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T H E  E L E M E N T S  O F  E N E R G Y  B A L A N C E  IN  G R A S S  C A R P  
( C T E N O P H A R Y N G O D O N  I D E L L A  V A L.). P A R T  I

Department of Experim ental Hydrobiology, Nencki Institute of Experimental Bio­
logy, Pasteura 3, Warsaw, Poland

ABSTRACT

Energy changes were investigated in grass carp bred on plant food. The oxygen 
consumption, excretion of carbon dioxide and nitrogen, value of food ration and 
the basic energy indicators Kx and K 2 and also U ~ 1 were determined.

CONTENTS
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1. INTRODUCTION

This is a part of research on energy changes in grass carp growing on various 
food in conditions of laboratory culture. The work has been carried out in order to 
determine the parameters of energy balance (oxygen consumption, excretion of 
carbon dioxide and nitrogen, food ration and growth) in fish fed with pure plant 
food. Then these parameters were used to calculate the energy budget using the 
method of indirect calorimetry.

2. MATERIAL AND METHODS

T he experim en ts w ere  carried  out on fish from  fish  ponds in  Żabieniec 1, 
on one y ea r old, w eigh ing  20-70 g. The fish  w ere fed w ith  le ttuce  Lactuca  
sativa. In  o rd er to  ob ta in  op tim al conditions, the le ttuce  w as chosen as it is 
p re fe rred  by  young grass carp  ( P e n e z  and T ö l g  1966, J ä n i c h e n  1967, F i ­
s c h e r  1968). A ll cu ltu res and  m easurem ents w ere carried  out a t tem p. 23°C. 
B efore the  research  th e  fish  w ere kep t about 2 m onths in  labo ra to ry  condi­

1 Institute of Inland Fishery, Zabieniec.
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422 Z. Fischer

tions, in  constant tem pera tu re , and w ere  fed only w ith  lettuc'e. D uring  the 
m easurem ents w ere taken  (about 6 m onths) th e  fish  w ere  kept in  10 1 glass 
ja rs  w ith  a constant flow, w hich w ere placed in  a w a te r th e rm o sta t hav ing  
constant tem pera tu re . E veryday  the  fish  w ere  fed, and also th e  w a te r  was 
changed. The days on w hich the de term inations of oxygen, carbon  dioxide 
and nitrogen  w ere made, the ja rs  a fte r change of w a te r w ere  tig h tly  closed 
and the flow  was sw itched on. The ja rs  w ere supplied  w ith  se ttled  w ater, 
w ell aera ted  and having  the sam e tem p era tu re  as the  w a te r in  the  th e rm o sta t 
w ith  ja rs  (Fig. 1). Each tim e the flow  w as m easured. The schem e of experi-

Fig. 1. Scheme of the experiment. 1 — the jar with fish; 2 — water inflow; 3 — 
water outflow; 4 — water sampling; 5 — thermostat; 6 — agitator; 7 — heater; 8 — 
dividers; 9 — water reservoir; 10 — air diffuser; 11 — regulator of water level; 
12 — solid part of stopper; 13 — rim of jar; 14 — rubber part of stopper; 15 — stand

of respiration chambers

m ent is show n in Fig. 1. The th e rm o sta t contains 10 experim en ta l ja rs  w ith  
fish, tw o h eaters and one ag ita to r p laced in  th e  m iddle. The ja rs  are  supplied 
w ith  w a te r from  the conta iner (9). The ja r ’s outflow  has a fu n n e l covered 
w ith  a net. The w a te r container is p laced  above the  th e rm o sta t w ith  fish. 
In  order to m ain ta in  a constant w a te r  level it  has a perm an en t connection 
w ith  the regu la to r (11). The reg u la to r is a ra th e r  long pipe supp lied  w ith 
tap  w ater. W hen th ’e w a te r level passes beyond the  level in  the  con ta iner the 
w ater pours out. All p a rts  of the  ap p ara tu s  are m ade of glass or PCV.

In  th e  ja rs  w ith  fish  no ag ita to rs  w ere  p laced as it has been considered 
th a t the m otion of fish itse lf is su ffic ien t enough, and also th a t th e  outflow  
is a t the top of the  ja r  and the  inflow  a t th e  bottom . The con ta iner had no 
ag ita to r as i t  w as w ell aerated .
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The elements of energy balance in grass carp 423

One of the  ja rs  in the therm o sta t w as alw ays w ithou t fish bu t the  sam e 
m easurem ents w ere m ade as fo r o ther ja rs  (that is flow  regulation, w a te r 
change) and it was trea ted  as a control one.

R espective elem ents of the  balance (food ration, resp ira tion , excretion  of 
C 0 2 and  nitrogen) w ere m easured as follow ing:

F o o d  i n t a k e  was m easured  by  g iving the fish each tim e a w eighed 
am oun t of le ttuce and a fte r 24hr t'he re s t w as taken  out and Weighed. S im ul­
taneously  one portion of w eighed food w as d ried  and then  a p a r t of it w as 
b u rn t in P h i l l i p s o n ’s  m icrobom b calo rim eter (1960). W hereas th e  second 
p a r t  w as b u rn t in a m uffle oven and the  ash content w as determ ined. In 
order to check w hether the calorific valu'e of p lan ts  did not change during  
th e  24hr of exposure, one portion  of food w as placed in the  control ja r  (w ith­
out fish) then  afte r 24hr was tak en  out and its calorific value w as calcula­
ted. I t  was found th a t th is value does not undergo any essential changes. The 
energy  value of 1 mg of dry  w eight of food w as m ultip lied  by  the am ount 
of food consumed w ith in  24hr and thus the  food in take  w as calculated.

T h e  f i s h  i n c r e m e n t s  w ere determ ined  every  tw o w eeks by w eigh­
ing. In  c rd e r to  calculate th e ir  calorific value 3 fishes from  a para lle l cu l­
tu re  (the sam e food and tem pera tu re) w ere  k illed and th e ir  ash content as 
w ell as the calorific value of 1 g of dry  w eight w ere estim ated  by burn ing  in 
bom b calorim eter 2.

R e s p i r a t i o n  o f  f i s h  w as m easured by the m odified W inkler’s 
m ethod in  a constant flow  (about 2 1 per hr). The ja rs  w ere tig h tly  closed by 
screw ing  home as on Fig. 1. The m easurem ents of resp ira tion  as w hen d e te r­
m in ing  the  food in tak e  w ere m ade 10 tim es on 9 fish. A part from  th a t daily  
m easurem ents w ere m ade every  one hour on 9 fish and in the control.

E x c r e t i o n  o f  c a r b o n  d i o x i d e  was m easured by  S o r o k i n ’s  m e­
thod (1958) com paring the production  of carbon dioxide in ja rs  holding fish 
and in  th e  control one w ithou t fish. These m easurem ents w ere also m ade in 
tig h tly  closed ja rs  in constan t flow. D uring the research  it w as found th a t the 
re su lts  obtained by S o r o k i n ’s  m ethod are  overestim ated. A dditionally  22 tests 
to estim ate  carbon dioxide w ere m ade sim ultaneously  in the  appara tus of 
S o r o k i n  and V a n  S l y k e  (modified by R o d i e r ) .  These tests showed th a t S o­
r o k i n ’s  appara tus in  these conditions gives re su lts  2.67 tim es overestim ated 
(S tandard  E rro r of th is average is ±0.084 fo r n — 22). A correction w as m ade 
in  the calculations.

N i t r o g e n  e x c r e t i o n  from  the  fish organism  w as estim ated by de­
te rm in in g  the am ount of excre ted  am m onia ( P r c c h a z k o v a  1964). D espite 
several a ttem pts th e  am ount of excre ted  carbam ide w as not determ ined, 
th erefo re  on th e  basis of lite ra tu re  ( S m i t h  1929, F r y  1957) it w as assum ed 
th a t u rea  n itrogen  is 15% of am m onium  nitrogen.

3. RESULTS

The calorific value of le ttuce du ring  the experim ent varied  from  3.0542 
to 3.8696 cal/g dry  w eight. These varia tions w ere m ainly  the resu lt of v a ria ­
tions of th e  ash content from  14 to 24%. Also the lipid content w as estim ated.

2 All estimations of the calorific value obtained by burning in bomb calorimeter 
of P h i l l i p s o n  type were carried out under the guidance and help of Dr. T. P r u s ,  
to whom I am very grateful.
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424 Z. Fischer

It is variab le  bu t generally  sm all as it  h a rd ly  am ounts to 1%. The value  of 
food ra tion  also varied  considerably d u rin g  the m easurem ents and w as from  
1000 to 7000 cal/fish. This calculated  p er 1 g of fish body w as about from  
84.82 to 168.21 cal/g of fish  body. The average food ra tio n  is 126.728 ±  8.526 
(S.E.) cal/g of fish a t n  =  10. The value of food ra tion  depends to some ex ten t 
on the w eight of fish. This dependence is expressed  by the regression fo r­
m ula:

C =  748.9 •W°-4575cal/24 h r  

w here C — value of food ration, W  — w eight of fish (g) (Fig. 2).

Fig. 2. Dependence of the daily food ra­
tion on the fish body weight

Fig. 3. Dependence of daily fish 
increments on its weight

The resu lts obtained by burn ing  the exam ined  fish in bom b calo rim eter 
a re  ra th e r  equal. 1 m g of fish d ry  w eigh t has an  average calorific value 
4.3383 ±0.11 cal (S.E.) for n  =  10. B ut average daily  fish increm ents vary, 
depending on the w eight, from  29 to 139 cal. So the average daily  increm ent 
of 1 g of fish m ay be calculated  and is 2.460 cal. The dependence of daily  
increm ent on fish w eight is expressed by the regression form ula:

Pg =  4 .1 2 2 -W 0-83

w here P g — increm ent (cal/24hr), W  — w eight of fish (g). This regression is 
p resen ted  on Fig. 3.

The oxygen consum ption by fish at the tim e of m easurem ents w as rem ar­
kably  variable. D epending on the w eight of fish it varied  from  1500 to
10,000 p l/h r. D ependence of oxygen consum ption on w eight is expressed by 
form ula:

R  =  4 9 8 -W 0-5981

w here R  — resp ira tion  jrl/hr, W  — w eight of fish (g). This dependence is p re ­
sented in Fig. 4.

I t  m ay be presum ed th a t these varia tions depend also on the activ ity  of 
fish .
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The elements of energy balance in grass carp 425

Fig. 4. Dependence of the respiration 
of an individual on body weight

Fig. 5. Dependence of the respiration of 1 g of fish on body weight

F igu re  5 p resen ts th e  dependence of fish resp ira tion  on w eight calculated  
p er w eight u n it — g. This d iagram  is m ade according to the  averages calcu­
la ted  from  the m easurem ents of fish  of the sam e w eight. 122 m easurem ents 
w ere made. This d iagram  also shows the range of S tan d ard  E rro r. On the 
basis of these data  the average for all m easurem ents was calculated  and it  
is 130 +  4.57 p l /g 'h r  for n  =  122. In  o rder to check how the data, obtained 
in  ou r m easurem ents, alw ays taken  betw een  9 a.m. and 1 p.m. are  related  
to the  daily resp iration , daily  m easurem ents w ere once m ade: 9 fish w ere 
m easured every hour. F igure 6 p resen ts the  results. This d iagram  also shows 
the  average of m easurem ents obtained in  a determ ined  period of tim e and the 
rang'e of S tandard  E rro r. This range is re la tiv e ly  w ide because of a small 
num ber of tests, w hich for technical reasons could be m ade only sim u ltane­
ously. A t the beginning of experim en t an adap ta tion  period w as observed, 
w hich had not been taken  into account in calculations. L ine No. 2 rep resen ts  
the average of daily  m easurem ents and the  line No. 3 — the average of m ea-
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426 Z. Fischer

su rem ents m ade betw een  9 a.m. and 1 p.m. Thus it m ay be s ta ted  th a t th e  da ta  
obtained in  the m orning hours are sligh tly  overestim ated  as com pared w ith  
the  daily  data. H ow ever, this overestim ation  is not big.

Fig. 6. Daily course of fish respiration:  average of measurements between
9 : 00 a.m. and 1 : 00 p .m .; ----------- average of 24hr; ------------- average of each mea­

surement. Vertical lines — Standard Error

The excre tion  of carbon dioxide is s im ilarly  instab le  as oxygen consum p­
tion, and probably  depends also on the  size of fish  and th e ir  activ ity . M easu­
rem ents of carbon dioxide w ere m ade in  the sam e tim e as oxygen m easu re­
m ents, i.e. from  9 a.m. to 1 p.m . 92 m easurem ents w ere  m ade. The average 
qu an tity  of excreted  carbon dioxide m ay be determ ined  by  the value
117.4 p l/h r/1  g of fish body (S.E. =  9.14 for n  =  92).

Estim ation of the excretion  of am m onium  n itrogen  gave resu lts vary ing  
from  80 to 900 p g /h r depending on the  fish w eight. The dependence of the  
am ount of excreted  nitrogen on the fish  size is determ ined  by  the  regression 
form ula:

Q N  =  42.5* W 0,545

w here QN  — q u an tity  of excreted  n itro g en  (ug/'hr), and W  — w eight of the 
exam ined object (g).

This dependence is p resen ted  in  Fig. 7. W hen ca lcu lating  these data  p er 
1 g of fish, the  averages for respective fish w eights a re  obtained and are 
p resen ted  in Fig. 8. The range of S tan d ard  E rro r is ind icated  a t each average 
w ith  a vertica l line. D ata obtained by  S m it h  (1929) and quoted  recen tly  in 
lite ra tu re  as fundam enta l data  are added to  this d iagram . This d iag ram  shows 
th a t the am ount of n itrogen  excre ted  by  1 g of fish body du ring  an  hour 
decreases as the w eight of fish increases. In  the  carried  out experim en t this 
value is average 5.77 pg (S.E. =  ±0.3082 for n  =  92). T aking in to  considera­
tion the correction for u rea  n itrogen  (S m it h ) th e  a v e r a g e  q u an tity  of n itrogen  
excreted  p er 1 g of fish  body w as assum ed as 6.64 pg/hr.

On the  basis of thus obtained fundam en ta l elem ents of energy  balance, 
calculations of the energy  balance of an  average w eight fish m ay be m ade
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as w ell as on the basis of regression curves of any  w eight fish. Also using 
th e  m ethod of ind irect ca lo rim etry  the  calculations of the value of protein , 
lip id  and carbohydrate  conversions can be made.

Fig. 7. Dependence of the quantity of 
excreted nitrogen on body weight

Fig. 8. Dependence of the quantity of excreted nitrogen by 1 g of fish body: 
Standard Error; x  S m i t h ’s  (1 9 2 9 ) data; •  author’s data

On the basis of p a tte rn  C =  R +  P  +  F, w here; C — daily  food ration, R — 
resp iration , P  — increm ent, F  — faeces, the  value of assim ilation in  calories 
was calculated (i.e. R +  P). This value for th is experim en t w as on the average
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623.3 cal per fish. The q u an tity  of faeces can be calcu lated  according to  the  
equation  F =  C —A.  This average value is 3812.2 cal. A ssim ilation: U ~ l =
A  P
ę  *100 is on the average 13.2%. The coefficient Ki =  *100 p rov id ing

in form ation  about w h a t p a r t of consum ption is used up by  th e  fish  fo r the  
increm ent, is also very  low, and is on th e  average 1.9, S tan d ard  E rro r 0.23.

P
The coefficient value K 2 = -^ -*100  p rov id ing  in fo rm ation  about w h a t p a r t

of assim ilation is the increm ent, is on the average 13%.
Thus w ere m ade the  calculations of energy  balance on average values 

from  all data obtained during  the experim ent. A p art from  th a t analogous 
calculations w ere m ade on th e  single fish, w hich w eighed the  least of all 
exam ined fish — 23 g, and on a fish  having  a g rea test w eigh t — 52 g. T ab le  I 
p resen ts the results. This Table contains also theore tica l calculations based  
on th e  data  obtained from  regression curves for the  hypothetical fish w eigh­
ing 1 g, 50 g and 100 g. F igure  9 p resen ts  how  these th ree  d iffe ren t w ays 
of calculating  th e  elem ents of balance and  energy  coefficients are  re la ted .

Table I. The most important energy indicators obtained from the experiment and regression curves

Indicator Unit
Theoretical fish weighing Average of Fish weighing

1 g 50 g 100 g experiments 23 g 52 g

Calorific value
of fish cal 723 36150 72300 — 16629 37596

C cal 748.9 4500 6200 4435.5 3868.83 4410.6
C in % from the 

cal. value of
fish °//o 103.6 12.4 8.5 — 23.2 11.8

P cal 4.2 100 185 86.1 77.92 147.6
R cal 59.4 620.6 930.9 537.25 392.26 552.2
F cal 685.4 3779.4 5084.0 3812.2 3398.48 3710.2
A\C — 0.084 0.16 0.1799 0.132 0.1215 0.158
Ki — 0.0055 0.0222 0.0297 0.019 0.020 0.028
k 2 — 0.0648 0.1387 0.1657 0.13 0.165 0.21

This F igure  shows the tendency  to an  increase of energy coefficients as the 
grow th  of fish increases and also the  food dem and, increm ents and re sp ira ­
tion. D ata obtained from  the regression curves do not d iffer m uch from  the 
experim enta l data. U sing the data  of gas conversion the follow ing calculations 
by the m ethod of ind irec t calo rim etry  can b'e m ade according to the  d iagram  
of K l e k o w s k i  (unpublished) and basing on the averages from  th e  w hole expe­
rim ent:

0 2 consum ption — 1 3 0 .2  pg /h r/g  of fish body,
C 0 2 excretion  — 1 1 7 .4  pil/hr/g of fish body,
N excretion  — 6 .6 4 ;  6 .6 4 * 6 .2 5  =  4 1 .5  jig of p roteins.
The follow ing ind icators w ere assum ed ( H a r r o w  and M a z u r  1 9 6 6 ) :
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F ood C o n su m p tio n  P ro d u c tio n  RQ  C a lo rific  v a lu e
1 g 0 ,(m l)  C 0 2(ml) K ca l/g

C a rb o h y d ra te s  828.8 828.8 1.00 4.2
F a ts  2019.3 1427.3 0.71 9.5
P ro te in  966.3 773.9 0.80 4.3

th u s  bu rn ing  of 41.5 pg of p ro tein  uses:

41 .5-0 .9666 =  40.089 pi 0 2

41.5-0 .774  =  32.121 [x lC 0 2

oxygen consum ption for ca rbohydrates and fats:

130.2— 40.089 =  90.111 p l 0 2/h r /g  

C 0 2 excretion  for carbohydrates and  fats:

117.4— 32.121 =  85.279 pi C 0 2/h r /g

117 4
thus RQ  =  =  0.9 

85 279
non-pro tein  RQ = - =  0.946 ä  0.95
are

90.111 pi 0 2* 1.01 =  91.012 ixg of carbohydrates
90.111 pi 0 2*0.091 =  8.200 pg of lipids

41.552 pg of p ro te in s .

T herefore the  energy  used by 1 g of fish body during  an hour:

0 .091-4.2  cal =  0.38822 ca l (carbohydrates)
0.0082 • 9.5 cal =  0.0779 ca l (lipids)
0 .0415-4 .3  cal =  0.1784 ca l (proteins)

0.6385 c a l/h r /g

w hat gives an energy  consum ption du ring  24hr by 1 g of fish body — 
15.324 cal, so by a fish w eighing 35 g — 536.34 cal. Thus it can be sta ted  th a t 
the  conversion of carbohydrates is 59.86%, of p ro te in  — 27.94%, of lipids — 
12.20%.

4. DISCUSSION

The values obtained from  oxygen m easurem ents are  consistent w ith  the 
lite ra tu re  data  on carp and crucian  carp. The fac t th a t the  oxygen m easure­
m ents displayed g rea t varia tion  hence the  s tan d ard  e rro r w as qu ite  big 
(Fig. 5) seems to be to a large ex ten t the  re su lt of various ac tiv ity  of fish 
during  the  m easurem ents. In  qu ite  big ja rs  of 10 1 capacity  the fish  have 
p len ty  of place. In  such experim en ts th is is an uncontro lled  factor bu t u n ­
doubtedly  net w ithou t significance. F r y  (1957) gives the  varia tions in  oxygen 
consum ption depending on the ac tiv ity  of fish, on the  exam ple of Carassius
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auratus  from  abou t 100 to 260 m l/kg /h r, and  of A m eiu ru s  nebulosus  from  
about 200 to  600 m l/kg /hr, th a t is about th ree  tim es as m uch. I t  seem s th a t

Fig. 9. Dependence of the studied energy indicators on fish body weight: ------------
data from the regression curves; •  average of exp erim en ts; data for 23 and

53 g fish

the  excretion  of carbon dioxide varies fo r the  sam e reasons. The oxygen 
regression curve depending on w eight shows a re la tiv e ly  sm all inclination  
as com pared w ith  th e  regression calcu lated  by  W i n b e r g  for the  resp ira tio n  
of fish in  general. W i n b e r g  assum es 0.84, w hile according to  our calculations 
th is value is 0.598. V alue “a ”, i.e. the  re sp ira tion  of fish w eighing 1 g, is 
severa l tim es g re a te r  in  our experim en ts (it is 498). B ut com paring the 
regressions obtained in  our experim en ts w ith  the data  of E d w a r d s  et al. 
(1969) it  m ay be assum ed th a t the d ifferences in  the course of regression 
curves of W i n b e r g  and  ou r’s m ay be explained  by  the various ac tiv ity  of 
exam ined fish. E d w a r d s  e t al. say  th a t fish in  the  resting  stage have th e  
regression form ula as follow ing:

R l =  0.214 W 9-721m l/g . h r  

for th e  sam e fish  b u t active:

R 2 =  0.737 W°-590m l/g -h r
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T hus the value “a ” increases and the  index  value decreases. H aving these 
resu lts  it m ay be assum ed th a t both  the re la tive ly  h igh value “a” and the 
low value “W” in  the regression form ula obtained  for g rass carps m ay be 
the re su lt of h igher activ ity  of fish in  ja rs , th an  according to the data  of 
W i n b e r g  (1961). Chinese au thors ( Y e h  Y e  T s u  1959) also give some data  on 
the re sp ira tion  of the grass carp. These data  w ere obtained by  m eans of 
experim en t. They are fo r a fish w eighing 1.11 g R — 291.28 p l/h r, fo r a fish 
w eighing 9.6 g R =  1860.39 p l/h r. If we calcu late  theore tica lly  the  resp ira tion  
for these w eights of fish according to W i n b e r g ’s  regressions and the  reg res­
sions obtained by us, the obtained da ta  are  d iffe r from  the  neal resu lts of 
Chinese authors. These d ifferences according to W i n b e r g ’s  regressions are 
43.03% and 45.39%; according to the  regression obtained by us on grass 
carp  w eighing 1.11 g by 83.84%, w hereas for the  w eight 9.6 g only by  4.7%. 
T herefo re  we m ay come to the  conclusion th a t not only the varia tions in the 
resp ira tion  value, bu t also of the  corre la tion  betw een  resp ira tion  and w eight 
are  qu ite  considerable in  grass carp. T his m ost surely  depends on the  k ind 
of food and also on th e  activ ity  of investiga ted  fish.

RQ  of g rass carp  is high, typ ical for phytophagous fish. I t  varies from
0.92 to 1.00 (Table II). H igh RQ  is often  found am ong fa tten ed  anim als, as

Table II. Energy balance of grass carp obtained by the indirect method for 1 g of fish per 1 hr

Indicator Unit
Average of 
experiments 

weight 
35 g

Maximum 
weight 

52 g

Minimum 
weight 
23 g

o 2 til 130.2 89.02 175.00
c o 2 pi 117.4 78.20 167.67

N-protein pg 41.5 27.312 39.06
RQ non-protein — 0.95 0.92 1.00
Demand of carbohydrates pg 90.012 54.47 169.11
Demand of lipids pg 8.2 8.995 —
Demand of proteins pg 41.562 27.312 39.06
Energy used by carbohydrates cal 0.3822 0.2284 0.7102
Energy used by lipids cal 0.0779 0.0845 —
Energy used by proteins cal 0.1784 0.1173 0.1677
Sum of used energy cal 0.6385 0.4302 0.8779
% of carbohydrates metabolized % 59.86 53.09 80.9
% of lipids metabolized % 12.2 19.64 —
% of proteins metabolized % 27.94 27.27 19.1

in ou r experim ents, w here the fish w ere cu ltiva ted  in  conditions of food 
abundance. In  such conditions according to P r o s s e r  (1950) i t  m ay even 
exceed the  value 1.00. D epending on the w eigh t th a t is as the  fish grows, 
the  RQ  decreases. This is consistent w ith  the resu lts  obtained by N e e d h a m  

(1950), who investigated  the em bryonic developm ent of the  crab C arcinus. 
The already  quoted Chinese au thors ( Y e h  Y e  T s u )  also count the RQ  for 
grass carp  and th is  value depending on its  body w eight varies from  0.88 to
0.93 — on the average they  assum e 0.91. This value is considerably  low er th an  
the one obtained in  our experim ents, b u t th is is p robab ly  the re su lt of the 
qu an tity  and q u a lity  of given food.
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The average value of excretion  of carbon dioxide by 1 g of fish body  is 
abso lu tely  com parable w ith  th e  sam e da ta  obtained by the  Chinese au tho rs 
in  th e ir  experim ents w ith  grass carp. O ur data  are  1 1 8  p l/g * h r fo r th e  size 
of fish  about 3 5  g, w hile Y e h  Y e  T s u  obtained the  value 1 8 7  jxl/hr for a fish 
w eighing 9.6 g.

F igu re  8 p resen ts the re la tions betw een  the n itrogen  excre ted  out of the 
fish bodies and th e ir  w eight. S im ilar dependences w ere found  by S m i t h
(1929). I t  seems, how ever, th a t the decreasing am ount of excreted  n itrogen  
depends on th e  w eight of fish  only ind irectly , w hile th e re  is a d irec t depen ­
dence betw een  the excreted  n itro g en  and food ration , w hich in  tu rn  is s tric tly  
dependent on the body w eight. D aily food ra tion  p er 1 g of the  body of fish, 
w eighing about 20 g, is 153 cal, w hereas of the fish w eighing 49 g — about 
84 cal. T herefore it m ay be concluded th a t the p ro te in  conversion in  the 
en tire  fish (not calcu lated  p e r 1 g of body) is ra th e r  constan t and  is about 
30%, regard less of the  value of food in take.

It is commonly know n th a t the value of daily  food ra tio n  changes accord­
ing to several factors such as, e.g. tem p era tu re , q u an tity  and  q u a lity  of fpod, 
and others. Therefore they  w ere  tried  to be e lim inated  by constan t tem p era ­
tu re , food abundance and  its quality . As it  has been a lready  m entioned the 
le ttuce was chosen as the food p re fe rred , because as it has been prev iously  
found ( F i s c h e r  1968) the value of food ration  of grass carp  varies from  
661 cal to 9786 cal according to  the q ua lity  of food. The value of food ra tion  
as Fig. 2 shows increases tog e th er wit'h the  w eight. B ut th is increase is not 
too big, and so calcu lating  p e r 1 g of fish body the am ount of taken  food 
increases qu ite  considerably  (at a w eight increase from  about 20 to alm ost 
100 g the am ount of taken  food p er 1 g of fish body increases from  about 
60 to 160 cal). A confirm ation of these resu lts m ay be found in  general reg u ­
larities of th is type described by W i n b e r g  (1956), K a r z i n k i n  (1952).

A ssim ilative facu lty  of g rass carp  cu ltiva ted  on pure  p lan t food is very  
low and is on the average 13%. This is justified  by the dom inant am ount of 
carbohydrates in the g iven food, w hich are  genera lly  assim ilated  in  a sm all 
p er cent — cellulose n ear to zero (not tak ing  in to  consideration  the cellulose 
bac te ria  and some protozoan species), w hile th e  rem ain ing  ca rbohydra­
tes — usually  w ith in  the range of 60-75%. S im ilar low  values of food assim i­
la ted  by  the investigated  organism s w ere obtained by P r u s  (in prep.) in  his 
p aper on Asellus aquaticus  (8.7%). It seems, th a t ap a rt from  th'e m ain factor 
having  a repercussion on the  assim ilation  value, i.e. the kind of food, the 
physiological sta te  of the exam ined organism  is also of some significance. 
An assim ilation increase as the  fish grow s is c learly  visible in Table II, and 
also in  Fig. 9. How ever, despite the g row th  th is value is several tim es sm aller 
than  in o ther fish, e.g. according to I v l e v  (1939) the carp assim ilates m ore 
th an  40% of consum ed food.

On the grounds of ob tained  resu lts it can be sta ted  th a t the  grass carp  
fed only w ith  p lan t food is of no special significance in  w a te r bodies as an 
energy converter, bu t its  m ain significance is in  the destruction  of aquatic 
vegetation and thus fe rtiliza tion  of w a te r bodies.

A fte r calculating  the  obtained  values of food ra tion  in to  a per cent from  
the body calorific value (such coefficients are  w idely  applied  by  R ussian 
scientists — I v l e v ,  W i n b e r g ,  K a r z i n k i n )  (Table I), th is dependence is even 
m ore pointed  out.
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5. SUMMARY

In order to learn about the energy changes taking place in grass carp culti­
vated on plant food, in conditions of laboratory experiment the following were 
investigated: oxygen consumption, excretion of carbon dioxide and nitrogen, in­
crements and food ration of fish of a size from 20 to 60 g. It was found that 1 g of 
dry weight of fish body has a calorific value 4.3383 cal±0.11 (S.E.) for n =  10 the 
food ration varies from 84.82 to 168.21 cal/g of fish. The respiration is on the ave­
rage 130±4.572 p.l/hr/g for n =  122, excretion of carbon dioxide 117.4 n/hr/g for 
n  =  92, excretion of ammonium nitrogen 5.77±0.3082 pg/hr/g for n = 92. “Non- 
-protein” RQ  is 0.95. On the basis of obtained data it was calculated that the pro­
tein conversion in the metabolism of grass carp is 27.94%, of lipids 12.20%, of 
carbohydrates 59.86%. Also low energy indicators were found K x — 19.6%, K2 — 
13.68% and also the food utilization was low U ~ 1 — 13.2%.

Due to the experiments it may be assumed that the grass carp fed only with 
plant food is a poor energy converter in water bodies.

6. STRESZCZENIE

W celu poznania przemian energetycznych zachodzących u białego amura ho­
dowanego na pokarmie roślinnym, przebadano w  warunkach eksperymentu labo­
ratoryjnego: zużycie tlenu, wydalanie dwutlenku węgla, azotu, przyrosty i rację 
pokarmową ryb ważących 20-60 g. Stwierdzono, że gram suchej masy ciała ryby 
posiada wartość kaloryczną 4,3383 ca l± 0 ,ll (Standard Error) dla n  =  10, racja po­
karmowa waha się od 84,82 do 168,21 cal/g ryby. Oddychanie średnio wynosi 
130±4,572 ąl/godz./g dla n =  122; wydalanie dwutlenku węgla 117,4 M,l/godz./g dla 
n =  92; wydalanie azotu amoniakalnego 5,77±0,3082 ąg/godz./g dla n = 92. RQ „nie- 
białkowe” wynosi 0,95. Na podstawie uzyskanych danych obliczono, że w  metabo­
lizmie białego amura przemiana białkowa wynosi 27,94%, lipidowa 12,2%, węglo­
wodanowa 59,86%. Stwierdzono również niskie wskaźniki energetyczne Kj — 19,6%, 
K 2 — 13,68% oraz wykorzystanie pokarmu U —1 — 13,2%. Na podstawie przepro­
wadzonych eksperymentów można przypuszczać, że biały amur karmiony wyłącz­
nie pokarmem roślinnym jest słabym konwertorem energii w zbiornikach wodnych.
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ABSTRACT

Morphological blood examinations on 320 tenches (162 males and 158 females) dur­
ing 10 months proved the direct effect of reproduction cycle on the amount of 
erythrocytes and leucocytes in the circulating blood. Especially among the females, 
during the spawning-season a considerable decrease of the number of erythrocytes, 
hemoglobin and hematocrit’s index takes place. Besides an intensive leucocytosis 
is observed during that period. In the other part of the year, with the exception 
of January, the number of erythrocytes is higher in males. Whereas other para­
meters such as mean volume blood cells, mean concentration and hemoglobin 
content in one erythrocyte are higher in females.
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INTRODUCTION

The specific biological character and the variety of fish species makes the 
comparison of hematological indices exceptionally difficult. The dependence of 
hematological indices on physiological and environmental conditions and also on 
the age and sex of fish belong still to the controversial subjects in literature. So­
me authors do not find differences connected with sex dimorphism as e.g. S m i t h
(1930) for Salm o tru tta  L. and G l a z o v a  (1 9 6 7 ) for Acipenser ru thenus  L. and 
Acipenser stellatus Pall. Others like L a n g e  (1 9 1 9 ) and P a v l o v  and K r o l i k  (1935)  
justify the quantitative changes in the composition of the circulating blood of 
males and females for optional months of the annual cycle. I v l e v  (1 9 5 5 ) observed 
even in winter similar correlations in the blood of Lota lota (L.), Silurus glanis L. 
and Cyprinus carpio L. Furthermore S c h l i c h e r  (1 9 2 7 ), P a v l o v  and K r o l i k  (1935)  
state that the number of erythrocytes and hemoglobin is higher during the entire 
year in the blood of males than of females.

Other authors find the differences connected with the sex of fish only during 
the production of gonads a n d  spawning. R o b e r t s o n  et al. (1961) proves that the
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hematological indices are considerably lower in the blood of females during the 
spawning migrations of Oncorhynchus tschaw ytscha  (Walb). The results of C e r n i -  
k o v a  (1967) for Coregonus lavaretus beari Kassl. are approximate. But according to 
S c h l i c h e r  (1927) the quantitative changes in some freshwater fishes during spawn­
ing are the same in the blood of males and females.

The variability of hematological parameters in different seasons of the year 
in connection with the phenomenon of spawning and feeding migrations is ano­
ther controversial subject. K a w a m o t o  (1929) described the seasonal differences of 
Anguilla anguilla (L.) thus proving the increase of the number of erythrocytes in 
winter months at a simultaneous decrease of total blood volume in the organism  
of these fish. Z a j c e v a  (1967) obtained approximate results for the Baltic eel. But 
S c h l i c h e r  (1927) is of the opinion that the level of erythrocytes of some freshwa­
ter fish he examined, does not depend on temperature, salinity and feeding, but 
exclusively on physiological processes connected with the spawning cycle. And on 
the contrary according to M o l n A r  et al. (1960) the temperature is the factor regu­
lating the number of erythrocytes and hemoglobin in Abram is brama (L.) and 
Lucioperca lucioperca (L.). C e r n i k o v a  (1967) did not find any seasonal differences 
in the blood of Rutilus rutilus  (L.), Abram is brama  (L.) and Lota lota (L.). She says 
that there are slight variations between the spring and autumn in Esox lucius L. 
and Perea fluvia tilis  L., while the visible quantitative changes in Coregonus la­
varetus beari Kassl. are connected with the spawning-season.

The research work aims at determining the proper hematological indices of 
the circulating blood of tench with consideration to the changes in the annual 
cycle.

2. MATERIAL AND METHODS

4-6 years old tenches w ere investigated . The length  of fish  w as 25-38 cm 
and th e ir  w eight 250-670 g. They w ere  from  D rw ęckie and Ł ańskie Lakes 
(Olsztyn province), w hich have sim ilar physiographical conditions. A p art 
from  th a t the experim en ta l de term inations of the  stud ied  p a ram ete rs  show ed 
a sim ilar range of deviation.

The caught fish w ere taken  to the laborato ry , and before th e ir  exam ina­
tion they  w ere kept fo r 16-20hr in oxygenated (on the  average 7.0 mg/1 0 2) 
lake w ater. The tem p era tu re  of w a te r in the aquaria  ranged  from  11 to 14°C, 
and in w in te r from  5 to 7°C.

The blood for investigations w as taken  from  the vena caudalis w ith  P a ­
s teu r’s p ipette, prev iously  rinsed  w ith  heparin . The tim e of the collection of 
blood sam ples since tak ing  the fish  out of w a te r did not exceed 1 min. 
A ccording to V i n n i c k i j  and C i s t o v a  (1967) para lle lly  w ith  the accepted m e­
thod of bleeding fish a fte r  tak ing  them  out of w ater, a series of m easurem ents 
of blood sam ples collected from  fish kep t under w a te r  w ere  m ade. In th is 
instance the blood w as also sam pled from  vena caudalis by p u n c tu rin g  the 
ta il above the  w a te r surface. D ifferen t m ethods of blood sam pling did not 
affect the  q u an tita tiv e  resu lts and the  varia tions in  the num ber of e ry th ro ­
cytes are  w ith in  the range of m ean deviations of the  sam ple (Table I).

The firs t blood drops w ere alw ays used to calculate q u a n tita tiv e ly  the  
blood constituen ts and included:

1. C alculation of the num ber of ery th rocy tes and leucocytes in  1 m m 3. 
The blood was d ilu ted  200 tim es in  P o ta in ’s blood count p ipette  w ith  colour 
solution of violet w ith  an  addition  of physiological flu id  w ith  the pH 6.8. 
The ery th rocy tes and leucocytes w ere calcu lated  out of the  d ilu ted  blood 
in B iirk e r’s cham ber according to the  assum ed principles.
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2. Photocolorim etric estim ation  of hem oglobin value using the m ethod of 
D rabkin  in the m odification of G reen  and Teal.

Table I. Hematological indices depending on the method of collecting blood samples

Blood samples collected

May
out of water under water

red blood hematocrit hemoglobin red blood 
cells 

(mill/mm3)
hematocrit hemoglobin

(mill/mm3) (%) (g%) (°/o) (g%)

Males 2.06 37.6 12.22 2.15 35.4 12.42
(« =  15) ±0.11 ±2.7 ±0.65 ±0.19 ±2.7 ±0.62
Females 1.72 31.3 11.26 1.71 32.7 12.30
(n =  15) ±0.11 ±2.4 ±0.73 ±0.09 ±2.8 ±0.48

3. D eterm ination  of the  h em ato crit’s index  w ith  th e  help of W introbe’s 
m icropipette . W introbe’s fo rm ulas w ere used in  calculations of m ean volum e 
blood cells, m ean concentration  and  m ean hem oglobin conten t in 1 e ry th ro ­
cyte. A rithm etica l m eans of th e  absolute values obtained in  calculations from  
the successive m onthly  sam ples w ere in troduced  in  the form ulas. How ever, 
it should b’e pointed  out th a t these calculations are  approx im ate and w hen 
determ in ing  the  hem atological indices a correction including the  oval shape 
of ery th rocy tes should be in troduced. Also because of the  uneven  d istribu tion  
of hem oglobin in cytoplasm  conditioned by  the  presence of nucleus the va­
lues of m ean hem oglobin concentration  are  also approxim ate.

A part from  th a t in o rd er to check the s ta te  of h ea lth  a de ta il parasito lo ­
gical dissection of tenches w as made. F ish  w ith  an excessive am ount of p ro ­
tozoans Chilodonella cyprini, Ich thyophth ir ius  m ultifiliis  and T rem atode 
A sym phylodora  tincae w ere elim inated. Also fish w ith  sym ptom s of occult 
drcpsy  w ere elim inated: w ith  flu id  exudative  in the  body cavity, w ith  
changes in th e  viscera (swellings, hyperaem ia, changes in colour) and m ost 
frequen tly  w ith  an in testin a l ca tarrh .

On the w hole 162 m ales and 158 fem ales w ere exam ined.

3. RESULTS

Visible d ifferences in  the num ber of e ry th rocy tes in  the  annual cycle are 
observed betw een the m ales and fem ales of tenches (Table II, III; Fig. 1, 
curve A).

A part from  the short spaw ning-season the average num bers of e ry th ro ­
cytes in the  circu lating  blood of m ales are  approxim ate (about 2.0 m ill./m m 3). 
The num ber of e ry th rocy tes considerably  decreases du ring  the spaw ning- 
-season, and the average decrease is about 0.5 m ill./m m 3 (Fig. 1, curve A).

The transm uta tions resu lting  from  m atu ring  and spaw ning and tak ing  
place in the organism s of fem ales are  m uch deeper. Thes'e processes cause 
significant q u an tita tiv e  varia tions of blood constituents. Since early  spring 
(March) g radually  tow ards June  (Fig. 1, curve A) the num ber of e ry th rocy tes 
in the c ircu lating  blood decreases; the  lowest, m ean an n u a l value (about
1.4 m ill./m m 3) lasts during  the en tire  spaw ning-season. In autum n, in  norm al
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feeding conditions the num ber of e ry th rocy tes g radua lly  increases and  a tta ­
ins values approx im ate to the average level of m ales.

The hem oglobin values w ith in  the year depend to a considerable ex ten t 
on the  reproduction  cycle of tenches. The varia tions of the  hem oglobin level 
and  of the num ber of ery th rocy tes a re  m ore or less paralle l.

Table II. Hematological indices in the circulating blood of tench (Tinea tinea (L.)) males in the an­
nual cycle

Date
Number

of
males

Red blood 
cells 

(mill/mm3)
White blood Hematocrit Hemoglobin
cells/mm8 (%) (g%)

11-22.VI.1965 13 2.07 39,354 43.4 9.64
±0.21 ±13,451

t —7.66
±4.0

/=4.21
±0.85

f=9.77
l .v n 5 2.13 28,640 41.0 9.51

±0.20 ±10,779 
/=1.86

±4.4 ±0.59

24. VII 19 1.50 42,514 34.4 9.00
±0.14 ±23,077 ±4.8 ±0.74

/=7.16 /=5.57
15-27. VIII 18 1.67 13,953 35.6 9.73

±0.15 ±9,035 ±5.7 ±0.96
/=3.14 /=5.05

7-21.IX 12 2.01 15,953 38.6 10.63
±0.21 ±8,525 ±5.2 ±1.39

/=6.64 /=4.27
12.X 10 2.03 13,911 33.8 10.16

±0.14 ±3,988 ±3.8 ±1.54
9-29.XI 20 2.15 4,280 38.0 11.29

±0.16 ±2,154 
/ =  8.68

±4.7 ±1.24
/=2.18

10.1.1966 7 2.05 4,171 33.9 12.60
±0.09 ±2,159 ±2.4 ±0.80 

t= 2.62
4.III 12 2.16 5,546 37.5 12.45

±0.13 ±1,509 ±2.7 ±0.77
20.IV 8 2.07 6,228 37.0 12.24

±0.19 ±2,427 ±6.5 ±1.27
ll.V 20 2.09 9,617 36.9 12.39

±0.20 ±4,065 ±3.6 ±0.75
4.VI 18 1.93 32,950 32.3 11.21

±0.18 ±11,011 ±2.7 ±0.46___________ 1

The decrease of hem oglobin content du ring  the  spaw ning-season (Fig. 2, 
curves A, C) is p roportional to the  num ber of ery th rocy tes. R a th er sm all 
hem oglobin concentration  — 7.87-8.97 g°/o for fem ales and about 9.0 g°/o for 
m ales —  corresponds w ith  the sm allest nu m b er of ery throcytes. As the num ­
b e r of ery th rocy tes system atically  increases in  au tum n the  hem oglobin con­
ten t g radua lly  increases in  the  blood of tenches. The m axim um  level took 
place in  Jan u a ry  of the year of investigations. T he g rea test annual value 
(about 12 g% ) of hem oglobin is du ring  a considerable p a r t  of th e  year, for 
m ales — Jan u a ry  to th e  period before the spaw ning-season (June), fo r fem a­
les — Jan u a ry  to M arch. A n earlie r decrease of the  hem oglobin content and 
of o th er p aram eters (Fig. 2) in  the  blood of fem ales is caused by  spaw ning 
changes.
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Table III. Hematological indices in the circulating blood of tench {Tinea tinea (L.)) females in the
annual cycle

Date Number of 
females

Red blood 
cells 

(mill./mm3)
White blood 
cells/mm3

Hematocrit
(%)

Hemoglobin
(g%)

11-22.VI.I965 6 1.35 40,200 29.5 7.87
±0.22 ±28,058 ±3.3 ±0.78

t =  5.10 / =  2.08 t = 2.21 t =  8.23
24.VII 20 1.41 45,029 32.4 8.97

±0.14 ±27,899 ±4.1 ±0.85
t =  2.85

15-27. VIII 17 1.59 12,700 34.4 8.98
±0.12 ±7,500 ±4.1 ±1.02

t =  4.96 / =  4.64
7-21.IX 17 1.69 23,025 35.5 9.02

±0.15 ±8,083 ±5.8 ±0.81
t =  2.09 / -  3.87 t =  2.38

12.X 15 1.96 13,677 34.6 10.08
±0.15 ±5,138 ±4.1 ±1.17

t =  4.74 t = 3.84 t = 3.02
9-29.XI 28 1.99 8,296 34.8 10.79

±0.14 ±4,342 ±4.0 ±1.10
t =  3.64 / =  3.80

10.1.1966 10 2.04 6,320 35.0 12.43
±0.16 ±3,798 ±4.6 ±1.36

t = 2.51
4.III 15 1.94 7,762 34.3 12.02

±0.17 ±2,632 ±4.8 ±0.63
20.IV 10 1.90 8,000 33.7 11.86

±0.21 ±4,017 ±3.3 ±1.05
ll.V 14 1.73 18,909 32.5 11.68

±0.11 ±10,838 ±3.4 ±1.02
t = 2.58 t =  2.70

4.VI 16 1.53 37,575 27.6 10.62
±0.11 ±21,594 ±3.5 ±0.501

The hem atocrit’s index calculated  on th e  basis of investigations during  
the  annual cycle is on the average 34.8% for tenches. C onsiderable differences 
are  noticed betw een the m ales (variations w ith in  the y ear 33.8-43.4%, on the  
average 36.8%) and fem ales of tench (variations 29.5-35.5%, on the average 
33.1%). The level of the  hem atocrit ind ica to r of fem ales of tench  is even 
du ring  the g rea te r p a rt of the y ear w ith  the  exception of the spaw ning-sea- 
son (Table III). A decrease of hem atocrit value in  spaw ning-m onths p a rtly  
determ ines the d ifference in the num ber of e ry th rocy tes in a volum e unit. 
These re lations are not com plete as th ere  sim ultaneously  an obvious increase 
of leucocytes is observed due to the spaw ning p repara tions and spaw ning of 
tench  fem ales.

In  the  sam e period, in  th e  blood of m ales a t a constant level of e ry th ro ­
cytes, an  average increase of leucocytes — 29,700/mm3 increases the  value 
of h em atocrit’s index  by  6.5% (t =  4.21). T he hem ato crit’s index  illu s tra te s  
also the  subsequent decrease of num ber of e ry th rocy tes in  blood during  the  
spaw ning of m ales (Table II).

At a re la tiv e ly  even num ber of leucocytes the decrease of th e  num ber of 
e ry th rocy tes by 0.63 m ill./m m 3 in the second ha lf of Ju ly  low ers the hem ato-
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Fig. 1. Differences between the average number of erythrocytes (A) and leucocy­
tes (B) in 1 mm3 of the circulating blood of tench males and females

Fig. 2. Changes in the hemoglobin level (C) and of erythrocytes (A) in the circula­
ting blood of tench males and females

c r i t ’s index  by 6.6%. Successive, fu r th e r  varia tions of the hem atocrit value 
in  A ugust and Septem ber are  the re su lt of levelled  level of e ry th rocy tes 
a f te r  the spaw ning of tenches.
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A t constan t num ber of blood constituen ts in  m m 3, the m ean volum e blood 
cells is approx im ate  from  O ctober to M ay and is on the average 175 jx3 for 
tenches. F or o ther m onths th is re su lt is not precise as the hem atocrit value 
increases due to spaw ning leucocytosis.

R elative hem oglobin index (average hem oglobin content) calculated out 
of an n u al investigations is 55.0 y y  fo r m ales, and 59.9 yy  for fem ales. In the 
instance  of fem ales the m ean range of hem oglobin conten t in one ery th rocy te  
is h ig h e r du ring  the y ear (51.4-69.3 yy) th an  in  the  instance of tench  m ales 
(44.6-61.3 yy)- M axim al m ean hem oglobin conten t takes place during  spaw n­
ing as a resu lt of low er num ber of ery th rocy tes in a volum e u n it and in 
Ja n u a ry  at the  g rea test density  of hem oglobin.

S im ila r resu lts  Were obtained fo r the  range of m ean hem oglobin concen­
tra tio n  in  one ery th rocy te; 25.4-38.4% fem ales (on the average 41.1%), 22.2- 
-37.1%  m ales (on the  average 29.7%), and m axim al values in January .

The average num bers of leucocytes (Fig. 1, curve B) a re  ru led  sim ilarly  
in the  blood of tench m ales and fem ales during  the year. The m axim um  
num ber in th e  spaw ning-season is on the average 40,000 in  m m 3 (Tables II, 
III). B ut du ring  th a t period the  stan d ard  deviation  is qu ite  h igh and reaches 
±23,077 (males) and ±27,899 (females) in  th is group  of studied fish. This 
m eans th a t th ’e p repara tions of fish to spaw ning differs and in the instance 
of fem ales it m ay ind icate spaw ning in  portions.

The regu la tion  of physiological processes, fu r th e r  equalization of m etabo­
lism  in au tu m n  and w in te r resu lt in  a decrease of the num b'er of leucocytes 
in  the c ircu lating  blood of tenches. The num ber of leucocytes in the  period 
from  O ctober to M arch is re la tive ly  sm all and is hard ly  4,171-5,546 for m ales, 
and  6,320-8,296/mm8 for fem ales, w hile  the  s tan d ard  deviation + 1500  to  
+  4300 respectively .

4. DISCUSSION

T herefore, it has been proved th a t the physiological processes connected 
w ith  the  spaw ning cycle are  the m ain factor form ing the  q u an tita tiv e  re la ­
tions in  the  c ircu lating  blood of tench. The variab le  env ironm enta l conditions, 
how ever m uch slow er, are of some significance.

The a u th o r’s p riv a te  observations and studies of S c h l i c h e r  (1927), R o­
b e r t s o n  et al. (1961) and C e r n i k o v a  (1967) show th a t the num ber of e ry th ro ­
cytes in the  circu lating  blood decreases du ring  the spaw ning-season. S c h l i ­
c h e r  is of the opinion th a t the decrease of the num ber of e ry th rocy tes takes 
place a fte r  spaw ning. In  the instance of tench  it takes place regu la rly  in 
Ju n e  or in unfavourab le  conditions even in  th e  firs t ten  days of Ju ly  as i t  
happened  du ring  the investigations in 1965. S c h l i c h e r  did not observe any  
differences as regard ing  sex in blood constituen ts w ith in  the year. His opi­
nion is th a t the  curve of m ean annual values is characterized  by rhy thm ical 
decreases in the num ber of e ry th rocy tes successively in  June, S eptem ber, 
O ctober and in M arch and A pril. The au th o r’s own estim ations show ed 
a specific d istribu tion  of the num ber of ery throcytes, w hich is d ifferen t fo r  
m ales and fem ales during  the  year. In  the blood of tench  m ales a sh o rt-la s t­
ing decrease in  the num ber of e ry th rocy tes is observed only during  spaw ning  
and  is qu ick ly  com pensated, w hile in the  instance of fem ales — during  th e
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g rea te r p a rt of the  year para lle l w ith  developm ent and  gonad resorp tion . 
Thus for the firs t tim e a division connected w ith  sexual dim orphism  takes 
place and in accordance w ith  the resu lts  of S c h l i c h e r  (1927), P u C k o v  and 
F e d o r o v a  (1951) fo r o ther fish — the  num ber of ery th rocy tes is h ig h er in 
m ales. In  the instance of tench  th is reg u la rity  is not tru e  fo r the  en tire  y ea r 
as i t  is not valid  for au tum n and w in te r. In  these periods the  level of e ry th ro ­
cytes in  the  blood of tench m ales and fem ales is approx im ate  and som etim es 
even th e  same. T herefore  in  such a situation , a t least fo r the  tench  m ales, 
the m axim um  annual num ber of e ry th rocy tes cannot be estim ated.

T his shows th a t ap a rt from  the q u an tita tiv e  regu la tion  th e re  are  also 
o ther m eans of re ta in ing  the balance in blood during  the changes of en v iro n ­
m ent. E.g. C e r n i k o v a  (1967) and S c h l i c h e r  (1927) observed an increase of 
blood Cell surface in  au tum n and w in te r and bigger e ry th rocy tes in the blood 
of fem ales. The calculations of hem atological indices fo r tenches show  th a t 
o ther param eters such as m ean volum e of ery throcytes, m ean concentration  
and hem oglobin conten t in one ery th ro cy te  are g rea te r in  fem ales.

I t should be also assum ed th a t in  the  successive seasons of the  y ear the  
degree of hem oglobin condensation changes ( S c h l i c h e r  1927, A n t i p o v a  1954, 
M o l n ä r  et al. 1960, Z a j c e v a  1967, K o r Z u e v  and G l a z o v a  1967) as w ell as 
the  oxygen bond ability . These problem s are  not su ffic ien tly  stud ied  yet. 
T he m ajo rity  of estim ations of hem oglobin conten t w ith  the help  of the m e­
thod of Sahli cannot be used in  in te rp re ta tions. T herefore  the  lite ra tu re  
availab le  is unsufficien t to determ ine the differences in  the hem oglobin level 
as re la ted  to seasonal variations. I t seem s th a t m ain ly  th e  tem p era tu re  re g u ­
lates the hem oglobin condensation in ery th rocy tes, and th is has been con fir­
m ed by the investigations cf M c l n a r  e t al. (1960) and Z a j c e v a  (1967). B ut 
th e  annual estim ations of hem oglobin conten t in  tenches are  not univocal as 
the  spaw ning of these fish takes p lace in th e  w arm est season of the year. 
T here  a re  tw o pa ra lle l processes: spaw ning  changes due to w hich the num ber 
of e ry th rocy tes and hem oglobin decrease (Fig. 2, curves A, C), and the action 
of tem p era tu re  in changed oxygen system . T herefore  it  is d ifficu lt to con­
clude about the ex ten t to w hich the therm ic conditions affect the q u a n tita ­
tiv e  re lations during  sum m er, bu t undoub ted ly  the changes of tem p era tu re  
cause the hem oglobin condensation in  e ry th rocy tes in  au tum n  and w in ter.

A sim ilar process of increasing hem oglobin level in  th a t period w as obser­
ved by S c h l i c h e r  (1927), M c l n a r  et. al. (1960) and others. A t the  sam e tim e 
K i r s i p u u  (1963) and Z a j c e v a  (1967) consider the  au tu m n -w in te r hem oglobin 
increase as an ostensible phenom enon as the  to ta l blood volum e in  the o rg a ­
nism  of fish decreases. The analyses described h e re  do no t allow  to s ta te  
th is for tench. A nd con trariw ise  th e  levelled  level of e ry th rocy tes in  the  
blood of males, system  of hem atocrit values and the  ch a rac ter of changes of 
to ta l p ro te in  ( E i n s z p o r n - O r e c k a  1970) exclude the  possib ility  of g rea te r  
differences in  the  blood volum e in  the organism  of tench  du ring  w in te r p re ­
parations.

Q uan tita tive  varia tions of leucocytes in a volum e u n it as d istinguished  
from  the previous ones determ ine  univocally  the  changes resu ltin g  out of 
seasonal differences of m etabolism  of tenches. The hem atopoietic  processes 
are the  quickest in  spring  and d u rin g  spaw ning  of these fish  ( E i n s z p o r n  
1964). I v l e v  (1965) even th inks th a t th e  spring regeneration  of hem atopoietic 
processes does not requ ire  the  resum ption  of active feeding. T herefo re  the
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m axim um  annual num ber of leucocytes in m m 3 of the c ircu lating  blood takes 
place during  the spaw ning of tenches. These phenom ena, in  opposition to the  
in te rp re ta tio n  of S c h l i c h e r  m ay be called spaw ning leucocytosis. B ut the 
m in im al num bers of leucocytes are  the resu lt of low er ac tiv ity  of fish in 
au tum n  and w inter.

N um erical data of S c h l i c h e r  (1927) are considerably d ifferen t from  those 
in th is paper. S c h l i c h e r  calcu lated  m uch g rea te r num bers of leucocytes in 
m m 3 of the circulating blood (average level during  10 m onths of the year w as
40,000-68,000/mm3, m axim um  one 174,750/mm3). This d ifference is p a rtly  
exp la ined  by the selection of research  m ateria l, w hile in  the investigations 
here  th e  fish w ere selected from  the  parasito logical po in t of view. This u n ­
doubted ly  affected the estim ation  of the  level of e ry th rocy tes for tenches 
du ring  the year. The range of the num ber of ery th rocy tes according to S c h l i ­
c h e r  is from  0.85 to 1.8 m ill./m m 3, w hile in the  investigations presen ted  
h ere  from  1.5 to 2.16 m ill./m m 3 fo r m ales, and from  1.35 to 2.0 m ill./m m 3 for 
fem ales.

5. SUMMARY

The quantitative estimations of blood constituents carried out on 162 males 
and 158 females of tench Tinea tinea (L.) showed that the reproduction cycle 
affects directly the number of erythrocytes and leucocytes. The preparation period 
and spawning-process cause a considerable decrease of the number of erythro­
cytes and hemoglobin in the circulating blood. Apart from this that period espe­
cially in the instance of females is characterized by intensive leucocytosis. The 
level of leucocytes is relatively even in the remaining part of the year and is 
the lowest in autumn and winter.

Therefore visible differences can be observed in the annual cycle in the num­
ber of erythrocytes in the circulating blood between males and females, and the 
number of these erythrocytes with the exception of winter is higher in males. 
Whereas other parameters such as mean volume of erythrocytes, mean concen­
tration and hemoglobin content in one erythrocyte are greater in females.

6. STRESZCZENIE

Na podstawie oznaczeń ilościowych elementów krwi, wykonanych na 162 sam­
cach i 158 samicach lina Tinea tinea (L.), ustalono, że cykl rozrodczy rzutuje bez­
pośrednio na kształtowanie liczby czerwonych i białych ciałek krwi. Przygotowanie 
i proces tarła powodują znaczne obniżenie ilości erytrocytów i hemoglobiny we 
krwi obwodowej, szczególnie u samic. Ponadto okres ten cechuje wzmożona leuko- 
cytoza. Poziom białych krwinek w  pozostałej części roku jest stosunkowo wyrów­
nany, najniższy w  jesieni i zimie.

W cyklu rocznym zaznaczają się zatem wyraźne różnice między samcami i sa­
micami w liczbie erytrocytów we krwi obwodowej, przy czym ilość tych krwinek, 
z wyjątkiem okresu zimowego, jest wyższa u samców. Natomiast inne parametry, 
jak średnia objętość czerwonych krwinek, średnie stężenie i zawartość hemoglo­
biny w  jednym erytrocycie są większe u samic.
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ABSTRACT

A nalysis of protein  composition was m ade on 238 tenches (106 m ales and 132 fe­
males). The differences in protein depending on basic life activities of fish: spa­
w ning cycle (connected w ith  the spring-sum m er period) and au tum n and w inter, 
wTere determ ined. The level of to ta l protein  in the serum  of tenches ranges during 
the y ear from  4.5 to 9.0 g°/o. Essential differences in the am ount of to ta l protein 
take place especially in spring (spawning period) and in w inter. Sim ilarly the 
g rea test rearrangem ents w ith in  protein fractions take place during the spawning 
of tenches. In the instance of m ales this is m ainly connected w ith  the synthesis of 
globulin fractions, and in fem ales — w ith  the accum ulation of considerable 
am ounts of album in in the serum .
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1. INTRODUCTION

P apers dealing w ith the distribution of serum  proteins include various syste­
m atic groups such as Cyclostom ata, Selachii or Teleostei (m arine and freshw ater). 
The p ro tein  composition w as studied w ith  regard  to the biology of these fish, eco­
logical factors, physiological condition and the ir species. The obtained results 
allow to determ ine m any common features of separation of protein of fishes, but 
there are still difficulties in determ ining the functions of respective fractions, and 
especially of those from  the globulin group.

The album in level in Salmo (O s t r o u m o v a  1967) and in Acipenser sturio L. 
(M a g n i n  1958, 1960) decreases together w ith  the age of these fish. And also sim i­
larly  as in other anim als the num ber of album in fractions depends on the nourish­
m ent of fish and usually decreases during w in ter because of endogenic nourish­
m ent ( S o r v a Ce v  1957a, b, K u z m i n a  1966). R i e d m u l l e r ’s  (1965) opinion is th a t the 
album ins of carp regulate the oncotic pressure and are responsible for w ater f ix ­
ation in blood. W hereas according to the resu lts of K u l i k o v a  (1967) they are ca r­
riers and transporte rs of lipides in the serum  of fish from  the Gobiidae family.

5. Sum m ary
6. Streszczenie
7. References
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K i r s i p u u  (1964b) considers the «-globulin fraction as very important during 
spawning. It takes part in the synthesis of proteins necessary for spawn produc­
tion. K i r s i p u u  suggests that a2-globulins may play the part of catalyst of egg ma­
turation processes or of a transporter of lipides in blood. The latter is defined bet­
ter by K u l i k o v a  (1967), who determined about 60°/o a-lipoproteins in the serum of 
fish from the Gobiidae family during the maturation of gonads.

The following ß fraction according to O f f h a u s  et al. (1955) is characterized by 
great stability. The ß-globulin content decreases together with the albumins in the 
blood of starved carps, Carasius carasius (L.) and Abram is brama  (L.) ( L ie b m a n n  
et al. 1960, K u z m i n a  1966, S o r v a C e v  1957b). Apart from that during spawning 
a new fraction appears in the ß2-globulin zone, in the blood of salmons, which as 
O s t r o u m o v a  (1967) assumes, is the ovovitine used for spawn production.

The occurrence of the last fraction from the globulin group usually denoted 
as Y and with which the transfer of antibodies is connected is still a matter for 
discussion. D e u t s c h  and M c S h a n  (1949), E n g l e  et al. (1958), D r i l h o n  (1959) and 
D r i l h o n  et al. (1961) say that the serum of Teleostei fishes unlike the Selachians 
does not contain y-globulins as none of the fractions pointed out in the gel medium  
does not migrate towards the cathode zone. E n g l e  connects the absence of Y - g l o ­
bulins of Teleostei fishes with the lack of plasmatic cells in the spleen, which 
similarly as in the instance of mammals are responsible for the synthesis of pro­
teins from the y  fraction. Simultaneously O f f h a u s  et al. (1955) and R i e d m ü l l e r  
(1965) obtained two various types of electrophorograms of normal serums of carp 
with a low participation of y-globulins and abundance of these proteins attaining 
even 97%.

The paper presented here is a successive attempt to show the differences in 
serum proteins of tench males and females within the year.

2. MATERIAL AND METHODS

Sim ilarly  as in  the previous p ap er ( E i n s z p o r n - O r e c k a  1970) investiga­
tions w ere carried  ou t on 4-6 y ea r old tenches (25-38 cm long, 250-670 g of 
w eight). The q u an tita tiv e  determ inations of blood constituents, level of to ta l 
p ro te in  and fractionizing of serum  pro teins w ere  m ade on the sam e fish, 
w hich w ere investiga ted  from  the po in t of th e ir  s ta te  of health . The value of 
hem atological indices was determ ined  in  the  firs t blood sam ple, w hereas 
the serum  w as obtained from  the  follow ing ones from  the  vena caudalis. 
On the average about 3 cm 3 of serum  w as cen trifuged  out of 8-10 cm 3 of 
blood.

The level of to ta l p ro tein  in  serum  was estim ated  by  colorim etric  b iu re t 
method. The separa tion  of serum  p ro te in s w as m ade w ith  the help of paper 
electrophoresis. The electrophoresis w as m ade in b u ffe r b a rb ita l of a pH  8.6, 
ionic s treng th  0.12, in room  tem p era tu re , on stripes of f ilte r-p ap e r W hat- 
m ann 1 (3.5X36 cm), a t a constan t voltage 150 V. The tim e of to ta l sep a ra ­
tion w as 19.5hr. The stripes w ere  d ried  in  room  tem p era tu re , and then  they 
w ere coloured w ith  brom ophenol b lue  fo r 17hr. W hen the colouring was 
fin ished the s tripes w ere  w ashed th ree  tim es fo r 2 m in in  2% aqueous solu­
tion  of acetic acid. A fter drying, the  p a rtic u la r  p a rts  of stripes w ith  colour 
lines of successive fractions w ere dissected and e lu ted  in 6 m l of m ethanol 
w ith  2% aqu'eous solution of sodium  carbonate. T he elu tion  lasted  2hr. The 
estim ations w ere  m ade in the photoelectric  co lorim eter using a filte r of 
a w ave length  595 m^i. The sum  of ex tinctions w as assum ed as 100%, and the 
p a rticu la r ex tinctions of sections w ere expressed  in  p e r cents of this value. 
The standard  deviation  from  th e  a rith m etica l m ean  and th e  nom inal s ta tis ­
tical degree of observed changes w ere  calculated .

http://rcin.org.pl



Protein composition of blood serum of T. tinea 447

3. RESULTS

The mean, annual value of to tal p ro te in  in serum , calcu lated  on the basis 
of estim ations for 162 tench  m ales and  158 fem ales, is about 6 g%  (separation 
of serum  pro teins was m ade for 106 m ales and 132 fem ales). C haracteristic  
deviations are  noticed in  th’e sp ring  and w in te r periods (Fig. 1). In  M ay the  
level of p ro te in  in the serum  of fem ales is h a rd ly  4.61 g%  (t =  11.17). S im i­
la rly  in the  serum  of m ales it decreases to 4.81 g°/o (t =  4.64). A follow ing 
decrease, preceded by a sh o rt-lasting  equalization of level, takes place during  
spaw ning. Also then the  p ro tein  am ount is 4.56 g%  (t == 3.39).

Fig. 1. Seasonal variations in the level of total protein in blood serum of tench
males and females

In  the second p a r t of the y ear (from  A ugust to January ) th e  am ount of 
connected w ith  the production  of album ins during  the m atu ra tio n  of spaw n. 
The p ro tein  level increases th en  in  the optim al spaw ning conditions up to 
about 8.35 g% .

In the second p a r t  of the y ea r (from  A ugust to Jan u ary ) the  am ount of 
p ro te in  in  the  serum  of tenches is re la tiv e ly  even. A t the  end of the  w in te r­
ing period of fishes the p ro te in  level rap id ly  increases to 8.57 and even
9.05 g°/o (t  — 5.52; t  =  13.37). The rap id  increase of p ro te in  in  M arch is m ost 
certa in ly  not the only one, w hich is p roved by  sim ilar or even  h igher p ro tein  
level in  the blood serum  during  th e  w in te rin g  period t’han  in  au tum n in  
N ovem ber.

U nder the  influence of p ap er e lectrophoresis the p ro teins of blood serum  
of tench are  on the average separa ted  in to  5 fractions, w hich according to 
the accepted nom enclature  (but w ithou t iden tify ing  th e ir  function) w ere: 
album ins, cq, a 2, ß and y-globulins (Fig. 9). Some of these fractions from  
group cq or y-globulins, depending on the investiga ted  period m ay separa te  
in to  two, and in the  instance of oq even in to  th ree  subfractions. A t a sim ilar 
separation  of fraction  p ro teins the  a rran g em en t of stripes in  the group of
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globulins is m ore m arked  and m ore in  the  d irection  of album ins (Fig. 9B, 
C, E). B ut sm aller am ounts of y-globulins do not sep ara te  w ell enough from  
fraction  (Fig. 9D).

A. A N A L Y S IS  OF A L BU M IN  V A LU E

The fraction  value of album in in  fish, as opposed to m am m als, is conside­
rab ly  low er. The percentage of album in in  the serum  of tench m ales ranges 
w ith in  the annual cycle from  18.5 to 27.7% (in a single instance to 30%), w hile  
the absolute value calculated  in p roportion  to the v ariab le  level of to ta l 
p ro te in  is w ith in  the range 1.99 to 1.0 g%.

Fig. 2. Comparison of the albumin value (in %) with the fraction level of « 2, ß, 
Y-globulins in blood serum of tench males during the year

Fig. 3. Comparison of the value (g%) of albumin fraction and «2, ß, y-globulins in
blood serum of tench males
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The course of curves of annual percen tage  values and absolute album ins 
(Fig. 2, 3) is the same as th a t of the cycle of seasonal changes of the  energy 
of tench  males. A part from  th a t these tw o system s com pared w ith  the curve 
of the to ta l p ro te in  value sligh tly  differ. A visible convergence of the level 
of to ta l p ro te in  and album ins (in g% ) can be observed in  successive stages 
of the annual cycle (Fig. 4). This reg u la rity  is no t observed only in the p re ­
spaw ning period, because the increase of p ro te in  level depends then  chiefly 
on the  am ount of globulins.

Fig. 4. Dependence between the amount of total protein (a) and the albumin value 
(b) in blood serum of tench males

The system  of curves of annual values of a lbum in  fractions of blood se­
rum  of m ales consists of several stages strong ly  connected w ith  the character 
and seasonality  of these processes. (Fig. 2, 3).

The firs t of these stages is in spring and is characterized  by  changes in 
the com position of serum  pro teins and m ainly  album ins are form ed. The 
am ount of th is fraction  increases to 24.8% (t =  3.68) and even 26.2%. B ut 
sim ultaneously  w ith  the decrease of the  level of to ta l p ro te in  a fte r the w in te r 
period the partic ipa tion  of album ins is re la tive ly  low in the to tal p ro tein  
balance, and is about 1.2 g% .

The nex t period includes the spaw ning of males. The am ount of album in 
frac tions decreases in the blood serum  (Fig. 2), and therefo re  the absolute 
level of these p ro teins decreases to 1.0 g%  (t =  3.53) (Fig. 3). The lim ita tion  
of album in tran sp o rt takes place even during  the spaw ning p reparations. 
The increase of the level of to ta l p ro te in  (Fig. 4) then  is caused by tra n s ­
m ission of pro teins from  the globulin  group to blood. Since A ugust to No­
vem ber the reproduction  processes become stabil'e and the period of in tensive 
feeding follows. In tensive synthesis of album ins is expressed by  g rea te r p a r ­
tic ipation  of these pro teins in blood serum . A t the end of au tum n the album in 
level in proportion  to the rem aining g lobulin  fractions is 27.7% (t =  4.58). 
This increase is d irectly  connected w ith  the increased level of to ta l p ro tein  
in the  circu lating  blood (Fig. 4). The annual m axim al am ount of album ins 
is about 2.0 g%  (t =  4.80) (Fig. 3).

The tench disposes in a specific w ay of the organism  reserves during  the 
w in tering  period. In  re la tion  to the m axim um  values of the  previous period 
the  am ount of album ins decreases sligh tly  during  w in ter, i.e. from  1.97 to

http://rcin.org.pl



450 T. Einszporn-Orecka

1.69 g%  (the low est value in  J a n u a ry  is 1.58 g%  (t =  2.81). T his level is 
m ain ta ined  till May, despite  the percen tage  decrease of a lbum ins in  p ro p o r­
tion  to o ther fractions (27-21%; t =  3.45).

The varia tions of album ins in  blood serum  of fem ales a re  considerably 
g rea te r th an  in m ales. W ithin the y ea r the  percentage value of a lbum ins is 
from  46 to 8.58fl/o, and  calcu lated  in  g% — 3.7 to 0.49 g”/» (Fig. 5, 6). In  the 
separation  of pro teins of blood serum  the processes connected w ith  th e  gonad 
developm ent are  m ore visible th an  the effect of env ironm en ta l factors. The 
tendency  tow ards the synthesis of p ro teins of th is frac tio n  takes p lace during  
the g rea te r p a rt of the  y ea r in  the system  of curves of a lbum in  values. The

Fig. 5. Comparison of the albumin value (in °/o) with the fraction level of «2, ß, 
Y-globulins in blood serum of tench females during the year
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Fig. 6. Comparison of absolute values (g°/o) of albumin fraction and a2, ß, y-globu- 
lins in blood serum of tench females

in ten sity  of th is process is m arked  by the  increase of th e  absolute value of 
a lbum ins during  spaw ning, au tum n and w in te ring  period  (Fig. 6).

An increase of th e  am ount of album ins in  blood serum  due to spaw ning 
takes p lace in early  spring, and in unfavourab le  tem p era tu re  conditions at 
the  beginning of May. A dditional observations show ed th a t the  album ins for 
spaw n production are  supplied w ithou t the renew al of active spring feeding. 
The accum ulation  of these p ro teins in blood serum  is usually  Very rapid. 
The level of album ins as com pared w ith  A pril and M ay increases a t least 
tw ice from  23 to 46.1% (t =  9.23), and in  absolute values increases from  1.2 
to 3.0 g%  (t =  5.47). The s tan d ard  deviation  am ounting to ± 7 %  in  the early  
period  of spaw ning p repara tions proves about the  uneven  course of the 
process or even p robably  about spaw ning in portions.

The m axim um  level of album ins is m ain ta ined  in  the blood serum  during  
Ju n e  and Ju ly , and then  rap id ly  decreases to 8.58%, i.e. 491 m g%  (t =  7.56)
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(Fig. 5, 6). H ow ever, the separation  of exam ined serum s bo th  in  th a t period  
and the one preceding  spaw ning is no t equal. P a r t  of fem ales (4 out of 9 
exam ined on’es) m uch sooner replenishes th e  p ro te in  defic it by balancing  
the level of album ins and by the sam e th a t of to ta l p ro te in  to the  values 
typ ical for the  la te r  period.

The increase of album ins in  au tum n is not so g rea t as the spaw ning one. 
The level of a lbum in  fractions is h a rd ly  27% (t =  5.06) and a fte r  tak ing  in to  
consideration  the increase of to tal p ro te in  it ranges w ith in  the lim its of
2.0 g%  (t =  3.46).

In  w in te r the percen tage frac tion  value rem ains still on the level of 27%. 
B ut th is tim e th e  to ta l p ro te in  of blood serum  increases (Fig. 1). Due to th is 
the  observations m ade in M arch show ed a repeated  increase of the am ount 
of album ins to 2.2 g%  (t =  6.76) (Fig. 6). The q u an tita tiv e  re la tions of the  
w in te r period are  no sooner a lte red  th an  in  A pril, M ay. The album in value 
decreases to 22% (1.2 g% ) and the p ro te in  p a tte rn  of sep ara ted  serum  p arts  
points to an a lready  com m enced spaw ning p repara tions.

The diagram s of the m ean album in  values of tench  m ales and fem ales 
have m any common qualities during  the y ear (Fig. 7A, B). Q uan tita tive  d if­
ferences in  the  level of album ins are  connected w ith  th e  sexual dim orphism  
and are  noticed during  the spaw ning-season. A t th a t tim e the serum  of 
fem ales contains the g rea test during  the y ea r am ounts of a lbum in  — about 
46%, i.e. 3.1 g% . In an  analogous period the level of these p ro teins in  the 
serum  of m ales is re la tiv e ly  low  (18.5-19.8%) from  1.2 to  1.0 g% . In  the 
rem ain ing  p a rt of the  y ea r — in  au tum n and w in te r  the  q u an tita tiv e  v a r ia ­
tions are not g reat, and only in  the serum  of fem ales the level of a lbum ins 
is sligh tly  h igher, and especially  in M arch.

B. A N A L Y S IS  OF G L O B U LIN  V A LU E

a. Level of fractions of cq and a 2-globulins in  the blood serum  of tenches

G lobulin fractions, denoted in th is paper as cq, separa te  in to  two and r a ­
rely  in to  th ree  subfractions, and are  d irec tly  a fte r album ins on the  phoro- 
gram . They are characterized  by sm all am ounts of p ro te in  from  2 to 5%, 
w hich do not d isplay  any determ ined  seasonal differences.

a 2-globulins, the th ird  fraction  of th is group as d istinguished  from  th e  
two previous ones is in tensively  dyed on the  phorogram  (Fig. 9). D uring the  
y ear the  range of percen tage varia tions of a 2-globulins d iffers (Fig. 8A). It 
is 19 to 26% in the serum  of males. W hereas in the serum  of fem ales the 
basic sca tter is sligh tly  sm aller — from  18 to 23%. The m axim um  value 31.5% 
(t =  8.88), w hich is considerably  g rea te r  th an  the  average annual level of 
a 2-globulins is exclusively connected w ith  the  spaw ning season.

The spaw ning process is on'e of the  th ree  periods, du ring  w hich th ere  
are the g rea test rearrangem en ts of globulin  fractions. The spaw ning v a r ia ­
tions, especially visible in males, are  preceded by a considerable p ro te in  
consum ption in Ju n e  (or in  May of the follow ing year), w hich am ounts to 
about 500 m g% . Then the  low est level of a 2-globulins in  the  yiear (1965) 
takes place and is about 1.0 g%  (t =  5.89) (Fig. 3). These changes ind irec tly  
point tow ards an  increased dem and for proteins, and am ong o thers cf those 
from  the  a 2 group, and are  closely connected w ith  spaw ning increase, w hich is 
for the males 1.64 g%  (t =  6.65).
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The successive increase of the num ber of a 2-frac tion  (Fig. 10) in  au tum n is 
m ore v isib le in the  serum  of m ales (26.0%, 1.88 g% ; t =  4.00, t  =  2.74) than  
of fem ales (22.6%; 1.61 g%), bu t in bo th  instances it takes p lace in  O ctober 
(Fig. 3, 6).

The changes in  spring are m ore visible th an  those in  au tum n and during  
spaw ning. In  M arch a 2-globulins in  the  serum  of fem ales a tta in  the  m axim um  
annual value 2.15 g%  (t =  5.80). T heir level is the  sam e in  the males, bu t 
w ith  the  d ifference th a t the  re la tive  content of this frac tion  in serum  pro teins 
increases sim ultaneously to 24.98%. P roportiona lly  to th is increase th e  value 
of a 2-globulin  fraction  rem ains on the level 1.95% till A pril (Fig. 3).

b. Level of ß-globulin fraction  in blood serum  of tenches

The p ro teins of the fou rth  fraction  of g lobulin  series — from  ß-group dis­
p lay  a m arked  stab ility  as com pared w ith  o ther fractions. T herefore  the 
level of ß-fraction  is m ore even, and the basic varia tions rem ain  in the  lim it 
of 5%, and during  the y ear from  19 to 23.8%. G rea te r values are exclusively 
the resu lt of spaw ning changes. In  Ju ly  the increase of ß-globulins in  the 
serum  of m ales am ounts to 26-27% (t =  8.25), w hereas in  the serum  of fe ­
m ales a fte r  spaw ning it am ounts to 31.6% (t =  9.72) (Fig. 8B).

In such position the d iagram  of the  absolute values of ß-globulins in the 
annual cycle is exceptionally  explicit (Fig. 3, 6). A p art from  the  m entioned 
spaw ning increase the accum ulation  of ß-globulins are  on the level 1.8 g% , 
in the second one — in  M arch — the value of p ro te in  ß is about 2.0 g%  
(t =  5.8, t =  5.6). In  the o ther p a r t  of the  year the  level of ß -fraction  is re la ­
tive ly  even.

This p ro p erty  basically  d ifferen tia tes the p ro teins of th is group from  
o ther globulins. A sligh tly  d ifferen t separa tion  of ß-globulins changes the 
p a tte rn  of phorogram s of blood serum  pro teins from  the spaw ning period. 
Besides the  dom inant a 2-fraction  a strong ly  coloured stripe  of pro teins from  
ß-group is noticed, w hereas t’he y-globulins are  the  less visible ones. Such 
a rrangem en t of stripes independent of the dyeing in tensity  of phorogram s 
(Fig. 11, cf. A, B) is typ ical for spaw ning  changes and d iffe ren tia tes them  
from  o ther seasonal changes. F requen tly , and especially  in  th e  separations of 
serum s of fem ales, an additional subfraction  appears, w hich m ost p robably  
shows the  changes w ith in  the discussed group of proteins.

c. Level of y-globulin  fractions in  blood serum  of tenches

7 -fraction, the last one of globulins, is the most h esitan t group among 
t’he discussed ones. This can be observed by an uneven  separa tion  of y-glo­
bulins, w hich changes depending on the concentration  of these proteins. W hen 
they  are  in sm aller am ounts the y-globulins do not separa te  precisely  enough 
from  ß-fractions (Fig. 9A), bu t w hen the synthesis is increased, especially in 
pathological conditions, tw o and even th ree  subfractions are  form ed (Fig. 9B, 
C) and usually  before the line of serum  accum ulation.

Because of th e  specific separation  of y -pro teins the  percen tage range in ­
creases to 11%. F or fem ales it  is from  13.2 to 24.6%, and for m ales — from  
17.9 to 28.1%, b u t the percen tage varia tions of the  la tte r  have a continous 
ch arac ter and apparen tly  undeterm ined  (Fig. 8C). H ow ever, tw o periods of 
th e  value of y-globulins m ay be assum ed in  genera l in the annual cycle: 
au tum n -w in te r one w ith  an  increased num ber of y-fractions, and the spring-

3 P o lsk ie  A rch iw u m  H y d ro b io lo g ii
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Fig. 7. Changes in the albumin level of tench males and fem ales during the 
cycle. A — albumin value in •/•; B — albumin value in g°/«
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Fig. 8. Comparison of the fraction value (in °/o) of tench males and females during 
the year. A — ou-globulins; B — ß-globulins; C — y-globulins
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-spaw ning  one w ith  a m uch low er level of these proteins. Low ering of the 
level of 7 -globulins connected w ith  spaw ning is noticed since May; the sm al­
lest am ounts take place successively in  the  serum  of fem ales in  the  p re p a ra ­
tion  period  in June, w hile in m ales — in Ju ly . The decrease of the  value of 
7 -frac tion  is in  th a t period below  1.0 g%  (Fig. 3, 6). A fter spaw ning, accord­
ing to th e  general tren d  of changes the level of 7 -g lobulins is balanced and 
the g rea tes t am ounts are  observed in au tum n (Fig. 8C). This increase thus 
rem ains alm ost during  the en tire  w in te ring  period of tenches.

4. DISCUSSION

The fluc tuations of the level of to ta l p ro te in  in the  serum  of fishes is 
the  re la tiv e ly  precise ind icator of changes tak ing  place in the organism . The 
g rea test rea rrangem en ts w ith in  the globulin  fractions, and by the  sam e in  
th e  values of to ta l p ro te in  take  place du ring  spaw ning. A quick  increase of 
p ro te ins in the serum  of tench fem ales connected w ith  th e  m atu ra tion  of 
spaw n indicates th a t these p ro teins m ay be produced to a g rea t ex ten t by  
the  reserves of the  organism . S im ilar accum ulation of pro teins during  spaw n­
ing also takes place in  the  serum  of m ales, b u t lasts shortly . How ever, it  
is d ifficu lt to exp lain  these phenom ena on the  basis of these observations, 
and it is m ore d ifficu lt as during  th a t period an increased  p ro te in  level w as 
not observed up to the  presen t in  o ther fishes. G o l o v k o  (1964), R o b e r t s o n
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et al. (1961), C e r n i k o v a  (1967) and N a j d e n o v a  (1967) observed  on the  o th e r 
hand  a decrease of th e  to ta l p ro te in  in  th e  serum  of Coregonus lavaratus  
baeri  Kessl., Trachurus trachurus  (L.), Scorpaena porcus  L, and salm ons 
a fte r the spaw ning term inated . A s im ila r decrease of p ro te in  is observed  in  
tenches, bu t w ith  the d ifference th a t it  is m ore visible in  th e  serum  of m ales.

The level of p ro te in  in  th e  blood serum  of tenches in  au tu m n  (Septem ­
ber-N ovem ber) genera lly  rem ains on th e  average level of annual value. 
Thus nothing points to special p rep ara tio n s fo r w in ter, and th ey  are  obser­
ved only w hen the com position of p ro te in  fractions changes and  the am oun t 
of album ins increases. Also C e r n i k o v a  (1967) did no t observe any  add itional 
accum ulation  of p ro te ins in  the  serum  of o ther fishes. These observations 
give rise to some doubts regard ing  th e  opinions of K i r s i p u u  (1963), w ho says 
th a t in  w in te r an ap p aren t condensation of p ro te in  tak es  p lace in  fish  serum  
together w ith  the change of w a te r  concentration . W hereas th e  highest an n u al 
level of p rc te in  in  tench  blood takes p lace in M arch and  also rem ains in 
A pril.

The p a tte rn  of blood serum  pro te ins of tenches obtained w ith  the  help  of 
p aper electrophoresis is approx im ate to  th e  separa tion  A bram is  brama  (L.), 
Lucioperca lucioperca (L.), Esox lucius  L. ( K i r s i p u u  1964a, K i r s i p u u  and 
P i h u  1965), Cyprinus carpio (L.) ( O f f h a u s  et al. 1955, L i e b m a n n  et al. 1960, 
Ł y s a k  and W ó j c i k  1960, R i e d m ü l l e r  1965) and  even fo r Trachurus trachurus  
(L.) ( G o l o v k o  1964). A correct estim ate  of e lectrophorogram s is a t this stage 
exceptionally  d ifficult.

The position of a lbum ins is usually  m ost precisely  determ ined  as th is 
frac tion  has the  quickest m igration  on the  electric  field  and usually  takes 
form  of a reg u la r spot, sim ilarly  as on the  phorogram s of tenches. The a lb u ­
m in level in  the  serum  of tenches depends on th e  feeding of those fish  and 
increases a t the  end of autum n. The a lbum in  concen tration  in  w in te r is si­
m ilar to th a t in  autum n. D uring th a t period  the  am ount of album ins in  the  
serum  of fem ales decreases h a rd ly  by 5% (300 mg% ). A  m ore m arked  d e ­
crease (about 400 mg% ) takes place in ea rly  spring  a t th e  beginning  of M ay 
(differences in dyeing of phorogram s are  show ed on Fig. 12). The dem and of 
fem ales for album ins in w in te r is m uch g re a te r  th an  th a t of m ales and  th is 
is expressed by a h igher level of p ro te in s in the  serum  of fem ales. Also in 
spring  the level of this fraction  decreases rap id ly  in  A pril and  May (decrease 
about 835 mg°/o).

Not m uch is know n about the significance of a lbum ins in  the spaw ning 
process. In  o ther anim als th is p ro te in  a p a r t  from  its tra n sp o rt p roperties is 
also used for the developm ent of organism . A nalysis of blood serum  of tench  
fem ales proves the  p a rtic ipa tion  of these p ro te ins in  spaw n-fo rm ing  process. 
D uring the gonad developm ent these a lbum ins increase alm ost tw ice thus 
a tta in in g  a very  high concentration  46%. B ut th is is a t th e  m om ent an  iso­
la ted  opinion. O ther au thors ( K i r s i p u u  and  P i h u  1965) say  the  sam e about 
globulins (a2-fraction).

S hortly  before spaw ning an opposite phenom ena of accum ulation  of f ra c ­
tion p ro teins oq and a 2 takes place in  the  serum  of m ales. S im ila r periods of 
m ore in tensive tran sp o rt of p ro teins of a 2 frac tion  tak e  place in  the  rem ain ­
ing p a r t  of the year, i.e. in au tum n  and  a t the end of w in te r. A ccum ulation 
of g rea te r  am ounts of a 2-globulins is a lm ost p ara lle l in  th e  serum s of tench 
m ales and fem ales. These processes are  p a r tly  explained  by  L i e b m a n n  (1960),
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Fig. 9. Com parison of the  separation 
of blood serum  of tench males from 

April till August

Fig. 10. D ifferences in the separation 
of norm al blood serum  of tench after 

spawning

Fig. 11. Typical separation of globu­
lins of males during the spawning 
in two successive years, a — spaw n­
ing in June; b — delayed spawning 

in July

Fig. 12. D ifferences in the dyeing in ­
tensity  of protein fractions in blood 

serum  of tenches in spring
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who says th a t a  and ß-globulins are  responsible fo r the tran sp o rt of horm o­
nes, phospholipids, b ile  pigm ents, cholesterol and  some vitam ins.

ß-globulins of fresh w ater fish a re  no t a sub jec t to seasonal varia tions 
according to  K i r s i p u u  ( 1 9 6 4 ) .  Also th e  p rop erties  of ß -fraction  of tench  serum  
are sim ilar, b u t these p ro teins increase  d u ring  th e  spaw ning of m ales and 
females.

The la s t fraction  from  the  group of g lobulins denoted as y, is d istinguished  
by a considerably low er level in  blood serum  and  especially  in  early  spring 
and  during  spaw ning. A t h igh concentrations 2 subfractions d iffe ren tia ted  
and sm aller am ounts did not separa te  w ell from  ß-fraction.

K i r s i p u u  (1964a) observed the  sam e am ong Abram is brama  (L.) and Perea 
f luviatilis  L .  W hereas R i e d m ü l l e r  (1965) observed a t least th ree  groups of 
carp having  a d ifferen t am ount of y-globulins. F ish  w ith  a m axim um  am ount 
of these pro teins v isib ly  separa ted  in to  tw o y-fractions. y-globulins w ere 
also estim ated  in  the  blood of perch-p ike, bream , roach, rudd, perch, w hite 
b ream  ( K i r s i p u u  1964a, b, K i r s i p u u  and  P i h u  1965), horse m ackerel (G o­
l o v k o  1964) and  other.

A ll these da ta  ju stify  th e  presence of y -g lobulins in  Teleostei fishes. B ut 
th e  opinions on the sub jec t a re  no t su ffic ien tly  proved. O ther scientific 
w orkers such as D e u t s c h  and M c S h a n  (1949), E n g l e  e t al. (1958) and D r i l -  

h o n  (1959) suppose th a t Teleostei fishes do not contain y-globulins. E n g l e  

et al. (1958) suggest th a t th e  p ro te in s of fish  contain ing an tibodies m ay have 
a d iffe ren t m obility  th a n  hum an  y-globulins. E xp lanation  of th is and several 
o ther problem s requ ires fu r th e r  investigations.

5. SUMMARY

The level of total protein in the blood serum of tench changes during the an­
nual cycle. 320 fish were examined, and these variations were from 4.5 to 9.0 g°/o. 
Essential changes in the amount of total protein are especially visible in spring 
(spawning-season) and in winter. The character of protein changes is different in 
tench males and females. During that period the increase of total protein in the 
serum of tench males is short lasting and mainly depends on the synthesis of 
a-fraction and y-globulins. The transport of albumins during spawning is limited; 
the lowest annual value of these proteins is about 1.0 g°/o. Opposite than in tench 
females the considerable accumulation of protein in serum in the pre-spawning 
period remains as such more than two months till the spawning moment. In that 
time an increased synthesis of albumins takes place. The level of these proteins 
as compared with that in April or May increases almost twice to 46% i.e. 3.1 g%. 
This shows the specific significance of albumins in the process of spawning pre­
parations.

From August till October, at a relative stability of reproduction processes, 
there is the period of intensive feeding. Increased albumin synthesis is expressed 
by an increased participation of these proteins in blood serum at a simultaneous 
equalizing of the level of total protein. In autumn, the level of total protein gene­
rally remains within the average annual value, which is about 6 g%, and increases 
again in March and then decreases in early spring.

6. STRESZCZENIE

Poziom białka całkowitego w surowicy krwi linów zmienia się w  cyklu rocz­
nym. Wahania te, wyznaczone na podstawie oznaczeń dla 320 ryb, wynoszą od 4,5 
do 9,0 g%. Istotne zmiany ilości białka całkowitego występują szczególnie w okre­
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sie wiosennym (tarłowym) i zimowym. W czasie tarła charakter zmian białkowych 
różni się u samców i samic lina. Wzrost ilości białka całkowitego w  surowicy sa­
mców lina jest w tym okresie krótkotrwały i uzależniony głównie od syntezy frakcji 
« i ß-globulin. Transport albumin w  czasie tarła jest natomiast ograniczony, w y­
znacza to najniższa wartość roczna tych białek około 1.0 g%. Odwrotnie u samic 
lina, znaczne nagromadzenie białka w  surowicy w  okresie przedtarłowym utrzy­
muje się ponad dwa miesiące, aż do momentu złożenia ikry. Występuje w tym cza­
sie wzmożona synteza albumin; poziom tych białek w  stosunku do kwietnia lub 
maja wzrasta prawie dwukrotnie (do 46%), tzn. 3.1 g%. Sugeruje to, że albuminy 
odgrywają szczególną rolę w  czasie przygotowań tarłowych.

Od sierpnia do listopada przy względnej stabilizacji procesów rozrodczych, 
następuje okres intensywnego żerowania. Wzmożona synteza albumin wyraża się 
zwiększeniem udziału tych białek w surowicy krwi, przy równoczesnym wyrów ­
naniu poziomu białka całkowitego. W okresie jesiennym poziom białka całkowite­
go utrzymuje się na ogół w  granicach przeciętnej rocznej wartości, tj. około 6 g°/o. 
Zwiększa się on ponownie w marcu, a następnie obniża wczesną wiosną.
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ABSTRACT

In order to show the effect of parasites Ergasilus sieboldi Nordm. on tenches 143 
fish of this species were examined during the annual cycle. A relatively slight 
infestation (from 100 to 1000 ind. in one fish) causes the anaemia, i.e. decrease of 
the number of erythrocytes in the circulating blood. The hemoglobin level and 
hematocrit’s index also partly decrease as w ell as the level of total protein. Chan­
ges are noticed in the electrophoresis pattern of proteins in blood serum of in­
fested fish. Generally, but with the exception of September, the albumin amount 
decreases, while the proteins belonging to «-group or y-globulins increase within 
the globulin fraction.
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1. INTRODUCTION

Ergasilus sieboldi Nordm. parasitizing on gill of tenches cause considerable 
changes of a necrobiotic character. They damage the structure of gill filaments 
with their mouth parts, swimming appendages and 2nd antennae and feed on 
mucus and epithelial cells and erythrocytes ( E i n s z p o r n  1965a, b). As a result of 
long-lasting feeding disintegration, hyperaemia and frequently even extravasation 
take place in the gill epithelium. These changes result in permanent disturbances 
in the functioning of gill, which at the mass invasion of Ergasilus sieboldi is one 
of the reasons of the death of fishes.

This paper aims at an explanation of the effect of parasites by determining 
the changes in the circulating blood and the differences in the composition of 
proteins in blood serum.
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2. MATERIAL AND METHODS

4-6 y ear old tenches caught in D rw ęckie and  Ł ańskie Lakes (Olsztyn p ro ­
vince) w ere exam ined. The num ber of blood constituents, hem oglobin con­
tent, level of to tal p ro te in  and frac tiona ting  of serum  p ro te in s w ere d e te rm i­
ned according to the  s tan d ard  m ethods described in the  previous papers 
( E i n s z p o r n - O r e c k a  1970a, b).

The m ain p a r t of investigations w as carried  out on tenches in fested  w ith  
a re la tive ly  sm all num ber of parasites from  100 to 1000 ind iv iduals in one 
fish. On the average ten  specim ens w ere exam ined each m onth. The presence 
of 200 parasites resu lted  in  sign ifican t changes in  the num ber of blood consti­
tu en ts of the  c ircu lating  blood, w hile 100 Ergasilus sieboldi a lready  affected  
the separa tion  of p ro teins in  blood serum . The d iagram s (Fig. 1-6) contain  
num erical data  for groups in fested  w ith  200 to 1000 pa rasites and data  on 
p ro te in  fractions (Fig. 9-16) for m ales infested  w ith  100 to 1000 Ergasilus 
sieboldi.

In  order to verify  the resu lts single fish specim ens w ith  a h igher invasion 
extensiveness above 1000 parasites w ere investigated  (Fig. 17-20).

On the whole, ap a rt from  320 control fishes (162 m ales and 158 fem ales), 
143 tenches infested  by Ergasilus sieboldi w ere exam ined, and in th a t 71 
m ales and 72 fem ales. These fish  underw en t a detail parasito logical dissec­
tion in o rder to elim inate  fish w ith  an  excessive am ount of o ther parasites 
and those d isplaying anatom opathological changes as a resu lt of diseases.

3. RESULTS

The num ber of e ry th rocy tes in  infested  tenches during  the y ea r is on the 
average sm aller, about 100,000-500,000 in 1 m m 3 of c ircu lating  blood (Fig. 1, 
2), bu t is d ifferen t in  m ales and fem ales and depends on the period of the 
annual cycle. The grea test decrease of the  num ber of e ry th rocy tes in  the 
blood of m ales is in  the  p re-spaw ning  period (Fig. 1). W hen com paring w ith  
control fishes the  average d ifference is 850,000/mm3, and  some of the  infested  
fish have only e.g. 1,120,000 instead  of 2,129,000/mm3. The influence of p a ra ­
sites is m uch sm aller in au tum n (October, Novem ber), bu t increases again  
in w in te r and early  spring (January-M ay).

In fem ales the changes connected w ith  the  form ation  and m atu ra tio n  of
spaw n and the spaw ning itse lf basically  change the blood p a tte rn  of control 
fishes. A t a re la tive ly  low  infesta tion  it is d ifficu lt to observe th e  effect of 
parasites in  th a t period (Fig. 2), b u t even then  in  the  blood of some fem ales the 
num ber of ery th rocy tes decreases m axim ally  to 1,040,000/mm3 (the m ean for 
control fishes — 1,406,000/mm3). Only from  O ctober to M arch, s im ilarly  as in 
the instance of males, the varia tions increase and  am ount on the  average
from  250,000 to 400,000 in  1 m m 3.

E ssential d ifferences in the num bers of leucocytes betw een  the control 
and infested  group take place du ring  spaw ning. The spaw ning leucocytosis, 
w hich precisely determ ines the period of changes connected w ith  the rep ro ­
duction processes, takes place fo r about one m onth  and d isappears im m edia­
tely  a fte r  spaw ning. F ish  in fested  (Fig. 3, 4) du ring  spaw ning p repara tions 
have a sm aller num ber of leucocytes, and the level of e ry th rocy tes does not
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Fig. 1. Differences in the number of erythrocytes in 1 mm3 of circulating blood of 
control males (A) and those infested by Ergasilus sieboldi (B) (vertical lines in the 

Figure's 1-8 show the standard deviation)

Fig. 2. Differences in the number of erythrocytes in 1 mm3 of circulating blood of 
control females (A) and those infested by Ergasilus sieboldi (B)

reach  the level typical for contro l tenches. Increased num ber of leucocytes 
rem ains in the blood of fem ales and m ales sligh tly  longer (on the average 
15 days), and th a t is w hy the num ber of leucocytes in A ugust is still 32,686 
(t =  2.7), and even 40,800 in  1 mm 3 (t =  3.83).
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m o n th s

Fig. 3. Number of leucocytes in 1 mm3 of circulating blood of control males (A) 
and those infested by Ergasilus sieboldi (B)

Fig. 4. Number of leucocytes in 1 mm3 of circulating blood of control females (A) 
and those infested by Ergasilus sieboldi (B)
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Fig. 5. Fluctuations of hemoglobin level of control males (A) and those infested by
Ergasilus sieboldi (B)

Fig. 6. Fluctuations of hemoglobin level of control females (A) and those infested
by Ergasilus sieboldi (B)
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In  the rem ain ing  p a r t of the year the changes in  th e  level of leucocytes 
are m ore visible in the  blood of m ales; from  O ctober to M arch the  num ber 
of leucocytes in these fish is considerably h igher, w hich m ay be the  reaction  
to the presence of p arasites  (Fig. 3). W hereas in  fem ales only in spring, in 
M arch, the level of leucocytes increases.

The hem oglobin level decreases usually  in in fested  tenches (Fig. 5, 6). The 
effect of parasites in m ales is the  m ost visible before spaw ning and in  au tum n 
and w in ter. The hem oglobin content in  the e ry th rocy tes of m ales in fested  in 
Ju ly  on the average decreases about 1.8 g°/o (t =  5.61), in  the  instance of 
fem ales 1.3 g°/o (t =  3.63). The m axim um  varia tions a re  4.26 and 3.31 g% . 
D uring spaw ning, at a re la tive ly  low  hem oglobin values the level becomes 
even in both groups and the follow ing period of changes is in  au tum n  and 
w inter. The differences in  the  hem oglobin am ounts, especially  in the instance 
of fem ales, reach  th en  1.3 g°/o (N ovem ber — t =  1.89, Ja n u a ry  — t  — 2.97).

Sim ilarly  as in the  changes a lready  discussed the d ifferences in  the level 
of to ta l p ro tein  of serum  are m ore visible in m ales (Fig. 7) from  M ay till 
Ju ly  and then  a fte r  spaw ning — in A ugust. A verage am ounts of to tal p ro tein  
in the p re-spaw ning  period, in  control m ales, range from  4.8 to 6.45 g°/o, and 
in  infested m ales — from  3.16 to 4.58 g°/o, and so the d ifference is on the 
average 1.81 g%  (t =  5.67, t  =  4.2). The changes in the  p ro te in  level du ring  
spaw ning a re  sm all, bu t d irec tly  a fte r  spaw ning the am ount of p ro te in  in 
th'e serum  of in fested  fish decreases about 1.0-1.4 g%  (t =  3.58, t  =  3.61). In 
au tum n the d ifference in the p ro te in  level betw een  control and infested  
fishes again decreases to about 500 m g% . In w in te r (e.g. in January), bo th  in 
the instance of m ales and fem ales (Fig. 8) a decrease of p ro te in  was not 
observed, bu t ju s t the opposite — the p ro te in  level in  the  serum  of in fested  
fish was sligh tly  h igher (in m ales on the average about 547 m g% ; t  =  2.54) 
than  in control tenches.

The q u an tita tiv e  rearrangem en ts in  the e lec trophoretic  separa tion  of p ro ­
teins in  blood serum  of in fested  fish  apply  bo th  for album in  and globulin  
fractions. Two kinds of separation  w ere observed w ith in  the  globulin  fra c ­
tions;

1. System  I of p ro te in  separation  w ith  a characteristic  increase of percen ­
tage partic ipa tion  of a 2, and som etim es ß -fraction  and a sim ultaneous de­
crease of the level of y-globulins (Fig. 21).

2. System  II of p ro te in  separa tion  w ith  an  increase  of y -frac tion  and 
decrease of the tw o rem ain ing  p ro te ins a 2 and ß-globulins (Fig. 22).

In  both  separations the album in  am ount in the  serum  of in fested  tenches 
generally  decreases. The decrease of a lbum in as com pared w ith  the control 
level is d ifferen t during  the investigations and depends on th e  separa tion  of 
pro teins in  the  serum  of in fested  fish. The changes in the  a lbum in  level are 
m ore m arked in separation  I, w hen  the  am ounts of a 2-globulins are g rea te r. 
M axim um  variations reach 7%.

The qu an tita tiv e  changes in  th e  blood serum  of m ales in  the  I separation  
of p ro tein  fractions are unevenly  d is trib u ted  du ring  the  an n u a l cycle. In  
spring (May, June) they  do not exceed 2% (t =  3.65), bu t in October, N ovem ­
ber and Jan u a ry  the d ifferences are  m uch g rea te r. In  the  serum  of contro l 
tenches the  album ins reach re la tiv e ly  h igh concentrations 27.7, 27.08, 25.92%. 
The p ro te in  values cf m ales in fested  during  th a t period are  accordingly lo­
w e r — 24.5, 22.63%, and single specim ens even 18.03 or 19.88% (Fig. 9, curve
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Fig. 7. Amount of total protein in blood serum of control males (A) and those 
infested by Ergasilus sieboldi (infestation degree: 200-1000 parasites — B; 100-

-1000 parasites — C)

rig. 8. Amount of total protein in blood serum of control females (A) and those 
infested by Ergasilus sieboldi (infestation degree: 200-1000 parasites — B; 100-1000

parasites — C)
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A, B). The A /G  index determ ining  the  num erical p ropo rtion  of album ins and 
globulins (Fig. 9, curve C, D) confirm s the  characteristic  changes in the  level 
of album ins. The coefficient A/G  of in fested  fish is u su a lly  low er in com pa­
rison to the  control values and decreases p roportionally  to the changes in 
the  level of album ins in  the serum  of experim en ta l tenches (this reg u la rity  
does not concern the spaw ning of females).

Fig. 9. Comparison of albumin level in blood serum (in %>) of control males (A) 
and those infested by Ergasilus sieboldi (B) with the value of A/G  index of con­

trol tenches (C) and those infested by parasites (D)

The absolute values expressed in  g°/o of to tal p ro te in  show th a t the 
am ount of album ins of m ales infested  from  M ay till A ugust are  below  1.0 g%  
(Fig. 10, curve B — on the basis of p ro te in  separa tion  of the  I and II system ) 
and as com pared w ith  the control level it  decreases about 300 mg% . As the 
album in increases a fte r spaw ning also th e  am ount of th is p ro te in  increases 
in the  serum  of in fested  males, thus ob tain ing  in  Sep tem ber approxim ate 
values to the control level. The album in decreases again  in  O ctober and No­
vem ber and is about 500 m g%  (t =  3.18, t =  3.27). W hereas in  Jan u a ry  the 
3% difference in  th e  album in am ount is com pensated by su rp lus of to ta l p ro ­
tein, w hich increases in th a t period in  the  serum  of in fested  m ales about 
510 m g%  (t =  2.30).
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Fig. 10. Differences in the albumin amount (in g°/o) in blood serum of control males 
(A) and those infested by Ergasilus sieboldi (B)

In  th e  II separa tion  of serum  pro teins and an increased level of y-globu- 
lins th e  changes in the a lbum in am ount are  m uch sm aller th an  in the previous 
one. The essential d ifferences are  observed only in w in ter, the album in de­
crease in  Jan u a ry  is 6.57% i.e. 300 m g% .

The tem porary  period of accum ulation  of album in in the  serum  of fem ales 
w hen  th e  spaw n m atura tes and at th is  degree of in festa tion  is independen t 
from  th e  parasites. T heir effect is visible a fte r  the spaw ning is finished. Some 
of the  in fested  fem ales (6 out of 14 exam ined ones) have  still a high concen­
tra tio n  of album ins in the blood serum  (34.9%) in A ugust, w hich proves 
about th e  irreg u la r or delayed spaw ning. The album in level of the rem aining 
group of fem ales is about 300 m g%  (t — 3.83) low er. A fte r the m oderate  
au tum n  the decrease of album in am ount in Ja n u a ry  is m ore visible and rea ­
ches 5-7%, i.e. 400-500 m g%  a fte r tak ing  into account the variab le  level of 
to tal protein .

Typical for this parasitic  disease is the  separation  of serum  pro teins (sy­
stem  I), w hich is characterized by a considerable decrease of the  percentage 
a lbum in  partic ipation , increase of a 2 and p a rtly  of ß -fraction  and decrease of 
y-g lobulins (Fig. 23). The level of p a rtic u la r  fractions in  th is system  depends 
on th e  annual cycle and to a lesser ex ten t on the  sex of tenches.

P ercen tage  increase of a 2-fraction  in the  serum  of m ales in fested  in some 
m onths (October, January , M arch) does not exceed 1.2-1.8%, w hile in  o th er 
m onths the m uch g rea te r  differences reach  even 4.68 and som etim es 7.52%. 
The m axim um  increase during  Ju ly  and  A ugust is about 10% (Fig. 11).

4*
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The level of a 2-fraction  calculated  into g°/o of to tal p ro te in  and at a m ar­
ked decrease of p ro te in  in the serum  of infested  fish is only som etim es ba­
lanced and rep len ished  to the  values determ ined  for control fish (Fig. 12). 
From  May till A ugust the num ber of a 2-fractions in the to ta l p ro te in  balance 
is low er as com pared w ith  the control tenches even by 263 mg°/o (A ugust — 
t =  2.17). Only a t the end of the  year, in N ovem ber and Jan u ary , the  level of 
a 2-fraction  in the serum  of infested  m ales is sligh tly  b igger than  the control 
values, w hich are above 300 m g%  (t =  2.22, t =  3.46).

Fig. 11. Differences in the % values of fraction of a2 and Y“globulins in blood serum 
of control males (A, C) and those infested by Ergasilus sieboldi (a, c)

The values of cx2-fraction  in  the serum  of fem ales are  sim ilar w ith  the 
exception of the period follow ing the spaw ning, du ring  w hich the obtained 
resu lts  are not the  same. Increased am outs of a 2-globulins in  the serum  of 
some infested  fem ales m ay poin t bo th  to the changes a fte r  spaw ning and to 
the effect of parasites. D efinite differences are  observed in w in te r (January) 
a t a 5.23% increase and sim ilarly  in  the serum  of m ales the fraction  level 
increases by 391 m g% .

The level of ß-globulins (Fig. 13, 14) in the  separa tion  of pro teins (sy­
stem  I) w ith  a dom inant a 2-fraction  in the  serum  of in fested  m ales is generally  
h igher th an  the determ ined  average for control m ales. E ssentia l differences 
a re  observed from  A ugust till M arch and are  1.16-5.6% (t =  1.99, t =  4.41). 
O nly the num erical relations are  d iffe ren t during  spaw ning  (Fig. 13). Then
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Fig. 12. Differences in the protein level of a2 and y-globulins (in g%>) of blood se­
rum of control males (A, C) and those infested by Ergasilus sieboldi (a, c)

the  num ber of fractions is sm aller as com pared w ith  th e  control level about
1.0-1.75%, w hich is due to p ro te in  shortage during  the rep roduction  of these 
fish. These d ifferences are  m ore visible in the  absolute values a t a s im u lta ­
neous decrease of to tal protein . D uring spaw ning of m ales the  ß-fraction  
level decreases about 273 m g%  to 556 m g%  (t =  2.51, t  =  3.05), and  in  the 
instance of females, a fte r spaw ning th is decrease is 7.48% (t =  8.25) i.e. 
570 m g%  (t =  3.34).

The percentage increase of ß-fraction  is m ore or less constant in  th'e 
rem ain ing  p a rt of the  year as com pared w ith  the control level. The surpluses, 
bo th  in the serum  of m ales and fem ales do not exceed 300 m g%  (Fig. 14).

As opposed to the tw o previous fractions the values of y-globulins (Fig. 11, 
12) are uniform ly d istribu ted  during  the annual cycle. The level of this frac ­
tion  in the  group of infested  fish fa lls below  20% and the average d ifferences 
essential for sta tistic  purposes vary  from  2.9 to 8.22%, w ith  the exception of 
Jan u ary . The m axim um  levels reach 10%.

The deviations from  the control level (Fig. 12) of absolute values are from  
281-768 mg% . T herefore the  index a 2/y is alw ays h igher th an  the coefficient 
obtained for control fish.

The separation  p a tte rn  of some serum s of infested  tenches is in each 
m onthly sam ple d ifferen t from  the  one a lready  described. In  the II system  
of serum  proteins y-glcbulins are  the p rev a len t fraction  (Fig. 22) and also
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Fig. 13. Differences in the %> values of fractions of a2 and ß-globulins in blood se­
rum of control males (A, B) and those infested by Ergasilus sieboldi (a, b)

Fig. 14. Differences in the protein level of a2 and ß-globulins (in g°/o) of blood se­
rum of control males (A, B) and those infested by Ergasilus sieboldi (a, b)
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th e  tw o rem ain in g  groups of p ro tein  a 2 and ß. Som etim es even the album in  
values are  m uch low er in com parison to the control level.

The p ro te in  am ount of the  dom inant y -fraction  (Fig. 15) increases to 28.7 
and  even to 32.7%, w hereas in control fish it is hard ly  18.8-26.7%; the d if­
ferences a re  w ith in  the range 2.02-11.36%.

Fig. 15. Comparison of % values of a2, ß and y-globulin fractions of blood serum  
of control males (A, B, C) and those infested by Ergasilus sieboldi (a, b, c). Separa­

tion of the II type

The values in  the  g%  system  as in  the  p rev ious globulin  fractions are 
a b it d iffe ren t (Fig. 16). D uring sum m er the d ifferences are m ore visible as 
indepen d en tly  from  the  percentage increase the differences in the  contro l 
level are  ra th e r  sm all — w ith in  the range 107-455 m g% . M uch g rea te r chan­
ges in  th is  p ro te in  system  are  observed in  au tum n; in  Septem ber, O ctober 
or Ja n u a ry  the  average deviations increase to 641, 699 m g% , the m axim um  
up to 810 m g% .

The a 2 and ß globulin  fractions (Fig. 15, 16), ap a rt from  Sep tem ber and 
Ja n u a ry  w hen  the  am ount of these tw o pro teins is alm ost equal, have sm aller 
values as com pared w ith  the  control level. In  the instance of a 2-frac tion  the 
d ifference am ounts to 4%, and in  the  instance of ß -fraction  — about 2%. W hen 
calcu lated  in to  g%  these varia tions are  w ith in  the range of about 300 m g% .

The p a tte rn  of changes in  the blood of tenches at a g rea te r invasion of 
parasites  (from  1,000 to 2,000) is respectively  m ore m arked  th an  in  the  fo rm er
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Fig. 16. Comparison of protein level of a2, ß and y-globulin fractions (in g%) of 
blood serum of control males (A, B, C) and those infested by Ergasilus sieboldi 

(a, b, c). Separation of the II type

group. A nd so the estim ations m ade for th is group of tenches confirm  the 
occurrence of periods of m ore in tensive action of parasites w ith in  the  year, 
p robab ly  connected also w ith  the developm ent cycle of Ergasilus sieboldi. 
A g rea te r  influence is noticed e.g. du ring  the  spaw ning p rep ara tio n s  (June), 
w hen  the differences in the num ber of e ry th rocy tes in the blood of a m ale 
in fested  by 1,247 parasites are  921,000/mm3, a t a sim ultaneous decrease of 
hem oglobin content (2.4%) and hem ato crit’s index  (12%). S im ila r or sligh tly  
sm aller deviations w ere observed in  the  tw o follow ing m onths d u ring  spaw n­
ing or d irectly  a fte r spaw ning. H ow ever, du ring  these periods th e  changes 
resu lting  from  the presence of parasites  are  m ore d ifficu lt to exp la in  because 
of the considerable varia tions of control values.

The surv ivorsh ip  of tenches in  conditions of ex trem e w eakness of o rga­
nism  is qu ite  big. It has been found th a t a fish  (male — 24.5 cm, 140 g) having 
m ore 28,000 of e ry th rocy tes in 1 m m 3 of c ircu la ting  blood and  1.09 g%  of he­
m oglobin is s till alive w ith  and its m ovem ent capacity  is no t lim ited . The 
value of to tal p ro tein  in the  serum  of the  investigated  m ale w as also only
1.5 instead of 5.6 g%  (Fig. 17).

In  au tum n the  d ifferences determ in ing  the  effect of p a rasite s  a re  consi­
derab ly  sm aller (Fig. 17, 18); in  the  blood of a fem ale th e  n u m b er of e ry th ro ­
cytes decreases only by 128,000, in  the m ale by 377,000/mm3, and  also the 
hem oglobin level decreases by 0.99 and 2.84 g% , respectively.
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Period ica l action of parasites was observed, sim ilarly  as in o ther p a ra ­
m eters, in  the  fluc tuations of the level of to ta l pro tein . G reat d ifferences 
tak e  place in  Ju n e  and  A ugust; the p ro te in  value in  the  serum  of m ales is 
h a rd ly  0.67 or 1.3 g%  at a control level 5.57 g°/o. C ontrariw ise, despite the  
in festa tion  w ith  2000 parasites, the level of to tal p ro tein  in au tum n increases 
by 732 mg°/o, and  in  Jan u a ry  at a sim ilar in festa tion  it  decreases by 796 m g% .

Fig. 17. Differences in the hemoglobin level and value of total protein in blood 
serum of control males and females (A) and those infested by Ergasilus sieboldi

with 1100-2000 parasites (B)

Fig. 18. Number of erythrocytes and leucocytes in the circulating blood of control 
males and fem ales (A) and those infested by Ergasilus sieboldi with 1100-2000 pa­

rasites (B)

A nalogically  as in  the  firs t group of fish tw o types of separation  of serum  
pro teins w ere  d istingu ished  (Fig. 19). In  both  these system s the decrease 
of a lbum in level w as 4-10%. The increase of a 2-frac tion  in the I separation  
of serum  p ro te in s am ounts to 35.96%, and  sim ultaneously  the ß-fraction m a­
xim ally  decreases to 29.27%, w hereas th e  decrease of p ro teins from  the y  
group am ounts to 6.75%.
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In  the  g%  system  (Fig. 20), at a m in im al level of to ta l p ro te in  the  value 
of respective fractions is accordingly low  and the righ t p roportions betw een  
successive p ro teins are  observed (Fig. 24). This charac ter of changes is most 
p recisely  reflected  by the fractions of m ale in N ovem ber as excep tionally  
th e re  the  p ro tein  level is approx im ate  to the  control one. A n increase of 
a 2-fraction  is th en  926 mg°/o, of p ro te ins ß — 643 m g% , and  the  decrease of 
y-globulins — 439 mg% .

Fig. 19. Comparison of the °/o values of albumin fractions and a u a2, ß, y-globulins 
in blood serum of control males (A) and those infested by Ergasilus sieboldi with

1100-2000 parasites (B)

Fig. 20. Comparison of albumin level and au «2, ß, y-globulins (in g°/o) in blood 
serum of control males (A) and those infested by Ergasilus sieboldi w ith 1100-2000

parasites (B)
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Fig. 21. Normal electrophorogram (a) 
with a changed pattern of protein sepa­
ration (b) of a male infested by Ergasi­

lus sieboldi

r'ig. 22. Differences in the dyeing inten- 
ity of y-globulin fraction in the elec- 
rophorogram of a male infested by Er- 
lasilus sieboldi. a — separation of nor- 
nal serum; b — separation of changed 

serum

Fig. 23. Increase of proteins of «2-glo­
bulins and decrease of ß and y-fractions 
in blood serurrt of males infested by 
Ergasilus sieboldi. a — normal separa­

tion; b, c, d — changed separation

Fig. 24. Changes in the separation and 
dyeing of electrophorograms of proteins 
of males infested by Ergasilus sieboldi 
with 1100-2000 parasites, a — control 

male; b, c, d — infested males
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4. DISCUSSION

E ssen tia l changes in t’he annual cycle in  the  c ircu lating  blood of tenches 
in fested  w ith  Ergasilus sieboldi are  observed in the num ber of ery throcytes, 
p a rtly  of leucocytes and hem oglobin. A part from  th a t the level of to tal p ro ­
te in  of blood serum  of these fish decreases and changes in  the electropho­
resis p a tte rn  of proteins connected w ith  the rearran g em en t of album in and 
globulin  fractions are observed. R elatively  sligh t in festa tion  from  200 to 
1000 of p arasites resu lts in  ana'emia, w hich is expressed  by a decrease of the 
num ber of ery throcytes, and freq u en tly  of hem oglobin and h em atocrit’s 
index.

The histopathological analysis show ed ( E i n s z p o r n  1965a, b) th a t the  p a ­
rasites dam age the resp ira to ry  'epithelium  of gill filam ents m ainly  w ith  th e ir  
sw im m ing appendages, m outh  p a rts  and 2nd antennae. The dam ages caused 
by th e  m ovem ents, feeding and a ttachm en t of parasites  resu lt in the  devel­
opm ent of necrobiotic changes. The deadened and the  sca tte rred  epithelium  
fragm en ts are  usually  w ashed out from  th'e gill surface form ing d is in teg ra­
tions, w hich  uncov’e r the cap illa ry  vessels. The destruction  of capillaries or 
deeper placed gill a rte rie s  by fem ales causes a constant hyperaem ia, w hich 
resu lts  in  a decrease of the num ber of 'ery throcytes in the  c ircu lating  blood 
of tenches. F requen t hyperaem ia  lead to a chronic anaem ia. R epetitive 'ex tra­
vasation  of blood resu lt in  an iron defficiency. The analysis of the  hem oglo­
bin am ount in in fested  tenches shows th a t th e re  not alw ays are  d isturbances 
in the  level of th is dye. These changes even a t a constan t num ber of p a ra ­
sites depend  on the leng th  of the  feeding period and the ex ten t of dam age 
cf gill filam ents. Longer action of * pathogenic fac to r” resu lts in w orse haem a­
topoietic activ ity . These d istu rbances alw ays leed to an oxygen deficit in the 
tissues, w hich  w hile becom ing m ere in tensive resu lts in fu rth e r d isturbances 
in  m etabolism  m aking w orse all the  activ ities of organism .

Am ong o ther th ings it is visible in  the insuffic ien t p rep ara tio n  to spaw ning 
of in fested  tenches. Sm aller num bers of blood constituents, and especially  of 
leucocytes (Fig. 3, 4), and the irreg u la ritie s  of o ther factors such as: to ta l 
p ro te in  (Fig. 7) fractions of a 2 and ß-globulins of m ales (Fig. 14) or a lbum ins 
of fem ales in the period d irectly  preceding  and during  the spaw ning show 
th a t d u ring  the necessary tim e th e  fish are  not suffic ien tly  p repared  for 
spaw ning. Spaw ning leucocytosis, closely connected w ith  the reproduction  
period  is about 10 to 14 days longer in the blood of infested  fish. P erhaps 
some of the  fish are la te r for spaw ning, bu t these observations requ ire  sepa­
ra te  investigations of the  fe rtility  of fem ales in fested  by Ergasilus sieboldi.

The anaem ia a fte r the  haem orrhage is connected w ith  the decrease of 
the  level of to ta l p ro tein  in  blood. These changes are m ore visible in the 
sep ara tio n  of serum  pro teins w ith  the dom inant a 2-fraction , in the  I system . 
A p a rt from  that, sim ilarly  as in o ther param eters , the  action of parasites 
is especially  visible in m ales during  spaw ning  p repara tions and in fem ales 
a f te r  spaw ning. G rea te r p ro te in  dem and of in fested  fish m ay be p a rtly  b a ­
lanced  in au tum n a fte r a period of longer feeding. Also, it seems th a t the 
effect of parasites is m uch sm aller in  la te  au tum n  th an  in  spring. In  w in ter 
th e  p ro te in  level in blood serum , m ainly  in males, is h igher than  in control 
fishes. T his proves th a t g rea te r supplies are being used and th a t the w in te r 
reserves a re  used m uch quicker.
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In  the  I separation  especially, tog e th er w ith  a decrease of the  level of 
to ta l p ro te in  the am ount of album ins in  the serum  of in fested  tenches also 
decreases. E ssential differences in  m ales are observed in  spring, la te  au tum n  
and in  w in ter. W hereas in fem ales the  influence of parasites is observed 
a fte r spaw ning. H ow ever the album in  am ount, in th e  instance of m ales, can 
be rep len ished  in  autum n. T herefore  it  should be assum ed th a t hvpoalbum i- 
nem ia is m ainly  connected w ith  the d e fic ie n c y  of n u tritious p ro te in s at 
a sim ultaneous quickening of the  catabolism  of album ins.

In  pathological conditions the changes in the p ro tein  conten t in  serum  
are no t only w ith  regard  to album ins bu t are  observed to a g re a te r  ex ten t 
w ith in  the  globulins, w hich are  m ore u n stab le  proteins. Increased globulin  
am ounts in blood serum  take  place usually  in  the  in itia l phases of various 
diseases and frequen tly  in severe cases or in  chronic in flam m ation.

S epara tion  of p ro te in  of globulin  fractions is no t typ ica l for the discussed 
parasitic  disease, because ap a rt from  th e  effect of the  crustaceans them selves 
there  are  also secondary b acteria l processes connected w ith  the developm ent 
of m ould ( N e u h a u s  1929). A nd this is p robably  w hy tw o types of separa tion  
w ere observed in  the  separation  of g lobulin  fractions in the  serum  of in fested  
tenches. In  the I system  th e re  is an increased  am ount of a 2-fractions, in  some 
periods of ß, and a decrease of the level of y-globulins. B ut in the II system  
an  increase of y -frac tion  is observed and also a decrease of the  o th e r tw o 
proteins. In  the instance of exam ined fish th e  separation  of the I ty p e  p re ­
vails as a m ore characteristic  one for severe in flam m atory  states. H ow ever, 
a m ore precise in te rp re ta tio n  of q u an tita tiv e  rearran g em en ts  is very  d iffi­
cult because of a lack of thorough  investigations on the  p roperties of p a r t i­
cu lar fish proteins. On the basis of the  observations p resen ted  here  it  can 
be only said th a t the increase of the frac tion  of a-g lobulins is undoub ted ly  
connected w ith  pathogenic changes in  gill accom panied by necrocytosis of 
tissues and th e ir in tensive d isin tegration . P robab ly  the increased synthesis 
of a 2-globulins is also the resu lt of a qu icker destruction  of e ry th rocy tes than  
norm ally.

U sing the accepted c rite ria  of the estim ation  of changes in the  e lec tropho­
retic  p a tte rn  of serum  pro teins for the course of inflam m ations it can be said 
(this is also in agreem ent w ith  th e  histopathological analysis) th a t in  the  in ­
stance of this parasitic  disease the in flam m ation  is in gill. A t a severe or 
alm ost severe in flam m ation  m ainly  a-g lobu lin  fractions increase, w hile ch ro ­
nic in flam m ation  is characterized  by a m oderate level of a  and ß -fractions at 
a sim ultaneous increase of y-globulins. P robab ly  the  increase of y-globulins 
in the chronic phase connected w ith  the  in flam m atory  sta te  of the g ill of fish 
in fested  is as in  o ther anim als due to the  production  of antibodies in secondary 
bac te ria l processes.

5. SUMMARY

Parasites Ergasilus sieboldi Nordm., even in a number 200-1000 individuals 
cause the anaemia in tenches, which is expressed by a decrease of the number of 
erythrocytes in the circulating blood, and partly of hemoglobin and hematocrit’s 
index. They also cause a defficiency of total protein in blood serum (hypoalbumi- 
nemia) and rearrangements within the globulin fractions. The pattern of these 
changes is more visible in tench males, as they are more sensitive to the action of 
parasites than the females.
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Greater protein demand of infested tenches at a relatively small invasion may 
be replenished after a longer feeding period in autumn. Simultaneously it seems 
that the influence of parasites is much smaller in late autumn than in other sea­
sons of the year e.g. spring and summer. And in the same conditions the albumin 
amount may be balanced with the control level, which shows that hypoalbumine- 
mia is mainly connected with a shortage of nutritious proteins at a simultaneous 
quickening of the catabolism of albumins.

Rearrangements of serum proteins within globulin fractions are regarding to: 
increase of «2-globulins, and partly of ß at a simultaneous decrease of yg lob ulins  
or increase of yfraction  and a decrease of proteins from the a2-group and ß-glo- 
bulins. Increase of «2-fraction is connected with the inflammatory state and incre­
ased destruction of erythrocytes by constant extravasation of blood in the gill. 
More frequently occurring separation of proteins with a characteristic increase of 
« 2-fraction proves about the severe state of inflammation of gill caused by Erga­
silus sieboldi. This disease may also take the form of chronic gill inflammation: 
then it may be characterized by an increased synthesis of y-globulins, which is 
probably due to the formation of antibodies in the organism of infested tenches.

6. STRESZCZENIE

Pasożyty Ergasilus sieboldi Nordm., nawet przy stosunkowo nieznacznym za­
rażeniu (200-1000 sztuk), wywołują u linów niedokrwistość, która wyraża się 
zmniejszeniem liczby erytrocytów we krwi obwodowej, częściowo hemoglobiny 
i obniżeniem wskaźnika hematokrytu. Powodują ponadto niedobór białka całkowi­
tego w surowicy krwi (hipoalbuminemię) oraz przegrupowania w obrębie frakcji 
globulinowych. Obraz tych zmian jest wyraźniejszy u samców lina, ponieważ są 
one wrażliwsze na oddziaływanie pasożytów niż samice.

Zwiększone zapotrzebowanie na białko u linów zarażonych, przy stosunkowo 
niewielkiej inwazji, może być uzupełnione po okresie dłuższego żerowania w je­
sieni. Równocześnie wydaje się, że wpływ pasożytów jest późną jesienią znacznie 
mniejszy niż w  innych porach roku np. wiosną lub latem. Podobnie w  tych sa­
mych warunkach, ilość albumin może być wyrównana do poziomu kontrolnego, co 
sugeruje, że hipoalbuminemia wiąże się głównie z niedoborem białek pokarmowych 
przy równoczesnym przyspieszeniu katabolizmu albumin.

Przegrupowania białek surowicy w  obrębie frakcji globulinowych dotyczą: 
wzrostu a2-globulin, częściowo ß przy równoczesnym obniżeniu y-globulin lub 
zwiększenia frakcji y i spadku białek z grupy «2 i ß-globulin. Wzrost frakcji 
«2 związany jest ze stanem zapalnym oraz wzmożonym niszczeniem erytrocytów  
na skutek stałego wykrwienia w skrzelach. Częściej występujący rozdział białek 
z charakterystycznym zwiększeniem frakcji a2 świadczy o nasileniu ostrej formy 
stanu zapalnego skrzeli w wyniku oddziaływania pasożytów Ergasilus sieboldi. 
Schorzenie to przybiera również formę przewlekłego zapalenia skrzeli: cechuje go, 
być może, wzmożona synteza y-globulin, związana między innymi prawdopodobnie 
z tworzeniem przeciwciał w  organizmie linów zarażonych.
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ABSTRACT

The eggs of Triops cancriformis show a considerable resistance to ultraviolet ra­
diation of a maximum length of waves 2537 A and 3660 A. The applied dosages up 
to 6,804,000 erg/mm2 had a weak stimulating effect on the development.
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1. INTRODUCTION

Investigations on the effect of ultraviolet radiation on the development of 
eggs have been carried out already for a long time on the material of various 
invertebrates — both aquatic and terrestrial. Depending on the wavelength, ra­
diation intensity and specific properties of the investigated material the ultraviolet 
radiation has either a stimulating or inhibiting effect on the development. This 
may take the form of activation of unfecundated eggs to parthenogenetic develop­
ment — e.g. in the instance of sea-urchins ( H o l l a e n d e r  1938, H a r v e y  and H o l -  
l a e n d e r  1938), or in inhibition of the course of cleavage ( C h a s e  1938, G i e s e  1938a, 
b, W e l l s  and G i e s e  1950), degeneration of cells ( G i e s e  1946, B i z j u l j a v i C j u s  1966) 
and decrease of the hatching ability (A m y  1964, 1965).

Biological effects of ultraviolet radiation also show a close dependence on the 
development stage, in which the exposure takes place, which is connected with the 
course of morphogenetic changes within the embryo (A m y 1964).

The eggs of Triops cancriformis show a great capability of adaptation to the 
changes of medium conditions such as temperature ( H e m p e l  and D u t r i e u  1965), 
water salinity ( K l e k o w s k i  and H e m p e l - Z a w i t k o w s k a  1968, H e m p e l - Z a w i t k o w s k a  
1969) and drying up ( H e m p e l - Z a w i t k o w s k a  and K l e k o w s k i  1968). In their normal 
development cycle they are subject to solar radiation staying during one year or 
several years on shallow or dry bottoms of seasonal water bodies. Investigations 
of the resistance of Triops cancriformis eggs to ultraviolet radiation and the possible 
effects of this radiation on the hatchability are the subject of this paper.

http://rcin.org.pl



484 J. Hempel-Zawitkowska

2. MATERIAL AND METHODS

The m ateria l for investigations w ere Triops cancriform is  eggs tak en  out 
of egg-pouches (the m ethod of H e m p e l  1963) of fem ales of the p a rt’hogenetic 
population, caught in fish ponds in  Jak to rów  near W arsaw , in June, 1968. 
The eggs w ere kept in pond w a te r till the experim ent.

Two lam ps w ere used as sources of u ltrav io le t rad iation :
1. H anovia “C hrom ato lit” , E ngland, low -pressure. The lam p is stopped by 

a filte r OX-7 acc. to the C hance-P ilk ing ton  catalogue, tran sm ittin g  rad ia tio n  
w ith in  the range 2400-4500 Ä. The range of em itted  w aves, th e ir  percen tage  
p artic ipa tion  and 'energy w ere as follow ing:

UV 2537 Ä — 55% =  40.70 erg /m m 2 sec,
UV 2537 — 2700 Ä — 18% =  12.85 erg /m m 2 sec,
UV above 2700 Ä — 27% =  13.90 erg /m m 2 sec.

As the m ean rad ia tion  energy  of the  lam p — 67.5 erg /m m 2 sec w as assu ­
med. The distance of t’he ob ject from  th e  lam p w as 8.5 cm.

2. Q400 lam p, Fam ed 1, Poland, m ean-pressure, w ith  a filte r, chiefly  tra n s ­
m ittin g  3660 A rad iation . The energy  of the lam p =  52.5 erg /m m 2 sec. The 
d istance of th’e object from  the lam p was 16 cm.

D osim etry of both  lam ps p rep ared  for the  applied  distances from  the 
objects w as m ade 1 acc. to the  H a t c h a r d  and P a r k e r  m ethod (1956).

O ut of the eggs chosen for th ’e experim en t tw o groups w ere distinguished: 
those developing in d iffused day -lig h t in a closed com partm ent, and those 
developing in the darkness and b rough t into ligh t only du ring  the exposure. 
The eggs w ere divided in to  series d iffering  as to the  developm ent conditions, 
w hich d iffered  am ong them selves by  th ’e tim e of exposure. The exposure of 
eggs w as made according to tw o p a tte rn s: 1 . everyday , beginning from  the 
second day of egg developm ent to the  hatch ing  m om ent in  the  g iven series 
and  2. only during  th ree  successive days, s ta rtin g  a fte r 4 and 7 days from  t’he 
beginning of developm ent.

In  both p a tte rn s  the  rad ia tion  dosages once in  a day w ere identical for 
each sam ple. D uring the w hole tim e of experim en t each sam ple w as p laced  
in  a glass crysta llizer and covered w ith  se ttled  tap  w ater, the  colum n of 
w hich was 1 cm high. The exposures and  the developm ent took place in  the  
sam e vessels. The experim ents w ere carried  out in the tem p. 20°C.

In order to find out th e  effect of rad ia tion  on d ry  eggs the p a r t of eggs 
d ried  in  the  open a fte r a p revious 6-day  developm ent in w a te r w ere exposed.

The series of experim en ts com pared in 5 Tables w ere d istinguished  (Ta­
bles I-V).

A t the 'exposure of eggs w ith  Q400 lam p it w as noticed th a t in  th e  instance 
of longer exposures the sam ples w ere w arm ed up to the tem p era tu re  40°C. 
In  o rder to check w h eth er th’e increased tem p era tu re  does not change the 
tim e of egg hatch ing  few  sam ples w ere p laced in a th erm o sta t a t th is tem pe­
ra tu re  for a tim e equal to th’e longest exposure u n d er Q400 lam p. The tim e 
of developm ent and p er cent of hatched  eggs did no t d iffer basically  from  the  
contro l hatch.

1 I am grateful to Dr. Z. T r a m e r , from the Institute of Biophysics and Bio­
chemistry, Polish Academy of Sciences, for carrying out the dosimetry.
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Table I. Series I: eggs developing in the diffused day-light, exposed with Hanovia lamp. The hatch
began on the 9th day

Sam­
ple

The beginning of 
exposure at the day 

of development

The number 
of days of 

the exposure
Daily expo­
sure in min

Total time of 
exposure in 
hr and min

Total radiation 
dosage in 
erg/mm2

1 2 8 10 1 hr 20' 324,000
2 2 8 30 4 hr 972,000
3 2 8 60 8 hr 1944,000
4 2 8 90 12 hr 2916,000
5 4 3 90 4 hr 30' 1093,500
6 7 3 90 4 hr 30' 1093,500

Table II. Series II: eggs developing in the diffused day-light, exposed with lamp Q400. The hatch
began on the 9th day

Sample
The beginning of 

exposure at the day 
of development

The number 
of days of 

the exposure

Daily 
exposure 
in min

Total time 
of exposure 

in hr and min

Total radiation 
dosage in 
erg/mm2

1 2 8 20 2 hr40' 504,000
2 2 8 60 8 hr 1512,000
3 2 8 120 16 hr 3024,000
4 2 8 180 24 hr 4536,000
5 4 3 180 9 hr 1701,000
6 7 3 180 9 hr 1701,000

Table III. Series III: eggs developing in the darkness exposed with Hanovia lamp. The hatch began
on the 15th day

Sample
The beginning of 
exposure at the 

day of development

The number 
of days of 

the exposure

Daily 
exposure 

in min

Total time 
of exposure 

in hr and min

Total radiation 
dosage in 
erg/mm2

1 2 13 10 2 hr 10' 526,500
2 2 13 30 6 hr 30' 1579,500
3 2 13 60 13 hr 3159,000
4 2 13 90 19 hr 30' 4738,500
5 4 3 90 4 hr 30' 1093,500
6 7 3 90 4 hr 30' 1093,500

Table IV. Series IV: eggs developing in the darkness exposed with lamp Q400. The hatch began
on the 13th day

Sample
The beginning of 
exposure at the 

day of development

The number 
of days of 

the exposure

Daily 
exposure 
in min

Total time 
of exposure 

in hr and min

Total radia­
tion dosage 
in erg/mm2

1 2 12 20 4 hr 756,000
2 2 12 60 12 hr 2 268,000
3 2 12 120 24 hr 4 536,000
4 2 12 180 36 hr 6 804,000
5 4 3 180 9 hr 1 701,000
6 7 3 180 9 hr 1 701,000

5 P o lsk ie  A rch iw u m  H y d ro b io lo g ii
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Table V. Series V: eggs exposed in dry state after a previous 6-day development in water, in the 
light. After the exposure the eggs were once again covered with water

Exposure The number Daily Total time I Total radiation
Sample with the of days of exposure of exposure dosage in

lamp the exposure in mm in hr and min | erg/mm2

1 Hanovia 3 90 4 hr 30' 1093,000
2 Q400 3 180 9 hr 1701,000

In  all the m entioned series for 50 days the  hatches w ere  noted and w hen 
they  fin ished the hatch ing  p er cent w as calculated. The ob tained  resu lts  w ere 
com pared w ith  the resu lts of hatches of non-exposed eggs trea ted  as contro l 
ones, w hich w as carried  ou t separa te ly  fo r eggs developing in  the  light, in 
the darkness and those sligh tly  d ried  up.

3. RESULTS

As it  is show n from  a com parison of th e  ha tchab ility  and  th e  ra te  of egg 
developm ent in the  ligh t (series I and II) and those exposed everyday  by  tw o 
lam ps (Fig. 1A, B) th e re  are  no basic d ifferences betw een  the ha tch  of expe­
rim en ta l and control eggs. The fina l per cent of the  hatch  of exposed eggs 
w as sligh tly  low er th an  th a t of contro l ones: eggs u n d er the  exposure of 
H anovia lam p a tta in ed  from  84.3 to  92.4% of ha tch , the  eggs u n d e r the  ex p o ­
sure  of Q400 lam p — from  82.9 to  90.6% of hatch , w h ile  th e  contro l eggs 
a tta ined  90.8% of hatch. T he f irs t hatches took place sim ultaneously  in  all 
sam ples, b u t respective sam ples d iffered  am ong them selves as to the course 
of the  fu r th e r  ha tch  in  tim e and  as th e  rad ia tio n  dosages increased  the  h a t­
ches w ere  quicker. The ha tch  of eggs exposed w ith  Q400 lam p as com pared 
w ith  th e  control ha tch  w as exceptionally  fast.

The ha tch ab ility  of eggs developing in  the  darkness and those exposed by 
UV rays w as com pared w ith  the  h a tch ab ility  of control eggs developing in 
d iffused d ay -ligh t and  control eggs developed in  the  darkness (Fig. 2A, B). 
From  the  com parison of bo th  contro l sam ples i t  can be seen th a t the  lack of 
day -ligh t low ers the fina l p er cen t of ha tch  (control in  th e  ligh t 90.8% of the 
hatch , contro l in  th e  darkness 73.5% of hatch) and  delays the  beginning  of 
ha tch  some 19 days. B ut in  both  cases th e  ha tch  ends alm ost sim ultaneously , 
because th e  eggs developing in the  darkness ha tch  in  a very  sho rt period of 
tim e.

Exposure of eggs developing in  the  darkness w ith  UV rays resu lts in 
a hatch , w hich is m uch h igher th an  th a t of control eggs (88.4 to 94.1% — the  
ha tch  of eggs exposed by  H anovia lam p, and 90.4 to  95.5% — the  hatch  of 
eggs exposed by  Q400 lam p as com pared w ith  th e  control ha tch  — 73.5%). 
The exposed eggs begin  to h a tch  13 days e a rlie r  th an  th e  control ones a t the 
exposure w ith  H anovia lam p (eggs exposed in  the  14th day and  non-exposed 
in  th e  27th day) and  13-15 days qu icker a t the  exposure w ith  Q400 lam p (eggs 
exposed in  the  12-14th day). As th e  rad ia tion  dosages increase a t th e  exposure 
w ith  bo th  lam ps the  ra te  of ha tches increases (counting from  th e  firs t day  of
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Fig. 1. Hatchability of eggs developing in the light. A — exposed with Hanovia 
lamp, 1-4 samples of series I; B — exposed with Q400 lamp, 1-4 samples of series II

5»
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Fig. 2. Hatchability of eggs developing in the darkness. A — exposed with Hanovia 
lamp, 1-4 samples of series III, B — exposed with Q400 lamp, 1-4 samples of se­

ries IV
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Fig. 3. Hatchability of eggs exposed for 3 days, starting from the fourth and se­
venth day of development (Arabic numerals designate the number of sample, 
Roman numerals — the number of series). A — exposed with Hanovia lamp 5 I, 
6 I — development in the light, 5 III, 6 III — development in the darkness; B — 
exposed with Q400 lamp 5 II, 6 II development in the light, 5 IV, 6 IV — develop­

ment in the darkness
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hatch) — an exception is sam ple 4 from  t'he IV th series, w hich has a slow er 
hatch  than  sam ples 2 and 3.

On the w hole it  can be said th a t the  course of the hatch  of exposed eggs 
is stepw ise, w hile the  control hatches have a m ore even course and  th e ir 
d iagram s are  close to parabo la  — especially  in the instance of eggs develop­
ing in  the darkness.

The eggs exposed on the 4th and 7th day of developm ent th rough 3 days 
(Hanovia lam p Fig. 3A and Q400 lam p Fig. 3B) show  sligh t changes in  the 
course of ha tch  both  tow ards them selves and in  the  re la tion  to eggs exposed 
everyday. It w as only found th a t the h a tch  of eggs exposed for 3 days from  
the 4th and 7th day of developm ent w as delayed 1-3 days in p roportion  to 
eggs exposed from  the 2nd day of developm ent everyday. This is valid  both 
in case of eggs developing in ligh t and  those exposed w ith  Q400 lam p (se­
ries II, sam ple 6, Fig. 3B as com pared w ith  sam ples 1-4, Fig. IB) and also 
those developing in  the  darkness and  exposed w ith  bo th  lam ps (series III, 
sam ple 5 and 6, Fig. 3A as com pared w ith  sam ples 1-4, Fig. 2A and series IV, 
sam ple 5 and 6, Fig. 3B as com pared w ith  sam ples 1, 2 and  4, Fig. 2B).

Eggs in dry  sta te  exposed for th ree  days w ith  H anovia and Q400 lam ps, 
a fte r a previous 6-day developm ent in w a te r (Fig. 4) d isplayed the sam e hatch- 
ab ility  as the  eggs exposed in  w ater. The course of th e  hatch  was sim ilar 
to th a t of th'e control series.

Fig. 4. Hatchability of eggs exposed for 3 days in dry state. H — with Hanovia
lamp, Q — with Q400 lamp

4. DISCUSSION

The resu lts th a t have been obtained  h ith e rto  about the  u ltrav io le t rad ia ­
tion on eggs or the  em bryos of in v e rteb ra tes  show  th a t depending on the 
leng th  of w aves th e ir  resu lts  have a double character: 1 . rad ia tion  of the  
area C (2000-2800 A) and a rea  B (2800-3200 A) depending on the  dosage m ay 
have a stim ula ting  or an inh ib iting  influence on the developm ent ( B i z j u l j a -  

v i Cj u s  1966), 2. rad ia tio n  o f  the  area  A  (3200-3800 A) has a positive effect and 
is used som etim es as a reac tiv a to r a fte r  the h arm fu l action of UV rays having 
sho rte r w aves ( W e l l s  and G i e s e  1950, A m y  1965).

The applied h e re  tw o sources of UV rad ia tion  having  the m axim um  em iss­

http://rcin.org.pl



Hatchability of UV-irradiated Triops eggs 491

ions 2537 A and  3660 A should hav e  a com pletely d iffe ren t action according 
to th e  above p resen ted  data. H ow ever, the  p resen ted  resu lts of hatches show  
th a t th e  action of both lam ps d iffered  only sligh tly  and also in  b o th  instances 
th e re  w ere  no d istinct differences observed in  the  ha tch  of exposed and con­
tro l eggs. The reason for it, as i t  seems, is the  choice of applied  here  
dosages. T herefore  for the purposes of com parison I shall p resen t the  dosages 
applied  in  investigations on the  eggs of o ther inverteb ra tes , w hich have v i­
sible biological effects. G i e s e  (1946) w hile  investigating  the effect of UV 
rad ia tio n  of a w avelength  2537 A on the  developm ent of eggs of sea in v e rte ­
b ra te s  applied  dosages (depending on the  species of anim al) from  100 to 
8000 e rg /m m 2, and exceptionally  to 25,000 erg/m m 2 a tta in ing  a t the  m axim um  
dosages the  effect of the em bryo’s degeneration  or th e ir  death . W ithin these 
lim its a re  the dosages applied  by W e l l s  and  G i e s e  (1950) for the S trongylo -  
centro tus purpuratus  eggs and also applied  by  A m y  (1965) for the Habrobra- 
con sp. eggs.

The dosages, w hich I have applied  at the m axim um  w aveleng th  2537 A 
are  from  324,000 erg/m m 2 to  4,738,000 erg /m m 2, th u s being on the  average 
1000 tim es b igger th an  the  dosages in  quoted  w orks. D espite th is these do­
sages d id  not cause any visible biological effects in  th e  h a tch  of Triops can- 
criform is  eggs. This is p robab ly  due to th e  g rea t resistance of the  eggs of 
th is species to  the UV rad iation , w hich  is p robably  th e  resu lt of th e ir  two 
egg covers: cu ticu lar and ch itin  ( H e m p e l  1965), and is a genera l ecological 
ad ap ta tio n  to settle  in  asta tic  w a te r  bodies. The outside cover of a brow n 
colour contains the  p igm ent — deriva tive  of hem oglobin ( H e m p e l - Z a w i t k o w -  

s k a  1967) characterized  b y  g rea t absorp tion  am ong others in  th is spectrum  
band. T herefore, possibly only a sm all p a r t  of rad ia tion  gets inside the  egg. 
H ow ever, on the  o ther hand  so lar rad ia tion  (w ith in  the range of the  length  
of w aves getting  th rough  the  e a r th  atm osphere) is necessary  for norm al d e­
velopm ent and p ene tra tes th e  egg covers because the  eggs developing in  the 
darkness have a low er ha tch ab ility  th a n  those developing in  the  light. A nd 
ap a r t from  th a t th e ir  developm ent is m uch slow er. I t  should be pointed out 
th a t th e  eggs nam ed in  the  discussed experim en ts as the  eggs developing in 
the  darkness w ere not com pletely deprived  of ligh t as th ey  w ere taken  out 
of th e  egg pouches in  light, and th e  contro l of th e ir  hatch, lasting  also few  
m inu tes w as also in  the light. T herefo re  i t  is possible th a t in  a com plete 
darkness th ere  w ould be no developm ent at all.

A com parison of th e  in fluence of rad ia tion  of a leng th  2537 A (Hanovia 
lam p) and  3660 A (Q400 lam p) on eggs developing bo th  in  the ligh t (Fig. 1 
and  2) and  in  the  darkness (Fig. 3 and 4) show s th a t the  w aves 3660 A have 
a b e tte r  effect because they  quicken  th e  ha tch  of a considerable am ount of 
eggs. T his is consistent w ith  the resu lts  of experim ents carried  out by A m y  

(1965) on the  em bryos of Bracon  sp., in  th e  instance of w hich the  exposure 
w ith  rays from  3200 A to  4400 A w ith  the  peak  3600 A caused 93.6% of hatch, 
and  th e  control eggs w ere hatched  in 92.9%. The sam e au th o r found th a t the  
above m entioned rad ia tion  causes a pho to reactiva tion  (w ithdraw al of negative 
effects caused by  UV rad ia to n  of sh o rte r waves), w hich takes p lace in  a short 
tim e, and the longer exposures are  w ith o u t effect on fu r th e r  developm ent. 
Possib ly  th e  UV rad ia tion  of the  area A — like visible rad ia tion  — is a deve­
lopm en t stim ulus, w hich acts in  th resho ld  quan tities  a fte r  w hich fu r th e r  
effects do not take  place. This could 'explain the fact th a t activation  of the
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hatch  of Triops cancrijorm is  eggs is no t p roportional to the  increased ra d ia ­
tion dosages of a w ave length  3660 A.

The stage of em bryonic developm ent is a fac to r changing th e  resistance  of 
various eggs to the UV rad iation . As it  is seen in  th e  investigations of A m y  

(1964) this dependence is not p roportional, bu t the sensitiv ity  increases and 
decreases during  the developm ent several tim es. B i z j u l j a v i Cj u s  (1966), w h ile  
investigating  the influence of UV rad ia tio n  on m a tu ra tio n  and  v ita lity  of 
Ascaris lum bricoides and Trichocephalus trich iurus  eggs found  th a t the eggs 
in th e  stage of firs t division s tria  have the  sm allest resistance, w hile  the 
larvae  ju st before the hatch  — the grea test.

A dependence of the  rad ia tion  effects on the developm ent was no t found  
in th is  paper, because the eggs exposed in  the  second, fo u rth  and seventh  day  
of developm ent do not display  any basic differences in  the  hatch . O nly 
a sligh t delay of hatches of eggs exposed in  the  la te r developm ent stages 
m ay be noticed, bu t th is requ ires repeated  investigation  using rad ia tion  
sources of a g re a te r  'emission in tensity . As it seems, the applied  dosages 
(perhaps as a re su lt of little  pen e trab le  egg covers fo r UV rad iation) are  
w ith in  the range of m inim um  stim u la ting  stim uluses, and  only th e ir  consi­
derab le  increase m ight show  the  to ta l changes caused by  th is fac to r in  the 
developing Triops cancrijorm is  eggs.

5. CONCLUSIONS

1. Triops cancrijorm is  eggs d isp lay  a g rea t resistance to UV rad ia tion  of 
a m axim um  w avelength  2537 and 3660 Ä. This is connected w ith  the presence 
of tw o egg covers, out of w hich the  outside one — cuticu lar — is im pregnated  
w ith  p igm ent sim ilar to hem oglobin ( H e m p e l - Z a w i t k o w s k a  1967).

2. D espite th e  application of alm ost 1000 tim es g rea te r dosages of UV 
rad ia tion  (up to 6,804,000 erg /m m 2) th an  in  the  papers quoted  a decrease of 
ha tchab ility  of eggs w as not noticed. The applied  rad ia tion  had  a ra th e r  
stim ula ting  effect, as it resu lted  in  activa tion  of the ha tch  of a considerable 
p a rt of t’he eggs (especially of those exposed w ith  rays 3660 A) in re la tion  
to control eggs.

3. I t was found th a t the d iffused d ay -ligh t is a factor m obilizing the ha tch  
of eggs, as the hatch  of eggs developing in  the darkness w as 17% low er and 
took place 19 days la te r th an  the ha tch  of eggs developing in the  light.

6. SUMMARY

Trips cancrijormis (Bose) eggs from fish ponds from Warsaw surroundings 
were displayed to the action of UV radiation of a maximum wavelength 2537 A 
and 3660 A. For respective samples radiation dosages were applied from 324,000 
erg/mm2 to 6,804,000 erg/mm2. The eggs developing in the light and in the darkness 
(taken into the light only for the time of exposure) were exposed using two pat­
terns of exposure: everyday till the beginning of hatch in the given sample and 
during for 3 days, starting from the fourth or seventh day of development. In respec­
tive samples the time of the hatch was noted, and then its per cent was calculated. 
Triops cancrijormis eggs display a considerable resistance to UV rays and the 
applied dosages have a weak stimulating action.
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7. STRESZCZENIE

Jaja Triops cancriformis (Bose) pochodzące ze stawów rybnych z okolic War­
szawy poddano działaniu promieniowania UV o maksimum długości fali 2537 Ä 
i 3660 A. Dla poszczególnych prób stosowano dawki promieniowania od 324 000 
erg/mm2 do 6 804 000 erg/mm2. Naświetlano jaja rozwijające się na św ietle oraz 
w ciemności (wydobywane na światło jedynie na czas ekspozycji), stosując dwa 
schematy naświetlań: codzienne, aż do rozpoczęcia wylęgu w  danej próbie, i okre­
sowe — przez trzy dni, począwszy od czwartego lub siódmego dnia rozwoju. W po­
szczególnych próbach notowano czas wylęgu, a następnie obliczono jego procent. 
Stwierdzono, że jaja Triops cancriform is wykazują znaczną odporność na działa­
nie promieni UV, a stosowane dawki mają słabe działanie stymulujące.
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ABSTRACT

The species composition and the number of occurrence of benthic Chironomidae 
species were investigated on two sections of River Supraśl. 44 Chironomidae spe­
cies were found. In autumn the numbers were several times greater than in the 
other seasons; the larvae number was greatest in the place where the organic 
sewage waters flow in. Species domination as well as maximal numbers depending 
on the kind of substrate were investigated.
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1. INTRODUCTION

Chironomidae larvae are quite important in production of benthos biomass. 
However, the dynamics and by the same biomass production varies in different 
types of water bodies.

K o n s t a n t i n o v  (1953), K a j a k  (1958, 1959, 1960) and others discussed the Chiro­
nomidae of rivers and river-side water bodies. The increase of benthos biomass 
together with the increasing trophy of water body seems to be beyond discussion. 
A considerably greater number and richer development of benthos was noticed in 
water bodies enriched with organic substances of plant origin ( M a r k o s j a n  1959, 
L o f f e  1954), from mineral and organic fertilization ( Ż a d i n  1957, 1959, P a n k r a t o v a  
1957, W ł o d e k  1962 and others), by leading organic sewage waters ( J o h n s o n  and 
M u n g e r  1930). But R y b a k  (1962), while investigating the Chironomidae of River 
Wkra found that the number of larvae decreased in water polluted with sugar-fac- 
tory sewage waters.

This research work has been carried out in order to determine the specific 
composition, observe the dynamics of more numerous Chironomidae species of 
River Supraśl taking into consideration some ecological factors. Systematic in­
vestigations were carried out from April 1967 to February 1968, and fragmentary 
samples were taken in 1965. This paper is an introduction to investigations, which 
are planned for the following years.
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496 E. Niedźwiecki

2. DESCRIPTION OF THE FIELD, MATERIAL AND METHODS

R iver Supraśl is the righ t-sided  tr ib u ta ry  of R iver N arew  and form s n u ­
m erous m eanders. Its w id th  ranges from  few  to several dozens of m etres. 
The p a r t  of the  river, on w hich the investigations w ere carried , was m eliora­
ted in the  years 1965-1966. The m ean depth  during  sum m er of the  inv estig a­
ted p a r t of riv er was about 1 m, and during  the au tum n  and spring tides 
from  1.5-2.5 m. T able I and II p resen t th e  tem p era tu res  of w ater, chem ical 
com position of w a te r and deposits. The m unicipal sew age w aters are led into 
the R iver Supraśl some 300 m before the stations No. 2.

Table I. Chemical composition of the waters of River Supraśl in the period of investigations from 
the 11th of April to the 4th of February 1967

Specification Range Specification Range

Temp. °C 2.5 -15.5 S04 mg/1 23.0 -27.0
pH 7.8 -  8.2 P 04 mg/1 0.07- 0.09
0 2 mg/1 12.2 -15.2 suspension mg/1 20.0 -30.0
Fe mg/1 0.5 -  0.8 solid residue mg/1 40.0 -60.0
Ca mg/1 60.0 -68.12 organic substances mg/1 20.0 -30.0
NH3 mg/1 0.12- 0.15 mineral substances mg/1 20.0 -30.0

Table II. Chemical composition of deposits on investigated stations

Station Date from-to Organic 
substances (%) Si02(%) Fe20 3(%) CaC03(%)

1A 11.IV.67-4.XI.67 5.2 -  8.11 75.76-79.2 0.34-0.52 1.6-2.5

IB 15.V.67-4.XI.67 3.52-11.54 75.62-78.0 0.28-0.36 5.1-1.3

1C 15. V.67—4.XI.67
"

0.29- 0.46 78.26-86.4 0.2-0.013 0.8-1.3

2A 4.IX.67-4.XI.67 1.9 -  1.93 71.56-79.5 0.5 2.6-1.7

2B 4.IX.68-4.XI.68 0.91- 5.3 79.84-81.14 0.2-0.25 2.8-1.5

2C 4.XI.67 21.09-20.85 56.04-61.9 5.3-5.5 5.1-4.6

2D
4.IX.67 63.0-34.3 20.14-55.4 4-4.5 8.3-1.6

The m ateria l was sam pled on th e  average tw ice during  the m onth  from  
six stations in tw o cross-sections of the riv e r w idth. The stations w ere chosen 
by m eans of organoleptic  estim ation of substra tum . On section No. 1 the 
series of sam ples w ere tak en  at the bank  (1A), 1 m  from  the b an k  (IB), in 
the m iddle of the riv er (1C), and on the section No. 2 a t the  bank  (2A), 1 m 
from  the bank  (2B), 5 m from  the bank  (2C) and 10-15 m from  the bank  (2D). 
The deposit on stations 1A, IB, 2C was slimy, w hile  on 1C th e  bottom  was 
covered w ith  fine yellow  sand. In  su b stra tu m  of sta tions 2A and 2B gravel 
w ith  pebbles of a d iam eter several cm, and on 2D g rea t am ounts of organic 
substances b rough t in  by w ater. The m ateria l w as sam pled w ith  a loaded 
Ekm an dredge (on a line, the  surface 225 cm2) — 3 sam ples from  determ ined
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places of each station. Sam ples w ith  a sm all am ount of deposit w ere not 
taken  in to  account. The deposit w as sieved th rough  sieves having  the m esh 
surface 0.5X 0.5 mm. W hen selecting the m ateria l a sim ple microscope was 
used (Jena 2X , made in G erm any). In  o rder to designate the  g row th  classes 
the body length  was m easured w ith  the help of m illim etre  scale exact to 
a m illim etre  and the length  of cran ium  w ith  eyepiece m icrom eter. The com­
position of species was determ ined  acc. to  the  keys of G o e t g h e b n e r  and 
L e n z  (1937, 1939), C e r n o v s k i j  (1949), R o m a n i s z y n  (1958) and F i t t k a u  et al. 
(1967). W hile analysing the chem ical com position of deposit, th e  organic 
substances, silica, iron  and calcium  w ere determ ined .

3. RESULTS

In  the basin  of R iver S upraśl 20 C hironom idae species w ere found in 
station 1 A, 18 — IB, 26 — 2A, 32 — 2B, 23 — 2C, and 27 — 2D (Table III). The 
dom inant species of t’he investigated  w a te r  body are  M icrotendipes ex. gr. 
chloris (Meig.), Endochironom us ex  gr. dispar (Meig.), C ryptochironom us ex. gr. 
conjugens (Kieff.) and Procladius Skuse.

R arely  and  in  sm all quan tities  occurred: P otthastia  longim anus  (Kieff.), 
P sectrotanypus varius  (Fabr.), P olyped ilum  ex  gr. convictum  (Walk) and 
C ryptochironom us ex gr. v iridu lus  (Fabr.) and others.

The average density  of Chironom idae in  section No. 1 (1A, IB) in the  
investigated  season w as 927, and in  the section No. 2 (2A, 2B, 2C, 2D) — 1485 
larvae  per 1 m 2.

H ow ever, in  respective series and sta tions (Table IV) the species compo­
sition  and num ber can considerably  chang’e. On section No. 1 an increase in 
num ber w as observed in the m iddle of June, at the  beginning  of Septem ber 
and N ovem ber, and a decrease — in the m iddle of Ju n e  and end of Septem ber. 
In  au tum n a m axim um  increase of the num ber took place, i.e. from  2620 
(1A — bank) to 4751 (IB — 1 m from  th e  bank) la rv ae  p e r 1 m 2 (Table IV). 
D uring the period of investigations on sta tio n  1C the  la rv ae  w ere found only 
sporadically . M ore num erous bot’h in species and num ber w ere the sam ples 
from  section No. 2 (Table IV). On all sta tions a fte r  the  fluctuations in  the 
spring-sum m er period th ere  is a rap id  increase in num ber during  la te  au ­
tum n, and a decrease in  w in te r (w ith the exception of 2D).

The g rea test num ber was found on sta tion  No. 2A — firs t days of No­
vem ber (4741 larvae  p e r 1 m 2) and No. 2B — in the  m iddle of N ovem ber 
(gravel — 10,123 larvae p er 1 m 2). At the  increase in  num ber the grea test 
num ber of species (16) was found in sam ples taken  from  the section 2B (thick 
gravel) at the  beginning of Septem ber. A t the  beginning of F eb ru ary  the 
num ber decreases in  the m ajo rity  of sta tions (Table IV). These g rea t d iffe­
rences in  the to tal num ber w ere  conditioned by the dynam ics of dom inant 
species and those less num erous, b u t freq u en tly  found, and so:

1. M icrotendipes ex  gr. chloris (Meig.) — is a dom inant species on sta tion  
2B (Fig. 1), in autum n, on o ther stations occurred  ra re ly  and in  sm all am o­
unts. A fter dom ination in A pril (from 46.4% — 1A to 68.7% — 2B) the num ber 
of this species rap id ly  decreases. D uring spring  its  num ber increases tw ice 
b u t very  slightly . This species a tta in ed  its m axim um  on sta tion  2B at the 
end  of S eptem ber (8148 ind. p er m 2, i.e. 87% of all Chironom idae). On the
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Table III. Species composition and frequency of occurrence of Chironomidae on the investigated 
stations of River Supraśl (total number of samples — 270 in 90 series)

I
Species

Station
1 2 31A IB 2A 2B 2C 2D

Cryprochironomus ex gr. defectus (Kieff). + + -f + + ~r 20 48.0 4.0
Cryptochironomus ex gr. vulneratus (Zett). + + + + + 17 44.0 2.9
Cryptochironomus ex gr. viriduhis (Fabr.) + 1 88.0 5.2
Cryptochironomus borysthenicus Tshern. + _|_ + 3 317.0 2.7
Harnischia fuscimana Kieff. + + + + + + 24 87.0 9.0
Cryptochironomus ex gr. conjugens Kieff. + + + + + 14 119.0 24.4

; Paracladopelma camptolabis Kieff. + + + + + 11 66.0 7.6
Paralauterborniella brachylabis (Edw.) + + 2 88.0 9.8
Endochironomus ex gr. dispar (Meig.) + + "T + + + 43 626.6 33.3
Endochironomus ex gr. tendens (Fabr.) + + + + + -F 14 545.5 4.2
Microtendipes ex gr. chloris (Meig.) + + + + + 27 941.6 35.6
Polypedilum ex gr. convictum (Walk.) + 1 36.5 6.1
Polypedilum ex gr. nubeculosum (Meig.) + + 4- 4 36.5 3.6
Polypedilum ex gr. scalaenum (Sehr.) + + + + 46 112.6 6.9 1
Pentapedilum exectum Kieff. + + + + 4 117.0 6.3
Chironomus f.l. salinarius Kieff. + + 4 48.0 1.3
Chironomus f.l. thummi Kieff. _L + + + 8 119.6 6.7 !
Paratendipes ex gr. albimanus (Meig.) + + 2 33.0 5.5 i

: Tanytarsus ex gr. mancus (Walk.) + + + + + 24 305.8 15.5 j
: Tanytarsus ex gr. lauterborni Kieff. + + 11 135.5 5.7

Tanytarsus ex gr. gregarius Kieff. + + + + + + 60 161.7 18.4 1
Micropsectra praecox Meig. + + + 3 26.4 1.1
Cricotopus ex gr. algarum Kieff. + + + + + 9 61.6 3.3
Cricotopus ex gr. silvestris F. + + 3 77.0 6.5 j
Epoicocladius ephemerae (Kieff.) + + 9 44.0 1.6 j

1 Orthocladiinae genl I. triquetra Tshern.
sp.n. + 4- 9 44.0 1.2

Synorthocladius semivirens (Kieff.) + + + + 5 79.2 8.5
Cricotopus inaequalis Kieff. + + + + 15 66.9 2.7
Eukiefferiella hospita Edw.? + + 2 17.6 1.2
Diamesa ex gr. insignipes Kieff. *4- + 2 220.0 6.2
Potthastia longimanus (Kieff.) + 2 36.5 1.2
Prodiamesa ex gr. bathyphila (Kieff.) + + + + + 17 74.8 6.0
Prodiamesa flabellata Kieff. + + + + 9 47.5 1.8

: Thienemanniella flaviforceps Kieff. + + + 5 40.9 3.3 i
Corynoneura celeripes Winn. + + 6 22.0 3.0 :

1 Ablabesmyia ex gr. monilis (L.) + + 2 22.0 10.0
Psectrotanypus varius (Fabr.) + 1 44.0 2.0 1
Anatopynia plumipes (Fries.) _|_ + 2 6.6 1.4
Apsectrotanypus trifascipennis (Zett.) + + + + 8 44.0 6.3
Clinotanypus nervosus (Meig.) + + 4 41.8 5.1
Procladius Skuse + + + + + + 41 374.0 26.6
Ablabesmyia ex gr. lentiginosa (Fries.) + + + + + 30 211.0 12.7

20 18 26 32 23 27
1 — Number o f series containing the given species.
2 — Average density per 1 m2 (in samples containing the given species).
3 — Mean per cent o f individuals in samples containing the given species (%).

http://rcin.org.pl



Ta
bl

e 
IV

. 
Th

e 
nu

m
be

r 
of

 
C

hi
ro

no
m

id
ae

 
on

 
th

e 
in

ve
st

ig
at

ed
 

st
at

io
ns

 
of

 
R

iv
er

 
Su

pr
aś

l 
ta

ki
ng

 
in

to
 

co
ns

id
er

at
io

n 
th

e 
sp

ec
ie

s 
nu

m
be

rs

Dynamics of benthic Chironomidae in river

Q

N
o.

in
d

./m
2

51
0

51
0

24
4

11
10 00oo 57

7

35
5 5 44
4

rn 12
87

25
75

23
53

22
20

19
98 97
1

(N

N
o.

 s
p.

VO
00 r-

- o vo - OO oo OO OO r- \
u

ea

.S

<NmfN 10
56

099 VO»oo 12
21 44

4 OOOO rnm m
fN 51

1

71
0

14
21

13
32

19
54 62

2 OO
S

CN

N
o.

 s
p.

00 m VO 2 vo Tf m *o - VO
\\

CO

o i
Z -de 12

44

12
00

18
20

12
43

21
56 75

5 ONOO

40
0 fNO

fNr~>m 24
64

10
03

4

32
86

52
80

10
12

3

23
09 •noCO

N
o.

 
sp

.

-
O fN Ov 00 OO - ro r- VO ON

-
fN 00 oo : \

1 \
<

d l 23
8

13
3

68
2

11
44 44

12
32 22 26

4 ooom
VOr-fN

fNr-*o 15
84 84

4

47
41

23
53

OOOO
''t 99

2

<n

N
o.

 
sp

.

n- »O 10 fN o OO - (N ro VO OO fN o CO m \
CQ

ö  S 

.9

? sT-H 13
3

15
5 99

75
5

48
8

1

68

53
3

44
0

13
54 48
8

77
7

29
75

47
51

46
00 66

6

10
28

N
o.

 
sp

.

VO »O «O fN Ov »o m m o Tt* »O VO \
<

. 6O
,o

55
6

44
0

26
6

24
4

40
0

13
3

34
4 mm ONOO

15
98 fNOO 57

7

21
76

26
20

22
00 62

2

82
6

N
o.

 
sp

.

»O m - fN m o 10 VO VO VO *r\ \

D
at

e 
of

 
sa

m
pl

in
g

12
.I

V
.1

96
7

26
.V

I.

>

l.V
I. n-5

>

2. 
V

II
.

17
. V

II
.

29
.V

II
.

13
.V

II
I.

l.
IX

.
4.

IX
.

15
.I

X
. 

16
.I

X
.

30
.I

X
.

H 4.
X

I.

18
.X

I.

2.
II

.1
96

8 X)
,c

o’
Z
>

<

http://rcin.org.pl



500 E. Niedźwiecki

Fi
g.

 
1. 

N
um

be
r 

dy
na

m
ic

s 
of 

do
m

in
an

t 
sp

ec
ie

s 
on 

st
at

io
n 

2B 
(th

ick
 

gr
av

el
). 

M
.c.

 ■—
M

ic
ro

te
nd

ip
es

 
ex 

gr
. 

ch
lo

ris
 

(M
ei

g.
);

 
T.

 g
. — 

Ta
ny

ta
rs

us
 

ex 
gr

. 
gr

eg
ar

iu
s 

K
ie

ff
.; 

E.
d.

 — 
E

nd
oc

hi
ro

- 
no

m
us

 
ex 

gr
. 

di
sp

ar
 

(M
ei

g.
); 

C
.m

. — 
Ta

ny
ta

rs
us

 
ex 

gr
. 

m
an

- 
cu

s 
(W

al
k.

)

Fi
g.

 2
. 

N
um

be
r 

of 
M

ic
ro

te
nd

ip
es

 
ex 

gr
. 

ch
lo

ris
 

(M
ei

g.
) 

in 
th

e 
pe

rio
d 

of 
in

ve
st

ig
at

io
ns

 
on 

st
at

io
n 

2B 
(g

ra
ve

l).
 

1 
— 

cla
ss

 
1;

 
2 

— 
cla

ss
 

2; 
3 

— 
cl

as
s 

3

http://rcin.org.pl



Dynamics of benthic Chironomidae in river 501

basis of the  cran ium  m easurem ents th ree  classes of g row th  w ere d istingu i­
shed: th e  f irs t to  200 p, the  second 225-350 p and th e  th ird  375-550 p (Fig. 2).

2. Endochironom us ex gr. dispar (Meig.) — in  sp ring  and sum m er a slight, 
several tim es increase in num ber of th is speci’es w as observed on s ta tions 1A 
and IB, and a g rea te r increase on 2A and 2B (Fig. 3). The m axim um  increase 
in num ber ranged  (in autum n) from  2110 (1A) to 5632 (2B) la rv ae  p e r 1 m2. 
On the basis of cranium  m easurem ents th ree  g row th  classes w ere d is tin g u i­
shed: the  firs t to  150 p, th e  second from  175-300 p, and the th ird  from  325- 
-450 p. In  th'e exam ined sam ples the  two last classes w ere usually  found  w ith 
the dom inance of the th ird  one (Fig. 3).

3. Procladius Skuse  — found on all stations, m ost num erously  on 2C and 
2D. D uring  au tum n  its num ber rap id ly  increases a tta in in g  even 60% (i.e. 
1320 la rv ae  per 1 m 2 — 2D) of all C hironom idae (Fig. 4, 5, 6, 7, 8).

4. C ryptochironom us ex  gr. conjugens  K ieff. — found alm ost on all stations, 
bu t m ost num erously  on sta tion  2B during  sum m er m onths (July, A ugust — up 
to 480 la rv ae /m 2).

5. A blabesm yia  ex gr. lentiginosa  (Fries) — th is species was only  found 
in g rea te r am ounts on stations 2C and 2D — w ith  a large conten t of organic 
substances. The g rea test am ount of this species w as found a t the  beginning 
of F eb ru ary  (1480 la rv ae  per 1 m 2 — 2D) (Fig. 5 and 6).

6. Tany tarsus ex gr. gregarius  K ieff. — m ost num erously  occurred  on 
sta tion  2C. An increase in num ber w as observed at th e  beginning of S ep tem ber 
and  in the m iddle of N ovem ber. D uring w in te r th e  increase in n u m b er is 
very  sligh t only on sta tion  2D (Fig. 1, 5, 6, 8).

7. Tanytarsus ex  gr. m ancus  (Walk) — occurs m ore num erously  only  on 
2 stations of section No. 2 (2A and 2B). D uring the  investiga ted  period  its 
num ber increased  several tim es (Fig. 1 and 4). In  sam ples taken  in la te  au ­
tum n only few  ind iv iduals of th is species w ere  found.

8. P olypedilum  ex gr. scalaenum  (Sehr.) — freq u en tly  found in th e  ex a­
m ined sam ples, bu t in  sm all quantities. Its  g rea test num ber w as found on 
station  2A (beginning of June) — 600 larvae  per 1 m 2 (Fig. 4, 7 and 8).

9. H arnischia fuscim ana Ki e f f  — la rvae  of th is species occurred  in  sm all 
am ounts on all stations. D uring the sp ring-sum m er period its num ber in ­
creased 3 tim es (Fig. 4, 5, 6, 8).

10. Paracladopelm a cam ptolabis K ieff. — found on 5 stations of R iver 
Supraśl. A lto g e th e r  several hundred  of ind iv iduals of th is species w ere 
found (Fig. 7).

4. DISCUSSION

On all stations considerable differences w ere observed in  the dynam ics 
and num ber of C hironom idae. In the  second p a r t  of sum m er the n um ber (on 
m ajo rity  of stations) is g rea te r th an  th a t in  the  early  spring. The g rea test 
num bers w ere observed in  autum n, w hich is consistent w ith  data  from  lite ­
ra tu re . M c t h e s  (1966), w hen investiga ting  C hironom idae of S techlinsees Lake 
observed a m axim um  increase in  num ber of M icrotendipes ex  gr. chloris 
(Meig.) in the early  spring. D uring w in ter the nu m b er decreases (w ith the 
exception of 2D). G reat differences w ere observed both  in  the  species com-

6 P o lsk ie  A rch iw u m  H y d ro b io lo g ii
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Fig. 7. Number dynamics of dominant species on station 1A. P.c. — Paracladopelma  
camptolabis (Kieff.); P.s. — Polypedilum  ex  gr. scalaenum  (Sehr.); E.d. — Endochi-

ronom us ex gr. dispar (Meig.)

position and num ber on tw o sections even in the  instance of app rox im ate  
values of organic substances of the substra tum . S tations of section No. 1 
are on the average characterized  by a sm aller num ber and are  poorer in  spe­
cies as com pared w ith  sta tions of section No. 2, e.g. m axim um  num ber of 
Endochironom us ex  gr. dispar (Meig.) in autum n, on section No. 1 is about 
3500 la rv ae /m 2 lew er th an  th a t of sta tions of section No. 2 (2B).

The fact th a t the  ch a rac ter of su b stra tum  s tru c tu re  and no t the cu rren t 
ra te  decides about the lack of la rvae  on sta tion  1C is proved by find ing  
num erous larvae  several m etres fu r th e r  in the m ain  cu rren t, on a stony su b ­
stratum . B ut th e re  are  also considerable differences on section No. 2. The 
g rea test num bers w ere found on sta tion  No. 2B (thick gravel and pebbles) 
w ith  dom inant species M icrotendipes ex  gr. chloris (Meig.) and Endochirono­
m us ex gr. dispar (Meig.). Sm all am ounts of la rv ae  of t’he firs t g row th  stages
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Fig. 8. Number dynamics of dominant species on station IB. H.f. — Harnischia 
fuscim ana  Kieff.; P.s. — P olypedilum  ex  gr. scalaenum  (Sehr.); E.d. — Endochiro­

nom us ex  gr. dispar (Meig.); P. — Procladius Skuse
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of these species in  sar. pies should be 'explained by the possibility  of ge tting  
th rough  the m esh of sieves by larvae of this size.

B oth the d ifferences in  the species com position and the to ta l h igher nu m ­
ber of station 2B having  a su b stra tum  poor in organic substances and quick 
w a te r flow  (main cu rren t 0.50 m/sec) as com pared w ith  sta tion  2D w ith  
a substra tum  rich in organic substances and a slow er w a te r flow  (sheltered  
by vegetation  and is beyond the cu rren t) m ay point to the considerable role 
of allochtonous substances in se ttlem en t of larvae. I t seem s th a t th e  sm aller 
num ber of la rvae  on respective stations during  early  spring  (as com pared 
w ith  the au tum n m axim um ) is caused by w ashing out the su b stra tu m  by 
au tum n-sp ring  flood w ater-rises, and p a rtly  by h igher death  ra te  d u rin g  the 
w in ter.

P red a to ry  species (e.g. Procladius Skuse, A b labesm yia  ex  gr. lentiginosa  
F ries and others) inhab ited  m ainly the  stations placed beyond th e  cu rren t, 
rich  in  organic substances, on w hich they  could develope w ell. On these 
stations considerable quan tities  of young g row th  classes of respective species 
w ere found. In  a lim en tary  trac ts  of these p redato rs the  rem ains of Chirono- 
m idae w ere found. Therefore, it should be assum ed th a t a fa irly  sm aller 
num ber of no n -p red a to ry  species a t a sim ultaneously  g rea te r n um ber of 
p reda to rs on these stations, as com pared w ith  sta tion  2B, w here th e  relations 
are  reverse, points to a considerable role of the la tte r  in  the  to ta l reduction  of 
num ber. I t is most visible on station  2D and IB. F rcm  Septem ber to F eb ru ary  
A blabesm yia  ex  gr. lentiginosa  and Procladius S ku se  dom inated  on sta tion  2D, 
and Procladius Skuse  — on sta tion  IB, w hile o ther species occurred  in sm all 
am ounts. D ecrease in num ber of respective species together w ith  the  g row th  
of p red a to r w as also observed by B e l a v s k a j a  and K o n s t a n t i n o v  (1956). 
A considerable increase in  num ber of A blabesm yia  ex gr. lentiginosa  in  the 
w in te r sam ple on sta tion  2D w as probab ly  caused by m igration  from  neigh­
bouring stations, and p a rtly  by la rv ae  b rough t in by the  r iv e r  cu rren t. U nd­
oubted ly  fishes and o th er in v e rteb ra te  p reda to rs had th e ir  effect on the num ber 
reduction, bu t th e ir  p rey  could be all ind iv iduals in  th e ir  way, and so this 
factor w as not m uch considered w hile discussing the num ber dynam ics of 
respective species. B oth the  g rea t num ber of found species and th e ir  consi­
derab le  num ber (chiefly in autum n), point to the  fact th a t in R iver S upraśl 
the conditions for developm ent are  favourab le  for C hironom idae and  to a con­
siderab le  ex ten t en rich  th e  biom ass of benthos.

5. SUMMARY

The species composition and the number of occurrence of benthic Chironomi­
dae species were investigated on two sections (No. 1 and 2) of River Supraśl, which 
is the right-sided tributary of River Narew. Samples were systematically taken 
every two weeks from April to November 1967, and fragmentarily in 1965, and 
at the beginning of 1968.

44 Chironomidae species were found in River Supraśl. In the place, where 
the organic sewage waters flow in, a greater number of larvae was found as 
compared to the place without sewage waters.

In autumn the numbers were several times greater than in the other seasons. 
The maximum number — in autumn on section No. 1 was 4751, and on No. 2 — 
10123 larvae/m2. The average number of Chironomidae on section No. 1 was 927, 
and on the section No. 2 — 1485 larvae per 1 m2.
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On section No. 1 the smallest number was found on sandy substratum with
a small amount of organic substances, and the greatest — on sandy-loamy.

On section No. 2 the smallest number occurred in substratum with a large
amount of decomposed organic substance, and the greatest among the thick gra­
vel and pebbles.

The following species dominated in River Supraśl: 1. M icrotendipes ex  gr. 
chloris (Meig.), 2. Endochironomus ex  gr. dispar (Meig.), 3. Procladius Skuse,
4. C ryptochironom us ex gr. conjugens Kieff.

On the basis of cranium measurements three growth classes were distinguished
for the two first species. Predatory species dominated on stations with substratum
having a large content of organic substances.

6. STRESZCZENIE

Badano skład gatunkowy oraz liczebność występowania bentosowych gatun­
ków Chironomidae na dwóch przekrojach (nr 1 i 2) rzeki Supraśl, która jest pra­
wostronnym dopływem rzeki Narew. Próby pobierano systematycznie co dwa ty­
godnie, od kwietnia do listopada 1967 r., zaś wycinkowo w 1965 oraz na począt­
ku 1968 r.

W rzece Supraśl stwierdzono występowanie 44 gatunków Chironomidae. 
W miejscu, gdzie dopływają ścieki organiczne stwierdzono kilkakrotnie większą 
liczebność larw w porównaniu do miejsca niepodlegającego wpływowi ścieków.

Jesienią stwierdzono liczebności kilkakrotnie większe niż w pozostałych se­
zonach. Maksymalna liczebność — jesienią na przekroju nr 1 wynosiła 4751, zaś 
nr 2 — 10123 larw/m 2. Średnia liczebność Chironomidae na przekroju nr 1 wyno­
siła 927, a na przekroju nr 2 — 1485 larw na 1 m2.

Na przekroju nr 1 najmniejszą liczebność stwierdzono na podłożu piaszczys­
tym, z niewielką zawartością substancji organicznych, zaś największą — w piasz- 
czysto-ilastym.

W przekroju nr 2 najmniejsza liczebność występowała w  podłożu z dużą iloś­
cią częściowo rozłożonej substancji organicznej, a największa wśród grubego żwiru 
i otoczaków.

W rzece Supraśl dominowały następujące gatunki: 1. M icrotendipes ex  gr. 
chloris (Meig.), 2. Endochironomus ex  gr. dispar (Meig.), 3. Procladius Skuse,
4. C ryptochironom us ex  gr. conjugens Kieff.

W oparciu o wymiary długości puszki głowowej wyróżniono trzy klasy wzros­
towe dla dwóch pierwszych gatunków. Gatunki drapieżne dominowały na stano­
wiskach o podłożu z dużą zawartością substancji organicznych.
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ABSTRACT

The distribution of nitrogen-fixing bacteria (Azotobacter and C lostridium  paste- 
urianum) in the bottom sediments of the Iława lakes depends mainly on the bot­
tom type. These microorganisms occur more numerously in bottom 
deposits of the muddy type and much less in sandy bottom deposits. Seasonal 
fluctuations in the development of these bacteria display maximum numbers in 
the vegetative period and minimum numbers in winter. The temperature of bottom 
sediments and their character, to a lesser extent, are of great significance in the 
development of nitrifying bacteria. This is the same also for the nitrification in­
tensity. The number of denitrifying bacteria is higher in the muddy sediments 
at a limited oxygen access. Their activity increases in the vegetative period.

Nitrogen is one of the more important biogenic components and the producti­
vity of waters depends on its amount and character of its compounds. Several 
authors ( B i r g e  and J u d a y  1911, N a u m a n n  1932, Y o s h i m u r a  1932 and others) con­
sider nitrogen as one of the main indicators of the degree of trophy of lakes. 
This element is found in the reservoir mainly by the process of bonding out of 
the atmosphere by microorganisms and some algae, and also as a result of mine­
ralization of plant and animal remains.

The spread of nitrogen-fixing bacteria in water bodies is uneven. Azotobacter, 
which undoubtedly is the most significant in the nitrogen-fixation process, occurs 
in greater amounts only in the littoral zones of lakes (K ossovic 1896, I s a c e n k o  
(1914) 1951, S a l i m o v s k a j a - R o d i n a  1939) and in bottom deposits ( N e c a e v a  and
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S a l i m o v s k a j a - R o d i n a  1935, S a l i m o v s k a j a - R o d i n a  1939, K u z n e c o v  1952, S e n  1955, 
K r a s h e n n i k o v a  and N o v o z i l o v a  1959, S a l m a n o v  1959, C o r b e r i  and S o l a i n i  1960, 
V a r g a  and T a k ä t s  1960 and others), frequently together with cellulose bacteria 
using the metabolism products of the latter ( I m s e n e c k i j  1949, O s t e r t a g  1952). 
Also considerable numbers of anaerobic bacteria of Clostridium type which can 
fix nirogen are found in bottom deposits of lakes ( S t u r m  and S i m a k o v a  
1929, S t u r m  et al. 1941, S t u r m  and K a n u n n i k o v a  1945, G a m b a r i a n  1957, 
1958, K u z n e c o v  1952, R o d i n a  1958) and also bacteria mineralizing the 
plant and animal remains. Among the latter, the nitrifying bacteria are of spe­
cial significance for the productivity of water bodies. According to U l j a n o v a  
(1961) these microorganisms occur in greater numbers only in bottom deposits 
containing some oxygen reserve. But even at a lack of oxygen the reduction pro­
cesses which are the result of development and activity of denitrifying bacteria, 
mainly of Pseudomonas type, are also possible ( S a l m a n o v  1966).

Although the occurrence of bacteria taking part in the nitrogen cycle in lakes 
has been thoroughly studied, the information about their distribution and activity 
in bottom deposits is barely sufficient. In Poland such investigations were not 
carried on a larger scale. The scarce data on the subject are only with regard to 
bottom deposits of small water bodies of Warsaw surroundings, which are not 
typical for the majority of our lakes. Therefore, in the years 1960-1963 an attempt 
was made to characterize the development dynamics of this microflora in bottom 
deposits of the Iława lakes (Jeziorak Mały and Jeziorak) on the Mazurian Lake­
land. Because of their situation and various degree of pollution ( N i e w o l a k  1966a, b, 
1968) these lakes are an interesting object for hydrobiological investigations.

2. MATERIAL AND METHODS

Sam ples of the bo ttom  deposits w ere taken  m ore or less once a m onth 
by m eans of the  E km ann sam pler into ste rile  P e tr i dishes on 15 various sites 
of the Iław a lakes (Fig. 1). The choice of sites w as done tak ing  in to  account 
th e ir  d is tribu tion  and type of bottom  (sandy, m uddy, sapropel). A separa te  
paper ( N i e w o l a k  1968) contains a descrip tion  of investiga ted  lakes and cho­
sen sites. T hen in  the labo ra to ry  10 g of w et w eight of the deposit was dis­
solved in  90 ml of 0.85% NaCl solution and shaked for 15 m in on a shaker 
and p la ted  on su itab le  media.

The follow ing determ inations w ere m ade in  the  sam ples of bottom  depo­
sits under investigation:

1. B acteria  of A zotobacter type  on a breed ing-ground  ( M a l i s z e w s k a  1954) 
at 25°C d u ring  6 days.

2. A naerobic n itrogen-fix ing  b ac te ria  (titre  C lostrid ium  pasteurianum ) in 
W inogradsk i’s m edium  a t 25°C during  14 days ( R o d i n a  1956).

3. N itrify ing  bac te ria  of the I and  II phase (titre  N itrosom onas, N itroso- 
coccus and  N itrobacter) in  liquid  m edium s ( F i c d o r o w  1952) at 25°C during  
28 days.

4. D en itrify ing  bac te ria  (titre) in  G iltay ’s m edium  at 25°C du ring  2 days 
( R o d i n a  1956).

A ll th e  determ inations w ere accom plished in  th ree  p a ra lle l p la tings and 
the resu lts  obtained calcu lated  p e r 1 g of d ry  or w et w eigh t of the  deposits. 
W hen determ in ing  w ith  the  titre  m ethod in  liqu id  m edia (anaerobic bacteria  
of C lostrid ium  type, n itrify in g  and den itrify ing  bacteria) the  positive titre  
was the solution, in  w hich  at least 2 out of th ree  pa ra lle l p latings displayed 
the p resence of a determ ined  group of bacteria .
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In y ea rs  1962-1963 sim ultaneously w ith  the determ ination  of p a rticu la r  
physiological groups of bacteria  in sandy and sapropel deposits of the  Iław a 
lakes, the  oxidation  in tensity  of am m onium  salts and n itr ite s  by n itrify in g  
bac te ria  w as investigated  as w’ell as the  reduction  of n itra te s  by  d en itr ify ­
ing b acteria .

Fig. 1. Localization of the investigated Iława lakes (Jeziorak Mały and 
Jeziorak). Numbers denote sampling stations

In  th e  studies on the in tensity  of n itrogen  conversions the  applied  m ethod 
w as th e  one used by R h e i n h e i m e r  (1959) in  his investigations of s im ila r p ro ­
cesses in  th ’e w aters of R iver Elba. N -N 0 2 w as determ ined  according to A l l ­
p o r t  (1956) using the photoelectric  colorim eter of KF2 type  (dark-g reen  filte r 
No. 4 V G 6 Schott).
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3. RESULTS

From  the point of abundance in organic m a tte r of the Iław a lakes th ree  
m ain types of deposits can be recognized: sandy  type  contain ing 1- 2%  of 
organic substances (sites 7, 9, 10, 12, 13 and 15), m uddy deposits contain ing 
about 40% of organic substances (sites 1-6, 11 and 14), and sapropel deposits 
in the region of M oty (site 8), on the dep th  from  2 to  6 m. Among th e  m uddy 
deposits th ere  can be distinguished deposits po llu ted  by sew age of organic 
origin (sites 1- 6) and not pollu ted  by sew age (site 11 and 14).

Because of the  sligh t d ifferences in  the  d is tribu tion  and ac tiv ity  of bio­
chem ical m icroflora of the  type of deposits found du ring  the period of inve­
stigations, the  re su lts  of m icrobiological investigations of deposits on the 
follow ing sites shall be discussed: 3 (m uddy deposits, po llu ted  by sew age de­
posits of Jeziorak  M ały) and 8 (sapropel), 13 (sandy) and 14 (m uddy in  Jezio- 
rak).

A. N IT R O G E N -F IX IN G  B A C T E R IA

In  the d istribu tion  of n itrogen-fix ing  bacteria  in bottom  deposits of the 
Iław a lakes some dependence connected w ith  the  type  of bottom  m ay be 
observed. E.g., m axim al num bers of A zotobacter w ere found in  the  m uddy 
grounds of Jez io rak  M ały pollu ted  by dairy  sew age and in sim ilar deposits

Fig. 2. Number of Azotobacter cells in the bottom deposits of Iława lakes in the 
years 1960-1963 (mean values out of 3 parallels)
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of L ake Jeziorak . A pproxim ate num bers of these bac te ria  w ere also found 
in the sapropel deposits of Lake Jez io rak  in  the  region of M oty (Fig. 2). In 
sandy parts, poor in  organic substances, A zotobacter w ere found in sm all 
num bers ra re ly  exceeding 100 cells/g dry  w eigh t of deposits. In  all types 
of bottom  deposits the A zotobacter occurred in the  sp ring -au tum n  period. In 
au tum n  t’heir num ber begins to decrease to tens of cells/g d ry  w eight, a t ta ­
in ing  its low est value in w in ter.

Fig. 3. Titre of sporeforming anaerobes (C lostridium  pasteurianum ) fixing nitrogen 
in bottom deposits of the Iława Lakes in the years 1960-1963
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Fig. 4. Titre of nitrifying bacteria in bottom deposits of the Iława lakes in the 
years 1960-1963, and the temperature of the surface layer of deposits. Dark co­
lum ns— titre of bacteria of the I phase of nitrification; white columns — titre of 

bacteria of the II phase of nitrification; curve — temperature of deposits
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The ti t re  of C lostrid ium  pasteurianum  in  bottom  deposits of the  Iław a 
lakes (Fig. 3) ranged  from  0 to  0.001, exceptionally  0.0001 as on site 3 in the 
deposits of Jezio rak  M ały pollu ted  by da iry  sewage. In  general g rea te r n u m ­
bers of these bac te ria  w ere found in sp ring  and sum m er, and sm aller — in 
the au tu m n -w in te r period a t a low ered tem p era tu re  of the  m edium . D ifferen­
ces in the  num bers of anaerobic n itrogen-fix ing  bacteria  in the  bottom  depo­
sits of various type w ere slight, how ever sm aller num bers of these bacteria  
w ere m ore frequen tly  in sandy deposits.

B. N IT R IF Y IN G  B A C T E R IA

F igure  4 presen ts the d istribu tion  of n itrify in g  bac te ria  in the bottom  de­
posits of the Iław a lakes. The m axim um  developm ent of n itrify in g  bacteria  
in the I phase m ost frequen tly  takes place in  sum m er (titre  0.001), m ore ra ­
rely  in w in te r as e.g. in the  m uddy deposits of Jez io rak  M ały (site 3). In 
w in ter th e  num b’ers of these bac te ria  w ere m inim al or even non-ex isten t a t 
the  p la ting  of 1 ml of deposits. Also the differences in  the q u an tita tiv e  occur­
rence of n itrify ing  bacteria  of the  I phase w ere no t observed depending on 
the type of bottom  deposits.

N itrify ing  bacteria  of the II phase usually  occurred in  sm aller num bers 
th an  the bacteria  of the I phase of n itrifica tion . T heir m axim um  (titre  0.01) 
occurred  m ore frequen tly  in sum m er, a lthough in  some instances th e ir  s im ilar 
num bers w ere also observed in spring, sum m er and even in w in ter, w hich 
proves th a t in the developm ent of th is group of m icroorganism s the tem p era ­
tu re  is probably  of lesser im portance th an  in  the  instance of bacteria  from  
the  I n itrifica tion  phase.

S im ultaneously  w ith  the in tensification  or inh ib ition  of the  developm ent 
of n itrify ing  bacteria  an  increase or w eakening of the n itrifica tion  stren g th  
was observed in  the  bottom  deposits of the  Iław a lakes. The m axim um  in ten ­
sity  of oxidation of am m onium  to n itrite s  took place in  the  period  of m axim al 
tem pera tu res a t the g rea test num ber of n itrify in g  bacteria , i.e. from  Ju ly  to 
A ugust, a tta in ing  48-51 mg N-NOz/l (Fig. 5). As the tem p era tu re  of the m e­
dium  and the num ber of n itrify in g  bacteria  of the I phase decrease, the in ­
tensity  of the process decreases to 0.5-3 mg N -N 0 2/1 in w in ter. The m axim um  
in tensity  of this process is observed in  the m uddy deposits of Jeziorak  in 
sum m er, and in the  sapropel deposits of th is reservo ir in w in ter.

In the  instance of the II n itrifica tion  phase an increase of th e  n itrifica tion  
s tren g th  is observed sta rtin g  M ay to the end  of A ugust w ith in  the lim its 
180-200 mg oxidized N-NOz/l and  a considerable decrease in  au tum n and 
w in ter. In  this last period the  am ount of oxidized N-NOz was 54-85 mg/1. W ith 
th e  exception of w in te r the  differences in the  in ten sity  of the process in  p a r ti­
cu la r types of deposits w ere re la tiv e ly  sm all (of the  o rder of several mg oxidi­
zed N -N 0 2/1). Sapropel deposits of Lake Jez io rak  d isplayed in w in te r a g re a t­
e r n itrifica tion  streng th .

C. D E N IT R IF Y IN G  B A C T E R IA

D enitrify ing  bac te ria  d isplay a re la tive ly  high sensib ility  to tem pera tu re . 
These m icroorganism s w ere found in bottom  deposits of the Iław a lakes qu ite  
num erously , and th e ir  titre  ranged  from  0.1 to 0.0001 depending on the de-
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Fig. 5. Course of nitrification in bottom deposits of the Iława lakes on stations 
3, 8, 14 in the years 1962/1963 (mg of N-NO, consumption/1 after 21 days of incu­

bation at 25UC). A — I phase; B — II phase

posit type and season of the y ear (Fig. 6). In  m uddy deposits of the  pollu ted  
by sew age Jezio rak  M ały and in  sapropel deposits in  Lake Jezio rak  the d en i­
trify in g  bacteria  occurred  in  m axim al am ounts alm ost du ring  the en tire  period  
of investigations. The seasonal d ifferences w ere sm all and  w ere of 1 order 
of m agnitude. The m edium  tem p era tu re  is sign ifican t in the  d is tribu tion  of 
den itrify ing  bacteria  in sandy grounds and m uddy bottom  deposits of Lake
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Fig. 6. Titre of denitrifying bacteria in bottom deposits of Iława lakes (mean values
out of 3 parallels)
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Fig. 7. Course of denitrification processes in bottom deposits of the Iława lakes 
on stations 3, 8, 14 in the years 1962/1963 (mg N-NO,/l after 2 days of incubation

at 25°C)

Jeziorak. M axim al num bers of den itrify ing  bacteria  w ere  found there  in 
sum m er, and m inim al in  w in ter. A nd the sandy g rounds contain m uch less 
den itrify ing  bac te ria  th an  the m uddy deposits in  deeper p a rts  of th is re se r­
voir. It is typical th a t th e re  was never a negative re su lt in  these investiga­
tions.

T ogether w ith  an  increase of the num ber of den itrify ing  bac te ria  and of 
m edium  tem p era tu re  the denitrifica tion  s tren g th  of deposits increases. In all 
experim en ts th e  reduction  in tensity  of n itra te s  in to  n itrite s  increased  already  
early  in the spring  to  2.5 mg N -N 0 2/1 in m uddy deposits of po llu ted  by se­
w age Jeziorak  M ały, in sapropel deposits of Lake Jez io rak  — to 4.2 mg 
N -N 0 2/1, a tta in ing  the m axim um  values in Ju ly  — 88.0 and 79.0 mg N -N 0 2 
respectively  (Fig. 7). The curve of den itrifica tion  in  bottom  sedim ents de­
creases rap id ly  from  the Ju ly  m axim um  to October, and  rem ains on the level 
of several mg N-NOz till Novem ber. In  D ecem ber th e re  is a sligh t increase 
of the in tensity  of process to  23-24 mg N -N 0 2/1 and then  ano ther decrease to 
the m inim um  values during  the  freezing period (January , F eb ru a ry  and 
March). In  Ju ly  and A ugust the m uddy deposits of sew age L ake Jeziorak  
M ały and sapropel sedim ents of Jez io rak  display a m axim al den itrification . 
In  the rem aining period th ’e differences in  the  den itrifica tio n  density  in p a r ­
ticu la r types of deposits w ere sm all and only in N ovem ber they  exceeded 
5 m g N -N 0 2/1.
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4. DISCUSSION

N itrogen-fix ing  bacteria , and especially  A zotobacter are  a re la tiv e ly  sm all 
group of m icroflora of bottom  deposits of th e  Iław a lakes. The bottom  type 
is decisive in  th e ir d istribu tion . In  the m uddy deposits, w here the content 
of organic substances is qu ite  big and in  poorly m ineralized  sapropel deposits 
A zotobacter occurred som etim es in  severa l tim es g rea te r num bers than  in 
sandy deposits. In  th a t respect the  resu lts  of investigations carried  out on the 
Iław a lakes are equal to the  data  of K u z n e c o v  (1952) and G a m b a r i a n  (1958) 
obtained for bottom  deposits of lake reservoirs. The firs t quoted au th o r found 
in the bottom  deposits of some eu trophic  lakes of the U.S.S.R. (the lakes 
Białe n ea r Pokrow o, Czernoe in  Kosino and other) less th an  300 cells of Azo­
tobacter in 1 g d ry  w eight, w hile the  second observed in the  bottom  deposits 
of L ake Sew an sm aller num bers of these bac te ria  in  the inshore sandy  depo­
sits, and  h igher in  the  cen tra l p a rt of the reservo ir w ith  a m uddy bottom . 
Q uan tita tive  differences in the  occurrence of A zotobacter cells in the  bottom  
deposits of the Iław a lakes are  conditioned by a vary ing  content of m ineral 
com pounds and organic substances, w hich are  the source of carbon and energy 
for these m icroorganism s. M ore freq u en t occurrence of A zotobacter in the 
m uddy deposits of Jeziorak  M ały is undoub ted ly  in  re la tion  w ith  the dairy  
sew age containing a large am ount of ca rbohydrates and possibly the accu­
m ulation  of organic acids during  the  decom position of m ill saw dust w hich 
are  found on a qu ite  big surface of lake bottom .

A naerobic n itrogen-fix ing  bac te ria  of C lostrid ium  type w ere found in  the 
bottom  deposits of th e  Iław a lakes in  sligh tly  g rea te r num bers th an  Azoto­
bacter. They w ere freq u en tly  observed in  p la tings of 0.001 and even 0.0001 g 
w et w eigh t of deposits. This seems to correspond approx im ate ly  w ith  the  
n um ber of these bacteria  in bottom  deposits of eu trophic  L abe Czernoe in 
Kosino. K u z n e c o v  (1952) som etim es found th ere  up to 1000 C lostrid ium  pa- 
steurianum  cells in  1 g deposits. H igher num bers of anaerobic n itrogen -fi­
xing bac te ria  especially in  bottom  deposits of Jez io rak  M ały are  obviously 
the re su lt of oxygen-free conditions freq u en tly  occurring  th ere  and of the  
conten t of carbohydrates supplied by the  da iry  sew age ( N i e w o l a k  1966a).

The seasonal fluctuations of the  num ber of n itrogen-fix ing  bac te ria  in  
bo ttom  deposits of the  Iław a lakes observed du ring  th e  investigations can be 
connected w ith  the  reproduction  period of bottom  in v erteb ra tes  ( Ż u k o w s k a  

1960) and also w ith  the dying of the  p lanktonie  and ben th ic  p lan t and anim al 
organism s, w hich enriches the bo ttom  deposits w ith  nourish ing  substances 
fo r these bacteria . F or exam ple, R o d i n a  (1958) noticed th a t fertilization  of 
ponds w ith  p lan t mass increased  100 tim es the  num ber of A zotobacter and 
C lostrid ium  pasteurianum  in  the  bottom  deposits. As the nourish ing  substan ­
ces d isappeared, consum ption of the cells of these bac te ria  by Zooplankton 
considerably decreased the num ber of n itrogen-fix ing  bacteria .

Lack  of da ta  on the in tensity  of n itrog en -fix a tio n  by A zotobacter and Clo­
str id iu m  pasteurianum  does not allow  to d raw  fina l conclusions about the  
significance of these m icroorganism s in  th e  investiga ted  w a te r bodies. B ut 
th e  num ber of these bacteria  allows to assum e th a t the  n itrogen-fixa tion  in 
bo ttom  deposits of the  Iław a lakes is due to the p artic ip a tio n  of bo th  types 
of bac te ria  as opposed to the w a te r h ab ita t of these reservoirs, w here only 
A zotobacter are  abundan t ( N i e w o l a k  1966a).

7*

http://rcin.org.pl



520 S. Niewolak

Also, n itrifica tion  bacteria  are  a sm all group of m icroorganism s in  the 
bo ttom  deposits of the Iław a lakes. The titre  of n itrifica tion  bacteria  of the 
I phase generally  corresponded w ith  the values obtained by R c d i n a  (1958) 
for bo ttom  deposits of some L ithuan ian  ponds, w here they  occurred from  
1 to 100 cells/m l deposits. These num bers are  h igher th an  those g iven  by 
K u z n e c o v  (1952) for bottom  deposits of lake reservoirs of the  European p a rt 
cf the  U .S .S . R .  In  the  la tte r  the n itrifica tion  bacteria  occurred in num bers 
from  1 to 10 cells 'm l deposits. How ever, th ere  is no ind ication  w h eth er th ’ese 
da ta  w ere obtained in sum m er or in some o ther season of the year. But 
it is know n th a t th’e sum m er m axim um  of n itrify ing  bac te ria  is clearly  m ar­
ked. This is ind icated  by the observations of m any au thors and resu lts of 
investigation  of th is group of bacteria  in the Iław a lakes ( N i e w o l a k  1966b). 
In tensifica tion  of developm ent of n itrify ing  bacteria  of the I phase in sum ­
m er is also reflected  by an increase of n itrifica tion  s tren g th  of bottom  depo­
sits d u ring  th a t period. In  t’ha t respect the investigations described here  are 
equ iva len t to the data  by R h e i n h e i m e r  (1959, 1964) on the seasonal changes 
in  the  activ ity  of the discussed process in the w ate r bodies. This dependence 
was also observed by F i s c h e r  (1960) in sm all w a te r bodies in  the  su rro u n d ­
ings of W arsaw.

In  th e  developm ent of n itrify ing  bac te ria  of the II phase (N itrcbacter) 
th e  tem p era tu re  is p robably  of l’esser significance and therefo re  it frequen tly  
happened  th a t in spring, au tum n and even in w in te r they  occurred in  num ­
bers found in sum m er. How ever, th e ir  biochem ical activ ity  was considerably 
h ig h er in  sum m er th an  in w in ter.

The occurrence of n itrify in g  bac te ria  — outstanding  anaerobes in  the  bo t­
tom  deposits of the  Iław a lakes — is very  in te restin g  because of th e  fre ­
q u en tly  tak ing  place th ere  oxygen-free conditions ( N i e w o l a k  1966a). But 
these  observation  are  not a novelty . T here are reports  p roving the existence 
of n itrify in g  bac te ria  in  bottom  deposits of B aren ts Sea ( N i k i t i n a  1955) and 
in  the hydrogen sulphide zone of B lack S’ea having  oxygen-free conditions 
( K r i s s  1959). P erhaps as U l j a n o v a  (1961) says, in various types of w aters, 
soils and bottom  deposits th ere  are ecological N itrosom onas s tra in s having  
specific m orphological and physiological p roperties adapted  to life in  condi­
tions of lim ited  oxygen access.

The den itrify ing  bacteria  are a re la tiv e ly  w idespread  group of m icroorga­
nism s in  bottom  deposits of th e  Iław a lakes, as they  have favourab le  deve­
lopm ent conditions especially  in  sum m er, w hen th ere  is som etim es a consi­
d erab le  oxygen deficit and g rea t am ount of easily accessible carbon resources. 
The g rea test num bers of these bacteria  in bottom  deposits of the Iław a lakes 
(titre  0.0001) w ere approx im ate  to the  data  of K u z n e c o v  (1952) obtained for 
sim ila r eutrophic h ab ita ts  of eu trophic  lakes of the U.S.S.R. The g rea t num ­
ber of den itrify ing  bac te ria  usually  corresponds w ith  a g rea t num ber of 
p ro teo ly tic  bacteria  ( N i e w c l a k  1968). Am ong the  la tte r  th e re  are m any spe­
cies d isp lay ing  reduction  abilities. I t is even considered th a t th e  sum m er 
m axim um  of the developm ent of p ro teo ly tic  bacteria  is caused in  the m ajo­
rity  by  species p a rtia lly  den itrify ing  ( N i k i t i n a  1955). T ogether w ith  the 
decrease of tem p era tu re  of the  m edium  the  num ber of den itrify ing  bacteria  
decreases to such an ex ten t th a t the  au tum n  m axim um  of pro teo ly tic  bacteria  
is not accom panied any m ore by stronger developm ent of species th a t can 
p a rtia lly  reduce the n itra tes .
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The decrease of the num ber of den itrify ing  bacteria  in  the bottom  de­
posits of lakes investigated  in  w in te r 1962/1963 w as also reflected  in  t'he 
experim en ts on the in ten sity  of the course of n itra te  reduction. W hile the 
num ber of den itrify ing  bac te ria  decreases the chem ical analyses of experi­
m ental sam ples display a sligh t increm ent of n itrites. This is in  to ta l ag ree­
m ent w ith  the data of R h e i n h e i m e r  (1964), who said th a t the activ ity  of de­
n itrify in g  bacteria  is im perceptib le a t low tem pera tu res and p rac tica lly  
equals 0.

The differences in the num ber of den itrify ing  bacteria  and the reduction  
in tensity  of n itra te s  in various types of bottom  deposits can be explained  by 
a various content of organic substances and by oxygen conditions.

5. SUMMARY

The type of bottom and the temperature of medium are of the decisive signi­
ficance in the distribution of nitrogen-fixing bacteria (Azotobacter and Clostridium). 
The miximum development of these bacteria is observed in bottom deposits rich 
in organic substances, especially in the spring-summer period. In the development 
of nitrifying bacteria, and especially of Nitrosomonas and Nitrosococcus, first of all 
the dependence on the temperature of surroundings can be observed. The maximum  
development of these bacteria and the intensity of processes they cause are obser­
ved in summer at higher temperatures, independently from the type of deposits, 
while in summer it is minimal. Smaller numbers of nitrifying bacteria of the II 
phase (Nitrobacter) are found in bottom deposits of the Iława lakes, and tempe­
rature is not so important for their development. The development of denitrifying 
bacteria is connected with the bottom type and temperature of bottom deposits. 
The latter affects also the intensity of reduction processes.

6. STRESZCZENIE

W rozmieszczeniu bakterii wiążących azot atmosferyczny (Azotobacter i Clo- 
stridum) w  osadach dennych jezior iławskich zasadnicze znaczenie posiada charak­
ter dna oraz temperatura środowiska. Maksymalny rozwój tych bakterii obserwu­
je się w  osadach dennych bogatych w substancje organiczne zwłaszcza w okresie 
wiosenno-letnim. W rozwoju bakterii nitryfikacyjnych, zwłaszcza Nitrosomonas 
i Nitrosococcus, zauważyć można przede wszystkim zależność związaną z tempera­
turą otoczenia. Maksymalny rozwój tych bakterii oraz intensywność wywołanych  
przez nie procesów obserwuje się latem przy wyższej temperaturze, niezależnie od 
typu osadów, minimalny zimą. Bakterie nitrifikacyjne II fazy (Nitrobacter) w ystę­
pują w osadach dennych jezior iławskich w ilościach mniejszych, przy czym w ich 
rozwoju temperatura zdaje się odgrywać mniejszą rolę. W rozwoju bakterii deni­
tryfikacyjnych obserwuje się zależność związaną z typem dna oraz z temperaturą 
osadów dennych. Ta ostatnia wpływa również na intensywność procesów reduk­
cyjnych.
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T H E  A L G E  F R O M  A M O D E L  P O N D  
O F  T H E  M. N E N C K I IN S T IT U T E  O F E X P E R IM E N T A L  B IO L O G Y  1

Department of Experimental Hydrobiology, Nencki Institute of Experimental 
Biology, Pasteura 3, Warsaw, Poland

ABSTRACT

A list of algae occurring in the model pond was made up basing upon the material 
left by the late Authoress. The number of six species of algae not noticed up to da­
te in Poland was found, as well as one new species, denominated in memory of 
the late Authoress — Clathrochloris hannae.

A fter unexpected death  of Dr. H anna W y s c c k a - B u j a l s k a ,  m em ber of the 
research  staff of the N’encki In stitu te , notices and p rep ara tio n s of algae last 
w orked out by h er w ere handed  me by  h e r d au g h te r D r. G abriela  Grim - 
- B u j a l s k a .  The m ateria ls  concerned p lank ton  or seston collected in the sm all 
experim en ta l pond situa ted  on the grounds of the  In stitu te .

The basin was excavated  of the ground in  a shape of a tru n ca te  inverse 
pyram id, its surface was nearly  6.5 m 2 a t the  g round  level and 1 m 2 a t the 
bottom ; it  was isolated from  the ground w ith  a layer of igelite  foil supported  
by w ooden slats. The 30 cm layer of m ud at the  bottom  w as form ed of bottom  
sedim ent b rough t from  a n a tu ra l pool in  Puszcza K am pinoska forest, w here 
from  also orig inated  the w a te r used for filling  the  experim en ta l pool. P lan ts  
w ere not included deliberately .

The pool was investiga ted  firs t in 3 years a fte r filling. D uring the period  
of observation  from  May 1966 to M ay 1967 the pool w as period ically  ov er­
grow n by abundan t vascu lar autochthonous vegetation  and covered w ith  
duck-w eed (Lem na minor). The occurrence in w a te r of C ladocera, Copepoda, 
Protozoa, R otatoria as w ell as of insect la rvae  (Ephem eroptera, D ip tera  etc.) 
was noticed. The density  of bac te ria  in w a te r oscillated w ith in  a w ide scope 
from  4.3 *109 to 120.6 *109 cells p er litre .

The w a te r tem p era tu re  (m easured w ith  therm isto r therm om eters w ith  
continuous recording) w as re la tive ly  stabilized due to  the  duck-w eed cover. 
D iurnal tem pera tu re  changes did not exceed 2.5°C; over th e  y ear the  tem pe­
ra tu re  oscillated from  0.5 to 21°C. The w a te r level depended solely upon 
n a tu ra l factors, i.e. evaporation  and refilling  by athm ospheric precip itations. 
The w a te r pH over the  period of observation  w as 6.6-7.5.

C hem ical analysis of w a te r was perform ed every  7 days. The concen tra­
tions of p a rticu la r constituen ts w ere as follows: su lphate  15.15-99.15 mg/1, 
o rthophosphate 0.02-0.72 mg/1, n itra te  n itrogen  0-0.15 mg/1, n itr ite  n itrogen  
0-0.17 mg/1, am onium  nitrogen  0.04-2.72 mg/1, oxygen 0-12.4 mg/1, carbon 
dioxide (total) 12.5-233.2 mg/1.

These m ateria ls consisted of sam ples of seston obtained by cen trifugation  
or by f iltra tio n  th rough  m em brane filte rs  Coli 5, and of several glass p lates 
w ith  algae settled  on them . The A uthoress left also detailed  notices and 
draw ings of the  identified  algae; I saw  m oreover a p a r t of this m ateria l in 
the course of its w orking out during  h e r tw o visits in my L abora to ry  in 
Cracow.

1 The material was put together and elaborated by Prof. Dr. K. S t a r m a c h ,
Department of Hydrobiology, Jagiellonian University, Cracow, Oleandry 2a. Poland-
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The m ateria l although ra th e r  scan ty  com prises several species found in 
Poland first, as well as one new  species not described till now. F or th is 
reason I have un d ertak en  w illing ly  the ta sk  of com posing the  notices and 
p rep arin g  them  for publication. They deserve it undoubtedly .

The new  species of the genus C lathrochloris w as characterized  according 
to the  p rep ara tio n  and notices of the la te  A uthoress and in  h e r m em ory de­
nom inated  Clathrochloris hannae.

The follow ing species w ere till now  not repo rted  from  Poland: Micro­
cystis testacea, Tetrachloris m erism opedioides, T. diplococcus, Achroonem a  
m acrom eres, A . s im plex, Pelonem a sub tilissim um , P. aphane.

The species G loeoskene turfosa  is iden tified  only w ith  p a rtia l certitude; 
it  could no t be found in  d ry  p rep ara tio n s available, w hereas th e  draw ing 
and notices w ere too scanty, insu ffic ien tly  em phasizing specific fea tu res of 
the  species.

CYANOPHYTA

1. Synechocystis aquatilis Sauvageau
Cells about 5.8 p. in  d iam eter (in diagnosis of the species 4.5-6.0 p-), singu­

la r  or double. Common species, occurring  usually  in  bottom  m ud of stagnan t
w a te r bodies.

2. Synechococcus cedrorum  Sauvageau
E liptical cells, 6-8 p. long, 3-4 u w ide. Common species, know n from  stag­

n an t w aters. In  the  investigated  pond it appeared  in  May, 1966.
3. Rhabdoderm a lineare Schm idke et L au te rb o rn
Irreg u la r sm all colonies, cells 4.7-8.2 p long, 0.9-2.3 p. w ide (diagnostic 

dim ensions: 6-8 p. long, 0.8-2.5 p. wide). Species freq u en tly  found in pond 
p lankton. In  the  investigated  pond found firs t in  Ju ly , 1966.

4. M icrocystis testacea  (Nägeli) E lenkin
Colonies n early  spherical, cells 7.5-9.5 p. in d iam eter. Species common in 

m ud and in  dam p places. In  the pond it was found in  Ju ly , 1966, firs t tim e 
in  Poland.
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5. A phanothece saxicola  Nägeli
Irreg u la r diffused colonies, cells 2-3 u long, 1.5 p w ide. Common species, 

in th e  investigated  pond found in June, 1966.
6. G om phosphaeria com pacta  (Demm.) Strom .
Irreg u la r spherical colonies, cells 4-6 p long, 1.5-3.0 p wide. Species occur­

ring  in sm all w ater bodies, in the pond under investigation  found in Ju ly , 
1966.

7. G om phospharia nägeliana  (Unger) Lemm.
Oval or irreg u la r colonies, m ean dim ensions of cells 4.5 by 2 p. Species 

know n from  stag n an t w aters, in  the exam ined pond appeared  in Ju ly , 1966.
8. L yngbya  lim netica  L em m erm ann
Trichom ae 1-1.5 p w ide. Com m on species, in the pond noticed from  Sep­

tem ber to N ovem ber, 1966.
9. L yngbya  aestuarii (M ert.) L iebm ann
Trichom ae 10-12 p w ide. Common species, found in the discussed pond 

in June, 1966.
10. Oscillatoria splendida  G reville
Trichom ae 2-3 p wide. Species occurring com m only in  bottom  sedim ents 

of various w ate r bodies, observed in t’he pond in Septem ber and  N ovem ber, 
1966.

CYANOCHLORIDACEAE

11. Tetrachloris m erism opedioides  Skuja
Fine tab le t like colonies of pale b lue-g reen  cells, 0.7-0.9 p long and about

0.6 (a wide. Species described in  1948 as found in the  hypolim nion of some 
Sw edish lakes, w here it occurs together w ith  su lphur bacteria . In  the pond 
u nder investigation  it w as found  in  Ju ly , 1966, f irs t in Poland.

12. Tetrachloris diplococcus P ringsheim
Most cells 1.4 p  in  d iam eter, usually  grouped in  pairs, bu t also singular. 

O bserved in July , 1966. T he species w as described by P r i n g s h e i m  in  1953 
as found in po llu ted  ditch  w a te r  in  G erm any. In  Poland was not found till 
now.

13. C lathrochloris hannae  W ysocka-B ujalska e t S tarm ach
Floating  colonies, irreg u la r, discontinuous, form ing how ever no regu lar 

web. G roups or ind iv idual row s of cells a re  su rrounded  by loose jelly , scar­
cely visible, becom ing m ore accentuated  a fte r  s ta in ing  w ith  m ethylene blue. 
Colonies of various size, 30-90 p in d iam eter. Cells round  or short-e lip tical, 
1.9-5.8 p  in diam eter, most freq u en t d iam eter being 4.7 p: 1.9 — 3 cells, 2.3 — 
4, 2.5 — 4, 3.5 — 10, 4.3 — 20, 4.7 — 60, 5.0 — 8, 5.8 — 11.

In cells the gas vacuoles are  visible. The colour is yellow green, usually  
ra th e r  pale.

The species was found in  th e  artific ia l sm all pond situa ted  on the  grounds 
of the Nencki In stitu te  in  M ay and June, 1966, am ong patches of duckw eed.

This C lathrochloris species, not described up to date, w as m easured and  
d raw n by  Dr. W y s c c k a - B u j a l s k a .  Its  descrip tion was com pleted basing 
upon the p repara tions and notices of the  la te  A uthoress.

14. P elodictyon cla thriform e  (Szafer) G eitler
Irreg u la r  net like colonies, composed of cells about 0.8 p in d iam eter.
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Species common in hydrogen su lphide contain ing w aters, described p rim arily  
by S z a f e r  in su lphur springs a t Lubi’eh W ielki n ear Lwów, found la te r in 
springs a t Swoszowice n ear Cracow. In the exam ined pond found in  Ju ly , 
1966.

15. Achroonem a m acrom eres S ku ja
Trichom ae 3.3-4.6 p wide, cells about 8 p  long. The w id th  is then  sligh tly  

sm aller th an  the  diagnostic one (according to S k u j a  trichoma'e are  5-6.8 p  
wide). The species was know n till now  only in  Sw edish lakes, appearing 
chiefly  in  the hypolim nion. In  P oland repo rted  first.

16. Achroonem a sim plex  Skuja
Trichoma'e 1.7-1.85 p wide (diagnostic values a fte r S k u j a  are 1.8-2.0 p). 

The species know n from  Sw edish lakes w here it  occurs chiefly in the hypo­
lim nion. In  Poland found firs t tim e.

17. Pelonem a sub tilissim um  S ku ja
Trichom ae about 0.5 p w ide and 59 p long. A ppeared  in Ju ly  and A ugust, 

1966. N'ew species for Poland, know n from  Sw edish lakes.
18. Pelonem a aphane Skuja
T richom ae 0.6-1.4 p wide, cells 4.7-6 p  long (in diagnosis according to 

S k u j a  the  w id th  is 1-1.7 p). New species for Poland, found in June, 1966. 
D escribed first in benthos and p lank ton  of Sw edish  lakes.

HETEROKONTAE

19. G loeobotrys chlorinus P ascher
Colonies of an  elip tical contour, cells 4.2-4.8 p  in d iam eter. Species found 

on m icroscopic slides placed in the pond. R eported  second tim e from  Poland.
20. G loeoskene turfosa  F o tt (?)
F ine shapeless colonies, oval cells 4.7-9.4 p  in  d iam eter. The iden tifica­

tion  is dubious since the notices of th e  A uthoress w ere no t enough accurate. 
No specim ens could be found in  the  m ateria l available.

21. listeria  lobata  P ascher
Two or four cell colonies, cells 9 p  w ide. O ccurred freq u en tly  in June, 

1966.

BACILLARIOPHYCEAE

22. N avicula cryptocephala var. veneta  (Kütz.) G run. O ccurred  in typical 
fo rm  in Ju ly , 1966.

23. N itzschia  paleacea  G run.
Com m on species, in the pond u n d er investiga tion  observed p a rticu la rly  

in Ju ly , 1966.
24. N itzschia  Clausi Hatzsch.
Species ra th e r  common, found in  Ju ly , 1966.
25. Siderocapsa cfr. m aior M olisch
A n iron  bacterium , belonging p rab ab ly  to th e  species Siderocapsa maior, 

se ttles on microscopic slides im m ersed for a ce rta in  tim e in  the pond. F re ­
q u en tly  observed in all p repara tions.
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paper for good contrast. The size of figures should be not greater than size of 
typewriting paper. Second copies of figures may be sent in photograph form. 
Where the figures are to be inserted should be indicated on the manuscript. 

Bibliography should contain all references cited in the text.
The list should be arranged in the following form: surname of author (in al­

phabetical order), initials, data of publication, title of paper in the original form 
(.title of paper in the congress language), title of journal (abbreviated according 
to the W orld L ist of Scientific Periodicals), volume and pages of references (first 
and last).

Non-latin references should be transliterated into latin letters according to the 
ISO-Recommendations (except where there already exists a traditional spelling 
of names or where the authors themselves prefer another transliteration of their 
own name).

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

on the life-cycle of four species of lake dwelling triclads. J. anim. Ecol., 34, 
23-43.

2. [ I m s e n e c k i j ,  A. A.] MMmeHeqKHü, A. A. 1949. O r iT K M a jib H b ie  r n r r a T e j ib H b ie
c p e f lb i  f l j ia  a H a a p o ö H b ix  u ,e jiJ iio jio 3 H b ix  6 a K T e p n ü . [ O p t im a l  n u t r i t i o n a l  e n v i r o n ­
m e n t s  for a n a e r o b ic  c e l l u l o s e  b a c t e r ia ] .  M ikrobiologija, 18, 215-223.

3. L u c h t e r o w a ,  A. 1961. Z badań nad biocenozą bakteryjną rzeki Wisły [Untersu­
chungen der Bakterien-Biozönose der Weichsel]. Streszcz. ref., V. Z jazd H ydro­
biol. Pol. w  Gdańsku, 1961, 77-78, Warszawa, Komitet Hydrobiol. PAN.

4. E k m a n , S. 1953. Zoogeography of the sea. London. Sidgwick and Jackson.
5. B e e t o n ,  A. M., C h a n d l e r ,  D. C. 1963. The St. Lawrance Great Lakes. In: F r e y ,  
D. C. [Ed.] Lim nology in North Am erica, 535-558, Madison, The University of Wis­

consin Press.
In the text, a reference should be quoted by the author’s name and date, such 

as ( B o g u c k i  1953) or B o g u c k i  (1953); where more than two authors are referred 
to, the name of the first only should be given followed by “et al.”; papers by the 
same author published in the same year should be distinguished by the suffixes 
a, b etc. added to the year, e.g. ( R a m a d a n  et al. 1963), ( K a m l e r  and R i e d e l  1960a).
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