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ANDRZEJ tYSAK

Obserwacje hematologiczne nad sielawg (Coregonus albula L.)
i krzyzowka sielawy z siejg (¢ C. albula x ¢ C. lavaretus maraenoi-
des Poljako v) — Haematologic observations on the small
whitefish (Coregonus albula L.) and on the hybrids of small
whitefish x whitefish ( «+ C. albula L. x ¢+ C. lavaretus marae-
noides Poljakov]

Mémoire présenté le 6 avril 1959 dans le séance de la Commission Biologique
de I’Académie Polonaise des Sciences, Cracovie

The small whitefish and withefish of the genus Coregonus belong to
a species both valuable and seeked for in the economy of lake fisheries.
As their nourishment consists mostly of plankton from the pelagic zone
(small whitefish) and larger bottom fauna living at greater depths (white-
fish), they are a very desirable item in the fish population of our lakes.
Besides the protection of spawning-grounds and that of the dimension
of fish, the appliance of seasonal prohibition of fishing — a means of
augmenting the number of fish population of the Coregonus genus is the
breeding of fish material and spawners (in the case of the whitefish
also the breeding of commercial fish) in ponds. This allows us to avoid
losses caused by (the devouring of mod and fry by rapacious fish which
can be observed during natural spawning.

In TFebon, Czechoslovakia, whitefish was bred in large ponds as
a commercial fish already in the XIX century. In Poland, the first at-
tempts at whitefish breeding were initiated by the Institute for the
Breeding of Fry in Opary by Drohobycz in 1908; as to supplementary
fish material of that genus, it was bred on a larger scale in 1935 (in
Sejny, on the lake Wigry and on Zeromin farm near +6dz) (Staff 1950).
In central Poland attempts at acclimatizing Coregonidae in ponds were
conducted by M. G g sow ska (1952—1957). Similar attempts were car-
ried through with small whitefish after the Il World War, as those
of Bernatowicz (1958) in the farm Borowo, district of Biatystok.
In southern Poland the acclimatization of small whitefish was under-
taken, in the years 1953—1956 by W. Kodder, in the research
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work accomplished by the Laboratory of Water Biology, on the farms
of Gotysz and Landek.

From the physiological point of view, the question of the influence
of the transfer of fish in an environment differing as to geography, cli-
mate and fishing possibilities is of interest. Small whitefish and white-
fish, as representatives of the so-called cold-water fauna of arctic origin,
require cold, clean and well-oxidated water. When living in fish-ponds,
they have different, sometimes even worse, conditions.

I tried to examine and discern the eventual physiological alterations
of fish reared in ponds by observing their picture of blood, which is,
as known, a very sensitive factor for indicating changes that arise in
the organism. Unfortunately, the results of those observations could not
be compared with other data, as in the literature to which | had access |
did not see any works concerning the haematology of genus Coregonus
and treating of the values investigated by me. This may be caused by
the great difficulty in talking a sufficient amount of blood samples, the
fish specimens being relatively small and very sensitive as to mani-
pulations connected with fishing and transport — and especially to the
changes in oxygen conditions.

Material and method

In the autumn of 1956 and in spring of 1957 | managed to carry
through haematological observations on small whitefish and its hybrid
with whitefish (the father being small whitefish and the mother white-
fish), living in the lakes and ponds listed below:

Date Place Kind and name Amo!.mt Kind of i_nvestigated
of reservoir of fish fish
15. X. 1956 Landek pond Lesny W. Il 10 small whitefish
28. X. 1956 Gotysz pond Gotysz 111 1 s small whitefish x ¢ whitefish
8. XI. 1956 Landek pond Borkowy | 15 small whilefish
23. XI. 1956 Rajgrod lake Rajgrod 20 small whitefish
27. 1. 1957 Krzelébw pond Pod Gieratem 13 small whitefish

In the spring of 1956 the ponds of the farm Landek (district of Kato-
wice) and those of Krzelow (southern part of Kielce district) were
populated with small whitefish fry obtained from roe sent by the Fishe-
ries Farm in Szwaderki near Olsztyn. The pond Gotysz Il (Gotysz Farm,
district of Katowice) was populated by fry of the small whitefish and
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whitefish hybrid (¢ Coregonus albula L_>? Coregonus lavaretus marae-
noides Poliakov) from roe of fish eaught in Gotdopiwo Lake (district
Olsztyn). | undertook, for comparison, the taking of bicod samples of
small whitefish living in normal lake conditions in the Rajgréd Lake,
Bialystok district.

| wish to express here my grateful thanks to Dr M. Gasowska,
Mgr W. Kotder, and the workers of the Experimental Farming Group
of the Polish Academy of Sciences (Zesp6t Gosp. Doswiadczalnych PAN),
in Ochaby, the Fisheries Group (Zespét Rybacki) in Elk and the Lake
Fisheries Station of the Freshwater Fishery Institute (Rybacka Stacja
Jeziorowa IRS) in Gizycko for the aid they gave me in the working out
of these problems.

The specimens caught in the ponds Lesny Wielki Il, Gotysz Ill, Ber-
kowy | and those of the Rajgrod lake were of the age of O+
(slightly less than | year of age) — those of the pond Pod Gieratem
of I (1 year old, as my observations were carried through in
March 1957).

The fish in the ponds were caught by means of a self-fishing con-
trivance, those in the lake with fishing-nets (seine). The blood samples
were collected immediately after their being taken out of the water
and the slightly modified Puckov method was used (ysak 1959).
The use of suitably stretched out glass canules rendered possible the
obtaining of 0,1 —0,2 ml of blood, even from specimens of a 8 — 10 cm
length. This quantity was quite sufficient for executing basic haemato-
logical determinations (amount of erythrocytes and leucocytes in 1 mm3
of blood, haemoglobin content).

As an anti-coagulent | used heparin in substantia. | calculated the
number of erythrocytes in Thoma-Zeiss chambers, counting for
every sample the content of 20 large squares (having a surface of
125 mmz2). The 200-fold dilution of blood was attained by using
Hayemms liquid. | determined the amount of leucocytes in the follow-
ing way: | counted on blood smears the number of erythrocytes and
leucocytes found in 30 fields of vision of the microscope (this amounted
usually to 1500 — 2000 counted cells in each preparation). Having pre-
viously counted the amount of erythrocytes in | mm3, | calculated by
means of proportion the amount of leucocytes for the same unit of
volume. The determination of haemoglobin content was made by using
SahBi’s heamatometre (100% 16 g of haemoglobin in 100 ml of blood).
Blood smears were dyed by the May-Grunwald-Giemsa me-
thod and on them, with the aid of a Zeiss type micrometer, under
1200-fold magnifying, | determined the erythrocyte measurements.
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Results

I must insist here upon the fact that all observations described in
Ihis paper are of a single character, thus not allowing for a dynamic deduc-
tion of their ascertained dependencies and commanding carefulness when
comparing them, if not from other motives then because of a certain
lapse of time dividing them or a lack of precise data as to the physical
and chemical conditions of their environment, which unfortunately |
could not obtain. The organism of the fish possesses, as to its blood com-
position, a very great capacity for adaptation when changes of envi-
ronment arise (Lysak 1959). This fact is also conformed by the data
contained in table I.

The amount of erythrocytes in 1 mm3 for small whitefish living in
ponds, therefore in worse thermic and oxygenic conditions, is in average
of 1.448 millions, thus being 14,6% of the value relative to small
whitefish in the lake (1.299 millions of. erythrocytes). In the hybrid of
small whitefish and whitefish it amounts to 1,579 millions of erythrocy-
tes — 37,4 % more than in lake small whitefish. This could be explained
by an increase of vitality and adaptation capacity often observed in
hybrids of the F! generation, without excluding the very probable in-
fluence of the mother whitefish.

The mean values of leucocytes in small whitefish bred in ponds are
subject to very great fluctuations (G7-170 thousands/mma3). But it is
always higher than that of the lake small whitefish (55 thousands/mma3).
In the hybrid of whitefish and small whitefish it amounts to 71 thou-
sands/mma3. On the basis of the mean quantities of leucocytes cited here
it is difficult to make concrete inferences. One can only speak of a very
different state of arousing of the defence system of the organism which
the leucocytes constitute.

The haemoglobin content is subject to reverse and relatively small
changes, the data for small whitefish and its hybrid with white-fish
(equal as to magnitude) are 3,6 % lower than for lake small whitefish.
All the dependencies described above are graphically presented in
Fig. L

Wunder (1936) maintains that changes in the morphotic picture of
the blood are usually accompanied by changes in the shape and dimen-
sion of erythrocytes. With the aim of observing this phenomenon in the
investigated material | undertook measuring the largest and smallest
diameters of erythrocytes. These data served to determine (with appro-
Ximative accurateness) the changes that arise in the absorbent surface
of erythrocytes (the surface of gaseous exchange) and its dependence
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Biometrical and haematological mean data for small whitefish (Coregonus albula L.) and for hybrids of small whitefish x whitefish (s c. albula L. x ¢ C. lavaretus

Length of body

Name of the pond or
lake
Mean
1
Small whitefish
from ponds
Lesny Wielki 1 11,0
Borkowy | 11,7
Pod Gieratem 10,9
Mean value for
Small whitefish
from ponds 11,2
Small whitefish
from lakes
Lake Rajgrod 114

Small whitefish x
whitefish
Gotysz 111 13,0

in cm

from - to
2

9,6— 12,0
9,0—131
8,7— 121
8,7 — 150
10,3— 148

maraenoides Poljakov).

Weight of body  Millions of ery- Content of — Thousands of

in g throcytes in cmm Surface haemoglobln Ie_ucocytes _
Dimension of in % in cmm Relation of
cells in p Red cells leucocytes to
i - erythrocytes
Mean from-to Mean St:?r%arrd of“3|_nglt; contained Mean Standard ... Standard Yy yt
cell in {2 w0 emm error error
3 4 5 6 7 8 9

140 120—165 145  +0078 1557 x 1057 2466+ 70 36114 69,9 =+ 43 67 + 162 1:22
207 168—221 1488  +0037 1557 x 930 2283== 104 33807 708 411 130 + 83 {1
120 98— 143 1398  +0064 1577 x 935 2315+ 27 32310 672 +15 170 4+ g1 1:88
156 1,448 1564 x 974 2353 34007 69,3 122 {139
121  96—161 129 = 0,057 1551 x 956 2332+ 46 30214 71,9 +24 55+ 10,1 1:236
220 174—231 1579  + 0111 16,20 x 10,12 2565 + 54 40643 693 =+ 34 71+ 151 1222
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Fig. 1. Number of erythrocytes and leu-  Fig. 2. Surface of single cell and sur-
cocytes and haemoglobin con- face of gaseous exchange in
tent In blood of small white- blood of small whitefish and
fish and of hybrids small white- of hybrids small whitefish «
fish ¢ x whitefish ¢ x whitefish ¢

on the fluctuations of environment factors. | wished to ascertain whe-
ther the adaptative faculties of the fish organism exist also in relation
to the oscillations of the surface of gaseous exchange — in other words,
whether fish, besides having a capacity for adaptation of the wvalues
described above (amount of erythrocytes and leucocytes in | mm3 con-
tent of haemoglobin) possess also, in dependence of environment changes,
the capacity for changing the surface and shape of erythrocytes. Co-
lumns 5, 6 and 7 of table | present the ciphers of these dependencies.
The dimensions of erythrocytes of small whitefish bred in ponds
amount in average to 15,64 %< 9,74 yu and differ only slightly in relation
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to the dimensions of erythrocytes of lake small whitef sh (15,51 < 9,16 mJ.
The values for the hybrid of small whitefish and whitefish are higher
(16,20 =< 10,12 p); this could be explained by the parental influence of
whitefish in the F] generation. According to Suvorov (1948) the ery-
throcyte dimensions of Volchov whitefish (Coregonus lavaretus beeri)
amount to 16,17 =< 10,60 . Gasowska (1956) maintains that the hy-
brids of small whitefish (o) with whitefish (¢) from the morphological
point of view have an intermediate exterior, with a certain preponderance
of the maternal type. Matrocline appears in them in a general colouring
of the body and fins and by the apparition of a ,,pearl organ” during
the spawning period — this is a feature that was observed only in whi-
tefish. The dimensions of erythrocytes in hybrids of small whitefish (&)
and whitefish (2) determined by me, being close to those of erythrocytes
of the Volchov whitefish, are one proof more of the matroclinie character
of this hybridization.

The surface of separate erythrocytes (col. 6, table 1) of small whitefish
caught in ponds amounts in average to 235,3 12 and is only sligthly lar-
ger than that of erythrocytes of lake small whitefish (mean 233,2 2).
On the contrary, a big difference is seen in the hybrid of the small
whitefish and the whitefish, which possesses erythrocytes with a mean
surface of 256,5 2. Because of difference in the amount of erythrocytes
those divergences augment if we represent the surface of gaseous ex-
change in relation to the blood volume unit (col. 7, table 1). In com-
parison with a lake small whitefish, the surface of gaseous exchange
of the small whitefish bred in pends is 12,7% higher and in the hybrid
with whitefish — 34,8 % higher. Fig. 2. demonstrates graphically the
differences in the surface of gaseous exchange.

The observations presented here, though not numerous, confirm
the pertinency of further and more extensive research work on the
haematology of small whithefish, whitefish and their hybrids, both
living in the normal conditions of lakes or bred in ponds. This is the
more imperative as we can observe frequent ventures of breeding of
fish of the genus Coregonus in ponds. Observations in the physiological
condition of those fish during their acclimatization in artificial reser-
voirs of water, provided with dams, seem also to be of great interest.

Inferences

I. In small whitefish bred in ponds the amount of erythrocytes and
leucocytes in | mm3 is higher (1,448 millions erythrocytes per mm3 and
122 thousands leucocytes per mma3) than that of the lake small white-
fish (1,299 millions per mm3 and 55 thousands per mma3).
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The haemoglobin content however is lower for fish bred in ponds
(69,3%) than in lake small whitefish (71,9%).

The surface of single erythrocytes is, as a rule of 2353 p2 for small
whitefish from ponds and 233,2 u2 for lake small whitefish. A greater
surface of gaseous exchange for a unit of volume is caused only by the
increased amount of erythrocytes in 1 mma3

Il. The hybrids of small whitefish and whitefish bred in ponds have
a greater amount of erythrocytes (1,579 millions per mm3) but a smaller
one of leucocytes when compared with small whitefish of the same en-
vironment (1,448 millions of erythrocytes per mm3 and 122 thousands
leucocytes per mma3).

The haemoglobin content both for small whitefish and for the hybrids
maintains itself (69,3 %) on the same level.

The surface of single erythrocytes and that of gaseous exchange for
a unit of volume in the hybrids of small whitefish and whitefish is di-
stinctly greater (256,5 42 and 406,43 mm2 per mm3) than in small white-
fish from ponds (233, u2 and 340,07 mm2 per mma3).

The higher values for the hybrids in relation to the erythrocytes and
haemoglobin content as well as to the surface of the erythrocytes could
be explained by greater plasticity and heterosis of the organism of hy-
brids, as well by the possibility of matroclinal influence of the white
fish.

STRESZCZENIE

Jesienig 1956 i wiosng 1957 roku udato mi sie dokona¢ pobrania krwi od sie-
lawy i od krzyzéwki sielawy z sieja hodowanych w stawach karpiowych Polski
potudniowej (Zespét Gospodarstw Doswiadczalnych PAN w Ochabach w woje-
wodztwie katowickim i Gospodarstwo Rybackie PZW w Krzelowie, potudniowy
kraniec wojewodztwa kieleckiego), oraz od sielawy bytujacej w normalnych wa-
runkach jeziorowych w jeziorze Rajgrodzkim w wojewodztwie biatostockim,

Osobniki ze stawow Zespotu w Ochabach oraz z jeziora Rajgrodzkiego od-
towione byly w wieku O+ (jednoletnie), a z stawu w Gospodarstwie w Krzelowie
w wieku | (jednoroczne — jako ze obserwacje nad nimi przeprowadzitem wiosng
1957 r.).

W pobranych nieco zmodyfikowang metodg Puczkowa (Lysak 1959) proéb-
kach krwi oznaczatem ilo$¢ erytrocytéw i leukocytow w mm3 i zawarto$¢ hemoglo-
biny. Réwnoczesnie na barwionych metodga May-Grunwald-Giemsy roz-
mazach krwi dokonatem pomiaréw erytrocytéw, na podstawie czego obliczytem po-
wierzchnie pojedynczych erytrocytéw oraz szacunkowo powierzchnie wymiany
gazowej krwi, tj. powierzchnie erytrocytow przypadajacych na 1| mm3 krwi.

U sielawy hodowanej w stawach zawarto$¢ erytrocytéw i leukocytow w 1 mmj3
jest wyzsza (1,448 miliona erytrocytbw w mm3 i 122 tysiecy leukocytow w mma3),

Acta Hydrobiologca 1.2
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w porownaniu z sielawg z jeziora (1,229 miliona erytrocytow w mm3 i 55 ty-
siecy leukocytéow w mm3,

Zawarto$¢ hemoglobiny jest natomiast nieco nizsza u sielawy ze stawow
(69,3%) niz u sielawy z jeziora (71,9%).

Powierzchnia pojedynczych erytrocytow jest w zasadzie podobna (235,33 u2 dla
sielawy ze stawow i 2332 dla sielawy z jeziora). Wieksza wiec powierzchnia wy-
miany gazowej na jednostke objetosci u sielawy hodowanej w stawach
(340,078nm wobec 302,14 mm2/mm3 dla sielawy 2z jeziora) spowodowana
jest jedynie zwiekszeniem sie zawartosci erytrocytow w mm3

U hodowanej w stawach krzyzéwki sielawy z siejg zawarto$¢ erytrocytow
jest wyzsza (1,579 miliona w mm3), a leukocytéw nizsza (71 tysiecy w mma3), w po-
réwnaniu z sielawg z takiego samego S$rodowiska.

Zawarto$¢ hemoglobiny u krzyzéwki i u sielawy ze stawéw utrzymuje sie na
jednakowym poziomie (69,3%).

Powierzchnia pojedynczych erytrocytéw i powierzchnia wymiany gazowej na
jednostke objetosci u krzyzéwki sielawy z siejg jest wyraznie wyzsza (256,5 u2
i 406,43 mm2/mm3) niz u sielawy ze stawow.

Wyzsze wartosci dla tej krzyzéwki odnosnie zawartosci erytrocytéw, hemo-
globiny i powierzchni erytrocytéw mozna by ttumaczy¢ czesto spotykang zwigkszo-
na plastycznoscig i heterozjg organizmu mieszancéw pokolenia F! jak réwniez
matroklinicznym wptywem siei.

Opisane w niniejszej pracy obserwacje mialy charakter jednorazowy, co zmu-
sza do ostroznosci w wycigganiu wnioskéw poréwawczych; dzielit je pewien
okres czasu. Brak takze danych odnosnie fizyko-chemicznej charakterystyki
$rodowiska, ktérych niestety nie' udato mi sie uzyskac.

Przytoczone powyzej dane potwierdzajg moim zdaniem celowo$¢ szerszych
badan hematologicznych nad sielawg i siejg oraz ich krzyzéwkami zaréwno bytu-
jacymi w normalnych warunkach jeziorowych, jak i hodowanymi w stawach.
Aspekt stanu fizjologicznego tych gatunkéw w trakcie ich aklimatyzacji w nowych,
zaporowych zbiornikach wodnych réwniez wydaje sie bardzo interesujacy.
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WSKAZOWKI DLA AUTOROW

1. Redakcja Acta Hydrobiologica przyjmuje do druku oryginalne prace ze

wszystkich dziedzin hydrobiologii i rybactwa, z wyjatkiem prac o charakterze
polemicznym.
2. Objeto$¢ prac wraz z rysunkami i tabelami nie powinna przekracza¢ 24

stron maszynopisu, tj. 16 stron druku.

3. Drukuje sie prace w jezyku polskim ze streszczeniem obcojezycznym nie
przekraczajagcym 1/3 objetosci tekstu polskiego lub w jednym z jezykéw kongreso-
wych z krétkim (1—2 stron) streszczeniem polskim. Wraz z poprawnym tekstem
obcojezycznym autor winien nadesta¢ odpowiedni tekst polski.

Nagtowki tabel oraz podpisy rycin zalgczonych do prac napisanych w jezyku
polskim winny by¢ podane w jezyku polskim oraz w jezyku streszczenia; w pracach
obcojezycznych tylko w tym jezyku, w ktérym napisana jest praca.

4, Maszynopis pisany jednostronnie z interlinig (29 wierszy na stronie) i mar-
ginesem (4 cm z lewej strony) nie zawierajgcy wiecej niz 5 poprawek na stronie,
nalezy nadsyta¢ w 3 egzemplarzach z podaniem imienia, nazwiska, miejsca pracy
i adresu autora. Ewentualne podkreslenia w tekscie nalezy robi¢ otdéwkiem. Przy
nazwach systematycznych gatunkéw nalezy podawac¢ nazwiska odpowiednich auto-
row np.: Navicula cincta (Ehr.) Kutz

5. Tabele liczbowe oraz wyrazne ryciny i fotografie winny by¢ zebrane poza
tekstem, w maszynopisie nalezy zaznaczy¢ na marginesie ich przyblizone miejsce.
Przy rycinach i fotografiach nalezy poda¢, do jakich granic moga by¢ zmniejszone;
powiegkszenie lub pomniejszenie przedmiotu nalezy zaznaczy¢ skala rysowana lub
w podpisie. Przy wiekszej ilosci rycin wzgl. fotografii autor winien zestawi¢ je
w tablice. Maksymalny wymiar tablicy w druku wynosi 12 x 19 cm.

6. Wykaz cytowanej literatury nalezy zestawi¢ w porzadku alfabetycznym
wg nazwisk autoréw, z podaniem pierwszych liter imion, roku publikacji, petnego
tytutu pracy, ogolnie przyjetego skrétu czasopisma, numeru tomu oraz pierwszej
i ostatniej strony publikacji. Przy wydawnictwach ksigzkowych nalezy poda¢ miej-
sce wydania i wydawce. Przy publikacjach (w jezyku rosyjskim nalezy stosowaé
transliteracje miedzynarodowa lub alfabet rosyjski. Przyktady:

Cholodnyj N. G.: 1953. Zelezobakterii. Moskva, lzd. Akad. Nauk SSSR.

Wiszniewski J., 1954. Matériaux relatifs a la nomenclature et a la bibliographie
des Rotiféres. Polskie Arch. Hydrob., 2 (15), 7—250.

Woodbury A M., 1954. Principles of general ecology. New York, Toronto. Blaki-
ston Comp. Inc.

7. O przyjeciu pracy do druku decyduje Komisja Biologiczna PAN w Krakowie
w drodze gtosowania po zreferowaniu pracy przez dwoéch cztonkéw Komisji. Autor
winien nadesta¢ 1-stronicowe streszczenie pracy (w 3 egzemplarzach), ktére bedzie
drukowane w sprawozdaniach z posiedzen wspomnianej Komisji.

8. Autorzy otrzymujg korekte szpaltowa i korekte tamang. Wigksze zmiany
w zlozonym juz tekscie moga by¢ robione tylko na koszt autora.

9. Autorzy otrzymujg bezptatnie 25 odbitek pracy (w przypadku pracy zbio-
rowej 25 odbitek tgcznie). Wieksza ilos¢ odbitek [mozna otrzymac¢ za zwrotem pet-
nych kosztéw. ZamoOwienia na odbitki nalezy zgtasza¢ przy oddawaniu maszynopisu.

10. Materiaty do druku i korespondencje prosimy nadsyta¢ pod adresem: Re-
dakcja Acta Hydrobiologica, Zaktad Biologii Wéd PAN, Krakéw, ul. Stawkowska 17.
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ul. Stawkowska 17. Nalezno$¢ pobierana jest za zaliczeniem pocztowym. Pojedyncze
egzemplarze mozna nabywac¢ w ksiegarniach i kioskach ,,Ruchu” w miastach
wojewaddzkich.



