  II is closed w ith  a 20 mm 
th ick  po lyethy lene disk (119) th a t  floats on  it. The low er su rface  of the  disk 
is funn e l-sh ap ed , and  in  its cen tre  th e re  is an  opening  w ith  a tube  and  a tap  
fo r th e  gas th a t flow s ou t d u rin g  the  v en tila tio n  of the  w ate r. A 1—2 mm 
gap  betw een  th e  disk and  b o ttle  w alls is filled  in  w ith  flu id  p a ra ff in  oil.

T he resp ira tio n  cham ber (121, 321) is found  in  a cu t of a 30 m m  th ick  
p lex ig lass block (120, 320, 4). C anals for w a te r flow  (Ф 3 mm) are  p ierced  in  the 
block of plexiglass. The block is fastened  to the  th e rm o sta t fram e w ith  the 
aid  of su p p orting  brass rods (322). The re se rv o ir-b o ttle  is connected  w ith  the 
w a te r  in le t to the  re sp irom eter (323) using  glass tubes. The connection  betw een  
th e  glass and  p lexiglass is sa feguarded  w ith  a sho rt ru b b e r pipe. The w ater 
flow ing  in to  the block can flow  in  tw o  w ays:

I. In  a d irec t ro u te  (324) th ro u g h  the tap  (325), o r th ro u g h  a b rak in g  ca­
p illa ry  fo r th e  in flow ing  w a te r  (326), in to  the  re sp ira tio n  cham ber (121, 321), 
an d  th en  tow ards th e  th ree -w ay  tap  (327), and  from  h ere  to the  e lec tro ly te- 
m ix er (128, 328), o r  im m edia te ly  to th e  flow  m ete r (129) and  ou tle t.

II. T hrough the  fine-con tro l tap  (330) to the con tro l ro u te  (131, 331), th ree - 
-w ay  tap  (327), and  e lec tro ly te -m ix er (128, 328), o r to the  glass tu b e  fo r w a te r 
sam pling  (132), w here w a te r  sam ples a re  tak en  for W ink le r d e te rm in a tio n  (133).

W ate r th a t flow s in to  the  e lec tro ly te -m ix er (328) from  the re sp ira tio n  
cham ber (121, 321), o r from  the  contro l ro u te  (331), passes th e n  to th e  po laro - 
g rap h  electrode cham ber (134, 334, 5), and  th ro u g h  its o u tle t (335) in to  the 
conductom eter e lectrode cham ber (1 36), to reach  the  o u tle t th ro u g h  the  flow  
m e te r  (1 37).

T he b rak in g  cap illa ry  (326) is m ade of glass. In  the  in le t b ra n c h  fla rin g  
th e re  is a nylon fib re  filte r  (338). The connection  b etw een  the  cap illa ry  
b ran ch es and  p lexiglass block is sealed  w ith  the  Silicon ru b b e r m ouding paste  
“E sco ru b b er” SR 300, ESCO (Rubber) L td , L ondon E 8 , and  w ith  a ru b b e r
hose.
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Fig. 5. Electrode chamber
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Flowing-water polarographic respirometer for aquatic animals 127

The resp ira tio n  cham ber is m ade of a p lexiglass sh aft and  consists of 
th ree  parts. The cone-shaped in le t p a r t  (339), sealed w ith  vaseline, sticks in 
the hollow  of the  block. A no ther th read ed  end  of the  in le t p a rt is screw ed 
to the m iddle p a rt of the re sp ira tio n  cham ber (340). Such a screw -like  connec­
tion, sealed w ith  vaseline, m akes it  possible to change th e  lengh t of the
cham ber, or to take  the cham ber aw ay, or even to p u t it in to  the block.
In the m iddle p a r t th e re  is found  an im al cham ber (341). The cham ber is 
sem icircu lar in  section and  an in se rt (342) co n stitu tes its f la t bottom . Behind, 
the  cham ber is closed up w ith  the o u tle t p a r t  of the re sp ira tio n  cham ber (343) 
placed on a screw  th read  and sealed w ith  ru b b e r rings. The cone-shaped 
o u tle t p a r t  sticks in th e  hollow  of the block. The m iddle p a r t of th e  re sp i­
ra tio n  cham ber (340) is replaceable. This allow s one to ad ap t the  size of the
an im al cham ber (341) to th a t of the  an im als u n d e r exam ination .

Fig. 6. Electrolyte supply device

The e lec tro ly te-m ixer (128, 328) m ade of p lexiglass sticks w ith  its cone- 
shaped in le t p a rt in the block. The concen tra ted  so lu tion  of e lec tro ly tes flows 
th rough  the la te ra l in le t (344) and, in  the m ixer cham ber, undergoes m ixing 
w ith  th e  aid of a m agnetic  s tir re r  (345). The s t ir re r  is coated w ith  a po lyethy ­
lene tu b e  and can be ro ta ted  by a m agnet (346) fastened  to the  ax is of an 
electric  m otor (147, 347). The upper edges of the w ate r-p ro o f plexiglass cy linder 
(348) em erge from  the w a te r  in the  th erm osta t.

4 P o lsk ie  A rch . H y d ro b io lo g ii
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The po larograph  electrode cham ber (134, 334, 5) is m ade of p lex ig lass 
as w ell, and resem bles a vertica l lube w ith  th ick  w alls. The in le t of the  
cham ber is placed in  the  e lec tro ly te-m ixer. B oth th e  e lec tro ly te -m ix er and  the  
e lec tro ly te  cham ber are  fastened  to the  block w ith  the  aid of p roper catches 
and  ru b b er rings, inv isib le  in  the figure. The w a te r  in le t to th e  po la rog raph  
electrode cham ber (349) is ob liquely  d irected  dow nw ards to avoid the p e n e tra ­
tion  of m ercu ry  to the  e lec tro ly te-m ixer. F rom  below , the  electrode cham ber 
is closed by a m ercu ry  pool (350), w hose level can be reg u la ted  by changing  the

Fig. 7. General view of the apparatus

position  of the w aste  m ercury  tap  (151, 351) and  m ercu ry  o u tle t (152, 352). The 
excess of m ercu ry  flow s then  dow n to a conical flask  (1 53) w ith o u t touching 
the  w a te r of the  therm osta t. A ir in th e  conical flask  above the m ercu ry  
is connected  w ith  the atm osphere  by m eans of a decom pression glass tube  
(154). The w ide-bore d ropp in g -m ercu ry  elec trode  (155, 355) (pyrex-glass ca­
p illa ry , Ф 0.8 mm) passes in to  the e lectrode cham ber u n d e r an  angle of 45°. 
I ts  position can be regu la ted  and  p ro tec ted  by m eans of a screw  p lug (356) and 
a ru b b e r w asher (357). The o u tle t of the  w ide-bore  d ropp ing -m ercu ry  electrode 
is s itu a ted  close to the cen tre  of the  cham ber, the  low er edge of the  in le t 
be ing  s ligh tly  tru n ca ted .

From  above, the e lectrode cham ber is closed w ith  the Ag/AgCl re fe rence  
electrode (35g). The ex te rn a l p a it  is m ade of glass or of g round  plexiglass. 
A t the bottom , th e re  is a s ilv er rod (360) coated w ith  silver chloride, s tick ing  
firm ly  in a seal of M endeleev (or D ekhotinsky) sealing  w ax. The rod plays 
h e re  the p a rt of an anode. A cable is so ldered to the  silver rod (361). The 
electrode is filled  in  w ith  h a rd  p a ra ffin  w ax  (362). Im m ediately  u n d er the 
low er edge, th e re  is an electrode cham ber o u tle t (335).

The m ercu ry  reservo ir (16з), w ith  h e igh t con tro l, fastened  on a stan d  is 
connected  w ith  the b rak in g  cap illa ry  fo r m ercu ry  (1 64), abou t 6 8  cm in length , 
and  0 . 2  mm in d iam eter, and  th en  w ith  the  w ide-bore  d ropp ing -m ercu ry
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e lec trode  (155). H ere, a po la rog raph  of the  type  7-77-4/b “O rion” produced  
in  B udapest, H ungary  (778), w as used. P o larog raph ic  curves w ere recorded  
u sing  in k  pen on a paper tape. C onductom eter e lectrode cham ber (136) con­
sists of a glass tube, 13 mm in d iam eter, hav ing  term in a ls  for hose, w ith  tw o 
so ldered  electrodes (Pt w ire, 0,5 mm in  d iam eter, len g th  of th e  free  p a r t  of 
th e  e lectrode about 8  mm). A conductom eter of GP-2 Solom ierz “E nergopo- 
m ia r” type, Gliw ice, Po land  (779) w as applied.

The leng th  of the scale of the flow  m eters  (12 9 , 3 7 ) am ounts to 33 cm and 
is charac terized  by a range of flow  m easu rem en t from  2 0  to 2 0 0  m l/hour. 
F lo a ts  to m easure such low flow s m ust be m ade of a re la tiv e ly  ligh t m ateria l. 
H ere, the  floats used in the research  w orks w ere m ade of m ilk perspex , or 
o f PVC.

The elec tro ly te  supply  device (165) consists of a glass sy ringe  (6 66), an 
e lec tro ly te  reservo ir (6 67) w ith  a th ree -w ay  tap  (6 68), and of a device m ov­
in g  the  p iston  of the  syringe. In  the case here  considered, the  kym ograph  
produced  by C. F. P alm or (London) w as the  d rive  of the device applied  
d u rin g  the exam inations. A t its u p p er end, the  kym ograph  axis (6 69) is 
equ ipped  w ith  a claw  coupling (6 70). The coupling ro ta tes  a hollow  m etal 
cy lin d e r (6 71) w ith  a gap (6 72) on one side. In  such a cu t th e re  is a p ilo t bar 
(6 73) of the  feed screw  (6 74) th a t moves w ith in  the  cy lin d er hollow. D uring  
ro ta tio n , the  screw  en te rs  betw een  th e  th read ed  jaw s of th e  qu ick-change 
clasp  n u t (6 75). The th read  leng th  on the  screw  is so chosen th a t the screw  
stops and  does not move the  p iston  a fte r  approach ing  to the sy ringe  bottom .

The in fillin g  of the sy ringe  w ith  the e lec tro ly te  so lu tion  takes place, 
a f te r  connecting  w ith  the  e lectro ly te  reserv o ir (6 P7), th ro u g h  th e  th ree -w ay  
tap  (6 68), due to the re lease of the  jaw s of the  qu ick-change clasp n u t (6 75), 
an d  ow ing to the low ering  of b o th  p iston  and  screw. Then, th e  th ree -w ay  
ta p  (6 68) is p laced in  a position show n in  Fig. 6  to connect the sy ringe w ith  
a th in  po lyethy lene hose lead ing  to the e lec tro ly te  in le t in th e  e lec tro ly te  
m ix e r (344).

The w hole device is illu s tra te d  in Fig. 7.

3. PREPARATIONS

Reference electrode (358)

A ttem pts a t using a calom el electrode w ith  sa tu ra te d  KC1 so lu tion  did 
n o t g ive any  adequate  resu lts; the c u rre n t d im inished. A fte r im m ersing  the 
e lec trode  in the sa tu ra ted  KC1 and  a f te r  rep ea ted  p lacing in  the  exam ined  
w a te r  fo r several seconds, the  c u rre n t flow ed norm ally , to dim inish , how ever, 
again . Most p robably , the sa lt con cen tra tio n  across the b ridge  changed. This 
phenom enon was stressed  a lready  by S p o o r  (1948). The d ifficu lty  w as o v e r­
com e w hen a s ilver/silver chloride re fe rence  electrode w as used. D uring  the 
m easu rem en ts, the  electrode w as im m ed ia te ly  im m ersed in  the  w a te r u n d e r 
exam ination .

The reference  e lectrode is p rep ared  in the fo llow ing w ay (according to 
B r i g g s , K n o w l e s  1961, and  B r i g g s , M a s o n  1962): a p u re  silver rod, 2 .5  m m  
in  d iam eter, and  abou t 25 mm in leng th , is w ashed  in d ilu ted  H N 0 3 (1 +  1) 
fo r  1 m in.; then it is pu t, as anode, in to  0.1 n HC1, w here  P t w ire  p lays the 
p a r t  of a cathode. A c u rre n t of 5 mA is passed fo r 5 m in. The w hole is th en

4
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w ashed  in 15°/o aqueous am m onia to o b ta in  pu re  silver, and then  in  H N 0 3 

(1 +  1). A c u rre n t of 0.5 mA is passed fo r 1.5 hours in 0.1 n HC1.
The p re lim in ary  coating  w ith  s ilv e r chloride (5 mA for 5 min.) is h e re  

a m odification , and  g u aran tees  the  p rep a ra tio n  of th e  electrode su rface, 
consequen tly  its g re a te r  d u rab ility , too. The e lectrode is s to red  in s a tu ­
ra te d  KC1.

Wide-bore dropping-mercury electrode (155, 355)

The w ide-bore d ropp in g -m ercu ry  electrodes w ere  m ade, according to 
B r i g g s , K n o w l e s  (1961) of a cap illa ry , 0.8 m m  in  in te rn a l d iam eter, and
5.5 m m  in  ex te rn a l d iam eter, and  abou t 10 cm in  leng th , in the  follow ing w ay:
1. The in le t p a r t is w idened and  olive-shaped. The o u tle t open ing  is in the 
n o n -g rin d ed  p a r t of the  cap illary ; the  low er edge of th is p a r t  is ob liquely  
tru n ca ted . 2. W ashed in  e thy l m ethy l ketone. 3. D ried  in dustless a ir fo r 
2 hours. 4. F illed  in  w ith  d ilu ted  (1 +  9) HC1 fo r 24 hours. 5. W ashed w ith  
d istilled  w ater. 6 . D ried in  dustless a ir  fo r 2 hours. 7. W ashed w ith  e thy l 
m ethy l ketone. 8 . D ried in  dustless a ir  fo r 2 hours. 9. W ashed w ith  S ilicone 
F lu id  MS 200/1000 cs, 2 per cen t so lu tion  in  xy lene  (Hopkin W illiam s, Ltd.).
10. D ried in dustless a ir  fo r 4 hours. 11. R oasted in  + 110°C  fo r 30 m in., and  
th en  in  250°C fo r 3 hours, and  chilled. 12. W ashed w ith  ethy l m ethyl ketone. 
13. D ried in dustless a ir  fo r 2  hours. P o in t 1 is a supp lem en t of the m ethod 
g iven  by B r i g g s , K n o w l e s  (1961). F u rth e rm o re , an o th e r k ind  of silicon w as 
used, as well.

The w ide-bore d ropp in g -m ercu ry  electrodes described, am ong o thers, 
by B r i g g s  et al. (1957), B r i g g s  et al. (1958), B r i g g s , K n o w l e s  (1961) and  
B r i g g s , M a s o n  (1962), p robab ly  re p re se n t the  best so lu tion  as concerns th e  
d ropp ing -m ercu ry  electrodes fo r re sp iro m etry  purposes, s im ilarly  as th e  
m em brane-covered  solid electrodes, described  by C l a r k  et al. (1953), C a r r i t , 
K a n w i s h e r  (1959), T ü m m l e r , R e i t n a u e r  (1964) and  C a r e y , T e a l  (1965), a re  
the  best ones am ong the solid electrodes. The w ide-bore  d ropp ing -m ercu ry  
e lectrode w as chosen m ain ly  because it  is cheaper and  produced  of easily  
availab le  m a te ria l re s is tan t to contam ination . M oreover, it does no t req u ire  
equ ilib rium  tim e, its response tim e being  shorter.

Braking capillary for mercury (164)

The te rm in a ls  of the  U -shaped cap illa ry , h av ing  0.2 m m  in in te rn a l 
d iam ete r and about 6 8  cm in  leng th , a re  w idened  and  olive-shaped. The 
cap illa ry  is w ashed w ith  e th y l m ethy l ke tone  and  d ried  in  dustless a ir  fo r 
about 2 hours. The m ethod  w as borrow ed from  the  w ork  published  by 
B r i g g s , K n o w l e s  (1961). These au th o rs  used, how ever, a sho rt b rak in g  
cap illa ry , abou t 30 cm in  length . A longer one (60 cm) w as applied  by 
E d w a r d s , L e a r n e r  (1960) and  B r i g g s , M a s o n  (1962). The app lica tion  of 
a longer b rak in g  cap illa ry  p erm its  to increase  the  d ifference  betw een  the 
level of m ercu ry  in the  m ercu ry  reserv o ir (1 63) and  the o u tle t of th e  w ide- 
-bore d ropp in g -m ercu ry  electrode. In  th is  case, th e  changes in  the m ercu ry  
level do no t in fluence  so in ten se ly  the  tim e of the  drop.
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Braking capillary for inflowing water (326)

The b rak ing  cap illa ry  is U -shaped and  consists of a cap illa ry  m iddle p a rt 
and  of a w iden ing  at the  in le t po rtion , w here ny lon  fib re  f ilte r  is placed. 
B oth th e  in le t and  o u tle t of the  cap illa ry  are  funnel-shaped . By m eans of 
b u rn e r , the glass tube  te rm in a ls  a re  fu n n e l-sh ap ed , the f ilte r  co n ta in e r is 
m ade, and  the  m iddle p a r t  is s tre tch ed  to form  a cap illary . A t the sam e tim e, 
th e  funne l-shaped  te rm in a ls  are  placed on m eta l cones, w hose shape and 
d is tan ce  resem ble those of the p lexiglass cones, on w hich the b rak in g  cap illa ry  
is placed.

The cap illaries p rep ared  in th a t w ay  should  be ca lib ra ted . The cap illa ry  
w ith  th e  f i lte r  is connected  w ith  th e  b o ttle  by m eans of a hose, the  leng th  
of w hich  is som ew hat sh o rte r  th an  a ha lf the  h e igh t of the cy linder filled  
in  w ith  w a te r ( lu ). The flow  ra te  is m easured . Those cap illa ries are  chosen, 
w hich  assu re  a flow  ra te  app rox im ate  to th e  req u ired  one.

Reagent solution

A descrip tion  of com position and  of p re p a ra tio n  of the  reag en t solution 
is g iven  in  the papers by B r i g g s , K n o w l e s  (1961), B r i g g s , M a s o n  (1962), 
P a i n t e r , J o n e s  (1963). T here  is also a com m ercially  availab le  reag en t so lu­
tion  fo r  dissolved oxygen m eter, B aird  and  T atlock  Ltd. C hadw ell H eath , 
Essex, ch aracterized  by the  sam e com position: sodium  h exam etaphosphate  — 
14 g NaCl — 210 g, KC1 — 24.5 g, K 2 C 0 3 — 59.5 g, K N 0 3 — 70.0 g, glycine —
42.0 g m ade up to  1000 ml w ith  d istilled  w ater. They increase the conducti­
v ity , pH , b u ffe rin g  capacity  and  g u ard  ag a inst deposition  of calcium  carbo ­
nate. The ro le of m axim um  su p p resso r is p layed  by the sodium  starch  
g lycolla te , 55 g p er lite r  of reag en t so lution.

S ince ce rta in  d ifficu lties can be m et w ith  by some lab o ra to ries  in buying 
the  sodium  s ta rch  g lycolla te  an d /o r ready -m ade  reag en t so lution , a ttem p ts  
w ere  m ade to rep lace the  sodium  s ta rch  glycolate w ith  an o th e r m axim um  
suppressor. Tests w ere m ade using  a ir -sa tu ra te d  d istilled  w ater. The fo llow ­
ing  a r t  v a rian ts  applied  in the exam inations: a) 0.5 ml reag en t so lution 
w ith o u t m axim um  suppresso r per 1 0 0  m l of sam ple; th e re  is a d is tinc t m ax ­
im um  on the  f irs t p a rt of the second oxygen p la teau  and  a hum p on the  firs t 
p a r t of the  second oxygen p la teau  of po larogram s; b) 0.5 ml of 1.5% aqueous 
so lu tion  of m ethycellu lose (tylose M) ( Z a g ó r s k i , 1956) + 0 .5  ml of reag en t 
so lu tion  w ith o u t the m axim um  suppressor p er 100 ml of sam ple. N eith er the 
m axim um  on th e  firs t p la teau , nor the  hum p on the  second one w as rem oved; 
c) 60 mg of thym ol ( C h o d k o w s k i , 1958) p er 100 m l of reag en t solu tion  w ith o u t 
the  m axim um  suppressor. Dosage: 0.5 ml p er 100 ml of sam ple. N eith er the 
m axim um , nor the  hum p was rem oved (Fig. 8 A); d) 0.5 m l of 2%  aqueous 
so lu tion  of g e la tin  ( Z a g ó r s k i , 1956) + 0 .5  ml of reag en t so lu tion  w ith o u t the 
m axim um  suppressor p e r 100 m l of sam ple. The m axim um  on th e  firs t 
p la teau  w as rem oved (Fig. 8 B). The hum p on the second p la teau  w as not 
rem oved. W ith the  increase  in g e la tin  dose (0.25, 0.50, 1.00, 2.00, 2.50, 3.00 ml 
of 2%  g e la tin  per 100 m l of sam ple) th e  hum p d im inishes (Fig. 8 C). W hen 
ge la tin  is used, the  c u rre n t is no t stab le , a lthough  o th e r factors are  constan t. 
T he s tab iliza tion  of c u rre n t w as o b ta in ed  w ith  the  aid of opposite p o ten tia l; 
a f te r  a few  m inutes, how ever, the  c u rre n t was no t stab le  again. The gela tin
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Fig. 8. Polarograms of air-saturated distilled water, 
a — w ith  th y m o l (see  te x t) ,  c o m p en sa tio n  4. b — w ith  0.5 m l o f  2% s o lu t io n  o f  g e la t in  
+ 0.5 m l o f rea g en t so lu tio n  w ith o u t  m a x im u m  su p p resso r  p er 100 m l o f  sa m p le , c o m p e n sa ­
t io n  3. с — w ith  2.5 m l o f  2% s o lu tio n  o f  g e la t in  ,+ 0.5 m l o f  r ea g e n t s o lu tio n  w ith o u t m a x ­

im u m  su p p resso r  per 100 m l o f  sa m p le , c o m p e n sa tio n  3

so lu tion  undergoes b ac te ria l decom position. In  the connection  w ith  the con ­
cen tra ted  e lectro ly tes it  p rec ip ita te s  and  th ere fo re  m ust be added to th e  
sam ple separa te ly ; e) 50 m g of m ethy l red  (C h o d k o w s k i , 1958) p e r 100 ml of 
reag en t solution w ith o u t the m axim um  suppressor. T he dosage is 0.5 ml p er 
100 m l of sam ple. No d ifference  w as recorded in  th e  shapes of th e  p o la ro ­
g ram s, as com pared w ith  the po larogram s m ade w ith  the  aid  of o rig in a l 
B aird  and  Tatlock reag en t solution. By m eans of the  device described  above, 
the conductiv ity  of w a te r  w as contro lled ; the  reag en t so lu tion  w ith  m ethy l 
red  being added au tom atically . D uring  add ition  to 100 ml of tap  w ater:

solution
m l 0.000 0.089 0.239 0.458 0.627 1.485,

conductiv ity  w as
M,S-cm-i 758 2477 3886 5521 6220 9743.
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T he reag en t so lu tion  w ith  m ethy l red  is coloured, thus an add itional, 
v isual contro l of dosage is possible. The reserves can be sto red  in  a dark  
b o ttle  fo r about 4 m onths.

Antibiotics

T he fo llow ing w as the dose of the  an tib io tics: s trep tom ycin  (source 
Polfa), 32 m g/l + C hlorom ycetin  (Polfa), 25 mg/1. W hen choosing the  an tib io tics 
and  de te rm in in g  th e  concen trations, the re su lts  of M a r s h a l l , O r r  (1958), and 
those of Z e i s s  (1963) w ere taken  in to  account.

Calculations

1°. C alcu lations w hen  w en tila tio n  w ith  gas m ix tu res  hav ing  know n con­
ten ts  of 0 2 is used (as in  the case of re se rv o ir-b o ttle  I).

P o la rog raph ic  m easu rem en ts of the  w a te r  eq u ilib ra ted  w ith  gas m ix tu re  
are  m ade. Fig. 9 illu s tra te s  an exam ple of a ca lib ra tio n  curve (relation  
b etw een  the d iffusion  c u rre n t and  dissolved oxygen  concentration). The

Ammeter reading

П
Fig. 9. Calibration g r a p h .------------------C, ------------------- P 0 2

curve  should a t least consist of th re e  po in ts  (or b e tte r  of fou r points) and  be 
con tro lled  before  each experim ent. On the X axis, am m eter read ings are 
m arked , on the  Y axis — 0 2 pe rcen tage  in  th e  gas m ix tu re . The po in ts 
o b ta in ed  should form  a s tra ig h t line  (Fig. 9 — d o tted  line).

C alcu la tions of p a rtia l p ressu re  of 0 2, m m  Hg (Fig. 9 — con tinuous 
line):

C
P O 2 “  1 0 0  ’
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w here:
С — %  of 0 2 in  gas m ix tu re  (know n from  gas analyse  in  cylinder, o r 

from  flow  m ete r read in g s a t gas s tirre r),
HA — atm ospheric p ressure , m m  Hg (barom eter read ing),
P v — vapour p ressu re  of w a te r a t ex p erim en ta l tem p era tu re , mm Hg 

(from physical tables).
B oth lines (°/o and  p a rtia l p ressu re  of 0 2) should come in to  a contact on 

th e  X  axis a t the  sam e point.
C alculations of ml 0 2/l per am m eter scale division, ml 0 2/l (referred  to 

STP conditions):

a -PO,
К  = ----------- >

7 6 0 -n

w here:
a  — absorp tion  coefficient of 0 2 at exp erim en ta l tem p era tu re  (from 

physical tables),
n — the num ber of div isions on the  po larograph  am m eter scale (n — m ust 

be read  off, considering  the  cu ttin g  po in t of ca lib ra tio n  curve w ith  
the  X  axis to be s ta rtin g  p o in t — see Fig. 9).

C alcu lations of 0 2 used by an  an im al, m l 0 2 /m g/hour:

K - D
X  =  (ne-r c b)c  — Ой’

w here:
n a —  the nu m b er of d ivisions on the  po larog raph  am m eter scale w hen  

0 2 co n cen tra tion  of w a te r  en te rin g  the  an im als cham ber is 
m easured;

n b — the num ber of d ivisions on th e  po larograph  am m eter scale w hen  0 2 

concen tra tion  of w a te r passing  th e  an im als cham ber is m easured; 
D — w ate r flow , m l/hour;
С — w eight of an im al, mg;
2°. C alculations w hen  v en tila tio n  w ith  hom ogenous gas (N 2 o r 0 2) is used 

in defined  tim e (as in the case of rese rv o ir-b o ttle  II).
C alib ra tions are  m ade by W ink ler de term inations. The resu lts  of W inkler 

analysis, ml 0 2/l, m ade fo r a t least th ree  (or b e tte r  four) concen tra tions of 
0 2 a re  m arked  on the  Y axis. A m m eter read ings are  m arked  on the  X adis. 

C alcu lations of m l 0 2/l p er 1 am m eter scale division:
a

К  -= — >
%

w here:
a — 0 2 concen tra tion , ml 0 2/l (from W inkler analysis), 

n a — corresponding  of the po la rog raph  am m eter scale divisionsis (read 
off, considering  the cu ttin g  p o in t of curve w ith  the axis to be s ta r t­
ing point).

E ith e r calculation m ethod is applied  a lte rn a tiv e ly , depend ing  on the 
lab o ra to ry  equipm ent. H ow ever, to  o b ta in  precise re su lts  a v erifica tion  of 
the ca lib ra tion  curve is desirable, using m ethod 1° by m aking  1—2 W inkler
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analyses. W hen m ethod 2° is used, a p o in t co rresponding  to the  a ir-sa tu ra -  
tion  (C =  20.9%) can be contro lled  on the  ca lib ra tion  curve by an  additional 
ca lcu la tion  by m eans of the  m ethod 1 °.

4. PROCEDURE 

Procedure when reservoir-bottle I is used (12)

Tap w a te r (from the r iv e r  V istu la  *) w as v en tila ted  for, a t least, 24 hours 
to rem ove chlorine. A fte r the  prev ious f iltra tio n  th ro u g h  m ill gauze No. 25, 
w a te r  is poured  th rough  th e  glass tube (1 4, 2 4) in to  the rese rv o ir-b o ttle  (1 2) 
im m ersed  in  the  therm osta t. W hen pouring , one adds the  an tib io tics dissolved 
in  a sm all am oun t of w ate r. H ere, the w a te r  is le ft fo r a t least 12 hours to 
egualize th e  tem p era tu re . The taps are  p laced in a position  show n in Fig. 2A, 
w a te r  in the  bo ttle  being ven tila ted  th ro u g h  a glass tube (1 5) and  gas d iffuser 
S cho tt G3 ( le) w ith  a ir o r an o th e r gas m ix tu re . The gas excess passes th rough  
the  glass tube  (17) and  the  fin a l o u tle t to the co n ta in e r w ith  w a te r (1 9). To 
o b ta in  gas equ ilib rium  in  w ater, v en tila tio n  tim e m ust be em pirically  chosen 
previously . T hen the  tap s  are  p laced in a position show n in  Fig. 2B. The 
am oun t of gas flow ing  out of the com pressor or red u c to r is so chosen th a t 
sing le  gas bubbles leave the  o u tle t tube  im m ersed  in  the  glass cy linder filled 
in  w ith  w a te r  ( ln ) in  the  in te rv a ls  of severa l seconds. The in te rru p tio n s  
b e tw een  the  end of v en tila tio n  and the begin of m easurem ent, w as not sh o rte r 
th an  1 0  m in.

The follow ing is the  p rocedure  applied  to dete rm in e  th e  con ten ts of 
oxygen  in the  w a te r  th a t en te rs  the  resp irom eter; the  tap  on  the o u tle t glass 
tu b e  (112) is open. The w a te r  flow s th ro u g h  the  in le t of the  resp irom eter 
(323). By opening  the  tap  (325) the  w a te r can w ash up th e  an im al cham ber 
(341) and  flow  ou t th ro u g h  the  tap  (327) p laced  in  a position  “a ” tow ards the 
flow  m eter (129). A fte r w ash ing  the  cham ber, th e  tap  (325) is closed, and  the 
w a te r  passes to th e  an im al cham ber th ro u g h  the  b rak in g  cap illa ry  (326). The 
flow  ra te  is contro lled  by  the flow  m eter (1 29) due to the  changes of p ressure  
in  the  b o ttle  by chang ing  th e  position of the  gas o u tle t in the glass 
cy lin d er ( ln ).

S im ultaneously , the rem ain in g  p o rtion  of w ate r, th a t en te rs  the perspex  
block, flows th rough  the tap  (330) th a t contro ls the  ra tt  of its flow  th rough  the 
co n tro l ro u te  (331), the  low er ro u te  in th e  th ree -w ay  tap  (327), as w ell as 
th ro u g h  the e lec tro ly te -m ixer (328), po larog raph  electrode cham ber (334), con- 
ductom eter electrode cham ber (1 36) and  flow  m eter (1 эт) tow ards the ou tlet. 
The flow  m eter m en tioned  above can con tro l the  ra te  of th e  w a te r flow  
th ro u g h  the con tro l route. T hen, a series of p o la rog raph  m easurem ents is 
m ade (detailed  descrip tion  is g iven in the  fo llow ing p a r t of the  p resen t paper).

The fo llow ing  is the  p rocedure  to  d e te rm in e  the oxygen con ten ts in the 
w a te r  th a t flow s ou t of th e  an im al cham ber. The th ree -w ay  tap  (327) is placed

* Average monthly chemical composition of tap water for September 1966 
(time of experiment) was: turbidity — 0 mg S i0 2/1, colour — 11 mg Pt/1, pH — 7.5, 
nitrate — 1.20 mg/1, chloride — 38.1 mg/1, iron — 0.02 mg/1, sulphate — 47.3 mg/1, 
total hardness — 4.1 mval/1, alkalinity — 3.1 mval/1, COD — 4.8 mg 0 2/l, calcium —
61.5 mg/1 (data obtained from the Service Laboratory Station of Water Works, 
Warsaw).
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in  position  “b”. To change the  position of the  tap  (З2 7 ) the screw  should  be 
loosened. The screw  passing th ro u g h  a th read ed  open ing  in  doub le-ben t 
b rass p la te  th a t clasps the  perspex  block, p resses th e  lap. A fte r  changing  the  
position  of the tap , the  screw  is tigh tened  again. In  th is w ay, the  flow  
th ro u g h  the contro l ro u te  is cu t off, and  the  w a te r flow ing from  the  an im al 
cham ber passes to th e  e lec tro ly te -m ix er and, th ro u g h  the po larog raph  and  
conductom eter electrode cham ber, reaches both flow  m eter ( 1 37) and  ou tle t. 
A series of po larographic  m easurem ents is then  m ade in  the w a te r w hich has 
flow ed th rough  the an im al cham ber w ith  anim al.

The oxygen con ten t in  w a te r  th a t flow s to the  an im al can  be d e te rm ined  
by th e  two m ethods described above. W hen oxygen  concen tra tion  analyses 
shou ld  be m ade using  W ink ler m ethod, w a te r is tak en  from  the glass tu b e  
(I 3 2 , 332) in to  W ink ler flasks (133). D uring  w a te r sam pling , th e  flasks are  im ­
m ersed  in  a vessel, th ro u g h  w hich the w a te r excess flow s, p rev en tin g  thu s 
from  too sharp  changes of te m p e ra tu re  in the  flask , especially  w hen e x ­
p e rim en t is m ade in  a tem p era tu re  g rea tly  d iffe ren t from  room  tem p era tu re . 
To th is effect, the  glass tube  fo r w a te r  sam pling  (132) is, also, therm ica lly  
in su la ted  w ith  a la tex  sponge layer. W ater in the flasks w as being changed  
th reefo ld  before the fixa tion  of the sam ple.

The constructional p rinc ip les of the rese rv o ir-b o ttle  I a ffect its  positive 
an d  negative fea tu res (the w a te r outflow  from  the  b o ttle  is assu red  m ain ly  
due to the  stab le  gas ov erp ressu re  onto the w a te r  level; the  req u ired  am oun t 
of 0 2 in w a te r is o b ta ined  by  v en tila tin g  the w a te r in  the bo ttle  by m eans 
of gas m ix tu re  of req u ired  com position). The applica tion  of th is  b o ttle  allow s 
us to control precisely  the w a te r  flow  ra te , and  0 2 co n ten t in  w ater. T he 
la t te r  can be determ ined  by tw o m ethods. H ow ever, the  applica tion  of th e  
rese rv o ir-b o ttle  I requ ires add itio n a l app ara tu ses  to p rep a re  gas m ix tu res  
and  to control th e ir  com position. The co n struc tion  of the  b o ttle  and its 
applica tion  are com plicated, and  the  gas consum ption is considerab ly  high.

Procedure when reservoir-bottle II is used (113)

T he tap  w ater, p rep ared  as in the case of the re se rv o ir-b o ttle  described 
p rev iously , is poured  th rough  th e  glass tube  (1 15), p o lyethy lene  disk ( 1 19) 
being  m oved upw ards. If a m easu rem en t of the  oxygen consum ption  is to be 
m ade in the  w a te r sa tu ra ted  w ith  air, the  w a te r in  th e  b o ttle  is v en tila ted  
add itiona lly , a t least for 1 hour. If, how ever, the 0 2 co n ten t in  w a te r should  
be d iffe ren t, hom ogeneous gas (N2  o r 0 2) m ust be used in  a tim e period  
em pirica lly  chosen. A n exam ple of the  decrease in oxygen co n ten ts  in w a te r, 
depend ing  upon the  tim e of v en tila tio n  w ith  N 2 is show n in  Fig. 10. Gas 
flow s th rough  the  glass tube (116) and  gas d iffu ser S cho tt G3 (117). D uring  th e  
v en tila tio n , the  tap  in the  po lyethy lene  disk is open to rem ove the  excess of 
gas. A fter th e  v en tila tio n , it is closed. The w a te r  flow s to the perspex  block 
th ro u g h  a glass tu b e  ( l i8). B oth the  fu r th e r  ro u te  and  p rocedure  necessary  
to m ake the m easurem ents are, gen era lly  speak ing , the  sam e as those 
described  in the case of the re se rv o ir-b o ttle  I (12).

I t should, how ever, be k ep t in  m ind th a t in  the  re se rv o ir-b o ttle  II, th e  
w a te r  flow  th rough  the w hole system  is assured  m ain ly  due to the d ifference  
in  th e  in le t and  o u tle t levels. In  th is  case, the reg u la tio n  of th e  flow  by
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Fig. 10. Changes in oxygen contents in water during ventilation with nitrogen. 
(Reservoir-bottle II, capacity about 10 1, gas diffuser Schott G3, 0  20 mm, tempera­
ture +  15°C, barometric pressure 745.8 mm Hg, admixture of oxygen in nitrogen —

0.2°/o)

m eans of the  b rak ing  cap illa ry  (326), or w ith  the aid of fin e -co n tro l tap  w ould 
cause lovered  p ressu re  in  the  fa r th e r  p a rts  of th e  system . This is h igh ly  
d isadvan tageous, since it  leads to th e  accelera tion  of m ercu ry  ou tflow  from  
th e  w id e-b o re  d ro p p in g -m ercu ry  electrode, the  suction  of electro ly tes, and 
th e  rise  of m eniscus of the ou tflow ing  m ercu ry  (350). Thus, the  reg u la tio n  of 
flow  ra te  th ro u g h  the an im als cham ber and th e  con tro l ro u te  is m ade by 
m eans of b rak in g  cap illaries (176, 177) placed before  the  outlet. T he ir level is 
con tro lled . The tap  (325) is con tinuously  open, the  b rak in g  cap illa ry  (326) 
rem oved, and  the openings th a t lead  to the  b rak in g  cap illa ry  closed w ith  the 
aid  of som e sm all ru b b e r plugs. D uring  th e  W ink ler d e te rm in a tio n  
of the  0 2 con ten t in the  w a te r e n te rin g  to the  resp irom eter, th e  fine-con tro l 
tap  (330) is open. F or these reasons, the  w a te r  flow  th rough  the  re sp irom eter 
should  be stopped d u rin g  th e  sho rt tim e span, w hen  the w a te r is sam pled. 
T his, f. ex. can be done by closing the  tap  (325) and  by p lacing  th e  th ree-w ay  
tap  (327) in  a b lind  position. O therw ise, suction  of w a te r  takes place in  the  
fa r th e r  p a r ts  of the resp irom eter. The m ercu ry  level in  the  m ercu ry  reservo ir 
(1 ^ ) shou ld  be g rad u a lly  low ered, p a ra lle lly  to the  low ering  of the w a te r level 
in  th e  b o ttle  and  to the  o u tle t level. If no t, the  m ercu ry  flow  th ro u g h  the 
w id e -b o re  d ropp in g -m ercu ry  electrode w ill accelerate.

The rese rv o ir-b o ttle  II  should  be contro lled , as concerns gas leakage, 
befo re  its  use. A contro l of th is k ind  w as perfo rm ed  in  the  case here  consi­
dered. W ate r was v en tila ted  w ith  N for 6.5 hours. In  10 m in. a f te r  th e  v en ­
tila tio n , tw o d e te rm ina tions of 0 2 w ere  m ade by W ink ler m ethod, show ing 
in  each case 0.16 mg/1. A fter 18 hours, th ree  dete rm in a tio n s, and  a fte r  42 
h o u rs  a n o th e r th ree  ones w ere  m ade. A ll of them  gave th e  sam e resu lts
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(0.16 mg/1). Thus, in  a period  of 42 hours, no changes in  0 2 co n ten t w ere  
no ted  to appear in  th e  re se rv o ir-b o ttle , e ith e r due to th e ir  d iffusion  from  
air, o r due to the  leakage of th e  oxidized w a te r  in th e  th e rm o sta t from  
below. In  p ractice, how ever, the p rep ared  w a te r w as no t held  in  the  re se r­
v o ir-bo ttle  fo r a longer tim e than  for 3—4 hours.

The application  of the  rese rv o ir-b o ttle  II does no t req u ire  an y  add itiona l 
devices to p rep are  and  to contro l th e  gas m ix tures. This, and  the  sim ple 
service of th is bo ttle , as w ell as a re la tiv e ly  low  gas consum ption  a re  no doub t 
its  advantages. The reg u la tio n  of w a te r flow  ra te  th rough  th e  ap p ara tu s  
w ith  the rese rv o ir-b o ttle  II used, is s lig h tly  less precise th a n  in  the case of 
the bo ttle  I, p robab ly  due to certa in  resistance  d u rin g  the  low ering  of the  
po lyethylene disk in the  bottle. T hus the  req u ired  0 2  con ten ts in  w a te r can 
be o b ta ined  as approx im ate  only.

5. EXPERIMENT

L arvae  A n a x  imperator  L each w ere sam pled on Aug. 26, 1966, in  a pond 
in  W arsaw . W ater dep th  w as 20—50 cm, bottom  — arg illaceous and  slim y, 
covered w ith  Elodea and  P h ragm ites: w a te r tem p era tu re  w as 18.2°C. The 
la rv ae  w ere  ind iv id u a lly  placed in  vessels, 8.5 cm in  d iam eter, each w ith

Oxygen concentration (m g/l)
0 2 4 6 8 10

Fig. 11. Oxygen consumption of four Anax imperator  larvae in relation to the 
oxygen content in water. Numbers are the same as in Tab. I

100 ml of a ir-sa tu ra ted  tap  w ater. The vessels w ere  p u t in to  a w a te r  b a th  
a t a tem p era tu re  of +18°C. D uring  3 hours th e  te m p era tu re  w as decreased  
to 15°C and  at th a t tem p era tu re  (±0.5°C ) the  an im als w ere  held  till the  ex ­
p erim en t time. Each 2 days the w a te r in th e  vessels w as changed  in to  fresh , 
a ir-sa tu ra ted  tap  w a te r characterized  by the  te m p e ra tu re  of th e  cu ltu re . 
T ubifex  served as feed; the  w eight of th e  consum ed feed w as noted, and  the
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T a b l e  I
Larvae used in experiment

no.
dry weight 
of Anax 

mg

body length 
of Anax 

mm

average live weight 
of Tubifex 

consumed per day 
mg

average number of 
faecal pellets 

produced per day

1 149.8 42 48.4 0.50
2 146.8 39 36.5 0.50
3 140.2 41 47.0 0.43
4 139.0 40 39.1 0.50

n u m b er of faecal pelle ts w as recorded  (Tab. I). The experim en ts w ere  con­
ducted  from  1  to 13 Sept., 1966.

The p rocedure  w as as follows: 1 — placing of one an im als in  a an im al 
cham ber, 2 — v en tila tio n  of w a ttr  w ith  gas, 3 — double sam pling  by  W ink ler 
m ethod, 4 — w a te r  flow  from  reserv o ir to the  m easuring  p a rt, and  w a te r  flow  
from  anim al cham ber o u t-w ards, 5 — rap id  w ashing  of con tro l ro u te  and  
m easu rin g  p a rt, 6  — estab lishm en t of req u ired  w a te r flow  ra te , 7 — con­
d u c tiv ity  of w a te r  is contro lled  to the m om ent of o b ta in in g  p roper p ropo rtio n  
b etw een  the w a te r  and reag en t so lution, 8  — contro l of s tab ility  of po la ro ­
g rap h ic  cu rren t, 9 — m aking  the f in a l po larogram s of w a te r  from  the  re se r­
voir, 1 0  — w a te r  flow  from  an im al cham ber to  m easu ring  p a rt; con tro l rou te  
is closed, 1 1  — po larograph ic  control of w a te r exchange in  electrode cham ber. 
W hen po larograph ic  cu rre n t ceased to decrease, 5 po larogram s w ere  tak en  
up to m ake su re  th a t the exchange w as fin ished. This is the  longest p rocedu re  
here, and  lasts, w hen  the flow  am ounts to  33 ml hour, abou t 1.5 hours (comp. 
H arrison , 1966), 12 — m aking  the fin a l po larogram s of w a te r from  an im al 
cham ber. This procedure , except for p o in t 1, w as rep ea ted  fivefold, fo r each 
oxygen co n cen tra tio n  separately . P o in t 3, i.e. W ink ler analysis to contro l 
the ca lib ra tio n  curve, is not to be executed  in  each case. A fte r th e  m easu re ­
m en ts of re sp ira tio n , body leng th , live w eigh t and  d ry  w eigh t w ere d e te r­
m ined  (Tab. I).

The ex p erim en t w as conducted at a w a te r  flow  from  30.0 to 34.5 m l/hou r 
(linear velocity in electrode cham ber w as 0.0106—0.0122 cm/sec.). R eservo ir- 
-b o ttle  II w as applied , and B aird  and  T atlock reag en t so lu tion  w as used; con­
d u c tiv ity  w as 3800—4700 qS* cm -1 , m ercu ry  d ropp ing  ra te  w as exactly  1 drop 
every  2.5 sec. a t the po ten tia l — 1.5 V, and  tem p era tu re  +15°C  (±0.015°C).

The oxygen consum ption by 4 la rv ae  A n a x  im perator  w as m easured  in  
5 oxygen concen tra tions, separately . The oxygen  consum ption qVg d ry  w eig h t/ 
hour d im in ished  w ith  the decrease in oxygen co n cen tra tion  in  w a te r  (Fig. 11).

6. DISCUSSION

T he accuracy of the  po larograph ic  read in g s is affected  by several factors.

Water flow

As concerns the  w ide-bore d ro p p in g -m ercu ry  electrode, B r i g g s  and  
M a s o n  ( 1 9 6 2 )  s ta te  th a t  read ings a re  in d ep en d en t of the  flow  ra te  from  0 to
0.25 cm/sec. past the  electrode, and  increase  lin ea rly  w ith  flow  ra tes  0.25—
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54.00 cm/sec. S im ilarly , o th e r au tho rs in fo rm  th a t as concerns th e  d ropp ing - 
-m ercu ry  electrodes, read ings are  in d ep en d en t up to a defin ite  flow  ra te : 
S p o o r  (1948) — up to 2400 m l/hour, B r i g g s  et. al. (1958) — up to 2400 m l/hour, 
B r i g g s , K n o w l e s  (1961) — up to 1800 m l/hour; above th is value they  a lread y  
increase  (the last da ta  can h a rd ly  be com pared, since th e  lin e a r  velocity  past 
th e  electrode is unknow n). The stronger w a te r c u rre n ts  seem  to in te rfe re  w ith  
the form ation  of m ercury  drops ( S p o o r , 1948).

A ccording to this, ou r stud ies have show n th a t the po larograph ic  c u rre n t 
(—1.5 V) is in d ep en d en t of w a te r flow  in a ran g e  from  52 to 832 m l/hour 
(0.0184—0.2945 cn+sec.) and  am ounts to 23.2 p A .  On the  o th e r  hand , in  th e  case 
of a very  slow flow , am oun ting  to 13 m l/hour (0.0046 cm/sec.), a s ligh t decrease 
in  po larograph ic  c u rre n t to 22.2 pA w as observed. It m ay be th a t  a t such 
a low  speed of flow , the  oxygen consum ption  of th e  d ro p p in g -m ercu ry  e le ­
c trode , begins to p lay  a ro le there . This p roblem  can d is tin c tly  be seen a t 
th e  solid electrodes, w here  the po larograph ic  c u rre n t is p ro p o rtio n a l to the  
log speed of w a te r c u rre n t (Chodkow ski, 1958), i.e., w ith  th e  increase  in  w a te r  
c u rre n t speed the po larograph ic  c u rre n t increases asym pto tica lly  to a ce rta in  
lim it. A m b ü h l  (1955) has show n th a t by choosing the ad eq u a te  shape of a s ta ­
ble cathode, we can displace th is  lim it tow ards the  low er w a te r c u rre n t 
speeds. The ex trem al changes of the  w a te r flow  observed  d u rin g  th e  expe­
rim e n t (30.0—34.5 m l/hour) m ay have caused a read in g  e r ro r  low er th an  0.5%.

Conductivity

As it  is know n (f.ex. Z a g ó r s k i , 1956), th e  increase  of resistance  of a 
sam ple causes the d isp lacem ent of w aves tow ards m ore negative  po ten tia ls. 
A ccording to B r i g g s  and  M a s s o n  (1962) the position  of the second p la teau  
rem ains the sam e w ith  respect to the voltage, w hen  th e  conductiv ity  of the  
sam ple  is 3000 pS*cm -1 , or m ore. A m b ü h l  (1955) has s tud ied  the  curves of 
th e  dependence of the po larograph ic  c u rre n t upon  the  conductiv ity  fo r bare  
solid electrodes. Below ce rta in  critica l value of the conductiv ity  p o la ro g ra ­
phic c u rre n t considerab ly  increases w ith  th e  increase  of conductiv ity , and  
above th is value the increase  is less in tense . F or various types of cathodes 
s tud ied  by A m b ü l h , the value  of the  conductiv ity  lies a t various points, bu t 
gen era lly  betw een  1 0 0  and  600 q.S*cm_1.

The exam inations of th e  dependence of th e  po larog raph ic  c u rre n t upon 
the  conductiv ity  have been m ade fo r those values of conductiv ity , w hich, on 
the  basis of the re su lts  o b ta ined  by  A m b ü h l  (1955), can only  s ligh tly  affect 
th e  po larograph ic  cu rren t. A ir-sa tu ra te d  tap  w a te r  w as used, w ith  various 
am oun ts of reag en t solu tion w ith  m ethyl red  added au tom atica lly ; tem p e­
ra tu re  w as +5.5±0.015°C , the w a te r  flow  speed — 100 m l/hour, and  the 
m ercu ry  drop ra te  was stab le  (1 drop  every  2.5 sec.). W ith  the increase  in 
conductiv ity  (1000—2000, 3000—4000, 5000—6000, 7000—8000 and 9000— 10000 
|LiS*cm_1) the po larograph ic  c u rre n t also increased  by  2.1%, 1.3% 0.8%, 0.5% 
an d  0.4%, respectively.

In  the ligh t of the  re su lts  p resen ted  above, we m ay assum e th a t the  ex­
trem e changes in conductiv ity  observed  d u rin g  the  ex p erim en t (3800—4700 
qS*cm —*) m ay have produced a neglig ib le read in g  e r ro r  only, lesser th an
0.9%.
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Mercury drop rate

It is g en e ra lly  know n th a t the s tab ility  of the  m ercu ry  drop ra te  is very  
im p o rtan t in  ob ta in ing  stab le  po larographic  read ings w hen  o ther factors are  
constan t. Fig. 12 illu s tra te s  th e  in fluence  of the  m ercu ry  drop ra te  on the

Fig. 12. Influence of mercury drop rate upon polarographic current. Potential — 
0.6 V. Air-saturated tap water, flow — 100 ml/hour. Conductivity — 4500 q S -cm -1.

Temperature +5.5+0.015°C

po larograph ic  c u rren t. The in fluence  of the m ercu ry  drop  ra te  on  the po laro ­
g raph ic  drop ra te  is h igh ly  d istinct. T herefo re , the  s tab ility  of th e  m ercu ry  
drop ra te , am o u n tin g  to 1 drop every  2.5 sec., w as kep t very  carefu lly  d u rin g  
the experim en ts.

Temperature

In  po larograph ic  m ethods tem p era tu re  changes can be a source of errors. 
In  the experim en ts described in the p resen t paper, the  e rro rs  produced due 
to th e  tem p era tu re  changes have been e lim in a ted  to considerable ex ten t by 
in tro d u c in g  a special ca lib ra tion  curve for each series of the  experim en t, 
and by the h igh  accuracy of therm o reg u la tio n .

Bacterial growth

B acteria l g row th  can be a source of e rro rs  in  stud ies of re sp ira tion  of 
aquatic  an im als m ain ly  because it is responsib le  fo r the  decrease in  oxygen 
co n cen tra tio n  in  w ater. F u rth e rm o re , b ac te ria l g row th  can produce e rro rs  
ow ing  to the  n a rro w in g  of tube  in te rn a l d iam eters (p e rtu rb a tio n  in  flow  ra ­
te), overg row ing  of flow -m eter (errors in  m easuring  the  flow  rate), as w ell 
as due to th e  clogging of the opening  of d ro p p in g -m ercu ry  electrode (d is tu r­
bances in m ercu ry  drop rate). This prob lem  becom es p a rticu la rly  im p o rtan t 
w hen  low flow  ra tes are  applied  to investig a te  sm all organism s.

The b ac te ria l g row th  w as suppressed  on ly  in a few  cases, as can be seen 
in  th e  papers devoted  to the re sp iro m etry  of aquatic  anim als. P rio r  to each 
ex p erim en t, K r ü g e r  (1957) ste rilized  the  flo w in g -w a te r resp irom eter w ith  
ho t w a te r s team  or w ith  10% HC1. This allow ed him  to e lim ina te  the  m icro­
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organ ism s th a t had  se ttled  on th e  ap para tus, b u t did no t p e rm it him  to 
c o u n te rac t th e  oxygen decrease d u rin g  the experim en t by the m icroorganism s 
fo u n d  in  w ater. M a n n  (1958) added  1 mg/1 ch lo rine  to the  w a te r  used in  his 
ex p erim en t. H ow ever, it is no t know n w h eth er such an am oun t of ch lo rine  
ad eq u a te ly  liqu idates th e  bac te ria l grow th , and  w h e th e r it does no t affect 
b ad ly  the  an im als u n d e r exam ination . B e r g , J c n a s s o n  (1965) heated  w a te r  
befo re  use up to 70°C. If this rea lly  p rev en ts  th e  developm ent of m icroorga­
nism s in  w ater, it does no t liqu id a te  the  m icroorganism s th a t develop on th e  
w alls of the  appara tus.

B a r n e s  et al. (1963) added Chlorom ycetin (100 mg/1) to the  w a te r in  vessels 
of the  m anom eter resp irom eters. M a r s h a l l , O r r  (1958) s ta ted  th a t Chloro­
m yce tin  (50 mg/1) m a in ta in s  co n stan t oxygen in th e  w a te r fo r 11—21 days, 
a t 10 mg/1 co n cen tra tion  fo r 5—7 day only; and strep tom ycin  (50 mg/1) — fo r 
3— 7 days. These an tib io tics are  b e tte r  fitted  fo r th is purpose th an  th e  o th ers  
exam in ed  by them . W hen added to w a te r  in  a co n cen tra tion  of 50 mg/1 of 
each, th ey  have no sign ifican t effect upon the oxygen  consum ption of C alanus. 
B efore the  exam ination  of the  oxygen consum ption by Zooplankton in  bo ttles, 
Zeiss (1963) also essayed various antib io tics. A couple of an tib io tics: d ihy ­
drostrep to m y cin  — Chlorom ycetin, a t concen tra tions 25 mg/1, show ed no 
b ac te ria l g ro w th  and no ap p a ren t effect upon the oxygen consum ption of 
D aphnia . Since d u rin g  the p resen t experim en ts an tib io tics w ere  added, the 
e rro rs  caused by the b ac te ria l g ro w th  w ere considerab ly  elim inated .

Accuracy of wave height measurement

The erro rs  of the w ave h e ig h t read ing  from  reco rder charts  does no t 
exceed 0.5 mm. In the case of th e  w ave height, am oun ting  to 105—30 mm, 
th is  is less than  0.5— 1.7%.

Z agórsk i (1956) rep o rts  th a t th e  accuracy of a norm al po larographic  a n a ­
lysis am oun ts to about ± 2% . As it  has been show n above, th is  is possible in 
th e  ap p a ra tu s  here  considered.

B e r e z i n a  (1959) conducted the  researches on daily v a ria tions of oxygen 
consum ption  by la rv ae  Aeschna grandis  L. abou t 600 mg in  w eight, using 
D ras tich ’s (resp irom eter, at a tem p era tu re  of +20°C. B etw een 13 and 18 hours 
th e  oxygen consum ption d im in ished  from  abou t 420 to abou t 270 ці/g live 
w eig h t/h o u r. The exam inations of oxygen consum ption  m ade at the  sam e 
tim e  d u rin g  th e  p resen t exp erim en t, u n d er conditions of a com plete oxygen­
ation , a t a tem p era tu re  of +15°C , gave resu lts  th a t am ounted  to 157.4— 130.5 
(Lil/g live w e ig h t/h o u r (m ean live w eight =  726 mg). C onsidering  the d iffe­
rences in  tem p era tu re  of th e  experim en t, and the w eigh t of the  anim als, 
w e m ay s ta te  th a t th e  re su lt fa irly  w ell corresponds to th a t o b ta ined  by 
B e r e z i n a  (1959).

7. SUMMARY

1. Construction of flowing-water polarographic respirometer is described 
(Figs 1—7). Wide-bore dropping-mercury electrode is used. Reagent solution is 
supplied automatically. Two types of reservoir-bottle are presented. These may be 
used alternatively, depending upon the required accuracy on the one hand, and 
the technical possibilities of a laboratory on the other;
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2. Preparation of reference electrode, wide-bore dropping-mercury electrode, 
braking capillary for mercury, braking capillary for inflowing water, reagent so­
lution, antibiotics and calculations are described;

3. The procedure of the experiments is presented;
4. The results of the measurement of oxygen consumption by larvae Anax 

imperator Leach in various oxygen concentrations are given;
5. Factors affecting the accuracy of measurements in flowing-water polarogra­

phic respirometer are discussed.

8. STRESZCZENIE

1. Przedstawiono konstrukcję polarograficznego respirometru przepływowego 
(Fig. 1—7). Stosowano szerokootworową kroplową elektrodę rtęciową. Elektrolit 
przewodzący wraz z substancją tłumiącą maksima tlenowe dozowany był automa­
tycznie. Zaproponowano dwa typy butli rezerwuarowych, które mogą być użyte 
alternatywnie, w zależności od wymaganej dokładności z jednej strony i od mo­
żliwości technicznych laboratorium z drugiej strony.

2. Opisano sposób przygotowania elektrody odniesienia, szerokootworowej kro­
plowej elektrody rtęciowej, kapilary hamulcowej dla rtęci, kapilary hamulcowej 
dla wpływającej wody, elektrolitu, antybiotyków, oraz wykonania obliczeń.

3. Opisano sposób przeprowadzenia eksperymentu.
4. Przedstawiono wyniki pomiaru zużycia tlenu przez larwy Anax imperator 

Leach w różnych stężeniach tlenu.
5. Przedyskutowano czynniki wpływające na dokładność pomiarów w  polaro­

graficznym respirometrze przepływowym.
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ABSTRACT

Studies were made of the chemical composition and vield of crayfish (Astacus 
astacus L.) meat with distinguishing males and females. It was found that the meat 
consists of 83.23°/o water, 0.60°/o fat, 1.23°/o ash and 2.32°/o total nitrogen, of which 
78%> is of protein origin. The percentages are averages for males and females. Males 
contain more total nitrogen, fat, and ash than do fem ales and the water content is 
lower in the former. In addition, qualitative and quantitative analyses were made 
of free and total amino acids in the crayfish meat.
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1. INTRODUCTION

The crayfish (Astacus astacus L.) is found in the inland waters of Europe from 
the Pyrenees and Atlantic Coast to the upper course of the Dniepr and Bug Rivers 
(Z. Gajewski, W. Terlecki, 1956) and is expanding into new areas.

As yet however, no satisfactory analysis of the chemical composition of 
crayfish meat has been made. The scanty data in the available literature (K. N. Bud­
nikov, F. F. Tretiakov, 1952, K. Smolian 1925) refer only to the contents of the most 
essential constituents of crayfish meat and are rather confusing.

It was to fill this gap in the literature that the chemical composition of crayfish 
(Astacus astacus  L.) meat has been studied for males and fem ales separately. The 
paper apart from a routine chemical analysis, gives the amino acid composition of 
crayfish meat (free and combined amino acids), the yield of edible meat, as well 
as the relation between the total lenght and weight of crayfishes.

2. MATERIAL AND METHODS

The c ray fish  (Astacus astacus  L.) w ere caugh t in  the  D ługie L ake by 
O lsztyn, in A ugust 1964. U ntil be ing  used fo r the  analysis  th e  m a te ria l has 
been kept a live  in  an  aera ted  w a te r  tan k  (about one week) and  fed w ith  fish
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fry . A fte r being rem oved from  the ta n k  the crayfishes w ere a ir  d ried  a t the  
tem p era tu re  of 20°C and  th en  killed  by  chloroform  v ap o u r and  the  m eat from  
the claw s and ta ils  w as seccured.

A) M ORPHOM ETRIC A N A L Y S IS  OF C R A Y FISH E S

The crayfishes w ere divided according to the sex, and  the  to ta l len g h t 
(as the to ta l we agreed  to consider the d istance from  th e  ro stru m  to the end 
of th e  caudal plates), w eight, and  th e  yield of edible m eat w ere m easured.

B) P R E P A R IN G  THE SA M P L E S FO R THE A N A L Y S IS

The m eat of crayfish , even very  fra sh  one, (im m ediately  post m ortem ) is 
characterized  by a la rge  am oun t of tissue  d rip  w hich m akes a un ifo rm  sam ­
p ling  fo r the exam ina tion  d ifficult. T herefo re  m eat o b ta in ed  from  20 speci­
m ens (from m ales and  fem ales separa te ly ) w as f irs t frozen a t — 30°C and 
th en  passed tw ice th ro u g h  a m eat g r in d e r  w ith  a sieve w ith  openings m m  in  
d iam eter. The g round  m eat w as sto red  in  sm all P e tr i dishes and kep t frozen 
u n til needed for the analysis (about 8  hr.).

C) CHEM ICAL M ETHODS

In  the crayfish  m eat th e re  w ere determ ined : 1) w a te r  — by the m ethod of 
d ry ing  at 105°C, 2) fa t  — by S ox h le t’s m ethod, 3) iod ine and acid num ber 
of fa t  according to K rauze  et al. (S. K rauze, Z. Bożyk, L. P iek arsk i, 1962), 
4) ash  — afte r  carbonizing  the  sam ples in  crucibles ov er a b u rn e r  and  com­
b u stin g  them  in  a m uffle  fu rn ace  a t 550—600°C, 5) n o n p ro te in  n itro g en  — 
a fte r  ex trac tin g  w ith  10-per cen t CCl3COOH (A. A. L azarevsk ij, 1955) and 
to ta l n itrogen  — by K je ld ah l m ethod (S. K rauze, Z. Bożyk, L. P iekarsk i, 1962) 
using  the  P arn as-W ag n er ap para tu s, 6 ) p ro te in  n itro g en  — from  the d ifference 
betw een  the to ta l and n o n p ro te in  n itrogen , 7) am ino acid n itrogen  — by the 
P ope-S tevens m ethod  (C. G. Pope, M. F. S tevens, 1939).

D) Q U A L IT A T IV E  A N D  Q U A N T IT A T IV E  A N A L Y S IS  OF A M IN O  A C ID S

F ree  am ino acids w ere ex trac ted  from  the  tissue  by the  Jones m ethod 
(N. R. Jones, 1955) w ith  ow n m odifications (E. K ołakow ski, T. D ąbrow ski, 
1967); separa ted  and  iden tified  as described by  A w ap ara  (J. A w apara, 1948). 
T otal am ino acids (free and  com bined) w ere d e te rm in ed  a f te r  an  acid h y d ro ­
lysis of the tissue in  a m ix tu re  of hydrochloric  and  form ic acids a fte r Block 
(R. J. Block, 1960).

A m ino acids sep ara tio n  w as perfo rm ed  by the com bined m ethods of chro­
m ato g rap h y  and  electrophoresis (E. L. D urrum , 1951) using  in  the  f irs t run  
ascending chrom atography  in  th e  n -b u tan o l: form ic acid: H 20  (75:15:10 respec­
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tively) for about 32hr (2X 16hr) and  th en  p erp en d icu la ry  to the  firs t run , 
the low -voltage e lectrophoresis (Z. Podeszew ski, 1962) w as em ployed in  an 
acetate  bu ffer of pH 2 (300 V, 0.8— 1.5 m a'cm  of W hatm an No. 3 filte r paper) 
fo r about 2.5 hr.

Q uan tita tiv e  am ino acid d e te rm in a tio n  was m ade by the  F ischer and 
D örfel m ethod (F. G. F ischer, H. D orfel, 1953), using ca lib ra tio n  curves m ade 
on the English  s ta n d a rd  (“S h an d o n ” — S tan d ard  So lu tion  fo r P ap e r C hro­
m atography).

3. RESULTS

The p re lim in ary  stud ies com prised a d e te rm in a tio n  of the m orphom etric 
qua lities of crayfish  (Astacus astacus  L.) — fo r m ales and  fem ales separately . 
The resu lts  are  show n in T able I. G enera lly  it  m ay be assum ed th a t w ith  an 
increase in  the crayfish  w eigh t th e re  is an  increase in th e  percen tage  m eat 
yield. Due to b u lk ie r claw s the  m ales yield considerab ly  m ore m eat. The m eat 
yield of crayfish  in  the  len g h t class 10.1 to 16 cm am ounts to 23.0 p e r cen t for 
fem ales and  23.9 per cen t fo r m ales, on th e  average.

F u rth e r , the  chem ical com position of the  crayfish  m eat w as exam ined 
tak in g  in to  account such p a ram e te rs  as w ate r, fa t, ash  and various form s of 
n itrogen . The re su lts  ob ta in ed  are  show n in  T able II.

T a b l e  I
Relation between total lenght of crayfisch (Astacus astacus 1.) and its weight and edible

meat yield

Sex Total lenght 
(cm)

Total weight 
(g)

Meat yield

(g) C/o)
Male 10.0—11.0

11.1—12.0
12.1—13.0

31.5—33.0°
33.1—34.2
34.3-40 .6

7.1—7.5 
7.6—9.2 
9.3—11.6

22.7
24.8 
27.7 '

Mean; 25.0

Female $
10.0—11.0
11.1—12.0
12.1—13.0

26.5—31.7
31.8—33.0
33.1—37.5

5.6—7.1 
7.2—8.0 
8.1—10.4

21.8
23.4
26.0

Mean; 23.7

T a b l e  П
Contents of water, fat, ash, and various forms of nitrogen in the fresh meat eat of crayfish (Asta­

cus astacus L.)

Sex Water
°//О

Fat
°// 0

Ash
°//о

Nitrogenous substances g pre 100 g raw meat

Total
Nitrogen

Protein
Nitrogen

Nonprotein
Nitrogen

Aminoacid
Nitrogen

$
83.11
83.35

0.64
0.57

1.25
1.21

2.329
2.311

1.811
1.814

0.517
0.496

0.180
0.176
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C rayfish  fre sh  m eat con tains on the average 83,2 p e r cen t of w ater, 0.60 
per cen t of fa t, 1.23 p er cent of ash, and  2.32 per cen t of to ta l n itrogen , the 
la t te r  being in 78 per cen t of p ro te in  origin. M ale ind iv id u a ls  con ta in  m ore 
to ta l n itrogen , fa t, and  ashes th an  do fem ales, b u t less w ater. The fa t  ob tained  
in th e  q u an tita tiv e  analysis w as used to de te rm ine  the  iod ine and  acid nu m b er 
of fa t  of crayfish  m eat. The iodine nu m b er of fa t fo r fem ales w as 92.5, th a t 
fo r m ales 91.7, the  respective figu res for th e  acid n u m b er being  5.54 and  
4.49.

The last in vestiga tion  phase covered the q u a lita tiv e  and q u a n tita tiv e  
analysis of free  and  to ta l am ino acid (free +  com bined) of the  c ray fish  m uscles. 
The resu lts  ob ta ined  are  show n in  T able III and  Fig. 1, 2 and  3.

T a b l e  III
Amino acid composition of crayfish (Astacus astacus L.) fresh meat

Amino acids
Amino acids %

Free amino acids 
(extr. alcohol.)

Combined amino acids 
(acid hydrolyzate)

$ <? $

1. Cystine 1.57 1.08 1.02 1.03
2. Lysine 2.68 2.70 4.35 4.44
3. Arginine 1.49 3.00 5.13 3.60
4. Histidine 17.59 18.30 3.06 3.08
5. Glycine 5.36 5.74 3.45 4.20
6. Serine 2.30 3.07 3.90 3.74
7. Asparaginic acid 8.69 8.66 10.12 9.93
8. Glutaminie acid 4.29 4.20 12.57 11.44
9. Treonine 4.42 4.48 7.40 7.42

10. Alanine 10.54 10.30 5.46 4.42
11. Proline 3.49 3.85 5.20 6.26
12. Tyrosine 2.79 2.80 5.76 4.13
13. Tryptophane 2.73 — — —

14. Methionine 11.66 11.55 5.91 5.78
15. Valine 2.52 2.69 3.27 3.91
16. Phenylalanine 2.45 2.60 6.35 6.87
17. Leucyne+isoleucyne 10.65 10.85 13.66 14.65
18. Taurine 4.78 4.54 5.39 5.10

A p re lim in a ry  elec trophoretic  separa tio n  of free  am ino acids show ed a 
h igh con ten ts of the basic frac tio n  averag ing  for m ales and  fem ales 47.2 per 
cent of the  to ta l am ount of free  am inoacids. The frac tio n  consists m ain ly  of 
h is tid in e  and  p a r tly  of a rg in in e  and  ly sine  (Fig. 1). In  the  g roup  of acid am ino 
acids th e re  w ere found  g lu tam in i and asparag in ic  acids, as w ell as an  u n id en ­
tified  am ino acid d istingu ished  by the h ighest e lec trophoretic  velocity  in th is 
g roup  of am ino acids.

O ut of 19 iden tified  free  am ino acids 18 a re  com m on to b o th  sexes, w h e­
reas one of them , try p to p h an e , w as found on ly  in fem ale ind iv id u a ls  and  in  
trace  q u an titie s  (Fig. 1.). The free  am ino acids in the  m uscle tissue of crayfish  
com prise: h istid ine, a lan ine , a rg in in e , lysine, leucine, isoleucine, se rin e , 
m eth ionine, treon ine , g lycine, p ro line , asparag in ic  and  g lu tam in ie  acids, ty ­
rosine, cystine, tau rin e , and pheny la lan ine .
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A p art from  the  above, in all the  ch rom atoelectrophorogram s th ere  w ere 
found  add itiona l six  spots of u n id en tified  com pounds w hich w ere  m arked  
X i to  X 6 (Fig. 2).

A fte r hydro lyzing  the tissue in a m ix tu re  of hydrochloric  and form ic acids 
to ta l am ino acid com position did not change, how ever, the  add itiona l spots 
(Xx—X 6) d isappeared  and th e re  w as an  increase in the con ten ts of g lu tam in ie  
acid, phen y la lan in e , lysine, serine, treon ine , p ro line, a rg in ine , leucine, and 
isoleucine.

electrophoresis
Fig. 2. Chromatoelectrophoregrams of free amino acids of crayfish (Astacus

astacus L.)
1 — c y s t in e , 2 — ly s in e , 3 — a r g in in e , 4 — h is tid in e , 5 — g ly c in e , 6 — se r in e , 7 — a sp a ra g in ic  acid , 
8 — g lu ta m in ie  a c id , 9 — tr e o n in e , 10 — a la n in e , 11 — p ro lin e , 12 — ty r o s in e , 13 — try p to p h a n e , 
14 — m eth io n in e , 15 — w a lin e , 16 — p h en y la la n in e , 17 — le u c y n e  +  is o le u c y n e , 18 — ta u r in e .

X, — x , — u n id e n t if ie d  c o m p ou n d s.

Fig. 1. An elektrophoregram of free amino acids in the muscle of crayfish (Astacus 
astacus L.) (separation in a pyridine buffer pH 6.7; separation time 2 hrs, 300 V, 

1.6—3.3 mA/cm of width of Whatman’s No. 3 paper strip)
I — b a s ic  fr a c tio n  (a — h is t id in e , b — a r g in in e) , II — n eu tra l fr a c tio n  (a — c o m p le x  o f  fo u r tee n  

am in o  a c id s), III — acid  fr a c tio n  (c — g lu ta m in ie  acid , d — a sp a ra g in ic  ac id ).
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Fig. 3. Chromatoelectrophoregram of an acid hydrolyzate of crayfish muscle.
(sec. Fig. 3)

The q u a n tita tiv e  com position of free  and  to ta l am ino acids (free +  com­
bined) in  the m uscle tissue of crayfish  is show n in  T able III. M ale ind iv iduals 
show ed h igher con ten ts  of g lycine, p ro line , ty rosine , p h en y la lan in e , and  
lysine th an  fem ales b u t sm aller am ounts of asparag in ic  and  g lu tam in ie  acids, 
a lan ine , and  tau rin e .

4. DISCUSSION

It follow s from  th e  analysis of the chem ical com position of crayfish  
(Astacus astacus L.) m eat th a t it is a food low in  fa t (average 0.60% fat) 
con ta in ing  considerab le  q u an titie s  of w a te r (83.23%) and  re la tiv e ly  sm all 
am ounts of p ro te in s (11.41%). As regards its n u tr itiv e  value th e  m eat of 
crayfish  canno t com pete w ith  th a t of fish, how ever, in  taste  it su rpases fish 
on account of its delicacy.

As concerns the am ino acid com position it is a va luab le  food con ta in ing  
all th e  essen tia l am ino acids inc lud ing  large  am ounts of such exogenic am ino 
acids as m eth ionine, leucine, isoleucine, ph en y la lan in e , treo n in e , and  lysine.

A characteristics  fea tu re  of crayfish  m eat, how ever, is its h igh conten ts 
of am ino acids p resen t in a free  sta te , and  especially  of th e ir  basic fraction . 
A m ino acid n itrogen  in fem ales accounts fo r 35.5% and  in  m ales fo r 34.8% 
of the to ta l sum  of n o n p ro te in  n itro g en  d e te rm ined  in  a trich lo roacetic  acid 
ex trac t from  the tissue. A m ong th e  am ino acids p resen t in  a free  s ta te  th e re  
is a q u an tita tiv e  p reponderance  of h istid ine  w hich am ounts in  fem ales an 
m ales to 17.9 p er cen t of the  to ta l con ten ts  of am ino acids. Such h igh  am ounts 
of h is tid ine  a re  p robab ly  responsib le  fo r the charac teris tic  flav o u r and arom a 
of crayfish  m eat (F. B ram sted t, 1957) as w ell as for some of its  n ix ious effects 
in case it comes from  dead ind iv iduals. H istid ine is easily  decarboxy la ted  by
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the  tissue and  b ac te ria l (E. G eiger, G. C ourtney , G. S chnakenberg , 1945,
H. Igarash i, 1939, M. K im ata , A. K aw ai, 1953, R. Legroux, J. C. L evanditi, 
1947) enzym es to h istam ine  w hich, as a lread y  show n (A. S trom , W. L indberg , 
1954, van  A. G. Veen, H. E. L a tu asan , 1950), caused m any  cases of poisoning.

A m arked  increase in the  g lu tam in ie  acid con ten ts  a fte r  hydro lyzing  the 
tissu e  po in ts to the presence of considerab le  am ounts of g lu tam in e  in the 
m uscle proteins.

The d isappearance of try p to p h an e  and  the drop in  the  con ten ts of 
h is tid in e  and  m eth ion ine  in the tissue hydro lyzates is due, am ong o thers, to 
the  decom position of these am ino acids u n d e r hydro ly tic  conditions (A. N ie- 
w iarow icz, 1955).

5. SUMMARY

Studies were made of the chemical composition of crayfish (Astacus astacus L.) 
meat for females and males separately, as w ell as of the relation between the yield 
of edible meat and the total lenght of crayfish.

Crayfish fresh meat contains 83.23 per cent of water, 0.60 per cent of fat, and 
2.32 per cent of total nitrogen, of which 78 per cent is of protein origin. Male indi­
viduals contain more total nitrogen, fat, and ashes than females, but less water. 
The studies comprised also a quantitative and qualitative analysis of free and total 
amino acids in the meat of crayfish.

6. STRESZCZENIE

Przeprowadzono badania nad składem chemicznym mięsa raka szlachetnego 
(Astacus astacus L.) z podziałem na samce i samice, ze szczególnym uwzględnieniem  
składu substancji azotowych.

Wykazano, że mięso raka szlachetnego zawiera średnio dla obu płci 83.23% w o­
dy, 0.60% tłuszczu, 1.23% popiołu i 2.32% azotu ogólnego, który w  78% jest po­
chodzenia białkowego. Samce zawierają więcej azotu ogólnego, tłuszczu i popiołu 
niż samice, a mniej wody. Poza tym oznaczono skład jakościowo-ilościowy amino­
kwasów wolnych i ogólnych (wolne +związane) mięsa raka szlachetnego oraz w y­
dajność mięsa jadalnego samców i samic w zależności od długości raka.
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ABSTRACT

On the basis of physico-chemical investigations on the water, conducted in the 
period from April 1960 to October 1961, a hydrochemical characteristic of the 
springwater Lake Jasień has been elaborated. Supplied by generous bottom springs 
the Lake Jasień belongs to the West Pomeranian Lake District and is the river 
Lupawa’s outflow reservoir. The dynamics of thermal and oxygen conditions was 
distinct, owing to a number of specifities connected with the springwater-flow  
character of the lake. The ion balance of the water was clearly formed under the 
influence of ground waters (large content of calcium and magnesium), and had an 
interesting system of microelements. Also the bottom deposits in the Lake Jasień, 
among which lime, organic, silica and mixed ones could be distinguished, had in­
dividual character, connected with the structure and dynamics of water masses.

CONTENT
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3. R esults
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c. H ardness, non-carbonate hardness, carbon dioxide
d. Dry residue, suspended m atter, chem ical oxygen demand
e. Ion content Ca2+, M g2+, Na + , K + , F e3+ , Mn2+, C l- , S 0 42+.
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g. Phosphorus and silicon com pounds
h. M icroelem ents
i. A nalysis of bottom  deposits

4. D iscussion
5. Sum m ary
6. Streszczenie
7. R eferences

1. INTRODUCTION

Limnological investigations conducted in the northern regions of Poland con­
cern almost entirely the Mazurian Lake District and include only a small part, i.e. 
single lakes of the Pomeranian Lake District. The aim of our work is acquiring 
knowledge of the physico-chemical elem ents in the environment of the Lake Jasień,

* Present address: Epidemiological Station, 12, Drewniana, Słupsk, Poland.
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supplied by the springs, which is one of the largest and most interesting bodies of 
the Pomeranian District. For springwater lakes are hitherto only slightly known 
in world literature and in Polish literature they are indeed quite unknown.

The Lake Jasień belongs to the drainage area of the river Lupawa, which  
covers a surface of 4045.8 ha. The percentage of lakes is large and amounts to 4049. 
The biggest lake of the basin is Gardno, with a surface of 2500 ha, it covers 61.7% 
of all the basin’s lake surface. The group of three lakes: Jasień, Potęgowskie and 
Kamienieckie, with respective surfaces: 587 ha, 146 ha and 128 ha ( M a j d a n o w s k i  
and K o n d r a c k i  1953) is second in the scale of dimensions. The joint surface of 
these three lakes is 861 ha and represents 2 1 .2% of the basin’s lake surface.

T a b l e  1
Limnometric characteristic of the Lake Jasień 

(after Waluga, IRS in Olsztyn)

The lake’s characteristics
Data concerning

southern basin northern basin

Surface (5)
the water mirror ha 336.7 240.5
the islands ha 10.2 1.1

Depth (D)
maximum m 22.6 32.2

D max
relative--------- 0.012 0.020

S
V

diameter----  m 7.75 9.1
S

1 mean D
index of depth ---------- 0.34 0.28

t max. D

Volume (Fin thous.) m3 26052.4 21996.4

Dimensions (L and IF)
maximum lenght (L) m 3100 4690
maximum width (!F)m 1465 900
mean width m 1086.1 532.0

Coast line (CL)
the lake’s depression m 10025.0 13400.0
the island m 3165.0 750.0
total m 13190.0 14150.0

Geogr. latitude 54T6.7' 54T8.5'
Geograph, longitude 17°35.8' 17°37.3'
Altitute above sea level m 112.6 112.6

The Pomeranian Lakeland is limited from the north by a long space of the 
Baltic Sea coast, has a much differentiated territory, situated along lines marked 
by barometric depressions, and is distinguished from the surrounding regions by 
a somewhat harsher climate; its winters are colder and its short vegetation period 
has not more than about 200 days. More important meteorological events, noted 
throughout the research period, i.e. in the years 1960 and 1961 are shown in Fig. 1. 
The clim ate of this period did not essentially differ from that of average years. 
An exception was only a far milder winter occurring in 1960—1961.

The first slight frost occurred only on October 2 1 , 1960 and disappeared on 
April 12, 1961, (it usually lasted longer, from Oct. 5 to May 15), but the temperature 
of that winter dropped only once below —10° (showing —12,2° on January 25, 1961). 
The lake was covered with ice only for a short time and this mild winter caused
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a rather high medium annual temperature reaching 8.6° (registered from April 1960 
to April 1961), much higher than that of average years (6.5°—7.0°).

The Lake Jasień is composed in the north-south direction of two basins: the 
south and the north one.

The southern basin of Lake Jasień is shaped similarly to an elongated rectangle 
with weakly developed configuration of its coast line (Fig. 2).

38.7 m of coast line correspond to one ha of the water mirror. The relatively
high index of development of the coast line (2.0) is undoubtedly due to a number 
of six islands situated near the west shore.

The northern basin of the Lake Jasień has the shape of a much elongated
gutter, with many gulfs and a high index of development of its coast line,
reaching 2.7. Therefore 60.4 m of coast line correspond to 1 ha of the water mirror 
(tab. I).

The mean depth of the southern basin is 7.7 m and its maximum is 22.6 m. The 
index of depth 0.34 suggests a mean variety of bottom. The basin’s south part is 
in general shallower than the north part. The peripheral disposition of the lake’s 
deep places is characteristic, namely in the southern extrem ities we observe depths 
of 15.3 and 13.7 m, and in the northern ones respectively 22.6 m and 21.9 m. The 
banks of the lake slope very softly down into the* water along the southern part 
and are very steep in the northern part.

Mean water depth of the northern basin is 8.5 m, reaching 32.0 m in its deepest 
part, but the index of depth: 0.28 indicates a large variety of bottom. Similarly as 
in the southern basin the deepest places are disposed in the extremities, reaching 
a depth 32 m in the southern part and 26.3 m in the northern one.

The Lake Jasień is the springwater outflow basin of the river Lupawa. Accord­
ing to data of the Polish Hydrological and Meteorological Institute the river carries 
in the summer months an amount of 48 m3/min of water, which gives an annual 
outflow of about 25 mln m3. The ratio of annual outflow to the lake capacity is 
0.5 and represents a considerable m ixing power of the water.

The river Łupawa covering a distance of 91 km with a mean decline l,2°io, 
falls into the Lake Gardno, which is connected with the Baltic Sea.

The Lake Jasień is supplied by only one tributary which constitutes the passage 
from the Lake Obrowo. In the summer of 1961 it carried an amount of 6—10 m3 per 
min. As this lake has no other large tributaries, not counting water supplied directly 
by rainfall, it is evidently provided by many bottom springs of rich yield.

2. METHODS

Sam ples fo r physico-chem ical investiga tions w ere d raw n  from  fou r sites 
placed in  the deepest coun terp o in ts  of the  lak e ’s bo th  basins.

S ite  1,15.3 m deep by the passage from  the  Obrowo lake, and  site  2, 21.9 m 
deep, characterize  th e  w a te r  of th e  so u thern  basin ; respective ly  site  3, 32 m 
deep and  site 4 w ith  a dep th  of 26.3 m by  th e  ou tflow  of the  r iv e r  Ł upaw a, 
show  characteristics of the  n o rth e rn  b as in ’s w ate r. P lac ing  sites along the 
axis of the w a te r passage allow ed to s ta te  changes of the w a te r  com position 
in bo th  basins (Fig. 2).

Investiga tions of bottom  sed im ents w ere  carried  o u t in  16 sites, 1 1  of 
w hich (I—V, V III—X II, XVI) have  been placed along the  ax is of w a te r 
passage in  th e  lak e ’s p ro fu n d al, and  5 in  the  lit to ra l’s ch a rac teris tic  po in ts 
(VI—V II, X III—XV). S ites I—V w ere  placed in  the  so u th e rn , and  VI—XV 
in  th e  n o rth e rn  basin. S ite  I of sam pling  fo r the  in vestiga tion  of sed im ents 
corresponds to site  1 in the  scope of exam in ing  w ater, fu r th e r  site  IV — to 
site  2, s ite  X  — to site  3 and site  X V I — to site 4 (Fig. 2).

A ll d e t e r m i n a t i o n s  w e r e  e x e c u t e d  a c c o r d i n g  t o  J u s t  a n d  H e r m a n o w i c z  
(1959), o n l y  s e l e n i u m  h a s  b e e n  d e t e r m i n e d  a f t e r  S t r u s z y ń s k i  (1952).

W ater sam ples w ere d raw n  from  a row ing boat by  a P a ta la s  sam pler in
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q u an titie s : 3 litres  to a g enera l analysis, w hereas w a te r sam ples for 0 2, C 0 2 

and  H 2S w ere placed in  sep ara te  bottles. Sam ples fo r oxygen and  hydrogen  
su lph ide  w ere p reserved  and  sam ples for C 0 2 w ere im m ediately  exam ined. 
Basic analyses w ere carried  ou t every  m onth , d raw ing  sam ples from  depths 
every  5 m, bu t tem p era tu re  and  oxygen w ere in v estiga ted  in  vertica l section 
every  2 m in all sites. The rem ain in g  analyses w ere done only  tw ice — in 
sum m er and  au tum n  of 1960.

Sam ples w ere d raw n  a t 3— 6  w eeks’ in te rv a ls , b u t in M ay and  Ju n e , 
d u rin g  the form ing  of th e  therm ocline, the frequency  of sam pling  grew  to 
3—4 tim es p er m onth. The ch arac teris tic  of bottom  sedim ents has been 
w orked  out on the basis of analyses carried  ou t on ly  once in au tu m n  of 1961. 
Sam ples w ere d raw n  by m eans of an  E k m a n  bottom  sam pler.

The analysis of sedim ents included  estim ation  of organ ic  substance, 
o rgan ic  carbon, am m onia n itrogen , o rgan ic  n itrogen , carbonates, silica, iron  
and  alum inium , phosphates, chlorides and  n itra te s , ca rried  ou t a fte r P i p e r  
(1957).

O rganic substance w as d e te rm ined  on the basis of loss on ign ition  of 
sed im ent sam ples a t a tem p era tu re  of d a rk  red  glow  (about 500°) and  w as for 
com parison calcu lated  a fte r the  m ethod  of T j u r i n  (1936), consisting  in the 
m u ltip lica tion  of organic  carbon  d e te rm ined  by W a l k l e y  and B l a c k ’s  t i t r a ­
tion  m ethod ( P i f e r  1957), by a coefficien t 1,724.

3. RESULTS 

a .  t h e r m a l  a n d  o x y g e n  c o n d i t i o n s

The dynam ics of th erm al and  oxygen conditions in the  lak e ’s w a te r  have 
been  p resen ted  in  the d iagram  of therm o-isop la tes a t tem p era tu re  course 
(Fig. 3), and characteristic  therm ic  profiles in Fig. 4. A ccordingly , diagram s 
p resen ted  by F igu res 5 and  6 , il lu s tra te  the  dynam ics of oxygen  conditions. 
To th e  com putation  of p ercen tage  of w a te r  sa tu ra tio n  w ith  oxygen, a value 
of 761.2 mm Hg was accepted.

The therm al year in  L ake Jasień  falls in to  four, w ell d istingu ished  periods. 
T hese are:

1) sp ring  hom otherm al s itu a tio n  — lastin g  from  A pril to m id-M ay
2 ) sum m er stagn a tio n  — from  m id-M ay to m id-O ctober
3) au tum n  hom otherm al s i tu a tio n — from  m id-O ctober to D ecem ber
4) w in te r stagnation  — lasting  from  Ja n u a ry  till March.
The ru n  of therm ic and  oxygen  changes w as in  gen era l typ ica l for 

holom ictic lakes in  th is  area. Som e d ifferences w ill p robab ly  be the  re su lt of 
q u ite  specific p rop erties  of the  sp rin g w ate r Lake Jasień , such as: a ra th e r  
in ten se  sp ring tim e c ircu la tion  w hich takes place w hen the  lake’s w a te r is 
no t fu lly  sa tu ra ted  w ith  oxygen, the  la te  occurrence  and stab iliza tion  of 
sum m er s tra tifica tio n , very  low  therm ocline g rad ien ts  (0.88—0.9°/m, Fig. 3), 
an  average hea tin g  of hypolim nion , a strong  and  long lasting  au tu m n  c ircu la ­
tion , considerable cooling, la te  freezing  follow ed by sh o rt d u ra tio n  of ice 
cover and  excep tionally  high oxygen co n ten t in th e  hypolim nion. This proves 
an ap p u rten an ce  of the  Jasień  L ake to the  group  of eum ictic lakes, lean ing  
ra th e r  m ore to tachym ixis.
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Fig. 2. Disposition of sites for examining the water, 
and bottom sediments in the Lake Jasień
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Fig. 4. Thermal profiles of water in the principal seasons

B . T U R B ID IT Y , T R A N S P A R E N C Y , COLOUR, pH

The low est g rade  of w a te r tu rb id ity  has been  s ta ted  to  occur d u rin g  
w in te r  s tagna tion , i.e. from  1 mg/1 S i0 2 a t a dep th  of 0—20 m to 7 mg/1 S i0 2 

at th e  bottom . In  the sp ring  of 1960 and  1961 tu rb id ity  d isp layed  re la tiv e ly  
la rg e  varie ties. A t the beg inn ing  of A pril 1960 the w a te r  tu rb id ity  oscilla ted  
from  3 mg/1 S i0 2 a t the su rface, 7 mg/1 S i0 2 a t a dep th  of 22 m, to  an  am oun t 
of 20 mg/1 S i0 2 a t the  bottom , b u t in the  sam e period  1961, d u rin g  s trong  
w inds ra is in g  g rea t w aves, tu rb id ity  reached  its h ighest lim it: 10 mg/1 S i0 2, 
and  n ea r the  bo ttom  even up to 25 mg/1 S i0 2. Such a h igh degree of tu rb id ity  
10 mg/1 S i0 2 w as observed only  in the  su p erio r s tra ta  of ep ilim nion  in sum ­
m er, w hereas in the au tu m n  the w a te r  recovered  its  usual value, reach ing  
7 mg/1 S i0 2 in  its superio r s tra ta , 5 mg/1 S i0 2 in  the  low er ones, and  up to 
20 ml/1 S i0 2 a t the bottom .

T ran sp aren cy  m easured  by a Secchi disk of 30 cm d iam eter, oscillated  
from  12 to 3.7 m in sum m er du ring  bloom ing in the  so u th e rn  basin  and  4.2 m 
in the  n o rth e rn  one.

The w a te r colour w as low est in  w in te r  i.e. 10 mg/1 P t, and  h ighest — 
30 mg/1 P t  in  th e  so u thern  basin  a t th e  beg in n in g  of A pril 1961. In  the 
rem ain in g  periods the  w a te r colour osc illa ted  n early  a lw ays ro u n d  15 mg/1 P t, 
r is ing  only  in the surface s tra ta  d u rin g  sum m er to 17 mg/1 P t.

In  the  period of sum m er s tag n a tio n  the  w a te r  d isp layed  a lk a lin e  o r 
w eak ly  a lka line  reaction  from  pH 8.0—8.2 a t th e  surface, to 7.4—7.7 in the  
bottom  s tra ta .
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Oxygen sa tu ra tio n  in per cent

C. TO TAL H A R D N E S S , N O N -C A R B O N A T E  H A R D N E S S, CAR BO N  D IO X ID E

The highest g rade  of to ta l hard n ess  could alw ays be no ted  d u rin g  th e  
sum m er circu la tion  period, i.e. 4.2—4.8 m iliequivalent/1  (11.8— 13.4°n) in  1960, 
and: 4.9—5.2m eq/l (13.7— 14.6°n) in 1961.

T otal hardness d isplays only  sligh t s tra tif ica tio n  in sum m er, told by  its 
decrease to ld  by its  decrease in the  su rface  s tra tu m  dow n to 7 m  — 
3.4—3.3m eq/l (9.5—9.2°n) and  its increase in  deeper s tra ta , i.e. 3.5—3.8 meq/1 
(9.8— 10.6°n).

Total hardness am ounted  in the  w in te r season to 4.4 meq/1 (1 2 .0 °n). N on- 
-carbona te  hardness oscilla ted  in the  period  of au tu m n  c ircu la tion  an d  in 
w in te r  from  2.0—2.4 meq/1, and  in  sp ring  from  1.1 to 2.0 meq/1.

A lk a lin ity  also d isplayed only  slight oscilla tion  from  2.1 to 2.5 meq/1. 
A single and  h ighest a lk a lin ity  has been s ta ted  in  A pril 1961, in  the low est 
hypolim nion s tra ta  of the  n o rth e rn  basin.

D uring  sp rin g tim e and  au tu m n  circu la tion  the  w a te r con tained  free  
carbon dioxide in  q u an titie s  of 3-1—4.4 mg/1 C 0 2 and 3.5—4.7 mg/1 C 0 2. 
D uring sum m er in th e  tra n sp a re n t w a te r of ep ilim nion  the  am oun t of free  
C 0 2 dropped to 1.1—2.2 mg/1 CO/, m ain ly  on account of pho tosyn thesis , 
w hereas a t th e  bottom  it rose to 6.5—7.0 mg/1 C 0 2.

D . DRY R E SID U E , SU S P E N D E D  M ATTER, CHEM ICAL O X Y G E N  D E M A N D

The h ighest degree of d ry  residue  could be no ted  in  the w a te r  of L ake 
Jasień  in  the period of au tu m n  c ircu la tion , b u t the d ifferences no ted  in  the
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tw o subsequen t years w ere considerable. W hile in  th e  au tum n  of 1960 the 
q u a n tity  of d ry  residue oscillated  from  188 m g / 1  a t th e  surface to 2 2 0  mg / 1  

n ea r the bottom , in  the sam e period  of 1961 it w as respectively : 218 mg/1 to 
230 mg/1. Because of a com plete m ix ing  up of the w a te r in au tum n, a value 
of 220—230 mg/1 should  be accepted as the h ighest one reached  in  the lake. 
The m axim um  value  w as approached  by the  lake’s w a te r also in  the spring  
of 1960, i.e. from  190 to 210 mg/1. In  the  sam e period  of 1961, d ry  residue  was 
low er, i.e. from  150 mg/1 to 180 mg/1, w hich ind icates a considerab le  influence 
of c ircu la tion  in te n s ity  on the  w a te r  to ta l m inera liza tion .

In  th e  sum m er v ertica l s tra tifica tio n , m uch like the one of hardness could 
be noted; it w as 145 mg/1 at the  surface, decreasing  to 138 mg/1 a t a depth  of 
8  m, and g row ing  again  up to 180 m g / 1  a t the  bottom .

In the w in te r  period  the value of d ry  residue is up to 195 mg/1.
D uring  the  sum m er c ircu la tion  period  the to ta l q u a n tity  of suspended 

m a tte r  w as h ighest, o scilla ting  from  abou t 50 mg/1 in epilim nion  and  m etal- 
im nion dow n to 30 mg/1 in  hypolim nion.

The share  of vo latile  suspension  in  re la tio n  to m in era l one was expressed 
by a ra tio  of 80:20% in ep ilim nion  and  70:30% in hypolim nion.

The to ta l co n ten t of suspended  m a tte r  d u rin g  the sp ring tim e hom e- 
o therm ic s itu a tio n  displayed considerab le  d ifferences in  the tw o successive 
years concerned. W hen in  1960 from  th e  to ta l q u a n tity  of suspension of 
abou t 25/mg/l in  all the  w in te r  m ass, on ly  5% form s p a r t  of the  m inera l one, 
in  1961 in the  w hole am ount of 40 mg/1 th e  ra tio  of vo latile  suspension to 
m in era l one is reverse. This is the consequence of v io len t sp ring tim e c ircu la­
tion  raised  by  s trong  w inds p roper to th e  season.

In sum m er the  la rg est q u a n tity  of suspended  m a tte r  g a th e rs  in  m etal- 
im nion  i.e. 48/mg/l, and  epilim nion  show s o n ly  25 mg/1; 95% of th e  above is 
the  vo latile  suspension.

In w in te r  th e  q u an tity  of suspension  oscillates from  18 mg/1 a t the surface 
to 35 mg/1 n ea r the  bottom ; it  is in  70—80 per cen t a m in era l one.

The am plitude  of oscilla tions in  chem ical oxygen dem and am ounted  from
4.5 mg/1 0 2 in  w in te r, to 7.5 m g/ 0 2 in  sum m er and au tum n. O nly in the 
bottom  s tra ta  th e resu lts  w ere  h igher, p resen tin g  9.0—11.3 mg/1 0 2.

T a b l e  II
Certain determinations characterizing the content of organic compounds at 1 m depth, April 1961

Determination Result Site 1 Site 2 Site 3 Site 4

Colour mg/1 Pt 70 10 5 5
Chemical oxygen demand mg/1 0 2 9.8 6.5 5.6 9.2
Organic nitrogen mg/l N 1.12 0.58 0.57 0.56
Albuminoid nitrogen mg/l N 0.53 0.39 0.36 0.37
Loss on ignition mg/1 80 40 42 36

The h ighest co n ten t of o rganic  substance  (tab. II) could alw ays be noted 
in  site  1, in fluenced  by the in flow  from  the lake Obrowo, it was low er in 
site  2 , charac teriz in g  w aters flow ing from  the so u th e rn  to th e  n o rth e rn  basin, 
f in a lly  it  w as th e  low est in  site  4, n ea r  to the ou tflow  of the  r iv e r  Łupaw a.
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E. IO N CO N TEN T: Ca2+, M g2- ,  Na+, K+, F e 3+, M n2+, Cl- , SO2-.

The inflow  from  the  Obrowo lake  brings to L ake Jasień  w a te r  c o n ta in ­
ing 30—35 mg/1 Ca, b u t w a te r  of the L upaw a riv e r ca rries  aw ay 60—70 mg/1 Ca 
from  th e  n o rth e rn  basin. Fig. 7 show s the increase of con cen tra tio n  of calcium  
in bo th  basins of the L ake Jasień ; in  the so u thern  basin  from  30 mg/1 Ca to  
50 mg/1 Ca, and  in  the  n o rth e rn  one up to 60—65 mg/1. A d istinc t v e rtic a l 
s tra tifica tio n  of calcium  con ten t could be sta ted  in  sum m er (Fig. 8 ): from  
53 mg/1 Ca in  site  2, and  59 mg/1 Ca in  site  3 a t the surface, up to 60 mg/1 C a 
and  65 mg/1 Ca n ea r the bottom . T herefo re  p ara lle l w ith  th e  increase of con­
cen tra tion  of calcium  in  w a te rs  flow ing th rough  the L ake Jasień , th e ir  b io log ­
ical decalcification takes place.

Fig. 7. Kations level stratification at Fig. 8. Kations vertical stratification
water surface in July 1961 in sites 2 and 3, July 1961

In  the period of sp ring  and au tu m n  c ircu la tion  d isp lacem ent of calcium  
and equalization  of its con ten t occur a t a scale of 50—60 mg/1 Ca.

M agnesium  and sodium  ions occurring  in  low  q u an titie s  of about 1 0  mg/1 
and  potassium  5 mg/1 do no t show  d is tin c t s tra tif ica tio n . A re la tiv e ly  m ost 
considerab le vertica l d iffe ren tia tio n  is noted in sum m er fo r m agnesium : 
11 mg/1 Mg n ear th e  surface, up to 18 mg/1 Mg a t the  bo ttom  in site  3.

The ra tio  Ca:Mg is in  the  Lake Jasień  in  mg/1 — 65:10.
Iron  appeared  in q u an titie s  from  0.05 to 0.1 mg/1 F e3+, increasing  in  site  

3 to 0.5 mg/1 F e3+ a t the bottom .
The inflow  from  the lake O browo carries w a te r  w ith  a co n ten t of 

0.3 mg/1 Fe. The conten t of m anganese oscillated  also sligh tly : from  0.025— 
0.05 mg/1 M n2+. The value of 0,1 mg/1 M n2+ has been  s ta ted  on ly  in  w in te r  in  
site 3 n ea r the  bottom , and system atica lly  in  th e  above m en tioned  inflow .

The co n ten t of chlorides oscilla ted  b etw een  12 to 16 mg/1 C l-  in  sp ring , 
sum m er and  au tum n, dropp ing  in w in te r  dow n to 3—4 mg/1 Cl~. As th e  ra tio  
Cl:Na n early  corresponds to the  eq u iv a len t ra tio  C l-  =  N a+, ions Cl~ p e n e ­
tra te  in to  the  w a te r  of L ake Jasień  m ostly  as the dissolved sa lt NaCl. S u lphates, 
characterized  by an  oscillation  am plitude  from  17 to 30 m g/l S O 4 - , d id  no t 
e ith e r show d is tin c t s tra tific a tio n  in  the  sum m er m onths. O nly in  w in te r, in  
sites 3 and  4 the co n ten t of su lpha tes w as h ig h er in  lim its from  
28—35 m g/l SO 4 - .
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F . IN T E R D E P E N D E N C E  OF AM M O NIUM , N IT R IT E  A N D  N IT R A T E  CO M PO UNDS  
A N D  O R G A N IC  N IT R O G E N

T he c ircu la tion  of n itro g en  substances has been g raph ica lly  p resen ted  
in th e  v e rtica l section  of site  3 (Fig. 9— 12). A com parison of the  system  of 
curves in  periods of sp ring  and  au tu m n  c ircu lation  (Fig. 9, 11) confirm s the 
above discussed differences ex isting  in th e  in ten s ity  of c ircu la ting  m otions 
d u rin g  sp rin g  and  au tum n. N itra te s  leech ing  0.20 m g/l N a t the  s ta r t  of 
sp rin g  c ircu la tion , w ere n early  used out a lread y  in  A pril over the  surface 
layers in  connection  w ith  the developm ent of phy top lank ton . This w as accom ­
pan ied  by a g ro w th  of n itrogen , the m axim um  of w hich reached 0.7 m g/l N 
a t a d ep th  of 4 m. In  deeper layers from  dow n to 22 m, the q u an titie s  of 
o rgan ic  N decrease dow n to 0.35— 0.4 m g/l N, and grow  again  tow ards the 
bottom , reach in g  0.5—0.7 m g/l N in  deep places (Fig. 9).

A lbum ino id  n itrogen  equalled  about 50% of organ ic  n itrogen  in  all the 
sites, an d  its f lu c tu a tio n  depended  on the flu c tu a tio n  of organ ic  N.

T he level of am m onia and  n itrite s  w as equalized over the w hole lake at: 
0.12 mg/1 am m onia N, and 0.C03 mg/1 n itr ite  N, on ly  bottom  w a te r  show ed in 
site 3 fa r  h ig h e r value up to 0.20 mg/1 am m onia N, and  0.021 mg/1 n itr ite  N, 
w hich  w as th e  h ighest re su lt fo r n itra te  ever no ted  in  the  lake.

T he period  of sum m er s tag n a tio n  w as charac teris tic  fo r a g rea t con­
sum ption  of assim ilab le form s of n itrogen . I t w as conceivable by a drop of 
n itra te  n itro g en  n ea rly  in all the  w a te r mass. In so fa r  as the q u a n tity  of 
n itra te s  a t a dep th  of 10— 14 oscillated  in  A pril betw een  0.15 to 0.20 m g/l N — 
it w as in  Ju ly  on ly  0.06 m g/l N at th e  sam e dep th  (Fig. 10).

The cu rv e  of organ ic  n itro g en  reached  in  th e  sum m er tw o d istinct 
m axim a: 0.60— 0.65 mg/1 Nn at a level of 2 and  20 m. The increase of organic 
n itro g en  in the h igher ep ilim nion  can be exp la ined  by the bloom ing of algae, 
w hereas in  hypo lim nion  it w as due to the fall of dead partic les of p h y to ­
p lank ton .

The s ta r tin g  decom position process of organic  substance is also proved 
by th e  g ro w th  of am m onia n itro g en  from  0.12 m g/l N a t a dep th  of 14 m to 
0.20 m g/l N a t 24 m. In  th a t tim e the q u a n tity  of am m onia N w as at the  
su rface  0.02 mg/1. N itrites rem ained  a t a level of 0.005 m g/l N, reach ing  
a m ax im um  of 0.008 m g/l N in m etalim nion .

A lbum ino id  n itro g en  m aking  in A pril d is tin c tly  a h a lf  of all th e  organic  
n itro g en , in d ica ted  thu s its vegetal o rig in , b u t in  Ju ly  the  cu rve  of a lbum inoid  
n itro g en  co rre la ted  w ith  organic  n itro g en  rising , how ever, to about 2/3 of its 
q u an tu m , w hich  w ould  show  the  share  of n itrogen  deriv ing  from  the  an im al 
w orld.

A u tu m n a l c ircu la tion , convexion and  d iffusion  caused a n ea rly  to ta l 
m ix ing  of th e  w a te r and  sup p lem en ta tio n  of the  sho rtage  of assim ilable 
n itro g en  in  epilim nion . The con ten t of n itra te s  reached  th e  value from  
0.22 m g/l N a t th e  surface to 0.29 m g/l N  n ear th e  bottom , and  of n itr ite s  
respec tive ly  from  0.C03 to 0.010 m g/l N (Fig. 11). L arg^ d iffe ren tia tio n  of th °  
q u a n tity  of am m onia: from  0.04 mg/1 am m onia N in a 15 m h igh  w ater colum n 
to 0.30—0.39 m g/l N a t th e  bottom , m ay be exp la ined  by the  advancing  decom ­
position  of p ro top lasm  of sink ing  vegetal and  an im al bodies, w hich w as 
accom panied by  a sligh t increase of n itrite s . The curve  of n itra te  con ten t 
d u rin g  w in te r  s tagna tion  (Fig. 12) rem inds of a qu ite  analogous curve from  
N ovem ber. T he advancing  process of n itr if ica tio n  of n itrogenous substance
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in hypolim nion, w as characterized  by a drop  in  the  co n ten t of am m onia 
n itrogen  and  grow th  of n itr ite  n itrogen . A m m onia show ed an am plitude  of 
flu c tu a tio n  from  0.04 m g/l N a t a dep th  of from  0 to 20 m up to 0.12 m g/l N 
at the bottom , and  n itr ite s  from  0.003 m g/l N a t a dep th  of 0—17 m to
0.014 mg/1 n itr ite  N in the bo ttom  layer.

G. P H O SPH O R U S A N D  SIL IC O N  C O M PO U N D S

A fte r S t a n g e n b e r g  (1937) it has been  accepted th a t d e te rm in a tio n  of 
phosphates in the  surface w a te r  of lakes d u rin g  th e ir  au tu m n a l c ircu la tion  
characterizes adequate ly  th e  en tire  affluence  in to  the m en tioned  com pound. 
Thus re la tiv e ly  sm all q u an titie s  of phosphorus have been found  in  the L ake 
Jasień , te lling  an am ount of 0.12 in  th e  so u th e rn  basin  and  0.10 m g/l P O 4 -  in 
the  n o rth e rn  one.

In  sum m er th e re  occurred  in  ep ilim nion  a shortage  of phosphorus, con­
nected  w ith  its consum ption by p h y to p lan k to n , show n in tab le  III,

T a b l e  III
Drop of phosphorus content during summer stagnation in 1961

Site Depth m
Date of drawing samples

5.IV/. 61 21.VI/.61 12.VII/.61 23.V1I/.61

1
0 0.10 0.02 0.01 0.01

15 0.60 0.24 0.15 0.08

2
0 0.08 0.03 0.01 0.00

20 0.62 0.20 0.12 0.09

3
0 0.06 0.01 0.00 0.00

30 0.55 0.19 0.20 0.11

4
0 0.06 0.02 0.00 0.00

25 0.60 0.22 0.18 0.08

F o r the sake of com parison the ta b le  show s also d a ta  from  A pril 1951. 
S p ring tim e m axim um  w as charac terized  in  the L ake Jasień  by q u an titie s  
from  0.06 to 0.10 mg/1 P O ^-  and 0.55— 0.60 mg/1 PO ^-  n ea r the  bottom , w hich 
rep resen ts  th e  h ighest da ta  concern ing  th e  co n ten t of phosphorus no ted  in 
the  lake. In  the  au tu m n  and  sp rin g tim e  c ircu la tion  period  the  con ten t of 
silicon am ounted  to abou t 10 mg/1 S i0 2, b u t in  sum m er and  w in te r  d istinct 
s tra tifica tio n  from  5 mg/1 S i0 2 a t th e  su rface, up to 10— 12 mg/1 S i0 2 a t the  
bottom  could be noted.

H. m i c r o e l e m e n t s

No traces of arsen ic , selen ium , lead, zinc or chrom ium  have been s ta ted  
in  the w a te r of the  L ake Jasień .
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Copper, the physiological ro le of w hich is closely connected  w ith  the  
processes of form ation  and  lasting  of chrophyll, has been discovered only  in 
th e  inflow  from  the Obrowo lake in  a q u a n tity  of 0.001 mg/1, w hereas in site  
1  th e  presence of copper could no t be confirm ed.

C onsiderab le  q u an titie s  of iodine in the w a te r  are  charac teris tic  by values 
from  0.0084 m g/l J  in site  4, to 0.0089 m g/l J  in site 1.

F lu o rin e  occurred  in q u an titie s  from  0.2—0.3 m g/l F  at the  surface to
0.04 m g/l F n ear the  bottom , w hich has considerab le m ean ing  to a san ita ry  
estim ate  of the w a te r quality .

Boron, ind ispensab le  e lem ent to th e  correct m etabolism  of p lan t organism s, 
occurred  only  in sm all q u an titie s  of 0.05 m g/l В in the w a te r of the  L ake 
Jasień .

I. A N A L Y S IS  OF BOTTOM  D E PO SIT S

To the  e labo ra tion  of a characteristic  of bo ttom  deposits in  the L ake 
Jasień , S t a n g e n b e r g ’s  classification  (1938) was applied, for it  re lied  on the 
occurrence of p a rtic u la r  com ponents in p reva iling  q u an titie s ; th u s silicate, 
calcareous, o rganic  and  m ixed deposits could be d istinguished .

S ilicate  sedim ents have been  s ta ted  in  sites I, II, X , in  deeper p ro fu n d a l 
p a rts  (9.0—30.0 m deep). T hey m ostly  con tained  silicate  in  quan tities  of
46.3—49.4%, besides th a t o rgan ic  substance in  29.4—35.4%, considerab le  
q u an titie s  of iron  and alum inium : 5.80— 15.6%, carbonates — 3.05—13.06%, 
low  q u an titie s  of phosphates — 1.70—2.15% and  of chlorides — 0.067—0.180%.

A m m onia co n ten t in silicate sedim ents oscilated  from  12.60 to  86.15 m g% ,
n itra te s  from  0.22 to 1.70 m g% , organ ic  n itrogen  from  1340 to 1851 m g% .
The conten t of to ta l n itrogen  w as 1.3— 1.9% and  of organic carbon  from
12.3— 18.7%.

The ra tio  C:N oscillated  from  8 . 6  to 13.0.
Sedim ents in  sites VI, VII, X II, XV (depth from  1.0—3.5 m) placed in 

th e  litto ra l zone, have been determ ined  as calcareous ones. W hen d ry  they  
h ad  a w h ite -g rey  tin t and  w ere d istinguished  by a very  large  co n ten t of
calcium  carbona te  i.e. from  74.50 to 93.90%.

O ut of the  rem ain ing  com ponents of calcareous sed im ents the  follow ing 
should  be m entioned: organic substance 5.6— 18.0%, silicates 0.1—5.9% and 
m in u te  q u an titie s  of iron , a lum inium , phosphates and  chlorides, show ing an 
am plitu d e  of f lu c tu a tio n  respectively : 0.10—3.3%, 0.03—0.55% and  0.031—
0.366%. The conten t of n itrogenous substance w as very  low. The ran g e  of 
f lu c tu a tio n  in  am m onia w as 0.02—0.03 m g% , of n itra te s  0.06—0.20, of organic 
n itro g en  from  278 to 554 m g% .

T otal n itrogen  oscilla ted  betw een  0.2—0.5% and  carbon  from  1.6—5.8, 
g iv ing  a ra tio  C:N from  3.2 to 13.5.

Sam ples d raw n  from  sites III, IV, V, V III, IX, X II (depth  9.0— 15.0 m) 
h ave  been  ranged  to organ ic  sedim ents. W hen fresh  they  h ad  a black or 
g reen ish  tin t, b u t a f te r  d ry in g  they  assum ed g rey -g reen ish  tin ts  of various 
shades.

The con ten t of o rganic substance flu c tu a ted  from  41.8% to 50.4%, and 
th e  re la tiv e ly  considerab le  q u a n tity  of carbonates, from  7.00 to 21.80% and  of 
silicates from  21.0 to 40.5%. The con ten t of iron  tog e th er w ith  alum in ium
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was from  5.20 to 13.20°/o, of phosphates from  0.12 to 2.12°/o, and  of chlorides 
from  0.36—0.122%.

T he charac teris tic  fe a tu re  of these sed im ents w as a considerab le  con ten t 
of n itrogenous and  carbonic substance. A m m onia n itrogen  occurred  in  lim its 
of 1 5 .0 — 1 4 0 .0  m g% , n itra te  n itrogen  —  0 .1 1 — 2 .0 0  m g% , and organ ic  n itro ­
g e n — 9 4 7 — 2 1 7 7  m g% . The co n ten t of to ta l n itro g en  oscilla ted  betw een  
1 .2— 2 . 2 %  and of carbon  betw een  1 7 .7 — 2 4 .8 % .

Sam ples from  sites IX  and  XVI, co n ta in in g  basic ions by about 30% 
have been  classified as m ixed sedim ents. The large  flu c tu a tio n  am plitude  in 
the co n ten t of basic com ponents in  m id lake sed im ents should  be explained  
by ex trem ely  heterogenous sed im en ta tio n  conditions of com ponents created  
by a g u tte r  lake  w ith  num erous p a rtitio n s  and bolts a t th e  bottom .

4. DISCUSSION

T he w ay of supply ing  a lake g en era tes  a num ber of specific lim nological 
fea tu res  w hich  determ ine  the g rea t d istinc tion  of a sp rin g w a te r  lake.

T he chem ical com position of th e  L ake Jasień  w a te r has been  p resen ted  
in  the  form  of an ion balance (tab. IV), considering  all item s occurring  in 
q u an titie s  la rg e r th an  0.001 m illi eq u iva len t per litre . The ion -eq u iv a len t 
w a te r com position d isplays am ong ca tions a decided p rep o n d eran ce  of ca l­
cium , w hich am oun ting  to 2480 m eq m akes 64% of cations. M agnessium  occurs 
in  fa r  sm aller q u an titie s  m aking  0.812 m eq, w hich is 2 1 %  of all cations, 
w hereas sodium  and  potassium  o ccu rring  in  quan tities : 0.416 and 0.117 meq 
are  o n ly  11% and  3% of cations conten t.

T a b l e  IV 
Ion Balance of the Lake Jasień Water

Kations mg equivalent Anions mg equivalent

Ca2+ 2.480 HCO3- 2.400
Mg2+ 0.812 SOL 0.624
Na+ 0.416 CL 0.563
K+ 0.117 NO3- 0.219
Fe3+ 0.005 NOr 0.001
Mn2+ 0.001 p o 34- 0.003
NH + 0.008 co2- 0 002

F- 3 0.015

Total: 3.839 Total: 3.827

The f irs t place am ong anions is th a t of hydrogen  carb o n ate  — 62% — 
fu r th e r  su lpha tes — 16%, ch lorides — 15% and  n itra te s  — 5% of the  an ions’ 
to ta l co n ten t. A ccording to A l e k i n  (1956) the  Lake Jasień  m ay be ranged  to 
th e  class of hydrogen  carb o n a te  w a te rs  of th e  calcium  group, w hich can be 
ap p ro x im ate ly  expressed by  the  ra tio :

H C O 3-  <  C a2+ +  M g 2  <  HCO3- +  SO 2-
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The high con ten t of calcium  and  m agnesium  in  the w ater, ch a rac te ris tic  for 
g ro u n d  w aters, is one of the  fea tu res  of a sp rin g w a te r lake.

T he ra th e r  h igh  w a te r hardness displays in sig n ifican t flu c tu a tio n  round  
average  values. The appearance  of sligh t s tra tifica tio n  in to ta l hardness is 
connected in sum m er w ith  th e  biological decalcification of ep ilim nion  and  
calcification of hypolim nion  ( S t a n g e n b e r g  1934, 1956), and  on the  o th e r .hand 
lack of d iffe ren tia tio n  of n o n -carb o n a te  hardness is connected  w ith  the  low 
suscep tib ility  of ch lorides and  calcium  su lp h a te  to biological factors 
( S t a n g e n b e r g  1950).

The d ry  residue of th e  exam ined  lake w ater, w hen  com pared to o th e r 
non -po llu ted  lakes ( S z m a l  1959, G r o m a d s k a  1956) is charac teristic  fo r its 
h igh  values, s im ila rly  as silicon, w hen  com pared w ith  O h l e ’s  (1934) da ta  
w hich co rre la tes w ith  the w ays of supply  of the  L ake Jasień .

The rap id  exhaustion  of copper in  the  lak e ’s w a te r  can be explained  by 
its consum ption by phy to p lan k to n  and  its so rp tion  by organ ic  sed im ents 
covering the bottom . F o r M a k s i m ó w  (1954) sta tes  th a t the  capab ility  o f  
s tro n g ly  decayed organ ic  sed im ents to absorb  copper ions can be so re m a rk ­
able, th a t copper becom es no m ore assim ilable to plants.

C onsiderable q u an titie s  of flu o rin e  in  the  bo ttom  w a te r layers can  be, 
according to D e e s b a c h  (1957), exp la ined  by contacts w ith  lay ers  of calcium  
carbonate . The to ta l co n ten t of flu o rin e  in  th e  w a te r of L ake Jasień  can be 
considered ra th e r  high. K a j k o v  (1961) in v estig a tin g  23 lakes in  th e  M urm ańsk  
C ircu it did not fin d  a reservo ir w ith  h igher flu o rin e  co n ten t th a n  0.05 m g/l F. 
J u d a y , B i r g e  and M e l g c h e  (1938) d e te rm in ed  th e  flu o rin e  co n ten t in  the 
lakes of the n o rth -ea s te rn  area of W isconsin to be in  the  lim its of
0.08—0.51 m g/l F, and  M a c k e r e t h  and  H e r o n  (1954) found  in  E n g lan d ’s 
lakes an  average con ten t of 0.15 m g/l F. K n i ż n i k o w  (1958) quo ting  on the 
o th e r h an d  exam ples of p a rticu la rly  h igh flu o rin e  co n ten t in  lake  w aters , 
m en tions one lake in  K azakhstan  w ith  4 m g/l F.

Poor q u an titie s  of boron  can be connected according to M a k s i m ó w  (1954) 
w ith  h igh co n ten t of calcium  ion.

D istinct in te rdependence  betw een  th e  course of m eteorological even ts 
(Fig. 1) and  the fo rm ing  of therm ic  s tra tifica tio n  (Fig. 3) could be observed. 
The w arm in g  of surface layers in  Ju n e  1960 m oves very  slow ly  dow n in to  
the  lak e ’s depth , w hereas th e  sam e even t in  1961 occurs fa r  qu icker ow ing 
to stro n g er w inds.

In  co n trad is tin c tio n  to brad im ictic  lakes ( P a s s o w i c z  1938, O l s z e w s k i  
1959), the therm ocline of w hich em braces a m uch n a rro w e r lay e r of w ater, 
the L ake Jasień  d isplays a therm ocline  fa r  sp read  in  the  v ertica l sense, typ ical 
fo r tachym ictic  lakes (O l s z e w s k i  1953 a, 1953 b, P a s c h a l s k i  1959). The p ro tra c ­
tion  of therm ocline  is u n d oub ted ly  due to the  w a te r  m otion connected  w ith  
its supp ly  from  bottom  springs and  tu rb u le n t m otions caused by a ttr itio n  
of w ate rs ru n n in g  tow ards th e  outflow , against those touch in g  th e  cu rren t 
flow ing  across. A lm ost p a ra lle l to the  therm ocline  th e re  is also the  oxycline, 
s tre tch in g  v e rtica lly  dow n, it had d u rin g  its  occurrence  rem ain ed  in  th e  top 
layers of therm ocline, e.g. in  A ugust 1960 and  1961 it could be found  a t a dep th  
of 6 — 12 m (Fig. 4,6). F rom  the m u tu a l s itua tion  of therm ocline  and  oxycline 
the conclusion can be d raw n  th a t the  index  of dep th  reached  by the  w av ing  
m otion of w a te r p rom pted  by th e  w ind , w ill be the  in fe rio r lim it of oxycline 
and  no t of therm ocline, the  deeper ran g e  of w hich should  be exp la ined  by
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the w a te r ’s therm al conductiv ity . T his is in  ag reem en t w ith  the investigation  
of P a t a l a s  (1956), carried  ou t in the lake Zam kow y.

C hem ical analysis of bottom  sed im ents supp lem ented  the lak e ’s ch arac te ­
ristics and  confirm ed a nu m b er of conclusions re su ltin g  from  the  w a te r’s 
physico-chem ical analysis. The v e ry  la rg e  co n ten t of ca rb o n ate  ion in cal- 
carous sedim ents is here  rem arkab le . S t a n g e n b e r g  and  Z e m o y t e l  (1952) have 
not fo u n d  m ore C aC 0 3 than  47% in  th e  l itto ra l sedim ents of C harzykow skie 
lake. T he fa r la rg e r q u an titie s  of C aC 0 3 in  litto ra l th an  in  p ro fu n d al sed i­
m ents can  be exp la ined  by a m óre in ten se  decalcification  of w a te r ow ing to 
the photosynthesis of algae in  th e  v icin ity  of coasts g row n over by  p lan ts  and  
the decom position of m ollusk shells g a th e rin g  here  in  large masses.

O rganic sedim ents had  here  a ra th e r  ind iv idual p ic tu re  of C:N ratio. 
W hen com pared w ith  o th e r da ta  ( K u z n i e c o v  1939) show ing in analogous 
sed im ents a conten t of carbon  in  th e  lim its 25—55% of n itro g en  1—3%,

T a b l e  V
Content of organic substances in bottom sediments of the Lake Jasień estimated by various methods

Site Type of 
sediment

Organic substances in % of dry 
mass determined as:

In relation to method 
restingon loss on 

ignition result: 
increased (+ )  

diminished (—)
Loss on 
ignition С org X 1,724

1 silicate 35,4 28,3 -  7,3
2 25,0 21,2 -  3,8

10 30,6 29,1 -  1,5
11 29,4 32,2 +  2,8
6 calcareous 18,0 5,9 - 12,1
7 14,1 2,7 -11 ,4

13 5,6 4,6 -  1,0
15 10,0 9,9 -  0,1
3 organic 49,4 42,7 -  6,7
4 43,5 33,4 - 10,1
5 44,6 30,5 -14,1
8 44,0 32,4 - 11,6
9 50,4 35,8 -14 ,6

12 41,8 38,4 -  3,4
14 mixed 39,4 20,6 -18 ,8
16 38,7 26,7 - 12,0

values low er than  the  average, p a r tic u la rly  in  the  case of carbon , have been 
s ta te d  in  the L ake Jasień . This fac t can, how ever, be exp la ined  by the 
ch a ra c te r  of m inera liza tion  of sed im ents in the L ake Jasień . The ra te  of 
o rgan ic  sed im ent m in era liza tion  is here  ce rta in ly  considerab le, on account 
of th e  large  stock of oxygen in hypo lim nion  and the  oxygen access to 
biopel. The leading ro le  of m in era liza tio n  in these conditions w ill be held by 
b ac te ria , fung i and actinom ycetes, favoured  by the  re la tiv e ly  h igh  tem p era tu re  
of hypo lim nion  w aters; enzym atic processes w ould  occur here  in  a low er 
degree. In ten se  m inera liza tion  processes ex p la in  the  re la tiv e ly  sm aller q u a n ­
titie s  of carbon in sed im ents and  a ce rta in  sh ift of the  ra tio  C:N to the 
ad v an tag e  of n itrogen . The ra tio  C:N in  organic  sed im ents of the Lake J a ­
sień w as com prised in  the  lim its from  10.1 to  20.9 by  an  equal m edian  14.9.
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A com parison of resu lts  of o rgan ic  substance  d e te rm in a tio n  by tw o d if­
fe ren t m ethods (Tab. V) indicates a positive e rro r  of 2.6% values ob ta ined  by 
the m ethod based on th e  loss on ignition . This is caused by an  e rro n eo u s 
ran g in g  of d iffe ren t varie ties of c rysta lliz ing  and  chem ically  com bined w a te r  
am ong organic substances.

Fig. 13. Hydrochemical spectrum of the Lake Jasień

T he degree of eu troph iz ing  the reservo ir is show n by  the  hydrochem ical 
spectrum  (Fig. 13). The rese rv o ir’s m orphological p roperties , f irs t of all its 
steep and deep g u tte r  and  the w ay of supp ly ing  the lake  by sp rin g w a te r, 
in h ib it the  progress of trap h iza tio n  of the lake, w hich should  as a w hole be 
ranged  am ong m esotrophic reservo irs; also processes of the lak e ’s m a tu r ity  
are  m ore advanced in th e  so u thern  th an  in  the n o rth e rn  part.
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5. SUMMARY

On the basis of detailed physico-chemical investigation of the water and frag­
mentary chemical analysis of bottom sediments, conducted during the period from 
April 1960 to October 1961, a hydrochemical characteristic of the Lake Jasień has
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been elaborated. The lake supplied by bottom springs of substantial yield, belongs 
to the scheme of the Pomeranian Lake District, and forms the outflow reservoir 
of the river Łupawa.

The dynamics of the thermal and oxygen conditions distinguished the following 
features to be typically connected with the springwater-outflow character of the 
lake.

1) Spring circulation of mean duration, occurring while the lake water is not 
yet saturated with oxygen,

2) late occurrence and stabilization of summer stratification.
3) intense and long autumn circulation, strong cooling, short freezing and short 

lasting ice cover,
4) exceptionally good oxygenation of hypolimnion waters.
The chemical composition of the lake water, presented in the form of ion ba­

lance, draws attention to the high content of calcium and magnesium, typical for 
ground waters, which would be one of the features of a springwater lake. Littoral 
lim e sediments were distinct for a exceptionally high content of CaC03 (74.5—93.9%), 
while the content of organic substance in gyttia amounting to 50%, showed an in­
teresting picture of C:N ratio, indicating a shift to the advantage of nitrogen. This 
proves a great intensity of mineralization processes of organic matter, favoured by 
a high oxygen content and high temperature of hypolimnion water, which is one 
more characteristic of a springwater lake.

A distinct interdepedence between the course of meteorological phenomena and 
the shaping of termie stratifications has been observed. The Lake Jasień has a much 
diffused, in the vertical sense, thermocline, typical for tachymictic lakes, formed 
under the acting of mobile waters, connected with the springwater supply and tur­
bulence caused by the outflow of the river Łupawa.

6. STRESZCZENIE

Na podstawie szczegółowych badań fizyko-chemicznych wody oraz fragmen­
tarycznych analiz chemicznych osadów dennych prowadzonych od kwietnia 1960 r. 
do października 1961 r., opracowano charakterystykę hydrochemiczną jeziora Jasień. 
Zasilane źródłami dennymi o dużej wydajności jezioro wchodzi w skład Pojezierza 
Pomorskiego i stanowi zbiornik wypływowy rzeki Łupawy.

Dynamika układów termiczno-tlenowych wyróżniła jako cechy typowo związane 
ze źródliskowo-przepływowym charakterem jeziora:

1 ) średnio długą cyrkulację wiosenną, przebiegającą przy niepełnym nasyceniu 
tlenem wód jeziora,

2) późne powstanie i utrwalenie się uwarstwień letnich,
3) intensywną i długą cyrkulację jesienną, silne wychłodzenie późne zamarza­

nie i krótkie zlodzenie,
4) wyjątkowo dobre natlenienie wód hypolimnionu.
Skład chemiczny wody jeziora przedstawiony w postaci bilansu jonowego zwra­

ca uwagę na wysoką zawartość wapnia i magnezu znamienną dla wód gruntowych, 
jako jedna z cech jeziora źródliskowego. Litoralowe osady wapienne wyróżniały się 
wyjątkowo dużą zawartością CaC03 (74,5—93,9%) natomiast zawartość substancji 
organicznej w gytii wynosząca około 50% charakteryzowała się ciekawym układem  
stosunków C:N wykazującym przesunęcie na korzyść azotu. Dowodzi to dużej 
intensywności procesów mineralizacji materii organicznej, którym sprzyja duża 
zasobowość tlenowa i znaczna temperatura wód hypolimnionu jako jeszcze jedna 
z cech jeziora źródliskowego.

Obserwowano wyraźną zależność między przebiegiem zjawisk meteorologicznych 
a kształtowaniem uwarstwień termicznych. Jezioro Jasień posiada bardzo rozwle­
czoną w układzie pionowym termoklinę, typową dla jezior tachymiktycznych, kształ­
tującą się pod wpływem ruchów wód związanych z zasilaniem źródliskowym oraz 
turbulencją wywołaną odpływem wody rzeką Łupawą.
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ABSTRACT

Seasonal changes in the appearance of littoral periphyton (chlorophyll and pro­
ductivity) have been stated in the Lake Mikołajskie.

Three maxima in the amount of chlorophyll and productivity have been obser­
ved: in early spring (end of April), in summer (mid-August) and late autumn (No­
vember). The largest quantities of periphyton appear mostly near the surface, but 
in the summer period they could be found also deeper. At a depth of 2.0 m the 
quantity of periphyton is over twice lower than near the surface. There is consi­
derable convergence between the dynamics of changes in littoral periphyton and 
seasonal changes in mid- lake phytoplankton.

Not m any stud ies are  concerned w ith  v ertica l d iffe ren tia tio n  of p e r i­
phyton. The papers of M a c i c l e k  (1962), M a c i o l e k  and  K e n n e d y  (1964), d is­
cuss periphy ton  s tra tif ic a tio n  in  th e  pelag ia l of h igh m o u n ta in  lakes. T he p a ­
pers of R e h b r o n n  (1964) and  M e s c h k a t  (1934) a re  concerned w ith  litto ra l, 
they  do not, how ever, connect the  am o u n t of p erip h y to n  w ith  its p ro d u c tiv i­
ty. Research s ta rted  in  1965—66 in  th e  reed-covered  p a rts  of the  L ake M iko­
ła jsk ie  had th e  d irec t aim  of solving problem .

Investigations included  p e rip h y to n  developing  on glass p la tes low ered  
fo r one  m on th ’s period to depths of 0.5, 1.0, 1.5 and  2.0 m in to  the w a te r  of 
a reed-covered  p a r t of the  lake, n e a r  the  H ydrobiological S ta tion  in  M iko­
ła jk i. R esearch included th e  period  b e tw een  M arch 25, 1965 and  M arch 21, 
1966. I t w as carried  ou t using  tw o series of p lates, one of w hich w as placed 
a fo rtn ig h t la te r  th an  the o ther. The size of p e rip h y to n ’s biom ass has been 
analysed  by a chlorophyll m ethod  ( S z c z e p a ń s k a ,  1967) sim ila rly  as th a t of 
p lan k to n , and the gross p roduc tion  of oxygen  excre ted  by  p erip h y to n  in 
s tan d a rd  conditions * w as calculated . T here  exists positive co rre la tion  (outside 
th e  blooms) betw een  the  am oun t of ch lo rophyll and  th e  q u a n tity  of excre ted  
oxygen ( P i e c z y ń s k a ,  S z c z e p a ń s k a ,  1966). B oth m ethods p a ra lle lly  applied  
becom e a m u tu a l com plem entation  and  control.

By analysing  seasonal changes in  th e  am ounts of p erip h y to n  at various 
depths (Fig. 1), we s ta te  th a t its  in ten se  developm ent, s ta r tin g  im m edia te ly  
a fte r  the  d isappearance  of the  ice cover, lasts abou t one m onth. D uring  its 
m axim um  the am ounts of ch lorophyll reach  9.5 qg /cm 2  a t a dep th  of 0.5 m,

* 10 hours’ exposition, 1000 lux, temperature 20°C.

7*
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Fig. 1. Seasonal changes in chlorophyll amount of phragmithetum periphyton at 
different depth; Mikołajskie Lake, 1965—1966

w hile a t a depth  of 1.0 m th ey  show  on ly  4.5 pg /cm 2. T hey  a re  stead ily  low er 
at deeper levels and  disp lay  a value 2.6 pg/cm 2 a t a dep th  of 2.0 m. T he m ean  
q u a n tity  exam ined  in fou r levels am ounts in  th a t period  to 5.2 pg /cm 2. In  
the second decade of M ay begins the  decrease of its q u a n tity  rem ain ing  a t 
a low  level for about tw o m onths. D ifferences in the  q u a n tity  of ch lo rophyll 
a re  a t p a rticu la r  levels in th is  period qu ite  in s ig n ifican t and th e ir  m ean  
in  th a t tim e am ounts to  2.02 pg/cm 2 fo r all the levels. The second g re a te r  
increase  of perip h y to n  biom ass s ta rts  a t the  end of Ju ly . The m axim um  of 
sum m er g row th  falls to m id-A ugust, reach ing  then  a m ax im um  of ch lorophyll 
co n ten t — 8.0 pg/cm 2, therefo re  som ew hat low er th a n  th a t of sp ring , b u t the  
m ean value for the w hole p rofile  in  th a t period  is som ew hat h ig h er th an  
th e  sp rin g tim e m axim um , reaching  5.9 pg/cm 2. The sum m er m axim um  appears 
a t a dep th  of 1 m, and  its drop is observed  tow ards the  end  of A ugust.

In  the th ird  decade of O ctober begins the au tu m n  increase  of periphy ton  
am ount, it is th e  la rgest and  lasts  the  longest. The m ean  of the  period  is fo r 
chlorophyll 6.8 pg/cm 2. The m axim um  q u a n tity  of ch lo rophyll am ounted  in 
th is period, a t a dep th  of 0.5 m, up to 19.3 pg/cm 2. L arg e  q u an titie s  of chlo­
rophy ll in the au tu m n  period  can be observed d u rin g  tw o m onths. In  th e  
period; end of D ecem ber — beg inn ing  of J a n u a ry  occurs a considerab le  w in ­
te r  drop of perip h y to n  q u an tity . The am oun t of ch lo rophy ll oscillates in the 
w in te r  period in th e  lim its of 0.1 to 1.0 pg/cm 2.
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S pringtim e m axim um  of 1966 is som ew hat accelerated  in  re la tion  to the 
sam e, period of the prev ious year, s ta r tin g  in  the  th ird  decade of M arch, 
w hile  in 1963 in  began round  A pril 10.

D uring sp ring tim e and au tu m n  m axim um  the q u an titie s  of chlorophyll at 
a dep th  of 0.5 m are  m uch h igher th an  a t o th e r  depths. The g ra d ie n t of chlo­
rophy ll am ount du ring  sp ring tim e m axim um  is 2.1 (j.g/cm2/m , d u rin g  au tum n

Fig. 2. Seasonal changes in chlorophyll amount and gross production — depth 0,5 m

Fig. 3. Seasonal changes in gross production of phragmithetum periphyton at d iffe­
rent depth

clim ax — 7.9 pg/cm 2/m. This ind ica tes a considerab ly  g re a te r  d iffe ren tia tio n  
of au tum n  periphyton . From  the  firs t decade of Ju n e  ti l l  m id-A ugust the 
qu an titie s  of surface periphy ton  are  sm a lle r th an  in  fu r th e r  depths.

Seasonal changes in th e  q u an titie s  of ch lo rophyll correspond  to the  p ro ­
duction  of periphy ton  (Fig. 2). T here  is ra th e r  large concordance in  the 
changes of the am ount of chlorophyll and  its p ro d u ctiv ity  in the course
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T a b l e  I
Mean annual quantities of chlorophyll and productivity

depth 0,5 m 1,0 m 0,1 m 2,0m

chlorophyll 
in p.g/cm2

4,4 2,96 2,01 1,33

productivity 
2 in [Ag/cm2 5,49 4,32 3,94 2,43

of the  year — ou tside  the periods of perip h y to n  m axim um  grow th . The course 
of seasonal changes in p ro d u c tiv ity  is n ea rly  the sam e in  all investiga ted  
levels (Fig. 3). The p rodu c tiv ity  of p e rip h y to n  is in  g en era l the  h ighest n ea r 
the surface, d im in ish ing  g rad u a lly  tow ard s th e  deep. T able 1 p resen ts  the 
dependence of p ro d u c tiv ity  on dep th  and  its connection  w ith  the am ount of 
chlorophyll.

I t can be sta ted  th a t m ean  an n u al values fo r q u an titie s  of ch lorophyll 
and  p ro duc tiv ity  of surface perip h y to n  a re  over tw ice as h igh  as n ea r the  
bottom . M e s c h k a t  (1934) exp la ins the  ev en t of v ertica l d iffe ren tia tio n  occur­
rin g  in  p eriphy ton  by d ifferences of lig h t and  w a te r clim ate.

The production  of perip h y to n  is in  gen era l the  h ighest a t a d istance of 
0,5 m from  the surface, how ever, in th e  period  from  end  M ay to m id-A ugust,
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w hen th e  chlorophyll g rad ien ts  have  a nega tive  value, p ro duc tiv ity  is also 
la rg e r  a t g rea te r depths. P e rip h y to n  p roduction  is alw ays low est a t a depth  
of 2 m. The h ighest g rad ien t values fa ll to  the  periods of p e rip h y to n ’s m ax ­
im um  developm ent, w hich w ould prove la rg est d iffe ren tia tio n  of production  
betw een  surface and  bottom  in  those periods. M eans for a ll the  year for the 
q u an titie s  of chlorophyll and  oxygen  excre tion  in th e  exam ined  depths, in ­
dicate th a t these values decrease p a ra lle lly  w ith  the grow ing  depths. H ow ever, 
by la rg e  qu an tities  of chlorophyll, p ro d u c tiv ity  is inc lined  to decrease. The 
above dependence is illu s tra ted  by  T able  No. 2.

T a b l e  II
Assimilation numbers and periphyton chlorophyll in the Mikołajskie Lake

Date Chlorophyll amount
in jj.g/cm2

Assimilation nurr.bei gC02/ 
/g of chlorophyll/ hours

Feb. 7, 1966 0.30 2.75
July 30, 1965 2.50 0.52
Oct. 22,1965 6.80 0.10
annual mean 2.50 2.07

The table show s th a t the assim ila tion  n um ber (am ount g C 0 2 assim ilated  
by lg of chlorophyll d u rin g  one hour) rap id ly  decreases. S z c z e p a ń s k i  and 
S z c z e p a ń s k a  (1966) have s ta ted  a v e ry  h igh  assim ilation  n u m b er on ly  in  very  
early  stages of periphy ton  developm ent. A fte r this, la s tin g  h a rd ly  a few  days, 
period of h igh productiv ity , follow s a period  of decrease of the  assim ilation 
nu m b er and  its subsequen t s tab iliza tion  a t a ra th e r  equal level, along w ith  
a fu r th e r  g row th  of perip h y to n  quan titie s .

The lack of co rre la tion  betw een  th e  am ount of chlorophyll and p roduction  
ab ility  d u ring  m axim um  developm ent of perip h y to n  has been  sta ted  by 
P i e c z y ń s k a  and  S z c z e p a ń s k a  (1967). Low  values of the  assim ilation  num ber 
in th a t period confirm  the a u th o r’s conclusion. The com parison of dynam ics 
in  th e  changes of m id-lake p lan k to n  biom ass ( S z c z e p a ń s k i  1966), w ith  changes 
in periphy ton , ind icates considerab le  convergence.

S pring tim e and  sum m er m id -lake  p lan k to n  bloom s accord w ith  the p e­
riods of m axim um  p erip h y to n  developm ent in  litto ra l. D ifferences in the 
in te n s ity  of bloom ing can easily  be noted. The g rea tes t bloom  of m id-lake 
p lan k to n  occurs in sp ring , m ax im um  developm ent of perip h y to n  occurs in 
au tum n. The above m entioned  d ifferences do not, how ever, shake the e x ­
istence of connections occurring  b etw een  the g en era l dynam ics of seasonal 
changes in  the lake and  the  litto ra l periphy ton .

SUMMARY

In the littoral of Lake Mikołajskie seasonal changes of dynamics and vertical 
periphyton differentiation have been investigated. Glasses were placed for a one 
month’s period in depths of 0.5, 1.0, 1.5 and 2.0. After exposition, the size of peri­
phyton biomass and its productivity were analysed by a chlorophyll method. Re­
search was conducted all the year round.

Three maxima of periphyton development have been stated: end April, m id-Au­
gust and November. In the June-July period the amount of periphyton and its pro-
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ductions ability is relatively slow, as compared with the same in spring and autumn. 
Gradients of chlorophyll amounts and production have then negative values, which 
means that periphyton amounts are lower by the surface than deeper down. In the 
remaining periods gradients are positive.

Lowest amounts of periphyton were found at a depth of 2 m. Mean annual 
amounts of periphyton and its productivity indicate a uniform drop of periphyton 
amounts along with growing depth. At a depth of 2 m mean values of annual pe­
riphyton amounts are more than twice lower than at a depth of 0.5 m.

During the maximum periphyton development no positive correlation between 
the amount of chlorophyll and its production ability can be observed. There exists 
considerable convergence between the dynamics of periphyton changes in littoral 
and seasonal changes of mid-lake phytoplankton.

STRESZCZENIE

W litoralu jeziora Mikołajskiego badano dynamikę sezonową i pionowe zróżni­
cowanie perifitonu. Szkiełka umieszczono na okres 1 miesiąca na głębokościach: 0,5, 
1,0, 1,5, i 2,0 m. Po ekspozycji, analizowano wielkość biomasy perifitonu metodą 
chlorofilową i jego zdolność produkcyjną. Badania prowadzono przez cały rok.

Stwierdzono wstępowanie trzech maksimów rozwoju perifitonu, w  końcu kwiet­
nia, w połowie sierpnia i w  listopadzie. W okresie czerwiec—lipiec ilość perifitonu 
i jego zdolność produkcyjna jest stosunkowo niska w  porównaniu z ilościami pe­
rifitonu na wiosnę i w jesieni. Gradienty ilości chlorofilu i zdolności produkcyjnej 
mają w tym okresie znaki ujemne, to znaczy że ilości perifitonu przy powierzchni 
są mniejsze niż głębiej. W pozostałych okresach gradienty są dodatnie. Najniższe 
ilości perifitonu stwierdzono na głębokości 2 m. Średnie roczne ilości perifitonu i jego 
zdolności produkcyjne wskazują na równomierny spadek ilości perifitonu wraz 
z głębokością. Na głębokości 2 m średnie wartości ilości perifitonu dla całego roku 
są przeszło dwukrotnie mniejsze, niż na głębokości 0,5 m.

Podczas maksymalnego rozwoju perifitonu nie obserwuje się dodatnich kore­
lacji między ilością chlorofilu i jego zdolnością produkcyjną.

Istnieje duża zbieżność między dynamiką zmian perifitonu w  litoralu a zmia­
nami sezonowymi fitoplanktonu śródjeziornego.
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ABSTRACT

The embryonic development of Triops cancriformis eggs accomplishing probably 
gastrulation after 6 days in water, attains the stage which is resistant to desicca­
tion. Desiccation stops the development, but the development continues in the air 
at relative humidity of 100o/o until the pre-hatching stage is attained. However the 
eggs are not able to hatch under these conditions.
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1. INTRODUCTION

Numerous papers can be found in the literature which deal with the effect of 
different variable environmental factors on the hatchability of eggs in Branchiopoda. 
The majority of them pertains to Anostraca (for review of the more recent litera­
ture, see N o u r i s s o n  1964), and ońly a few  which deal with Notostraca (e. g., M a ­
t h i a s  1937, C h a i g n e a u  1959a, b, H e m p e l - Z a w i t k o w s k a  1967).

Previous studies (H e m p e l - Z a w i t k o w s k a  1967) have proved that the eggs of 
T. cancriformis are being laid in the stage of one cell (the ovum). The embryonic 
development, lasting in this species for 9—40 days under the laboratory conditions 
and following thoroughly outside the reproductive system of a female, involves 
a number of stages which differ greatly as to their response and resistance to tem ­
perature changes and jdesiccation. A supposition has been made that the developing 
embryo at early stages of the development up to 5 days after laying before the 
stage of gastrula has been attained, is not able to survive such environmental chan­
ges (desiccation and extremal temperatures) which are merely stopping the deve­
lopment in further stages. In order to verify this hypothesis in the present experi­
ments, the eggs at different stages of embryonic development were air-dried at 
different relative humidities, and then, after replacing them into water, their de­
velopment was observed and the hatchability ascertained.
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2. MATERIAL AND METHODS

The eggs used in  the  experim en ts w ere g a th e red  from  th e  egg pouches 
of p a rthenogene tic  fem ales of T. cancriformis,  collected from  a fish  pond (fry 
pond I) of the fish  fa rm  Ł ąki Jak to row sk ie , n ea r  W arsaw  in  Ju n e  1966. Each 
season the pond has been  u n d e r in u n d a tio n  fo r 6—8 w eeks (M ay-July), and 
T. cancriformis  w as found  to occur th e re  each year in  m asses ( H e m p e l - Z a ­
w i t k o w s k a  1968). Before th e  desiccation tre a tm e n ts  w ere applied , the  eggs 
had  been kep t in the pond w a te r for d iffe ren t tim e a t a te m p e ra tu re  of about 
20°C.

T hree  groups of eggs w ere used in  the experim en ts: (1) the  eggs w hich 
a fte r  being pressed ou t from  the  fem ale’s egg pouches, w ere  kep t in  w ater 
fo r one day only, (2) those, w hich w ere  kep t fo r 3 days in  w a te r  and, (3) for 
6 days.

The portions of the eggs of abou t 100 in  each g roup  w ere  placed on the 
slides betw een  tw o sheets of f ilte r p ap er and  th en  kep t in  a ir - tig h t jars. The 
ja rs  con ta ined  various sa tu ra ted  so lu tions of salts, fo rm ing  a lay e r of 2 cm 
th ick  a t the  bottom , w hich w ere m ain ta in ed  co n stan t re la tiv e  hum id ities over 
th e  solu tion in  the  ja rs  in te rio rs  ( W i n s t o n ,  B a t e s  1960). The sa tu ra ted  so­
lu tions of the fo llow ing substances, p roducing  various re la tiv e  hum idities, 
w ere used.

M gC l2 — 33%  R.H.
M g (N 0 3)2 — 5 5 %  „
N aC l - 7 6 %  „
KC1 1 OO U1

H 20  destil.

ооr-H!

O ver each so lu tion , th e re  w as an  b rass rack  su p porting  th e  slides w ith  
f i lte r  paper and  the  eggs.

The eggs w ere kep t in  ja rs  a t the  above listed  re la tiv e  hum id ities  fo r 
28 days a t a tem p era tu re  of abou t 20°C. A fte r  th is  period  th e  eggs w ere tra n s ­
fe rre d  in to  tap  w a te r of am bien t tem p era tu re , each group  of the  eggs from  
one ja r  to a sep ara te  glass con ta iner. P rev ious stud ies ( H e m p e l - Z a w i t k o w s k a  
1967) show ed th a t the  aera ted  tap  w a te r  had  no h a rm fu l effect on the  develop­
m en t and  h a tch ing  of the T riops eggs. L a te r  on, th e  tim e and  p ercen tage  of 
ha tch ings w ere recorded. The h a tch ab ility  w as expressed  as a cum ulative  
percen tage  of eggs th a t have  hatched  to a g iven  day of th e ir  s tay  in  w ater. 
T hese observations on h a tch in g  w ere  ru n  for 30—60 days depend ing  on  the 
exp erim en ta l series. The lack of ha tch in g  fo r a t least 7 subseq u en t days in 
a ll th e  sam ples of one series w as considered  as th e  end  of the  h a tch ing  p ro ­
cess. A fte r th is  period the  w a te r  w as gen tly  poured  o u t of the  con ta iners, the 
rem ain in g  eggs w ere  a ir-d ried  for 20 days, and  th en  the  con ta iners refilled  
w ith  w a te r  in  o rd e r to  check w h e th e r th e re  w ere  some d iapausing , b u t s till 
liv ing  eggs am ong them . The la tte r  p rocedure  show ed th a t all the  eggs w hich 
had  no t ha tched  du ring  th e  f irs t period  of subm erg ing  in  w a te r  did n o t ha tch  
e ith e r in  the  second subm erg ing  period , p rov ing  th u s th a t th ey  w ere dead.

3. RESULTS

In  all the experim en ts, except fo r the series w ith  100°/o R. H. trea tm en t, 
c lear d ifferences w ere found  in  h a tch ab ility  am ong th e  designed  groups of
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th e  eggs (Figs 1 & 2). The h ighest percen tag e  of h a tch ing  w as observed  in 
these  eggs whose em bryonic developm ent seem ed to be m ost advanced, th a t 
is, in  the eggs w hich had  been dep rived  of th e ir  w a te r en v iro n m en t no t ea rlie r 
th a n  a f te r  6 days fo llow ing th e ir  rem oval from  the  fem ales’ egg pouches

Fig. 1. The hatchability of the Triops cancriformis eggs after desiccation at diffe­
rent relative humidities of the air.

A . T he e g g s , a fte r  b e in g  ta k en  ou t o f  th e  e g g  p u ch es , h a d  s ta y e d  1 d a y  in  w a te r  p r ior  to  
d e s ic c a t io n . B . C orresp o n d in g ly , 3 d a y s  in  w a te r . C. C o rresp o n d in g ly , 6 d a y s  in  w a te r . P er  

co n ts  a b o v e  th e  cu rv es  r e fer  to  r e la tiv e  h u m id ity  o f  air in  th e  e x p e r im e n ta l jars
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(Fig. 1C). This percen tage  w as high and  un ifo rm  (75—88). The h a tch ab ility  in  
the  tre a tm e n t w ith  th e  w a te r sa tu ra ted  a ir (100°/o R. H.) w as even h igher 
and  am ounted  to  93%. These eggs tra n sfe rre d  in to  tap  w a te r  te rm in a ted  
hatch ing  as ea rly  as a fte r  4 days follow ing the tran sfe r, thus th e  developm ent 
in  this tre a tm e n t w as fa s te r  th an  th a t in  th e  rem ain in g  ones.

The shorten ing  to  3 days of the  period eggs had stayed  in w a te r before 
th e ir  desiccation resu lted  in  a considerably  low er percen tage  of ha tch ing  
eggs a fte r  tra n s fe rr in g  them  in to  w a te r (Fig. IB). In  addition , no d irec t d e ­
pendence was observed betw een  the ha tch ab ility  of the  eggs and  the  re la tiv e  
hum id ity  d u ring  the desiccation period. The fastest developm ent as w ell as 
the  h ighest percen tage  of ha tched  eggs w ere observed  in these  eggs w hich had  
been tre a te d  w ith  R.H. of 55%. The 100% R.H. tre a tm e n t also show ed a h igh 
percen tage of ha tch ings (80) and  the  eggs hatched  as early  as a fte r  7 days 
of the fu r th e r  developm ent in the w a te r env ironm ent.

Fig. 2. Total hatchability of Triops cancriformis eggs after desiccation at different 
relative humidities of the air in relation to the time of their stay in water prior 
to desiccation. “O” on the abscissa indicates the moment when the eggs were placed 

in water before desiccation treatm ent

The eggs w hich in itia lly  had  been  kep t in  w a te r only fo r one day h a rd ly  
hatched  a fte r hav ing  been  desiccated at all th e  re la tiv e  h um id ities except for 
100% R.H. M ain ta in ing  the  eggs in  the a ir  sa tu ra ted  up w ith  w a te r  resu lted  
in  a sim ilarly  h igh  h a tch ab ility  (85%), observed  a fte r  equally  sh o rt period 
of fu r th e r  developm ent in  w ater.

T a b l e  I
Cumulative percentage of hatched eggs of Triops cancriformis after; (1) different period of develop­

ment in water, followed by (2) desiccation at different relative humidities of the air

Days between 
laying and 
desiccation

Relative humidity of the air in experimental jars
33% 55% 77% 85% 100%

1 0 0 3.8 0 83.2
3 3.0 35.9 14.4 7.6 80.9
6 84.0 87.2 77.2 76.0 93.0
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The sum  of ha tch ings fo r p a rtic u la r  series (Table I, Fig. 2) co rrobo ra ted  
the above described regu la rities. A t any  value, except for 100%, of th e  r e ­
la tive  hum id ity  d u rin g  the  desiccation period, the  p ercen tage  h a tch ab ility  
was severa l tim es h ig h er in these eggs w hich  had  stayed  in  w a te r  fo r 6 days 
p rio r to desiccation as com pared w ith  those whose correspond ing  period  la ­
sted  o n ly  for 3 days. The sum  of ha tched  eggs in  100% R.H. tre a tm e n t w as 
very  h igh  in all the  instances, and  th e  d ifferences betw een  the groups of the 
eggs w ere  insignificant. A p art from  the series ru n  at R.H. of 100%, w hich 
revealed  the h ighest per cen t of ha tch ing , the  rem ain ing  series did no t show ed 
any  clear dependence betw een  the egg h a tch ab ility  and  the re la tiv e  h u m id ity  
of a ir, since th e  n ex t to  the h ighest percen tag e  of ha tched  eggs w as observed  
in  53% R.H. trea tm en t, and  the h a tch ings in 85% R.H. trea tm en t w ere low er 
th an  in  the  rem ain ing  series.

4. DISCUSSION

T horoughly  d iffe ren t opinions can be found  in  the  l ite ra tu re  dealing  w ith  
the  effect of w a te r  shortage on the  developm ent and  hatch ing  of the  eggs of 
B ranchiopoda. A lthough  the  eggs have been nev er observed  to hatch  u n d e r 
n a tu ra l conditions w ithou t, a p rio r, th o ro u g h  o r p a rtia l, d ry ing  off the  w a te r  
body, the  und ried  eggs often  did so u n d e r lab o ra to ry  conditions. In sp ite  of 
tha t, M a t h i a s  (1967) has pu t fo rw ard  a hypothesis on ex istance  of tw o c a te ­
gories of the eggs, (1) the eggs ap t to im m ediate  ha tch ing  and, (2) those w hich  
have to undergo  the period of d ro u g h t before they  hatch. H ow ever, th is v iew  
w as no t corroborated  by N c u r i s s o n  (1964) who in  his stud ies on Chirocephalus  
diaphanus  P r e v .  has found only  one category  of th e  eggs w hich can develop 
b o th  a fte r  desiccation and w ith o u t it. A ccording to the  la tte r  au tho r, desic­
cation w as not a d e te rm in ing  fac to r fo r bo th  the  em bryonic developm ent and  
h a tch ing  in the B ranchiopoda eggs, a lthough  the  tem p era tu re  was. On the  
o th er hand , it is ev iden t from  the exp erim en ts  by C h a i g n e a u  (1959) th a t  the 
eggs w hich had  been  d ried  for a longer period  hatched  b e tte r  th an  those 
d ried  shortly . The opposite w as found  by C a m p a n  (1929), who rep o rted  on  the 
m ost rap id  hatch ing  in  those eggs w hich had  been k ep t in  w et m ud before  
they  w ere  placed in to  w ater.

These qu ite  con trad ic to ry  op in ions on the effect of desiccation on  the 
developm ent of eggs in  B ranchiopoda find  some ex p lan a tio n  in  the re su lts  
of th e  previous paper by one of us ( H e m p e l - Z a w i t k o w s k a  1967). T hey suggest 
th a t th e  degree of the em bryonic developm ent, and  especially  the  g iven stage 
w hich  undergoes desiccation is a fac to r d iffe ren tia tin g  the response of the 
eggs to desiccation. It was found  th a t  the  eggs w hich w ere d ried  im m edia te ly  
a f te r  hav ing  been laid  w ere not able to su rv ive  the  d ro u g h t period, w hereas 
the  eggs w hich had stayed in  w a te r  u n til  the  g a s tru la tio n  period  w as com ­
ple ted , a f te r  being d ried  and th en  rep laced  in to  w ater, hatched  in  a h igh 
p e rcen tag e  (about 90) w ith in  2—5 days.

In  all the availab le  lite ra tu re  on the  experim en ts w ith  th e  eggs of B ra n ­
chiopoda, the desiccation fac to r is no t p recisely  defined, especially  th e  in ­
fo rm atio n  is lacking on the re la tiv e  h u m id ity  of a ir at w hich th e  exp erim en ts  
w ere  perform ed. Besides, w hich  is of a v ita l im portance  fo r the analysis  of 
desiccation  effect on developm ent and  h a tch ab ility  of B ranchiopoda eggs, the  
e a r lie r  studies w ere  carried  ou t w ith  b isex u a l species, in  w hich the  em bryonic
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developm ent s ta r ts  a lread y  in  th e  rep roductive  system  of a fem ale and  th e  
eggs la id  are  fa r  advanced  in  th e ir  developm ent. T his w ould  change fu n d a ­
m en ta lly  th e ir  response to desiccation , increasing  th e ir  g enera l resistance  to 
ex trem e factors of the  abiotic env ironm en t w ith  th e  course of the  develop­
m ent.

T he resu lts  of th e  p resen t p ap er confirm  in  g en era l th e  above m en tioned  
hypothesis ( H e m p e l - Z a w i t k o w s k a  1967). The eggs of Triops cancriformis  can  
develop w ithou t the  d rough t period, p rov id ing  the developm ent follow s u n d e r  
sta tic  conditions and  the abiotic factors of th e  en v iro n m en t do no t d ev ia te  
m uch from  the optim um  typical fo r th e  developm ent of a g iven  species. S uch  
a t ra i t  can be defined  as a considerab le  s ten o p lastic ity  of th e  developm ent 
of the  eggs of T. cancriformis.

Desiccation ce rta in ly  is a fac to r w hich changes th is type  of reaction, cau s­
ing, in  fact, a s ign ifican t b roaden ing  of the  abiotic conditions ran g e  (osci­
lla tion  in  tem p era tu re , the  d rough t period), w ith in  w hich  a fu r th e r  develop­
m ent and  even tual h a tch ing  can occur. The developing em bryos of T. cancri­
formis,  affected  by  desiccation, acqu ire  th u s  eu ry -p la s tic ity  and  a h ig h er 
resistance  to asta tism  and  aperiod ic ity  (sensu K l e k o w s k i  1966) in  the  o u te r  
en v iro n m en t conditions.

5. CONCLUSIONS

The em bryonic developm ent in  Triops cancriformis  s ta r ts  a f te r  the  egg 
has been lib e ra ted  from  th e  egg pouches of a fem ale, can follow  bo th  in  w a te r 
and  in  the  a ir sa tu ra ted  w ith  w ater. In  th e  la tte r , th e  developm ent can reach  
the stage ju s t p reced ing  the  hatch ing . H ow ever, the egg does no t ha tch  u n d e r 
these conditions, a lthough  D u t r i e u  (1960) has observed  th e  eggs of a re la ted  
species, A rtem ia  salina  ( L e a c h )  to ha tch  on m oist f i l te r  paper. T h a t th e  eggs 
of T. cancriformis  can reach  p re -h a tch in g  stage a t R.H. of 100%, is ev iden t 
from  the fact th a t th e y  h a tch  sho rtly  a fte r  tra n s fe rr in g  them  to w a te r 
(Fig. 1 & 2).

W ith  all the  rem ain in g  re la tiv e  hum id ities, the em bryonic  developm ent 
has probab ly  ceased to follow  a t th is stage a t w hich the  egg w as deprived  of 
the  w a te r env ironm en t. F u r th e r  developm ent w ill co n tinue  no t ea rlie r  un less 
the egg is rep laced  in to  w ater. The eggs w hich  had  s tay ed  in  w a te r fo r 6 days 
fo llow ing th e ir  lay ing  could a tta in  the  m ost advanced  stage of the  develop­
m ent, they  p robab ly  com pleted g as tru la tio n  ( H e m p e l - Z a w i t k o w s k a  1967), 
su rm o u n tin g  in  th is  w ay the  critica l stage in  desiccation resistance. T hat is 
w hy these eggs, a f te r  28 days of desiccation  a t d iffe re n t re la tiv e  hum id ities, 
p laced again  in  w ate r, show ed a very  h igh  p e rcen tag e  of ha tch in g  (Fig. 2). 
In  the group of the  eggs kep t in itia lly  in  w a te r  fo r 3 days, th e re  w ere  only 
a few  w hich w en t th ro u g h  th is  critica l stage m entioned , and  these eggs w ere 
able to su rv ive the  desiccation  period. The period  of one day  the  o th e r  group 
of the  eggs stayed  in itia lly  in  w a te r  w as thorough ly  in su ffic ien t an d  alm ost 
all th e  eggs of th is  group  died u n d e r th e  im pact of desiccation  (Fig. 2).

6. SUMMARY

The eggs of Triops cancriformis , pressed out of the egg pouches, were initially 
kept in water for 1, 3 and 6 days at a room temperature, and later on, desiccated 
in the air at different relative humidities: 33, 55, 76, 85 and 100% R. H. After this
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period, the eggs were placed again in water and their hatchability has been recor­
ded for 30 days. The unhatched eggs were air-dried again for about 20 days and 
then replaced into water and checked for hatchability.

In all the relative humidity treatments, except for 100%, the percentage of 
hatched eggs was highest in these eggs which before desiccation had stayed in 
water for 6 days (Fig. 1, 2). It is most probable that these eggs had accomplished the 
gastrulation process, thus overcoming the critical stage in desiccation resistance. 
This stage was attained by much smaller proportion of the eggs which had been 
developing in water for 3 days. In 100% relative humidity treatment, the develop­
ment of the eggs continued similarly to that in water until the pre-hatching stage 
was attained, but the eggs did not hatch under these conditions.

7. STRESZCZENIE

Jaja Triops cancriformis wydobyte z komór jajowych przetrzymywano w  w o­
dzie 1, 3 oraz 6 dni w  temperaturze pokojowej, po czym 28 dni w powietrzu o w il­
gotności wzgl. 33, 55, 76, 85, 100%. Po tym okresie jaja zalewano wodą i rejestrowano 
przez 30 dni wylęgi. Jaja niewylęgnięte suszono na powietrzu ok. 20 dni, powtórnie 
zalewano wodą i notowano wylęgi.

Po pobycie w e wszystkich użytych wilgotnościach wzgl. powietrza, prócz 100% 
w. w., w ylęg był najwyższy u tych jaj, które przebywały przed suszeniem 6 dni 
w wodzie (rys. 1, 2). Jaja te zapewne zakończyły gastrulację przekraczając w  ten 
sposób “krytyczne stadium odporności na wysychanie; po 3 dniach rozwoju w  wodzie 
znacznie mniejsza część jaj osiągnęła takie stadium. W 100% w. w. rozwój jaj 
przebiegał dalej tak samo jak w wodzie, aż do stadium przedwylęgowego, ale sam  
wyląg nie następował.
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