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S. Bernatowicz

Dynamika flory naczyniowej w Jeziorze Arklickim

Z Zakladu Gospodarki Jeziorowej IRS w Gizycku

Otrzymano 10.VI1.1962

Wstep

Jak wynika z przegladu literatury przedmiotu, flora naczyniowa w jeziorach
w pewnych przypadkach ulega gwaltownym zmianom zaréwno pod wzgledem
jakosciowym, jak tez i ilosciowym.

Boruckij (1949) w Jeziorze Bialym w Kosinie zaobserwowal duzg
zmienno$¢ makrofitow w okresie 50 lat. Jako przyczyne tego zjawiska podaje
rézny stopien zaslonigcia jeziora od wiatru, wahania poziomu wody i w pewnych
okresach silny rozwéj glonéw. Podkresla przy tym szczegélnie ujemny wplyw
dzialania wiatru na ro$linno$¢ wodnz. Podobnie Schiemenz (1957)
ruchom wody pod wplywem wiatru przypisuje decydujgcg role w ksztalto-
waniu si¢ szaty roslinnej jeziora Steinhuder. Wskutek duzego falowania woda
jest tak silnie zmgcona, ze przezroczysto$¢ jej wynosi tylko 25 cm. Dno jest
przewaznie piaszczyste i prawie zupelnie bez roslinnosci. Spotyka si¢ tam tylko
w paru miejscach drobng ilo$¢ Potamogeton pectinatus, P. perfoliatus, P. lu-
cens,” P. natans i Polygonum amphibium. Roélinno$¢ naczyniowa w wigkszych
ilosciach wystepuje tylko na mulistym dnie w postaci bogatych skupisk My-
riophyllum spicatum. Natomiast w sztucznie utworzonych basenach przy je-
ziorze z t3 sama wodg jeziorowa licznie wystepuje Elodea canadensis, Pota-
mogeton lucens i P. perfoliatus.

Cytowany autor przytacza interesujgce dane odnosnie gwaltownej zmiany
szaty ro$linnej w jeziorze Steinhuder w latach 1910—1919. W tym okresie
cala powierzchnia dna jeziora zostala pokryta roslinnoscig. Rosliny odizolowaly
osady denne od falowania, woda stala si¢ przezroczysta (widocznos¢ siegala
do dna).

Tak, jak roélinno$é w duzych ilosciach niespodziewanie pojawiala sig, tak
po dziesi¢ciu latach nagle zniknela i jezioro wrécilo do poprzedniego stanu.

http://fcin.org.pl



146 S. Bernatowicz

Przyczyng tych zjawisk Schiemenz (l.c.) upatruje w dzialaniu wiatru,
ktérego skutki szczegélnie s3 duze z powodu rozleglosci jeziora Steinhuder
i malej jego glebokosci wzglednej.

Zaobserwowana przez Bernatowicza (1959) zmiennoé¢ flory na-
czyniowej w Jeziorze Arklickim (pow. 59,1 ha, maks. gleb. 2,0 m), w latach
1953—1956 w pierwszej fazie dotyczyla zaniku Myriophyllum spicatum. Na
powstalych wskutek tego duzych polaciach dna zupelnie pozbawionych roslin-
nosci naczyniowej zaczely pojawia¢ si¢ nowe rosliny, dotychczas nie spotykane
w tym jeziorze. Sg to: Charales, Sagittaria sagittifolia, Elodea canadensis, Pota-
mogeton crispus, P. pectinatus, P. compressus i Nymphaea alba. Sagittaria sagit-
tifolia, nie utrzymala si¢ i po roku zupelnie zanikla. Pozostale nowe gatunki
dla tego jeziora utrzymaly si¢ przez pewien czas i rozszerzyly zasieg swego
wystepowania. Batrachium circinatum stwierdzone w nieduzych ilo$ciach
w 1953 roku, w 1957 opanowalo cale jezioro wystepujac masowo.

Liczne pojawienie si¢ Charales w miejscach zupelnie pozbawionych roslin-
nosci nosi charakter pionierski — zgodnie ze spostrzezeniami W ooda (1950)
i Dobrochotowej (1953).

Jako przyczyng zmian szaty roslinnej Jeziora Arklickiego Bernatowicz
((l.c.) podaje przemarzanie wody do dna na duzych przestrzeniach plycizn
przybrzeznych, calkowity zanik tlenu, duze ilosci siarkowodoru i metanu
pod lodem.

Obserwacje wlasne

W oparciu o dotychczasowe dane florystyczne Jeziora Arklickiego (B ern a-
‘towicz—lc.) autor przeprowadzil dalsze szczegélowe obserwacje nad skla-
dem gatunkowym roslinnosci naczyniowej w tym jeziorze. Prace terenowe wy-
konywano w okresie pelnej wegetacji (24.VII.1958, 21.VII.1959, 25.VIII.1961)
metodg opracowang przez Bernatowicza (1960).

W poréwnaniu ze stanem z 1956 w 1958 roku wyraznie zmalala ilo$é¢ ra-
mienic (Charales) na plyciznach przy brzegu NW i wlosienicznika krazkolistnego
(Batrachium circinatum) w poludniowej czesci jeziora. Przy brzegu SW pojawila
si¢ znaczna ilo$¢ grazela zéltego (Nuphar luteum), grzybienia bialego (Nymphaea
-alba), rdestnicy grzebieniastej (Potamogeton pectinatus), r. plywajacej (P.
natans), a w centralnej czesci jeziora osoki aloesowatej (Stratiotes aloides)
(rys. 1).

W nast¢pnym, 1959 roku, obraz florystyczny jeziora ulegl dalszym zmianom.
Na plyciznach przybrzeznych na péinoc od cypla przy brzegach W i N ob-
serwuje si¢ dalsze cofanié ramienic, ktére wystepuja tu juz tylko kepami. Wsku-
tek tego znaczna powierzchnia dna jest zupelnie pozbawiona ro$linnosci.
Osoka aloesowata w tej czesci jeziora zwigkszyla zasieg wystepowania. W $réd-
jezierzu zmalala ilos¢ rdestnicy $ci$nionej (Potamogeton compressus), i r. grze-
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bieniastej, a wzrosta ilo§¢ wywldécznika klosowego (Myriophyllum spicatum)
i w poludniowej czesci jeziora moczarki kanadyjskiej (Elodea canadensis). Na
potudnie od cypla przy brzegu W wigcej si¢ pojawilo rdestnicy plywajacej
i po raz pierwszy stwierdzono tu ramienice. Przy brzegu E jeziora poprzednio
masowo wystepujacy wlosienicznik krazkolistny w duzym stopniu zaniki.
Powstaly tu wskutek tego duze polacie dna zupelnie pozbawione ro$linnosci
miekkiej (rys. 2).

W 1961 roku (po uplywie dwu lat) zaistnialy dalsze wyraZne zmiany szaty
roélinnej jeziora. W poprzednich latach licznie wystepujace nowe dla tego
jeziora gatunki roélin: rdestnica $ci$niona, r. grzebieniasta i r. plywajaca w 1961
roku calkowicie zanikly.

Na glebokosci 2 m roslinnosé prawie calkowicie wygingla. Wystepuje tu
tylko w $ladowych ilosciach rogatek sztywny (Ceratophyllum demersum) i rdest-
nica kedzierzawa (Potamogeton crispus). W pozostalej czesci $rédjezierza na
glebokosci od 1,5 do 2,0 m calkowicie zanikla moczarka kanadyjska i prawie
calkowicie ustgpil wywlécznik klosowy. Dominuje tu rogatek sztywny i wio-.
sienicznik krazkolistny. Ten ostatni gatunek w poludniowej ezesci jeziora
rozwingl si¢ masowo — podobnie, jak to mialo miejsce w 1957 roku. Na pél-
noc od cypla przy brzegu W ramienice nadal ustgpuja, a na ich miejsce wyjatko-
wo bujnie rozwija si¢ wywlécznik klosowy tworzac rozlegle skupiska. Na péinoc
od wyspy nadal utrzymuja si¢ duze zwarte kepy ramienic, ktére osiggnely tu
powierzchni¢ wody. Miedzy kepami ramienic pozostaje duzo wolnych miejsc
zupelnie pozbawionych roslinnoéci. Na podkreslenie zastuguje powolne, ale
stale rozszerzanie zasiegu osoki aloesowatej. W 1953 roku gatunek ten stwier-
dzono tylko przy brzegu N w postaci malej kepki. W dalszych latach jest jej
coraz wigcej, a w 1961 roku wystepuje juz w calej pétnocno-zachodniej czesci
jeziora w postaci nieduzych podwodnych skupisk (rys. 3).

W ciggu dziewigciu lat (1953—1961) stwierdzono duza stabilno$¢ helofitéw.
Zaobserwowano jedynie drobne zmiany w ich skladzie gatunkowym, a zasieg
wystepowania nie ulegl widocznym zmianom. Jest to zbiezne z poprzednimi
stwierdzeniami autora (Bernatowicz lc.) odnoénie Jeziora Arklickiego
i danymi Szczerbakowa (1950) dotyczacymi jeziora Glubokoje.

Z zaobserwowanych zmian szaty roélinnej Jeziora Arklickiego w okresie
1953—1961 wylaniajg si¢ juz oznaki stabilizacji, tj. coraz wyrazniejszy powré6t
do stanu wyjsciowego z 1953 roku. Méwi o tym postepujace zasiedlenie $réd-
jezierza przez rogatek sztywny, a wygrzanych w lecie plycizn przy brzegu W
(na péinoc od cypla) przez wywldcznik klosowy. Jako novum nalezy wymienié
ustabilizowanie si¢ w znacznych ilosciach grazela zéltego przy brzegach W,
w $rédjezierzu rdestnicy kedzierzawej, zwigkszenia ilodci i rozszerzanie zasiggu
wystepowania osoki aloesowatej w pélnocno-zachodniej czedei jeziora, wzmo-
zony rozwdj ramienic przy brzegu N i masowe wystepowanie wlosieniczka
krazkolistnego w poludniowej czesci jeziora.
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Rys. 1. Rozmieszczenie rolinnosci w Jeziorze Arklickim 24.VII.1958
1 — Phragmites communis Trin. 2 — Scirpus lacustris L. 3 — Typha latifolia L. 4 — Equisetum palu-
stre L. 5 — Nymphaea alba L. 6 — Nuphar luteum (L) Sibth, 7 — Batrachium circinatum (Sibth) Fr.

8 — Ceratophyllum demersum L. 9 — Myriophyllum spicatum L.

10 — Potamogeton compressus L.

11 — Potamogeton pectinatus L. 12 — Potamogeton crispus L. 13 — Stratiotes aloides L. 14 — Elodea

canadensis Rich. 15 — Charales. 16— Potamogeton natans L

http://rcin.org.pl



Flora naczyniowa Jeziora Arklickiego 149

eYorey
oS

60558
0.0 0205

<<

L ©NHYU A W
~XqQ(Jeeoo

Rys. 2. Rozmieszczenie ro$linnoéci w Jeziorze Arklickim 21.VII.1959
Objaénienia jak na rys. 1
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Rys. 3. Rozmieszczenie ro$linnosci w Jeziorze Arklickim 25.VIII.1961
1 — Phragmites communis Trin. 2 — Scirpus lacustris L. 3 — Typha latifolia L. 4 — Equisetum palu-
stre L. 5 — Nymphaea alba L. 6 — Nuphar luteum (L) Sibth. 7 — Batrachium circinatum (Sibth). Fr.
8 — Ceratophyllum demersum L. 9 — Myriophyllum spicatum L. 10 — Potamogeton crispus L.
11 — Stratiotes aloides L. 12 — Elodea canadensis Rich. 13 — Charales
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Pojaw nowych gatunkéw roélin — strzatka wodna (Sagittaria sagittifolia),
rdestnica $ci$niona i r. grzebieniasta — okazal si¢ w zasadzie efemeryczny.

W poszukiwaniu przyczyn zmiennosci szaty roslinnej Jeziora Arklickiego
autor przeanalizowal okresowe wahania zawartosci soli biogenicznych rozpusz-
czonych w wodzie, przezroczysto$¢ i temperature wody, sile i kierunek wiatréw
oraz dzialanie zwierzat. ’

Jak wynika z bezposrednich obserwacji i danych z literatury, jeziora o duzej
zmiennosci flory naczyniowej charakteryzuja si¢ stosunkowo malg objetoscia
wody. Z reguly s3 to jeziora albo rozlegle i bardzo plytkie, np. jezioro Steinhuder
(Schiemenz—lc.), lub glebsze, ale wtedy o nieduzej powierzchni, np.
jezioro Biale w Kosinie (Boruckij—lc.). Wreszcie mogg to by¢ jeziora
male o nieznacznej glebokosci, jak np. Jezioro Arklickie (Bernatowicz —
l.c.). W zwigzku z malg masg wody i bogatg roélinnosciag w pewnych wypadkach
mogloby zachodzi¢ okresowo silne wyczerpywanie przez rosliny soli bioge-
nicznych rozpuszczonych w wodzie, ograniczajagc w ten sposéb rozwdj flory.
Na przyklad wedlug Bernatowicza (1960) moczarka kanadyjska nie
wystepuje w wodach o nizszej zawartosci K,O niz 3 mg/l.

Jak wynika z tabeli I, zawarto§¢ w wodzie wapnia i azotu w okresie badanych
lat byla przecigtna dla jezior, chociaz ilo§¢ wapnia w lecie 1958 i 1959 roku
przejéciowo znacznie si¢ obnizyla. Natomiast ilo$¢ potasu w réznych latach,
wahajgca si¢ w granicach od 2,9 do 5,9 mg/l jest niewatpliwie wysoka. Zastuguja
przy tym na podkre§lenie przewaznie wyzsze zawartosci potasu w lecie, mimo
pelnej wegetacji roélin, niz w zimie, ew. wiosng przed wegetacjg. Zdaje si¢ to
wskazywaé na wyjatkowo duzg zasobnos$¢ jeziora w potas, ktérego poziomu
nie moze obnizy¢ nawet bogata szata ro§linna mimo stosunkowo malej masy
wody.

Tabela I

Zawarto§¢ soli mineralnych w wodzie w mg/l
Mineral composition of water mg./l.

Data

Date Ca K N/NH, N/NO,
17.1V.1957 55 4,8 0,18 0,04
16.VIII.1957 38 4,3 0,36 0,23
12.VIII.1958 12 2,9 0,09 0,00
11.1V.1959 56 33 0,23 0,01
21.VIIL.1959 16 41 0,10 0,05
14.1V.1960 47 4,8 0,12 0,24
29.VII.1960 42 5.9 0,29 0,06
27.111.1961 59 4,8 0,15 0,03
5.VIII.1961 43 5,4 0,24 0,30
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152 S. Bernatowicz

Zawarto$¢ wigc wymienionych soli biogenicznych w wodzie nie ogranicza
rozwoju makrofitéw w Jeziorze Arklickim. Trudno jest takze przypuscié, by
jezioro to cierpialo na niedobér innych soli mineralnych, gdyz wystepujace
tam roéliny s3 zazwyczaj wyjatkowo dorodne, produkcja rybacka wysoka,
szybkie tempo przyrastania ryb i dobra ich kondycja.

Przezroczystos¢ wody w $rédjezierzu Jeziora Arklickiego (mierzona kraz-
kiem Secchiego) w réznych latach wahala si¢ od 0,4 m (29.VII1.1960) do dna,
tj. 2,0 m przez caly 1957 i 1958 rok. Istnieje takze duza zmienno$é przezro-
czystosci wody w czasie jednego sezonu wegetacyjnego (tab. II).

Tabela II
Przezroczystosé¢ wody
Transparency of water

Data — Date m Data — Date m

| 17.IV.1957

do dna

| 14IV.1960 1,0
[ 21.v.1957 S 1060 08 |
| 18.VL1957 [ 29.viL1960 04 |
| 16.VIIL1957 | 21.0X.1960 0,9
19.X11.1957 e
29.V.1958 @ duk 2181961, A8y )
3.V.1961 1,5
| 12.VIIL.1958 % {
‘ | 7.VI.1961 f.8_ 5]
5.1X.1958
fofaslis S.VIL1961 1,2 |
[eiilote P, 4VIIL1961 11 |
22.V1.1959 0,60 | 5.IX.1961 1,0 ;'
[ 7.Xx1.1961 19 |

21.VIL.1959 0,90 | , |

W latach 1957—1958, o najwyzszej przezroczystosci wody, obserwuje sie
w Srédjezierzu duzg ekspansje rdestnicy grzebieniastej, r. $ci$nionej, r. kedzie-
rzawej i moczarki kanadyjskiej. W dalszych latach (1959—1961) spadkowi
przezroczystosci wody towarzyszy zmienno$é szaty roslinnej. W 1959 roku
roslinno$¢ w srodjezierzu jest jeszcze bardzo bogata, ale wyraznie zmalala
ilos¢ rdestnicy grzebieniastej, r. $ci$nionej i r. kedzierzawej. W 1961 roku, po
roku (29.VIL.1960) najnizszej przezroczystosci wody (0,4 m), na glebokosci
2 m ro$linnos¢ prawie zupelnie ustgpila — spotyka si¢ tu jedynie w $ladowych
ilosciach rogatek sztywny i rdestnice kedzierzawa. Wskazuje to, iz zakres
wahan przezroczystoéci wody w Jeziorze Arklickim w decydujacy sposéb
wplywa na flor¢ naczyniowa $rédjezierza.

Na plyciznach przybrzeznych z powodu malej masy wody o wystepowaniu
rodlinnosci migkkiej w pewnych wypadkach mogz decydowaé warunki ter-
miczne wody. Przykladem tego moze by¢ rozlegla plycizna Jeziora Arklickiego
przy brzegu W (na péinoc od cypla). Ta czes$é jeziora jest zaslonigta od wiatréw
z trzech stron wysokimi drzewami i wystawiona na silng insolacj¢. Zanotowano
tu w lecie (21.VII.1959) temperatur¢ wody 28,1°C. Mozna wigc przypuszczaé,
ze w dnie upalne cieplota wody moze tu znacznie przekraczaé 30°C. Stwarza
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to dos¢ specjalne warunki $rodowiskowe, ktére moga sprzyjaé jedynie cieplo-
lubnym roslinom, jak np. wywlécznik klosowy. Przemarzanie jednak wody
do dna w mrozne zimy, jak to mialo miejsce na przelomie 1953/54 roku, catko-
wicie likwiduje ten gatunek na kilka lat. PéZniej, po ustgpieniu roélin pionierskich
(Charales) i innych przygodnych w tym miejscu (rdestnica grzebieniasta,
r. kedzierzawa i moczarka kanadyjska), ten teren ponownie zaczyna opanowywac
wywlécznik klosowy.

Jak wynika ze szczegélowej analizy kierunkéw i sily wiejacych wiatréw
w okresie wegetacyjnym (maj—sierpien), w czasie pigciu lat (1957—1961)
przewazaly wiatry z kierunkéw W i E, tj. wzdluz krétszej (700 m) osi jeziora.
Biorgc przy tym pod uwage silne zadrzewienie wysokopiennymi drzewami
brzegu W i czesciowo brzegu E nalezy s3dzi¢, ze dzialanie wiatru na Jezioro
Arklickie jest slabe. Nie moze wigc on wywieraé powazniejszego wplywu na
ksztaltowanie si¢ flory naczyniowej w tym jeziorze.

W pewnych wypadkach niektére zwierz¢ta moga wplywa¢ na wystepowanie
hydrofitéw. Ogélnie jest znane zanikanie trzciny pospolitej, sitowia jeziornego
i innych ro$lin wodnych wskutek wyjadania ich przez bydlo domowe w miejscach,
gdzie pastwiska sa polozone nad brzegami wéd. Do Jeziora Arklickiego bydlo
ma dostep tylko w dwu miejscach (wodopoje) przy brzegu N i S. Roslinnos¢
wynurzona w tych miejscach zupelnie nie wystepuje, a zanurzona pojawia si¢
z dala od brzegu na glebokosci 1,0 m, tj. tam, gdzie bydlo nie ma doste¢pu.
Wedlug obserwacji Wolnego (1956) w stawach karpiowych poglowie
kaczek zlozone z 200 sztuk na 1 ha spowodowalo zupelny zanik nast¢pujacych
gatunkéw roslin: salwinia plywajaca (Salvinia natans), rukiew wodna (Nastur-
tium palustre), rzgsa drobna (Lemna minor), strzaltka wodna oraz tojes¢ rozeslana
(Lysimachia nummularia) i kropidlo wodne (Qenanthe phelandrium). Natomiast
takie gatunki, jak: manna mielec (Glyceria aquatica) i rdestnica polyskujgca
(Potamogeton lucens) ustepowaly czesciowo. W plytkich partiach stawu (do
60 cm), w granicach zasiegu nurkujgcych kaczek, dno stawu zostalo pozbawione
zwartej darni mchéw (Drepanocladus fluitans, Calliergon cuspidatum i Ambli-
stegium riparium) oraz ponikla iglowatego (Heleocharis acicularis). Na Jeziorze
Arklickim malo jest domowego ptactwa wodnego i z tego wzgledu nie moze
ono wywiera¢ powazniejszego wplywu na makrofity. Natomiast okresowo
dzikiego ptactwa bywa bardzo duzo. Trzyma si¢ ono przewaznie plycizny przy
brzegu NW na pélnoc od cypla, to jest tych miejsc, gdzie obserwuje si¢ najwigkszg
zmienno$é flory naczyniowej. W zwigzku z badaniami Wolnego (lc)
jest bardzo prawdopodobne, ze na calkowity zanik przy tym brzegu strzalki
wodnej, rdestnicy grzebieniastej i r. kedzierzawej wplynglo dzikie ptactwo
wodne.

Podobnie T ryon (1954) podaje, ze karpie w jeziorze Pymatuning wply-
wajg ograniczajaco na wystepowanie rdestnicy kedzierzawej, r. grzebieniastej
i rogatka sztywnego. Jako przyczyne tego stanu rzeczy cytowany autor podaje
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macenie wody przez karpie, ale zastrzega si¢, Ze to nie jest jedyng przyczyna.
Poniewaz w Jeziorze Arklickim nie ma tak wielkich ryb jak karpie, zerujacych
przy dnie, trudno jest przypusci¢, by ryby sredniej wielkosci (lin, kara$ i ploc)
mogly wywiera¢ widoczny wplyw na makrofity.

Zestawienie wynikow

W oparciu o dotychczasowe dane florystyczne Jeziora Arklickiego (B e r-
natowicz 1959) przeprowadzono dalsze szczegélowe obserwacje w latach
1958, 1959 i 1961.

1. W 1958 roku wyraznie zmalala ilo$§¢ ramienic i wlosienicznika krazko-
listnego. Pojawila si¢ znaczna ilo$¢ grazela zéltego, grzybienia bialego, rdestnicy
grzebieniastej, r. plywajacej i osoki aloesowatej (rys. 1).

2. W 1959 roku obserwuje si¢ dalsze cofanie ramienic. Zmalala ilo$¢ rdest-
nicy scisnionej, r. grzebieniastej i wlosienicznika krazkolistnego (rys. 2).

3. W poprzednich latach licznie wystepujace, nowe dla Jeziora Arklickiego
gatunki roslin: rdestnica $ci$niona, r. grzebieniasta i r. plywajaca w 1961 roku
catkowicie zanikly. Na glebokosci od 1,5—2,0 m calkowicie zanikla moczarka
kanadyjska i prawie catkowicie wywlécznik klosowy, a dominuje rogatek sztyw-
ny. Na gl¢bokosci 2,0 m roslinnos¢ prawie zupelnie zanikla — wystepuje tu
tylko w sladowych ilosciach rogatek sztywny i rdestnica kedzierzawa (rys. 3).

4. Jako novum dla jeziora nalezy wymieni¢ ustabilizowanie si¢ w znacznych
ilosciach grazela zéltego, zwigkszenie ilosci i rozszerzenie zasiegu osoki aloeso-
watej i dalsze masowe wystgpowanie wlosienicznika krazkolistnego.

5. Pojawianie si¢ nowych gatunkéw roslin: rdestnicy $ci$nionej i r. grzebie-
niastej w Jeziorze Arklickim okazalo si¢ przejsciowe.

6. Sposréd rozpatrywanych czynnikéw (zawarto$¢ w wodzie soli bioge-
nicznych, przezroczystosé, termika, falowanie i dzialanie zwierzat) na dynamike
makrofitéw w Jeziorze Arklickim wplywaja: wahanie przezroczystosci i tempe-
ratury wody oraz wplyw bydla domowego w okolicy wodopojéw.

7. Helofity w okresie prowadzonych badari nie ulegly widocznym zmianom.
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C. BepHnatoBuu

J{uEaMHuXa COCyAHCTHIX pacTenuii B Apkaunkom Osepe

Pesiome

OCHOBBIBAsICH HA TOJIYUEHHBIX IO CHX IOP (DIOPUCTHUECKHX JAHHBIX APKIIMIL-
kxoro Oszepa (BepuaToBuyu 1959), aBrop mpoBen JulbHelime noApoOHbIE
pabmomenust B 1958, 1959 u 1961 r.

OOHApYKEHO OBICTPYI0 M3MEHUMBOCTH COCTABA IOIPYYKEHHOM PACTHTEIHHOCTH
M PACTHTEJILHOCTH C IUIABAIOLMMHU JIMCTBSIMH, B TO BPEMS KaK reJIOUTHI HE MO~
BEPIUNCH B MCCIIEJyEMOM IICpHOJE 3aMETHBIM u3meHeHusM. Ilo cpaBHEHMIO
¢ 1957 r., orueTsMBBEIM 00pasoM yMEHbUIMIOCH KommuecTBO Charales m Batra-
chium circinatum. TlosiBuwiocs 3uaumrenbHoe KojmuectBo Nuphar luteum,
Nymphaea alba, Potamogeton pectinatus, P. natans wn Stratiotes aloides
(puc. 1). B 1959 r. obuapyskeno gaibHelime ymeHplenue xommuectsa Charales.
VMeHBIMIOCh TaKoKe KosmuectBo Potamogeton compressus, P. pectinatus w .
Batrachium circinatum (puc. 2). MHOrOYHCIEHHBIE B IPEXKHHE TOJbl HOBBIC
quist Apronaikoro Osepa Bujiel pactenuii: Potamogeton compressus, P. pectinatus
u P. natans cosepuienno ucueaym B 1961 r. Ha rory6une 1,5—2,0 m coBepuieHHO
ucueana Elodea canadensis m noutu nonHoctsio ucues Myriophyllum spicatum.
Homurmposan Ceratophyllum demersum.” Ha riybune 2,0 m pacTHTEIBHOCTH
HCUE3JIa TIOUTH MOJHOCTHIO — BBICTYTIAJIM 371eCh JIMII B HEOOJBIIMX KOJIMYECTBAX
Ceratophyllum demersum v Potamogeton crispus (puc. 3).

Cpe/m paccmaTpuBaeMbiX (hakTopoB (codeprkaHue B BOJIe OMOrEHHBIX COJeH,
IIPO3PAYHOCT, TEMIIEPATYPA, ABIYKEHNE BOJH, BO3/IBEHCTBYE YKHBOTHBIX) HA JIHHA-
MKy MakpoduToB Apkimigkoro O3epa BIMsSHHE OKa3bIBAIOT | KOJeOaHUsA po3pavi-
HOCTH M TEMIEPATyphl BOJbI, @ TAK)KE BO3JICHCTBHE JOMAIIHET0 CKOTAa HA BOMO-
T05IX.

CHHCOK PHCYHKOB

1. PacnpeienieHue pacIuTebHOCTH B Apkimukom osepe 24.7.1958
2. PacripesiesieHue pacTHTENHHOCTH B AKpimiKom osepe 21.7.1959
3. PacnpenienieHne pacTHTeNBHOCTH B ApPKimMIKoMm osepe 25.7.1961
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S. Bernatowicz

The dynamics of the vascular flora in the Arklickie Lake

Summary

As a development of previous work (Bernatowicz 1959), further
observations on the flora of Lake Arklickie were carried out during the years
1958, 1959 and 1961.

Great changes were found to have occurred both among the submerged
plants and those with floating leaves but not in the helophytes during the
period of observation.

In comparison with the situation in 1957, the amount of Charales and Batra-
chium circinatum had clearly declined in 1958, and considerable quantities
of Nuphar luteum, Nymphaea alba, Potamogeton pectinatus, P. natans and
Stratiotes aloides had made their appearance (Fig. 1).

In 1959, a further decrease in the amount of Charales had occurred and
there was also a decline in the quantities of Potamogeton compressus, P. pecti-
natus and Batrachium circinatum (Fig. 2).

In 1961, the following plant species, Potamogeton compressus, P. pectinatus
and P. natans, all new records for Lake Arklickie from previous years, had
entirely disappeared. At a depth of 1,5—2,0 m, all the Elodea canadensis and
almost all the Myriophyllum spicatum had vanished and Ceratophyllum de-
mersum had now become the dominant. At a depth of 2,0 m, the flora was
nearly non-existent, consisting only of small amounts of Ceratophyllum de-
mersum and Potamogeton crispus (Fig. 3).

Of the factors examined (the concentration of biogenic salts in the water,
transparency, temperature, changes in water level and the animal life), those
influencing the dynamics of the macrophytes of Lake Arklickie are the fluctu-
ations in water transparency, water temperature and cattle in the neighbouring
watering places.

List of figures

1. Distribution of vascular plants in the Arklickie Lake in 24.VII.1958.
2. Distribution of vascular plants in the Arklickie Lake in 21.VII.1959.
3. Distribution of vascular plants in the Arklickie Lake in 25.VIII.1961.
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The fauna of Cladocers and Copepods in small water bodies of Tatra
mountains and Podhale region* is hardly known. There are no studies de-
voted to this subject save for a few remarks in works on other water bodies.
This paper has for its purpose, apart from forming a list of species living in’
Tatra pools, to compare the fauna of Copepods and Cladocers occuring in
the lowland and highland water bodies.

Separating pools out of other kinds of water bodies I based on the definition
according to which “... by a pool we understand an astatic water body where
diurnal convective currents reach to the bottom, and vegetation — if any —
grows in mosaic form“ (Prészynska 1962).

Material

As the material for this work I used apart from a few samples collected by
me in 1954, the collection of plancton kept in the Institute of Zoology of the
Polish Academy of Science in Warsaw, namely 90 samples collected by Gajl
in 1924—25, 35 samples collected by Wolski in 1923, 1936, 1937 as well as
one sample collected by Milicer in 1934. My thanks are [due here to
Mr. Wojnarowicz who was so kind as to, let me benefit from 12 samples
collected by him in 1959. In general I had to my disposal 141 samples from 99

* ,Podhale” is the area situated within following geographical parameters from 49°17’ to
49°30 northern latitude and from 19°40" to 20°20° eastern longitude, it boarders with Tatra
mountains from the south, with Gorce and Babia Géra mountains from the north, with Spiska
Orawa (river) from the west and Pieniny mountains from the east.

2 Polskie Archiwum Hydrobiologii
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water bodies. Samples from Tatra region were collected mainly in June (17
samples), in July'(18 samples) and in August (22 samples) — only 2 samples
were from April and 4 from September. Those from Podhale region were
collected in June (4 samples), July (43 samples), August (16 samples), and
September (17 samples).

Table I

Species of Cladocers and Copepods found in Tatra Mountains small water bodies
(according to data of literature)
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Basing on the conclusions of my former paper (Prészyniska 1962) where
I have stated that the highest stability of species composition as well as greatest
richness of species occurs in small water bodies in July and August, it can be
assumed that these samples collected in the best period of time, are representa-
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PN

tive for examined pools. They are sufficient for the review of the fauna of this
environment and enable to perform comparisons of different water bodies.

Short remarks on the fauna of Tatra mountains pools I found in some pa-
pers (Wierzejski 1881,1882,1883, Lityriski 1914, Minkiewicz
1914, 1917a, b, W o I s k i 1931). These remarks cover ten water bodies situated
at various levels from 900 up to 1890 m. where the presence of 13 species
of Cladocers and Copepods was observed (Table I).

My own studies covered 26 water bodies situated at 900 m. up to +1750 m.
above sea level. Sometimes I considered groups of several pools as one (Capki
or Dwoisciaki and Troisciaki pools on Hala Ggsienicowa) due to very limited

data of labels making impossible a detailed identification of particular pools.
Moreover, pools in these groups were of great faunistic similarity or were
even identical.

Results

A common feature for all water bodies examined is a fairly limited variety
of plancton crustacean, observed also by the authors of works mentioned above
(Table I). In 61 samples from 26 pools I found the presence of only 13 species.
of Cladocers and Copepods (Table II). The greatest number of species in
one water body did not surpass six, varying most frequently from one to three.
I noticed there the presence of eurytopic species, common and fairly numerous
* in lowland water bodies. The most frequently met was Chydorus sphaericus
(O.F.M.) (in 65 %, of ponds), Acanthocyclops vernalis (Fisch.) (in 509, of ponds).
Much less frequent was Daphnia pulex (de Geer) the presence of which I
noticed only in 279, of pools. The only interesting exception was a mountain
species of Diaptomus tatricus Wierzejski which I found only in a few samples
from the pools situated higher (Dwoisciaki.4-1600 m., Troisciaki +1600 m.,
Siwy Stawek Dolny 1750 m. above sea level).

Out of all species found by me typical for Tatra mountains small water
bodies four have been never mentioned before in studies on this environment,
namely Alona guttata Sars, Alona rectangula Sars, Alonella excisa (Fischer),
Acanthocyclops languidus (Sars). On the other hand I did not succeed in stating
the occurrence of four other species mentioned in bibliography (Minkiewicz
1914, 1917a, 1917b, Wierzejski 1882, 1883, Wolski 1931), namely
Daphnia longispina O.F.M., Moina rectirostris (Leydig), Alona affinis (Leydig)
and Acanthocyclops viridis (Jurine). Generally we know now 17 species of
Cladocers and Copepods from 34 water bodies (Table I and IT). It seems that
for the majority of them the upper limit of their occurrence is more or less
at the level of 1600 m. Above this limit occurs only Alona quadrangularis (O.F.M.)
Chydorus sphaericus (O.F.M.) and Diaptomus tatricus Wierz. (Table II). This
limit is less certain for Cyclopoida generally more resistant on low temperature
and other unfavourable conditions of environment, and that is why they some-

2+
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Species of Cladocers and Copepods found in Tatra Mountains

Hala Pyszna

Water Bodies

Zakopane. Pits at Koécieliska Street and behind the Market
5i11. VI, 24, VII, 26. VIII. 1924, leg. Gajl
Przysmreczynski 12. VI. 1959 leg. Wojnarowicz

A Cleaning near Woloszyn 19. VI. 1959

Small pond with no vegetation — the boarder of dwarf
mountain pinc zone. 2. VIII. 1923 leg. Wolski

24 VII 1924 1leg. Gajl; 13.1V19361leg. Wolski
leg. Woinarowicz

Olcza 10. VI. 1959 leg. Wojnarowicz
Roztoka at Wodogrzmoty 20. VI. 1959

leg. Wojnarowicz
Psia Trawka 17. VI. 1959 leg. Wojnarowicz

Capki 10.VIII. 1923 leg. Wolski2, 9, 11. VI. 1924;
A small pool with moss below the

Hala 2. VIII. 1923 leg. Wolski

A clay pit below the Hala, @ 5—6 m.

2. VIII. 1923 leg. Wolski

Small pond with rush near sheds

Gubaléwka 20. IX. 1924 leg. Gaijl
2. VIIIL. 1923 leg. Wolski
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times pass it. This was stated by Minkiewicz (1914, 1917a, b) and Wi e-
rzejski (1882) for three species: Eucyclops serrulatus (Fischer), Acantho-
cyclops viridis (Jurine) and Ae. vernalis (Fischer) (Table I).

The limit of 1600 m. in small water bodies is not surpassed by Daphnia
pulex (De Geer), Daphnia longispina (O.F.M.), Acroperus harpae (Baird), Moina
rectirostris (Sars), Alona guttata Sars and Acanthocyclops languidus (Sars).
Three other species fairly common in the lowland reach only 900 m. Simoce-
Pphalus vetulus (O.F.M.), Alona rectangula Sars and Macrocyclops fuscus (Jurine).

http://rcin.org.pl



Zooplankton of small water bodies 161

Table II
small water bodies (in Materials collected from 1923 to 1959)
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Small ponds in Tatra mountains in the contrary to lowland water bodies
are longlasting ones and don’t seem to change for years. Their faunistic com-
position appears also to be a fairly stable one and repeats every year. This
stability for all Tatra water bodies was already noticed by Litynski (1917,
1923) but he limited himself only to a general statement without any examples.

At present there exist many faunistic data from different years for four Tatra
pools the most extensive ones being for Dwoisciaki pool on Hala Gasienicowa
(#1600 m.) Fauna of these pools was first described by Wierzejski (1882)
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then Lityriski (1914) and Minkiewicz (1914, 1917a, b). Apart from
these I worked out the samples collected by Gajl in 1924—25 (Table III).
After 43 years the faunistic composition of these pools appeared to be identical
with the data published by Wierzejski (1882). Each time four species
are mentioned: Daphnia pulex (de Geer), Alona quadrangularis (O.F.M.),
Chydorus sphaericus (O.F.M.) and Diaptomus tatricus (Wierzejski). Apart
from these there occur also in samples specimens of less numerous species
such as Acroperus harpae (Baird), Eucyclops serrulatus (Fischer and Acantho-
cyclops vernalis (Fischer).

’ Table III
Occurrence of Cladocers and Copepods in Small Water Bodies
Dwoisciaki at Hala Gasienicowa (41600 m above sea level)
tad p Materials Literature, date | Samples worked out
S by the author
™~ ———
\\ Wierzejski | Lityfski | MGoewics | te8 Gail | o0 G
| . | O, -
Species 2t 1882, 1883 | 1914 1917a, b |15. IX. 1924 4. VIL. 1925 |
i Daphnia pulex (de Geer) + { RS l + - :
Acroperus harpae (Baird) | = [ 2 ‘ - 4 -
| Alona quadrangularis (O. F. M- |
[ ller) + | - | ot + +
| Chydorus sphaericus (O. F. Maller) - ! — | + + + '
Eucyclops serrulatus (Fischer) | + | % | + &= =
| Acanthocyclops vernalis (Fischer) | = ‘ - = + -
| Diaptomus tatricus Wierzejski | + | — + 4 +

From Siwe Stawki near Siwa Przel¢cz (+1750m.) I worked out the samples
of Wolski (1923) and Wojnarowicz (1959). Between collecting both
series of these samples 36 years passed. In Siwy Stawek Dolny both samples
appear to contain the same two species: Alona quadrangularis (O.F.M.) and
Chydorus sphaericus (O.F.M.). In sample from 1959 there occurred also Diap-
tomus tatricus Wierzejski. In Siwy Stawek Gérny I found in both samples
Chydorus sphaericus (O.F.M.) and in the sample from 1959 Alona quadrangularis
(O.F.M.). These slight differences don’t seem of particular importance since
fauna of these two pools is very poor in number, only single specimens being
found in the samples which creates possibility of missing some species.

Pools called Capki (4900 m. above sea level) have also fairly detailed data,
the latter unfortunately being useless as the illustration of the subject in
question. In the paper by Lityrnski (1914) and Minkiewicz (1914)
the full list of Cladocers and Copepods in this pools has not been given. The
composition of samples collected by Wolski (1924) and Gajl (1925) is
repeated while the period of time between collecting was only one year (Table
IV). Finally the last samples of Wolski from 1936 were taken on April 13,
i.e. in the period when Cladocers still don’t appear in small pools of Tatra
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region, while the composition of Copepods was analogical to that of the
former samples.

However even these data confirm to some extent the theory of faunistic
stability of small water bodies in the mountains. The material from Podhale
region was collected from near Bukowina, Jurgéw, Szaflary, Nowy Targ,
Ludzimierz, Bér na Czerwonem, Raba Wyzna, all these places being situated
at the level varying from 550 m. to 900 m. I worked out 80 samples from 73
pools and found 32 species of Cladocers and Copepods (Table V).

Differently from Tatra water bodies the fauna of Podhale pools is much
richer (32 species) while not so numerous as the fauna of lowland water bodies
(44 species) (Proszynska 1962).

Table IV
Occurrence of Cladocers and Copepods in Small Water Bodies ,,Capki”
(< 900 m above sea level)

A ) Matorials Literature date | Samples worked out by the author
{ TS :
, o g Lityski | Minkiewicz | leg. Wolski | '8 G4\ | leg. Wolski
| Species \\\ 1914 1914 |10.VIII.1923 24.VIL.1924 13.1V.1936
l
| Simocephalus vetulus (O. F. Mi-
| llen + + + + -
! Alona guttata Sars - e + + &
Alona rectangula Sars - = + + ™
| Macrocyclops fuscus (Jurine) - + + + -
w’ Eucyclops serrulatus (Fischer) = - + + +

As compared with the fauna of Cladocers and Copepods of pools of Mikolajki
* (Masurian district) we can observe a considerable number of species common
for both these groups of water bodies (22 species). Faunistic differences, though
numerous appear in species occurring only from time to time and in small
number. However the occurrence of some species stresses the difference of
these three regions. A fairly common and numerous for Mikolajki region
Acanthocyclops biscuspidatus (Claus) as well as Microcyclops bicolor (Sars)
were not found in any peol of Tatra mountains and Podhale region. On the
other hand Simocephalus serrulatus (Koch) and Streblocerus serricaudatus
(Fischer) was only found in Podhale pools as in Tatra mountains Diaptomus
tatricus Wierzejski.

Particularly interesting is the change in occurrence of the following four
species: Alona rectangula Sars, Alona guttata Sars, Alona quadrangularis (O.F.M.)
and Acroperus harpae (Baird). All these species occur in the lowland in ponds,
avoiding typical small water bodies. In Podhale pools Alona rectangula Sars
and Alona guttata Sars appear to be fairly numerous while in Tatra mountains
we can find all four species mentioned, Alona rectangula Sars living already
at the lowest level (900 m.). Alona guttata Sars and Acroperus harpae (Baird)
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Table V
Cladocers and Copepods in Pools of Podhale Region and Frequency of
Species Occurrence in Particular Groups of Pools

Others
water
bodies

Forrestal
Water bodies and turf
pools

Meadow Clay
pools pits

: \ Number of
Species \ water bodies 16 21 21

Acantholeberis curvirostris (O.F. Miiller)
Scapholeberis mucronata (O. F. Miiller)
Alonella excisa (Fischer)
Streblocerus serricaudatus (Fischer)
Alona guttata Sars

Acanthocyclops vernalis (Fischer)
Simocephalus serrulatus (Koch)
Paracyclops affinis (Sars)
Ceriodaphnia quadrangula (O. F. Miller)
Alona rectangula Sars

Macrocyclops fuscus (Jurine)
Simocephalus vetulus (O. F. Miiller)
Eucyclops serrulatus Fischer
Ceriodaphnia reticulata (Jurine)
Mesocyclops dybowskis (Lande)
Acanthocyclops viridis (Jurine)
Eucyclops macruroides (Lilljeborg)
Moina brachiata (Jurine)

Daphnia longispina (O. F. Miuller)
Cyclops strenuus Fischer
Mesocyclops lauckarti (Claus)
Peracantha truncata (O. F. Miiller)
Diaptomus gracilis Sars

Chydorus sphaericus (O. F. Miller)
Daphnia pulex (De Geer)
Microcyclops minutus (Claus)
Ceriodaphnia megops (Sars)

Moina macrocopa Straus
Macrocyclops albidus (Jurine)
Alonella exigua (Lilljeborg)
Simocephalus expinosus (Koch)
Acanthocyclops bisetosus (Rehberg)

—
w

1
I

I

| oo e [ » |
Y e 1 |

|spToceU0O0Es

| 1 »m o |
S e
ubiquist

| | #» | wmo's | ® | ®»®w®OOC | vTown | |

incidental

1111 1» 00| |ses | DUUBHQTZecoos 90 | | |

|leppee | BBWcomMUocococenacoens |

— — 0%, a — 0 — 10%. b—10—209%, ¢—20—30%, D—30—40%, E—40—50%, F—50—60%,
G—60—70%, H—70—100%

up to 1600 m. and Alona quadrangularis (O.F.M.) above 1600 m. above sea
level. My observations are also proved by faunistic literature where there species,
if mentioned in small water bodies, are always found in mountain pools only
(Hemsen 1952, Herr 1921, Pesta 1936, 1939, Schiffer 1934,
Wawrik 1954, Wolski 1935, Zinovev 1933), or in some exceptional
cases they were brought there from the ponds (S14de&ek 1953) which
doesn’t contradict my opinion.

While the fauna of Podhale pools is close to that of small water bodies
at the lowland the differences pointed out above permit us to consider it as a
transitory one between mountain and lowland pools.
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Typology of small water bodies

In up to now studies (Prészynska 1962, 1963) I could not observe any
differences of Cladocers and Copepods fauna in pools which would enable to
differentiate the types of small water bodies analogically to the types of lakes.
May be this was due to the limited number of material. Working out the data
from Podhale region I saw the possibility of this differentiation which might
create for the future the possibility of distinguish various types of small water
bodies.

Out of 73 Podhale pools discussed in this paper, 16 are of forestal and turf
type, 15 was situated in the meadows, 21 were clay pits, and finally 21 were
various types of ditches, pits and abandoned river beds. The forestal, turf
and meadow types can be undoubtedly considered as small water bodies which
is proved by the labels on samples as well as by the character of their fauna.
On the other hand the two remaining groups, particularly clay pits may also
include apart from typical small water bodies also bigger ones of pond type.
The poor data on the labels did not allow me to differentiate here ponds from
pools, however their faunistic composition points to their heterogenous character
(Table V). Meadow pools are similar as far as their fauna is concerned to those
of Mikolajki region (Prészynska 1962). Samples taken from these pools
contained from 3 to 11 species, most frequently 7. The number of species
found in this group of pools is 20. Most frequently met species are as follows:
Chydorus sphaericus (O.F.M.), Macrocyclops fuscus (Jurine), Simocephalus
vetulus (O.F.M.), Eucyclops serrulatus (Fischer), Alona guttata Sars, Cerio-
daphnia reticulata (Jurine), Daphnia pulex (de Geer), Streblocerus serricaudatus
(Fischer), Mesocyclops dybowskii (Lande), Acanthocyclops wviridis (Jurine),
Eucyclops macruroides (Lillj.) (Table V, column 2).

Forestal and turf pools ought to be considered separately since they strongly
differ from the others. The number of species living there is smaller (16 species)
than that of the meadow pools. So is the number of species in particular samples
which varies from 1 to 7, most frequently being 2—3. Such species as Acantho-
Jeberis curvirostris (O.F.M.), Scapholeberis mucronata (O.F.M.), Alonella excisa
(Fischer) and Acanthocyclops vernalis (Fischer) appear to be typical for them.
Apart from these Chydorus sphaericus (O.F.M.), Streblocerus serricaudatus
(Fischer) and Alona guttata Sars are also very frequent there. On the other
hand many species common in meadow pools do not exist there or they are
very rare (Table V, column 1).

These differences in faunistic composition are of so essential character
that they seem to prove the existence of a separate type of small water bodies
which can be temporarily determined as turf-forestal ones. Unfortunately
descriptive data on that type of water bodies are rather poor and of general
character insufficient for their closer characterization. We know however
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that all these pools have a fairly great number of humus substances and acid
reaction of water (ph < 7).

The fauna of clay pits (Table V, column 3) comprise on one hand species
common for the meadow pools discussed above and on the other species typical
for ponds (Prészyriska 1963) such as Mesocyclops leuckarti (Claus),
Macrocyclops albidus (Jurine), Diaptomus gracilis (Sars), Peracantha truncata
(O.F.M.) and others. Their heterogenous character is proved by a relatively
great number of species (26) in line with a relatively low percentage of parti-
cular species (maximum 509%, on the average 109,—209,).

The pools of the fourth group (Table V) have a mixed fauna of pond and
pool species. Their fauna is poor, and the number of species in each water body
exceedingly low as for lowland water bodies (from 0 to 6 most frequently 2).
Their biocenosis is probably poor (e.g. in abondoned river beds due to the
floods of rivers (or underdeveloped) e.g. freshly flooded pits by water).

And so the water bodies of the third and fourth group can not be taken
under consideration in typological studies, while on the other hand the analysis
of pools of the first two groups presents some favourable perspective.
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Introduction

The occasional and not very exact temperature measurements of fresh
water pools in Spitzbergen carried out-by Olofsson in the Eisfiord area
during the summer of 1918 and the work of Thienemann (1938), which
included the thermal and chemical problems of two small ponds in Northern
Sweden, do not give a sufficiently clear picture of the thermal conditions
prevailing in the small ponds of the Arctic region.

This work is an attempt to characterise some of the shallow ponds of the
tundra using physico-chemical methods. This was desirable because of a planned
paper on the fauna of these ponds and because protozoological investigations
had previously been carried out there.

In view of the impossibility of conducting continuous thermal observations
throughout the summer, the 24 hour measurement method was used during the
three summer months. This method also enabled us to compare the daily thermal
cycles occuring in the arctic climate with the daily thermal cycles of small
ponds in the temperate and mediterranean climate, as known from literature.

My sincere thanks are due to Prof: Dr. Z. Raab e, the Director of the
Institute of Zoology of the Warsaw University and to Prof. Dr. J. Lambor,
the Director of the Polish Hydrological and Metheorological Institute for making
it possible for me to take part in the Polish Spitzbergen Expedition in 1960. I am
deeply grateful to Prof. Dr. M. Gieysztor for hisscientific direction during
my work. I also wish to thank here Dr. J. P as c hals ki for his kind advice and
for making the chemical analyses in the Experimental Hydrobiological De-
partment of the Nencki Institute. Lastly I consider it may pleasant duty to
thank Dr. S. Siedlecki and all the members of the expedition for their
exceptional kindness and help in the realisation of the aims of my journey.
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Method

Water temperature was measured by means of a laboratory thermometer
in metal casing with reservoir. The scale of the thermometer with 0.1°C accuracy
enabled readings with accuracy up to 0.05°C. The temperature of the air was
measured over the edge of the pond at a height of 120 cm. by means of a labora-
tory thermometer without shield. In July the measurements of water temperature
were taken hourly between 13 hours Central European Time on 18th and
12 hours on 19th at a depth of 5, 10, 20, 40 and 80 cm., the latter being the
maximum depth of the pond at this point. At the same time water temperatures
were recorded at places of 5 and 10 cm maximum depth, the thermometer
being placed at the bottom, and at another place, where the maximum depth
was 28 cm., the thermometer being placed at a depth of 5 cm, referred to further
as the water surface. In August, hourly measurements were made from a dinghy
at depths of 5, 10, 20,40 and 75 cm. between 10.30 (—) a. m. on 25th and 9.30 (—)
a. m. on 26th. Simultaneously measurements were taken at a place of 15 cm maxi-
mum depth, the thermometer being placed at the bottom. In September the
measurements were taken on 4th and 5th at the depth of 5, 10, 20, 40 and 80
cm. and at a place of maximum depth 15 cm., at the same hours as during the
August experiment.

A plan of the pond was made by the polygonal traverse method. The thick-
ness of the layer of detritus was established on the basis of the difference bet-
ween the depth of the rock basin and the depth of the water. The altitude
over sea level was measured with the altimeter “Paulina,. Water samples
for chemical analyses were taken in the middle of September, just before leaving
for home. The analyses were carried out between 10th and 20th November
and comprised: pH., conductivity and the existance of HCO,, SO,, Cl, PO,,
Ca, Mg, Fe, Al, Na and K ions and of soluble -+ colloidal silicose. Because
of the time lapse between the taking of the water samples and the analyses,
the results should be treated as approximate.

In the choice of ponds the following considerations were taken into account:
Water samples were taken from the Duck Pond (no. 3 in Table II) because
it had already been studied from the thermal point of view and from the three
adjoining ponds situated in the Western part of the so called Fuglebergsletta
territory (Fig. 1), about 150—200 m. inland. In the ponds marked No 1 and
No 2, with a maximum depth of 50 cm.; the different character of the bottom
was noted. It was not covered by a detritus layer, lacked Daphnia pulex mid-
dendorfiana and there was a marked scarcity of Lepidurus articus. Judging
also by the lack of feathers on the shores, these ponds were rarely visited by
birds, whose important role in fertilising some of the ponds was underlined
by Doroszewski (1958). Pond No 2, which was called by Dorosze-
wski (1959) “the Tern Pond“, seemed to be similar to the Duck Pond as
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far as the character of the floor, depth and size are concerned. The enclosed
results of the water analyses (Table I1I), made by Doroszewskiin 1957
include three ponds situated in the Fuglebergsletta territory. Pond No. 5 is
the Tern Pond and corresponds to No. 2 in the 1960 analysis.

Situation and origin of the ponds under study

The coastal strip between the base of the Polish Expedition on the Is-
bjornhamm Bay and the Warenskiold glacier moraine is a tundra belt of over

18 km. in length and rising 500—1000 m. inland to a height of 25 m. above
sea level (Fig. 1).
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Fig. 1. North-West coast of Hornsund fiord— area on which observations were carried out
1—7 — number of ponds

The situation and origin of the existing there fresh water pools is connected
with the particular morphology of this terrain. The storm ridges (Birk e n-
majer 1958 Jahn, Szczeparniski 1958) form natural barriers for melt-waters
flowing down in summer from higher parts of the land. The observed decrease
in the water level of the ponds and the stop in outflow in the late summer period
is caused by the lack of inflowing water from the snows, which by then have
reached maximum melting, combined with loss of water by soakage through

http://rcin.org.pl



172 S. Rakusa-Suszczewski

the gravel and stony floor. Evaporation plays here only a minor role because
of the high humidity of this area, ranging from 709, to 1009, in relation to
the saturation point. The amount of rain fall at that period does not make up
for the water deficit in the ponds. In sufficiently big ponds, this loss of water
does not cause complete drying up, with the result that they become slowly
more and more shallow due to the deposits of various remains of autochthonic
and allochthonic origin. If we assume the possibility that the ponds and the:
process of depositing plant remains on their floor started at the same time as
the ridge, then determining the age of the storm ridge would also give the
approximate age of the pond, and determining of the age of the pond deposits
could confirm the age of the storm ridge. The majority of the ponds in this
area are situated at altitudes not exceeding 10 m. over sea level. In the first
days of September, 15 of them still contained water.

Characteristics of the pond which will be referred
to further as the Duck Pond

The examined pond is situated on the Kvartsiltsletta plain at a height of
6 m, above sea level (Fig. 2). It has an area of 7357 m? and capacity of 1004 m3.

The following floor zones were distinguished: 1) stones, 2) detritus with
stones clearly visible, 3) detritus covering the stony floor. The ridge separating
the pond from the sea is 7 m. high, allowing us to establish the age of the pond
at about 300 years (Birkenmajer 1958).

In the NW the storm ridge changes into a rocky elevation 4 m, high, which
drops abruptly to the pond in the E. In the South the storm ridge falls to its
lowest height of 6 m. and at this point there is an outflow, 20 cm. wide and 10 cm.
deep at its maximum. The South, East and North banks are low, water-logged
and covered with moss. In the NE, for a distance of 40 m. the shore is rocky
and rises gradually in E to rocks 8 m. high.

The following points were selected for carrying out thermal measurements:

Point No. 1 — situated at a distance of 1 m. from the NW shore, where
the pond was 80 cm. deep, the floor being covered by a layer of detritus 60 cm.
thick.

Point No. 2 — situated in the stony South-Eastern part of the pond, 2 m.
from the shore, with maximal depth of 10 cm.

Point No. 3 — also situated in the stony part in the SE of the pond, at
a place of 5 cm. maximum depth.

Point No. 4 — in the NE part of the pond, at a distance of 6 m. from the
shore, with maximum depth of 28 cm. The floor there was covered with a layer
of detritus, 40 cm. thick. To the West of this point and paralel to the shore —
the bottom formed an elevation, separating this deeper basin from the main
body and maximal depths of the pond.
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Point No. 5 — was chosen at the mid-point of the pond. In August the
maximum depth there was 75 cm., and in September, when the water level
became still lower — 68 cm.; this was also the maximum depth of the pond.
The floor was covered with a layer of detritus — 70 cm. thick.

Point No. 6 — was situated in the stony part, near the E shore. The maximum
depth there was 15 cm.

Fig. 2. Izobates of the rocky floor and zones of bottom distinguished in the Duck Pond

a — stones, b — detritus between stones, ¢ — detritus covering stony floor, 1—6 — points where thermal
measurements were taken

3 Polskie Archiwum Hydrobiologii
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Results of the thermal measurements

Between 13.00 hours on 18.VII and 12.00 hours on 19.VII, in neither
of the depths under examination in point No. 1 was the maximal temperature
amplitude greater than 0.6°C; the minimal amplitude being 0.5°C. Neverthe-
less a thermal stratification was noticeable throughout the whole 24 hour
period, except at 6.00 hours on the 19th, when homothermy appeared.

Table I
Summer thermal changes of air and water in the Duck Pond
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The course of the temperature curves as drawn on Fig. 3 and a comparison
of the mean daily temperature at the depth of 5, 10, 20, 40 and 80 cm. (Table I)
show that the lowest temperature occurs at the water surface, where the daily
mean is 10.32°C. At a depth of 80 cm. the mean daily temperature is a little
higher, being 10.36°C. in spite of an identical daily amplitude of 0.5°C. The
air temperatures throughout the whole 24 hour period remained below the
temperature of the water, the maximum air temperature diffemng from the
maximum temperature of the water surface by 0.8°. The difference of the
minima was 5.1°C. Between 24.00 hours and 5.00 hours the weather was fair
and sunny; for the rest of the period there were heavy clouds and the sky was
completely overcast. The maximum height of the sun which could be observed
in that period was 33.5°, the lowest position corresponded to the angle of 8.4°.

The time lapse between the highest visible position of the sun and the
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176 S. Rakusa-Suszczewski

maximum temperature of water and between the lowest position of the sun
and the minimum temperature of water in that period is almost equal, amounting
in both cases to 7 hours. The conformity here is much greater than in the
case of the time between the maximum and minimum water temperature
and the respective temperatures of the air. The relation between the air tem-
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Fig. 4. Daily variations of temperatures of water at points No. 2, 3 and 4 at different depths in the
24 hour period 18—19.VII.1960
T?, — temperature of water at depth of 10 cm. at point No. 2 (2), 5 cm. at point No. 3 (3), 5 cm. at No.

4 (4); T°A — temperature of air 120 cm. over the surface of the pond

perature amplitude and the amplitude of the water surface temperature in
point No. 1 is 9.6 (Table I). This is a very high figure in spite of the small
absolute values involved. During the 24 hour period of 18—19.VII in point
No. 1 (Fig. 3) the poikilothermal stratification appeared 17 times (Gieys z-
tor 1934) at 15,16, 19, 20, 21, 22, 23, 24, 1, 2, 4,7, 8,9, 10, 11. and 12
hours; inverse stratification —4 times —at 13, 17, 18 and 5 hours; direct
stratification — twice, at 14 and 3 hours and homothermy — once, at 6 hours.

The hours in which thermal stratification of the inverse type was observed
are randomly scattered throughout the day, both in the period approaching
the maximum rise and that approaching the fall of the temperatures in the
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pond. The near-the-bottom temperatures were in this period for the most
part lower than the temperatures at a depth of 40, 20 and 10 cm. and their
mean daily temperature is next to the lowest mean daily temperature of the
surface (Table I) as a result of frequently occurring poikilothermy. The reason
for the lower temperatures at the bottom may be due to the existence of a layer
of detritus, which warms slower. This detritus layer may however serve at
the same time as an insulation against the influence of permafrost to a degree
that while not resulting in thermal stratification of the direct type, lowers
nevertheless the near-bottom temperatures, causing poikilothermy.

The temperature readings in points No. 2 and 3 (Fig. 4) show daily ampli-
tudes of 2.25° and 2.1° respectively. The mean daily temperature in these
points, which is 10.6°, is 0.19° higher than the maximum mean of point No. 1;
a value bigger that the figure representing the maximum differences of vertical
stratification at point No. 1. The maximum temperatures of points No. 2
and 3 appear at the time of the highest visible position of the sun. The con-
formity between the position of the sun and the amplitude of the water tem-
perature was much greater than that between the amplitudes of water and air
temperatures. The curve of changes of temperature at point No. 4 (Fig. 4)
shows a maximum temperature of 10.7°; it corresponds thus to the maximum
temperature of point No. 1. The minimum temperature of 9° is the lowest
as compared with that of other points. The maximum and minimum tempera-
tures of this point occur 4} hours after the maximum and minimum height
of the sun. The thermal conditions of this point show features characteristic
to all the three previously discussed sites, the daily amplitude being similar
to the one observed in point No. 2 and 3. The above data show that the dif-
ferences between temperatures recorded near the shores of the pond, at small
depths of from 5 to 10 cm, and the surface temperatures at a place with maximal
depth of 80 c¢m, are much greater than those between surface and bottom
temperatures at point No. 1. This is undoubtely connected with the depth
and the rocky floor, which becomes well heated when the sun is at its highest
as a result of radiation and then cools considerably when the sun goes down.

The daily measurements in point No. 5 (Fig. 5, Table I) recorded on 25
and 26.VIII show an increase in amplitude to 1.1° at the surface and at depths
of 10, 20 and 40 cm., and a decrease of the amplitude of the bottom temperature
to 0.95°. The maximum temperature of the water (7°) is higher than the tem-
perature of the air, which oscillates between 6° and 2°. The minimum water
temperature is higher than the minimum temperature of the air by 3.85°
The drop of the mean daily temperature of water in point No. 5 by 3.4°C
as compared with the mean daily temperature recorded on 18—19.VII cor-
responds to the simultaneous 3.25° drop of the mean daily temperature of
the air. On 25—26.VIII the visible height of the sun oscillated between a maxi-
mum angle of 23.6° and an angle of — 2.3° corresponding to the real height
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180 S. Rakusa-Suszczewski

of the sun. The sun remained below the horizon for about 4 hours. The 0.8°
decrease in the range of air temperature amplitude as compared with July
corresponds to the double increase in the amplitude of the water temperature,
characterised by the figure 3.6. The cloud covering in that period was complete .
with drizzle at 16.30, 0.30 and 11.30 hours. At 9.30 hours a slight improve-
ment in the weather conditions was observed with sky “9“. It follows from the
above that it is not the weather improvement that is the cause of the rise in
amplitude of the temperature of water, but the growing period of back-radiation
of heat from the ponds, together with the lenghtening period in which the
sun remains below the horizon. The maximum rise and fall of the temperature
of water in point No. 5 follows 7 hours after the maximum and minimum height
of the sun, just as was the case in July. During the 24 hour period of 25—26.VIII
there occurred in point No. 5 (Fig. 5): 10 times inverse stratification, at 10.30,
11.30, 12.30, 0.30, 4.30, 5.30, 6.30, 7.30, 8.30 and 9.30 hours; 3 times direct .
stratification, at 21.30, 22.30 and 3.30 hours; 3 times homothermy, at 13.30,
16.30 and 17.30 hours and 7 times poikilothermy — at 15.30, 18.30, 19.30,
20.30, 23.30, 1.30 and 2.30 hours. The decrease in the frequency of poikilo-
thermal stratification may be the result of the lowering of the level of permafrost.
The amplitude of temperature at point No. 6 (Fig. 5) which is 1.35°, is 0.25°
higher than the maximum amplitude at point No. 5. The maximum temperature
of point No. 6 is 0.1° higher than the maximum temperature of the water
surface in point No. 5. The minimum temperatures are 0.15° lower. The
differences between the temperatures of the shallow zone near the shore and
those of places with maximum depth of 75 cm. are much greater than the
differences characterising the vertical stratification in point No. 5. As compared
however with similar measurements carried out in the zone of stones and
detritus in July, when the mean temperatures in the shallow part of the pond
were higher than the temperatures of the deeper part, the situation was re-
versed. This would point to a certain similarity in thermal conditions between
the littoral zone and that of open lake encountered in the summer and winter
periods in the temperate zone (Gieysztor 1958, Fig. 6, 7 and 8).

The daily measurements carried out in point No. 5 on the 4—5.IX (Fig. 6,
Table I) show for the depths of 5, 10, 20 and 40 cm. identical amplitudes of
0.85°. The fluctuations of temperature at a depth of 68 cm. are 0.05° smaller.
The temperature of the air between 10.30 and 12.30 hours is higher than the
temperature of the water. At 12.30 it reaches its daily maximum of 5.8° and
is then 0.4° higher than the temperature of the water (Fig. 6). For the rest
of the day, the temperature of the air is always lower than the temperature
of the water. The lowest temperature of the water is 2.35° higher than the
lowest temperature of the air. The maximum visible height of the sun cor-
responds at this period to an angle of 19.9°. The minimum real height of the
sun is (—6.1°). The time during which the sun remained below horizon leng-
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Table II

Results of chemical analysis of water from 4 ponds from Kvartsiltsletta area (No. 3)
and from Fuglebergsletta area (No. 1, 2, 4) in mg/l.

solublet ‘
PO, Ca | Mg (Mn| Fe| Al Na | K | colloidal |

silicose

No.| pH | Kyux,o™* | HCO, | SO, Cl

1 l7.3 1.22 88.46 | trace !ISO| trace | 32.21 | 0.89 trace | 6.0 | 1.8| trace

2 i6.5 0.983 | 57.95 | trace I190| trace | 21.63 | 0.59 trace 8.0 | 1.7| trace

22.0| trace | 14.42 | 3.58

16.5 | trace | 33.65 | 1.19

| 3|68 0.888 | 54.91 | trace trace | 11.0 | 1.8 trace

4 ! 7.4 1.26 85.41 ! trace trace 6.5 | 1.8 trace

Table III

Results of chemical analysis of water taken in 1957 (Doroszewski)
from 3 ponds in Fuglebergsletta (No. 5, 6, 7) in mg/l.

l | hardness '
No.: | Kuxie™ C1 SO, in german |
‘ degr.
| |
| 5 | 1.86 | 14.0 5.2 3.6 |
oy - |
| 6 ‘ 1.50 ! 10.0 trace 2.2 |
ad |
(5 ‘ 1.09 ‘ 2.0 trace | sl

thened in that period to eight hours. The sky was fully overcast with clouds,
with drizzle between 16.30 and 20.30 hours and between 0.30 and 1.30 hours;
between 5.30 and 6.30 a slight improvement in the weather was observed with
sky ,,9”". During the 24 hour period of 4—5.IX there appeared in point No. 5
(Fig. 6): 10 times inverse stratification — at 12.30, 13.30, 15.30, 22.30, 23.30,
4.30, 5.30, 6.30, 8.30 and 9.30 hours; 7 times homothermy — at 16.30, 17.30,
18.30, 19.30, 20.30, 1.30 and 2.30 hours; 3 times direct stratification — at
14.30, 21.30 ‘and 0.30 hours; 4 times poikilothermy — at 10.30, 11.30, 3.30
and 7.30 hours. Stratification of the inverse type appears most frequently
in the period approaching the highest water temperatures and also during
the maximum daily decrease of temperatures of the pond. It is now more
often the result of the differences between the bottom temperatures and those
at the depth of 40 cm. A homothermy, lasting over two hours was observed
in the period when the temperature was the highest. The amplitude of the
water surface temperatures in the pond follows the amplitude of the air tem-
peratures to a lesser degree than in July. The thermal amplitude of point
No. 6 (Fig. 6) in the 4—5.IX period is 2.05° the mean daily temperature
of 5.26° is 0.08° lower than the maximum mean temperature of point No. 5.
The thermal relations between points No. 6 and No. 5 are similar to those
observed in August.
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Discussion

Comparison of thermal amplitudes of air and water in the shallow pools
in Spitzbergen, Lapland, Poland and Cairo

The amplitudes of the surface temperatures of the Duck Pond in boints
No. 1 and 5 are smallest in July, they increase to twice that size in August
and decrease again in September (Table I). Notwithstanding this, the relation
between the amplitude of the temperature of the air and of the water surface,
while being constantly high, decreases from 9.6 in July to 3.6 in August and
3.8 in September. The Amplitudes of air and water temperatures in two ponds
in Northern Sweden, beyond the Polar Circle, at an altitude of 370 m. and
390 m. above sea level, observed between 25th May and 11th June (T hien e-
mann 1938) shows: ,,Aber, wie aus Spalte 13 hervorgeht, sind die tiglichen
Temperaturschwankungen bald im Wasser, bald in der Luft grosser”. The
basic difference between the results described in this paper and the measure-
ments obtained by Thienemann in the ponds of Northern Sweden
lies in the absolute values representing the amplitude of air and water and in
the relation between the variations of the air and water surface temperatures.
The amplitude of water surface temperature of the Duck Pond is always smaller
than the air temperature amplitude. The marked decrease in water temperature
fluctuations in Spitzbergen should in the first place be associated with alti-
tude and with the accompanying considerable dampness of the terrain and
the lowering of both the mean temperature of the air and its amplitude. The
length of light exposure of the pond and the height of the sun in both Abisco
and Spitzbergen are rather similar and may play only a secondary role as com-
pared awith the factors mentioned above.

The relations between the amplitude of air temperature and of water tem-
perature in two ponds in Poland are: 2.0 in the period of 1—2.V; 1.5 on 31.VI—
1.VII and 1.4 on 24—25.VI. The means of amplitudes of the air and water
surface temperatures in these ponds in the period between 1.VII and 13.XI
(Gieysztor 1934, Fig. 6) also show a greater conformity between the air
temperature amplitude and the amplitude of the surface water and these re-
lations never attain the values observed in Spitzbergen. Also the mutual relation
between the amplitude of the air temperature and the amplitude of the water
surface temperature of a small water pool in Cairo (Klimowicz 1961)
established on the base of means calculated from the measurements carried
out on 15—16.VI, 29—30.VI and 6—7.VII is slightly higher than ,,1”. It
follows from the above that the marked difference between the amplitude
of the air temperature and of the surface water temperature observed in Spitz-
bergen, in spite of their small value in absolute figures is very great indeed.
It seems to be characteristic for this region.
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The temperature of the air, always lower than the temperature of the water,
has a cooling influence on the surface layer of water. In consequence it in-
fluences the type of thermal stratification, the relation between the amplitude
of the air temperature and that of the surface water and also the relation between
the temperatures of the surface and at the bottom.

A comparison of the amplitudes of surface water
and of bottom temperatures in Spitzbergen,
Central Europe and Cairo

The relation between the amplitudes of water surface temperatures and
those near the bottom in the Duck Pond was: ,,1” on 18—19.VII; ,1.1”
on 25—26.VIII and ,,1.05” on 4—5.IX. According to Pichler (1938),
in Central European ponds of a depth not exceeding 0.6 m. (Timpel) the
relation in summer between the amplitudes of the surface temperatures and
of the temperatures near the bottom is ,,3”, and in ponds 1 m. deep (Weiher) —
it increases to ,,5”". The relation between the amplitudes of surface temperature
and the temperatures near the bottom observed in Cairo is ,,4” (Klim o-
wicz 1961). For the Lynceus pond in Poland, between 30.VI—1.VII this
relation is ,,1.1”7 (Gieysztor 1934). The resemblance between these
relations in the Duck Pond and in the Lynceus Pond (30.VI—1.VII) results
from the similar course of the curve of daily air temperature, which in both
cases is always lower than the curve of the temperature of the water. The
increase in the amplitude of air temperature during the 24 hour period of
24—25.VII over the Lynceus Pond is responsible for the increase in the re-
lation between the amplitudes of surface temperature and the temperature
of the bottom to 1.4. Comparing both the relations between the amplitudes
of air and surface water temperatures and,the relations between the amplitudes

of surface temperatures and those near the bottom, we observe the following
dependence:

The decrease of the amplitude and of the fall of the mean air temperature
below the temperature of the water is accompanied by a decrease in the dif-
ferences between the temperatures of the surface and of the bottom water.
In these conditions the amplitude of the air temperature may several times
exceed the amplitude of the water surface temperature.

Similar relations to those observed in Spitzbergen should be observed in
late autumn in small ponds in the temperate climate, but no such investi-
gations have yet been carried dut. A certain similarity to the described fluc-
tuations of air and surface water temperatures in the daily cycle in the Duck
Pond was noted in the shallow littoral of the Mikolajskie Lake during the 24
hour period of 22—23.XII (Gieysztor 1960, Fig. 8).
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Comparison of the cycle of daily thermal changes
in Spitzbergen and in Poland

A typical thermal stratification of the Duck Pond in July, August and
September is inverse stratification, lasting in principle throughout the whole
24 hour period. We do not observe here the daily cycle of changes characteri-
stic to the small ponds of the temperate climate described by Gieysztor
(1934): ,,Wir hitten somit in kleinen Wasserbecken im allgemeinen mit einem
taglichen Temperaturverlauf zu tun haben, wie er in gemissigten Seen in
Laufe eines Jahres konstatiert wurde. Die Nacht wurde dem Winter, der
Tag — dem Sommer, der Morgen und der Abend—der Friihjahrs und Herbst-
zirkulation entsprechen”.

The lack of a daily cycle of thermal stratifications in the Duck Pond seems
to confirm the above statement of Gieysztor about the similarity of
daily thermal changes in the small ponds to the changes of temperature in
the yearly cycle of a lake, and in this case to the lack of cycle of changes as
compared with the great polar lakes.

Comparison of the maximum mean daily temperatures of water in points
No. 1 and 5 of the Duck Pond (at a depth of 20 ¢m.) in July, August and Sep-
tember with the mean daily temperatures of the air in the same period shows
a drop of both the air and water temperatures between the July and September
measurements in approximately the same proportion. The main daily tempera-
ture of the air in September is higher as compared with August and the mean
daily temperature of the water is constantly droping. The considerably greater
variability of the temperatures of the air as compared with those of the water
serves in this case as explanation for the unbalancing of the proportion between
the drop of the mean temperatures of air and water.

It may be interesting to note that the drop in the mean temperature of
water is proportional to the difference in the height of the sun between July,
August and September, the relation here being: 0.3° drop in temperature
corresponding to 1° drop in the height of the sun. Assuming the constancy of
this relation in the Duck Pond throughout the whole summer period, with
accuracy to 0.1°C, one may expect that the mean daily temperature for points
1 and 5 should reach its maximum with the highest visible position of the
sun of 36.3° and that this maximum should be 11.2°C. This seems very pro-
bable, taking into account the mean daily temperature in July, which in point
No. 1 was as maximum 10.7°. This calculation is of course not strictly accurate,
it is however true enough for approximate maximum summer temperature.
The mean temperature of water as measured by Olofsson (1918) in
the named ponds (Taich) is over 10°C. ,,In der grosseren Wassersaulungen
die ich untersucht habe, steigt die Temperatur wihrend der heissesten Zeit
auf +10° bis +12°. In kleiner seichten Wassersaulungen habe ich eine Maxi-
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maltemperatur von +16°C gefunden”. The fact that the mean daily tempera-
tures of the water in the small ponds beyond the Polar Circle are higher than
the means for the air was observed by Olofsson (1918)and by T hiene-
mann (1918). It is also confirmed by the results of this work.

It is very interesting to compare the mean temperatures of the small polar
ponds with the temperature of the polar lakes. In the Duck Pond the maximum
temperature noted in point No. 1 in July was 10.7° and on the base of the
above calculations the maximum all year temperature (11.2°) may be expected
there already at the end of June. On the other hand the Revvatnet Lake, with

A e
4 vi vir Vil X
Months —=

Fig. 7. Comparison of curves of air and water temperatures
variations in small ponds and lakes in the moderate and
arctic climate in Summer

1 — Average monthly temperature of water of the Lynceusowy
pond in Poland (Gieysztor, 1934). 2 — Average monthly tem-
perature of water of Wigry lake in Poland (Gieysztor, 1934).
3 — Average monthly temperature of air in Poland (Gieysztor,
1934). 4 — Average daily temperature of water of the Duck Pond
in July, August and September (Spitzbergen). 5 — Average daily
temperature of air over the Duck Pond (Spitzbergen)

the maximum depth 30 m. was still in 8/10 covered with ice on the 9th July;
it could therefore be assumed that the temperatures there did not exceed one
degree. According to the generally accepted classification of the polar lakes
(Welch 1952), the water surface temperatures there do not exceed 4°.
The temperatures in the Duck Pond and in the Revvatnet Lake may get equal
only in the second half of September. The arctic lakes and small ponds offer
then a completely different picture of thermal conditions than the lakes and
small ponds of the temperate climate (Fig. 7).

In polar regions the smaller the pond, the warmer it gets, and with small
amplitudes the daily means will always be higher there than the temperatures
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of the arctic lakes. It also follows from Fig. 7 that the high mean temperatures
in the Duck Pond in full summer are closer to the mean temperatures of the
small ponds and of large lake surfaces of the temperate climate than to the
temperatures prevailing in the polar lakes. Taking as a base Alekin’s clas-
sification, the chemical composition of the water of the investigated ponds
shows it to belong to the hydrocarbonic class, calcium group and to type III,
characteristic of waters strongly mineralized with preponderance of the sum
of Ca and Mg ions over the sum of HCO, and SO, ions with at the same time
domination of the Cl ions over the Na ions. While the relation of ions shown
by the analyses is characteristic for type III as classified by Alekin, the
mineralisation and character of the water is different, this being the results of
specific local conditions. The small number of SO, ions may be due to the
preponderance of Cl ions over SO, in water from rain and snow falls observed
in the Northern regions and in the vicinity of sea shores (Kéhler 1937,
Drischel 1940, Rankama and Sahama 1950, Alekin 1956).
From the investigations of Dobroklonski and Wawilow it follows
that the amount of salt in the air decreases with the distance from the sea
shore to 179, for 50 m., taking the amount observed at a-distance of 20 m.
from the shore as 1009,. Yoshimura (1936) finds an increased number
of Cl ions in the lakes situated in the vicinity of the sea as the result of the
,,salt breeze” and attributes the number of Cl ions in these lakes to be de-
pendent not only on the distance from the sea, but also on: ,,1) the direction
and strength of the wind, 2) the configuration of the sea shore, 3) the topo-
graphy of the region between the sea and the shore, 4) the geology of the ali-
mentation area of the lake, 5) the hydrology of the mean depth of the lake”

In spite of the short distance from the sea, the number of the Cl and Na
ions in the investigated ponds is comparatively small which apart from the
factors deciding for their number as stressed by Yoshimura, may be
connected with the low salinity of sea water in the vicinity of the fiord as result
of the considerable amount of glacier ice. The mineral composition of the
water shows a similarity to the mineral composition of silico — carbohydrate
surface waters of the tundra (Garmonow 1948) distinguished for the
North-Eastern part of the USSR, beyond the Polar Circle.

The analisis of two ponds investigated by Thienemann (1938) in
Northern Sweden beyond the Polar Circle shows an increased contents of
Si ions with a very small amount of Ca ions. The difference then between these
ponds and the Spitzbergen ones consists in the considerably greater number
of Ca ions in the latter.

The total hardness of the water (as sum of Ca and Mg ions expressed
in mg — equivalents) shows that ponds No. 2 and 3 belong to very soft waters
and ponds No. 1 and 4 — to soft waters. It may be assumed that the values
under consideration refere to the maximum conditions of mineralisation and
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hardness, because the samples were taken in the period when the water —
level in the ponds was at its lowest, that is when there was no inflow of water
from the melting snow, which has smaller mineralisation and hardness. The
differences in both the ions composition and the value of pH of ponds No. 1
and 4 confirm their difference as compared with ponds No. 2 and 3. The
results of the analysis of water made in 1957 arc, as far as the mineral com-
position and hardness of water is concerned, similar to thore obtained from the
analyses of water taken in 1960.
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Plankton roslinny jezior okolic Wegorzewa na tle
ich wlasciwosSci Srodowiskowych

Z Instytutu Rybactwa Srédlgdowego w Olsztynie
Otrzymano 1.X.1962

Wstep i metodyka

Opracowanie jezior okolic Wegorzewa, stanowigce cze¢$¢ zespolowych badan
nad rybackim urzadzaniem jezior, mialo na celu rozwazenie, czy i w jakim
stopniu fitoplankton badanych zbiornikéw mozna wigza¢ z ich wlasciwosciami
$rodowiskowymi.

Obserwacje planktonu roslinnego jezior objetych zespolowymi badaniami prze-
prowadzono w trzech okresach 1955 r.: zimowym pod lodem (18.11—19.111.),
wiosennym (2—5.V) i letnim (2—10.VIII). Nie z wszystkich jednak jezior préby
planktonowe pobierano w trzech okresach. Latem przeprowadzono obserwacje
fitoplanktonu na czterdziestu szesciu jeziorach, czesé z nich (28 jezior) badano
réwniez zimg, a cze$¢ (24) wiosng.

Préby planktonowe pobierano w kazdym jeziorze z jednego stanowiska,
stanowigcego jego miejsce najglebsze. Pobierano je pigciolitrowym czerpaczem
typu Bernatowicza w jeziorach plytszych co metr, traktujgc jako jedng prébe
w ten sposob uzyskany material. W jeziorach glebszych natomiast pobierano dwie
préby: z warstwy 0—5 m co 1 m oraz od 6 m do dna (w zaleznosci od glebo-
koéci) co 1—2 m. Pobrane proby zageszczano, uzywajgc siatki planktonowe)
nr 17 i utrwalano 4 9, formaling. Wprawdzie material zebrany siatkg tej numeracji
stanowi tylko pewng czesé organizméw planktonu roélinnego, to jednak iden-
tyczny sposéb pobierania préb umozliwia poréwnanie stosunkéw w grupie
badanych jezior.

Material zageszczony do odpowiedniej objetosci umieszczano za pomocy
pipetki w malych komorach, obejmujgcych trzy krople zawiesiny, odpowiada-
jace 0,15 cm?®. Liczono pod mikroskopem wszystkie organizmy fitoplanktonu
zachowujgce si¢ w materiale konserwowanym, traktujgc je niezaleznie od
formy wystepowania (kolonie, nitki, pojedyncze komérki) jako pojedyncze
osobniki. Z kazdej préby poddano analizie 0,5—0,75 cm?® zageszczonej zawiesiny,
co stanowilo w zaleznosci od ilosci osadu 0,6—7,59, calej préby.

4 Polskie Archiwum Hydrobiologii
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Rysunki 1, 2, 3 wykre§lono na podstawie danych stanowigcych $rednie
ilosci osobn./1 w calym slupie wody.

Poniewaz wnioskowanie o ilosci planktonu roslinnego z pojedynczych préb
jest malo uzasadnione, przyjeto, ze tendencje do duzych wzglednie do malych
liczebnosci fitoplanktonu wykazujg tylko te jeziora, w ktérych przynajmniej
w dwdch lub trzech okresach badan liczebno$é planktonu znacznie przekraczata
lub byla zawsze ponizej $redniej wartosci. Ocene bogactwa planktonu roslinnego
przeprowadzono dla kazdego z badanych okreséw, poniewaz duze réznice w li-
czebnosci fitoplanktonu w poszczegdlnych okresach badan nie pozwolily przyjaé
wspdlnych wartosci dla wszystkich okreséw dla okreslenia malej, $redniej czy
duzej liczebnosci. Liczebno$¢ planktonu roslinnego oceniano na podstawie
z jednej strony sredniej liczebnosci fitoplanktonu w 1 litrze w calym stupie
wody, z drugiej za$ na podstawie liczebnosci planktonu w warstwach powierz-
chniowych w przypadku jezior plytkich i w warstwie 0—5 m w przypadku
jezior glebszych.

Uwzgledniajgc fakt, Ze materialy siatkowe stanowig tylko pewng czeéé
calego planktonu roélinnego, przy rozwazaniach zaleznosci miedzy iloscig
fitoplanktonu a wlasciwosciami srodowiskowymi jezior poréwnywano tylko
skrajne wartosci jego liczebnosci.

Stosunki ilo$ciowe i jakosciowe planktonu roslinnego rozwazano na tle
wlasciwosci troficznych, morfologicznych oraz stopnia porosniecia roslinnoscia
wyzszg. Wlasciwosci troficzne oceniano za Patalasem (1960a i b) jako
srednig zasobno$¢ w sole mineralne, stanowigcg wypadkows charakteru zlewni,
stosunkéw hydrologicznych oraz skladu chemicznego (Ca, Na, K, P/PO,),
N/NO,), N(NH;). Ocen¢ sredniej zasobnoéci w sole mineralne badanych
jezior przeprowadzono punktowo (patrz tab. 16 —Patalas 1960b) przyj-
mujgc zakres od 0,7—7,0 punktéw. Opierajac si¢ na powyzszej ocenie uznano
za jeziora o niskiej zasobnosci te, ktére otrzymaly 0,7—2,4 punktéw (9 jezior);
o S$redniej zasobnosci 2,7—3,4 punktéw (13 jezior); o wysokiej zasobnosci
3,8—4,6 punktow (12 jezior); o bardzo wysokiej zasobnosci 5,0—7,0 punktéw
(8 jezior). Ocene s$redniej zasobnosci w sole mineralne poszczegélnych jezior
podano przy rysunku 3.

Charakterystyka zimowego, wiosennego i letniego
planktonu roslinnego

Zima

W wybitnie ubogim planktonie zimowym 28 jezior znaleziono 36 rodzajéw
glonéw (rys. 1). Przynalezno$¢ ich do poszczegélnych typéw jest nastepujaca:
Bacillariophyta — 13, Chlorophyta — 8, Cyanophyta — 7, Pyrrophyta — 3,
Chrysophyta — 2, Euglenophyta — 2, Xanthophyta — 1.
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Rys. 1. Ilosciowy i jako$ciowy sklad planktonu roslinnego w okresie zimy (18.11—19.111.1955)
w jeziorach okolic Wegorzewa. Jeziora uszeregowane wedlug zasobnosci w zwigzki pokarmowe
od wysokiej do niskiej

Z siedmiu reprezentowanych typéw glonéw zdecydowang dominacje wy-
kazywaly okrzemki zaréwno pod wzgledem powszechnosci*, liczby reprezento-
wanych rodzajéw, jak réwniez liczebnosci organizméw. Wystepowaly one we
wszystkich badanych jeziorach, najczeéciej jako gléwny skladnik planktonu.
Okrzemki dominowaly w 869, jezior, stanowigc w wiekszosci z nich 91—
1009, ogélnej liczby znalezionych w tym czasie organizméw (tab. I).

Okrzemkowy charakter planktonu roélinnego pod lodem stwierdzalo juz
wezesniej wielu autoréw (Wawrzyniak 1923, 1924, 1931; Pearsall
1932, Kisielewa 1954).

Tylko w nielicznych jeziorach (Biala Kuta i Gleboka Kuta) sinice byly
formami dominujagcymi**, jakkolwiek spotykano je czesto (759, jezior). W prze-
wazajacej wigkszosci jezior wystepowaly tylko w matych ilosciach. Pod wzgledem
liczby reprezentowanych rodzajéw sinice obok zielenic stanowily grupe posredniag

* Pod pojeciem powszechnoéci rozumiano czesto§é wystepowania w badanych jeziorach
gatunku lub typu glonéw.
** Za dominanty uznano formy stanowigce co najmniej 209, wszystkich organizméw.

4*

http://rcin.org.pl



192

J. Péttoracka

Procentowy udzial poszczegélnych typéw planktonu roslinnego* w je-
Percentage of particular types of Algae* in plankton of lakes

Yédicne Bacillariophyta Cyanophyta Pyrrophyta
Lakes z | w ‘ At | w ' 1 z ' w l 1
Czarna Woda 1,5 | 97,0 0,0 0,2 88,5 0,1
Przerwanki 96,4 0,4 0,3
Swiecajty 82,5 83,6 0,0 0,4 0,0 8,5
Biale 33,0 78,9 0,0 11,7 | 67,0 1,2
Jagoczany 97,2 74,0 0,0 1,2 0,5 11,6
Mamry Pélnocne 69,6 3,6 6,4
Wegielsztyriskie 98,9 | 97,7 | 60,2 0,6 1,8 | 34,2 0,2 0,0 0,3
Soltmany 99,7 | 58,8 0,2 7.0 00| 282
Stregiel 96,0 57,5 1,2 20,6 0,0 7,2
Zywy Maly 97,5 | 55,7 2,0 8,1 0,5 | 23,2
Osiek 54,9 13,0 152
Krzywa Kuta 91,1 78,9 | 52,3 78| 206 | 21,7 | -01 03| 19,5
Purwin 100,0 48,9 0,0 13,2 0,0 0,7
Brzozéwka 43,6 9,7 8,4
Arklickie 82,9 | 39,5 0,0 | 253 0,0 2,8
Goldopiwo 99,4 | 98,6 | 36,4 0,2 0,0 4,8 0,1 0,0 | 25,7
Gleboka Kuta 18,0 | 83,1 14| 81,8| 16,5 | 96,1 0,0 0,2 1,5
Posezdrze 97,5 | 82,6 3.4 24| 142 | 93,1 0,0 1,0 1,4
Piecek 62,9 0.7.1 253 89,9 0,0 5.1
Biala Kuta 15,5 4,7 | 84,0 84,4 0,0 8,9
Stregielek 95,7" 3,5 2,7 71,2 0,0 7.8
Wilkus 95,9 | 96,4 9,0 3,4 0,8 | 68,9 0,4 0,3 5.9
Zabiniskie 19,9 68,3 2,5
Dargin 28,6 67,5 1.5
Siewki 785 | 99,6 | 10,9 | 20,5 0,1 58,1 0,0 0,1 18,2
Rydzéwka M. 14,0 48,6 16,0
Surwilskie 98,0 44,6 2,0 48,2 0,0 1,4
Przyleéne ) 25,8 3 42,9 6,3
Siniec D. 98,0 | 99,4 | 243 1,6 04 | 32,7 0,2 01| 209
Smolak 100,0 | 77,0 0,5 0,0 0,0 0,1 00| 209 | 987
Rydzéwka D. 99,1 | 99,8 3,0 0,0 0,0 0,8 0,1 02| 924
Silec 99,2 | 99,7 | 16,5 0,0 0,0 0,3 0,0 0,2 | 822
Siniec M. 16,5 1,6 79,6
Babka 830 | 980 | 10,5 | 16,5 0,2 9,2 0,0 06| 77,3
Czarna Kuta 99,5 | 599,71 30 0,3 0,1 8,3 0,2 0,0 | 72,5
Pilaki 92,0 | 19,8 0,0 4,8 0,3 | 596
Leéne 0,1 42,6 54,6
Zywy D. 91,2 | 16,9 4.4 9,1 0,5 | 521
Lekuk 32,2 51 47,8
Zabinki 97,2 14,0 2,7 4,1 0,0 44,1
Lemiet 78,0 291 | 03 244 | 2,0 43,5 |
Bimbinek 47,0 | 47,3 L7 IR0 <5184 336 0,0 1,0 | 43,2
Upinek 98,5 | 32,8 2,6 0,4 9,8 0,6 0,3 0,2 1,7
Bartelnik 64,0 | 225 2,6 | 15,5 0,1 0,3 | *15,5 0,6 6,8
Rominty 100,0 24,0 0,0 2,6 0,0 1,1
Ciche 15,3 7,6 22,9
O$win 69,0 | 99,4 2,0 0,0 0,2 0,0
Liczba jezior oraz ich procent (nizej) w ktérych
J <28 ) 24106 TENRE TS Sl 46 s a2l a sl
2 Number of lakes and their percent (below) in
| 100 | 100 | 100 | 75 | 63 | 100 | 43 | 75 | 100

* Za 1009% przyjeto sume organizméw w slupie wody od powierzchni do dna

Number of specimens obtained in samples from the bottom to the surface is taken for 100 percent.
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Fitoplankton jezior okolic Wegorzewa 193
. Tabela I
ziorach okolic Wegorzewa w zimie (z), na wiosn¢ (w) i w lecie (1)
near Wegorzewo in winter (z), spring (w) and summer (1) i
Chrysophyta Chlorophyta Euglenophyta Xdnthophyta
z I w I 1 z | w ‘ 1 z I w I 1 z l w 1
10,0 0,0 0,0 2,6 00! 01 00| 00
12 1,7 | 00 0,0 |
0,0 0,9 0,3 4,9 0,0 | 0,0 17,2 1,7 |
0,0 1.0/ 00 7,0 0,0 s 2071 0,0 0,1
20| o4 02| 120 1" 00| 04 01| o4
18,0 2.2 0,2 0,0
0,0 0,1 0,2 0,3 0,3 5,0 0,0 0,1 0,1 0,0 0,0 0,0
0,1 0,9 0,0 4,7 0,0 0,4 0,0 0,0
0,0 0,6 0,2 2.4 0,0 0,0 2,6 11,7
0,0 4,2 0,0 8,4 0,0 0.4 0,0 0,0
0,0 29,6 1,3 0,0
0,0 0,0 3.8 1,0 0,0 2,2 0,0 0,0 0,5 0,0 0,2 0,0
0,0 31,9 0,0 4,6 0,0 0,7 0,0 0,0
21,5 11,4 0,4 50
0,0 0,0 17,1 32,4 0,0 0,0 0,0 0,0
0,0 0,0 6,0 0,1 0,2 27,0 0,0 0,0 0,0 0,2 1,2 0,1
0,0 0,1 0,1 0,2 0,1 0,8 0,0 0,0 0,1 0,0 0,0 0,0
0,0 1,1 0,3 0,0 1,1 1,8 0,0 0,0 0,0 0,1 0,0 0,0
10,8 0,0 1,0 4,0 0,0 0,3 0,0 0,0
0,0 0,1 0,5 1,7 0,0 0,2 0,0 0,0
0,0 0,2 0,0 16,3 0,0 0,5 2 1,6 P 0,5
0,0 0,4 1,9 0,0 1,5 14,2 0,0 0,0 0,1 0,3 0,6 0,0
0,3 8,7 0,3 Cial L) 1
0,0 2,2 0,0 0,2
0,0 0,0 6,1 0,2 0,1 54 0,0 0,0 1,0 0,8 0,1 0,3
3,9 16,9 0,6 0,0
0,0 1.1_ 0,0 4,5 0,0 0,2 0,0 0,0
1,4 23,2 04 | 0,0,
0,0 0,0 2,7 0,2 0,1 17,4 0,0 0,0 2,0 0,0 0,0 0,0
0,0 24 0,2 0,0 00| 05 0,0 0,0 0,0 0,0 00| 00
0,0 0,0 0,3 0,7 0,0 0,7 0,0 0,0 0,5 0,1 0,0 2,3
0,2 0,0 0,0 0,4 0,0 1,0 0,0 0,0 0,0 0,2 0,1 0,2
1,2 0,7 0,2 0,2
200 1,2 19 0,5 0,0 0,8 0,0 0,0 0,3 0,0 0,0 0,0
0,0 0,1 0,1 0,0 0,1 6,0 0,0 _ 0,0 0,1 0,0 0,0 0,0
7.6 13,0 0,1 27 0,0 0,1 0,0 0,0
0,0 2,5 0,2 0,0
23 7.8 1,6 13,5 0,0 0,6 0,0 0,0
3.8 10,3 0,8 0,0
0,0 0,4 0,1 37,4 0,0 0,0 0,0 0,0
0,0 0,2 0,2 2,7 0,0 0,1 19,5 0,0
0,0 0,1 1,3 0,0 0,1 10,1 0,0 0,0 0,1 0,0 0,0 0,0
0,0 57,0 94,4 0,0 0,2 0,6 0,1 0,0 0,1 0,7 0,0 0,0
0,0 76,4 88,7 3,0 0,4 1.9 2,0 0,0 0,1 0,0 0,0 0,0
0,0 69,4 0,0 1,8 0,0 1.1 0,0 0,0
35,0 15,7 35 0,0
2,2 0,1 26,6 0,0 0,0 0,1 0,0 0.4
dany typ fitoplanktonu byl reprezentowany
o SR R (N T IRy S8 e G Bl U PR Y 2.}, 3% 11 7 14
which given phytoplankton type occurred
S TN A s A IR G TR T i S T S i 39 29 | 30
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migdzy okrzemkami silnie zréznicowanymi a pozostalymi typami glonéw o ma-
lej liczbie przedstawicieli. Male ich znaczenie wynikalo z ubéstwa ilosciowego
oraz malego zréznicowania jakosciowego.

Tabela II
CzestosS¢ wystepowania dominantéw fitoplanktonu w jeziorach okolic Wegorzewa
w poszczegolnych okresach badan
Occurrence of dominating phytoplankton species in lakes near Wegorzewo

i 18.11—19.111.1955 | 2—5.V.1955 { 2—10.111.1955
| Liczba jezior "‘ Liczba jezior | Liczba jezior |
| w ktérych | | w ktérych | | w ktérych
' G““’}ki dominuj.ace dominow)aly: ‘ P.ro_ccm dominmjaly: | P_r oc.cnt domino:vya!y: P.r ocf:nt I
Dominants species Number of ,[e:;::; Number of | Ij;zl::: Number of l’;z'::; ‘
lak?s 19 percent ]8!(@3 n percent 'a.kes 20 percent ‘
which they which they | which they }
dominated: | dominated: dominated:
Asterionella formosa 17 61 | 12 50 + 9 i
Fragilaria crotonensis 1 2ot
Melosira ambigua 2 “ 7 ’ 4 e 2 4
Melosira granulata \ 3 11 1 | 4.1 kS 9
Melosira islandica ssp. | | |
helvetica 1 [ 4 i 5 ‘; 2 o
Melosira italica v. valida | | { | 1 2
Synedra acus 6 [ 2] 3 | 12
Synedra ulna 1 4 | 1 , +
Anab L i ‘ | 1 (=2
Aphanizomenon flos aquae | 1 | + | 1 : 2
| Lyngbya limnetica ( 2 | va7 ‘ | 4 9
| Microcystis aeruginosa | | 1 2
Oscillatoria Redekei 1 1 [/ %% | “
Oscillatoria tenuis | | 1 4
Ceratium hirundinella 11 24
Peridinium cinctum | | 1 2
{ Peridinium cinctum v. tu- |
berosum f. cristatum | 1 2
Peridinium palatinum } 1 4
Peridinium Volzii 1 v
Dinobryon divergens ‘ 1 -+ 1 2
Dinobryon sertularia ’ 1 2
Dinobryon sociale | 2 8
| Mallomonas caudata ‘ 1 2
Tribonema subtilis-
simum (?) ‘ 1 | 4
|

Wobec zdecydowanej dominacji okrzemek, w okresie zimy plankton siatkowy
wigkszosci badanych jezior wykazywal duze podobienstwo. Jedynie w kilku
jeziorach stwierdzono w wigkszych ilosciach gatunki stosunkowo rzadkie.
I tak jezioro Posezdrze charakteryzowala duza liczebno$é Diatoma elongatum,
jezioro Stregielek Cyclotella comta i Tribonema subtilissimum (?), a jezioro
Lemiet Tribonema subtilissimum (?). Wyréznialy si¢ réwniez jeziora Bimbinek
i Gle¢boka Kuta, odznaczajace sig liczebnodcig sinic, ktéra doréwnywala okrzem-
kom.
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Fitoplankton jezior okolic Wegorzewa 195

Pomimo ubéstwa planktonu zimowego notowanego przez wielu autoréow
(Bajkow 1935, Kisielewa 1954, Gorjunowa i Nasonowa
1955), - niektérzy z nich (Gorjunowa i Nasonowa 1955a i b) ob-
serwowali pewien, nieduzy rozwdj fitoplanktonu w kornicu zimy pod lodem.

Sposrdd kilkudziesieciu form spotykanych w zimowym planktonie badanych
jezior tylko dziesie¢ gatunkéw wystgpilo na poziomie dominacji (tab. II).
Najczestszym dominantem, wspélnym dla 619 jezior, byla Asterionella formosa,
ktéra réwniez w znacznych ilodciach wystgpowala w wigkszosci pozostalych
jezior. Znacznie rzadziej, bo tylko w 219, jezior, dominowala Synedra acus,
ktéra w 259, zbiornikéw stanowila dos$¢ liczny skladnik zimowego planktonu.
Wigkszo$¢ z pozostalych gatunkow: Aphanizomenon flos aquae, Melosira
islandica ssp. helvetica, Tribonema subtilissimum (?) Synedra ulna, Oscillatoria
Redekei tylko w jednym z badanych jezior stanowily gatunki dominujjce;
natomiast Melosira granulata, M. ambigua, Lyngbya limnetica w kilku jeziorach
(7—119%,) wystapily na poziomie dominacji.

Wiosna

Charakter fitoplanktonu wiosennego 24 badanych jezior nie réznil si¢ za-
sadniczo od zimowego. Reprezentowane byly te same typy glonéw (rys. 2):
Bacillariophyta przez 14 rodzajéw glonéw, Chlorophyta — 11, Cyanophyta — 8,
Pyrrophyta — 3, Chrysophyta — 3, Euglenophyta — 2, Xanthophyta — 1.

Podobnie jak w zimie, wiosenny plankton roslinny mial charakter wybitnie
okrzemkowy. Okrzemki zdecydowanie dominowaly zaréwno pod wzgledem
powszechnosci jak réwniez liczby reprezentowanych rodzajow oraz liczebnosci
organizméw. Okrzemki wystepowaly wiosng we wszystkich badanych jeziorach,
w wigkszosci z nich stanowigc 77—100 %, ogdlnej (wyzszej od okresu zimowego)
liczby znalezionych w tym czasie organizmow,

W wiosennym planktonie znacznie mniej bylo sinic, jakkolwiek spotykano je
czesto, bo w 639, jezior. Zwraca uwage fakt ich obecnosci wiosng na ogdét
w tych samych jeziorach, w ktérych obserwowano je zimg. Nie wystgpowaly
natomiast zaréwno zima, jak i wiosng w jeziorach Rydzéwka Duza, Silec, Smolak
i Oswin.

Pod wzgledem liczby reprezentowanych rodzajéw sinice obok zielenic
stanowily grupe posrednia pomiedzy okrzemkami a pozostalymi typami glonéw,
majacymi niewielu przedstawicieli w planktonie.

Poréwnujac sklad komponentéw wiosennego i zimowego planktonu roslin-
nego jedyna réznica, jaka mozna zauwazy¢ miedzy tymi okresami, bylo wysta-
pienie wiosng w duzych ilosciach w kilku plytkich jeziorach zlotowiciowcow
i bruzdnic, przy jednoczesnej obecnosci okrzemek. I tak szczegdlny byt skiad
planktonu jeziora Czarna Woda, w ktérym zasadnicze komponenty stanowily
Peridinium palatinum i Synura uvella, przy nieznacznej domieszce innych
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Rys. 2. Ilodciowy i jakosciowy sklad planktonu roslinnego w okresie wiosny (2—5.V.1955) w je-
ziorach okolic Wegorzewa. Jeziora uszeregowane wedlug zasobnoéci w zwigzki pokarmowe od
wysokiej do niskiej

gatunkéw sposréd zlotowiciowcéw i okrzemek, a calkowitym braku sinic i zie-
lenic. Wyréznialy -si¢ réwniez jeziora: Bartelnik — duza iloscia Dinobryon
divergens i D. sociale, Upinek — znacznym udzialem Dinobryon sociale i Pilaki —
dos¢é duzg liczebnoscig Dinobryon divergens i Synura uvella.

Z kilkudziesigciu form znalezionych w planktonie wiosennym badanych
jezior dziesig¢ z nich mialo znaczenie dominantéw (tab. II) przynajmniej
w jednym z jezior. Najczestszym dominantem byla Asterionella formosa, ktéra
stanowila gléwny skladnik planktonu ro§linnego 509, zbiornikéw, a w wigk-
szosci pozostalych wystepowala réwniez w znacznych ilodciach. Melosira
islandica ssp. helvetica, M. ambigua i Synedra acus dominowaly zaledwie w
kilku jeziorach, a tylko w nielicznych spotykano je w znacznych ilosciach.
Pozostale gatunki Dinobryon sociale, Synedra ulna, Oscillatoria tenuis, Melosira
granulata, Peridinium palatinum i Dinobryon divergens wystepowaly na poziomie
dominacji sporadycznie, w pojedynczych jeziorach.

Lato

Charakter letniego planktonu roslinnego 46 badanych jezior wyraznie
réznil si¢ od zimowego i wiosennego. W fitoplanktonie letnim reprezentowanym
przez te same co zimg i wiosng typy glonéw (rys. 3) znaleziono okolo dwukrotnie
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Rys. 3. llodciowy i jakosciowy sklad planktonu roslinnego w okresie lata (2— 10.VIII 1955) w jeziorach okolic Wegorzewa.
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wyzszg liczbe rodzajéw (75) w stosunku do zimy i wiosny. Przynaleznos¢ ich
byla nastepujaca: Chlorophyta — 31 rodzajow, Bacillariophyta — 21, Cyano-
phyta — 12, Chrysophyta — 3, Pyrrophyta — 3, Euglenophyta — 3, Xantho-
phyta — 3.

Poza Xanthophyta pozostale typy glonéw spotykano prawie we wszystkich
jeziorach. Niejednolity charakter planktonu letniego, w przeciwiefistwic do
zimowego i wiosennego, wynikal z dominacji odmiennych typéw w réznych
jeziorach. W okresie letnim mozna wyrézni¢ (biorgc za podstawe przewage
liczebng okredlonego typu glonéw) nast¢pujace grupy jezior (tab. I):

1) 359, jezior z przewaga okrzemek (97—36 9, wszystkich obecnych orga-
nizmow), : :

2) 289, jezior z przewagg sinic (96—33 %, organizméw),

3) 289, jezior z przewagg bruzdnic (99—43 9, organizméw),

4) 99, jezior z przewaga zlotowiciowcow (94—359, organizméw).

W przeciwienstwie do zimy i wiosny w okresie letnim zielenice byly Tepre-
zentowane przez najwiekszg liczbe rodzajéw, aczkolwiek réwniez okrzemki
i sinice wykazywaly duze zréznicowanie. Zielenice nie mialy w planktonie
siatkowym. wigkszego znaczenia pod wzgledem ilosciowym, mimo ze stanowily
skladnik planktonu wszystkich jezior. Natomiast okrzemki i sinice, ktére spoty-
kano réwniez we wszystkich jeziorach, wystepowaly najczesciej w znacznych
ilociach. Réwniez i bruzdnice znaleziono w planktonie wszystkich jezior,
jakkolwiek reprezentowane byly tylko przez nieliczne gatunki. Powszechnosé
bruzdnic jako grupy zwigzana byla niewatpliwie z rozwojem letnim Ceratium
hirundinella, te¢ bowiem forme spotykano najczesciej.” Gatunki rodzaju Peri-
dinium wystepowaly znacznie rzadziej, a niektére sporadycznie, jednakze
najczesciej w duzych ilosciach.

Zlotowiciowce majace w letnim planktonie badanych jezior kilku przedsta-
wicieli, gléwnie z rodzaju Dinobryon, zaledwie w kilku jeziorach wyst¢powaly
w duzych ilosciach. W pozostatych natomiast udziat ich byt najczesciej stosunko-
WO nieznaczny.

Pozostale dwa typy (Euglenophyta, Xanthophyta) nie mialy wigkszego
znaczenia ani pod wzgledem ilosci osobnikéw, ani czestosci wystgpowania
w jeziorach.

W bogato zréznicowanym planktonie letnim badanych jezior 16 gatunkéw
nalezacych do réznych typéw glonéw mialo znaczenie dominantéw (tab. II).
Sposréd bruzdnic tylko jeden gatunek Ceratium hirundinella wystepowal jako
dominant w kilkunastu jeziorach, a w wielu innych jako liczny komponent
planktonu. Pozostale dominanty spotykano sporadycznie w pojedynczych
jeziorach.

Rozwazajac wspotwystepowanie réznych typéw glonéw, na podstawie
materialéw z okresu wiosny i lata (rys. 2 i 3) mozna zaobserwowal pewng
zalezno§¢ miedzy sinicami, bruzdnicami i zlotowiciowcami. Otéz w jeziorach,
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w ktérych sinice wystapily w duzych ilosciach, bruzdnice i zlotowiciowce byly
malo liczebne, badZ nie wystgpowaly wcale. Obserwacje te potwierdzajg spostrze-
zenia innych autoréw (Kisielewa 1950, Spodniewska 1955),
ktorzy taki uklad przypisuja stosunkom konkurencyjnym miedzy sinicami
a bruzdnicami i zlotowiciowcami.

Poréwnanie ilosci fitoplanktonu i liczby reprezentowanych w nich typow
nie wykazuje zaleznosci. Niejednokrotnie w bogatym planktonie badanych
jezior znajdowano przedstawicieli dwéch, trzech typéw, podczas gdy czesto
w ubogim fitoplanktonie spotykano reprezentantéw wielu, jak réwniez jednego
lub dwéch typéw.

Zestawienie znalezionych gatunkéw wedlug okresu ich wystepowania
(rys. 4) wskazuje, ze duzg ich ilo§¢ stanowily gatunki eurytermiczne, wyste-
pujgce we wszystkich okresach badan. Do ‘tej grupy mozna wlgczyé réwniez
formy znalezione w zimie i podczas lata. Ich brak bowiem wiosng wydaje sie
tu raczej przypadkowy. W sklad tej grupy wchodzily gléwnie okrzemki. Row-
niez duzg grupe tworzyly formy zwigzane wylacznie z okresem letnim. Prze-
wazaly wséréd nich zielenice i sinice, natomiast okrzemki reprezentowane byly
przez nieliczne formy. Posrednig grupe, ale najblizszg gatunkom stenotermicz-
nym, cieplolubnym, stosunkowo nieliczng, tworzyly formy spotykane wiosng
1 latem. Tylko jeden gatunek — Peridinium palatinum, znany jako stenotermicz-
ny, zimnolubny (Kisielew 1954) — stwierdzono wylacznie w okresie wio-
sennym.

Rozwazajac dominacje¢ poszczegélnych gatunkéw w ciggu calego okresu
badan mozemy wyréznié trzy grupy dominantéw:

1) gatunki, dominujace we wszystkich okresach, tj. zimowym, wiosennym
i letnim — Asterionella formosa, Melosira granulata, Melosira ambigua;

2) gatunki, dominujace tylko w okresie zimowym i wiosennym — Synedra
acus, Synedra ulna, Melosira islandica subsp. helvetica;

3) gatunki, dominujgce tylko w okresie letnim — Ceratium hirundinella,
Microcystis aeruginosa, Fragilaria crotonensis, Anabaena Lemmermanni, Mal-
lomonas caudata, Dinobryon sertularia, Peridinium cinctum, Peridinium cinctum
v. tuberosum f. cristatum, Peridinium Volzii, Melosira italica v. valida.

Pozostale gatunki dominujace nie wykazywaly wyraznych tendencp do-
minacji w okreslonym czasie.

Zimg i wiosng najczestszym dominantem byla Asterionella formosa, ktéra
réwniez i latem stanowila gléwny skladnik planktonu w kilku jeziorach. Znaczny
takze udzial tej okrzemki obserwowano w planktonie wigkszosci pozostalych
jezior, we wszystkich okresach badan. Najpowszechniejszym dominantem
w okresie lata bylo Ceratium hirundinella gatunek, ktéry w pozostalych jezio-
rach czesto wystepowal w duzych ilosciach. Wszystkie inne gatunki najczesciej
dominowaly w jednym, rzadziej w kilku jeziorach.

http://rcin.org.pl



Fitoplankton jezior okolic Wegorzewa 199

[ 0n-somasss| 2-6 | 2.-a1vm

CERATIUM HIRUNDINELLA

ORANULATA
OSCILLATORIA SP (EXCL.OSCRL.REDEXE! )
PEDIASTRUM DUPLEX
LYNGBYA LIMNETICA

FLOS AQUAE
ANKISTRODESMUS FALCATUS
CYCLOTELLA COMTA
COELOSPHAERIUM NAEGEL IANUM
STEPHANODISCUS ASTRAEA

ULNA
FRAGILARIA 5P IEICL FRAGIL CROT)
GYROSIOMA

TRIBONEMA summs:mn(?)
PHACUS SP

PANDORINA MORUM
PERIDINIUM CINCTUM
PERIDINIUM WILLE!
DINOBRYON

SOCIALE
EUGLENA sP
NITZSCHIA s®

UUUUU[UWUUUUU
U“U”l | ”"UUUUH ”u

U

TABELLARIA FENESTRATA
TIS SCHROETER!

ELAKTOTHRIX SP.
MELOSIRA ITALICA V. VALIDA
IA LACUSTRIS

g
A
ﬁ'”UUUUUﬂuHUU"“Uu"uu""u"H

g
L]
v”"uuu"""uuuuku

_,___,_,_._,uuuuuuUUUUUUUUUUUU””UU””U””””H“““H uuuuUUUnUH“”H J~uuuUU” ”U[]UUUUUUU[]”HUHMHH“ “

SCHROEDERIA SP
CHODATELLA s
CERATIUM CORNUTUM
STEPHMANODISCUS DUBIUS

100, 100 %, 4 100 %,

Rys. 4. Czgsto$é¢ wystepowania znalezionych form planktonu roslinnego w jeziorach okolic We-
gorzewa w poszczegblnych okresach badan, wyrazona w procentach. Czes¢ zakreskowana ozna-

cza procent jezior, wﬁﬁﬁd’ /Hfoambﬁ1 dominantem



200 J. Péltoracka

Pod wzgledem wzajemnych stosunkéw ilosciowych miedzy. komponeéntami
fitoplanktonu mozna wyrézni¢ (na podstawie materialéw letnich) trzy grupy:

Pierwsza grupa, najliczniejsza (okolo 609%,) obejmuje jeziora, w ktérych
tylko jeden gatunek wystepowal na poziomie dominacji. W duzej liczbie jezior
zaliczonych do tej grupy dominant stanowil ponad 80 9, wszystkich organizméw.

Do drugiej grupy zaliczono te jeziora, w ktorych najezesciej dwa, rzadziej
kilka gatunkéow wystepowalo na poziomie dominacji.

Trzecia, nieliczng grupe (179,) stanowily jeziora, w ktérych nie zaznaczyla
si¢ dominacja zadnego gatunku.

Zalezno$¢ miedzy liczebno$cia planktonu roslinnego jezior
a ich wlasciwosciami Srodowiskowymi

Zasobno$§¢ w zwiazki pokarmowe

Na rysunku 3 zestawiono jeziora wedlug ich $redniej zasobnosci w sole
mineralne (Patalas 1960b). Poréwnanie jezior o tendencjach duzego
bogactwa wzglednie ubdstwa planktonu roslinnego z ich troficznoscia nie wy-
kazalo wyraznych korelacji. Zaréwno w grupie jezior, w ktérych stwierdzono
zawsze duze ilosci fitoplanktonu, jak i w grupie jezior o ubogim fitoplanktonie
znalazly si¢ zbiorniki o wysokiej i niskiej zasobnosci w zwigzki pokarmowe.
Stosunki te odbiegaja czesciowo od zaleznosci znalezionych przez innych
autorow (Pearsall 1932; Gusiewa 1938; Bandel 1940; Riley
1940 —cyt. za Chandler i Weeks 1945; Kisielewa 1954)
miedzy zasobnoscig jezior w substancje pokarmowe a intensywnoscia rozwoju
réznych gatunkéw fitoplanktonu.

Uzyskane wyniki moga by¢ tlumaczone trojako: _

1) pobrane sporadycznie materialy siatkowe nie oddajg wlasciwie réznic
ilosciowych w planktonie ro§linnym poszczegélnych jezior;

2) réznice w zasobnosci w sole mineralne w badanych jeziorach s zbyt
male, aby wplyn¢ly na réznice liczebnosdci ich planktonu;

3) stosunki ilosciowe fitoplanktonu bedace wynikiem wspéldzialania szeregu
czynnikéw ukladaja si¢ odmiennie w poszczegélnych jeziorach i nie nalezy
oczekiwaé prostej korelacji miedzy iloscig substancji pokarmowych a liczeb-
noscig fitoplanktonu.

Niewatpliwie powyzsze wzgledy mogly wplynaé w jakim$ stopniu na uzyska-
ne wyniki. Warto jednak podkresli¢, Ze na brak korelacji miedzy liczebnoscig
planktonu roslinnego a iloscia zwigzkéw odzywezych zwraca uwage szereg
autoréw, jak: Hutchinson (1944), Pennak (1946), czesciowo Lund
(1950). Za ostatnim przypuszczeniem przemawiaja obserwacje takich jezior
jak Arklickie i Smolak. W pierwszym z nich, mimo stale stwierdzanych wy-
sokich ilosci substancji pokarmowych (tab. III), liczebno$¢ fitoplanktonu byla
nieduza. Mozna przypuszczaé, ze to ubéstwo planktonu roslinnego pozostaje
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w zwigzku z roélinnoscia wyzszg wybitnie silnie rozwijajacg si¢ tam w ciggu
calego okresu wegetacji. W dystroficznym natomiast jeziorze Smolak, mimo
skrajnego ubéstwa sybstancji pokarmowych (tab. III), dochodzi do intensyw-
nego rozwoju wybitnie stenotopowej formy Peridinium cinctum v. tuberosum
f. cristatum. W przypadku tych dwéch jezior warunki $rodowiskowe s3 bardzo
wyraznie rézne od znalezionych w innych jeziorach. Z tego wzgledu mozna
przypuszczaé, ze wlasnie one decydowaly o jakosciowych i ilosciowych sto-
sunkach w planktonie roslinnym. W innych jeziorach warunki $rodowiskowe
s3 bardziej do siebie zblizone, a tym samym wskazanie czynnika wplywajacego
w sposéb decydujacy na fitoplankton w poszczegélnych jeziorach jest duzo
trudniejsze, jezeli nie niemozliwe.

Glebokosé jezior

Rozwazajac zaleznoéci miedzy glebokoscig jezior a liczebnoscig planktonu
ro$linnego (tab. III) poréwnywano ilosci fitoplanktonu w warstwach po-
wierzchniowych od 0 do 5 m, co pokrywalo si¢ mniej wigcej z ich epilimnionem.
Uszeregowanie jezior w miar¢ wzrastania ich glebokosdci i poréwnanie z iloscig
fitoplanktonu siatkowego w réznych okresach badan pozwala zauwazy¢, ze
jeziora plytkie (1—5,5 m) odznaczaly si¢ we wszystkich okresach znacznie
wieksza réznorodnoscia pod wzgledem ilosci fitoplanktonu, niz jeziora glgbokie.
Grupe jezior plytkich reprezentowaly zbiorniki zaréwno o skrajnie ubogim,
jak réwniez kranicowo bogatym planktonie ro§linnym — podczas gdy w gleb-
szych jeziorach, a nawet w jeziorach o $redniej glebokosci, obserwowano bar-
dziej wyréwnane ilosci fitoplanktonu. W okresie letnim zwraca uwage fakt,
ze wigkszo$é jezior plytkich (okolo 609%,) miala bogaty plankton roslinny.
Natomiast jeziora gl¢bokie, a nawet o $rednich gltebokosciach charakteryzowaly
umiarkowane liczebnosci fitoplanktonu.

Roélinno$é¢ wyisza

Migdzy stopniem poros$nigcia roslinnoscig wyzsza badanych jezior (tab. I1I),
a bogactwem ich planktonu roslinnego nie udalo si¢ stwierdzi¢ zadnych wyraz-
nych korelacji poza skrajnym przypadkiem jeziora Arklickiego. W grupie
jezior, ktére charakteryzuje silne poroénigcie, znajdujg si¢ zbiorniki zaréwno
o bardzo duzej, jak i $redniej ilosci fitoplanktonu.

Zalezno$¢ jakosSciowego skladu planktonu roslinnego
jezior od ich wlasciwosci srodowiskowych

Zasobno$¢é w zwiazki pokarmowe

Rozwazajac jakosciowy sklad planktonu roslinnego zastanawiano sig, czy
jeziora najbardziej zblizone pod wzgledem zasobnosci w zwigzki pokarmowe
mialy podobny sklad gatunkowy fitoplanktonu.
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Charakterystyka limnologiczna oraz sklad chemiczny wody 47 jezior
Limnological characteristic and chemical content of water during the winter,
>

! Typ limno- | Sto- | Procent po- '
ok .| Po- | Zlew- | logi i i ipo

r Nabon itorit > logiczny wg | pienn | w1er.zchfu po
iwierzch, nia |Stangenberga staty- | roénietej roé-(

I |

i Temp. °C | O,(mg/1)

| | 1
| N:l;\be ::;all(:l.(e nia | Drai- : Limnological| cznosci| linnoscia ‘ g::: | ‘
igrid sk, dénth] Sur- | nage | typeaccord- | Grade | Area with Pow. Dno | Pow. Dno
| 2 \ face | basin | ing to Stan- | of sta- | vegetation | Surf.| Bot. | Surf.| Bot.
| " genberg | bility | (in percent) !
1 T L e el F R o 7 8 | 9| 10| 1
I
Arklickie 62,0 p stawowe I 90 3.V. 154153 | — | —
2,0 pond-like
8.VIIIL.| 22,0 | 22,0 | 12,4 | 11,8
Babka 33,1 P eutrofia v 52 18.11. 20| 27| 84| 7.0
9,0 eutrophic 4.V. 133| 7.5 — | —
5.VIII.| 22,0 |13,0| 84| 0,9
Bartelnik 1000 p stawowe 1I 85 701L. | 1,0 32| 94| 34
3,0 pond-like 6.V. 134132 — —
6.VIIIL.| 21,9 .20,5 81| 57
Biale 7.4 P stawowe 11 60 7.111. 1,0, — (110 —
2,0 pond-like ’ ¥ 151|151 | — —_
S.VIIL.| 22,0 | 21,8 | 10,6 | 7.6
Biala Kuta 21,3 1 stawowe 11 20 19.11 — | 24| —|101
2,5 pond-like 3.V. 142 | 95| — —_—
8.VIIL| 23,0225 98| 9,0
Bimbinek 6,6 pl | eutrofia v 86 18.11. 21| 24| — | 24
18,0 eutrophic 3,V. 144 52| — | —
S5.VIIL.| 22,0 55 91| 20
Brzozéwka 58,5/ pl | eutrofia 1V 30 18.11. 1,5] 22| —| 22
9,0 eutrophic 5.V. 120| 60| — | —
6.VIII.| 22,5/ 13,0 96| 0,4
Ciche 16,6/ 1 eutrofia v 25 10.VIIL.{ 23,0 | 51| 81| 0,0
13,0 eutrophic
Czarna Kuta 252 " p stawowe 11 25 19.11. 14| 28| 91| 4,0
3,0 pond-like 3.V. 1421140 — | —
. 6.VIII.| 24,0 | 21,5 | 12,2| 6,7
| Czarna Woda 1.4 1 stawowe v 5 | 19.I1. 18| 3,5/152| 08
4.0 pond-like 2V. |17.3| 99| — | —
7.VIII.1 23,1 | 16,6 | 88| 0,3
Dargin 2773,0 15 8.VIII.
- 35,0
Gleboka Kuta 17,9  pl | eutrofia v 15 19.11. 1,4| 20| 96| 05
21,5 eutrophic 3.V. 125| 47| — | —
7.VIIL.| 22,6 | 4,7(11,6| 0,0
Gotdopiwo 860,4 pl | b-mezotr. 111 25 18.111. 14| 21| 13,4| 13,0
27,0 b-mesotr. 2.V. 90| 41/|17,4| 16,8
5.VIII.| 21,4 | 13,0| 95| 1.7
Jagoczany 42 p staw .eutr.? | IV 76 19.11. 11| 40| 74| 13
3,0 pond-like
eutr. ?° 2.V. 17,21100| — | —
7.VIIL.| 21,8 (19,2| 9,2| 0,0
Krzywa Kuta 122,9 1 eutrofia v 25 19.11. 08| 26/|11,1| 3,6
21,0 eutrophic 3.V 134| 44| — | —
8.VIIL.| 22,0 6,5| 88| 3,0
|
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Tabela III
okolic Wegorzewa w okresie zimowym, wiosennym i letnim (mg/l) w 1955
spring and summer period in 47 lakes near Wegorzewo (mg/1) in 1955 year
AR ; R | B o P 7A‘7 A4 W TR 3Te7 TR ]
;w‘l:’r:;’k:“" Ca Na K PPO) | N(NO,) N(NH,)
Secchiego —— | i ‘
Visibility [p o | o |
of Secchi S ) Bot Pow. | Dno | Pow. | Dno | Pow. | Dno Pow. Dno | Pow. | Dno
disc P Surf. | Bot. | Surf. | Bot. | Surf. | Bot. | Surf. | Bot. | Surf. | Bot.
> face | tomI 8
| | - -
12 13 | 14 | 15 16 17 18 l 19 20 21 22 23 24
> 2,0 70 67 | 148 | 16,0 5.4 5,4 | 0,004 | 0,004 | 0,25 0,26 0,00 0,04
(d)
> 2,0 19 18 | 140 |140 4,0 3,2 | 0,006 | 0,006 | 0,06 0,25 0,38 0,24
(d)
— - 50 50 48 4,4 2,8 2,4 | 0,000 | 0,022 | 0,00 0,00 - —
2,5 47 47 4,8 4.4 3,4 2.8 | 0,004 | 0,004 | 0,12 | 0,07 | 0,00 —
33 35 42 5.8 6,2 3.4 2,6 | 0,006 | 0,096 | 0,05 | 0,17 | 0,68 | 1.8
—_— 67 67 — - — 4,6 — 0,014 — 0,23 —_ —_—
— 48 49 8,8 8,6 3,0 2,4 | 0,012 | 0,014 | 0,08 0,03 0,00 | 0,00
1,2 42 42 94 |10.0 2,2 2.4 | 0,000 | 0,006 | 0,00 0,00 — —
—_ 57 57 _ — —_ 4,6 | 0,030 | 0,030 | 0,18 0,18 —_ —
2550 15| 49 49 8,8 8,2 3,8 3,6 | 0,004 | 0,018 | 0,18 | 0,09 | 0,08 | 0,00
(d)
1,1 44 44 8.8 9,2 3,0 3,4 | 0,004 | 0,004 | 0,00 0,01 0,05 0,30
—_ i — 25 —_ 4.8 —_ 2,8 — | 0,004 - 0,05 _ -
1,9 - 33 —_ 4.8 — 2,0 — 0,012 - 0,12 — -
0,8 32 32 5,0 5,0 2,4 2,4 | 0,000 | 0,002 | 0,00 | 0,00 | 045 | 030
—_ 70 72 6,6 6,6 2.2 2,2 | 0,000 | 0,018 | 0,00 0,00 — -
1.8 69 73 7.0 6,6 2,2 2,0 | 0,004 | 0,012 —_— 0,01 0,00 | 0,00
2,2 54 59 6,2 6.8 1,6 2,0 | 0,004 | 0,200 | 0,00 | 0,12 | 0,17 | 3,00
— 53 60 7.8 7.8 4,6 5,2 | 0,022 | 0,078 | 0,13 | 0,15 — ——
2,0 57 56 7.4 8,2 %2 5,6 | 0,012 | 0,012 | 0,12 0,19 0,00 0,00
21 42 44 7.0 7,0 4,2 4,6 | 0,004 | 0,320 | 0,17 0,25 - —
3.2 26 21 5,0 5.8 3.2 8,6 | 0,002 | 0,100 | 0,10 0,49 — 0,85
~3 57 57 6,0 6,6 2,8 2,8 | 0,008 | 0,022 | 0,52 | 0,51 —_ —
1.5 52 | 52 | 62 | 60 | 3.0 2,4 0,018 | 0,018 | 0,23 | 0,09 | 0,00 | 0,00
0,8 40 | 4 | 54 | 48 | 3,2 2,4 | 0,000 | 0,008 | 0,00 | 0,00 — | 0,28
== 32 36 4,0 6,2 1,8 6,4 | 0,012 | 0,100 | 0,09 | 0,00 - —
1,5 29 28 5,0 6,0 1,0 1,0 — 0,000 - 0,07 - 0,04
0,9 29 30 44 10,6 1,4 1,4 | 0,004 | 0,092 | 0,00 — 0,30 1,55
4,5
- 49| 49| 60 | 56| 26 | 26[0034]|0180 | 008 [ 011 | — | —
12 | 45 | 47 | 62 | 64 | 30 | 3000220022 | 015 | 024 | 000 | 000
08 | 34 | 47 | 44 | 44 | 22| 24/0010|0240 ( 000 | 000 | — | 40
- | 42 47 — — 4,6 5,2 | 0,004 | 0,048 | 0,10 | 0,19 - —_
3.0 51 52 8.2 9,0 3.4 4,0 | 0,018 | 0,040 | 0,13 0,14 0,00 0,00
3,2 42 45 8,2 8,6 3,2 3,4 | 0,000 | 0,126 | 0,06 0,04 0,00 0,03
o 46 44 5,6 4.8 > %) 2,2 | 0,008 | 0,222 | 0,19 0,09 — —
1,5 — 39 - 4,0 — 1.4 — 0,008 —_ 0,01 — 0,00
1,0 38 41 4,2 6,2 1,8 2,8 | 0,032 | 0,520 | 0,00 0,00 0,30 1,75
— 39 | 39| 24 | 52| 26 | 20]0004|0044| 014 | 010 | — [ —
3,6 42 39 5,0 4.4 2,0 2,0 | 0,004 | 0,018 | 0,16 0,22 0,00 0,00
3.2 34 34 4.8 4.4 2,2 1,8 | 0,008 | 0,060 | 0,09 0,05 0,45 1,24,
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1 2 s e 5 6 7 | 8|9 ]10]|n
Lemiet 70,5 p | eutrofia v 25 19.11. - 30| —| 7,0
13,5 eutrophic 4.V., 80| 54| — | —
8.VIIL.| 21,5| 8,0, 88| 0,4
Leéne 3,0 1 suchar 9.VIIL.| 23,6 | 12,8 | 10,8 | 0,5
4,5
Eekuk 23,9 pl eutrofia v 25 8.VIIL.| 23,0| 85| 88| 0,9
13,0 ' eutrophic
Mamry Péin. 2663,0 b-mezotr. 11T 10 19.11. 14| 2,0/|14,0| 10,4
40,0 b-mesort. 5.V. —_ - —_ -
11.VIIL.| 21,5 | 11,5 | 10,0 | 5.4
Osiek 10,6/ 1 stawowe 11 100 9.VIIIL.| 23,0 | 23,0 | 11,0 | 11,0
1,5 pond-like
Oswin 637,9 »p stawowe I 8II. | 1,0| 1,0] 11,2 (11,2
3,5 pond-like S.VIIL| 24,1 | 23,3| 88| 8,7
Piecek 23,3 pl suchar v 20 19.11. 1,8/ 2,5/104| 2,0
8,5 3.V. 1,9 89| — | —
: 7.VIIL.| 21,6 | 15,2 | 12,2 | 0,0
Pilaki 87 b | stawowe 11 100 SNc | 345111301 =i —
2,5 pond-like 9.VIIIL.[ 22,3 | 22,3 (10,0 | 9,5
Posezdrze 1243 p | stawowe I 45 19.11. 08| 24|11,8/108
4,0 pond-like 3.V. 13,0 | 12,0 | 12,0 | 9,6
7.VIIL.| 20,8 | 20,8 | 10,5 | 10,0
Przerwanki 6,5 p stawowe I 75 7.VIIL.| 08| 08| 16| 1,6
1,0 pond-like 3.V. 16,0 | 16,0 | 10,9 | 10,9
6.VIIL.| 22,6 | 22,6 | 10,2 | 8,4
Przylesne 259 p | stawowe I 100 3.V. [135]|135]|11,4] 11,0
1,5 pond-like
6.VIIIL.| 22,3 | 22,0 | 14,6 | 12,6
Purwin 3,2l pl | stawowe v 70 18.111. | 08| 3,0| 42| 22
3,0 pond-like 2.V. 190| 6,7| 9,4 120
5.VIIL.| 21,0 | 13,0 6,0| 0,0
Rominty 25315 p stawowe 1 100 17.111. 1,4| 14| 00| 0,0
1,0 pond-like 9.VIIL.| 22,5 (22,5| 97| 9.5
Rydzéwka Duza| 511,9 o eutrofia Illl 15 8.I11. 1,2| 3,0]|12,0( 5,2
16,7 eutrophic N 10,7 | 47| — —
9.VIIIL.| 21,5 | 15,0 | 10,0 | 1,6
Rydzéwka Mata| 10,0] »p eutrofia 111 15 9.VIIIL.| 22,0 | 20,6 | 10,5 | 7,4
5,0 eutrophic
Siewki 21,3 »p eutrofia v 40 18.11. 14| 24| 78| 3,2
7D eutrophic 4.V. 141 52| — | —
9.VIIIL.| 22,5 | 11,0 (| 11,0 | 0,4
Silec 1090, »p eutrofia 111 40 17011, | 1,7 | 2,6 13,2 11,1
14,0 eutrophic 2.V. 94| 56| — | —
8.VIIL.| 22,0 |16,5| 98| 09
Siniec Duzy 30,0, pl | eutrofia v 50 8.I11. 1,3| 26110 1,0
28,5 eutrophic 2.V, 124 | 44| — | —
8.VIIL.| 222| 50| 93| 1,2
Siniec Maly 8,6/ pl | eutrofia A’ 45 8.VIII.| 22,0| 50| 86| 0,0
18,0 eutrophic

http://rcin.org.pl




Fitoplankton jezior okolic Wegorzewa 205

c. d. tabeli III

12098 o | as-ote [ e Fae e R e TR s gk
- 411 65| 66 |82 | 34 | 42005 0200/ 032 |02 | — | —
1.5 51| 52| 62 | 62| 30 | 300018003 | 005 | 003 | 017 | 0,00
1.1 34 | 43| 62 | 60 | 28 | 3,0/ 0004|0400 000 | 005 | 039 | 2,50
1.4 1| 4| 14 | 22| 1,0 | 1,8(0012|0022| 0,12 | 000 | 0,15 | 3,00
1.0 41 | 44 | 42 | 52| 1,6 | 220020130 | 000 | 034 | 042 | 081
- 44 | 46 | —' | — | 52| 50|0012|0022| 020 | 019 | — | —
— 42141 |. 86 |82 | 40 40| — | —|l — |"'—= | = —
— 32 | 32| 82 | 70 | 34 | 3.4 0002|0012| 000 | 000 | 000 | 0,13
> 0,5 — | 32| — (120 — | 04| — |0008| — |[o000| — | 075
(d :
= — | 74| — | —| — | 54| — |oo2| — [o66| — | —
0,6 37 | 38 | 120 120 | 3,8 | 3,8 0010|0004 | 000 | 001 | 0,34 | 0,58
— 3| 5| 34138 52| 52|0018|0066( 004 [ 000 | — | —
1.5 4| 4 08 12| 44 | 440000 0004 002 | 007 | 0,00 | 0,00
0,3 3| 6| 22|26| 50 | 54[0000 006| — | — | 000 ]| 350
2,0 49 | 60 | 60 | 60 | 32 | 38 00%0| — | 018 | 012 | 000 | 000
2,0 48 | 50 | 66 | 52| 22 | 1,6 (0008|0022 | 017 | 0,18 | 0,48 | 0,56
2.3 46 | 43 | 74 | 88 | 34 | 4000120004 | 008 | 008 | 0,00 | 000
07 34 | 34 | 74 | 74| 26 | 2800100006 | 000 | 000 | 024 | 015
— — (103 | — | —| — (1,8 — [0092| 000 | 0,00 | 0,00 | 053
— 54 | 54| 96 | 96 | 50 | 50 /(0018|0018 018 | 0,18 | — | 0,10
> 08 44 | 43| 82 | 86 | 28 | 2800040006 | 000 | 009 | 000 | 0,00
(d)
> 1.8 50 | 49 | 7.8 | 92| 32 | 28/0012|0018| 014 | 024 | — | 010
(d)
1,0 37 | 37 | 7.8 | 7.8 | 26 | 28 0004|0008 | 012 | 0,14 | 045 | 0,10
— — 70| — | —=| — | 36| — (o018 — | o045 | — | —
1,5 53 | 54| 74 | 60| 32 | 2400120012 042 | 089 | 020 | 013
2,0 53 | 53| 52 |58 | 1,0 | 20/0012{023 | 000 (000 | — [ —
- — |70 —| —| — | 46| — (0008 — o047 | — | —
>1,0 40 | 41| 66 | 60| 08 | 060008 0008 | 018 | 0,18 | 074 | 0,70
(d) -
- 55| 65| — | — | 52| 56/0048/0048| 016 | 048 | — | —
2,0 52 | 52| 98 (108 | 40 | 44002 | 0018 | 022 | 007 | 0,04,/ 000
33 42 | 43| 90 | 98 | 34 | 40002600288 | 0,12 | 004 | 025 | 0,60
4,5 44 | 43| 88 | 88 | 34 | 3200080018 000 | 000 | 038 | 052
— 57| 65| 60 | 66| 28 | 36| 0018|002 | 052 | 054 | — | —
- 57 | 38 | 60 | 74 | 34 | 400,004 0008 | 024 | 045 | 0,00 | 0,00
0,7 4 | 50 | 54 | 52| 22 | 30/0000|0392 | 000 | 000 | 029 | 2,50
- 54 | 60 — = | 72 7,0 | 0,056 | 0,060 | 0,00 | 0,12 — -
1,4 49 | 54 | 74 70 | 58 | 600018 |0,022| 013 | 000 | 0,00 | 0,15
3,0 43 | 44| 74 | 64 | 56 | 5200740220 009 | 028 | 037 | 020
— 45 | 48| — | — | 36 | 38|0018|0066| 019 | 02¢ | — | —
2.1 49 | 40 | 60 | 60 | 28 | 2800120008 /| 016 | 007 | 0,00 | 004
3,2 34 | 34 | 52 | 54| 22 | 240008002 | 000 | 006 | 027 | 053
3,2 48 | 49| 70 | 60 | 28 | 240008 |0118| 000 | 0,00 | 0,40 | 1,60
|
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1 EEE s [ 90 Fle L7 et RvRd ot
I |
Smolak 53| 1 | suchar o ol R IPY, T 17 N 5 ) e B
5,0 | , ‘ GR35 ST S R
‘ | 6.VIIL. 23,0 22,0/ 86| 87
Sitmeay SO 5 | eutrofis m | 30 [sarn | 14| 36[12] s8
12,5 eutrophic {‘ 4.V. 85| 57| —| —
‘ 10.VIIL| 22,0 | 14,7| 7.0 05
Stregiel | 411,6) b | eutrofia | TII .| 20 190 | 1,6 22,100 538
10,5 | eutrophic | 5.v. 106 74| — L
| 7-Vlll.i 21,5156/ 109 08
Stregielek 39,4, p | eutrofia | IV i 35 19.11. | 15| 24|11,4] 36
7,0 eutrophic | 9.viIL| 21,3 18,0 10,0| 0,5
Surwilskie 14,6/ pl stawowe 11 35 8.111. 10| 34| 68| 4.2
2,5 pond-like | 8.VIIL.| 22,0 | 21,8 | 9,7| 94
Swiecajty 813,8) P | b-mezotr. l nr | 157 5 {1900, | 1,2| 2,0 11,4| 6,0
28,0 b-mesotr. | e SV. | 72| 48| —| —
| 7.VIIL| 21,0 | 14,8 | 92| 3.8
Upinek 100, p | eutrofia | IV 55 19.0I. | 1,0 3,0/126/| 3,0
5,0 eutrophic | 2.V. 15,1 93| — -—
} 7.VIIL| 22,0 | 18,6 | 9.6| 1,0
Wegielsztyniskie . 77,8 p stawowe W 5 100 8IIL. | —| 4,71 — | 80
2,0 | | pond-like | | 2V. |138] 99| — | —
| | i 9.VIIL| 21,7 | 21,7 | 12,6 | 5,0
Wilkus 94,4 pl | eutrofia LSV 40 7.111. 1,6 | 4,0/[122| 26
5,5 eutrophic l 3.¥3 11,5 10,5 | 14,6 | 15,2
6.VIIL. 21,9|16,8|142| 0,4
Zabifiskie 32,2 | I 35 10.VIIL 205 | 21.5 | 89| 9,0
2,0 ; ‘ | |
Zabinki 406 pl  eurofin | V | 20 [18IIL | 1,6| 25|130| 06
42,5 cutrophic: | ! 2V. |111] 42[136| 106
| | 6.VIIL| 22,8| 48|11,1| 2.1
Zywy Duzy 38,0 p | eutrofia r v | 30 1801 | 1,6| 1.9] 9.0/ 88
24,5 eutrophic ] 4.V. 11,0| 51| —| —
~ | 10.VIIL| 21,6 | 10,0 68| 0,3
Zywy Maly 770 p | eutrofia v 30 1811 .| 1.2 |11.811101/17.9
20,5 eutrophic : g 151 o P % DI
1 10.VIIL| 21,0 7,0/ 80| 04

Uwaga: Jako kryterium stopnia statycznoéci przyjeto (Patalas 1960¢)

a) zasieg bezpoéredniego mieszania wody odpowiadajacy warstwie epilimnionu, b) i ywnosé
wymiany wody miedzy hypolimnionem i epilimnionem, a w plytkich jeziorach intensywno§¢ wymiany
miedzy woda a dnem.

Wyrézniono spoéréd badanych jezior pieé¢ grup, reprezentujacych réine stopnie statycznosei:

I stopien.

II stopien.

111 stopien.

W jeziorach tej grupy nie stwierdzono w okresie letniej stagnacji trwalego podzialu na strefy
termiczne. Cala masa miala podobna temperature, wskazujaca na calkowite mieszanie wody
do dna. Intensywnoé¢ wymiany wody z dnem byla bardzo wysoka i cala masa wody mieszala
si¢ nawet przy niewielkim wietrze.

W jeziorach tej grupy nie stwierdzono réwniez podzialu na warstwy termiczne. Intensywnosé
wymiany wody z dnem byla mniejsza niz w grupie poprzedniej.

W jeziorach tej grupy stwierdzono w okresie letniej stagnacji podzial na warstwy termiczne
zréznicowane i stosunkowo duzy ieg epilimni wy y przynajmniej 6 m. Tempe-
ratura warstw przydennych byla stosunkowo wysoka. Intensywno§¢ wymiany wody miedzy
hypolimnionem a epilimnionem byla duza.
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c. d. tabeli III

12 et ] s Ve i e |
— —| 4| — | —=| — | 20
3.5 4 a2 0.2, 2 [0 it
> 5.0 1 8 I B O B e T
(d)
— 62: |53 | a8 liTs | ia0r [Ld2
— 54 | 53| 60 |60 36 | 30
2,0 41 | 45| 58 |50 26 [ 26
— 51| 50 | — | — | 50 | 48
2,5 57.| 56 | 7.8 | 84 | 38 | 46
1.0 41 46 | 720 | 70 [ 24 i 2,8
— s6 | s2 | 82 74| 26 [ 24
0,6 36 | 43 | 82 |66 | 22 | 20
— — | 9| — | =] — | 62
0,6 35 |36 | 22,182 | 48| 53
= LA I s AR L AG
25 [“44 | 47 | 104 | 74 | 30 | 36
3.2 37| 39 | 70 | 70 | 28 | 28
— 66 | 77 | 104 | 9,6 | 44 | 3.2
2,5 , |65 >68 [, 82 G2 C50 T A
1.4 56 | 59 | 7.6 ‘ 74| 20 | 24
— — | 8 | — | —| — | 48
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IV stopieri. W jeziorach tej grupy stwierdzono w okresie letnim podzial ra warstwy termiczne zrézni-

V stopiefi.

(d) — widocznoéé do dna — visibility to the bottom.
p — polna (field), pl — polno-leéna (field-forest), | — leéna forest).

5*

http://rcin.org.pl

cowane, jednakze zasieg epilimnionu byl mniejszy niz w grupie poprzedniej i wynosil naj-
czesciej od 3 do 5 m. Temperatury przydenne mialy przeci¢tne wartoéci wskazujgce na
mniejezy stopienn wymiany warstw przydennych z powierzchniowymi.
Sa to jeziora, w ktérych stwierdzono w okresie letnim podzial na warstwy termiczne zrézni-
cowane, o piytkim epilimnionie, ktérego zasieg wynosil najczeéciej mniej niz 4 m. Tempe-
ratury hypolimnionu wyraznie oddzielonego od epilimnionu byly niskie.
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Poréwnujgc sklad komponentéw planktonu w jeziorach o zblizonej zasobno-
§ci w zwigzki pokarmowe, i sklad gatunkowy planktonu siatkowego jezior
o kraricowo réznym stopniu troficznosci, znaleziono podobng we wszystkich
okresach badan, nastepujacg réznorodnosé stosunkéow:

1) wielokrotnie jeziora bardzo zblizone pod wzgledem troficznosci od-
znaczaly si¢ bardzo odmiennym skladem gatunkowym planktonu;

2) niejednokrotnie' w jeziorach o bardzo réznej zasobnosci w zwigzki po-
karmowe obserwowano zblizony sklad komponentéw fitoplanktonu;

3) niejednokrotnie jeziora o podobnym stopniu troficznosci odznaczaly si¢
zblizonym skladem planktonu roslinnego.

Pierwszy rodzaj stosunkow obserwowano szczegolnie zimg. I tak np. w gru-
pie jezior bogatych w zwiazki pokarmowe znalazly si¢ z jednej strony zbiorniki
z duzg ilodcig Asterionella formosa (jez. Posezdrze) lub Asterionella formosa
i Synedra acus (jeziora Stregiel Duzy i Siewki) obok jezior calkowicie pozbawio-
nych obu tych gatunkéw (Jez. Biale), lub obok jezior, w ktérych wymienione
gatunki wystepowaly w bardzo malych ilosciach (jez. Oswin). Réwniez odmienny
byl wiosng sklad gatunkowy planktonu roslinnego Jeziora Arklickiego w poréw-
naniu z planktonem jezior o podobnie bardzo wysokiej troficznosci. Brak tu
bylo bardzo powszechnej i liczebnej w wigkszosdci jezior okrzemki Asterionella
formosa, co jest tym bardziej godne uwagi, ze gatunek ten jest wskazZnikiem
wysokiej zasobnosci w zwigzki pokarmowe (Pearsall 1932).

Podobne stosunki znaleziono réwniez latem w bogatych w zwigzki pokar-
mowe jeziorach Biale i Posezdrze (tab. I1I). Jezioro Biale odznaczalo si¢ w tym
czasie znacznie silniejszym zréznicowaniem fitoplanktonu w stosunku do jeziora
Posezdrze. Z 58 form znalezionych w Jeziorze Bialym nie zanotowano w jeziorze
Posezdrze az 33 form. Wspélnych bylo natomiast zaledwie 22 formy. Inny
przyklad stanowig podobne pod wzgledem ubédstwa substancji pokarmowych
jeziora Jagoczany i Osiek (tab. ITI) réznigce si¢ znacznie skladem gatunkowym
planktonu roslinnego. Z 36 form wyste¢pujacych w jeziorze Jagoczany wspélnych
z jeziorem Osiek bylo tylko 13. Dalszym przykladem moga by¢ ubogie w zwigzki
pokarmowe jeziora Smolak i Ciche (tab. III), ktére odznaczaly si¢ wyraZnie
odmiennym skladem gatunkowym fitoplanktonu.

Ogélnie uzyskane wyniki sg zgodne z przeprowadzonymi przez Foged
(1954) obserwacjami odnosnie okrzemek. Autor stwierdzil, badajac pi¢¢ jezior
eutroficznych, ze mimo ich wyraznej jednorodnosci dajg si¢ zauwazy¢ wyrazne
roznice w skladzie gatunkowym okrzemek.

W grupie jezior, zestawionych wedlug najbardziej zblizonego skladu ga-
tunkowego, znalazly si¢ niejednokrotnie obok siebie jeziora o kraficowo réznej
zasobnosci w zwigzki pokarmowe.

Tak np. zblizony sklad fitoplanktonu posiadaly zimg bogate w substancje
pokarmowe jezioro O$win i ubogie jezioro Purwin (tab. III), czy Smolak;
bogate jezioro Bartelnik i ubogie jezioro Biala Kuta. Latem natomiast podobne
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‘stosunki znaleziono w jeziorach Przerwanki i Czarna Woda, ktére odznaczaly
si¢ bardzo zblizonym charakterem planktonu roslinnego, pomimo niemal
kraficowo réznej zasobnosci w zwigzki pokarmowe. Inny przyklad tego samego
typu stanowig jeziora Gle¢boka Kuta i Biala Kuta.

Niejednokrotnie jeziora bardzo zblizone pod wzgledem troficznosci wy-
kazywaly réwniez do$¢ daleko idace podobienstwo skladu gatunkowego fito-
planktonu. Takimi jeziorami byly np. zimg Gl¢boka Kuta i Stregielek, podobne
ze wzgledu na znaczng w obu zbiornikach ilos¢ Asterionella formosa, Synedra

MALLOMONAS COELOSPHAERIUM
LONGISETA NAEGELIANUM

>
-
o
©
»
-
o
©

BIPES MORUM
G " o
MALLOMONAS PERIDIN
C;XM" Eih wu.u'n" ﬁ
B ] @ LAl
S ) wRe (e
SYNEDRA
- ==~ "~
v, fmm] s (O
PEDIASTRUM
R B
e R
wrte, R . ol
MchoCYSTS - msoks C}
i L TRy
Rys. 5. Czg¢sto$é wystepowania wazniejszych ga- PANASRL
) y A
tunkéw letniego planktonu roélinnego w jeziorach T IR i REICHELTH [ﬁ
o okreslonej zasobnosci w substancje pokarmowe LA ‘ ATheEva [ﬁ
w stosunku do ogdlnej lc.h liczby. Slup?u biale cormamana i i [:b
okreslaja ogélng liczbe jezior o okreslonej zasob- LEMMERMANY
nosci w substancje pokarmowe (A — niska, B — b e ﬁ T ik [::ﬁ
$rednia, C — wysoka, D— bardzo wysoka). Stupki ssTRoDES M l:b
czarne okreslajg liczbe¢ jezior, w ktérych znaleziono g LAY
dany gatunek voLzn =5 Xuer

acus i Aphanizomenon flos aquae. Jednakze nawet te najbardziej zblizone pod
wzgledem gléwnych komponentéw fitoplanktonu jeziora réznily si¢ silnym
rozwojem niektérych gatunkéw: w pierwszym Lyngbya limnetica, w drugim
Tribonema subtilissimum (?). Duze podobiefistwo planktonu roslinnego wykazy-
waly latem jeziora Przerwanki i Arklickie, odznaczajace si¢ wysoka zasobnoscig
w substancje pokarmowe, a takze jeziora Biala Kuta i Ciche, ktére charaktery-
zuje niska zasobno$¢ w sole pokarmowe (tab. III). Zaréwno pierwsze, jak
i drugie dwa jeziora réznily si¢ znacznie skladem gatunkowym fitoplanktonu
od innych jezior o zblizonej do nich zasobnosci w sole pokarmowe.
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Znalezione stosunki pozwalaja przypuszczaé, ze réznice w zasobnosci w sub-
stancje pokarmowe, stwierdzone w badanych jeziorach (poza nielicznymi jeziora-
mi o skrajnych warunkach srodowiskowych), nie wydajg si¢ decydowaé o ogélnym
charakterze siatkowego planktonu roslinnego. Niemniej wéréd stwierdzonych
gatunkéw niektére formy wykazywaly pewne tendencje wystepowania badz
w jeziorach o niskiej i sredniej zasobnosci, badZ o srednim i wysokim trofizmie.

Uszeregowano czestsze gatunki wedlug tendencji ich wystepowania w je-
ziorach od niskiej do wysokiej zasobnosci w substancje pokarmowe. W gérnej
czedei zestawienia (rys. 5) znajdujg sie gatunki zwigzane glownie z jeziorami
o niskiej do $redniej zasobnosci zwigzkow pokarmowych. Sg to Mallomonas
longiseta, Peridinium bipes, Mallomonas caudata.

Nast¢pne ugrupowanie tworzg formy nie wykazujace tendencji w stosunku
do stopnia troficznosci jezior. W tej grupie znajduja si¢ wszystkie gatunki
czeste, powszechne.

W ostatniej grupie wystepujg formy zwigzane ze srednig i wysoka, wzgled-
nie tylko wysoka zasobnoscia w zwigzki pokarmowe. Nalezy wymieni¢ tu
Dinobryon divergens, Centronella Reicheltii, Attheya Zachariasi, Anabaena
Lemmermanni, Dinobryon sertularia, Peridinium latum. Ostatni gatunek zna-
leziono tylko w jeziorach, o wysokiej i bardzo wysokiej zasobnosci w substancje
pokarmowe.

Fakt stwierdzenia pewnych tendencji u kilku zaledwie gatunkéw nie pod-
waza przypuszczefi, ze roznice zasobnosci w substancje pokarmowe badanych
jezior, poza skrajnymi przypadkami (jezioro Smolak), nie wplywaly modyfi-
kujgco na sklad siatkowego planktonu roslinnego. Gatunki te z jednej strony
byly nieliczne, z drugiej zas nie wystepowaly we wszystkich jeziorach o okreslo-
nej zasobnodci. Powyzsze wyniki potwierdzajg obserwacje Teilinga
(1955), ktory badajac 700 jezior szwedzkich zauwazyt, ze wigkszosé form uwa-
zanych za wskazniki eutrofii moze wystepowaé zaréwno w jeziorach eutro-
ficznych jak réwniez w oligotroficznych. Z wymienionych przez T eilinga
wskaznikéw eutrofii znaleziono w grupie badanych jezior niemal wszystkie.
Rowniez wiele gatunkéw z wymienionych przez Nygaarda (1945) jako
wskazniki eutrofii stwierdzono w badanych jeziorach. Natomiast sposréd
wskaznikéw oligotrofii nie znaleziono zadnego, co zresztg jest zgodne z ogélnym
charakterem jezior okolic Wegorzewa.

Poréwnujgc jeziora, w ktérych obserwowano dominacje okreslonego typu
glonéw, zauwazono, ze duza ilo$¢ sinic i bruzdnic zdaje si¢ by¢ zwigzana z jezio-
rami raczej bogatymi. Szczegélnie wyraznie zaznacza sig¢ ta korelacja w stosunku
do sinic. Najwigksze ilosci sinic znaleziono w jeziorach odznaczajgcych sie
wysoka zasobnoscia w zwigzki pokarmowe (rys. 3). Bruzdnice réwniez, jak-
kolwiek w mniejszym stopniu, czesciej wystepuja w jeziorach zyzniejszych.
Swiadczy o tym dominacja tej grupy w jeziorach o $redniej i wysokiej troficz-
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nosci. Wyjatek stanowi tu jezioro Smolak, o bardzo specyficznym skladzie
gatunkowym i skrajnych warunkach srodowiskowych.

Natomiast duze iloci okrzemek spotkano w jeziorach o bardzo réznej
zasobnosci w substancje pokarmowe. Sposréd okrzemek jedynie Asterionella
formosa i Synedra acus wystepowaly w duzych ilodciach, najczesciej w jeziorach
o wysokiej i éredniej zasobnosci w zwigzki pokarmowe, czego nie obserwowano
w jeziorach ubogich. Potwierdzaloby to obserwacje Pearsalla (1932),
ktoéry stwierdzil, ze wystepowanie Asterionella formosa jest skorelowane z duza
koncentracja fosforanéw, azotanéw i wapnia.

Glebokos¢ jezior

Analizujgc sklad jakosciowy fitoplanktonu badanych jezior na tle ich wlasci-
wosci morfologicznych, brano pod uwage gléwnie glebokos¢ maksymalng
oraz intensywno$¢ mieszania si¢ wody (tab. III). Poréwnanie uzyskanych
wynikéw z réznych okreséw badan wskazuje na pewne odrebnosci, na odmienny
uklad stosunkéw w poszczegdlnych okresach.

W zimie pod lodem nie zaznaczyly si¢ zadne réznice w skladzie jakosciowym
siatkowego planktonu roslinnego, ktére mozna by wigza¢ z réznymi glebokoscia-
mi badanych jezior. Natomiast w maju mozna bylo zauwazy¢ wyrazne réznice
skladu jako$ciowego planktonu jezior glebokich i plytkich. W plytkich jeziorach
stwierdzono znacznie wiekszg liczbe form, co przede wszystkim zwigzane bylo
z wystapieniem w plytkich zbiornikach réznych gatunkéw zlotowiciowcéw,
zielenic i bruzdnic obok okrzemek w przeciwienistwie do glebszych jezior,
w ktérych reprezentowane byly glownie okrzemki.

Sklad komponentéw fitoplanktonu jezior plytkich roznil si¢ od stwierdzo-
nego w jeziorach glebszych. Jednak i w poszczegélnych jeziorach plytkich
byl on rézny, zachowujgc w duzym stopniu indywidualny charakter jakosciowy.

Latem w przewazajacej liczbie jezior stwierdzono obecnos¢ wigkszosei lub
wszystkich reprezentowanych typow, w najwigkszej jednak liczbie zbiornikéw
okrzemki stanowily grupe dominujacg. Dominacji okrzemek nie udalo si¢
jednak powigzaé ani z glebokoscig jezior, ani z intensywnoscig mieszania sig
wody. Natomiast zlotowiciowce, podobnie jak w okresie wiosennym, spotykano
gléwnie w jeziorach plytkich.

Pomimo zaobserwowanych tendencji niejednokrotnie jeziora o skrajnych
gleboko$ciach, np. jeziora Krzywa Kuta—Jagoczany, Siniec—Purwin, Gol-
dopiwo—Rominty (tab. III) mialy zblizony sklad jakosciowy fitoplanktonu.
I odwrotnie, niejednokrotnie jeziora o podobnych glebokosciach, np. jeziora
Rominy—Przerwanki, Biale—Osiek, odznaczaly si¢ duzymi réznicami w skla-
dzie siatkowego planktonu rodlinnego. W okresie letnim, mimo ze pod wzgle-
dem wielu gatunkéw badane zbiorniki wykazywaly duze podobienistwo, w po-
szczegblnych jeziorach zaznaczal si¢ odmienny sklad komponentéw fitoplanktonu.
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Jak wspomniano wyzej, rézne gatunki zlotowiciowcéw, zielenic i bruzdnic
obserwowano wiosng i latem przede wszystkim w jeziorach plytkich. Niektére
z nich spotykano réwniez w zimie, ale sporadycznie; latem natomiast stanowily
one (Pediastrum boryanum P. duplex, Ankistrodesmus falcatus, Pandorina morum,
Scenedesmus sp.) czesty skladnik planktonu roslinnego. Wystepowanie na-

tomiast innych ograniczalo si¢ wylgcznie do wiosennego lub wiosennego i let-
niego okresu (Peridinium bipes, Synura uvella, Actinastrum Hantzschii, Mal-
lomonas caudata — rys. 4). Stwierdzenie tych ostatnich gatunkéw w okresie
wiosny, wzglednie wiosny i lata gléwnie w jeziorach plytkich, wezesniej nagrze-
wajacych si¢ (tab. IIT) nasuwa przypuszczenie, ze rozwdj ich wigze sie z okreslo-
nym, raczej wyzszym zakresem temperatur wody. Tym przypuszczalnie mozna
tlumaczy¢ wystepowanie tych gatunkéw w jeziorach plytkich, a brak ich w gleb-
szych, z natury zimniejszych zbiornikach.
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JO. Ilyanropanka

PuTOWIAHKTOH 03ep paiiona Benro>kepa Ha ,tbone ocobeHHOCTEeH cpembr

Pesiome

HccregoBanue ¢uromniiankTona 47. o3ep pailona BeHroykena siBISIETCS YaCTHIO
KOJUIEKTHBHOT'O TPY/A 110 PhIO0OJIOBHOMY YCTPOHCTBY 03ep. XapaKTepuCcTHKa HuTo-
IUIAHKTOHA ITPOBOJIAJIACh METOJOM CETKOBBIX NMpo0 B Tpex nepuojax 1955 ropa:
saumuero (18.I1 — 19.1III), Becennero (2.V—5.V) u nerwero (2. — 10.VIII).
Bo Bcex ynomMsHYTBIX BpPEMEHAX IOAa BBICTYNAIM CJIEYIOUIUE CHCTEMATHUYECKUE
rpynust:  Bacillariophyta, Cyanophyta, Chlorophyta, Pyrrophyta, Chrysophyta,
Euglenophyta n Xanthophyta.

B ouenp G€{HOM IUIAHKTOHE 3MMHEr0 NEpHOAa 28 MCCIe HOBAaHHBIX 03€p SIBHO
pomunupoBaym  Bacillariophyta (puc. 1). Beictynmaim omm Bo BeeX 03epax,
[I0YTH BCErjia B KauecTBE IJIABHOM COCTABHOM YacTH (DHUTOILIAHKTOHA.

CocraB BeceHHEro (UTOIJIAHKTOHA 24 MCCIEJOBAHHBIX O03€pP HE OTIMYAJICS
B ocHOBHOM or 3umuero. IIpeoGiamamm B nHem Taroke Bacillariophyta (puc. 2).
BeicTynmazm OHM BO BCEX MCCIC[OBAaHHBIX 03epax, rje cocrasisimm 77—100%,
obuero (BBICHIEro uem 3MMOi) Yncia 00HAPYKEHHBIX OpranusmoB. EuHcTBeHgoil
pasHUIlell MEXK/Ty BECEHHHMM M 3UMHHMM COCTAaBOM (DUTONJIAHKTOHA SIBJISIJIOCH IOSIB-
JICHHE B HECKOJIBKMX MEJIKMX o3epax Gobuioro xoimuectsa Chrysophyta v Pyrro-
phyta npn opuoBpemensom npucyrcrBun Bacillariophyta.

XapakTep JIETHEro IUIAaHKTOHA 46 MCCIIEIOBAHHBIX 03€P SIBHO OTJIMYAJICH OT
3MMHEr0 U BECEHHEro. B 9TOM nepmoje MOXKHO OBLIO HAWJTH B 03€pax BCE THMIIBI
BOZIOpOCJIel M B JBa pasa GOJbluee KOJMUECTBO BHJOB UYE€M B IPEAYIYLUHX
nepuoAax (puc.3). B oToMm mepuojs MOXKHO OTJIMUMTH CJEAYIOIME THIIBI 03ep:
1 — rpymmy osep (35%) c npeoGnemanuem Bacillariophyta: 2 — rpynmy o03ep
(28%) ¢ npeobnamarmem Cyanophyta; 3 — rpymny osep (289%,) ¢ npeobiamanmem
Pyrrophyta n 4 — rpynny ozep (9%) ¢ npeobnapannem Chrysophyta.

3amevaercsa Koppensnusa MexAy npucyrcreuem Cyanophyta ¢ OXHON CTOPOHBI
u Pyrrophyta w Chrysophyta ¢ npyroii. B osepax, B xoropeix Cyanophyta
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BpIcTYnamu B Oosbiom xomauectse, Pyrrophyta m Chrysophyta BwICTYnanm
PEJIKO MJIM HE BBICTYNAJIH BOBCE.

CpaBHeHHEe KOJIMYECTBA (PUTOIUIAHKTOHA C KOJMYECTBOM BBICTYNAIOUIUX B HEM
I'PYII HEe OOHApY>KUJI0 3aBHCHMOCTH. /

Cpean HalIGHHBIX BUIOB OOJBIIYIO TPYIIY COCTABJSUIA 9BPHTEPMHUECKHE
BH/IbI, IJIaBHBIM oOpasom, cpeu Bacillariophyta (puc. 4). Bonemyio rpymmy
COCTAaBJISUUIM TAaK)Ke BUJIbI, CBA3aHHBIE C JIETHHM niepuogom. Cpeju Hux npeobiia-
nama Chlorophyta w Cyanophyta. Tonsko oxun Bug — Peridinium palatinum —
O0HApYIKEHO JIMILUbL BECHOM. -

OTyMuaroTcss TpH AOMMHMpYIOIuE rpynusl (10 IEepHoy NpeoliajaHusi):
1 — Bpabl, JomuHHpYIOLME BO Bce nepuopni (Asterionella formosa, Melosira
granulata, M. ambigua); 2 — BuAbI, NpeobiajjaloumMe TONBKO 3UMOH U BECHON
(Synedra acus, S. una, Melosira islandica ssp. helvetica); 3 — BHIBI JAOMMHH-
pytomue T03bKO sietom (Ceratium hirundinella, Microcystis aeroginosa, Fragilaria
crotonensis, Anabaena lemmermani, Mallomonas caudata, Dinobryon sertularia,
Peridinium cinctum, P. cinctum var tuberosum f. cristatum, P. Volzii, Melosira
italica var. valida). KosmuecTBeHHbIE M KaYeCTBEHHBIEC COOTHOIIECHMsI HA (hone
GoraTcTBa 03ep B KOPMOBBIC BEIIECTBA, X INIyOMHBI @ TAK)KE CTENEHHM 3apPacTaHus
BBICIIMMH PAaCTEHHAMH IIpeJicTaBieHnsl B 1ab. III.

He ofmapy)keHO KOPpEJSiMH MEXTy KOJIMUecTBOM (UTOIUIAHKTOHA B 03epax
u ux tpodusmom. Kax B o3epax Oorarhix Tak M B 03epax yOorux (pUTOMIAHKTO-
HOM, HAXOJIWJIMCh 03€pa C BBHICOKMM I HU3KHUM COJIEPyKaHMEM KOPMOBBIX BEIECTB.

KoimuecTBO CeTKOBOIO IUIAHKTOHA, BBICTYIIAIONIEr0 B IpPYMIE MEJIKHX 03ep
(1—5 m) 6110 pasHOe: HAXOAUJIMCH B ITOM IpYIIE 03€pa Kak KpaiHe OeaubIe,
TaK MCKIIOUMTEIBHO Oorarbie (GuTonsaHKToHOM. B rpynme Golee riryGoxux osep
HE 3aMeYayioch TaK OOJBIIMX PAasHUIl B KOJIMYECTBE (QUTOIIIAHKTOHA B OT/IEJIBHBIX
o3epax. Bo Bcex aTHX 03epax (DMTOIUIAHKTOH BBICTYNAJ B YMEPEHHBIX KOJIMUe-
CTBax.

.3a pexnoueHHeM APKIMUKOIO 03epa He OOHapy)KEHO KOPPEISLMH MEXKILY
CTEINEHBIO 3aPACTaHMsI 03€P BBICIIMMHU PACTCHHSAMM M KOJIMYECTBOM, BBICTYIAIOLIETO
B HHUX (DUTOIJIAHKTOHA.

He ofuapy)keno Taxoke KOppeisiuu MKy CTENEeHbIO TPo(du3Ma 03ep M Ka-
UYECTBEHHBIM COCTaBOM CETKOBOro (DUTOINIAHKTOHA. PasHuipl B Tpodu3me HC-
cuie/lyeMbIX 03¢p (Kpome 03€p, OOHApY)KHBAIOIUX KpaiHUE YCIIOBHA CPEJIbI) HE
pemaT BepoAaTHO 00 ofmem Xxapakrepe ¢uromankrona. OjHako HeGOIbLIOE
KOJIMUYECTBO BHJOB® HMEIOT TEHJCHIMIO BBICTYIIATh NMPEHMYIIECTBEHHO B 03€pax
¢ uuskum Jo cpepuero (Mallomonas longiseta, Peridinium bipes, Mallomonas
caudata), MM CPeJTHIM M BBICOKHM GOrarcTBoM B KOpMoBbl€ BewiecTsa. (Dino-
bryon divergens, Centronella Reicheltii, Attheya Zachariasi Anabaena Lemmer-
manii, Dinobryon sertularia, Peridinium latum). Hamaume Gospuioro xKosm-
uyecrBa Cyanophyta u Pyrrophyta Ka)keTcsi CBA3aHHBIM C BBICOKOMH CTEIICHbIO
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Tpodu3ma 03ep, B T0 Bpemsa Kak Bacillariophyta BcTpevyanmucs B GOJIBIIOM KOJH-
yecTBE B 03€pax C OYEHb Pa3HOOOPA3HOM CTENeHpI0 Tpodusma.

AHaymM3 KayeCTBEHHOI'0 COCTaBa IUIAHKTOHA B CBfA3M C IWIyOMHOM o3epa jaer
BO3MOYKHOCTh 3ameTuts, uto Chrysophyta, Chlorophyta u Pyrrophyta BcTpe-
YaIuCh, IJIABHBIM 00Pa3oM, B MEJIKHMX BOJIOEMAXx.

CIHCOK PHCYHKOB

. KosmuecTBeHHbBIN M KauyeCTBEHHBI cocTaB (DUTOIUIAHKTOHA 3umoro 1955 r.

. KonmuecTBeHHBII ¥ KadyeCTBEHHbIA cocTaB (UTOILIAaHKTOHA BecHOo 1955 r.

. KosnmyecTBeHHBINT W KauyeCTBEHHbIH cocTaB (duToruiankToHa jierom 1955 r.

. Yactora BBICTYNAaHHA OOHAPYKEHHBIX (opM (PHTOIUIAHKTOHA B IPOLEHTAX MCCJICAOBAHHBIX
osep.

5. YacroTa BBICTYNAHHS Ba)KHEHIIMX BHJOB B 03¢pax B 3aBOCHMOCTH OT KOJIMYECTBA KOPMOBBIX

BellecTs B Bojie. A — o3epa ¢ yborum, B — co cpejuum, C — ¢ BbicokuM, [ — ¢ oueHs

BBICOKHM COZIEPYKAaHMEM KOPMOBBIX BeIIECTB.

L N -

J. P6ttoracka

Phytoplankton in lakes near Wegorzewo in the light
of peculiarities of the environment

Summary

The work on phytoplankton in 47 lakes near Wegorzewo constitutes a part
of team research on the management of lake fisheries.

A characteristic of the phytoplankton was made on the basis of net-samples
from the periods of 1955: winter (18th Feb. — 19th March); spring (2nd
May — 5th May); summer (2nd Aug. — 10th Aug.). The following systematic
groups were represented in all the periods under consideration: Bacillariophyta,
Cyanophyta, Chlorophyta, Pyrrophyta, Chrysophyta, Euglenophyta and Xantho-
phyta.

Bacillariophyta, displayed a clear predominance in the poor winter plankton
of the 28 lakes investigated (Fig. 1). They appeared in all the lakes, usually
as the main plankton constituent.

The character of spring plankton in 24 lakes did not differ essentially from
the winter one. Bacillariophyta also predominated in it (Fig. 2). They appeared
in spring in all the lakes investigated. In that period, they accounted for 77—100
percent of the total number of organisms found. The only difference between
winter and spring composition of phytoplankton was the incidence in spring
in a few shallow lakes of large numbers of Chrysophyta and Pyrrophyta along
with Bacillariophyta.
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The character of summer plankton in 46 lakes clearly differed from winter
plankton. All types of Algae appeared in it at that time. Roughly double their
number was found as compared with the preceeding periods (Fig. 3). The
following groups of lakes could be distinguished during that period (Table I):
lakes with a preponderance of Bacillariophyta (359%,), with a preponderance
of Cyanophyta (289,); with preponderance Pyrrophyta (28%); with pre-
ponderance Chrysophyta (99,).

A relationship between the co-appearance ‘of Cyanophyta, Pyrrophyta and
Chrysophyta was observed. In lakes where Cyanophyta appeared in large
numbers, Pyrrophyta and Chrysophyta were few in number or did not appear
at all.

The amount of phytoplankton and the number of groups represented showed
no relationship.

There were many eurythermic species among those found, chiefly re-
presented by Bacillariophyta (Fig. 4). There were also many species exclusively
associated with the summer period. Chlorophyta and Cyanophyta predominated
among them. Only one species, namely Peridinium palatium was found to
appear solely in spring.

Three groups of predominants were distinguished: species predominant in
all the periods (Asterionella formosa, Melosira granulata, Melosira ambigua);
species predominant in winter and spring only (Synedra acus, Synedra ulna,
Melosira islandica ssp. helvetica); species predominant in summer (Ceratium
hirundinella, Microcystis aeruginosa, Fragilaria crotonensis, Anabaena Lem-
mermanni, Mallomonas caudata, Dinobryon sertularia, Peridinium cinctum,
Peridinium . cinctum var. tuberosum f. cristatum, Peridinium Volzii, Melosira
italica var. valida).

Quantitative and qualitative relations were discussed in the light of abun-
dance of the lakes in food substances, the depth of lakes and the degree of
higher plant overgrowth (Table III). No correlation was found between the
abundance of phytoplankton in lakes and the quantity of nutrient salts. High
and low abundance in food occurred both in lakes in which always a large
amount of phytoplankton was found and in the lakes with a small amount
of plankton.

It was observed that extremely poor as well as extremely rich phytoplankton
was found in the group of shallow lakes. In deep and even medium deep lakes,
more moderate amounts of phytoplankton were observed to appear.

No clear correlation was found between the degree of higher plants over-
growth and the amount of phytoplankton in lakes.

No relationship between food abundance and the qualitative composition
of net-sampling phytoplankton was ascertained. Differences in food abundance
probably have no decisive influence on the general character of phytoplankton.
However, a small number of species displayed a trend to appear mainly in
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lakes of low to medium food abundance (Mallomonas longiseta, Peridinium

bipes, Mallomonas caudata) or of medium and high food abundance (Dinobryon
divergens, Centronella Reichetii, Attheya Zachariasi, Anabaena Lemmermanni,
Dinobryon sertularia, Peridinium latum).

As regards the predominance of systematic groups, it was found that large
amounts of Cyanophyta and- Pyrrophyta seemed to be connected with a high
food abundance. On the other hand, large amounts of Bacillariophyta were
encountered in lakes having a highly different trophic conditions.

The analysis of the qualitative composition of phytoplankton in the lakes
of different depth gives ground for claiming that Chrysophyta, Chlorophyta
and Pyrrophyta chiefly appear in shallow lakes.

List of figures

1. Quantitative and qualitative composition of phytoplankton in winter (18—19. III. 1955) ni
lakes near Wegorzewo. The lakes are classified by food abundance, from high to low.

2. Quantitative and qualitative composition of phytoplankton in spring (2—5. V. 1955) in
lakes near Wegorzewo. The lakes are classified by food abundance, from high to low.

3. Quantitative and qualitative composition of phytoplankton in summer (2—10. VIII. 1955)
in lakes near Wegorzewo. The lakes are classified by food abundance, from high to low.

4. Frequency of appearance of the types of phytoplankton found in lakes near Wegorzewo in
different periods of investigation, expressed in percent. The dashed part gives percentage of
lakes in which a given type was predominant.

5. Frequency of appearance of the major species of summer phytoplankton in lakes having
a definite food abundance in relation to the total number of lakes. Blank columns define
the total number of lakes with a definite food abundance (A — lakes with low abundance,
B — lakes with medium abundance, C — lakes with high abundance, D — lakes with a very
high abundance). Blank columns define the number of lakes, in which a given species was
found.
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POLSKIE ARCHIWUM HYDROBIOLOGII, TOM XI (XXIV), NR 2, 1963

R. Z. Klekowski

Water balance and osmoregulation
in the smnail Coretus corneus (L.) under conditions
of desiccation and in diluted sea water

Department of Experimental Hydrobiology, Nencki Institute, Warszawa

Received 10.X.1961

Astatic pools are characterised by the great variability of their environmental
conditions; the range of these changes is often great and they occur over a short
period of time. For living organisms inhabiting such environments the most
important are the changes of temperature, of chemical composition and of
environmental osmotic pressure. In temporary pools just before they are comple-
tely dry up, an increase in the concentration of dissolved substances may occur.
Because of this R e mane (1958) supposes that living organisms of temporary
pools are adapted to such transient increases of osmotic pressure in their external
environment and they may be able to penetrate into brackish waters. Data
dealing with the freshwater snails’ resistance to the salt water (Boettger
1950, Gresens 1928, Jaeckel 1925 1950, 1960, Klekowski
1961 b, Klimowicz 1958, Lindberg 1948, Schermer 1938,
Schlesch 1938) partially support this supposition because very many
species characteristic of temporary water bodies occur also in brackish waters
and are very tolerant of experimental changes in salinity of the environment.

The species of the snails occurring in temporary water bodies can survive
for long periods without damage in a waterless environment. Because at that
time their bodies lose a considerable amount of water (v. Brand, Mc
Mahon, Nolan 1957, Klekowski 1961 ¢, Shkorbatov 1950,
1953 and others) it should cause an increase of the osmotic pressure in their
body fluids. It has been supposed that an increase of the osmotic pressure in
body fluids caused by placing the snails in diluted sea water can to a certain
extent imitate the conditions that take place in temporary fresh water pool
just before it dries up. It has been proved however that such preadaptation
does not occur (Klekowski 1961 b).
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It seemed to be reasonable to compare the changes occurring in the inner
milieu of the fresh water snails at the time of desiccation and under the influence
of increasing osmotic pressure in their external water environment.

This paper presents the results of measurements of the osmotic pressure
and the amount of water in the organism of the snails Coretus corneus in waterless
conditions and under various concentrations of sea water.

Material and methods

Snails were collected from a small permanent pool at the edge of the Kam-
pinos Forest (the pool P,, —Chodorowska, Chodorowski 1958).
Afterwards they were kept in aerated aquaria in the laboratory, where they
stayed without any food in conditioned tap water from 4—6 days. After this
period defaecation almost ceased. For these experiments only individuals,
whose diameter was larger than 2.5 cm. were used. :

For the experiments on desiccation, the procedure was as follows. A hundred
snails collected on 12.1V.1959 were divided into 10 groups, 10 individuals in
each group. They were divided in such a way that each group contained equal
numbers of individuals of different sizes, and it was possible to label each
snail by a number written on its shell. Each group was placed on a net in the
desiccator (2.5 1), containing dry CaCl,. The relative humidity inside the
desiccator was 209, at the beginning and increased slightly during the course
of the experiment but never exceeded 259%,. The temperature of the air during
the test was 18—23°C. Every 2—3 days the air was refreshed by blowing
.a current of the fresh air from the ventilator through the desiccator.

The amount of water lost by the snails was estimated by weighing them
in various states of desiccation (with an error of 5 mg). The first weighing was
taken before the snails were placed in the desiccators and after they had remained
for 3 to 4 hours on filter paper in normal room conditions.

The measurements of the freezing-point of the body fluids were taken
with modified* microkryoskop designed by Ramsay, Brown (1955).
Simultaneous observation of as many as 30 capillaries was possible by using
a frame to support them. Polarised filters attached to the 2.5 objective and the
7 eyepiece made observation of the melting ice crystals considerably easier
(Kesseler 1958). The heating was regulated by means of an adjustable
resistance (0—12 V).

The snails were weighed whole after removing them from the desiccators.
Next, the last whorl of the shell was broken with forceps in order to gain access
to the now shrunken body of the snail and to determine its condition. Further
investigations were made only on those animals with the obvious symptoms

* Based on the apparatus used in the Institut fiir Meereskunde, Kiel; heartily thanks to
Prof. dr. C. Schlieper and dr. H.]J. Fliigel for their kind help.
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of life, which reacted strongly to touch. Other animals visibly different and
obviously only just living as they reacted only very slightly to touch, had a feeble
tonus and a faded mantle edge, gave quite different results which are not
considered valid due to the snails conditions. A sample of haemolymph for
kryoscopic examination was obtained by quickly pushing a glass tube with
diameter of 0.5—0.8 mm. and length about 5 c¢m. into the foot of the animal.
Because of the sudden contraction of the snail’s foot the haemolymph filled
up the tube and overflowed at its open end. The haemolymph was then blown
out of the tube onto a glass slide with a cavity under liquid paraffin so that
it did not come into contact with the atmosphere. (Ramsay 1955, Kesse-
ler 1958). The capillaries in which the sample fluids were examined were
made of ,,Rasotherm” glass and has a diameter of approximately 0.2 mm.
A capillary tube was placed inside a curved tube supplied with a rubber tube
and a mouth-piece (Kesseler 1958). Liquid was sucked into the capillary
tube, the whole process being controlled under binocular microscope. Columns
of the sample fluid were divided by liquid paraffin, but the ends of the capilla-
ries contained some air. An attempt was made to keep 1:1 to 2:1 ratio of
length of the fluid column to tube diameter (Ramsay, Brown 1955,
Obuchowicz 1956). From each snail 3—4 capillaries were prepared
containing about 20 specimens of tasted fluid. The temperature was taken
with Beckmann thermometer supplied with scale of 5°C, divided into 0.01°C.
The increase of the temperature was regulated in such a way that in the vicinity
of the expected point of melting it could not exceed 0.01°/2 min. The point 0°C
was checked during each set of measurements by observing the temperature
at which ice melted in capillaries containing distilled water only.

The body of the snail after haemolymph had been taken for kryoscopic
examination was torn out from the shell by means of forceps and quickly put
on the watch glass. Part of the liver was left during this process in the further
whorls of the shell. Haemolymph that flowed out from the snail’s body was
collected (generally 300—400 mm?®) by a pipette into a previously weighed
vessel made of zink foil and weighed together with the vessel on a torsion
balance (to a precision of 0.5 mg). After drying to the constant weight in tempera-
ture 90°C, the vessel was weighed for the second time, thus giving the amount
of water and dry mass in haemolymph. Haemolymph collected in the above
mentioned way contained the additions of the other body fluids. This mistake
could not be avoided because the attempts to collect haemolymph from blood
sinuses by means of Gebhardt-Dunkel’s (1953) method, do not
give any results in case of Coretus corneus which contracts so rapidly that the
haemolymph and the other body fluids from the mantle and the foot of the
snail flow out too violently.

The amount of water present in the whole body of the snail was determined
by weighing after desiccation in 90°C: separately shell and the dry remnant

6 Polskie Archiwum Hydrobiologii
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of the body with some correction for the haemolymph previously removed.
The results are presented both as percentage of water in the haemolymph
and whole body (without shell) and as a ,,hydration-index”. This hydration-
index is given by the ratio of weight of water to weight of dry remnant, both
weights being in the same units:

.\’Veight_ of water

Hydration index = —— -~ —
Weight of dry remnant

This hydration-index has been used for the following reasons. The course
of the intensity of the processes in organisms depends on the amount of water
due to the unit of mass of the living substance. A certain approximation is
the amount of water due to the unit of dry remnant (better eg. protein nitrogen).
Both hydration-index and percentage of water are given to allow comparison
with the results of the other authors recording percentage of water.

In the experiments that dealt with the influence of salinity the following
procedure was used. The snails were gathered on 13. X. 1959. 120 individuals
were used to the experiments. Size of the animals was more or less equal:
30—35 mm. of diameter. The snails were previously desiccated for 3—4 hours
on the filter paper at room temperature, weighed and then placed in the ex-
perimental vessels. Artificial sea water was prepared according to Hal e (1958).
For the experiments the sea water was diluted with conditioned tap water
because this gave a higher alkalinity (Ktekowski 1961b). Each of the
experimental vessels contained 2 1 of water which was constantly aerated.
The temperature of the water was about 22°C.

Experiments were carried on in two series (Table III). The period in the
salt water in series I lasted for 24 hours, in series II for 48 hours. From a pre-
liminary series of experiments on the limits of tolerance to short periods of
immersion in sea water, it was found that single snails Coretus corneus can
survive for 24 hours in salinity < 159/,,. Therefore in these experiments salinity
< 1594 was used.

After a known period of time in salty water, some of the snails (4—6 in-
dividuals), subjected to the higher salinities (in series I: > 109/y,; in series 1I:
> 59y,) were transferred to fresh water for the observation of their subsequent
behaviour. The rest of the snails (4 individuals from each veSsel) were first
wiped dry and then weighed in order to determine the amount of water they
contained and At® of their haemolymph as described above.

Results

Desiccation

Coretus corneus can survive for a long period of time in a waterless en-
vironment and under conditions of very low relative humidity (209%,). How-
ever, in such conditions there is an increased mortality after about 25 days
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of desiccation. Table I gives both the amount of water in the body and in the
haemolymph and the osmotic pressure of the latter in snails taken immediately
from a normal freshwater environment and Table II gives the same information
for those snails which survived various phases of desiccation. Figure 1 illustrates
graphically the changes in hydration-index in 12 representative snails. Com-
paring the animals that survived a given period of desiccation with those
that perished, it seems that the individuals which contained a greater amount
of water at the beginning were the ones to succumb more rapidly to desiccation;
the rate of water loss was greater and the ,,regulation phase” (Gebhardt-
Dunkel 1953, Klekowski 196lc) was only slightly marked. One can
suppose, judging from the data given'by Schlieper (1936), that these
more hydrated individuals have a higher level of metabolism so that when
they are subjected to desiccation a very rapid decline in metabolism occurs
(v. Brand, McMahon, Nolan 1957, Klekowski 1961c). Such
conditions are certainly more difficult for these individuals to contend with
than for those with an initial lower hydration and metabolism.

Table I

The total amount of water in the body and haemolymph alone of the snails Coretus corneus,

and the osmotic value of the haemolymph of the control group, which came from a normal
fresh water environment

Haemolymph [
i

l '—T"holc body (without shell)
1

Amount of water

I
$ | Amount of water |
Animal Live —_ - ' Hydration-
o weight ! [ Hydration o | Hydration | A&t -index - At® =
g & -index 2 -index ’ ‘ =AW
|ﬁ_l I 2 57 i 4 i 5 g 6 l—— 7 |~_‘ 87—
IR W5 | ] | | %
‘ 1 ’ 3.885 | 88.03 ] 7.35 l 98.63 | 71.78 [ 0235 | 16.87
! 2 4.785 91.93 11.40 | 9851 | 65.90 [ 0.265 f 17.46
| 3 : 5.020 89.38 8.42 98.06 50.60 | 0.260 13.16
| 4 _ 5.565 93.60 14.63 98.37 60.18 | 0.270 ! 16.25
| 5 |" 4.945 89.91 8.91 97.85 45.59 [ 0.255 11.63 |
6 | 4.925 87.80 7.19 97.19 34.64 | o265 | 9.18
7. U] - <5.765 88.05 7.37 97.69 42.28 ‘! 0.250 | 10.57
8 | 4.960 89.68 8.69 98.16 53.21 ‘ 0.245 ‘ 13.04
Ji 1 [ |
| Average 4.981 } 89.80 WY E92S 98.06 53.02 | 0.256 ] 13.52

Figures 2 and 3 illustrate graphically the changes in amount of water con-
tained in the bodies of desiccating snails (see also columns 5—8 in Table II).
Figure 2 presents the results as percentage of water and it appears that during
the period of desiccation the haemolymph shows less variation in the amount
of water than the whole body, whereas in Figure 3, which presents the same
results in terms of the hydration-index, the haemolymph is truly shown as
the less stable component in the desiccated snails’ total water balance. The

6*
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Table II

The total amount of water in the body and haemolymph alone of the snails Coretus corneus,
and the osmotic value of the haemolymph after various periods of desiccation

Peri Whole body (without shell) | Haemolymph; after desiccation
TN b e e s i ol et s b Ack |
it | 9| tive weeh ¢ | Ao o | amouns ot waer || sidrain
| cation | before iter il oH Hydration- | Hydration- L ol i
(dave), | deficEa- | desicca- | % -index | " | index s
1 2 L L R R B T 8 9 10
|
1 5.275 ' 4.735 | 90.18 9.18 | 98.19 54.40 0.250 13.60
2 4.615 3.950 ! 89.24 . 8.29 ‘ 97.37 37.09 0.260 9.64
3 4.775 4.060 89.66 8.67 | 98.20 54.62 0.290 15.84
4 4 4.650 4.125 88.36 7.59 | 97.74 43.22 0.255 11.02
5 4.055 3.725 89.93 8.93 98.29 57.64 0.250 14.41
6 3.465 3.115 89.89 8.89 97.78 44.00 0.255 11.22
24 4.015 3.430 88.34 7.58 97.88 46.21 0.270 12.48
8 3.415 2.925 88.55 7.73 97.66 41.72 0.285 11.89
9 2.460 2.070 90.58 9.62 98.08 51.13 0.290 14.83
Average 4.081 3.571 89.41 8.50 97.91 47.78 0.267 12.77
10 4.865 3.405 88.93 8.03 97.29 35.87 0.365 13.09
11 4.945 3.490 86.91 6.64 97.15 34.04 0.305 10.38
12 4.975 3.525 88.37 7.60 97.38 37.14 0.335 12.44
13 4.750 3.435 85.74 6.01 96.56 28.07 0.395 11.03
14 12 3.820 2.630 86.01 6.15 96.81 30.37 0.365 11.09
15 3.680 2.605 88.83 7.95 97.28 35.74 0.345 12.33
16 3.885 2.905 89.40 8.43 96.81 30.31 0.325 9.85
17 3.550 2.290 84.15 5.31 95.90 23.38 0.360 8.42
18 2.555 1.735 | (83.52) (5.07) | (96.44) (27.09) | (0.580) (15.71)
19 2.725 1.695 81.00 4.26 94.79 18.21 0.420 7.65
Average 3.975 2.772 86.59 6.71 96.66 30.35 0.358 10.70
20 4.870 3.830 88.90 8.01 97.38 41.05 0.320 13.14
21 5.310 3.900 (91.28) (10.47) | (98.81) - (83.00) 0.340 (28.22)
22 4.355 3.340 89.22 8.28 | 97.30 36.00 0.310 11.16
23 4.115 3.130 88.50 7.69 | 98.10 51.73 0.310 16.04
24 18 3.480 2.540 86.61 6.47 96.93 31.56 0.340 10.73
25 | 3.805 3.000 86.50 6.41 96.79 30.11 0.345 10.39
26 3.620 2.670 85.21 5.76 98.14 52.81 0.355 18.75
27 3.030 2.135 84.07 5.28 97.52 39.36 0.380 14.96
28 2.200 1.500 83.67 5.12 96.70 29.30 0.390 11.43
Average 3.865 | 2.894 86.59 6.63 ‘ 97.36 38.99 0.344 13.33
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c.d. tabeli II
1 2 3 4 SRS 7 8 9 10
29 5.675 | 3.865 90.14 9.14 | 97.31| 36.17 0.355 12.84
30 4.625 3.050 88.75 7.89 96.85 30.73 0.365 11.22
31 4.555 3.215 88.65 7.81 96.41 26.83 0.355 9.52
32 4.770 3.270 87.31 6.88 97.26 35.52 0.345 12.25
33 4.100 2.750 86.84 6.60 96.73 29.60 0.405 11.99
34 2 3.835 2.425 85.15 5.74 96.00 24.00 = -
35 4.225 2.890 87.02 6.71 97.40 37.42 0.340 12.72
36 3.725 2.375 86.82 6.59 96.20 25.33 0.410 10.36
37 2.780 1.770 82.66 4.77 96.10 24.67 0.415 10.24
38 2.880 1.890 83.54 - 5.08 95.80 22.83 0.425 9.70
Average 4.117 2.750 86.69 6.72 96.61 29.31 0.380 11.20
39 5.085 3.095 85.49 5.89 96.43 27.00 0.420 11.34
40 3.615 2.245 84.63 5.51 96.40 26.80 0.410 10.99
41 3.535 2.275 84.22 5.34 95.35 20.50 0.405 8.30
42 4.285 2.785 84.17 532 95.49 21.16 0.375 7.94
43 32 4.345 2.760 83.59 5.09 95.66 22.05 0.400 8.82
44 3.625 2.075 82.13 4.65 96.07 24.42 0.470 11.48
45 3.035 1.625 81.05 4.28 94.82 18.29 0.530 9.69
46 2.680 1.610 82.86 4.83 95.45 21.00 0.400 8.40
Average 3.666 2.309 83.52 5.11 95.71 22.65 0.426 9.62
47 4.965 2.460 85.33 5.81 97.46 38.31 0.480 18.39
48 4.885 3.070 83.78 5.16 96.69 29.19 0.370 10.80
49 4.930 2.430 84.16 5.30 95.83 22.96 0.460 10.56
50 4.240 2.640 86.55 6.44 96.01 24.03 0.415 9.97
51 39 3.470 1.820 85.49 5.89 95.35 20.50 0.400 8.20
52 3.965 2.085 76.40 3.24 94.27 16.47 0.555 9.14
53 5.410 3.455' 85.33 5.81 96.90 31.29 | 0.385 12.05
54 4.775 | 2.620 84.01 5.26 95.82 22.93 0.450 10.32
55 2.900 1.620 78.27 3.60 94.21 16.27 0.500 8.14
56 2.825 1.405 84.70 5.53 96.45 27.19 0.520 14.14
Average 4.237 2.361 83.40 5.20 95.90 2491 0.454 11.17
57 4.550 2.140 81.73 4.47 94.16 16.13 0.625 10.08
58 5.755 3.345 88.04 7.36 97.49 38.81 0.415 16.11
59 4.120 2.360 81.06 4.28 94.95 18.79 0.430 8.08
60 46 4.550 2.670 82.92 4.86 95.49 21.16 0.445 9.42
61 4.000 2.175 86.44 6.37 96.17 25.09 0.470. 11.79
62 3.275 1.790 84.69 5.53 96.29 25.93 —_ —
Average 4.375 2.413 84.15 5.48 95.76 24.32 0.477 11.10

The figures in parenthesis are not included in the averages.
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Hydration - index ————=

) L 1 L I L
0 0 20 7 ry 50

Days of desiccation———%=

Fig. 1. Changes of hydration-index in desiccating snails Coretus corneus (whole body without
shell). Each curve represents one individual
1 — living snails, 2 — snails which died a short time before the end of the period of desiccation

-

amount of water lost from the haemolymph is very high, especially in the initial
period of desiccation, and after 20 days of desiccation the amount’ of water in
the haemolymph in relation to its dry mass is halved.

Figure 4 gives the freezing point depression of the haemolymph of de-
siccating snails and these values are in accord with the above results; the in-
crease in the value of At® is regular and in 40 days reaches a value that is twice

that of an undesiccated snail.
Salinity

The snails’ bodies shrink when put into salt water; this shrinking ceases after
some minutes in a concentration of 2.5%/,; in a concentration of 5.0°/4y, the snails
behave normally after 10 hours but after 48 hours the contraction of the body
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Fig. 2. Changes of % of water in desiccating snails Coretus corneus
1 — whole body without shell, 2 — haemolymph

reappears in varying degrees in different individuals; in water of 7.5%/55—10.0%/4
concentration a few snails protrude slightly from their shell and in water of
12.5%,, all the animals remain completely contracted inside their shells. In
the lower salinieties (2.5°/4 and 5.0°/4) in which the snails regained normal
behaviour, attempts were made to escape by crawling up the walls of the vessel
but they could not push themselves through the surface, as can the smaller
species of Planorbidae.

All the snails survived for 24 hours in 10.0°/,, salinity and for 48 hours
in 7.5°/,, salinity but only a few snails could tolerate 24 hours in 12.5°/y, salinity
and 48 hours in 10.0°/,, salinity.
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Fig. 3. Changes of hydration-index in desiccating snails Coretus corneus
1 — whole body without shell, 2 — haemolymph
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Fig. 4. Changes of 4t° of haemolymph in desiccating snails Coretus cornetus
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Table III

The total amount of water in the body and haemolymph alone of the snails Coretus corneus,
and the osmotic value of the haemolymph after remaining in diluted sea water

Whole body (without shell) | Haemolymph; after sea water
Amount
e Period Live of water; Amount
S, Sa.linity in sea weight after sea of water Hydration-
o foo water e water At® | index - At® =
(hours) | pefore sea hydra- Hydra- =W
water % tion- % tion-
-index -index
1 2 3 4 5 ey 8w 9 10
1 5.000 | 89.92 | 8.92 | 96.36 | 26.43 | 0.275 7.27
2 5.245 | 89.13 | 8.20 | 97.48 | 38.47 |(0.845)| (32.51)
3 24 4935 | 93.70 | 14.87 | 98.45 | 63.33 | 0.265 16.78
4 5.205 | 91.95 | 11.42 |97.93 | 47.18 | 0.245 11.56
2.5 Average | 5.096 | 91.18 | 10.85 | 97.56 | 43.85 | 0.262 11.87
s | (4t = 0.135) 3290 |89.15| 822 |98.15 | 53.44 | 0.260 13.82
6 4.535 | 92.33 | 12.03 | 98.19 | 54.53 | 0.235 12.81
7 48 5.635 | 89.55 | 8.57 [96.98 | 32.12 | (0.555) (17.83)
8 5.045 | 86.11 6.20 | 96.93 | 31.64 | 0.295 9.33
Average | 4.626 | 89.29 | 8.76 | 97.56 | 42.86 | 0.263 11.99
9 3.550 | 92.03 | 11.54 | 97.91 | 46.88 | 0.445 20.86
10 h 4.875 | 89.60 | 8.62 |98.28 | 57.00 | 0.355 20.24
11 24 5.040 | 87.84| 7.22 |97.85| 4550 | 0.375 17.06
12 5.145 | 88.18| 7.46 |97.09 | 33.40 | 0.335 11.19
5.0 Average | 4.653 | 89.41 871 |97.78 | 45.70 | 0.377 17.34
13 | (4" = 0.270) 4110 | 91.12 | 10.26 | 97.73 | 43.00 | 0.315 13.55
14 48 4.095 | 90.79 9.86 | 98.12 | 52.07 | 0.405 21.09
15 6.240 | 92.37 | 12.11 |97.28 | 35.77 | 0.305 10.91
Average | 4.815 | 91.43 | 10.74 | 97.71 | 43.61 | 0.342 15.18
16 3.145 | 83.78 | 5.17 | 96.36 | 26.48 | 0.445 11.78
17 24 4.680 | 86.90 | 6.63 | 96.66 | 28.96 | 0.475 13.76
18 4235 | 88.34 | 7.57 |97.65 | 41.50 | 0.455 18.88
7.5 Average | 4.020 | 86.34 | 6.46 | 96.89 | 32.31 | 0.458 14.81
19 | (At = 0,405) 2995 | 8571 | 6.00 | 96.78 | 30.04 | 0.500 15.02
20 48 5.415 | 9112 | 10.27 | 97.65 | 41.50 | 0.490 20.34
21 4.690 | 93.20 | 13.70 9775 | 43.35 | 0.495 21.46
Average | 4.267 | 90.03 9.99 | 97.39 | 38.30 | 0.495 18.94
22 o 4.520 | 93.69 | 14.86 | 96.58 | 28.21 |(0.895))  (25.25)
23 5.320 | 91.47 | 10.72 | 97.57 | 40.18 | 0.665 26.72
10.0 Average 4.920 92.58 12.79 | 97.08 34.20
24 | (A% = 0.535) % 3.800 | 87.00 | 6569 |9.20 | 2533 | 0620 1570
25 4385 | 91.17 | 10.33 | 96.97 | 31.96 | 0.635 20.29
Average | 4.093 | 89.09 | 8.51 l96.59 | 28.65 | 0.627 18.00

The figures in parenthesis are not included in the averages.
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These results suggest that in further measurements of water balance and
of At°, only the values for 24 hours in < 10.0 °/,, salinity or for 48 hours in
< 7.5%,, salinity can be considered since snails subjected for a longer time
or to higher salinities were only just alive, and they all died when transferred
to freshwater.

[ -
98 —
8
g
s
BN o
- .
oy
m —
al
—_— Fig. 5. Changes of %, of water in the haemo-
==—=+3  lymph in the snails Coretus corneus under
the influence of diluted sea water
% | | 1 | I 1 — control group; 2 — serie I, the period in the
9 2‘5” % a0 % 00 diluted sea water: 24 hours; 3 — serie II, the
Salinity %o o period in the diluted sea water: 48 hours

The amount of water in the haemolymph* of the snails varies with the sa-
linity of the environment (Table I, columns 5, 6; Table III, columns 7, 8;
Figs. 5, 6). The mean values for the amount of water in haemolymph in salini-
ties of 7.5% 4, and 10.0°/,, falls to half that of snails from fresh water. However,
the dispersion of the results is great and their average has an approximate value
only.

At° of haemolymph (Table III, column 9; Fig. 7) increases regularly
with the increase of salinity. Stabilization of At° characteristic for the new
environment occurs after 24 hours and measurements after 48 hours do not
show any important differences. This increase is smaller in hypotonic and
isotonic concentrations of the environment (in relation to the initial At® of
haemolymph). In significant ranges of medium concentration (< 7.5°/go;
< 10.0%/y) all the measurements show higher concentration of body fluids

* Measurements of the hydration in the whole organism did not give any credible results
because of the methodical difficulties.
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than in environment. These results are in accordance with the similar measure-
ments of At° in other fresh water invertebrates placed in the salt water en-
vironment (Beadle 1959, Krogh 1939, Schlieper 1958). In a salinity
of 7.5°/4 the osmotic pressure of body fluids in Coretus corneus approaches
that of external environment. Then, difference between At° of the external
environment and of the body fluids reaches ~ 0.05°C, while in the snails from

a7
A o2
70~ ———td
A
.
.
60 t— A
.
|
| S0
3
Bt
§
2
3
T ol
30+
. . .
2 +
Fig. 6. Changes of hydration-index of haemo-
lymph in the snails Coretus corneus under
the influence of diluted sea water l; zlj 5|0 .,15 ’;u
Explanations as in Fig. 5 Salinity %o -

the fresh water this difference is = 0.2°C. The absolute value of At° of haem-
olymph of Coretus corneus in 7.5 °/,, salinity was twice that in freshwater. In
higher salinities the’At° of body fluids showed a further increase, proportionately
to the increase of salinity, but the tolerance-limit of the body tissues was then
exceeded and the animals perished when they were put back into fresh water.

Discussion

Data referring to the changes of the amount of water in desiccated molluscs
in the literature accessible to the author are not numerous. V. Brand,
McMahon, Nolan (1957) stated that in Australorbis glabratus the
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rapidity of water loss is directly dependent on the relative humidity of the
air. In high rel. humidity hydration of tissues does not change, because the
loss of water is simultaneously followed by the considerable loss of dry remnant.
In dry atmosphere (rel. humidity < 579%,) loss of water is very great. The
snails survive under these conditions up to 8 days; in relative humidity of

a7

06

& g 8

At° of haemolymph ———=

=
N

0 25 50 75 200
Salinity %o ——
Fig. 7. Changes of At° of haemolymph in the snails Coretus corneus under

the influence of diluted sea water

Explanations as in Fig. 5

969, — 128 days. Shkorbatov (1950, 1953) observed considerable
differences in the speed of water loss both in some species of Bithynia and
Galba and in populations of snails from small ephemeral water bodies compared
with those permanent ones. These differences are especially marked if ,,tissue-
water”’ is measured; apparently populations from ephemeral reservoirs have
a greater capacity for retention of this water. In Coretus corneus (Klekowski
1961 c) and in land snails (Gebhardt-Dunkel 1953) there appear to
be three chronological phases during drying up: 1) a phase of physical desiccation
with a rapid rate of water loss; 2) a regulation phase, when the rate of water
loss is slower — but at a constant level for a long period of time; 3) a critical
phase preceding the animal’s death when the organism loses considerable
amount of water wery quickly. More numerous are the works that deal with
the water balance in other land molluscs during desiccation. In Arion and
Limax (Pusswald 1948) the amount of water in the haemolymph rapidly
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decreases to a far greater degree than in the other parts of the body. Pulmonate
snails protected by a shell (Gebhardt-Dunkel 1953) can endure
without damage far greater losses of water in comparison with the shell-less
slugs; their haemolymph does not store water. The amount of water in bodies
of the land snails can apparently vary very considerably and the proportion
lost during hibernation and aestivation is often very high (v. Brand 1931a,
b, Holz, v. Brand 1940, Hoves, Wells 1934a,b, Meyer,
Thibaudet 1937, Voit 1891 and others). Our investigations support
the statement that there is a great variation in the water amount in fresh water
molluscs; hydration of haemolymph in Coretus corneus after 20 days of desic-
cation can be halved. The loss of water during the desiccation of land snails
is far greater than appears from Table IV.

Table IV
The water loss in the haemolymph of snails under the influence of desiccation
S, e % of_wa;er in haemolymph LA
Species I thernoral the minimum Authors
3 tolerated by
active state :
each species {455
Arianta arbustorum Mill. 97.7 | 88.8
Eulota fruticum Mall. 97.7 88.7 Gebhardt-Dunkel
Tachea hortensis Mull. 97.8 88.6 1953
Xerophila ericetorum Miull. 98.0 88.6
Buliminus detritus Mull. 98.1 88.4 !
Arion empiricorum Fer. ~99 ~ 88 Pusswald 1948
Coretus corneus (L) 98.3 95.8 present work

As in other freshwater invertebrates, the haemolymph of freshwater mol-
luscs is hypertonic to their normal environment (Beadle 1959, Bie-
lawski 1960, Florkin 1935, Hiscock 1953, Krogh 1939,
Obuchowicz 1958, and others). Yet the reactions of particular species
of molluscs in the sea water show considerable differences. In Viviparus fasciatus
(Obuchowicz 1958, 1959) an increase of the osmotic pressure in the
external environment does not influence the At° of its haemolymph, until
it is equal to that of the body fluids. In a hypotonic environment this species
behaves homoiosmotically. In more saline environments, it is poikilosmotic,
and the osmotic pressure of haemolymph increases to a level isotonic with the
external environment.

The snails Theodoxus fluviatilis (Bielawski 1960) react in a different
way. In saline water the osmotic pressure of the haemolymph increases; this
increase appears already in hypotonic environment. That is, the osmotic pressure
of the snails haemolymph is always greater than the osmotic pressure of its
environment, but the difference between them decreases in more saline en-
vironments. Bielawski (1960) explains this phenomenon as euryhalinity
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of Theodoxus fluviatilis whose tissues are resistant to the increase of osmotic
pressure of haemolymph. Euryhaline marine invertebrates behave in a similar
way (Bogucki 1932).

Our results make possible to define the Coretus corneus as a homoiosmotic
animal in the range of environmental concentration not exceeding the osmotic
pressure of their organic fluids when in normal fresh water; however as in
case of Anodonta (Duval 1925) and Theodoxus (Bielawski 1960)
the haemolymph of Coretus corneus still shows certain increase of At° in this
range of concentration of the external environment.

In the most saline conditions which Coretus corneus has survived: 24 hours
in 10°/,, (and 100 hours in 7.5, —Klekowski 1961b), the At® of the
haemolymph approached that of the environment; total equality appears only
in salinity 12.5%/,.

In salinity > 59/,, increase of At° of haemolymph does not greatly differ
from the increase of At° in the environment. Hydration-index of the haemolymph
(Fig. 6) shows also a distinct fall in salinity > 5°/4,. 5°/,, salinity is probably the
upper limit for Coretus corneus in nature (Klimowicz 1958); our results
suggest that this level of salinity acts as a physiological barrier for this species
living in freshwater habitats. During these experiments, this species showed
changes in behaviour in the form of body contraction after 48 hours in 5%/,
salinity; this may be because they came from a completely freshwater habitat
and probably belong to an ecotype particularly sensitive to increased salinity.

Changes that occur in the body fluids of desiccated snails and those which
produced by immersion in salt water can be compared to physical models.
The simplest model of such processes is ,,a solution of ideal substance” that
neither changes its chemical state nor, especially, its degree of dissociation in
water. Such solution may by subject to desiccation or when enclosed by a semi-
permeable membrane may be influenced by other solutions with various osmotic
pressures.

During desiccation or under the influence of sea water in our model as well
as in haemolymph of the snail changes of proportions in the amount of solvent
(water), dry remnant and osmotic pressure (At°) occur. These changes can
be represented by means of the formula:

Wighr oF watpr I SOWEOR, SIS oF walltion & W, (1)

Weight of dry remnant in solution

but because:
~ Weight of water in solution

— - ——— = hydration-index,
Weight of dry remnant in solution
therefore:
Hydration-index. At® = W; (2)
In case of an ,,ideal solutions”: W = a constant.
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Constant value ,,W” is preserved in the case of ,,the ideal solution” both
in changes of the amount of water caused by desiccation and in those due to
osmotic influence of hypertonic environment through semipermeable membrane.

The haemolymph of the snails differs from the ,,ideal solution” because
its dry remnant contains, not only electrolytes and the other osmotically active
substances, but also dissolved and suspended substances having only small
influence upon the osmotic value of the system. Substituting the snail’s
haemolyph in formula (1) instead of ,,the ideal solution”, we obtain:

Weight of water in haemolymph

— - At° of haemolymph = W, (3)
Weight of dry remnant of haemolymph
so: .
Hydration-index of haemolymph - At® of haemolymph = W; (4)

W = a constant, if during desiccation, or under the influence of the sea water,
processes in haemolymph were only limited to the changes of the water amount.

The actual values obtained from desiccating snails were introduced into
the formula (4), and the results are presented in the Table I (column 8), Table I1
(column 10) and in Figure 8. The mean values of ,,W” so obtained show « tend-
ency to fall as the snails were subjected to further desiccation. From formula
(3) it appears a decrease of the value ,,W” means that At° of haemolymph of
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Fig. 8. Changes in coefficient: , hydration-index of haemolymph-4t° of haemolymph =W"’ of
desiccating snails Coretus corneus
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the desiccated snail increases more slowly than it would have in the drying
up ,,ideal solution”, in which an increase in the dry remnant is accompanied
by a directly proportional increase of At°. The increase in concentration of
osmotically active substances is slower than in the total concentration of all
the substances dissolved and suspended in haemolymph.

This decrease in the mean values ,,W” suggest that the snails Coretus
corneus have certain ability to regulate the changes of the osmotic pressure in
their body fluids during desiccation, and so an ability to protect themselves
from excessive increase of their internal osmotic pressures. This increase is
smaller than one could expect, if only the water was lost through the haem-
olymph. It is difficult at present to explain what is the mechanism of such
regulation, but it is possible that it may be by excretion of osmotically active
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Fig. 9. Changes in coefficient: ,,hydration-index of haemolymph-A4t°> of haemolymph=W"’ of
the snails Coretus corneus under the influence of diluted sea water
Exp lanations as in Fig. 5
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tubstances. This supposition is based on the observation that during desiccation
she snails Coretus corneus excreted once every few days small amounts of whitish

faeces which were stored in the aperture of the shell. The excretory system
~ may also play a part in storing some osmotically active substances -as in ter-
restrial Pulmonata, can store concentrated uric acid in their nephridium during
hibernation. :

Values of ,,W” in relation to the changes occurring in haemolymph of
the snails influenced by the sea water are presented in Table I (column 8),
Table III (column 10) and in Figure 9. These values increase together with
the increase of salinity of the external environment. One can suppose that
proportions between the contents of the substances osmotically active in haem-
olymph and the dry mass of the remnant are distinctly disturbed. In haem-
olymph of the snails staying in salt water the amount of osmotically active
substances rapidly increases, they are probably electrolytes penetrating from
the external environment inside the body of the snail. Because of this the
increase of At° is probably not caused by the loss of water in haemolymph but
by the increase of the amount of electrolytes.

Table V

A comparison of the dry mass and At° of the haemolymph of the snails Coretus corneus from
fresh water and after desiccation or after remaining in diluted sea water

Desiccation Sea water !

Type of environment % At® %

of dry. mass of dry mass
D e, | _in _haemolymph in _haemolymph

|
|
|
| ate
|

|

|

| |

|

|

|

|

|

|

|

|

|

|

of haemolymph of haemolymph

A) Normal freshwater |

environment ‘ 1.94 0.256 1.94

|
: 0.256

| BY After 46 days of de-
siccation or after 48 |
hours of influence of 1
7.5%0 S i 4.24 | 0.477 d .2.61 0.495
: |
|
I

B 3
o | 2.19

1.86 l 1.35 1.93

This suggested therefore that the value of coefficient ,,W”’, which is equal
to: hydration-index - At°, indicates the reciprocal relationship between the
concentration of the osmotically active substances and the dry remnant in
haemolymph; this is confirmed in the Table V (acc. to the Tables I—III).

Comparison presented above leads to one result. During desiccation and
under the influence of salt water similar increase (1.86—1.93-fold) of the
concentration of the osmotically active substances in haemolymph occured.
However in case of desiccating snails this increase is smaller than simultaneous
2.19-fold increase of the total dry mass of haemolymph. But in case of the
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-animals staying in salt water the total dry mass of haemolymph increases only
1.35-fold what is far less than the simultaneous increase of the concentration
of the substance osmotically active.

Above described considerations lead to the conclusion that snails Coretus
corneus are very resistant to waterless conditions and. to the small increase
of salinity in the water environment. Changes of the hydration of the tissues
as well as osmotic pressure in the inner environment that may be survived
without damage by the snails have similar value in desiccating animals and
influenced by the salt water.

Physiological mechanisms of these two processes of adaptation to the
extreme conditions are probably different. During desiccation increase of At°
of the inner environment is caused by the loss of water and increase of concentra-
tion of substances dissolved in haemolymph. The changes of the participation
in the dry remnant of haemolymph of the substances osmotically active lead
to the supposition that their increase is to certain extent actively limited, what
delays encroachment of the border that menaces the life of an organism.

The similar changes in the snails subject to the salt water seem to prove
that ions freely penetrate from the environment to haemolymph. In the range
of salinity that do not encroach normal ecological capacity of adaptation (< 5°/4)
dehydration of tissues does not play an important part, and increase of At’
adequate to the share of osmotically active substances in dry remnant of haemo-
lymph gives evidence of the new osmotic equilibrium that is established in

the organism of the snails.

Conclusions

1) Snails Coretus corneus can survive in a waterless conditions for > 46
days, in a very dry atmosphere (relative-humidity 20—259). At the end of
this period the mortality rapidly increases.

2) The loss of water during desiccation refers chiefly to haemolymph
whose hydration is halved (Fig. 3). During desiccation Coretus corneus loss
far less water than terrestrial molluscs (Table IV).

3) Individuals of Coretus corneus with a high initial hydration easxly succumb
to the loss of water during desiccation; they also lack ,,the regulation phase”
(Fig. 1). Other individuals, with a lower initial hydration better tolerated water

loss.
4) Osmotic pressure (At°) in haemolymph increases 2-fold after 46 days

of desiccation (Fig. 4).
5) In salinity above 5°/,, At° of haemolymph in Coretus corneus increases
but an animal behaves in these conditions as homoiosmotic organism (Fig. 7).
6) In time of desiccation the increase of the osmotic pressure of haemolymph
is caused by the loss of water; the snails seem to possess the ability to reduce
the increase of the osmotic pressure in the inner medium.
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7) In the snails placed in the salt water considerable increase of the osmotic

pressure of haemolymph is probably caused by penetration of ions from exter-
nal environment to haemolymph; dehydration of organism does not play in
this case any important part. '

10.

11.

12.

13.

14.

15.

16.

.

18.

19.

20.
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1. Survival and osmoregulation in reduced salinities

Material and methods

The snails, Littorina littorea (L.), were collected on the Kieler Forde
(Schleswig-Holstein) coast. Those for the first series of experiments were
collected on July 3, 1958 at Schilksee from pier piles, regularly washed over
by waves. The specimens were then kept, without food and at a temperature
of about 17°C, in the well-aerated water of Kieler Forde, with a salinity of
11.8%4, which is similar to the salinity of the snail’s natural habitat. After
seven days the snails were dried on filter paper for two hours and then divided
into six groups of twenty specimens, the lengths of whose shells ranged from
12—18 mm, although most shells were between 14—15 mm length. Each
group was placed in one of six covered vessels containing 250 ml water of
various salinities, namely: 0%; 2.4; 4.7; 7.1; 9.4; 11.8°/,,. These were obtained
by mixing water from Kieler Forde (S = 11.8/,,) with conditioned tap-water,
which originally came from the River Schwentine. Since this river runs into
Kieler Forde, the salinities thus obtained correspond well to the natural brac-
kish coastal waters of the Baltic, formed by the dilution of the sea water with
river water. This is important as it results in a higher content of Ca’" ions
(Schlieper, Kowalski 1956, Schlieper 1958, Klekowski
1961) than is usual for sea water. The snails were left in the experimental
vessels for 7 days, during which time the water was changed twice. There

* Tap water.
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were daily observations of the behaviour and vitality of the specimens. Those
whose operculum remained open and which did not contract their foot when
lightly touched were considered to be dead.

The above experiment was repeated on specimens collected near the yacht
landing-stage in Kiel harbour on July 14, 1958 (series II). As there was a strong
wind blowing from the land on that day, the level of water in Kieler Férde
was depressed by about 80 c¢cm. The snails, which were attached to stones
and piles, had been above water-level for several hours. A total of 900 snails
were collected. They were placed in groups of 150, in experimental vessels
each containing 2 1 of sea water of different concentrations from 0 to 11.8°/,.
Observations were made for 7 days and again the water was changed twice.

When the specimens had been in the experimental vessels for 72 hours,
measurements were made of the freezing-point (At°) of the water from the
mantle cavity and of the haemolymph. Pressure applied to the operculum,
after the specimens had been carefully wiped dry, caused the snails to contract
suddenly, resulting in the expulsion of water from the mantle cavity. This
water was collected and the snails were.wiped again. A fragment of last whorl
was then broken off thus exposing the contracted foot, which was blotted with
filter paper. A scalpel was used to make an incision in the foot from which the
haemolymph exuded and was collected. The measurement of At° was carried
on a microcryoscope (the model used in ,,Meereszoologische Abteilung, In-
stitut fiir Meereskunde der Universitit Kiel’”). Measurements were made on
4 snails from each salinity except 4.7°/,, from which 8 animals were measured,
4 with tightly-closed opercula and 4 with open opercula.

Results

It is possible to define 3 ranges of salinity in which snails behave differently:
1) 0—2.4°/,, — in which the animals kept their opercula tightly closed through-
out the whole time of the experiment; 2) 4.7—7.1°%/,, — in which they reacted
by closing their opercula, although after 24 hours the opercula were opened
at intervals; after 3—4 days however they were again tightly closed; 3) 9.4°/,, —
in which the snails behaved generally in much the same way as animals in
their normal salinity (11.8°/,). In a salinity of 0—7.1%/,, the bodies of several
specimens suddenly swelled up.

The survival of snails in different salinities is shown in Figs 1 and 2. In
both series of experiments there is a clear drop in number of survivors around
4.7°/,,, Whereas in higher and lower salinities more animals survived, including
even fresh water.

The changes in osmotic pressure were as follows (Fig. 3): in salinities
> 7.1°/,, the haemolymph At® differs only slightly from that of the external
medium whereas in water of < 2.4°/,,, it is considerably higher and in 4.7,

http://rcin.org.pl



Osmoregulation in Littorina littorea 243

§

)
S

3
T

-
S

% of surviving snails —

S
T

ik X I (i IR Gy P3N CERCR W FERO i R e (Y
0 2 7] 5 7, A0, R
Salinity %o —=

Fig. 1. The survival of Littorina littorea in  Fig. 2. The survival of Littorina littorea
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specimens collected 3.VIL.1958 at Schilksee. 2-nd series: specimens collected 14.VII.
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Fig. 3. Changes in 4t° of the haemolymph and of the mantle cavity water in Littorina littorea
kept for 72 hours under the influence of different concentrations of sea water

a — haemolymph, b — water in the mantle cavity. In a salinity of 4.7 */os: 1 — snails with closed opercula;
2 — snails with open opercula

it is still distinguishably higher. However, in 4.7°/,, there were differences
in the haemolymph At° of those snails whose opercula remained open and
those which kept them tightly closed, the latter being about 0.1° higher. In
snails kept in normal salinity of 11.8°/, the At® of the mantle cavity water is
the same as that of the haemolymph, but in lower salinities it is always lower,
and the greatest difference was found in those specimens with open opercula
in 4.7%,.
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2. Survival and water balance in desiccating snails

Material and methods

The snails were collected at Schilksee on July 3, 1958. After being kept
without food for 5 days in well-aerdted water from Kieler Forde (S = 11.8%/,,)
at a temperature of about 17°C, the snails (with shell lengths of 12—18, but
mostly about 14—15 mm) were transferred to a room temperature of about
22°C. They were placed on filter paper for 2 hours to dry their surfaces. A total
of 90 specimens were then placed, in groups of 30, on nets in 3 tightly covered
dishes. Hygrostatic substances were placed at the bottom of the dishes: 1)
water — 1009, (relative air humidity = 1009,); 2) water — 209, (by weight)
+ CaCl, — 809% (R.H.=37%); 3) CaCl,—1009%, (R.H.=20%). The
dishes were opened every few days to let in fresh air. Before being placed in
the dishes the snails were weighed on an analytical balance. After weighing,
half of the specimens (15) from each dish were made to contract sharply in
order to eject the water from their mantle cavities. They were then weighed
a second time. At the beginning and during the course of each experiment
a sample of 5 specimens was removed and the following weighings were made, —
in a fresh state, after emptying of mantle cavity water, and then the shell and
soft parts separately, after having been dried at a temperature of +95°C.

Results

The snails kept in an humid atmosphere (1009, R. H.) remained active,
extruding their foot beyond their shells and crawling; activity ceased during
about 5 or 6 days in a waterless environment. Nearly all the snails survived
the experimental period of 7 days (Fig. 4,).

Among the snails placed in a 379, R. H. the foot was never seen extended
from the shell; however observations of changes in the position of some of the
animals during the first 2 days suggests that in that time they had crawled
short distances. A high mortality occurred after 6 days (Fig. 4,).

In a very dry atmosphere of 209, R. H. no signs of activity were observed
and the snails remained permanently closed up. Mortality occurred already
after the 3—4 days.

It was noticed that after 3—4 days the snails kept in an atmosphere of 379,
R. H. did not keep their opercula tightly closed but left a chink between the
operculum and the shell. This was not a symptom of approaching death since
upon stimulation the opercula were re-shut tightly. This was also observed
in some of the animals kept for 2—3 days in a 209, R. H. It is suggested that,
in opening their opercula, the snails were letting air into their shells.

As is shown on the Fig. 4, ; the percentage of water in the body of the
snails, normally a little under 809,, did not undergo any sudden changes,
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- although dead or dying specimens usually had a lower percentage of water
in their bodies than live specimens. The forcible ejection of the water from
the mantle cavity at the beginning of experiment did not influence the survival
of the snails kept in a humid atmosphere (Fig. 4,); it did however hasten and
accelerate mortality in a dry atmosphere (Fig. 4;, ).

Among the snails kept under waterless conditions the water reserve in
the mantle cavity, at first a little under 409, of the total reserve of body water,
underwent an obvious change (Fig. 4; 5 o). Even in a humid atmosphere
(Fig. 4;) the amount of water in the mantle cavity showed some decrease,
while in a dry atmosphere it fell sharply (Fig. 45 ,).

Discussion

Littorina littorea occurs in the tidal regions of the marine littoral. It is
found lower down the shore than any other species of its genus, in zones rarely
uncovered by the ebb of the tide (Colman 1933, Gowanloch, Ha yes
1926, Linke 1933, Moore 1940 a.0.). On the Baltic coast the eastern
limits of its geographical range is the east coast of Bornholm and Riigen (M e y-
er, Mobius 1872, Ankel 1936); here the snails are found in large
numbers, in the splash zone, on stones, plants of rocky shores and port in-
stallations. In spite of the lack of tidal movements in the Baltic there are con-
siderable changes in water level in the narrow bays and estuaries of rivers
caused by winds. When these blow from the shore they depress the level of
the water leaving the habitat of Littorina uncovered for many hours. Such
a fall in the level of the water was observed in Kieler Forde on 14.VII.1958.

There are few works in available literature on the reaction of the genus
Littorina to changes in the salinity of water. Haseman (1911) states that
specimens of Littorina littorea from the region of Woods Hole tolerated well
509, dilution of sea water, but perished in a solution containing 1/3 of sea
water. Gowanloch and Hayes (1926) reported that Littorina littorea
withstood well a decrease in salinity to 15°/, but perished when it was reduced
to 13.75%,. Fraenkel (1927) observed that on being transferred to fresh
water , Littorina reacted by closing their opercula tightly. Snails with closed
opercula push theirs opercula aside on being placed in fresh water but after
repeating ‘the action several times they closed them permanently. Patan é
(1933) has described a similar reaction in Littorina neritoides in fresh water;
some survived in fresh water for 25 days, but after 15 days half of them had
died. Maniggault (1932) subjected Atlantic Littorina obtusata to various
concentrations of sea water from 0—70°/,. At salinities << 20°/,, there was
a sudden rise in mortality, while the snails survived for the shortest period
in fresh water, in which they remained closed up.

The present work shows that Littorina littorea living in Kieler Forde could
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survive in a fresh water environment for a short time; however its behaviour
and ability to survive differs according to the range of salinity to which it is
subjected. It is interesting that the ability of Baltic Littorina littorea to survive
low salinities appears to differ from that of the Atlantic species (M anig-
gault 1932). For a period of 1—4 days (dependent upon the population,
Fig. 1, 2) the snails survived without harm in all the experimental salinities,’
including fresh water. Then the mortality rate increased with time and was
highest at the apparently critical level of ~ 5°,. In lower salinities and in
fresh water more snails survived. There were similar differences in the
behaviour of the snails in the above three ranges of salinity, i.e. in
salinities > 59/, the snails crawled about actively, while in those of < 5%y,
they kept their opercula tightly shut. In the critical salinities of ~ 59/, in
which the mortality was the highest, some of the snails kept their opercula
open for 1—3 days, after which time all the animals were tightly closed.

It may be assumed that in the salinities > 5°/,, the snails retaining normal
activity have wholly or partly adapted themselves. In the salinities below
the critical level the snails reacted by closing up their opercula tightly, thereby
isolating themselves from their external environment, which they were
able to do for several days. The behaviour of the snails on being placed in the
critical salinities showed individual variations; some kept their opercula tightly
closed, thus isolating themselves from the environment, others kept their
opercula open and tried to adapt themselves to changed salinity. The latter
died quickly since they could not adapt themselves permanently to such a con-
siderable fall in the salinity of the water.

‘The measurement of At’ of the haemolymph and water in the mantle
cavity (Fig. 3) seem to support the above conclusion. In the salinities of a higher
level than the critical ones, to which the snails temporarily or permanently
adapt themselves, there occurs isotony of the osmotic pressure in the haem-
olymph and in the external environment. In salinities below the critical one
the osmotic pressure in the haemolymph remains at a high level, and in fresh
water is even higher than in the normal environment. It is then probable that
in fresh water the isolation from the external environment is so great that it
prevents the excretion of the products of metabolism. In this case there probably
occurs, in the haemolymph and in the water contained in the mantle cavity,
an accumulation of the products of anaerobic metabolism neutralized by the
calcium carbonate derived from the snails’ shells; this was observed by Dugal
(1939) in marine bivalves kept in a waterless environment.

In the critical salinities there are differences between the open and closed
snails. The latter have an obviously higher osmotic pressure in the haemolymph.
The water in the mantle cavities of the open snails is isotonic with the environ-
ment while in the closed snails it is hypertonic. This confirms the previous
conclusions on the high degree of the isolation of the closed snails.
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It has frequently been observed that various species of Littorina, being
organisms which occur in tidal and splash zones, can tolerate well periodic
exposuretoair (Gowanloch, Hayes 1926, Colman 1933, Fraen-
kel 1927, Wilson 1929, Patan ¢ 1933 a.0.). Our observations showed
that Littorina littorea survive unharmed for several days without water, even
in a dry atmosphere (379, R. H.). Thus with perfect ease they can survive
the low water period of a tide, or (in the Baltic) a fall in the level of water caused
by the wind.

Snails in a waterless environment probably do not isolate themselves from
their external environment as did those observed in fresh water. The desiccating
snails kept their opercula slightly open even in a very dry atmosphere; this
probably permits gas-exchange with atmosphere and the mamtenance of
normal aerobic respiration.

The snails survived unharmed a loss of water not exceeding 409, of the
total water reserve (Fig. 4,y ,,, ;,) although there is a sharp rise in the loss
of water in a dry atmosphere. Water in the mantle cavity is the most labile
constituent of the total water reserve and is one most quickly reduced while
the snails are desiccating. Shotwell (1950) and Segal (1956) also
found that in the snail Acmaea from tidal regions the so-called extra-visceral
water plays an important role in enabling it to survive the periods when it
is exposed to air and high level animals have a larger reserve of such water
than animals from lower down the shore. An analogous role is probably played
by the water in the mantle cavity of Littorina. We also observed that snails
deprived of their mantle cavity water at the beginning of the desiccation experi-
ments could replace it only to a slight degree and then only in humid air;
in dry air there was no secretion of water into the mantle cavity.

Conclusions

1. The reaction to lowering of salinity of water among snails in Littorina
littorea from Kieler Forde (S x 12°/,) differs according to the degree of its
dilution. The highest mortality occurs in medium degrees around a critical
level of & 5°,. In salinities > 5°/,, there are efforts at adaptation shown by
the opening of the operculum; in salinities < 5°/,, the animal isolates itself
from the external medium by closing its operculum. Isolation is accompanied
by increase in the osmotic pressure of both the haemolymph and the mantle
cavity water.

2. This species can live for several days out of water. During such a period
they can tolerate the loss of up to, 409, of their total store of water, mainly
from the mantle cavity.

o
8 Polskie Archiwum Hydrobiologii
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POLSKIE ARCHIWUM HYDROBIOLOGII, TOM XI (XXIV), NR 2, 1963

I. Biernacka

Zmiany w zespole organizméw planktonowych
w Jeziorze Roznowskim

Otrzymano 11.X.1962 r.

Badania planktonu Jeziora Roznowskiego byly przeprowadzone w czerwcu
1957 (Biernacka 1959), a przeprowadzenie ponownych badan po uplywie
roku, mianowicie w czerwcu 1958, mialo na celu wyjasnienie zjawisk stopnio-
wego zasiedlania si¢ tego mlodego zbiornika oraz zmiany charakteru jego
biocenozy.

Metoda pracy

Badania planktonu wéd powierzchniowych w czerwcu 1958 byly bardziej
wyczerpujgce niz w roku poprzednim. Prébki jakosciowe i ilosciowe pobrano
w 30 punktach jeziora mieszczacych si¢ na niektérych przekrojach uwidocznio-
nych na zalgczonej mapce (rys. 1). g

Prébki planktonowe pobierano siatkg z gazy miynarskiej N 20; dla pobrania
probki jakosciowej ciggnigto siatke za lodziag motorowa wzdluz danego przekroju.
Analiz¢ jako$ciowg robiono na materiale Zzywym. Prébki do badan ilosciowych
pobierano z kilku punktéw danego przekroju, przy czym w kazdym punkcie
przepuszczano przez siatke 30 1 wody z warstwy powierzchniowej jeziora.
Probke ilosciowg utrwalano natychmiast 49, formaling. Przy opracowaniu
materialu ilo$ciowego uzywano pipety planktonowej i obliczano ilo$¢ jednostek
planktonowych na 1 1.

Charakterystyka Jeziora Roznowskiego w okresie badan

Poréwnujgc dane hydrologiczne z czerwca 1957 r. (Biernacka 1959,
s. 149) i 1958 (tab. I), stwierdzamy, Ze réinig si¢ one od siebie: tak np.
zmniejszyla si¢ glebokos¢ jeziora: na przekroju 83 najwieksza glebokosé w 1957 r.
wynosita 5 m, a w 1958 — tylko 4 m; na przekroju 79 w 1957 — najwigksza
glebokos¢ wynosita 3,5 m, w 1958 — tylko 1,1 m; na przekroju 23 w 1957 r.
najwigksza glebokos¢ wynosita 29 m, a w 1958 — tylko 24,8 m.

Temperatura wody w czasie badani byla nizsza niz w 1957 r. Inne bylo
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réwniez pH: o ile w 1957 r. woda w jeziorze miala pH 6,5 i tylko przy samej
zaporze wynosila 7, o tyle w roku 1958 wody jeziora mialy wszedzie jednakowe
pH—7.

Wody Jeziora Roznowskiego zawsze s3 metne, ale sklad zawiesiny w wodach
w tych dwéch okresach badawczych jest réwniez odmienny. W czerweu 1957
W wodzie przewazal trypton (Biernacka 1959), stanowigc ponad 909,

calego sestonu, w czerwcu 1958 r. — przewaza plankton (rys. 2).
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Rys. 2. Procent planktonu w zawiesinie w czerwcu 1957 i 1958 r.
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Rys. 3. Indeks zanieczyszczenia Pantla Jeziora RoZnowskiego w 1957 i 1958 r.
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Réwniez z punktu widzenia stopnia zanieczyszczenia nastgpily zmiany
w Jeziorze Roznowskim, a mianowicie, jezeli zestawimy procentowg ilos¢
gatunkéw nalezacych do réznych stopni saprobnosci w latach 1957 i 1958, to
obraz bedzie nastepujacy:

| (;l}g:); T Bc;;aln\cz;- 7 lﬁAilvfa-mc’zo- ; " Poli-
Rok saprobne | saprobne saprobne | saprobne |
B i 3 =
1957 43,6 42,3 13 T ey
1958 52 38 8 2

Z zestawienia wynika, ze zmniejszyla si¢ procentowa ilo$¢ organizmow
wod zanieczyszczonych na korzy$¢ organizméw wod czystych. Indeks za-
nieczyszczenia wod Pantla (Pantle 1956), wykazuje (rys. 3), Zze cale wody
Jeziora Roznowskiego w czerwcu 1958 mozna okresli¢ jako oligosaprobne,
podczas gdy w czerweu 1957 do przekroju 46 byly wyraznie beta-mezosaprobne.

e Plankton w okresie badan

Plankton Jeziora Roznowskiego jest uzalezniony przede wszystkim od gesto-
$ci zawiesiny, jaka tworzy tam trypton mineralny, ktory dominuje przez wigksza
cze¢éé roku w tym akwenie. Wiemy, ze ilo§¢ planktonu jest odwrotnie proporcjo-
nalna do stopnia zamgcenia wody, totez plankton tego jeziora jest na ogél
biedny. Dowodem tego byla ilo§¢ planktonu w czerwcu 1957, nie przekracza-
jaca 109, calego sestonu. W czerwcu 1958 obraz zespolu populacji organizméw
planktonowych wyraZnie roznil si¢ od obrazu poprzedniego, jak na to wskazuje
‘przytoczony wykaz znalezionych gatunkéw.

1957 1958
1. Cyanophyceae 2 12
2. Flagellata S 2 3
3. Dinoplagellata 2 X 3
4. Diatomeae 45 56
5. Conjugatae 2 ; 5
6. Protococcales 3 5
7. Chlorophyceae 2
8. Rhizopoda 11 21
9. Ciliata 2
10. Rotatoria 13 24
11. Cladocera 2 7.
12. Copepoda 2 4

88 147

Analizujgc powyzsze zestawienie stwierdzamy, ze ilo$¢ gatunkéw w czerwcu
1958 pozostala ta sama co w 1957 r. tylko w grupie Chlorophyceae, w innych
grupach organizméw' planktonowych ilo§¢ gatunkéw  powickszyla si¢ o 25
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i

do kilkuset procent. Znamienne jest zwigkszenie si¢ ogélnej ilosci gatunkow
organizmow zwierzecych o 1039, podczas gdy zwigkszenie si¢ ogdlnej ilosci
gatunkow fitoplanktonu wynosi tylko 459,. Jest to potwierdzenie zdania autorki
w wynikach badan planktonu Jeziora Roznowskiego w 1957 r. (Biernacka
1959), ze zbiornik, ktéry jeszcze ma charakter bardziej rzeczny niz jeziorny,
szczegolnie w czesci dolnej, coraz bardziej nabiera cech jeziora przez stopniowe
zwigkszenie si¢ ilosci zooplanktonu. Zmniejszenie glebokosci jeziora i jedno-
czesnie. bardzo slaby przeplyw niewatpliwie sprzyjaly masowemu rozwojowi
fitoplanktonu i zooplanktonu, co tez znalazlo swoje odbicie w zakwitach 6 ga-
tunkéw roslinnych i masowym wystepowaniu 2 gatunkéw zwierzecych (rys. 4
1 5). Wplynelo to na zwigkszenie ilosci organizméw planktonowych w litrze
wody ma poszczegolnych stacjach w poréwnaniu z rokiem poprzednim, a jed-
noczesnie i na to, ze w czerwcu 1958 w sestonie dominowal plankton, ktéry
w roku 1957 nie przekraczal 109, (rys. 2). Pojawienie si¢ zakwitéow w Jeziorze
Roznowskim réwniez. $wiadczy o stopniowym nabieraniu cech jeziorowych
przez ten zbiornik.

Sposréd gatunkéw roslinnych zakwit tworzyly 3 gatunki Diatomeae, 2 ga-
tunki Dinoflagellata i jeden Cyanophyceae. Najsilniejszy zakwit tworzyla Asterio-
nella formosa Hass (rys. 4), ktérej masowe wystepowanie bylo réwnomierne
w calym jeziorze, poczawszy od stacji 7. Nieco mniejszy zakwit tworzyla sinica
Anabaena spiroides Kleb., wystepujac przewaznie w iloéci od 2000 do 5000
osobn. na litr. Na trzecim miejscu z punktu widzenia réwnomiernego wystepo-
wania danego gatunku w calym jeziorze mozna postawié Peridinium cinctum
Ehr., ktére tylko na 9 stacjach wystepowato w ilosci ponad 5000 osobn. na litr;
na czwartym Dinobryon divergens Imh., a na piatym Fragilaria crotonensis
Kitt, ktéra w bardzo duzej ilosci (od 1000—2000 osobn. na litr) wystepowala
dopiero w dolnej czesci jeziora w okolicy zapory. Bardzo charakterystyczny
byl zakwit Attheya Zachariasi Brun., a mianowicie ogromne ilodci tego gatunku .
(ponad 5000 osobn. na litr) wystgpowaly prawie réwnomiernie, ale dopiero
od stacji 14. Wskazywaloby to, Zze gatunek ten unika wéd zamulonych, znaj-
dujacych si¢ w okolicy Kurowa, Tegoborza i Zbyszyc. Dwa gatunki wrotkéw:
Polyartha platyptera Ehr. oraz Conochiloides sp. wystepowaly w tym okresie
rowniez masowo. Szczegolnie liczna byla Polyarthra platyptera (ponad 5000
osobn. na litr), ilo$¢ osobnikéw tego gatunku byla nieco mniejsza tylko
w strefie jeziora od 16 do 19 stacji (rys. 2). W nieco mniejszych ilosciach
w calym jeziorze wystepowal wrotek Conochiloides sp. (rys. 5). '

Ilos¢ osobnikéw organizméw planktonowych na poszczegélnych stacjach
badawczych poczawszy od 7 stacji waha si¢ od 1100 do 7600 osobnikéw na
litr, a wigc ilo$§¢ organizméw planktonowych w wodzie jest znaczna. Jedynie
na odcinku gérnym jeziora w obrebie pierwszych szedciu stacji o wodach bardzo
silnie zamulonych ilosci te s3 minimalne, wynoszace przewaznie tylko kilka-
dziesigt organizméw na litr (rys. 6).
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Rys. 5. Obraz masowego wystepowania dwéch gatunkéw Rotatoria w czerweu 1958 r. na calej
dlugosci jeziora
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Rys. 6. Iloé¢ osebnikéw na litr na poszczeg6lnych stacjach badawczych
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W podsumowaniu wynikéw badan planktonu w Jeziorze Roznowskim
w czerwcu 1958 r. zarysowuja si¢ dwa zasadnicze zjawiska odbywajace si¢
w tym zbiorniku:

1) zasiedlenie zbiornika przez organizmy planktonowe staje si¢ coraz gestsze,
poniewaz coraz wigcej gatunkéw osiedla si¢ w jeziorze i coraz liczniejsze s3
osobniki poszczegdlnych gatunkow;

2) zbiornik nabiera coraz bardziej cech jeziorowych przez stopniowe zwigk-
szanie si¢ ilosci zooplanktonu oraz wystgpowanie zakwitéw.

Charakterystyczny jest fakt, ze tak zwany zespol dyfuzyjny tego akwenu
zaczyna si¢ dopiero od stacji nr 7, znajdujgcej si¢ na 67 przekroju jeziora
(rys. 2, 4, 5, 6). W gérnej strefie jeziora, miedzy 85 i 67 przekrojem, zespdl
organizméw planktonowych jest bardzo biedny: wystepuja tam prawie wy-
lacznie Rhizopoda i to w ilosciach znikomych, a prawie zupelnie brak tam
organizméw roslinnych. Powodem tego jest gesta zawiesina mineralna, utrzymu-
jaca si¢ tam stale na skutek bliskosci ujscia Dunajca. Prad Dunajca stale wnosi
do jeziora znaczne ilosci tryptonu burzgc jednoczesnie zalegajace tu zloza
mulu grubosci ok. 1 m. Nalezy przypuszczaé, ze taki stan tej czesci jeziora
pozostanie nadal, a ekosystem jeziorowy bedzie ksztaltowal si¢ dopiero do
granicy Zbyszyce-Tegoborze w dél, az do zapory.

Streszczenie

Wykonano badania jako$ciowe i ilosciowe probek planktonowych pobranych
w 30 punktach Jeziora Roznowskiego (rys. 1). Scharakteryzowano dany akwen
z punktu widzenia hydrologicznego (tab. I), procentowosci planktonu w za-
wiesinie (rys. 2) oraz stopnia zanieczyszczenia (rys. 3). W charakterystyce

Tabela I
Najwicksza glebokoéé
Ny A Profondeur max. Tempe:atura pH
przekroju C
m

83 4+ 10,2 7

80 1,6 11,4 s

79 1,1 11 7

71 2,7 13 7
67 3 15 7 |
61 4,5 17,4 7 |

51 9,9 18,7 7

46 11,5 18,5 7
40 13,5 |5 a0 7 |
34 17,3 18 7 |
31 16,3 18,5 7 |
23 20,5 19 ‘ 7 ‘
14 22,7 e A 7 !
9 23,8 ‘ 19 7 |
2 24,8 l 19,5 7 l

http://rcin.org.pl



Zmiany w skladzie planktonu Jeziora Roznowskiego 259

planktonu w czerwcu 1958 r. stwierdzono zwigkszenie liczby gatunkéw zwie-
rzgcych o 1039, a roslinnych o 59,. Stwierdzono réwniez zwiekszenie ilosci
organizméw planktonowych w litrze wody na poszczegdlnych stacjach w po-
réwnaniu z rokiem 1957. Przeanalizowano zakwity poszczegélnych gatunkéw
oraz ilo$¢ wystepujacych osobnikéw na poszczegélnych stacjach (rys. 4, 5 i 6).

Powyzsze fakty wskazuja, ze:

1) zasiedlenie zbiornika przez organizmy planktonowe staje si¢ coraz gestsze.

2) zbiornik nabiera coraz bardziej cech jeziorowych przez zwiekszanie sie
ilosci zooplanktonu oraz wystepowanie zakwitéw.

3) ekosystem jeziorowy ksztaltuje si¢ wyraznie od granicy Zbyszyce-Tego-
borze w dél, az do zapory.
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HU. Bepunanka

H3meHeHus B COCTAaBe IUIAHKTOHHBIX OPraHH3MOB’
B Po>xHOBCKOM oO3epe

Pesiome

ITpoBesieno KauecTBEHHBIE H KOIMUECTBEHHBIE HCCTIEA0BAHMS 1po6 IJIAHKTOHA,
noGpaneix B 30 mecrax PoykroBckoro ozepa (puc. 1). Onmcano 31o 03epo ¢ TOUKH
3penust ero rufposornu (tab. I), coeprkanusi B3BELIEHHOrO MJIaHKTOHA (pHC. 2)
a TAK)Ke CTeneHu sarpsasHenus (puc. 3). O6Hapy:keHo B uione 1958 r. ysemuenue
KoymyecTBa BUZIOB 3ooriankTona Ha 1039, u ¢uromankrona na 459,. Haiieno
TAK)KE YBEJMUEHHE KOJIHMYECTBA IJIAHKTOHHBLIX OPLAHM3MOB B JIMTPE BOJBI HA
OT/SJIBHBIX CTaHIMAX 10 cpaBHeHMIo ¢ 1957 r. IlpoBejieHo aHayiM3 I[BETEHMS
OT/ICNIBHBIX BHJIOB M KOJIMUECTBa 0co0eif Ha OT/ebHBIX craHmusax (puc. 4, 5 u 6).

ITomyuennbie pesyJbTaThl YKa3bIBAIOT HA TO, UTO: 1) IUIAHKTOHHOE HACEJICHHE
BOJI0EMA BCE YBEJIMUMBACTCA, & TAKOKE 2) UTO BOJOEM IPUHHUMAET BCe 50JIee YepThI
o3epa, Onarofapsi yBEIMYCHWIO KOJNMUECTBA 300IUIAHKTOHA M IIOSIBJICHHS IBe-

TeHMi, 3) O3epHAA IKOCHCTEMA SIBHO 00PA3yeTcss OT rpaHuibl 3Bbimie— TeHro-
00ke BHH3 JI0 CamOi IIJIOTHHBI.
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1. Biernacka

CrnucoK pHCYHKOB

. Bojoem B Posknose. IlosokeHue mpoduiteit mccileJoBaHMii.

. Ilponer nmiaukToHa BO B3BecH M mioHe 1957 u 1958 r.

. Tlokasarens sarpsisaenmii Ilantnsa B PoyxkHOBCKOM O3epe.

. Kaprnua nperennii ¢puronnankrona B uione 1958 r. ma Beeif qumue osepa.

. KapTiHa MaccoBOro BBICTYNJICHMA ABYX BHJOB KoJOBpatox B Miome 1958 r. ma Bceif
JUIMHE 03epa.

. KosimuectBO ocobeit ma JIMTP HA OT/AC/IBHBIX CTAHUHAX.

L S S

(=

I. Biernacka

Changements dans la composition du plancton du lac Roznowski

Résumé

On a effectué en juin 1958 des études qualitatives et quantitatives d’échanti-
llons de plancton pris a2 30 endroits du lac de Roznow (fig. 1).

Ce lac a été caractérisé du point de vue hydrologique (tab. I) ainsi que
par sa teneur en plancton (fig. 2) et par son degré de contamination (fig. 3).
En comparaison avec juin 1957 on a constatée une augmentation de 1039,
" de la quantité des espéces du zooplancton et 459, du phytoplancton, ainsi
que I'augmentation des individus du zooplancton par litre d’eau. Les fleurisse-
ments des différentes espéces ainsi que la quantité des individus aux différentes
stations ont été analysés (fig. 4, 5, et 6).

Les résultats obtenus permettent de constater que: 1) La densité du plancton
du lac a augmentée par rapport a I'année précédente. 2) Que le bassin em-
prunte de plus en plus les traits caractéristiques de lac grace a 'augmentation
de la quantité du zooplancton et i I'apparition du fleurissement du phyto-
plancton. 3) L’écosystéme lacustre se forme nettement a partir de Zbyszyce-
Tegoborze en aval jusqu’a la digue.

Table des figures

1. Lac de Roznow. Situation des profils d’investigation.

2. Pourcentage du plancton en juin 1957 et 1958.

3. Index de contamination d’aprés Pantle du lac Roznowski en 1957 et 1958.

4. Fleurissements du phytoplancton en juin 1958 sur toute la longueur du lac.

5. Illustration de la présence en grande quantité de deux espéces Rotiféres en juin 1958 sur toute
la longueur du lac.

6. Quantité des individus par litre aux différentes stations d’investigation.
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POLSKIE ARCHIWUM HYDROBIOLOGII, TOM XI (XXIV), NR 2, 1963

Recenzje

F. Ruttner Grundriss der Limnologie (Hydrobiologie des Siisswassers), 3., neubearbeitete und
erweiterte Auflage, Walter de Gruyter et Co, Berlin 1962.

Czcigodny autor nie doczekal si¢ ukazania trzeciego wydania swego dziela, ktére z taka pie-
czolowitoscig i umiejetnoscia przygotowywal do druku w ostatnich latach swego Zycia.

Pierwsze (1940) i drugie (1952) wydanie tak szybko zniklo z pélek ksiegarskich (mimo réwno-
leglego drugiego wydania w wersji angielskiej), ze juz wkrétce okazalo si¢ potrzebne przygoto-
wanie nastepnego, tym bardziej ze postgpy limnologii okazaly si¢ szybkie i ogromne, a zapotrze-
bowanie na dobry i zwiezly podrecznik w tym zakresie wcigz bylo wielkie. Nowsza literatura
$wiatowa wlasciwie takiego wprowadzajacego w zagadnienia limnologiczne podrgcznika nie po-
siada, bowiem ostatnio wydane przez Hutchinsona bardzo wyczerpujace dzielo 4 Treatise on
Limnology ukazalo si¢ tylko w czesci pierwszej poswigconej hydrologii i hydrochemii jezior, za$
Limnology Welcha unika uje¢ syntetycznych, uogélnien, ograniczajac si¢ raczej do uporzadkowa-
nej rejestracji faktéw. Bardzo cenne dzielo Gessnera Hydrobotanik ma charakter wysoce mono-
graficzny, poswigcony przede wszystkim problemom ekologii rodlin wodnych.

Na 332 stronach, przy pomocy 70 rysunkéw i na podstawie obszernej, takze najnowszej lite-
ratury zestawionej na 19 stronach, autor w zwiezly, ale wyczerpujacy sposéb wprowadza czytel-
nika w zagadnienia limnologii jezior, a w ostatnich dwu rozdzialach szkicuje problemy formowania
si¢ zespoléw organizméw wodnych w torfowiskach i wodach biezacych na tle charakterystyki
fizyko-chemicznej tych §rodowisk. Brak jest oméwienia stawéw sztucznych i drobnych zbiornikéw.

Zasadnicza tres¢ ksigzki ujeta jest w dwa duze rozdzialy, charakteryzujace wode jako $rodo-
wisko Zycia organizméw wodnych oraz omawiajace zespoly organizméw wodnych. Jakkolwiek
autor przez caly czas utrzymuje ogélny ton wykladu méwiac o wodzie i zamieszkujacych ja orga-
nizmach, to jednak uzywajac cyfr, rysunkéw i przykladéw dotyczacych prawie wylacznie stosunkéw
jeziorowych powoduje, Ze ksigzka jest przede wszystkim chemia i biologig jeziora.

Nowe wydanie, o 100 stron obszerniejsze od poprzedniego, jest mimo zachowania dawnego
ukladu tekstu znacznie poszerzone pod wzgledem tresci, uwzglednia wazniejsza literature $wiata
w bardzo duzym stopniu, a przede wszystkim ujmuje wszystkie pojecia w catkowicie nowoczesnym
oswietleniu. W ten spos6b czytelnik zostaje w bardzo zwarty sposéb wprowadzony we wspot-
czesny stan wiedzy limnologicznej i nowoczesny sposéb rozumowania w tym zakresie. Zaznajo-
miony z fizycznymi i chemicznymi cechami wody oraz z zamieszkujgcymi ja organizmami i ich
zespolami, poznaje prawa rzadzace w tym zakresie, tak ze ma dosé elementéw myslowych do
zrozumienia takZe tego, co si¢ dzieje w nie omawianych blizej w tym podreczniku $rodowiskach
wodnych.

Referowana ksigzka jest limnologia teoretyczng, a wlasciwie teorig limnologii. Autor §wia-
domie unikal powigzan z limnologia stosowang w zakresie rybactwa, ochrony wéd przed zanie-
czyszczeniem lub ochrony zdrowia, twierdzac, ze dla tych celéw winny byé napisane odrebne
limnologie pod katem wylaniajacych si¢ tu specyficznych potrzeb. Referent jest calkowicie zgodny
z tym pogladem.

Do nowego wydania autor wprowadzil dwa nowe podrozdzialy, poswigcone wystgpowaniu
azotu gazowego i metanu w wodach oraz bakteriom wodnym. Szczegélnie unowoczesniony zostal
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262 ~ Recenzje

obecnie najbardziej chyba w limnologii pasjonujacy rozdzial o problemach pomiaru produkcji
zbiornikéw wodnych. Inne rozdzialy ulegly takze bardzo starannemu przegladowi i doprowa-
dzone zostaly do wspodlczesnego stanu wiedzy.

Jasny, zwarty jezyk, wieloletnie doswiadczenie wykladowcy i badacza oraz doskonala znajo-
mosé literatury pozwolily 80-letniemu autorowi na przedstawienie niekiedy zawilych i jeszcze
nie rozwigzanych probleméw limnologicznych w wyjatkowo syntetyczny sposéb, wprowadzajac
czytelnika bez wielkiego trudu na wspolczesne szczyty zagadnien. Bardzo staranna forma wy-
dawnictwa, zaréwno pod wzgledem uzytego papieru, poprawnosci druku, pigknej szaty graficz-
nej, jak i nawet oprawy powoduje, ze ksigzke bierze si¢ do reki z prawdziwg przyjemnoscia.

Dolaczony na koricu stowniczek wyrazéw obeych objasnia terminologi¢ limnologiczng w nie
zdawkowy, lecz dalece przemyslany i oryginalny sposéb, co ogromnie ulatwia czytanie, nawet
specjalistom.

Wydaje si¢, e jeszcze po $mierci Franz Ruttner wzbogacil literature limnologiczng w zu-
pelnie nowe, bardzo wartosciowe i pozyteczne dzielo, ktore powinno znalez¢ si¢ w kazdej blibliotece
biologicznej, zaréwno uczelnianej i instytutowej, jak i prywatnej.

Firmie Walter De Gruyter et Co, Berlin nalezy si¢ uznanie za podjecie si¢ tego wydawnictwa
i forme jego wykonania.

M. Stangenberg

http://rcin.org.pl



Polskie Archiwum Hydrobiologii
Tom XI (XXIV).

Wskazowki dla autoréw

Polskie Archiwum Hydrobiologii przyjmuje do druku prace oryginalne z dziedziny hydro-
biologii. Od roku 1963 pismo ukazywaé si¢ bedzie w trzech zeszytach rocznie objetoci okolo
160 str. druku kazdy.

Do druku przyjmowane s3 prace napisane w jednym z jezykéw kongresowych albo w Jezyku
polskim ze streszczeniem wynikéw w jezyku rosyjskim oraz w jezyku kongresowym.

Nadsylane do druku prace winny byé napisane na maszynie w 2 egzemplarzach (oryginal
i kopia) z zachowaniem podwdéjnego odstepu migdzy wierszami, z marginesem bocznym (4 cm),
a na pierwszej stronie z marginesem gérnym (8 cm).

Uklad maszynopisu powinien zawieraé: 1. nazwisko i inicjaly imion autora, 2. tytul pracy,
3. zaklad, w ktérym prace wykonano, 4. tres¢ artykulu, 5. streszczenie, 6. bibliografie, ulozona
w porzadku alfabetycznym nazwisk autoréw.

Przy powolywaniu si¢ w tekscie na prace innych autoréw nalezy podawaé nazwisko autora
i rok wydania pracy.

W bibliografii nalezy podawaé: 1. nazwisko i inicjaly imion autora, 2. rok wydania pracy,
3. pelny tytul pracy, 4. skrécong nazwe czasopisma (wedlug World List of Scientific Periodicals),
tom i stronice.

Liczba rysunkéw powinna byé ograniczona do koniecznego minimum. Zalgczone rysunki
sq numerowane liczbami arabskimi. Na odwrocie kazdego rysunku nalezy umiesécié¢ nazwisko
autora. Objasnienia do rysunkéw naleZy umiesci¢ na osobnym arkuszu.

Tabele liczbowe oznaczane liczbami rzymskimi zalgczaé na osobnych arkuszach.

W pracach napisanych po polsku objaénienia w tabelach winny byé podane w jezyku polskim
oraz w jezyku kongresowym. To samo dotyczy objasnieri do rysunkéw i fotografii.

Na marginesie nalezy zaznaczy¢ miejsce kolejnych tabel i ilustracji.

Przesylane do druku maszynopisy winny mieé postaé catkowicie wykornczong. Zauwazone
bledy winny byé poprawione maszynowo.

Autorzy otrzymuja tylko jedna korekte. Zmiany tekstu w korekcie winny byé zredukowane
do minimum. Konieczne uzupelnienia tekstu w korekcie nalezy umieszczaé na koricu odnosnego
rozdziatu lub na koricu tekstu jako addendum. Koszt wigkszych zmian bedzie obcigzal autora.

Autorzy otrzymywa¢é beda 100 odbitek swej pracy, 25 sztuk bezplatnie i 75 platnych wedlug
ustalonych stawek.
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