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THE ELEMENTS OF ENERGY BALANCE IN GRASS CARP
(CTENOPHARYNGODON IDELLA VAL.). PART 1

Department of Experimental 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 K, and K, and also U—! were determined.

CONTENTS
1. Introduction 5. Summary
2. Material and methods 6. Streszczenie
3. Results 7. References

4. Discussion

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

The experiments were carried out on fish from fish ponds in Zabieniec !,
on one year old, weighing 20-70 g. The fish were fed with lettuce Lactuca
sativa. In order to obtain optimal conditions, the lettuce was chosen as it is
preferred by young grass carp (PeNez and TorLc 1966, JAnicHenN 1967, Fi-
scHER 1968). All cultures and measurements were carried out at temp. 23°C.
Before the research the fish were kept about 2 months in laboratory condi-

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

tions, in constant temperature, and were fed only with lettuce. During the
measurements were taken (about 6 months) the fish were kept in 10 1 glass
jars with a constant flow, which were placed in a water thermostat having
constant temperature. Everyday the fish were fed, and also the water was
changed. The days on which the determinations of oxygen, carbon dioxide
and nitrogen were made, the jars after change of water were tightly closed
and the flow was switched on. The jars were supplied with settled water,
well aerated and having the same temperature as the water in the thermostat
with jars (Fig. 1). Each time the flow was measured. The scheme of experi-
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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

ment is shown in Fig. 1. The thermostat contains 10 experimental jars with
fish, two heaters and one agitator placed in the middle. The jars are supplied
with water from the container (9). The jar’s outflow has a funnel covered
with a net. The water container is placed above the thermostat with fish.
In order to maintain a constant water level it has a permanent connection
with the regulator (11). The regulator is a rather long pipe supplied with
tap water. When the water level passes beyond the level in the container the
water pours out. All parts of the apparatus are made of glass or PCV.

In the jars with fish no agitators were placed as it has been considered
that the motion of fish itself is sufficient enough, and also that the outflow
is at the top of the jar and the inflow at the bottom. The container had no
agitator as it was well aerated.
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The elements of energy balance in grass carp 423

One of the jars in the thermostat was always without fish but the same
measurements were made as for other jars (that is flow regulation, water
change) and it was treated as a control one.

Respective elements of the balance (food ration, respiration, excretion of
CO, and nitrogen) were measured as following:

Food intake was measured by giving the fish each time a weighed
amount of lettuce and after 24hr the rest was taken out and weighed. Simul-
taneously one portion of weighed food was dried and then a part of it was
burnt in PHiLLipsoN’s microbomb calorimeter (1960). Whereas the second
part was burnt in a muffle oven and the ash content was determined. In
order to check whether the calorific value of plants did not change during
the 24hr of exposure, one portion of food was placed in the control jar (with-
out fish) then after 24hr was taken out and its calorific value was calcula-
ted. It was found that this value does not undergo any essential changes. The
energy value of 1 mg of dry weight of food was multiplied by the amount
of food consumed within 24hr and thus the food intake was calculated.

The fish increments were determined every two weeks by weigh-
ing. In crder to calculate their calorific value 3 fishes from a parallel cul-
ture (the same food and temperature) were killed and their ash content as
well as the calorific value of 1 g of dry weight were estimated by burning in
bomb calorimeter 2.

Respiration of fish was measured by the modified Winkler's
method in a constant flow (about 2 1 per 'nr). The jars were tightly closed by
screwing home as on Fig. 1. The measurements of respiration as when deter-
mining the food intake were made 10 times on 9 fish. Apart from that daily
measurements were made every one hour on 9 fish and in the control.

Excretion of carbon dioxide was measured by SOROKIN’S me-
thod (1958) comparing the production of carbon dioxide in jars holding fish
and in the control one without fish. These measurements were also made in
tightly closed jars in constant flow. During the research it was found that the
results obtained by Sorokin’s method are overestimated. Additionally 22 tests
to estimate carbon dioxide were made simultaneously in the apparatus of
Sorokin and VAN SLyke (modified by Robpier). These tests showed that So-
ROKIN’s apparatus in these conditions gives results 2.67 times overestimated
(Standard Error of this average is #0.084 for n = 22). A correction was made
in the calculations.

Nitrogen excretion from the fish organism was estimated by de-
termining the amount of excreted ammonia (Prccmazkova 1964). Despite
several attempts the amount of excreted carbamide was not determined,
therefore on the basis of literature (Smitu 1929, Fry 1957) it was assumed
that urea nitrogen is 15% of ammonium nitrogen.

3. RESULTS

The calorific value of lettuce during the experiment varied from 3.0542
to 3.8696 cal/g dry weight. These variations were mainly the result of varia-
tions of the ash content from 14 to 24%. Also the lipid content was estimated.

2 Avlwl>e_stimations of the calorific value obtained by burning in bomb calorimeter
of PHiLLIPSON type were carried out under the guidance and help of Dr. T. Prus,
to whom I am very grateful.
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424 Z. Fischer

It is variable but generally small as it hardly amounts to 1%. The value of
food ration also varied considerably during the measurements and was from
1000 to 7000 cal/fish. This calculated per 1 g of fish body was about from
84.82 to 168.21 cal/g of fish body. The average food ration is 126.728 1-8.526
(S.E.) cal/g of fish at n = 10. The value of food ration depends to some extent
on the weight of fish. This dependence is expressed by the regression for-
mula:
C = 748.9.W°+75cal/24 hr

where C — value of food ration, W — weight of fish (g) (Fig. 2).
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Fig. 2. Dependence of the daily food ra- Fig. 3. Dependence of daily fish

tion on the fish body weight increments on its weight

The results obtained by burning the examined fish in bomb calorimeter
are rather equal. 1 mg of fish dry weight has an average calorific value
4.3383+0.11 cal (S.E.) for n = 10. But average daily fish increments vary,
depending on the weight, from 29 to 139 cal. So the average daily increment
of 1 g of fish may be calculated and is 2.460 cal. The dependence of daily
increment on fish weight is expressed by the regression formula:

P, = 4.122. W

where P, — increment (cal/24hr), W — weight of fish (g). This regression is
presented on Fig. 3.

The oxygen consumption by fish at the time of measurements was remar-
kably variable. Depending on the weight of fish it varied from 1500 to
10,000 ul/hr. Dependence of oxygen consumption on weight is expressed by
formula:

R — 498 . Wo-so1

where R — respiration ul/hr, W — weight of fish (g). This dependence is pre-
sented in Fig. 4.

It may be presumed that these variations depend also on the activity of
fish.
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Figure 5 presents the dependence of fish respiration on weight calculated
per weight unit — g. This diagram is made according to the averages calcu-
lated from the measurements of fish of the same weight. 122 measurements
were made. This diagram also shows the range of Standard Error. On the
basis of these data the average for all measurements was calculated and it
is 130+4.57 pl/g+-hr for n = 122. In order to check how the data, obtained
in our measurements, always taken between 9 a.m. and 1 p.m. are related
to the daily respiration, daily measurements were once made: 9 fish were
measured every hour. Figure 6 presents the results. This diagram also shows
the average of measurements obtained in a determined period of time and the
range of Standard Error. This range is relatively wide because of a small
number of tests, which for technical reasons could be made only simultane-
ously. At the beginning of experiment an adaptation period was observed,
which had not been taken into account in calculations. Line No. 2 represents
the average of daily measurements and the line No. 3 — the average of mea-
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426 Z. Fischer

surements made between 9 a.m. and 1 p.m. Thus it may be stated that the data
obtained in the morning hours are slightly overestimated as compared with
the daily data. However, this overestimation is not big.
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Fig. 6. Daily course of fish respiration: ..... average of measurements between
9:00 am. and 1:00 pm.; - -~~~ average of 24hr; ——— average of each mea-

surement. Vertical lines — Standard Error

The excretion of carbon dioxide is similarly instable as oxygen consump-
tion, and probably depends also on the size of fish and their activity. Measu-
rements of carbon dioxide were made in the same time as oxygen measure-
ments, i.e. from 9 am. to 1 p.m. 92 measurements were made. The average
quantity of excreted carbon dioxide may be determined by the value
117.4 ul/hr/1 g of fish body (S.E. = 9.14 for n = 92).

Estimation of the excretion of ammonium nitrogen gave results varying
from 80 to 900 ug/hr depending on the fish weight. The dependence of the
amount of excreted nitrogen on the fish size is determined by the regression
formula:

QN = 42.5. Wosss

where QN — quantity of excreted nitrogen (ug/hr), and W — weight of the
examined object (g).

This dependence is presented in Fig. 7. When calculating these data per
1 g of fish, the averages for respective fish weights are obtained and are
presented in Fig. 8. The range of Standard Error is indicated at each average
with a vertical line. Data obtained by Smitua (1929) and quoted recently in
literature as fundamental data are added to this diagram. This diagram shows
that the amount of nitrogen excreted by 1 g of fish body during an hour
decreases as the weight of fish increases. In the carried out experiment this
value is average 5.77 ug (S.E. = +0.3082 for n = 92). Taking into considera-
tion the correction for urea nitrogen (Smita) the average quantity of nitrogen
excreted per 1 g of fish body was assumed as 6.64 pg/hr.

On the basis of thus obtained fundamental elements of energy balance,
calculations of the energy balance of an average weight fish may be made
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The elements of energy balance in grass carp 427

as well as on the basis of regression curves of any weight fish. Also using
the method of indirect calorimetry the calculations of the value of protein,
lipid and carbohydrate conversions can be made.
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Fig. 8. Dependence of the quantity of excreted nitrogen by 1 g of fish body:
Standard Error; x Smrre’s (1929) data; ® author’s data

On the basis of pattern C = R+P+F, where: C — daily food ration, R —
respiration, P —increment, F — faeces, the value of assimilation in calories
was calculated (i.e. R+P). This value for this experiment was on the average

http://rcin.org.pl



428 Z. Fischer

623.3 cal per fish. The quantity of faeces can be calculated according to the
equation F = C—A. This average value is 3812.2 cal. Assimilation: U™! =
A P

Yol +100 is on the average 13.2%. The coefficient K;, = rol +100 providing
information about what part of consumption is used up by the fish for the
increment, is also very low, and is on the average 1.9, Standard Error 0.23.

The coefficient value K, =

i-lOO providing information about what part
of assimilation is the increment, is on the average 13%.

Thus were made the calculations of energy balance on average values
from all data obtained during the experiment. Apart from that analogous
calculations were made on the single fish, which weighed the least of all
examined fish — 23 g, and on a fish having a greatest weight — 52 g. Table I
presents the results. This Table contains also theoretical calculations based
on the data obtained from regression curves for the hypothetical fish weigh-
ing 1 g, 50 g and 100 g. Figure 9 presents how these three different ways
of calculating the elements of balance and energy coefficients are related.

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

T ’ s Theoretical fish weighing | Average of |  Fish weighing
: 1g 50 g | 100 g | experiments | 23 g | 52 g
Tas ‘ I L i |
e - Agls g e 36150 | 72300 | 16629 | 37596
(o) S| §ca | — ' l
0 'cal | 7489 | 4500 | 6200 | 4435.5 3868.83 | 4410.6
Cin % from the ‘ | ‘
' Fiilti e [ % | 1036 T i I | " 882 11.8 |
W ¢ | cal 42 10 | 185 | 861 | 7792 | 1476
R cal | 594 6206 | 9309| 53725 39226 | 5522
F cal | 6854 | 37794 | 50840 38122 | 339848 | 37102
AlC — | 0084 | 0.16 0.1799| 0.132 0.1215 0.158
K, C— | 00055 | 00222 | 00297 0019 0.020 | 0.028
| K, — | 00648 | 01387 | 01657 0.13 0.165 021 |

This Figure shows the tendency to an increase of energy coefficients as the
growth of fish increases and also the food demand, increments and respira-
tion. Data obtained from the regression curves do not differ much from the
experimental data. Using the data of gas conversion the following calculations
by the method of indirect calorimetry can be made according to the diagram
of KLEkowsKI (unpublished) and basing on the averages from the whole expe-
riment:

O, consumption — 130.2 ug/hr/g of fish body,

CO, excretion — 117.4 ul/hr/g of fish body,

N excretion — 6.64; 6.64+6.25 = 41.5 ug of proteins.

The following indicators were assumed (Harrow and Mazur 1966):
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The elements of energy balance in grass carp 429

Food Consumption Production RQ Calorific value
1g 0O,(m]) CO,(ml) Kcal/g

Carbohydrates 828.8 828.8 1.00 4.2

Fats 2019.3 1427.3 0.71 9.5

Protein 966.3 773.9 0.80 4.3

thus burning of 41.5 ug of protein uses:

41.5.0.9666 — 40.089 u10,
415.0.774 = 32.1211CO,

oxygen consumption for carbohydrates and fats:
130.2—40.089 = 90.111 p10,/hr/g

CO, excretion for carbohydrates and fats:
117.4—32.121 = 85.279 p1 CO,/hr/g

117.4
thus RQ = 1302 — 0.9
non-protein RQ = M = 0.946 ~ 0.95
o 90.111

90.111 nl 0,-1.01 = 91.012 ug of carbohydrates
90.111 ul 0,+0.091 = 8.200 ug of lipids
41.552 pg of proteins.

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

0.091-4.2 cal = 0.38822cal (carbohydrates)
0.0082.9.5cal = 0.0779 cal (lipids)
0.0415-4.3cal = 0.1784 cal (proteins)

10.6385 cal/hr/g

what gives an energy consumpticn during 24hr by 1 g of fish body —
15.324 cal, so by a fish weighing 35 g — 536.34 cal. Thus it can be stated that
the conversion of carbohydrates is 59.86%, of protein — 27.94%, of lipids —
12.20%.

4. DISCUSSION

The values obtained from oxygen measurements are consistent with the
literature data on carp and crucian carp. The fact that the oxygen measure-
ments displayed great variation hence the standard error was quite big
(Fig. 5) seems to be to a large extent the result of various activity of fish
during the measurements. In quite big jars of 10 1 capacity the fish have
plenty of place. In such experiments this is an uncontrolled factor but un-
doubtedly nct without significance. Fry (1957) gives the variations in oxygen
consumption depending on the activity of fish, on the example of Carassius
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430 Z. Fischer

auratus from about 100 to 260 ml/kg/hr, and of Ameiurus nebulosus from
about 200 to 600 ml/kg/hr, that is about three times as much. It seems that

1
consumption AlC
- : 0.30f / 1
5000
0.201 .
0.10 R
1000
1 1
300 = T 0.03 T
production K1 B
- B 1 7~
i 002 “e -
o
<
X
Q 001}F .
]
o

1000
0.20
600
010
200
|
0 50 100 g 0 50 100 9
Fig. 9. Dependence of the studied energy indicators on fish body weight: ———
data from the regression curves; ® average of experiments; - - - - data for 23 and
53 g fish

the excretion of carbon dioxide varies for the same reasons. The oxygen
regression curve depending on weight shows a relatively small inclination
as compared with the regression calculated by WinBerc for the respiration
of fish in general. WiNBERG assumes 0.84, while according to our calculations
this value is 0.598. Value “a”, i.e. the respiration of fish weighing 1 g, is
several times greater in our experiments (it is 498). But comparing the
regressions obtained in our experiments with the data of Epwarps et al
(1969) it may be assumed that the differences in the course of regression
curves of WiNBerG and our’s may be explained by the various activity of
examined fish. EDwarps et al. say that fish in the resting stage have the
regression formula as following:

R, = 0.214 Wo2tm]/g.hr
for the same fish but active:
R, = 0.737 W5*ml/g.hr
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Thus the value “a” increases and the index value decreases. Having these
results it may be assumed that both the relatively high value “a” and the
low value “W” in the regression formula obtained for grass carps may be
the result of higher activity of fish in jars, than according to the data of
WinsBerG (1961). Chinese authors (YErx Y Tsu 1959) also give some data on
the respiration of the grass carp. These data were obtained by means of
experiment. They are for a fish weighing 1.11 g R = 291.28 ul/hr, for a fish
weighing 9.6 g R = 1860.39 ul/hr. If we calculate theoretically the respiration
for these weights of fish according to WINBERG's regressions and the regres-
sions obtained by us, the obtained data are differ from the real results of
Chinese authors. These differences according to WINBERG's regressions are
43.03% and 45.39%; according to the regression obtained by us on grass
carp weighing 1.11 g by 83.84%, whereas for the weight 9.6 g only by 4.7%.
Therefore we may come to the conclusion that not only the variations in the
respiration value, but also of the correlation between respiration and weight
are quite considerable in grass carp. This most surely depends on the kind
of food and also on the activity of investigated fish.

RQ of grass carp is high, typical for phytophagous fish. It varies from
0.92 to 1.00 (Table II). High RQ is often found among fattened animals, as

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

Average of Maximum Minimum
Indicator Unit exp;:lix:hetnts weight weight
Sg 52 g 23 g
0, wl 130.2 89.02 175.00
CO, wl 117.4 78.20 167.67
N-protein ug 41.5 27.312 39.06
RQ non-protein — 0.95 0.92 1.00
Demand of carbohydrates ug 90.012 54.47 169.11
Demand of lipids ug 8.2 8.995 -
Demand of proteins ug 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 e 59.86 53.09 80.9
% of lipids metabolized % 12.2 19.64 —
% of proteins metabolized v 27.94 27.27 19.1

in our experiments, where the fish were cultivated in conditions of food
abundance. In such conditions according to Prosser (1950) it may even
exceed the value 1.00. Depending on the weight that is as the fish grows,
the RQ decreases. This is consistent with the results obtained by NeEpHAM
(1950), who investigated the embryonic development of the crab Carcinus.
The already quoted Chinese authors (Yem Ye Tsu) also count the RQ for
grass carp and this value depending on its body weight varies from 0.88 to
0.93 — on the average they assume 0.91. This value is considerably lower than
the one obtained in our experiments, but this is probably the result of the
quantity and quality of given food.
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432 Z. Fischer

The average value of excretion of carbon dioxide by 1 g of fish body is
absolutely comparable with the same data obtained by the Chinese authors
in their experiments with grass carp. Our data are 118 ul/g-hr for the size
of fish about 35 g, while YEn YE Tsu obtained the value 187 ul/hr for a fish
weighing 9.6 g.

Figure 8 presents the relations between the nitrogen excreted out of the
fish bodies and their weight. Similar dependences were found by Smitu
(1929). It seems, however, that the decreasing amount of excreted nitrogen
depends on the weight of fish only indirectly, while there is a direct depen-
dence between the excreted nitrogen and food ration, which in turn is strictly
dependent on the body weight. Daily food ration per 1 g of the body of fish,
weighing about 20 g, is 153 cal, whereas of the fish weighing 49 g — about
84 cal. Therefore it may be concluded that the protein conversion in the
entire fish (not calculated per 1 g of body) is rather constant and is about
30%, regardless of the value of food intake.

It is commonly known that the value of daily food ration changes accord-
ing to several factors such as, e.g. temperature, quantity and quality of food,
and others. Therefore they were tried to be eliminated by constant tempera-
ture, food abundance and its quality. As it has been already mentioned the
lettuce was chosen as the food preferred, because as it has been previously
found (Fisceer 1968) the value of food ration of grass carp varies from
661 cal to 9786 cal according to the quality of food. The value of food ration
as Fig. 2 shows increases together with the weight. But this increase is not
too big, and so calculating per 1 g of fish body the amount of taken food
increases quite considerably (at a weight increase from about 20 to almost
100 g the amount of taken food per 1 g of fish body increases from about
60 to 160 cal). A confirmation of these results may be found in general regu-
larities of this type described by Wineerc (1956), Karzinkin (1952).

Assimilative faculty of grass carp cultivated on pure plant food is very
low and is on the average 13%. This is justified by the dominant amount of
carbohydrates in the given food, which are generally assimilated in a small
per cent — cellulose near to zero (not taking into consideration the cellulose
bacteria and some protozoan species), while the remaining carbohydra-
tes — usually within the range of 60-75%. Similar low values of food assimi-
lated by the investigated organisms were obtained by Prus (in prep.) in his
paper on Asellus aquaticus (8.7%). It seems, that apart from the main factor
having a repercussion on the assimilation value, i.e. the kind of food, the
physiological state of the examined organism is also of some significance.
An assimilation increase as the fish grows is clearly visible in Table II, and
also in Fig. 9. However, despite the growth this value is several times smaller
than in other fish, e.g. according to IviLev (1939) the carp assimilates more
than 40% of consumed food.

On the grounds of obtained results it can be stated that the grass carp
fed only with plant food is of no special significance in water bodies as an
energy converter, but its main significance is in the destruction of aquatic
vegetation and thus fertilization of water bodies.

After calculating the obtained values of food ration into a per cent from
the body calorific value (such coefficients are widely applied by Russian
scientists — IvLev, WINBERG, Karzinkin) (Table I), this dependence is even
more pointed out.

http://rcin.org.pl



The elements of energy balance in grass carp 433

Acknowledgements

The author wishes to acknowledge Prof. Dr. R. Krekowski, Head of the
Department of Hydrobiology, for guidance and assistance throughout the study,
and also Doc. Dr. P. WorLny, Head of the Institute of Inland Fishery in Zabieniec,
for his valuable criticism and help in carrying out the experiments by providing
the experimental specimens.

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 calt0.11 (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 wl/hr/g for n = 122, excretion of carbon dioxide 117.4 u/hr/g for
n = 92, excretion of ammonium nitrogen 5.77£0.3082 uwg/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, — 19.6%, K, —
13.68%0 and also the food utilization was low U—! — 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 zachodzacych u bialego amura ho-
dowanego na pokarmie roslinnym, przebadano w warunkach eksperymentu labo-
ratoryjnego: zuzycie tlenu, wydalanie dwutlenku wegla, azotu, przyrosty i racje
pokarmowg ryb wazgcych 20-60 g. Stwierdzono, Ze gram suchej masy ciala ryby
posiada warto§¢ kaloryczng 4,3383 calt0,11 (Standard Error) dla n = 10, racja po-
karmowa waha sie¢ od 84,82 do 168,21 cal/g ryby. Oddychanie $§rednio wynosi
130+4,572 pl/godz./g dla n = 122; wydalanie dwutlenku wegla 1174 ul/godz./g dla
n = 92; wydalanie azotu amoniakalnego 5,77+0,3082 pg/godz./g dla n = 92. RQ ,nie-
bialkowe” wynosi 0,95. Na podstawie uzyskanych danych obliczono, ze w metabo-
lizmie bialego amura przemiana bialkowa wynosi 27,94%, lipidowa 12,2%, weglo-
wodanowa 59,86%. Stwierdzono réwniez niskie wskazniki energetyczne K, — 19,6%,
K, — 13,68% oraz wykorzystanie pokarmu U—! — 13,2°%. Na podstawie przepro-
wadzonych eksperymentéw mozna przypuszczaé, ze bialy amur karmiony wylgcz-
nie pokarmem ro$linnym jest slabym 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.

CONTENTS
1. Introduction 5. Summary
2. Material and methods 6. Streszczenie
3. Results 7. References
4. Discussion
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. SmiTH
(1930) for Salmo trutta L. and Grazova (1967) for Acipenser ruthenus L. and
Acipenser stellatus Pall. Others like Lance (1919) and Paviov and Krorik (1935)
justify the quantitative changes in the composition of the circulating blood of
males and females for optional months of the annual cycle. IvLev (1955) observed
even in winter similar correlations in the blood of Lota lota (L.), Silurus glanis L.
and Cyprinus carpio L. Furthermore ScuHricHER (1927), Paviov and Krorix (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 and spawning. RoserTsonx 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 tschawytscha (Walb). The results of Cerni-
KovA (1967) for Coregonus lavaretus beari Kassl. are approximate. But according to
ScHLICHER (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. Kawamoro (1929) described the seasonal differences of
Anguilla anguilla (L.) thus proving the increase of the number of erythrocytes in
winter months at a simulfaneous decrease of total blood volume in the organism
of these fish. ZAJceEva (1967) obtained approximate results for the Baltic eel. But
ScHLICHER (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 MoLNAR et al. (1960) the temperature is the factor regu-
lating the number of erythrocytes and hemoglobin in Abramis brama (L.) and
Lucioperca lucioperca (L.). CErNikovA (1967) did not find any seasonal differences
in the blood of Rutilus rutilus (L.), Abramis brama (L.) and Lota lota (L.). She says
that there are slight variations between the spring and autumn in Esox lucius L.
and Perca fluviatilis 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 were investigated. The length of fish was 25-38 cm
and their weight 250-670 g. They were from Drweckie and Lanskie Lakes
(Olsztyn province), which have similar physiographical conditions. Apart
from that the experimental determinations of the studied parameters showed
a similar range of deviation.

The caught fish were taken to the laboratory, and before their examina-
tion they were kept for 16-20hr in oxygenated (on the average 7.0 mg/l O,)
lake water. The temperature of water in the aquaria ranged from 11 to 14°C,
and in winter from 5 to 7°C.

The blood for investigations was taken from the vena caudalis with Pa-
steur’s pipette, previously rinsed with 'heparin. The time of the collection of
blood samples since taking the fish out of water did not exceed 1 min.
According to Vinnickis and Cistova (1967) parallelly with the accepted me-
thod of bleeding fish after taking them out of water, a series of measurements
of blood samples collected from fish kept under water were made. In this
instance the blood was also sampled from vena caudalis by puncturing the
tail above the water surface. Different methods of blood sampling did not
affect the quantitative results and the variations in the number of erythro-
cytes are within the range of mean deviations of the sample (Table I).

The first blood drops were always used to calculate quantitatively the
blood constituents and included:

1. Calculation of the number of erythrocytes and leucocytes in 1 mma3.
The blood was diluted 200 times in Potain’s blood count pipette with colour
solution of violet with an addition of physiological fluid with the pH 6.8.
The erythrocytes and leucocytes were calculated out of the diluted blood
in Biirker’s chamber according to the assumed principles.
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2. Photocolorimetric estimation of hemoglobin value using the method of
Drabkin in the modification of Green and Teal.

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

| [ 5=l Blood samples collected

| May 1 out of water | under water l
‘ red blood | hematocrlt hemoglobin red blood | 0 atocrit | hemoglobin |
gola | %) o | @
| (el jmm?) | (unill/mm?) s, P M ot
| ‘ T

| Males 206 | aTbe|waazas iR o8 354 | 1242

| (= 15) 011 +27 | +068 £0.19 39 " o
Females ORI 171 27 | 1230 |
(n = 15) £0.11 | 24 | 073 £005 | 28 +048 |

3. Determination of the hematocrit’s index with the help of Wintrobe'’s
micropipette. Wintrobe’s formulas were used in calculations of mean volume
blood cells, mean concentration and mean hemoglobin content in 1 erythro-
cyte. Arithmetical means of the absolute values obtained in calculations from
the successive monthly samples were introduced in the formulas. However,
it should be pointed out that these calculations are approximate and when
determining the hematological indices a correction including the oval shape
of erythrocytes should be introduced. Also because of the uneven distribution
of hemoglobin in cytoplasm conditioned by the presence of nucleus the va-
lues of mean hemoglobin concentration are also approximate.

Apart from that in order to check the state of health a detail parasitolo-
gical dissection of tenches was made. Fish with an excessive amount of pro-
tozoans Chilodonella cyprini, Ichthyophthirius multifiliis and Trematode
Asymphylodora tincae were eliminated. Also fish with symptoms of occult
drcpsy were eliminated: with fluid exudative in the body cavity, with
changes in the viscera (swellings, hyperaemia, changes in colour) and most
frequently with an intestinal catarrh.

On the whole 162 males and 158 females were examined.

3. RESULTS

Visible differences in the number of erythrocytes in the annual cycle are
observed between the males and females of tenches (Table II, III; Fig. 1,
curve A).

Apart from the short spawning-season the average numbers of erythro-
cytes in the circulating blood of males are approximate (about 2.0 mill./mms3).
The number of erythrocytes considerably decreases during the spawning-
-season, and the average decrease is about 0.5 mill./mm3 (Fig. 1, curve A).

The transmutations resulting from maturing and spawning and taking
place in the organisms of females are much deeper. These processes cause
significant quantitative variations of blood constituents. Since early spring
(March) gradually towards June (Fig. 1, curve A) the number of erythrocytes
in the circulating blood decreases; the lowest, mean annual value (about
1.4 mill./mm3) lasts during the entire spawning-season. In autumn, in normal
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feeding conditions the number of erythrocytes gradually increases and atta-
ins values approximate to the average level of males.

The hemoglobin values within the year depend to a considerable extent
on the reproduction cycle of tenches. The variations of the hemoglobin level
and of the number of erythrocytes are more or less parallel.

Table II. Hematological indices in the circulating blood of tench (Zinca tinca (L.)) males in the an-

nual cycle
Number | Red blood | wpie blood | Hematocrit | Hemoglobin |
Date of cells cells/mm® ) @%)
males (mill/mm?®) ° 8/ ‘
11-22.VL1965 = 13 207 | 39,354 70 el BSURE - Sl
| 4021 413,451 +4.0 +085 |
; 1=7.66 r=A21 | rm9Y
LI ‘ 5 2.13 28,640 410 | osp |
| +0.20 ' ilo,;m +4.4 ; +0.59 |
| t=1.86
24.VII 19 1.50 42,514 34.4 9.00
; +0.14 123,077 +48 | 1074
| t=1.16 =557 |
1s-27.viii | 18 1.67 13,953 35.6 9.73
} 40.15 49,035 +£5.7 +0.96
. 1=3.14 1=5.05
7-21.IX . 2.01 15,953 386 | 1063
; | 4021 +8.525 +5.2 +1.39
1=6.64 1=427
12X ) 10 2.03 13,911 33.8 10.16
| 4014 | 3988 +338 +1.54
9-29.X1 S 215 4280 38.0 11.29
, 4016 12,154 +47 +1.24
|  1=8.68 1=2.18
10.1.1966 7 2.05 4,171 339 | 1260
140,09 +2,159 +24 | 4080
1=2.62
4111 12 2.16 5,546 37.5 12.45
| ‘ 1013 41,509 127 +0.77
20.1V | 8 2.07 6,228 37.0 12.24
I [ 1+0.19 +2,427 +6.5 +1.27
| 1V 20 2.09 9.617 36.9 12.39
4+0.20 +4,065 +36 | 4075
4.V1 18 1.93 32,950 23 1
10.18 +11.011 +2.7 10,46

The decrease of hemoglobin content during the spawning-season (Fig. 2,
curves A, C) is proportional to the number of erythrocytes. Rather small
hemoglobin concentration — 7.87-8.97 g% for females and about 9.0 g% for
males — corresponds with the smallest number of erythrocytes. As the num-
ber of erythrocytes systematically increases in autumn the hemoglobin con-
tent gradually increases in the blood of tenches. The maximum level took
place in January of the year of investigations. The greatest annual value
(about 12 g%) of hemoglobin is during a considerable part of the year, for
males — January to the period before the spawning-season (June), for fema-
les — January to March. An earlier decrease of the hemoglobin content and
of other parameters (Fig. 2) in the blood of females is caused by spawning
changes.
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Table I1I. Hematological indices in the circulating blood of tench (7inca tinca (L.)) females in the

annual cycle
el ' Number of | Red blood | ypiee blood | Hematocrit | Hemoglobin
females ‘ (mill,/mm®) 1 cells/mm (%) &%)
11-22.VL1965 6 ‘ 1.35 | 40,200 29.5 7.87
i | ‘4022 | 228088 +33 +0.78
; l t=5.10 1 = 2.08 t =221 t =823
24.VII 20 1.41 45,029 32.4 8.97
| +0.14 +27,899 +4.1 +0.85
E i t =285
115-27.VIII 3 17 1 159 | 12,700 34.4 8.98
\ | 012 | +7,50 +4.1 +1.02
‘ t =496 ‘ = 4.64
| 7-21.IX | 17 ! 1.69 | 23,025 35.5 9.02
! |  +015 | 8,083 +5.8 +0.81
| =200 | r=38 =238
12.X 15 , 196 | 13,677 34.6 10.08
+0.15 | 45,138 +4.1 +1.17
{ t =474 | t=3.84 t = 3.02
| 9-29.XI 28 19 | 8,296 34.8 10.79
1 004 | £4,34 +4.0 +1.10
‘ ‘ t = 3.64 t = 3.80
10.1.1966 10 a 204 | 6,320 35.0 12.43
| 1016 | +3,798 +4.6 + ; g?
| = 2.
, 4.111 15 1.94 7,762 34.3 12.02
| +0.17 +2,632 +4.8 +0.63
| 200V 10 1.90 8,000 337 11.86
| +0.21 +4,017 +33 +1.05
| 1LV 14 1.73 18,909 32.5 11.68
\ +0.11 +10,838 +3.4 +1.02
| t =258 =270
, 4.VI 16 1.53 37,575 27.6 10.62
f +0.11 | £21,504 +3.5 +0.50

The hematocrit’s index calculated on the basis of investigations during
the annual cycle is on the average 34.8% for tenches. Considerable differences
are noticed between the males (variations within the year 33.8-43.4%, on the
average 36.8%) and females of tench (variations 29.5-35.5%, on the average
33.1%). The level of the hematocrit indicator of females of tench is even
during the greater part of the year with the exception of the spawning-sea-
son (Table III). A decrease of hematocrit value in spawning-months partly
determines the difference in the number of erythrocytes in a volume unit.
These relations are not complete as there simultaneously an obvious increase
of leucocytes is observed due to the spawning preparations and spawning of
tench females.

In the same period, in the blood of males at a constant level of erythro-
cytes, an average increase of leucocytes — 29,700/mm3 increases the value
of hematocrit’s index by 6.5% (t = 4.21). The hematocrit’s index illustrates
also the subsequent decrease of number of erythrocytes in blood during the
spawning of males (Table II).

At a relatively even number of leucocytes the decrease of the number of
erythrocytes by 0.63 mill./mm3 in the second half of July lowers the hemato-
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Fig. 1. Differences between the average number of erythrocytes (A) and leucocy-
tes (B) in 1 mm?® of the circulating blood of tench males and females
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Fig. 2. Changes in the hemoglobin level (C) and of erythrocytes (A) in the circula-
ting blood of tench males and females

crit’s index by 6.6%. Successive, further variations of the hematocrit value
in August and September are the result of levelled level of erythrocytes
after the spawning of tenches.
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At constant number of blood constituents in mms3, the mean volume blood
cells is approximate from October to May and is on the average 175 u?® for
tenches. For other months this result is not precise as the hematocrit value
increases due to spawning leucocytosis.

Relative hemoglobin index (average hemoglobin content) calculated out
of annual investigations is 55.0 yy for males, and 59.9 vy for females. In the
instance of females the mean range of hemoglobin content in one erythrocyte
is higher during the year (51.4-69.3 vy) than in the instance of tench males
(44.6-61.3 yy). Maximal mean hemoglobin content takes place during spawn-
ing as a result of lower number of erythrocytes in a volume unit and in
January at the greatest density of hemoglobin.

Similar results were obtained for the range of mean hemoglobin concen-
tration in one erythrocyte; 25.4-38.4% females (on the average 41.1%), 22.2-
-37.1% males (on the average 29.7%), and maximal values in January.

The average numbers of leucocytes (Fig. 1, curve B) are ruled similarly
in the blood of tench males and females during the year. The maximum
number in the spawning-season is on the average 40,000 in mm3 (Tables II,
III). But during that period the standard deviation is quite high and reaches
123,077 (males) and 127,899 (females) in this group of studied fish. This
means that the preparations of fish to spawning differs and in the instance
of females it may indicate spawning in portions.

The regulation of physiological processes, further equalization of metabo-
lism in autumn and winter result in a decrease of the number of leucocytes
in the circulating blood of tenches. The number of leucocytes in the period
from October to March is relatively small and is hardly 4,171-5,546 for males,
and 6,320-8,296/mm?® for females, while the standard deviation -}-1500 to
-+ 4300 respectively.

4. DISCUSSION

Therefore, it has been proved that the physiological processes connected
with the spawning cycle are the main factor forming the quantitative rela-
tions in the circulating blood of tench. The variable environmental conditions,
however much slower, are of some significance.

The author’s private observations and studies of ScuricHer (1927), Rc-
BERTSON et al. (1961) and Cernikova (1967) show that the number of erythro-
cytes in the circulating blood decreases during the spawning-season. ScHLI-
cHER is of the opinion that the decrease of the number of erythrocytes takes
place after spawning. In the instance of tench it takes place regularly in
June or in unfavourable conditions even in the first ten days of July as it
happened during the investigations in 1965. ScurLicBER did not observe any
differences as regarding sex in blood constituents within the year. His opi-
nion is that the curve of mean annual values is characterized by rhythmical
decreases in the number of erythrocytes successively in June, September,
Octcber and in March and April. The author’s own estimations showed
a specific distribution of the number of erythrocytes, which is different for
males and females during the year. In the blood of tench males a short-last-
ing decrease in the number of erythrocytes is observed only during spawning
and is quickly compensated, while in the instance of females — during the
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greater part of the ycar parallel with development and gonad resorption.
Thus for the first time a division connected with sexual dimorphism takes
place and in accordance with the results of Scuriceer (1927), Puckov and
Feporova (1951) for other fish —the number of erythrocytes is higher in
males. In the instance of tench this regularity is not true for the entire year
as it is not valid for autumn and winter. In these periods the level of erythro-
cytes in the blood of tench males and females is approximate and sometimes
even the same. Therefore in such a situation, at least for the tench males,
the maximum annual number of erythrocytes cannot be estimated.

This shows that apart from the quantitative regulation there are also
other means of retaining the balance in blood during the changes of environ-
ment. E.g. Cernikova (1967) and Scuricuer (1927) observed an increase of
blood cell surface in autumn and winter and bigger erythrocytes in the blood
of females. The calculations of hematological indices for tenches show that
other parameters such as mean volume of erythrocytes, mean concentration
and hemoglobin content in one erythrocyte are greater in females.

It should be also assumed that in the successive seasons of the year the
degree of hemoglobin condensation changes (ScuLicuEr 1927, AnTrPova 1952,
MoLnAR et al. 1960, Zasceva 1967, Korzuev and Grazova 1967) as well as
the oxygen bond ability. These problems are not sufficiently studied yet.
The majority of estimations of hemoglobin content with the help of the me-
thod of Sahli cannot be used in interpretations. Therefore the literature
available is unsufficient to determine the differences in the hemoglobin level
as related to seasonal variations. It seems that mainly the temperature regu-
lates the hemoglobin condensation in erythrocytes, and this has been confir-
med by the investigations cf McLnar et al. (1960) and Zaiceva (1967). But
the annual estimations of hemoglobin content in tenches are not univocal as
the spawning of these fish takes place in the warmest season of the year.
There are two parallel processes: spawning changes due to which the number
of erythrocytes and hemoglobin decrease (Fig. 2, curves A, C), and the action
of temperature in changed oxygen system. Therefore it is difficult to con-
clude about the extent to which the thermic conditions affect the quantita-
tive relations during summer, but undoubtedly the changes of temperature
cause the hemoglobin condensation in erythrocytes in autumn and winter.

A similar process of increasing hemoglobin level in that period was obser-
ved by ScHLICBER (1927), McLNAR et. al. (1960) and others. At the same time
Kirsrpuu (1963) and Zasceva (1967) consider the autumn-winter hemoglobin
increase as an ostensible phenomenon as the total blood volume in the orga-
nism of fish decreases. The analyses described here do not allow to state
this for tench. And contrariwise the levelled level of erythrocytes in the
blood of males, system of hematocrit values and the character of changes of
total protein (EinszrornN-OrRecka 1970) exclude the possibility of greater
differences in the blood volume in the organism of tench during winter pre-
parations.

Quantitative variations of leucocytes in a volume unit as distinguished
from the previous ones determine univocally the changes resulting out of
seasonal differences of metabolism of tenches. The hematopoietic processes
are the quickest in spring and during spawning of these fish (Eimnszrorn
1964). IvLEv (1965) even thinks that the spring regeneration of hematopoietic
processes does not require the resumption of active feeding. Therefore the
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maximum annual number of leucocytes in mm3 of the circulating blood takes
place during the spawning of tenches. These phenomena, in opposition to the
interpretation of ScurLicHER may be called spawning leucocytosis. But the
minimal numbers of leucocytes are the result of lower activity of fish in
autumn and winter.

Numerical data of ScuricsHER (1927) are considerably different from those
in this paper. ScHLICEER calculated much greater numbers of leucocytes in
mm3 of the circulating blood (average level during 10 months of the year was
40,000-68,000/mm3, maximum one 174,750/mms3). This difference is partly
explained by the selection of research material, while in the investigations
here the fish were selected from the parasitological point of view. This un-
doubtedly affected the estimation of the level of erythrocytes for tenches
during the year. The range of the number of erythrocytes according to ScHLI-
cHER is from 0.85 to 1.8 mill./mm3, while in the investigations presented
here from 1.5 to 2.16 mill./mm3 for males, and from 1.35 to 2.0 mill./mm3 for
females.

5. SUMMARY

The quantitative estimations of blood constituents carried out on 162 males
and 158 females of tench Tinca tinca (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 oznaczen iloSciowych elementéw krwi, wykonanych na 162 sam-
cach i 158 samicach lina Tinca tinca (L.), ustalono, ze cykl rozrodczy rzutuje bez-
poSrednio na ksztaltowanie liczby czerwonych i bialych cialek krwi. Przygotowanie
i proces tarla powoduja znaczne obnizZenie iloéci erytrocytéw i hemoglobiny we
krwi obwodowej, szczegblnie u samic. Ponadto okres ten cechuje wzmozona leuko-
cytoza. Poziom bialych krwinek w pozostalej czeSci roku jest stosunkowo wyréw-
nany, najnizszy w jesieni i zimie.

W cyklu rocznym zaznaczajg sie zatem wyrazne réznice miedzy samcami i sa-
micami w liczbie erytrocytéw we krwi obwodowej, przy czym ilo§é tych krwinek,
z wyjatkiem okresu zimowego, jest wyzsza u samcé4w. Natomiast inne parametry,
jak $rednia objeto§¢é czerwonych krwinek, $rednie stezenie i zawarto§é hemoglo-
biny w jednym erytrocycie sg wieksze u samic.
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ABSTRACT

Analysis of protein composition was made on 238 tenches (106 males and 132 fe-
males). The differences in protein depending on basic life activities of fish: spa-
wning cycle (connected with the spring-summer period) and autumn and winter,
were determined. The level of total protein in the serum of tenches ranges during
the year from 4.5 to 9.0 g%. Essential differences in the amount of total protein
take place especially in spring (spawning period) and in winter. Similarly the
greatest rearrangements within protein fractions take place during the spawning
of tenches. In the instance of males this is mainly connected with the synthesis of
globulin fractions, and in females — with the accumulation of considerable
amounts of albumin in the serum.
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1. INTRODUCTION

Papers dealing with the distribution of serum proteins include various syste-
matic groups such as Cyclostomata, Selachii or Teleostei (marine and freshwater).
The protein composition was studied with regard to the biology of these fish, eco-
logical factors, physiological condition and their species. The obtained results
allow to determine many common features of separation of protein of fishes, but
there are still difficulties in determining the functions of respective fractions, and
especially of those from the globulin group.

The albumin level in Salmo (OsTroumova 1967) and in Acipenser sturio L.
(MAGNIN 1958, 1960) decreases together with the age of these fish. And also simi-
larly as in other animals the number of albumin fractions depends on the nourish-
ment of fish and usually decreases during winter because of endogenic nourish-
ment (Sorvacev 1957a, b, KuzmiNa 1966). RiEpMULLER’s (1965) opinion is that the
albumins of carp regulate the oncotic pressure and are responsible for water fix-
ation in blood. Whereas according to the results of Kurikova (1967) they are car-
riers and transporters of lipides in the serum of fish from the Gobiidae family.
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Kirsipuu (1964b) considers the w-globulin fraction as very important during
spawning. It takes part in the synthesis of proteins necessary for spawn produc-
tion. Kirsipuu suggests that a,-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 KurLikova (1967), who determined about 60°% a-lipoproteins in the serum of
fish from the Gobiidae family during the maturation of gonads.

The following f fraction according to OrrHAUs et al. (1955) is characterized by
great stability. The B-globulin content decreases together with the albumins in the
blood of starved carps, Carasius carasius (L.) and Abramis brama (L.) (LIEBMANN
et al. 1960, KuzmiNna 1966, Sorvacev 1957b). Apart from that during spawning
a new fraction appears in the fB,-globulin zone, in the blood of salmons, which as
OsTtrROUMOVA (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. DeEurscH and McSuAN (1949), EnGLE et al. (1958), DriLHON (1959) and
DriLHON 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. ENGLE connects the absence of y-glo-
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 Orruaus et al. (1955) and RIEDMULLER
(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

Similarly as in the previous paper (EinszporN-ORecka 1970) investiga-
tions were carried out on 4-6 year old tenches (25-38 ecm long, 250-670 g of
weight). The quantitative determinations of blood constituents, level of total
protein and fractionizing of serum proteins were made on the same fish,
which were investigated from the point of their state of health. The value of
hematological indices was determined in the first blood sample, whereas
the serum was obtained from the following ones from the vena caudalis.
On the average about 3 c¢cm? of serum was centrifuged out of 8-10 cm3 of
blood.

The level of total protein in serum was estimated by colorimetric biuret
method. The separation of serum proteins was made with the help of paper
electrophoresis. The electrophoresis was made in buffer barbital of a pH 8.6,
ionic strength 0.12, in room temperature, on stripes of filter-paper What-
mann 1 (3.5X36 cm), at a constant voltage 150 V. The time of total separa-
tion was 19.5hr. The stripes were dried in room temperature, and then they
were coloured with bromophenol blue for 17hr. When the colouring was
finished the stripes were washed three times for 2 min in 2% aqueous solu-
tion of acetic acid. After drying, the particular parts of stripes with colour
lines of successive fractions were dissected and eluted in 6 ml of methanol
with 2% aqueous solution of sodium carbonate. The elution lasted 2hr. The
estimations were made in the photoelectric colorimeter using a filter of
a wave length 595 myu. The sum of extinctions was assumed as 100%, and the
particular extinctions of sections were expressed in per cents of this value.
The standard deviation from the arithmetical mean and the nominal statis-
tical degree of observed changes were calculated.
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3. RESULTS

The mean, annual value of total protein in serum, calculated on the basis
of estimations for 162 tench males and 158 females, is about 6 g% (separation
of serum proteins was made for 106 males and 132 females). Characteristic
deviations are noticed in the spring and winter periods (Fig. 1). In May the
level of protein in the serum of females is hardly 4.61 g% (t = 11.17). Simi-
larly in the serum of males it decreases to 4.81 g% (t = 4.64). A following
decrease, preceded by a short-lasting equalization of level, takes place during
spawning. Also then the protein amount is 4.56 g% (t = 3.39).
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Fig. 1. Seasonal variations in the level of total protein in blood serum of tench
males and females

In the second part of the year (from August to January) the amount of
connected with the production of albumins during the maturation of spawn.
The protein level increases then in the optimal spawning conditions up to
about 8.35 g%.

In the second part of the year (from August to January) the amount of
protein in the serum of tenches is relatively even. At the end of the winter-
ing period of fishes the protein level rapidly increases to 8.57 and even
9.05 g% (t = 5.52; t = 13.37). The rapid increase of protein in March is most
certainly not the only one, which is proved by similar or even higher protein
level in the blood serum during the wintering period than in autumn in
November.

Under the influence of paper electrophoresis the proteins of blood serum
of tench are on the average separated into 5 fractions, which according to
the accepted nomenclature (but without identifying their function) were:
albumins, a,, a,, P and y-globulins (Fig. 9). Some of these fractions from
group «; or vy-globulins, depending on the investigated period may separate
into two, and in the instance of a,; even into three subfractions. At a similar
separation of fraction proteins the arrangement of stripes in the group of
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globulins is more marked and more in the direction of albumins (Fig. 9B,
C, E). But smaller amounts of y-globulins do not separate well enough from
fraction (Fig. 9D).

A. ANALYSIS OF ALBUMIN VALUE

The fraction value of albumin in fish, as opposed to mammals, is conside-
rably lower. The percentage of albumin in the serum of tench males ranges
within the annual cycle from 18.5 to 27.7% (in a single instance to 30%), while
the absolute value calculated in proportion to the variable level of total
protein is within the range 1.99 to 1.0 gY%.
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Fig. 2. Comparison of the albumin value (in %) with the fraction level of «,, B,
y-globulins in blood serum of tench males during the year
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Fig. 3. Comparison of the value (g%) of albumin fraction and a,, B, y-globulins in
blood serum of tench males
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The course of curves of annual percentage values and absolute albumins
(Fig. 2, 3) is the same as that of the cycle of seasonal changes of the energy
of tench males. Apart from that these two systems compared with the curve
of the total protein value slightly differ. A visible convergence of the level
of total protein and albumins (in g%) can be observed in successive stages
of the annual cycle (Fig. 4). This regularity is not observed only in the pre-
spawning period, because the increase of protein level depends then chiefly
on the amount of globulins.

1
7-
=
a2 2
o 3
~ 64 =~
= 2
L / e
2 / E
Y 3
™ 44 =
8 . ¥
3 Sl
V 1.0
T L T T A} T v L v T T T
VP, W CVEL DS X X e S T L R A
1965 1966
months

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 albumin fractions of blood se-
rum of males consists of several stages strongly connected with the character
and seasonality of these processes. (Fig. 2, 3).

The first of these stages is in spring and is characterized by changes in
the composition of serum proteins and mainly albumins are formed. The
amount of this fraction increases to 24.8% (t = 3.68) and even 26.2%. But
simultaneously with the decrease of the level of total protein after the winter
period the participation of albumins is relatively low in the total protein
balance, and is about 1.2 g%.

The next period includes the spawning of males. The amount of albumin
fractions decreases in the blood serum (Fig. 2), and therefore the absolute
level of these proteins decreases to 1.0 g% (t = 3.53) (Fig. 3). The limitation
of albumin transport takes place even during the spawning preparations.
The increase of the level of total protein (Fig. 4) then is caused by trans-
mission of proteins from the globulin group to blood. Since August to No-
vember the reproduction processes become stabile and the period of intensive
feeding follows. Intensive synthesis of albumins is expressed by greater par-
ticipation of these proteins in blood serum. At the end of autumn the albumin
level in proportion to the remaining globulin fractions is 27.7% (t = 4.58).
This increase is directly connected with the increased level of total protein
in the circulating blood (Fig. 4). The annual maximal amount of albumins
is about 2.0 g% (t = 4.80) (Fig. 3).

The tench disposes in a specific way of the organism reserves during the
wintering period. In relation to the maximum values of the previous period
the amount of albumins decreases slightly during winter, ie. from 1.97 to
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1.69 g% (the lowest value in January is 1.58 g% (t = 2.81). This level is
maintained till May, despite the percentage decrease of albumins in propor-
tion to other fractions (27-21%; t = 3.45).

The variations of albumins in blood serum of females are considerably
greater than in males. Within the year the percentage value of albumins is
from 46 to 8.58", and calculated in g% — 3.7 to 0.49 g% (Fig. 5, 6). In the
separation of proteins of blood serum the processes connected with the gonad
development are more visible than the effect of environmental factors. The
tendency towards the synthesis of proteins of this fraction takes place during
the greater part of the year in the system of curves of albumin values. The

albumins
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————— @ }globulins
T |

fraction value (%)
38

~
o
I

T T T T -T T T T T T T T T
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Fig. 5. Comparison.of 'the albumin value (in %) with the fraction level of «, B,
y-globulins in blood serum of tench females during the year

http://rcin.org.pl



Protein composition of blood serum of T. tinca 451

i 1 1 1 i T ] 1 T T ] T
30 "
= albumins
———— oty
—-———— f }globulins
254 SR TI { -

fraction value (g%)

standard
deviation

v
1965 ’ 966
months L

Fig. 6. Comparison of absolute values (g%) of albumin fraction and a,, B, y-globu-
lins in blood serum of tench females

intensity of this process is marked by the increase of the absolute value of
albumins during spawning, autumn and wintering period (Fig. 6).

An increase of the amount of albumins in blood serum due to spawning
takes place in early spring, and in unfavourable temperature conditions at
the beginning of May. Additional observations showed that the albumins for
spawn production are supplied without the renewal of active spring feeding.
The accumulation of these proteins in blood serum is usually very rapid.
The level of albumins as compared with April and May increases at least
twice from 23 to 46.1% (t = 9.23), and in absolute values increases from 1.2
to 3.0 g% (t = 5.47). The standard deviation amounting to 7% in the early
period of spawning preparations proves about the uneven course of the
process or even probably about spawning in portions.

The maximum level of albumins is maintained in the blood serum during
June and July, and then rapidly decreases to 8.58%, i.e. 491 mg% (t = 7.56)
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(Fig. 5, 6). However, the separation of examined serums both in that period
and the one preceding spawning is not equal. Part of females (4 out of 9
examined ones) much sooner replenishes the protein deficit by balancing
the level of albumins and by the same that of total protein to the values
typical for the later period.

The increase of albumins in autumn is not so great as the spawning one.
The level of albumin fractions is hardly 27% (t = 5.06) and after taking into
consideration the increase of total protein it ranges within the limits of
2.0 g% (t = 3.46).

In winter the percentage fraction value remains still on the level of 27%.
But this time the total protein of blood serum increases (Fig. 1). Due to this
the observations made in March showed a repeated increase of the amount
of albumins to 2.2 g% (t = 6.76) (Fig. 6). The quantitative relations of the
winter period are no sooner altered than in April, May. The albumin value
decreases to 22% (1.2 g%) and the protein pattern of separated serum parts
points to an already commenced spawning preparations.

The diagrams of the mean albumin values of tench males and females
have many common qualities during the year (Fig. 7TA, B). Quantitative dif-
ferences in the level of albumins are connected with the sexual dimorphism
and are noticed during the spawning-season. At that time the serum of
females contains the greatest during the year amounts of albumin — about
46%, i.e. 3.1 g%. In an analogous period the level of these proteins in the
serum of males is relatively low (18.5-19.8%) from 1.2 to 1.0 g%. In the
remaining part of the year —in autumn and winter the quantitative varia-
tions are not great, and only in the serum of females the level of albumins
is slightly higher, and especially in March.

B. ANALYSIS OF GLOBULIN VALUE

a. Level of fractions of «; and a,-globulins in the blood serum of tenches

Globulin fractions, denoted in this paper as «,, separate into two and ra-
rely into three subfractions, and are directly after albumins on the phoro-
gram. They are characterized by small amounts of protein from 2 to 5%,
which do not display any determined seasonal differences.

a,-globulins, the third fraction of this group as distinguished from the
two previous ones is intensively dyed on the phorogram (Fig. 9). During the
year the range of percentage variations of a,-globulins differs (Fig. 8A). It
is 19 to 26% in the serum of males. Whereas in the serum of females the
basic scatter is slightly smaller — from 18 to 23%. The maximum value 31.5%
(t = 8.88), which is considerably greater than the average annual level of
a,-globulins is exclusively connected with the spawning season.

The spawning process is one of the three periods, during which there
are the greatest rearrangements of globulin fractions. The spawning varia-
tions, especially visible in males, are preceded by a considerable protein
consumption in June (or in May of the following year), which amounts to
about 500 mg%. Then the lowest level of «,-globulins in the year (1965)
takes place and is about 1.0 g% (t = 5.89) (Fig. 3). These changes indirectly
point towards an increased demand for proteins, and among others cf those
from the a, group, and are closely connected with spawning increase, which is
for the males 1.64 g% (t = 6.65).
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The successive increase of the number of a,-fraction (Fig. 10) in autumn is
more visible in the serum of males (26.0%, 1.88 g%; t = 4.00, t = 2.74) than
of females (22.6%; 1.61 g%), but in both instances it takes place in October
(Fig. 3, 6).

The changes in spring are more visible than those in autumn and during
spawning. In March «,-globulins in the serum of females attain the maximum
annual value 2.15 g% (t = 5.80). Their level is the same in the males, but
with the difference that the relative content of this fraction in serum proteins
increases simultaneously to 24.98%. Proportionally to this increase the value
of a,-globulin fraction remains on the level 1.95% till April (Fig. 3).

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

The proteins of the fourth fraction of globulin series — from fB-group dis-
play a marked stability as compared with other fractions. Therefore the
level of B-fraction is more even, and the basic variations remain in the limit
of 5%, and during the year from 19 to 23.8%. Greater values are exclusively
the result of spawning changes. In July the increase of f-globulins in the
serum of males amounts to 26-27% (t = 8.25), whereas in the serum of fe-
males after spawning it amounts to 31.6% (t = 9.72) (Fig. 8B).

In such position the diagram of the absolute values of f-globulins in the
annual cycle is exceptionally explicit (Fig. 3, 6). Apart from the mentioned
spawning increase the accumulation of P-globulins are on the level 1.8 g%,
in the second one—in March —the value of protein p is about 2.0 g%
(t = 5.8, t = 5.6). In the other part of the year the level of p-fraction is rela-
tively even.

This property basically differentiates the proteins of this group from
other globulins. A slightly different separation of p-globulins changes the
pattern of phorograms of blood serum proteins from the spawning period.
Besides the dominant a,-fraction a strongly coloured stripe of proteins from
p-group is noticed, whereas the vy-globulins are the less visible ones. Such
arrangement of stripes independent of the dyeing intensity of phorograms
(Fig. 11, cf. A, B) is typical for spawning changes and differentiates them
from other seasonal changes. Frequently, and especially in the separations of
serums of females, an additional subfraction appears, which most probably
shows the changes within the discussed group of proteins.

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

v-fraction, the last one of globulins, is the most hesitant group among
the discussed ones. This can be observed by an uneven separation of vy-glo-
bulins, which changes depending on the concentration of these proteins. When
they are in smaller amounts the y-globulins do not separate precisely enough
from B-fractions (Fig. 9A), but when the synthesis is increased, especially in
pathological conditions, two and even three subfractions are formed (Fig. 9B,
C) and usually before the line of serum accumulation.

Because of the specific separation of vy-proteins the percentage range in-
creases to 11%. For females it is from 13.2 to 24.6%, and for males — from
17.9 to 28.1%, but the percentage variations of the latter have a continous
character and apparently undetermined (Fig. 8C). However, two periods of
the value of y-globulins may be assumed in general in the annual cycle:
autumn-winter one with an increased number of y-fractions, and the spring-
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-spawning one with a much lower level of these proteins. Lowering of the
level of y-globulins connected with spawning is noticed since May; the smal-
lest amounts take place successively in the serum of females in the prepara-
tion period in June, while in males —in July. The decrease of the value of
v-fraction is in that period below 1.0 g% (Fig. 3, 6). After spawning, accord-
ing to the general trend of changes the level of y-globulins is balanced and
the greatest amounts are observed in autumn (Fig. 8C). This increase thus
remains almost during the entire wintering period of tenches.

4. DISCUSSION

The fluctuations of the level of total protein in the serum of fishes is
the relatively precise indicator of changes taking place in the organism. The
greatest rearrangements within the globulin fractions, and by the same in
the values of total protein take place during spawning. A quick increase of
proteins in the serum of tench females connected with the maturation of
spawn indicates that these proteins may be produced to a great extent by
the reserves of the organism. Similar accumulation of proteins during spawn-
ing also takes place in the serum of males, but lasts shortly. However, it
is difficult to explain these phenomena on the basis of these observations,
and it is more difficult as during that period an increased protein level was
not observed up to the present in other fishes. GorLovko (1964), ROBERTSON
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et al. (1961), Cernikova (1967) and Naspenova (1967) observed on the other
hand a decrease of the total protein in the serum of Coregonus lavaratus
baeri Kessl.,, Trachurus trachurus (L.), Scorpaena porcus L, and salmons
after the spawning terminated. A similar decrease of protein is observed in
tenches, but with the difference that it is more visible in the serum of males.

The level of protein in the blood serum of tenches in autumn (Septem-
ber-November) generally remains on the average level of annual value.
Thus nothing points to special preparations for winter, and they are obser-
ved only when the composition of protein fractions changes and the amount
of albumins increases. Also CErnikova (1967) did not observe any additional
accumulation of proteins in the serum of other fishes. These observations
give rise to some doubts regarding the opinions of Kirsipuu (1963), who says
that in winter an apparent condensation of protein takes place in fish serum
together with the change of water concentration. Whereas the highest annual
level of prctein in tench blood takes place in March and also remains in
April.

The pattern of blood serum proteins of tenches obtained with the help of
paper electrophoresis is approximate to the separation Abramis brama (L.),
Lucioperca lucioperca (L.), Esox lucius L. (Kmsrpuu 1964a, Kirsrpuu and
Piau 1965), Cyprinus carpio (L.) (OFrFaaus et al. 1955, LieBmann et al. 1960,
Lysak and Woscik 1960, RiepmuLLeER 1965) and even for Trachurus trachurus
(L.) (Gorovko 1964). A correct estimate of electrophorograms is at this stage
exceptionally difficult.

The position of albumins is usually most precisely determined as this
fraction has the quickest migration on the electric field and usually takes
form of a regular spot, similarly as on the phorograms of tenches. The albu-
min level in the serum of tenches depends on the feeding of those fish and
increases at the end of autumn. The albumin concentration in winter is si-
milar to that in autumn. During that period the amount of albumins in the
serum of females decreases hardly by 5% (300 mg%). A more marked de-
crease (about 400 mg%) takes place in early spring at the beginning of May
(differences in dyeing of phorograms are showed on Fig. 12). The demand of
females for albumins in winter is much greater than that of males and this
is expressed by a higher level of proteins in the serum of females. Also in
spring the level of this fraction decreases rapidly in April and May (decrease
about 835 mg%).

Not much is known about the significance of albumins in the spawning
process. In other animals this protein apart from its transport properties is
also used for the development of organism. Analysis of blood serum of tench
females proves the participation of these proteins in spawn-forming process.
During the gonad development these albumins increase almost twice thus
attaining a very high concentration 46%. But this is at the moment an iso-
lated opinion. Other authors (Kirsipuu and Piau 1965) say the same about
globulins (o,-fraction).

Shortly before spawning an opposite phenomena of accumulation of frac-
tion proteins o; and «, takes place in the serum of males. Similar periods of
more intensive transport of proteins of a, fraction take place in the remain-
ing part of the year, i.e. in autumn and at the end of winter. Accumulation
of greater amounts of a,-globulins is almost parallel in the serums of tench
males and females. These processes are partly explained by Liesmann (1960),
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who says that a and p-globulins are responsible for the transport of hormo-
nes, phospholipids, bile pigments, cholesterol and some vitamins.

B-globulins of freshwater fish are not a subject to seasonal variations
according to Kirsipuu (1964). Also the properties of f-fraction of tench serum
are similar, but these proteins increase during the spawning of males and
females.

The last fraction from the group of globulins denoted as v, is distinguished
by a considerably lower level in blood serum and especially in early spring
and during spawning. At high concentrations 2 subfractions differentiated
and smaller amounts did not separate well from f-fraction.

Kirsipuu (1964a) observed the same among Abramis brama (L.) and Perca
fluviatilis L. Whereas RiepmULLER (1965) observed at least three groups of
carp having a different amount of y-globulins. Fish with a maximum amount
of these proteins visibly separated into two <y-fractions. y-globulins were
also estimated in the blood of perch-pike, bream, roach, rudd, perch, white
bream (Kirsipuu 1964a, b, Kirsipuu and Piau 1965), horse mackerel (Go-
Lovko 1964) and other.

All these data justify the presence of y-globulins in Teleostei fishes. But
the opinions on the subject are not sufficiently proved. Other scientific
workers such as DeurscH and McSuAN (1949), ENGLE et al. (1958) and Drir-
HON (1959) suppose that Teleostei fishes do not contain #y-globulins. ENGLE
et al. (1958) suggest that the proteins of fish containing antibodies may have
a different mobility than human vy-globulins. Explanation of this and several
other problems requires further 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%. 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 bialtka catkowitego w surowicy krwi linébw zmienia si¢ w cyklu rocz-
nym. Wahania te, wyznaczone na podstawie oznaczen dla 320 ryb, wynosza od 4,5
do 9,0 g%. Istotne zmiany ilo$ci bialka calkowitego wystepuja szczegélnie w okre-
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sie wiosennym (tarlowym) i zimowym. W czasie tarla charakter zmian bialkowych
rozni si¢ u samcéw i samic lina. Wzrost iloéci bialka calkowitego w surowicy sa-
mcéw lina jest w tym okresie krétkotrwaly i uzalezniony gléwnie od syntezy frakcji
« i B-globulin. Transport albumin w czasie tarla jest natomiast ograniczony, wy-
znacza to najnizsza warto$§¢ roczna tych bialek okolo 1.0 g%. Odwrotnie u samic
lina, znaczne nagromadzenie bialka w surowicy w okresie przedtarlowym utrzy-
muje si¢ ponad dwa miesigce, az do momentu zlozenia ikry. Wystepuje w tym cza-
sie wzmozona synteza albumin; poziom tych bialek w stosunku do kwietnia lub
maja wzrasta prawie dwukrotnie (do 46%), tzn. 3.1 g%. Sugeruje to, ze albuminy
odgrywajq szczegélng role w czasie przygotowan tarlowych.

Od sierpnia do listopada przy wzglednej stabilizacji proceséw rozrodczych,
nastgpuje okres intensywnego zerowania. Wzmozona synteza albumin wyraza sie
zwigkszeniem udzialu tych bialek w surowicy krwi, przy réwnoczesnym wyréw-
naniu poziomu biatka calkowitego. W okresie jesiennym poziom bialka calkowite-
g0 utrzymuje si¢ na ogét w granicach przecietnej rocznej wartosci, tj. okolo 6 g%o.
Zwigksza si¢ on ponownie w marcu, a nastepnie obniza wczesng wiosna.
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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 well 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 a-group or y-globulins increase within
the globulin fraction.

CONTENTS
1. Introduction 5. Summary
2. Material and methods 6. Streszczenie
3. Results 7. References

4. Discussion

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 (Einszporn 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 year old tenches caught in Drweckie and Lanskie Lakes (Olsztyn pro-
vince) were examined. The number of blood constituents, hemoglobin con-
tent, level of total protein and fractionating of serum proteins were determi-
ned according to the standard methods described in the previous papers
(EinszPoRN-ORECKA 1970a, b).

The main part of investigations was carried out on tenches infested with
a relatively small number of parasites from 100 to 1000 individuals in one
fish. On the average ten specimens were examined each month. The presence
of 200 parasites resulted in significant changes in the number of blood consti-
tuents of the circulating blood, while 100 Ergasilus sieboldi already affected
the separation of proteins in blood serum. The diagrams (Fig. 1-6) contain
numerical data for groups infested with 200 to 1000 parasites and data on
protein fractions (Fig. 9-16) for males infested with 100 to 1000 Ergasilus
sieboldi.

In order to verify the results single fish specimens with a higher invasion
extensiveness above 1000 parasites were investigated (Fig. 17-20).

On the whole, apart from 320 control fishes (162 males and 158 females),
143 tenches infested by Ergasilus sieboldi were examined, and in that 71
males and 72 females. These fish underwent a detail parasitological dissec-
tion in order to eliminate fish with an excessive amount of other parasites
and those displaying anatomopathological changes as a result of diseases.

3. RESULTS

The number of erythrocytes in infested tenches during the year is on the
average smaller, about 100,000-500,000 in 1 mm3 of circulating blood (Fig. 1,
2), but is different in males and females and depends on the period of the
annual cycle. The greatest decrease of the number of erythrocytes in the
blood of males is in the pre-spawning period (Fig. 1). When comparing with
control fishes the average difference is 850,000/mms3, and some of the infested
fish have only e.g. 1,120,000 instead of 2,129,000/mm3. The influence of para-
sites is much smaller in autumn (October, November), but increases again
in winter and early spring (January-May).

In females the changes connected with the formation and maturation of
spawn and the spawning itself basically change the blood pattern of control
fishes. At a relatively low infestation it is difficult to observe the effect of
parasites in that period (Fig. 2), but even then in the blood of some females the
number of erythrocytes decreases maximally to 1,040,000/mm3 (the mean for
control fishes — 1,406,000/mm3). Only from October to March, similarly as in
the instance of males, the variations increase and amount on the average
from 250,000 to 400,000 in 1 mm3.

Essential differences in the numbers of leucocytes between the control
and infested group take place during spawning. The spawning leucocytosis,
which precisely determines the period of changes connected with the repro-
duction processes, takes place for about one month and disappears immedia-
tely after spawning. Fish infested (Fig. 3, 4) during spawning preparations
have a smaller number of leucocytes, and the level of erythrocytes does not
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Fig. 1. Differences in the number of erythrocytes in 1 mm? of circulating blood of
control males (A) and those infested by Ergasilus sieboldi (B) (vertical lines in the
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Fig. 2. Differences in the number of erythrocytes in 1 mm? of circulating blood of
control females (A) and those infested by Ergasilus sieboldi (B)

reach the level typical for control tenches. Increased number of leucocytes
remains in the blood of females and males slightly longer (on the average
15 days), and that is why the number of leucocytes in August is still 32,686
(t = 2.7), and even 40,800 in 1 mm3 (t = 3.83).
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Fig. 4. Number of leucocytes in 1 mm? 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)
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Fig. 6. Fluctuations of hemoglobin level of control females (A) and those infested
by Ergasilus sieboldi (B)
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In the remaining part of the year the changes in the level of leucocytes
are more visible in the blood of males; from October to March the number
of leucocytes in these fish is considerably higher, which may be the reaction
to the presence of parasites (Fig. 3). Whereas in females only in spring, in
March, the level of leucocytes increases.

The hemoglobin level decreases usually in infested tenches (Fig. 5, 6). The
effect of parasites in males is the most visible before spawning and in autumn
and winter. The hemoglobin content in the erythrocytes of males infested in
July on the average decreases about 1.8 g% (t = 5.61), in the instance of
females 1.3 g% (t = 3.63). The maximum variations are 4.26 and 3.31 g"h.
During spawning, at a relatively low hemoglobin values the level becomes
even in both groups and the following period of changes is in autumn and
winter. The differences in the hemoglobin amounts, especially in the instance
of females, reach then 1.3 g% (November —t = 1.89, January —t = 2.97).

Similarly as in the changes already discussed the differences in the level
of total protein of serum are more visible in males (Fig. 7) from May till
July and then after spawning —in August. Average amounts of total protein
in the pre-spawning period, in control males, range from 4.8 to 6.45 g%, and
in infested males — from 3.16 to 4.58 g%, and so the difference is on the
average 1.81 g% (t = 5.67, t = 4.2). The changes in the protein level during
spawning are small, but directly after spawning the amount of protein in
the serum of infested fish decreases about 1.0-1.4 g% (t = 3.58, t = 3.61). In
autumn the difference in the protein level between control and infested
fishes again decreases to about 500 mg%. In winter (e.g. in January), both in
the instance of males and females (Fig. 8) a decrease of protein was not
observed, but just the opposite — the protein level in the serum of infested
fish was slightly higher (in males on the average about 547 mg%; t = 2.54)
than in control tenches.

The quantitative rearrangements in the electrophoretic separation of pro-
teins in blood serum of infested fish apply both for albumin and globulin
fractions. Two kinds of separation were observed within the globulin frac-
tions:

1. System I of protein separation with a characteristic increase of percen-
tage participation of @, and sometimes f-fraction and a simultaneous de-
crease of the level of y-globulins (Fig. 21).

2. System II of protein separation with an increase of +y-fraction and
decrease of the two remaining proteins a, and f-globulins (Fig. 22).

In both separations the albumin amount in the serum of infested tenches
generally decreases. The decrease of albumin as compared with the control
level is different during the investigations and depends on the separation of
proteins in the serum of infested fish. The changes in the albumin level are
more marked in separation I, when the amounts of «,-globulins are greater.
Maximum variations reach 7%.

The quantitative changes in the blood serum of males in the I separation
of protein fractions are unevenly distributed during the annual cycle. In
spring (May, June) they do not exceed 2% (t = 3.65), but in October, Novem-
ber and January the differences are much greater. In the serum of control
tenches the albumins reach relatively high concentrations 27.7, 27.08, 25.92%.
The protein values cf males infested during that period are accordingly lo-
wer — 24.5, 22.63%, and single specimens 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)
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Fig. 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 determining the numerical proportion of albumins and
globulins (Fig. 9, curve C, D) confirms the characteristic changes in the level
of albumins. The coefficient A/G of infested fish is usually lower in compa-
rison to the control values and decreases proportionally to the changes in
the level of albumins in the serum of experimental tenches (this regularity
does not concern the spawning of females).
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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% of total protein show that the
amount of albumins of males infested from May till August are below 1.0 g%
(Fig. 10, curve B — on the basis of protein separation of the I and II system)
and as compared with the control level it decreases about 300 mg®. As the
albumin increases after spawning also the amount of this protein increases
in the serum of infested males, thus obtaining in September approximate
values to the control level. The albumin decreases again in October and No-
vember and is about 500 mg% (t = 3.18, t = 3.27). Whereas in January the
3% difference in the albumin amount is compensated by surplus of total pro-
tein, which increases in that period in the serum of infested males about
510 mg% (t = 2.30).
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Fig. 10. Differences in the albumin amount (in g%) in blood serum of control males
(A) and those infested by Ergasilus sieboldi (B)

In the II separation of serum proteins and an increased level of y-globu-
lins the changes in the albumin amount are much smaller than in the previous
one. The essential differences are observed only in winter, the albumin de-
crease in January is 6.57% i.e. 300 mg%o.

The temporary period of accumulation of albumin in the serum of females
when the spawn maturates and at this degree of infestation is independent
from the parasites. Their effect is visible after the spawning is finished. Some
of the infested females (6 out of 14 examined ones) have still a high concen-
tration of albumins in the blood serum (34.9%) in August, which proves
about the irregular or delayed spawning. The albumin level of the remaining
group of females is about 300 mg% (t = 3.83) lower. After the moderate
autumn the decrease of albumin amount in January is more visible and rea-
ches 5-7%, i.e. 400-500 mg®o after taking into account the variable level of
total protein.

Typical for this parasitic disease is the separation of serum proteins (sy-
stem I), which is characterized by a considerable decrease of the percentage
albumin participation, increase of «, and partly of f-fraction and decrease of
v-globulins (Fig. 23). The level of particular fractions in this system depends
on the annual cycle and to a lesser extent on the sex of tenches.

Percentage increase of a,-fraction in the serum of males infested in some
months (October, January, March) does not exceed 1.2-1.8%, while in other
months the much greater differences reach even 4.68 and sometimes 7.52%.
The maximum increase during July and August is about 10% (Fig. 11).

4%
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The level of a,-fraction calculated into g% of total protein and at a mar-
ked decrease of protein in the serum of infested fish is only sometimes ba-
lanced and replenished to the values determined for control fish (Fig. 12).
From May till August the number of a,-fractions in the total protein balance
is lJower as compared with the control tenches even by 263 mg® (August —
t = 2.17). Only at the end of the year, in November and January, the level of
a,-fraction in the serum of infested males is slightly bigger than the control
values, which are above 300 mg% (t = 2.22, t = 3.46).

globulins (%)

L} L ] >
X X XI X1 I I i
1965 1966
months

T U

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

The values of wa,-fraction in the serum of females are similar with the
exception of the period following the spawning, during which the obtained
results are not the same. Increased amouts of a,-globulins in the serum of
some infested females may point both to the changes after spawning and to
the effect of parasites. Definite differences are observed in winter (January)
at a 5.23% increase and similarly in the serum of males the fraction level
increases by 391 mg%.

The level of B-globulins (Fig. 13, 14) in the separation of proteins (sy-
stem I) with a dominant a,-fraction in the serum of infested males is generally
higher than the determined average for control males. Essential differences
are observed from August till March and are 1.16-5.6% (t = 1.99, t = 4.41).
Only the numerical relations are different during spawning (Fig. 13). Then
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Fig. 12. Differences in the protein level of «, and y-globulins (in g%) of blood se-
rum of control males (A, C) and those infested by Ergasilus sieboldi (a, c¢)

the number of fractions is smaller as compared with the control level about
1.0-1.75%, which is due to protein shortage during the reproduction of these
fish. These differences are more visible in the absolute values at a simulta-
neous decrease of total protein. During spawning of males the f-fraction
level decreases about 273 mg% to 556 mg% (t = 2.51, t = 3.05), and in the
instance of females, after spawning this decrease is 7.48% (t = 8.25) i.e.
570 mg% (t = 3.34).

The percentage increase of f-fraction is more or less constant in the
remaining part of the year as compared with the control level. The surpluses,
both in the serum of males and females do not exceed 300 mg% (Fig. 14).

As opposed to the two previous fractions the values of y-globulins (Fig. 11,
12) are uniformly distributed during the annual cycle. The level of this frac-
tion in the group of infested fish falls below 20% and the average differences
essential for statistic purposes vary from 2.9 to 8.22%, with the exception of
January. The maximum levels reach 10%.

The deviations from the control level (Fig. 12) of absolute values are from
281-768 mg®. Therefore the index a,/y is always higher than the coefficient
obtained for control fish.

The separation pattern of some serums of infested tenches is in each
monthly sample different from the one already described. In the II system
of serum proteins y-globulins are the prevalent fraction (Fig. 22) and also
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Fig. 13. Differences in the % values of fractions of a, and B-globulins in blood se-
rum of control males (A, B) and those infested by Ergasilus sieboldi (a, b)
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Fig. 14. Differences in the protein level of «, and B-globulins (in g%) of blood se-
rum of control males (A, B) and those infested by Ergasilus sieboldi (a, b)
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the two remaining groups of protein a, and f. Sometimes even the albumin
values are much lower in comparison to the control level.

The protein amount of the dominant y-fraction (Fig. 15) increases to 28.7
and even to 32.7%, whereas in control fish it is hardly 18.8-26.7%; the dif-
ferences are within the range 2.02-11.36%.
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Fig. 15. Comparison of %o values of a,, B and y-globulin fractions of blood serum
of control males (A, B, C) and those infested by Ergasilus sieboldi (a, b, ¢). Separa-
tion of the II type

The values in the g% system as in the previous globulin fractions are
a bit different (Fig. 16). During summer the differences are more visible as
independently from the percentage increase the differences in the control
level are rather small — within the range 107-455 mg%. Much greater chan-
ges in this protein system are observed in autumn; in September, October
or January the average deviations increase to 641, 699 mg%, the maximum
up to 810 mg%.

The o, and B globulin fractions (Fig. 15, 16), apart from September and
January when the amount of these two proteins is almost equal, have smaller
values as compared with the control level. In the instance of a,-fraction the
difference amounts to 4%, and in the instance of p-fraction — about 2%. When
calculated into g% these variations are within the range of about 300 mg%.

The pattern of changes in the blood of tenches at a greater invasion of
parasites (from 1,000 to 2,000) is respectively more marked than in the former
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Fig. 16. Comparison of protein level of a,; B 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. And so the estimations made for this group of tenches confirm the
occurrence of periods of more intensive action of parasites within the year,
probably connected also with the development cycle of Ergasilus sieboldi.
A greater influence is noticed e.g. during the spawning preparations (June),
when the differences in the number of erythrocytes in the blood of a male
infested by 1,247 parasites are 921,000/mm3, at a simultaneous decrease of
hemoglobin content (2.4%) and hematocrit’s index (12%). Similar or slightly
smaller deviations were observed in the two following months during spawn-
ing or directly after spawning. However, during these periods the changes
resulting from the presence of parasites are more difficult to explain because
of the considerable variations of control values.

The survivorship of tenches in conditions of extreme weakness of orga-
nism is quite big. It has been found that a fish (male — 24.5 cm, 140 g) having
more 28,000 of erythrocytes in 1 mm3 of circulating blocd and 1.09 g% of he-
moglobin is still alive with and its movement capacity is not limited. The
value of total protein in the serum of the investigated male was also only
1.5 instead of 5.6 g% (Fig. 17).

In autumn the differences determining the effect of parasites are consi-
derably smaller (Fig. 17, 18); in the blood of a female the number of erythro-
cytes decreases only by 128,000, in the male by 377,000/mm3, and also the
hemoglobin level decreases by 0.99 and 2.84 g%, respectively.
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Periodical action of parasites was observed, similarly as in other para-
meters, in the fluctuations of the level of total protein. Great differences
take place in June and August; the protein value in the serum of males is
hardly 0.67 or 1.3 g% at a control level 5.57 g%. Contrariwise, despite the
infestation with 2000 parasites, the level of total protein in autumn increases
by 732 mg®e, and in January at a similar infestation it decreases by 796 mg%.
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B. infected fish B hemoglobin

&= total protein

| i
& '1‘
4 II |
2 i| |

|

v oW T O bt A ST T

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)

A. control fish [J
B. infected fish- [l red blood cells (mill) per mm®

B white blood cells (thous.)
% per mm®

©u W X T |

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

Analogically as in the first group of fish two types of separation of serum
proteins were distinguished (Fig. 19). In both these systems the decrease
of albumin level was 4-10%. The increase of «,-fraction in the I separation
of serum proteins amounts to 35.96%, and simultaneously the p-fraction ma-
ximally decreases to 29.27%, whereas the decrease of proteins from the ¥
group amounts to 6.75%.
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In the g% system (Fig. 20), at a minimal level of total protein the value
of respective fractions is accordingly low and the right proportions between
successive proteins are observed (Fig. 24). This character of changes is most
precisely reflected by the fractions of male in November as exceptionally
there the protein level is approximate to the control one. An increase of
a,-fraction is then 926 mg®, of prcteins p — 643 mg%, and the decrease of
y-globulins — 439 mg%.
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Fig. 19. Comparison of the %o values of albumin fractions and «;, a,, B, y-globulins
in blood serum of control males (A) and those infested by Ergasilus sieboldi with
1100-2000 parasites (B)
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Fig. 20. Comparison of albumin level and «,, «,, B, y-globulins (in g°) in blood
serum of control males (A) and those infested by Ergasilus sieboldi with 1100-2000
parasites (B)
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Fig. 21. Normal electrophorogram (a)
b with a changed pattern of protein sepa-
ration (b) of a male infested by Ergasi-

lus sieboldi

Fig. 22. Differences in the dyeing inten-
sity of y-globulin fraction in the elec-
trophorogram of a male infested by Er-
2 gasilus sieboldi. a — separation of nor-
- b mal serum; b — separation of changed
| serum

Fig. 23. Increase of proteins of a,-glo-

bulins and decrease of § and y-fractions

in blood serumi of males infested by

d Ergasilus sieboldi. a— normal separa-
tion; b, ¢, d — changed separation

Fig. 24. Changes in the separation and

x f dyeing of electrophorograms of proteins

; d of males infested by Ergasilus sieboldi

with 1100-2000 parasites. a — control
male; b, ¢, d —infested males
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4. DISCUSSION

Essential changes in the annual cycle in the circulating blood of tenches
infested with Ergasilus sieboldi are observed in the number of erythrocytes,
partly of leucocytes and hemoglobin. Apart from that the level of total pro-
tein of blood serum of these fish decreases and changes in the electropho-
resis pattern of proteins connected with the rearrangement of albumin and
globulin fractions are observed. Relatively slight infestation from 200 to
1000 of parasites results in anaemia, which is expressed by a decrease of the
number of erythrocytes, and frequently of hemoglobin and hematocrit’s
index.

The histopathological analysis showed (Einszporn 1965a, b) that the pa-
rasites damage the respiratory epithelium of gill filaments mainly with their
swimming appendages, mouth parts and 2nd antennae. The damages caused
by the movements, feeding and attachment of parasites result in the devel-
opment of necrobiotic changes. The deadened and the scatterred epithelium
fragments are usually washed out from the gill surface forming disintegra-
tions, which uncover the capillary vessels. The destruction of capillaries or
deeper placed gill arteries by females causes a constant hyperaemia, which
results in a decrease of the number of erythrocytes in the circulating blood
of tenches. Frequent hyperaemia lead to a chronic anaemia. Repetitive extra-
vasation of blood result in an iron defficiency. The analysis of the hemoglo-
bin amount in infested tenches shows that there not always are disturbances
in the level of this dye. These changes even at a constant number of para-
sites depend on the length of the feeding period and the extent of damage
of gill filaments. Longer action of ‘ pathogenic factor” results in worse haema-
topoietic activity. These disturbances always leed to an oxygen deficit in the
tissues, which while becoming mcre intensive results in further disturbances
in metabolism making worse all the activities of organism.

Among other things it 1s visible in the insufficient preparation to spawning
of infested tenches. Smaller numbers of blood constituents, and especially of
leucocytes (Fig. 3, 4), and the irregularities of other factors such as: total
protein (Fig. 7) fractions of a, and f-globulins of males (Fig. 14) or albumins
of females in the period directly preceding and during the spawning show
that during the necessary time the fish are not sufficiently prepared for
spawning. Spawning leucocytosis, closely connected with the reproduction
period is about 10 to 14 days longer in the blood of infested fish. Perhaps
some of the fish are later for spawning, but these observations require sepa-
rate investigations of the fertility of females infested by Ergasilus sieboldi.

The anaemia after the haemorrhage is connected with the decrease of
the level of total protein in blood. These changes are more visible in the
separation of serum proteins with the dominant a,-fraction, in the I system.
Apart from that, similarly as in other parameters, the action of parasites
is especially visible in males during spawning preparations and in females
after spawning. Greater protein demand of infested fish may be partly ba-
lanced in autumn after a period of longer feeding. Also, it seems that the
effect of parasites is much smaller in late autumn than in spring. In winter
the protein level in blood serum, mainly in males, is higher than in control
fishes. This proves that greater supplies are being used and that the winter
reserves are used much quicker.
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In the I separation especially, together with a decrease of the level of
total protein the amount of albumins in the serum of infested tenches also
decreases. Essential differences in males are observed in spring, late autumn
and in winter. Whereas in females the influence of parasites is observed
aiter spawning. However the albumin amount, in the instance of males, can
be replenished in autumn. Therefore it should be assumed that hypoalbumi-
nemia is mainly connected with the defficiency of nutritious proteins at
a simultaneous quickening of the catabolism of albumins.

In pathological conditions the changes in the protein content in serum
are not only with regard to albumins but are observed to a greater extent
within the globulins, which are more unstable proteins. Increased globulin
amounts in blood serum take place usually in the initial phases of various
Jiseases and frequently in severe cases or in chronic inflammation.

Separation of protein of globulin fractions is not typical for the discussed
parasitic disease, because apart from the effect of the crustaceans themselves
there are also secondary bacterial processes connected with the development
of mould (NEunaus 1929). And this is probably why two types of separation
were observed in the separation of globulin fractions in the serum of infested
tenches. In the I system there is an increased amount of «,-fractions, in some
periods of B, and a decrease of the level of y-globulins. But in the II system
an increase of vy-fraction is observed and also a decrease of the other two
proteins. In the instance of examined fish the separation of the I type pre-
vails as a more characteristic one for severe inflammatory states. However,
a more precise interpretation of quantitative rearrangements is very diffi-
cult because of a lack of thorough investigations on the properties of parti-
cular fish proteins. On the basis of the observations presented here it can
be only said that the increase of the fraction of a-globulins is undoubtedly
connected with pathogenic changes in gill accompanied by necrocytosis of
tissues and their intensive disintegration. Probably the increased synthesis
of a,-globulins is also the result of a quicker destruction of erythrocytes than
normally.

Using the accepted criteria of the estimation of changes in the electropho-
retic pattern of serum proteins for the course of inflammations it can be said
(this is also in agreement with the histopathological analysis) that in the in-
stance of this parasitic disease the inflammation is in gill. At a severe or
almost severe inflammation mainly a-globulin fractions increase, while chro-
nic inflammation is characterized by a moderate level of a and B-fractions at
a simultaneous increase of y-globulins. Probably the increase of y-globulins
in the chronic phase connected with the inflammatory state of the gill of fish
infested is as in other animals due to the production of antibodies in secondary
bacterial 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 u,-globulins, and partly of B at a simultaneous decrease of y-globulins
or increase of y-fraction and a decrease of proteins from the a,-group and f-glo-
bulins. Increase of a,-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
a,-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

Pasozyty Ergasilus sieboldi Nordm., nawet przy stosunkowo nieznacznym za-
razeniu (200-1000 sztuk), wywolujg u linéw niedokrwisto$é, ktéra wyraza sie
zmniejszeniem liczby erytrocytéow we krwi obwodowej, czeSciowo hemoglobiny
i obnizeniem wskaznika hematokrytu. Powoduja ponadto niedobér biatka catkowi-
tego w surowicy krwi (hipoalbuminemig) oraz przegrupowania w obrebie frakcji
globulinowych. Obraz tych zmian jest wyraZniejszy u samcé4w lina, poniewaz sg
one wrazliwsze na oddzialywanie pasozytéw niz samice.

Zwiekszone zapotrzebowanie na bialko u linéw zarazonych, przy stosunkowo
niewielkiej inwazji, moze by¢é uzupelnione po okresie diuzszego Zerowania w je-
sieni. Réwnocze$nie wydaje sig, ze wplyw pasozytéw jest pding jesienig znacznie
mniejszy niz w innych porach roku np. wiosng lub latem. Podobnie w tych sa-
mych warunkach, ilo§¢ albumin moze byé wyréwnana do poziomu kontrolnego, co
sugeruje, ze hipoalbuminemia wigze si¢ gléwnie z niedoborem bialek pokarmowych
przy roéwnoczesnym przyspieszeniu katabolizmu albumin.

Przegrupowania bialek surowicy w obrebie frakecji globulinowych dotycza:
wzrostu a,-globulin, czeSciowo f przy réwnoczesnym obnizeniu y-globulin lub
zwigkszenia frakcji y i spadku bialek z grupy «, i f-globulin. Wzrost frakcji
a, zwigzany jest ze stanem zapalnym oraz wzmozonym niszczeniem erytrocytow
na skutek stalego wykrwienia w skrzelach. Cze$ciej wystepujgcy rozdzial bialek
z charakterystycznym zwiekszeniem frakcji a, $wiadczy o nasileniu ostrej formy
stanu zapalnego skrzeli w wyniku oddzialywania pasozytéw Ergasilus sieboldi.
Schorzenie to przybiera roéwniez forme przewlekiego zapalenia skrzeli: cechuje go,
by¢ moze, wzmozona synteza y-globulin, zwigzana miedzy innymi prawdopodobnie
z tworzeniem przeciwcial w organizmie linéw zarazonych.
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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/mm? 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 (HoLLAENDER 1938, HArRVEY and HovL-
LAENDER 1938), or in inhibition of the course of cleavage (Cuase 1938, Giese 1938a,
b, WeLLs and Giese 1950), degeneration of cells (Giese 1946, BizJurLJavicius 1966)
and decrease of the hatching ability (Amy 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 (Amy 1964).

The eggs of Triops cancriformis show a great capability of adaptation to the
changes of medium conditions such as temperature (HempeL and Durrieu 1965),
water salinity (KLEkowsk!r and HEMPEL-ZAWITKOWSKA 1968, HEMPEL-ZAWITKOWSKA
1969) and drying up (HEmMpPEL-ZAwITKOWSKA and KvLeEkowskr 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.
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2. MATERIAL AND METHODS

The material for investigations were Triops cancriformis eggs taken out
of egg-pouches (the method of HemperL 1963) of females of the parthogenetic
population, caught in fish ponds in Jaktor6w near Warsaw, in June, 1968.
The eggs were kept in pond water till the experiment.

Two lamps were used as sources of ultraviolet radiation:

1. Hanovia “Chromatolit”, England, low-pressure. The lamp is stopped by
a filter OX-7 acc. to the Chance-Pilkington catalogue, transmitting radiation
within the range 2400-4500 A. The range of emitted waves, their percentage
participation and energy were as following:

UV 2537 A —55% = 40.70 erg/mm?2 sec,
UV 2537 — 2700 A —18% = 12.85 erg/mm? sec,
UV above 2700 A — 27% = 13.90 erg/mm?2 sec.

As the mean radiation energy of the lamp — 67.5 erg/mm?2 sec was assu-
med. The distance of the object from the lamp was 8.5 cm.

2. Q400 lamp, Famed 1, Poland, mean-pressure, with a filter, chiefly trans-
mitting 3660 A radiation. The energy of the lamp = 52.5 erg/mm?2 sec. The
distance of the object from the lamp was 16 cm.

Dosimetry of both lamps prepared for the applied distances from the
objects was made ! acc. to the Harcuarp and PARKER method (1956).

Out of the eggs chosen for the experiment two groups were distinguished:
those developing in diffused day-light in a closed compartment, and those
developing in the darkness and brought into light only during the exposure.
The eggs were divided into series differing as to the development conditions,
which differed among themselves by the time of exposure. The exposure of
eggs was made according to two patterns: 1. everyday, beginning from the
second day of egg development to the hatching moment in the given series
and 2. only during three successive days, starting after 4 and 7 days from the
beginning of development.

In both patterns the radiation dosages once in a day were identical for
each sample. During the whole time of experiment each sample was placed
in a glass crystallizer and covered with settled tap water, the column of
which was 1 cm high. The exposures and the development took place in the
same vessels. The experiments were carried out in the temp. 20°C.

In order to find out the effect of radiation on dry eggs the part of eggs
dried in the open after a previous 6-day development in water were exposed.

The series of experiments compared in 5 Tables were distinguished (Ta-
bles I-V).

At the exposure of eggs with Q400 lamp it was noticed that in the instance
of longer exposures the samples were warmed up to the temperature 40°C.
In order to check whether the increased temperature does not change the
time of egg hatching few samples were placed in a thermostat at this tempe-
rature for a time equal to the longest exposure under Q400 lamp. The time
of development and per cent of hatched eggs did not differ basically from the
control hatch.

! I am grateful to Dr. Z. TrRaMER, 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

The beginning of | The number . Total time of | Total radiation

j Sa;::- l exposure at the day | of days of ?u?eb;:xrg; exposure in dosage in
| P | of development the exposure hr and min erg/mm? {
i |
SR | I 2 8 10 1 hr 20’ 324,000
I 2 2 8 30 4 hr 972,000
|l | 2 8 60 8 hr 1944,000
| 40 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

The beginning of | The number Daily Total time Total radiation !

. Sample |exposure at the day| of days of | exposure of exposure dosage in |
{ of development the exposure in min in hr and min erg/mm?

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 i

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

| | The beginning of | The number Daily Total time Total radiation
| Sample | exposure at the of days of exposure of exposure dosage in
i | day of development | the exposure in min in hr and min erg/mm?

[ il 2 13 10 2 br 10/ 526,500

|, 72 ‘ 2 13 30 6 hr 30 1579,500
L¢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

ks o6 ‘ 7 35 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

| | The beginning of | The number Daily Total time Total radia-

| Sample | exposure at the of days of exposure of exposure tion dosage

! | day of development | the exposure in min in hr and min in erg/mm?
[ ] 2 12 20 4 hr 756,000
2 2 12 60 12 hr 2 268,000

pris pu & 2 12 120 24 hr 4536000 |
hezd 2 12 180 36 hr 6 804,000 |
o 4 3 180 9 hr 1 701,000

' 6 7 3 180 9 hr 1 701,000

5 Polskie Archiwum Hydrobiologii
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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 l Total time ' Total radiation ‘
Sample with the of days of exposure ' of exposure dosage in |
lamp the exposure in min | inhrand min | erg/mni o
1 | Hanovia 3 4 hr 30’ = 1093,000 1
2 | Q400 3 180 9 hr | 1701,000 '
|

In all the mentioned series for 50 days the hatches were noted and when
they finished the hatching per cent was calculated. The obtained results were
compared with the results of hatches of non-exposed eggs treated as control
ones, which was carried out separately for eggs developing in the light, in
the darkness and those slightly dried up.

3. RESULTS

As it is shown from a comparison of the hatchability and the rate of egg
development in the light (series I and II) and those exposed everyday by two
lamps (Fig. 1A, B) there are no basic differences between the hatch of expe-
rimental and control eggs. The final per cent of the hatch of exposed eggs
was slightly lower than that of control ones: eggs under the exposure of
Hanovia lamp attained from 84.3 to 92.4% of hatch, the eggs under the expo-
sure of Q400 lamp — from 82.9 to 90.6% of hatch, while the control eggs
attained 90.8% of hatch. The first hatches took place simultaneously in all
samples, but respective samples differed among themselves as to the course
of the further hatch in time and as the radiation dosages increased the hat-
ches were quicker. The hatch of eggs exposed with Q400 lamp as compared
with the control hatch was exceptionally fast.

The hatchability of eggs developing in the darkness and those exposed by
UV rays was compared with the hatchability of control eggs developing in
diffused day-light and control eggs developed in the darkness (Fig. 2A, B).
From the comparison of both control samples it can be seen that the lack of
day-light lowers the final per cent of hatch (control in the light 90.8% of the
hatch, control in the darkness 73.5% of hatch) and delays the beginning of
hatch some 19 days. But in both cases the hatch ends almost simultaneously,
because the eggs developing in the darkness hatch in a very short period of
time.

Exposure of eggs developing in the darkness with UV rays results in
a hatch, which is much higher than that of control eggs (88.4 to 94.1% — the
hatch of eggs exposed by Hanovia lamp, and 90.4 to 95.5% — the hatch of
eggs exposed by Q400 lamp as compared with the control hatch — 73.5%).
The exposed eggs begin to hatch 13 days earlier than the control ones at the
exposure with Hanovia lamp (eggs exposed in the 14th day and non-exposed
in the 27th day) and 13-15 days quicker at the exposure with Q400 lamp (eggs
exposed in the 12-14th day). As the radiation dosages increase at the exposure
with both lamps the rate of hatches increases (counting from the first day of

http://rcin.org.pl



Hatchability of UV-irradiated Triops eggs 487

100 =1

3 S
T T

N
S
|
beginning of radiation

hatched eggs (%)
collecting of eggs

T
=
pip B

L. =

0
100 T T T T T T T T T T
B
g z— = —
o g F_// . <
| &3 Ea
.\\’60 ?E ,/’
o %S S —!
o /g
> g,g ’/ control
=R
Eogg s
-~ oo
[~} o9
-~
v
| o | 1 1 | i

days

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
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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-
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hatch) — an exception is sample 4 from the IVth series, which has a slower
hatch than samples 2 and 3.

On the whole it can be said that the course of the hatch of exposed eggs
is stepwise, while the control hatches have a more even course and their
diagrams are close to parabola — especially in the instance of eggs develop-
ing in the darkness.

The eggs exposed on the 4th and 7th day of development through 3 days
(Hanovia lamp Fig. 3A and Q400 lamp Fig. 3B) show slight changes in the
course of hatch both towards themselves and in the relation to eggs exposed
everyday. It was only found that the hatch of eggs exposed for 3 days from
the 4th and 7th day of development was delayed 1-3 days in proportion to
eggs exposed from the 2nd day of development everyday. This is valid both
in case of eggs developing in light and those exposed with Q400 lamp (se-
ries II, sample 6, Fig. 3B as compared with samples 1-4, Fig. 1B) and also
those developing in the darkness and exposed with both lamps (series III,
sample 5 and 6, Fig. 3A as compared with samples 1-4, Fig. 2A and series IV,
sample 5 and 6, Fig. 3B as compared with samples 1, 2 and 4, Fig. 2B).

Eggs in dry state exposed for three days with Hanovia and Q400 lamps,
after a previous 6-day development in water (Fig. 4) displayed the same hatch-
ability as the eggs exposed in water. The course of the hatch was similar
to that of the control series.
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Fig. 4. Hatchability of eggs exposed for 3 days in dry state. H— with Hanovia
lamp, Q — with Q400 lamp

4. DISCUSSION

The results that have been obtained hitherto about the ultraviolet radia-
tion on eggs or the embryos of invertebrates show that depending on the
length of waves their results have a double character: 1. radiation of the
area C (2000-2800 A) and area B (2800-3200 A) depending on the dosage may
have a stimulating or an inhibiting influence on the development (Bizijuria-
vicsus 1966), 2. radiation of the area A (3200-3800 A) has a positive effect and
is used sometimes as a reactivator after the harmful action of UV rays having
shorter waves (WeLLs and Giese 1950, Amy 1965).

The applied here two sources of UV radiation having the maximum emiss-
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ions 2537 A and 3660 A should have a completely different action according
to the above presented data. However, the presented results of hatches show
that the action of both lamps differed only slightly and also in both instances
there were no distinct differences observed in the hatch of exposed and con-
trol eggs. The reason for it, as it seems, is the choice of applied here
dosages. Therefore for the purposes of comparison I shall present the dosages
applied in investigations on the eggs of other invertebrates, which have vi-
sible biological effects. Giese (1946) while investigating the effect of UV
radiation of a wavelength 2537 A on the development of eggs of sea inverte-
brates applied dosages (depending on the species of animal) from 100 to
8000 erg/mma2, and exceptionally to 25,000 erg/mm?2 attaining at the maximum
dosages the effect of the embryo’s degeneration or their death. Within these
limits are the dosages applied by WeLLs and Giese (1950) for the Strongylo-
centrotus purpuratus eggs and also applied by Amy (1965) for the Habrobra-
con sp. eggs.

The dosages, which I have applied at the maximum wavelength 2537 A
are from 324,000 erg/mm? to 4,738,000 erg/mm2, thus being on the average
1000 times bigger than the dosages in quoted works. Despite this these do-
sages did not cause any visible biological effects in the hatch of Triops can-
criformis eggs. This is probably due to the great resistance of the eggs of
this species to the UV radiation, which is probably the result of their two
egg covers: cuticular and chitin (HempeL 1965), and is a general ecological
adaptation to settle in astatic water bodies. The outside cover of a brown
colour contains the pigment — derivative of hemoglobin (HEMPEL-ZAWITKOW-
skA 1967) characterized by great absorption among others in this spectrum
band. Therefore, possibly only a small part of radiation gets inside the egg.
However, on the other hand solar radiation (within the range of the length
of waves getting through the earth atmosphere) is necessary for normal de-
velopment and penetrates the egg covers because the eggs developing in the
darkness have a lower hatchability than those developing in the light. And
apart from that their development is much slower. It should be pointed out
that the eggs named in the discussed experiments as the eggs developing in
the darkness were not completely deprived of light as they were taken out
of the egg pouches in light, and the control of their hatch, lasting also few
minutes was also in the light. Therefore it is possible that in a complete
darkness there would be no development at all.

A comparison of the influence of radiation of a length 2537 A (Hanovia
lamp) and 3660 A (Q400 lamp) on eggs developing both in the light (Fig. 1
and 2) and in the darkness (Fig. 3 and 4) shows that the waves 3660 A have
a better effect because they quicken the hatch of a considerable amount of
eggs. This is consistent with the results of experiments carried out by Amy
(1965) on the embryos of Bracon sp., in the instance of which the exposure
with rays from 3200 A to 4400 A with the peak 3600 A caused 93.6% of hatch,
and the control eggs were hatched in 92.9%. The same author found that the
above mentioned radiation causes a photoreactivation (withdrawal of negative
effects caused by UV radiaton of shorter waves), which takes place in a short
time, and the longer exposures are without effect on further development.
Possibly the UV radiation of the area A — like visible radiation —is a deve-
lopment stimulus, which acts in threshold quantities after which further
effects do not take place. This could explain the fact that activation of the
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hatch of Triops cancriformis eggs is not proportional to the increased radia-
tion dosages of a wave length 3660 A.

The stage of embryonic development is a factor changing the resistance of
various eggs to the UV radiation. As it is seen in the investigations of Amy
(1964) this dependence is not proportional, but the sensitivity increases and
decreases during the development several times. Bizjursavicius (1966), while
investigating the influence of UV radiation on maturation and vitality of
Ascaris lumbricoides and Trichocephalus trichiurus eggs found that the eggs
in the stage of first division stria have the smallest resistance, while the
larvae just before the hatch — the greatest.

A dependence of the radiation effects on the development was not found
in this paper, because the eggs exposed in the second, fourth and seventh day
of development do not display any basic differences in the hatch. Only
a slight delay of hatches of eggs exposed in the later development stages
may be noticed, but this requires repeated investigation using radiation
sources of a greater emission intensity. As it seems, the applied dosages
(perhaps as a result of little penetrable egg covers for UV radiation) are
within the range of minimum stimulating stimuluses, and only their consi-
derable increase might show the total changes caused by this factor in the
developing Triops cancriformis eggs.

5. CONCLUSIONS

1. Triops cancriformis eggs display a great resistance to UV radiation of
a maximum wavelength 2537 and 3660 A. This is connected with the presence
of two egg covers, out of which the outside one — cuticular — is impregnated
with pigment similar to hemoglobin (HEMPEL-ZAWITKOWSKA 1967).

2. Despite the application of almost 1000 times greater dosages of UV
radiation (up to 6,804,000 erg/mm?) than in the papers quoted a decrease of
hatchability of eggs was not noticed. The applied radiation had a rather
stimulating effect, as it resulted in activation of the hatch of a considerable
part of the eggs (especially of those exposed with rays 3660 A) in relation
to control eggs.

3. It was found that the diffused day-light is a factor mobilizing the hatch
of eggs, as the hatch of eggs developing in the darkness was 17% lower and
took place 19 days later than the hatch of eggs developing in the light.

6. SUMMARY

Trips cancriformis (Bosc) 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/mm? to 6,804,000 erg/mm?. 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 cancriformis 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 (Bosc) pochodzace ze stawdéw rybnych z okolic War-
szawy poddano dzialaniu promieniowania UV o maksimum dlugo$ci fali 2537 A
i 3660 A. Dla poszczegbélnych prob stosowano dawki promieniowania od 324000
erg/mm? do 6804000 erg/mm?2 Na$wietlano jaja rozwijajace sie¢ na Swietle oraz
w ciemno$ci (wydobywane na $wiatlo jedynie na czas ekspozycji), stosujagc dwa
schematy na$wietlan: codzienne, az do rozpoczecia wylegu w danej proébie, i okre-
sowe — przez trzy dni, poczawszy od czwartego lub sibdmego dnia rozwoju. W po-
szczegblnych prébach notowano czas wylegu, a nastepnie obliczono jego procent.
Stwierdzono, ze jaja Triops cancriformis wykazujq znaczng odporno$¢ na dziala-
nie promieni UV, a stosowane dawki maja slabe dzialanie stymulujgce.
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ABSTRACT

The species composition and the number of occurrence of benthic Chironomidae
species were investigated on two sections of River Supra$l. 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.

KonsTanTINOV (1953), Kasak (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 (MaArRkosJAN 1959,
Lorre 1954), from mineral and organic fertilization (Zapin 1957, 1959, PANKRATOVA
1957, Wropek 1962 and others), by leading organic sewage waters (Jounson and
MunGer 1930). But Ryeak (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 Supra§l 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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2. DESCRIPTION OF THE FIELD, MATERIAL AND METHODS

River Supra$l is the right-sided tributary of River Narew and forms nu-
merous meanders. Its width ranges from few to several dozens of metres.
The part of the river, on which the investigations were carried, was meliora-
ted in the years 1965-1966. The mean depth during summer of the investiga-
ted part of river was about 1 m, and during the autumn and spring tides
from 1.5-2.5 m. Table I and II present the temperatures of water, chemical
composition of water and deposits. The municipal sewage waters are led into
the River Suprasl some 300 m before the stations No. 2.

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

Specification , Range ! Specification ‘ Range |
Temp. °C I ismams |50k ae ' "p.-250. |
pH | a8 -82 " | PO, mahi 0.07- 0.09
0, mg/l [ 122 -152 | suspension mg/l | 20.0 -30.0
Fe mg/l |  05-08 | solid residue mg/l 40.0 -60.0

| Ca mgfl | 600 -68.12 | organic substances mg/l 20.0 -30.0
' NH, mg/l [ 0.12-0.15 I mineral substances mg/l | 20.0 -30.0 :

Table II. Chemical composition of deposits on investigated stations

1

' |

’Statlon ‘ Date from-to e - Si0y%) | Fe,04%%) | CaCOy (%) |
1A | 1IV.674XL67T | s2-811 | 7576192 | 034-0.52 | 1625
1B | 15.V.674.X167 3.52-11.54 | 75.62-780 | 028-0.36 | 5.1-1.3
iR _"(_1_5"\76;-; XL67 |  029- 046 | 7826864 | 02-0.013 08-13
2A | 4IX.67-4.XL67 | 19-193 | 1156m5 | 05 i3 asa
| 28 ‘ 4IX.684XL68 |  0.91- 5.3 79.84-81.14 75-07.2‘577_2.8—-1.5”
icj 4.XL67 21.09-2085 | 56.04-61.9 i—ss 5.5 _ 5.1-4.6
D | axe 48 63.0-343 | 2011-3;4— _‘i-:{s" i e

The material was sampled on the average twice during the month from
six stations in two cross-sections of the river width. The stations were chosen
by means of organoleptic estimation of substratum. On section No. 1 the
series of samples were taken at the bank (1A), 1 m from the bank (1B), in
the middle of the river (1C), and on the section No. 2 at 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, 1B, 2C was slimy, while on 1C the bottom was
covered with fine yellow sand. In substratum of stations 2A and 2B gravel
with pebbles of a diameter several em, and on 2D great amounts of organic
substances brought in by water. The material was sampled with a loaded
Ekman dredge (on a line, the surface 225 cm2) — 3 samples from determined
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places of each station. Samples with a small amount of deposit were not
taken into account. The deposit was sieved through sieves having the mesh
surface 0.5X0.5 mm. When selecting the material a simple microscope was
used (Jena 2X, made in Germany). In order to designate the growth classes
the body length was measured with the help of millimetre scale exact to
a millimetre and the length of cranium with eyepiece micrometer. The com-
position of species was determined acc. to the keys of GOETGHEBNER and
Lenz (1937, 1939), Cernovskis (1949), RomaniszyN (1958) and Firrkau et al.
(1967). While analysing the chemical composition of deposit, the organic
substances, silica, iron and calcium were determined.

3. RESULTS

In the basin of River Supra$l 20 Chironomidae species were found in
station 1A, 18 — 1B, 26 — 2A, 32 — 2B, 23 — 2C, and 27 — 2D (Table III). The
dominant species of the investigated water body are Microtendipes ex. gr.
chloris (Meig.), Endochironomus ex gr. dispar (Meig.), Cryptochironomus ex. gr.
conjugens (Kieff.) and Procladius Skuse.

Rarely and in small quantities occurred: Potthastia longimanus (Kieff.),
Psectrotanypus varius (Fabr.), Polypedilum ex gr. convictum (Walk) and
Cryptochironomus ex gr. viridulus (Fabr.) and others.

The average density of Chironomidae in section No. 1 (1A, 1B) in the
investigated season was 927, and in the section No. 2 (2A, 2B, 2C, 2D) — 1485
larvae per 1 m?2.

However, in respective series and stations (Table IV) the species compo-
sition and number can considerably change. On section No. 1 an increase in
number was observed in the middle of June, at the beginning of September
and November, and a decrease — in the middle of June and end of September.
In autumn a maximum increase of the number took place, i.e. from 2620
(1A —bank) to 4751 (1B—1 m from the bank) larvae per 1 m2 (Table IV).
During the period of investigations on station 1C the larvae were found only
sporadically. More numerous both in species and number were the samples
from section No. 2 (Table IV). On all stations after the fluctuations in the
spring-summer period there is a rapid increase in number during late au-
tumn, and a decrease in winter (with the exception of 2D).

The greatest number was found on station No. 2A — first days of No-
vember (4741 larvae per 1 m2) and No. 2B —in the middle of November
(gravel — 10,123 larvae per 1 m2). At the increase in number the greatest
number of species (16) was found in samples taken from the section 2B (thick
gravel) at the beginning of September. At the beginning of February the
number decreases in the majority of stations (Table IV). These great diffe-
rences in the total number were conditioned by the dynamics of dominant
species and those less numerous, but frequently found, and so:

1. Microtendipes ex gr. chloris (Meig.) —is a dominant species on station
2B (Fig. 1), in autumn, on other stations occurred rarely and in small amo-
unts. After domination in April (from 46.4% — 1A to 68.7% — 2B) the number
of this species rapidly decreases. During spring its number increases twice
but very slightly. This species attained its maximum on station 2B at the
end of September (8148 ind. per m?2 i.e. 87% of all Chironomidae). On the
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Table III. Species composition and frequency of occurrence of Chironomidae on the investigated
stations of River Supra$l (total number of samples — 270 in 90 series)

f T [ Station | 4 | 4
1 PoRE 1A 1B 2A 2B 2C 2D | (
| | |
Cryprochironomus ex gr. defectus (Kieff). + + + + + —+ | 20 48.0 ’ 4.0
| Cryptochironomus ex gr. vulneratus (Zett). + + + =+ - 17 44.0 29 |
| Cryptochironomus ex gr. viridulus (Fabr.) + 1 88.0 3.2
Cryptochironomus borysthenicus Tshern. = e 3| 3170 2.7
| Harnischia fuscimana Kieff. + 4+ + + 4+ + | 24 87.0 9.0 |
| Cryptochironomus ex gr. conjugens Kieff. + + EER R 14 | 119.0 244
| Paracladopelma camptolabis Kieff. + + 4+ 4+ 4+ | 11 66.0 7.6 |
l Paralauterborniella brachylabis (Edw.) - + | 2 88.0 9.8 |
| Endochironomus ex gr. dispar (Meig.) + 4+ + 4+ 4+ 4+ | 43| 6266 33.3 |
‘; Endochironomus ex gr. tendens (Fabr.) e ey oy I S B 545.5 4.2
| Microtendipes ex gr. chloris (Meig.) -+ + + + -+ 27 | 9416 | 35.6 |
Polypedilum ex gr. convictum (Walk.) -+ 1 36.5 6.1 |
Polypedilum ex gr. nubeculosum (Meig.) = -+ - - 4 36.5 3.6 |
Polypedilum ex gr. scalaenum (Schr.) + + + + 46 | 112.6 6.9 |
| Pentapedilum exectum Kieff. i + + + + 4| 117.0 6.3 |
| Chironomus f.l. salinarius Kieff. + + ’ 4 48.0 1344
| Chironomus f.l. thummi Kieff. + 4+ + + | 8] 119.6 6.7 |
| Paratendipes ex gr. albimanus (Meig.) + + 2 33.0 8.5
Tanytarsus ex gr. mancus (Walk.) | =+ S e AR e 24 | 305.8 | 15.5
Tanytarsus ex gr. lauterborni Kieff. - - 11.1. ‘1355 ST
Tanytarsus ex gr. gregarius Kieff. e e e S 60 | 161.7 | 18.4
Micropsectra praecox Meig. + 4+ 3 26.4 1.1 l
Cricotopus ex gr. algarum Kieff. A i P P 9 61.6 3.3
Cricotopus ex gr. silvestris F. - - 3 77.0 6.5
Epoicocladius ephemerae (Kieff.) +- + 9 44.0 1.6
Orthocladiinae gen? l. triguetra Tshern,
sp.n. + + 9 44.0 152
Synorthocladius semivirens (Kieff.) + + 4+ + 5 79.2 8.5
Cricotopus inaequalis Kieff. = AR R + 15 66.9 2.7
Eukiefferiella hospita Edw.? + 4+ 2 17.6 1.2
Diamesa ex gr. insignipes Kieff. ’ + + 2| 2200 6.2
Potthastia longimanus (Kieff.) | - 2 36.5 1.2
| Prodiamesa ex gr. bathyphila (Kieff.) o+ + + + - 17| 748 6.0
Prodiamesa flabellata Kieff. S R S R 9 47.5 1.8
Thienemanniella flaviforceps Kieff. + + + 5 40.9 33 |
| Corynoneura celeripes Winn. | S A 6 220 3.0
| Ablabesmyia ex gr. monilis (L.) i 4 - - 22.0 10.0
Psectrotanypus varius (Fabr.) ! + 1 440 20
Anatopynia plumipes (Fries.) + - 2 6.6 1.4
Apsectrotanypus trifascipennis (Zett.) flcctank - 8 440 6.3
Clinotanypus nervosus (Meig.) | + + 4 41.8 3.1
Procladius Skuse S R e L 41 | 3740 | 26.6
Ablabesmyia ex gr. lentiginosa (Fries.) I+ 4+ 4+ + + 30| 211.0%1-12.7
} 20 18 26 32 23 27 | |
1 — Number of series the given species.
2 — Average density per 1 tn2 (m nmples oonmmng the given svec:es)
3 — Mean per cent of individuals in ing the given sp (%)-
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basis of the cranium measurements three classes of growth were distingui-
shed: the first to 200 u, the second 225-350 w and the third 375-550 u (Fig. 2).

2. Endochironomus ex gr. dispar (Meig.) —in spring and summer a slight,
several times increase in number of this species was observed on stations 1A
and 1B, and a greater increase on 2A and 2B (Fig. 3). The maximum increase
in number ranged (in autumn) from 2110 (1A) to 5632 (2B) larvae per 1 m2.
On the basis of cranium measurements three growth classes were distingui-
shed: the first to 150 p, the second from 175-300 w, and the third from 325~
-450 p. In the examined samples the two last classes were usually found with
the dominance of the third one (Fig. 3).

3. Procladius Skuse — found on all stations, most numerously on 2C and
2D. During autumn its number rapidly increases attaining even 60% (i.e.
1320 larvae per 1 m2— 2D) of all Chironomidae (Fig. 4, 5, 6, 7, 8).

4. Cryptochironomus ex gr. conjugens Kieff. — found almost on all stations,
but most numerously on station 2B during summer months (July, August — up
to 480 larvae/ma2).

5. Ablabesmyia ex gr. lentiginosa (Fries) — this species was only found
in greater amounts on stations 2C and 2D — with a large content of organic
substances. The greatest amount of this species was found at the beginning
of February (1480 larvae per 1 m2 — 2D) (Fig. 5 and 6).

6. Tanytarsus ex gr. gregarius Kieff. —most numerously occurred on
station 2C. An increase in number was observed at the beginning of September
and in the middle of November. During winter the increase in number is
very slight only on station 2D (Fig. 1, 5, 6, 8).

7. Tanytarsus ex gr. mancus (Walk) — occurs more numerously only on
2 stations of section No. 2 (2A and 2B). During the investigated period its
number increased several times (Fig. 1 and 4). In samples taken in late au-
tumn only few individuals of this species were found.

8. Polypedilum ex gr. scalaenum (Schr.) — frequently found in the exa-
mined samples, but in small quantities. Its greatest number was found on
station 2A (beginning of June) — 600 larvae per 1 m2 (Fig. 4, 7 and 8).

9. Harnischia fuscimana Kieff — larvae of this species occurred in small
amounts on all stations. During the spring-summer period its number in-
creased 3 times (Fig. 4, 5, 6, 8).

10. Paracladopelma camptolabis Kieff. —found on 5 stations of River

Suprasl. Alltogether several hundred of individuals of this species were
found (Fig. 7).

4. DISCUSSION

On all stations considerable differences were observed in the dynamics
and number of Chironomidae. In the second part of summer the number (on
majority of stations) is greater than that in the early spring. The greatest
numbers were observed in autumn, which is consistent with data from lite-
rature. McTues (1966), when investigating Chironomidae of Stechlinsees Lake
observed a maximum increase in number of Microtendipes ex gr. chloris
(Meig.) in the early spring. During winter the number decreases (with the
exception of 2D). Great differences were observed both in the species com-

6 Polskie Archiwum Hydrobiologii
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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 (Schr.); E.d. — Endochi-
ronomus ex gr. dispar (Meig.)

position and number on two sections even in the instance of approximate
values of organic substances of the substratum. Stations of section No. 1
are on the average characterized by a smaller number and are poorer in spe-
cies as compared with stations of section No. 2, e.g. maximum number of
Endochironomus ex gr. dispar (Meig.) in autumn, on section No. 1 is about
3500 larvae/m?2 lcwer than that of stations of section No. 2 (2B).

The fact that the character of substratum structure and not the current
rate decides about the lack of larvae on station 1C is proved by finding
numerous larvae several metres further in the main current, on a stony sub-
stratum. But there are also considerable differences on section No. 2. The
greatest numbers were found on station No. 2B (thick gravel and pebbles)
with dominant species Microtendipes ex gr. chloris (Meig.) and Endochirono-
mus ex gr. dispar (Meig.). Small amounts of larvae of the first growth stages

http://rcin.org.pl



Dynamics of benthic Chironomidae in river 505

1500

N
1900 | A i
|
|
|
l

u , \

R .’ ‘\\
Eel e
EIODD— , |'|‘~
F i il .' '
s | H

| '

s ! H

- 1 '

500} }

1
: 1
& l &
i /‘ P a, ,
= QEd. ; \ S :
o N\ / s i > ,-1‘ <
\‘ R \ ’/ , \\\
Ps. ] % « / / \
w0 \ / \ /
ey e N

HE oson - ) i ! - Y
TR . g Y O, SN 0 SO AT
12V 261V 10V 2V 15VI 2VII 15.VI 29.VI 15.VI 41X 161X 30.IX 4.X 4X 18.X 2.
Date of sampling

Fig. 8. Number dynamics of dominant species on station 1B. H.f. — Harnischia
fuscimana Kieff.; P.s.— Polypedilum ex gr. scalaenum (Schr.); E.d. — Endochiro-
nomus ex gr. dispar (Meig.); P.— Procladius Skuse
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of these species in ser ples should be explained by the possibility of getting
through the mesh of sieves by larvae of this size.

Both the differences in the species composition and the total higher num-
ber of station 2B having a substratum poor in organic substances and quick
water flow (main current 0.50 m/sec) as compared with station 2D with
a substratum rich in organic substances and a slower water flow (sheltered
by vegetation and is beyond the current) may point to the considerable role
of allochtonous substances in settlement of larvae. It seems that the smaller
number of larvae on respective stations during early spring (as compared
with the autumn maximum) is caused by washing out the substratum by
autumn-spring flood water-rises, and partly by higher death rate during the
winter.

Predatory species (e.g. Procladius Skuse, Ablabesmyia ex gr. lentiginosa
Fries and others) inhabited mainly the stations placed beyond the current,
rich in organic substances, on which they could develope well. On these
stations considerable quantities of young growth classes of respective species
were found. In alimentary tracts of these predators the remains of Chirono-
midae were found. Therefore, it should be assumed that a fairly smaller
number of non-predatory species at a simultaneously greater number of
predators on these stations, as compared with station 2B, where the relations
are reverse, points to a considerable role of the latter in the total reduction of
number. It is most visible on station 2D and 1B. Frcm September to February
Ablabesmyia ex gr. lentiginosa and Procladius Skuse dominated on station 2D,
and Procladius Skuse — on station 1B, while other species occurred in small
amounts. Decrease in number of respective species together with the growth
of predator was also observed by BerLavskasa and KonstanTtinov (1956).
A considerable increase in number of Ablabesmyia ex gr. lentiginosa in the
winter sample on station 2D was probably caused by migration from neigh-
bouring stations, and partly by larvae brought in by the river current. Und-
oubtedly fishes and other invertebrate predators had their effect on the number
reduction, but their prey could be all individuals in their way, and so this
factor was not much considered while discussing the number dynamics of
respective species. Both the great number of found species and their consi-
derable number (chiefly in autumn), point to the fact that in River Suprasl
the conditions for development are favourable for Chironomidae and to a con-
siderable extent enrich the biomass 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 Supra$l, 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 Supra$l. 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/m?. The average number of Chironomidae on section No. 1 was 927,
and on the section No. 2 — 1485 larvae per 1 m?2.
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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 Supra$l: 1. Microtendipes ex gr.
chloris (Meig.), 2. Endochironomus ex gr. dispar (Meig.), 3. Procladius Skuse,
4. Cryptochironomus 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 sklad gatunkowy oraz liczebno$¢ wystepowania bentosowych gatun-
kéw Chironomidae na dwéch przekrojach (nr 1 i 2) rzeki Supra$l, ktéra jest pra-
wostronnym doplywem rzeki Narew. Proby pobierano systematycznie co dwa ty-
godnie, od kwietnia do listopada 1967 r., za§ wycinkowo w 1965 oraz na poczat-
ku 1968 r.

W rzece Supra$§l stwierdzono wystepowanie 44 gatunké4w Chironomidae.
W miejscu, gdzie doplywaja S$cieki organiczne stwierdzono kilkakrotnie wieksza
liczebno§¢ larw w poréwnaniu do miejsca niepodlegajacego wplywowi S$ciekow.

Jesienig stwierdzono liczebno$ci kilkakrotnie wieksze niz w pozostalych se-
zonach. Maksymalna liczebno§¢ — jesienig na przekroju nr 1 wynosila 4751, za$
nr 2 — 10123 larw/m?2. Srednia liczebno§¢é Chironomidae na przekroju nr 1 wyno-
sita 927, a na przekroju nr 2 — 1485 larw na 1 m?2

Na przekroju nr 1 najmniejsza liczebno$¢ stwierdzono na podiozu piaszczys-
tym, z niewielkg zawartoScig substancji organicznych, za§ najwieksza — w piasz-
czysto-ilastym.

W przekroju nr 2 najmniejsza liczebno$é wystepowala w podlozu z duzg ilo§-
cig czeSciowo rozlozonej substancji organicznej, a najwieksza wéréd grubego zwiru
i otoczakéw.

W rzece Supra$§l dominowaly nastepujace gatunki: 1. Microtendipes ex gr.
chloris (Meig.), 2. Endochironomus ex gr. dispar (Meig.), 3. Procladius Skuse,
4. Cryptochironomus ex gr. conjugens Kieff.

W oparciu o wymiary diugo$ci puszki glowowej wyr6zniono trzy klasy wzros-
towe dla dwoéch pierwszych gatunkéw. Gatunki drapiezne dominowaly na stano-
wiskach o podlozu z duzg zawarto$cig substancji organicznych.
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ABSTRACT

The distribution of nitrogen-fixing bacteria (Azotobacter and Clostridium paste-
urianum) in the bottom sediments of the Ilawa 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.

CONTENTS
1. Introduction 5. Summary
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4. Discussion

1. INTRODUCTION

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 (BIRGe and Jupay 1911, Naumann 1932, YosHIMURA 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,
yvhich undoubtedly is the most significant in the nitrogen-fixation process, occurs
in greater amounts only in the littoral zones of lakes (Kossovic 1896, ISACENKO
(1914) 1951, SarLimovskAJA-RopINA 1939) and in bottom deposits (NEcAEvA and
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SaLiMOvSKAJA-RODINA 1935, SaLiMOovskAaJA-RopiNna 1939, KuzNecov 1952, SEN 1955,
KRASHENNIKOVA and NovoziLova 1959, SaLmanov 1959, CorBERI and SoLAINi 1960,
Varca and TakATts 1960 and others), frequently together with cellulose bacteria
using the metabolism products of the latter (IMSENECKIJ 1949, OSTERTAG 1952).
Also considerable numbers of anaerobic bacteria of Clostridium type which can
fix nirogen are found in bottom deposits of lakes (SturM and SiMAKOvVA
1929, SturM et al. 1941, SturM and KANUNNIKOVA 1945, GAMBARIAN 1957,
1958, Kuznecov 1952, RobpiNA 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 UrLsanova
(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 (SaLmanov 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 Ilawa lakes (Jeziorak Maly and Jeziorak) on the Mazurian Lake-
land. Because of their situation and various degree of pollution (N1eworak 1966a, b,
1968) these lakes are an interesting object for hydrobiological investigations.

2. MATERIAL AND METHODS

Samples of the bottom deposits were taken more or less once a month
by means of the Ekmann sampler into sterile Petri dishes on 15 various sites
of the Itawa lakes (Fig. 1). The choice of sites was done taking into account
their distribution and type of bottom (sandy, muddy, sapropel). A separate
paper (NieworLak 1968) contains a description of investigated lakes and cho-
sen sites. Then in the laboratory 10 g of wet weight of the deposit was dis-
solved in 90 ml of 0.85% NaCl solution and shaked for 15 min on a shaker
and plated on suitable media.

The following determinations were made in the samples of bottom depo-
sits under investigation:

1. Bacteria of Azotobacter type on a breeding-ground (MarLiszewska 1954)
at 25°C during 6 days.

2. Anaerobic nitrogen-fixing bacteria (titre Clostridium pasteurianum) in
Winogradski’s medium at 25°C during 14 days (Ropina 1956).

3. Nitrifying bacteria of the I and II phase (titre Nitrosomonas, Nitroso-
coccus and Nitrobacter) in liquid mediums (Ficporow 1952) at 25°C during
28 days.

4. Denitrifying bacteria (titre) in Giltay’s medium at 25°C during 2 days
(Ropina 1956).

All the determinations were accomplished in three parallel platings and
the results obtained calculated per 1 g of dry or wet weight of the deposits.
When determining with the titre method in liquid media (anaerobic bacteria
of Clostridium type, nitrifying and denitrifying bacteria) the positive titre
was the solution, in which at least 2 out of three parallel platings displayed
the presence of a determined group of bacteria.
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In years 1962-1963 simultaneously with the determination of particular
physiological groups of bacteria in sandy and sapropel deposits of the Ilawa
lakes, the oxidation intensity of ammonium salts and nitrites by nitrifying
bacteria was investigated as well as the reduction of nitrates by denitrify-
ing bacteria.

I[tAWA

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

In the studies on the intensity of nitrogen conversions the applied method
was the one used by RuemnsEmMER (1959) in his investigations of similar pro-
cesses in the waters of River Elba. N-NO, was determined according to Arr-
pPorT (1956) using the photoelectric colorimeter of KF2 type (dark-green filter
No. 4 VG6 Schott).
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3. RESULTS

From the point of abundance in organic matter of the Ilawa lakes three
main types of deposits can be recognized: sandy type containing 1-2% of
organic substances (sites 7, 9, 10, 12, 13 and 15), muddy deposits containing
about 40% of organic substances (sites 1-6, 11 and 14), and sapropel deposits
in the region of Moty (site 8), on the depth from 2 to 6 m. Among the muddy
deposits there can be distinguished deposits polluted by sewage of organic
origin (sites 1-6) and not polluted by sewage (site 11 and 14).

Because of the slight differences in the distribution and activity of bio-
chemical microflora of the type of deposits found during the period of inve-
stigations, the results of microbiological investigations of deposits on the
following sites shall be discussed: 3 (muddy deposits, polluted by sewage de-
posits of Jeziorak Matly) and 8 (sapropel), 13 (sandy) and 14 (muddy in Jezio-
rak).

A. NITROGEN-FIXING BACTERIA

In the distribution of nitrogen-fixing bacteria in bottom deposits of the
Ilawa lakes some dependence connected with the type of bottom may be
observed. E.g., maximal numbers of Azotobacter were found in the muddy
grounds of Jeziorak Maly polluted by dairy sewage and in similar deposits
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Fig. 2. Number of Azotobacter cells in the bottom deposits of Ilawa lakes in the
years 1960-19€3 (mean values out of 3 parallels)
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of Lake Jeziorak. Approximate numbers of these bacteria were also found
in the sapropel deposits of Lake Jeziorak in the region of Moty (Fig. 2). In
sandy parts, poor in organic substances, Azotobacter were found in small
numbers rarely exceeding 100 cells/g dry weight of deposits. In all types
of bottom deposits the Azotobacter occurred in the spring-autumn period. In
autumn their number begins to decrease to tens of cells/g dry weight, atta-
ining its lowest value in winter.

Titre

station 3

107
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Fig. 3. Titre of sporeforming anaerobes (Clostridium pasteurianum) fixing nitrogen
in bottom deposits of the Ilawa Lakes in the years 1960-1963
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Fig. 4. Titre of nitrifying bacteria in bottom deposits of the Ilawa lakes in the

years 1960-1963, and the temperature of the surface layer of deposits. Dark co-

lumns — 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 titre of Clostridium pasteurianum in bottom deposits of the Ilawa
lakes (Fig. 3) ranged from 0 to 0.001, exceptionally 0.0001 as on site 3 in the
deposits of Jeziorak Matly polluted by dairy sewage. In general greater num-
bers of these bacteria were found in spring and summer, and smaller —in
the autumn-winter period at a lowered temperature of the medium. Differen-
ces in the numbers of anaerobic nitrogen-fixing bacteria in the bottom depo-
sits of various type were slight, however smaller numbers of these bacteria
were more frequently in sandy deposits.

B. NITRIFYING BACTERIA

Figure 4 presents the distribution of nitrifying bacteria in the bottom de-
posits of the Ilawa lakes. The maximum development of nitrifying bacteria
in the I phase most frequently takes place in summer (titre 0.001), more ra-
rely in winter as e.g. in the muddy deposits of Jeziorak Maly (site 3). In
winter the numbers of these bacteria were minimal or even non-existent at
the plating of 1 ml of deposits. Also the differences in the quantitative occur-
rence of nitrifying bacteria of the I phase were not observed depending on
the type of bottom deposits.

Nitrifying bacteria of the II phase usually occurred in smaller numbers
than the bacteria of the I phase of nitrification. Their maximum (titre 0.01)
occurred more frequently in summer, although in some instances their similar
numbers were also observed in spring, summer and even in winter, which
proves that in the development of this group of microorganisms the tempera-
ture is probably of lesser importance than in the instance of bacteria from
the I nitrification phase.

Simultaneously with the intensification or inhibition of the development
of nitrifying bacteria an increase or weakening of the nitrification strength
was observed in the bottom deposits of the Itawa lakes. The maximum inten-
sity of oxidation of ammonium to nitrites took place in the period of maximal
temperatures at the greatest number of nitrifying bacteria, i.e. from July to
August, attaining 48-51 mg N-NO,/1 (Fig. 5). As the temperature of the me-
dium and the number of nitrifying bacteria of the I phase decrease, the in-
tensity of the process decreases to 0.5-3 mg N-NO,/1 in winter. The maximum
intensity of this process is observed in the muddy deposits of Jeziorak in
summer, and in the sapropel deposits of this reservoir in winter.

In the instance of the II nitrification phase an increase of the nitrification
strength is observed starting May to the end of August within the limits
180-200 mg oxidized N-NO,/1 and a considerable decrease in autumn and
winter. In this last period the amount of oxidized N-NO, was 54-85 mg/l. With
the exception of winter the differences in the intensity of the process in parti-
cular types of deposits were relatively small (of the order of several mg oxidi-
zed N-NO,/1). Sapropel deposits of Lake Jeziorak displayed in winter a great-
er nitrification strength.

C. DENITRIFYING BACTERIA
Denitrifying bacteria display a relatively high sensibility to temperature.

These microorganisms were found in bottom deposits of the Itawa lakes quite
numerously, and their 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 Ilawa lakes on stations
3, 8, 14 in the years 1962/1963 (mg of N-NO, consumption/l after 21 days of incu-
bation at 25°C). A —1I phase; B—1II phase

posit type and season of the year (Fig. 6). In muddy deposits of the polluted
by sewage Jeziorak Maly and in sapropel deposits in Lake Jeziorak the deni-
trifying bacteria occurred in maximal amounts almost during the entire period
of investigations. The seasonal differences were small and were of 1 order
of magnitude. The medium temperature is significant in the distribution of
denitrifying bacteria in sandy grounds and muddy bottom deposits of Lake
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Fig. 7. Course of denitrification processes in bottom deposits of the Ilawa lakes
on stations 3, 8, 14 in the years 1962/1963 (mg N-NO,/1 after 2 days of incubation
at 25°C)

Jeziorak. Maximal numbers of denitrifying bacteria were found there in
summer, and minimal in winter. And the sandy grounds contain much less
denitrifying bacteria than the muddy deposits in deeper parts of this reser-
voir. It is typical that there was never a negative result in these investiga-
tions.

Together with an increase of the number of denitrifying bacteria and of
medium temperature the denitrification strength of deposits increases. In all
experiments the reduction intensity of nitrates into nitrites increased already
early in the spring to 2.5 mg N-NO,/1 in muddy deposits of polluted by se-
wage Jeziorak Maly, in sapropel deposits of Lake Jeziorak—to 4.2 mg
N-NO,/1, attaining the maximum values in July —88.0 and 79.0 mg N-NO,
respectively (Fig. 7). The curve of denitrification in bottom sediments de-
creases rapidly from the July maximum to October, and remains on the level
of several mg N-NO, till November. In December there is a slight increase
of the intensity of process to 23-24 mg N-NO,/1 and then another decrease to
the minimum values during the freezing period (January, February and
March). In July and August the muddy deposits of sewage Lake Jeziorak
Maly and sapropel sediments of Jeziorak display a maximal denitrification.
In the remaining period the differences in the denitrification density in par-
ticular types of deposits were small and only in November they exceeded

http://rcin.org.pl



Nitrogen bacteria in the Ilawa lakes 519

4. DISCUSSION

Nitrogen-fixing bacteria, and especially Azotobacter are a relatively small
group of microflora of bottom deposits of the Itawa lakes. The bottom type
is decisive in their distribution. In the muddy deposits, where the content
of organic substances is quite big and in poorly mineralized sapropel deposits
Azotobacter occurred sometimes in several times greater numbers than in
sandy deposits. In that respect the results of investigations carried out on the
Ilawa lakes are equal to the data of Kuznecov (1952) and GAmMBARIAN (1958)
cbtained for bottom deposits of lake reservoirs. The first quoted author found
in the bottom deposits of some eutrophic lakes of the U.S.S.R. (the lakes
Biale near Pokrowo, Czernoe in Kosino and other) less than 300 cells of Azo-
tobacter in 1 g dry weight, while the second observed in the bottom deposits
of Lake Sewan smaller numbers of these bacteria in the inshore sandy depo-
sits, and higher in the central part of the reservoir with a muddy bottom.
Quantitative differences in the occurrence of Azotobacter cells in the bottom
deposits of the Ilawa lakes are conditioned by a varying content of mineral
compounds and organic substances, which are the source of carbon and energy
for these microorganisms. More frequent occurrence of Azotobacter in the
muddy deposits of Jeziorak Maly is undoubtedly in relation with the dairy
sewage containing a large amount of carbohydrates and possibly the accu-
mulation of organic acids during the decomposition of mill sawdust which
are found on a quite big surface of lake bottom.

Anaerobic nitrogen-fixing bacteria of Clostridium type were found in the
bottom deposits of the I'awa lakes in slightly greater numbers than Azoto-
bacter. They were frequently observed in platings of 0.001 and even 0.0001 g
wet weight of deposits. This seems to correspond approximately with the
number of these bacteria in bottom deposits of eutrophic Lake Czernoe in
Kosino. Kuznecov (1952) sometimes found there up to 1000 Clostridium pa-
steurianum cells in 1 g deposits. Higher numbers of anaerobic nitrogen-fi-
xing bacteria especially in bottom deposits of Jeziorak Maly are obviously
the result of oxygen-free conditions frequently occurring there and of the
content of carbohydrates supplied by the dairy sewage (Nieworak 1966a).

The seasonal fluctuations of the number of nitrogen-fixing bacteria in
bottom deposits of the Itawa lakes observed during the investigations can be
connected with the reproduction period of bottom invertebrates (Zukowska
1960) and also with the dying of the planktonic and benthic plant and animal
organisms, which enriches the bottom deposits with nourishing substances
for these bacteria. For example, Ropina (1958) noticed that fertilization of
ponds with plant mass increased 100 times the number of Azotobacter and
Clostridium pasteurianum in the bottom deposits. As the nourishing substan-
ces disappeared, consumption of the cells of these bacteria by zooplankton
considerably decreased the number of nitrogen-fixing bacteria.

Lack of data on the intensity of nitrogen-fixation by Azotobacter and Clo-
stridium pasteurianum does not allow to draw final conclusions about the
significance of these microorganisms in the investigated water bodies. But
the number of these bacteria allows to assume that the nitrogen-fixation in
bottom deposits of the Ilawa lakes is due to the participation of both types
of bacteria as opposed to the water habitat of these reservoirs, where only
Azotobacter are abundant (NieworLak 1966a).

Vil
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Also, nitrification bacteria are a small group of microorganisms in the
bottom deposits of the Ilawa lakes. The titre of nitrification bacteria of the
I phase generally corresponded with the values obtained by Rcpina (1958)
for bottom deposits of some Lithuanian ponds, where they occurred from
1 to 100 cells/ml deposits. These numbers are higher than those given by
Kuznecov (1952) for bottom deposits of lake reservoirs of the European part
cf the US.S.R. In the latter the nitrification bacteria occurred in numbers
from 1 to 10 cells'ml deposits. However, there is no indication whether these
data were obtained in summer or in some other season of the year. But
it is known that the summer maximum of nitrifying bacteria is clearly mar-
ked. This is indicated by the observations of many authors and results of
investigation of this group of bacteria in the Ilawa lakes (NieworLak 1966b).
Intensification of development of nitrifying bacteria of the I phase in sum-
mer is also reflected by an increase of nitrification strength of bottom depo-
sits during that period. In that respect the investigations described here are
equivalent to the data by RueinuemMer (1959, 1964) on the seasonal changes
in the activity of the discussed process in the water bodies. This dependence
was also observed by Fisceer (1960) in small water bodies in the surround-
ings of Warsaw.

In the development of nitrifying bacteria of the II phase (Nitrcbacter)
the temperature is probably of lesser significance and therefore it frequently
happened that in spring, autumn and even in winter they occurred in num-
bers found in summer. However, their biochemical activity was considerably
higher in summer than in winter.

The occurrence of nitrifying bacteria — outstanding anaerobes in the bot-
tom deposits of the Ilawa lakes —is very interesting because of the fre-
quently taking place there oxygen-free conditions (Nieworak 1966a). But
these observation are not a novelty. There are reports proving the existence
of nitrifying bacteria in bottom deposits of Barents Sea (Nikitina 1955) and
in the hydrogen sulphide zone of Black Sea having oxygen-free conditions
(Kriss 1959). Perhaps as Ursanova (1961) says, in various types of waters,
soils and bottom deposits there are ecological Nitrosomonas strains having
specific morphological and physiological properties adapted to life in condi-
tions of limited oxygen access.

The denitrifying bacteria are a relatively widespread group of microorga-
nisms in bottom deposits of the Ilawa lakes, as they have favourable deve-
lopment conditions especially in summer, when there is sometimes a consi-
derable oxygen deficit and great amount of easily accessible carbon resources.
The greatest numbers of these bacteria in bottom deposits of the Itawa lakes
(titre 0.0001) were approximate to the data of Kuznecov (1952) obtained for
similar eutrophic habitats of eutrophic lakes of the U.S.S.R. The great num-
ber of denitrifying bacteria usually corresponds with a great number of
proteolytic bacteria (NiEwcLak 1968). Among the latter there are many spe-
cies displaying reduction abilities. It is even considered that the summer
maximum of the development of proteolytic bacteria is caused in the majo-
rity by species partially denitrifying (Nikitina 1955). Together with the
decrease of temperature of the medium the number of denitrifying bacteria
decreases to such an extent that the autumn maximum of proteolytic bacteria
is not accompanied any more by stronger development of species that can
partially reduce the nitrates.
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The decrease of the number of denitrifying bacteria in the bottom de-
posits of lakes investigated in winter 1962/1963 was also reflected in the
experiments on the intensity of the course of nitrate reduction. While the
number of denitrifying bacteria decreases the chemical analyses of experi-
mental samples display a slight increment of nitrites. This is in total agree-
ment with the data of RueiNnEIMER (1964), who said that the activity of de-
nitrifying bacteria is imperceptible at low temperatures and practically
equals 0.

The differences in the number of denitrifying bacteria and the reduction
intensity of nitrates 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 Ilawa 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 wigzacych azot atmosferyczny (Azotobacter i Clo-
stridum) w osadach dennych jezior ilawskich zasadnicze znaczenie posiada charak-
ter dna oraz temperatura $rodowiska. Maksymalny rozwéj tych bakterii obserwu-
je si¢ w osadach dennych bogatych w substancje organiczne zwlaszcza w okresie
wiosenno-letnim. W rozwoju bakterii nitryfikacyjnych, zwlaszcza Nitrosomonas
i Nitrosococcus, zauwazy¢ mozna przede wszystkim zalezno§é zwigzang z tempera-
turg otoczenia. Maksymalny rozwéj tych bakterii oraz intensywnos§é wywolanych
przez nie proces6w obserwuje sie¢ latem przy wyzszej temperaturze, niezaleznie od
typu osadéw, minimalny zimg. Bakterie nitrifikacyjne II fazy (Nitrobacter) wyste-
puja w osadach dennych jezior ilawskich w ilo§ciach mniejszych, przy czym w ich
rozwoju temperatura zdaje sie odgrywaé mniejszg role. W rozwoju bakterii deni-
tryfikacyjnych obserwuje sie zalezno$¢ zwigzang z typem dna oraz z temperaturg
osadéw dennych. Ta ostatnia wplywa réwniez na intensywno$é proceséw reduk-
cyjnych.
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This is the last paper by the late Dr. Hanna Wysccka-BusaLska. She spent
the last years of her scientific activity in Department of Experimental Hydro-
biology and she left the best memory as a scientist, fellow-worker and Human
Being. May this posthumous publication be an homage paid to her by the
Editorial Board and her fellow-workers.



526 H. Wysocka-Bujalska

THE ALGE FROM A MODEL POND
OF THE M. NENCKI INSTITUTE OF EXPERIMENTAL BIOLOGY !

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.

After unexpected death of Dr. Hanna Wysccka-BusaLska, member of the
research staff of the Nencki Institute, notices and preparations of algae last
worked out by her were handed me by her daughter Dr. Gabriela Grim-
-BusaLskA. The materials concerned plankton or seston collected in the small
experimental pond situated on the grounds of the Institute.

The basin was excavated of the ground in a shape of a truncate inverse
pyramid, its surface was nearly 6.5 m2 at the ground level and 1 m? at the
bottom; it was isolated from the ground with a layer of igelite foil supported
by wooden slats. The 30 cm layer of mud at the bottom was formed of bottom
sediment brought from a natural pool in Puszcza Kampinoska forest, where
from also originated the water used for filling the experimental pool. Plants
were not included deliberately.

The pool was investigated first in 3 years after filling. During the period
of observation from May 1966 to May 1967 the pool was periodically over-
grown by abundant vascular autochthonous vegetation and covered with
duck-weed (Lemna minor). The occurrence in water of Cladocera, Copepoda,
Protozoa, Rotatoria as well as of insect larvae (Ephemeroptera, Diptera etc.)
was noticed. The density of bacteria in water oscillated within a wide scope
from 4.3-10° to 120.6-109 cells per litre.

The water temperature (measured with thermistor thermometers with
continuous recording) was relatively stabilized due to the duck-weed cover.
Diurnal temperature changes did not exceed 2.5°C; over the year the tempe-
rature oscillated from 0.5 to 21°C. The water level depended solely upon
natural factors, i.e. evaporation and refilling by athmospheric precipitations.
The water pH over the period of observation was 6.6-7.5.

Chemical analysis of water was performed every 7 days. The concentra-
tions of particular constituents were as follows: sulphate 15.15-99.15 mg/],
orthophosphate 0.02-0.72 mg/l, nitrate nitrogen 0-0.15 mg/l, nitrite nitrogen
0-0.17 mg/l, amonium nitrogen 0.04-2.72 mg/l, oxygen 0-12.4 mg/l, carbon
dioxide (total) 12.5-233.2 mg/l.

These materials consisted of samples of seston obtained by centrifugation
or by filtration through membrane filters Coli 5, and of several glass plates
with algae settled on them. The Authoress left also detailed notices and
drawings of the identified algae; I saw moreover a part of this material in
the course of its working out during her two visits in my Laboratory in
Cracow.

! The material was put together and elaborated by Prof. Dr. K. STARMACH,
Department of Hydrobiology, Jagiellonian University, Cracow, Oleandry 2a. Poland.
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The material although rather scanty comprises several species found in
Poland first, as well as one new species not described till now. For this
reason I have undertaken willingly the task of composing the notices and
preparing them for publication. They deserve it undoubtedly.

The new species of the genus Clathrochloris was characterized according
to the preparation and notices of the late Authoress and in her memory de-
nominated Clathrochloris hannae.

Fig. 1. Typical colonies of Clathrochloris hannae

The following species were till now not reported from Poland: Micro-
cystis testacea, Tetrachloris merismopedioides, T. diplococcus, Achroonema
macromeres, A. simplex, Pelonema subtilissimum, P. aphane.

The species Gloeoskene turfosa is identified only with partial certitude;
it could not be found in dry preparations available, whereas the drawing
and notices were too scanty, insufficiently emphasizing specific features of
the species.

CYANOPHYTA

1. Synechocystis aquatilis Sauvageau

Cells about 5.8 p in diameter (in diagnosis of the species 4.5-6.0 w), singu-
lar or double. Common species, occurring usually in bottom mud of stagnant
water bodies.

2. Synechococcus cedrorum Sauvageau

Eliptical cells, 6-8 u long, 3-4 u wide. Common species, known from stag-
nant waters. In the investigated pond it appeared in May, 1966.

3. Rhabdoderma lineare Schmidke et Lauterborn

Irregular small colonies, cells 4.7-8.2 p long, 0.9-2.3 p wide (diagnostic
dimensions: 6-8 p long, 0.8-2.5 pu wide). Species frequently found in pond
plankton. In the investigated pond found first in July, 1966.

4. Microcystis testacea (Nageli) Elenkin

Colonies nearly spherical, cells 7.5-9.5 u in diameter. Species common in
mud and in damp places. In the pond it was found in July, 1966, first time
in Poland.
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5. Aphanothece saxicola Nageli

Irregular diffused colonies, cells 2-3 n long, 1.5 n wide. Common species,
in the investigated pond found in June, 1966.

6. Gomphosphaeria compacta (Lemm.) Strom.

Irregular spherical colonies, cells 4-6 w long, 1.5-3.0 u wide. Species occur-
ring in small water bodies, in the pond under investigation found in July,
1966.

7. Gomphospharia nageliana (Unger) Lemm.

Oval or irregular colonies, mean dimensions of cells 4.5 by 2 u. Species
known from stagnant waters, in the examined pond appeared in July, 1966.

8. Lyngbya limnetica Lemmermann

Trichomae 1-1.5 n wide. Common species, in the pond noticed from Sep-
tember to November, 1966.

9. Lyngbya aestuarii (Mert.) Liebmann

Trichomae 10-12 p wide. Common species, found in the discussed pond
in June, 1966.

10. Oscillatoria splendida Greville

Trichomae 2-3 p wide. Species occurring commonly in bottom sediments
of various water bodies, observed in the pond in September and November,
1966.

CYANOCHLORIDACEAE

11. Tetrachloris merismopedioides Skuja

Fine tablet like colonies of pale blue-green cells, 0.7-0.9 u long and about
0.6 p wide. Species described in 1948 as found in the hypolimnion of some
Swedish lakes, where it occurs together with sulphur bacteria. In the pond
under investigation it was found in July, 1966, first in Poland.

12. Tetrachloris diplococcus Pringsheim

Most cells 1.4 p in diameter, usually grouped in pairs, but also singular.
Observed in July, 1966. The species was described by PringsueEm in 1953
as found in polluted ditch water in Germany. In Poland was not found till
now.

13. Clathrochloris hannae Wysocka-Bujalska et Starmach

Floating colonies, irregular, discontinuous, forming however no regular
web. Groups or individual rows of cells are surrounded by loose jelly, scar-
cely visible, becoming more accentuated after staining with methylene blue.
Colonies of various size, 30-90 n in diameter. Cells round or short-eliptical,
1.9-5.8 n in diameter, most frequent diameter being 4.7 u: 1.9 — 3 cells, 2.3 —
4, 25—4, 3.5—10, 43 —20, 4.7—60, 50—8, 58 —11.

In cells the gas vacuoles are visible. The colour is yellowgreen, usually
rather pale.

The species was found in the artificial small pond situated on the grounds
of the Nencki Institute in May and June, 1966, among patches of duckweed.

This Clathrochloris species, not described up to date, was measured and
drawn by Dr. Wysccka-BuiaLska. Its description was completed basing
upon the preparations and notices of the late Authoress.

14. Pelodictyon clathriforme (Szafer) Geitler

Irregular net like colonies, composed of cells about 0.8 p in diameter.
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Species common in hydrogen sulphide containing waters, described primarily
by SzaFer in sulphur springs at Lubien Wielki near Lwow, found later in
springs at Swoszowice near Cracow. In the examined pond found in July,
1966.

15. Achroonema macromeres Skuja

Trichomae 3.3-4.6 w wide, cells about 8 p long. The width is then slightly
smaller than the diagnostic one (according to Skusa trichomae are 5-6.8 n
wide). The species was known till now only in Swedish lakes, appearing
chiefly in the hypolimnion. In Poland reported first.

16. Achroonema simplex Skuja

Trichomae 1.7-1.85 w wide (diagnostic values after Skusa are 1.8-2.0 p).
The species known from Swedish lakes where it occurs chiefly in the hypo-
limnion. In Poland found first time.

17. Pelonema subtilissimum Skuja

Trichomae about 0.5 w wide and 59 w long. Appeared in July and August,
1966. New species for Poland, known from Swedish lakes.

18. Pelonema aphane Skuja

Trichomae 0.6-1.4 u wide, cells 4.7-6 n long (in diagnosis according to
Skusa the width is 1-1.7 n). New species for Poland, found in June, 1966.
Described first in benthos and plankton of Swedish lakes.

HETEROKONTAE

19. Gloeobotrys chlorinus Pascher

Colonies of an eliptical contour, cells 4.2-4.8 n in diameter. Species found
on microscopic slides placed in the pond. Reported second time from Poland.

20. Gloeoskene turfosa Fott (?)

Fine shapeless colonies, oval cells 4.7-9.4 u in diameter. The identifica-
tion is dubious since the notices of the Authoress were not enough accurate.
No specimens could be found in the material available.

21. Ilsteria lobata Pascher

Two or four cell colonies, cells 9 w wide. Occurred frequently in June,
1966.

BACILLARIOPHYCEAE

22. Navicula cryptocephala var. veneta (Kiitz.) Grun. Occurred in typical
form in July, 1966.

23. Nitzschia paleacea Grun.

Common species, in the pond under investigation observed particularly
in July, 1966.

24. Nitzschia Clausi Hatzsch.

Species rather common, found in July, 1966.

25. Siderocapsa cfr. maior Molisch

An iron bacterium, belonging prabably to the species Siderocapsa maior,
settles on microscopic slides immersed for a certain time in the pond. Fre-
quently observed in all preparations.
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Tables should be typed on separate sheets, numbered with Roman numerals,
with a brief title above the table; where they are to be inserted in the text should
be indicate on the manuscript.

Figures should not contain information already cited in tabular form (or vice
versa). All figures, numbered with Arabic numerals, should be submitted in their
original form, line drawnings in indian ink, and photographs printed on glossy
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 World List of Scientific Periodicals), volume and pages of references ‘(first
and last).

Non-latin references should be transliterated into latin letters according to the
1SO-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. ReyNnoLpson, T. B.,, Young, J. O., TavyLor, 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. [IMSENECK1J, A. A.] Mmmeneugmiz, A. A. 1949. OntumaibHble IMTaTEJIbHBIE
cpenbl ANA aHA9POOHBIX LEJUIIONO03HBIX GakTepumit. [Optimal nutritional environ-
ments for anaerobic cellulose bacteria]. Mikrobiologija, 18, 215-223,

3. LUCHTEROWA, A. 1961. Z badan nad biocenozg bakteryjng rzeki Wisly [Untersu-
chungen der Bakterien-Biozonose der Weichsel]. Streszcz. ref., V. Zjazd Hydro-
biol. Pol. w Gdansku, 1961, 77-78, Warszawa, Komitet Hydrobiol. PAN.

4, ExMAN, S. 1953. Zoogeography of the sea. London. Sidgwick and Jackson.

5. BEETON, A. M., CHANDLER, D. C. 1963. The St. Lawrance Great Lakes. In: Frey,

D. C. [Ed.] Limnology in North America, 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 (Bocuckr 1953) or Boguckr (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. (RamMapaN et al. 1963), (KaAMLER and RiepeL 1960a).
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