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POLSKIE ARCHIWUM HYDROBIOLOGII, TOM VI (XIX), 1959

N. Botnariuc, V. Cure

’

Les associations de Chironomides (larves) du delta
du Danube et I'évolution géomorphologique du delta

Regu le 26 Mai 1958

Introduction

Le delta du Danube, formation récente, est la plus jeune région de notre
pays. Un grand désaccord régne entre les auteurs en ce qui concerne I’age absolu
du delta, quelques-uns (Murgoci 1912) lui accordant 2000 ans d’existence,
tandis que d’autres lui accordent quelques dizaines de milliers d’années d’exis-
tance; mais quelle que soit 'opinion que nous acceptons, un fait est certain:
c’est que le delta est apparu apres la derniére glaciation au cours de I'époque la
plus récente du quaternaire. Toutes les opinions concordent que le delta s’est
formé dans un ancien golfe de la mer Noire.

Bien entendu, la faune aquatique du delta s’est constituée, elle aussi, au fur
et a mesure du remplissement de I'ancien golfe par des alluvions ainsi que de la
formation des différentes unités géomorphologiques et hydrobiologiques du delta.
Done la faune elle aussi, est d’origine relativement récente.

Les différents éléments de la faune du delta du Danube sont d’origine diffé-
rente, ce qui augmente la complexité de la composition de cette faune. La faune
du delta comprend des éléments relictes du bassin pontocaspique, peut-étre
aussi des éléments relictes plus anciens (tertiaires) ainsi que de nombreux
immigrants venus de tout le bassin du Danube, ou bien appartenant a des
complexes fauniques plus éloignés.

Dans le delta tous ces éléments d’origine trés différente, se trouvent asso-
ciés dans certaines biocénoses. Chaque biocénose représente le résultat d’un
long processus historique d’évolution, au cours duquel les organismes se sont
adaptés aussi bien les uns aux autres qu’aux conditions abiotiques de leur
biotope.

http://rcin.org.pl



10 N. Botnariue, V. Cure

Les biocénoses du delta se formérent au cours de son évolution géomorpho-
logique (c’est-a-dire au cours de la formation des biotopes) et il est normal que
leur répartition dans le delta refléte ce processus. Pour 'instant il serait trop
tét pour juger définitivement la maniére dont I’évolution géomorphologique
du delta se refléte dans la formation et la répartition des biocénoses.

C’est que d’abord, nous ne connaissons pas encore suffisamment les étapes
de I’évolution géomorphologique du delta et la maniére dont se sont formées
ses différentes unités; et que, deuxiémement, on ne connait pas assez la faune
du delta (a I'exception de quelques groupes d’animaux) et presque rien de sa
biocénologie. -

Néanmoins, la connaissance suffisamment profonde d’un seul groupe
d’animaux du delta, justifie, selon nous, I’essai a caractére préliminaire, visant
a établir la relation indiscutable qui existe entre I’évolution géomorphologique
du territoire du delta et la structure ainsi que la distribution de ses biocé-
noses.

Pour un tel essai, il ne convient pas de choisir n’importe quel groupe d’ani-
maux, mais sculement celui qui correspond le mieux aux conditions suivantes:
a) ses représentants doivent avoir un mode de vie intimement lié au milieu
aquatique, car ce n’est qu'ainsi que le groupe pourra refléter le processus de
formation des biocénoses aquatiques, caractéristiques pour le delta; b) le groupe
devra étre représenté par un nombre assez grand d’individus, afin de consti-
tuer un facteur important dans 1’économie naturelle du delta. Ceci détermine
une action intense des facteurs de la sélection naturelle sur le groupe respectif
et, par conséquent, I’adaptation de ses représentants aux conditions hydrolo-
giques et biocénologiques trés variées du delta; c) le groupe devra étre repré-
senté par des espécés assez nombreuses, a spectres oecologiques assez variés,
pour pouvoir occuper les biotopes les plus divers et pour pouvoir refléter le
caractére spécifiques de ces biotopes.

Les Chironomides remplissent toutes ces conditions.

En effet, la vie des Chironomides, par les stades larvaire et de nymphe, est
indissolublement liée au milieu aquatique. Le nombre des formes larvaires du
delta connues jusqu’a présent se monte a plus de 70, dépassant ainsi, par le
nombre de ses espéces, tous les autres groupes de métazoaires, non vertébrés,
aquatiques du delta. Ces espéces sont trés variées, beaucoup d’entre elles ayant
des spéctres oecologiques caractéristiques, ce qui permet leur existence dans
certains biotopes et biocenoses déterminés. En méme temps, la place occupée
par les Chironomides dans 1’économie du delta est de premiére importance
vu le nombre immense des individus appartenant a ce groupe. Dans la faune
du fond du delta, la production des Chironomides (larves) atteint 44.9 kg/ha
(V. Enaceanu 1955). En tenant compte du fait que les formes phytophiles
peuvent arriver parfois a un développement plus grand que les formes bent-
honiques et si on y ajoute que chaque espéce a habituellement, dans le delta,
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Chironomides du delta du Danube 11

deux générations par an, nous nous rendrons compte de la grande importance
de ces animaux dans la vie et I’économie du delta.

Ces considérations nous ont déterminé de faire dans les pages suivantes
un premier essai pour établir d’une maniére plus concréte la relation qui existe
entre I’évolution géomorphologique du delta et la formation et la répartition
des associations animales sur son territoire, en utilisant comme exemple la
famille des Chironomides.

Matériel et méthode

Cet ouvrage représente le résultat de I’analyse de 387 prises de Chironomi-
des, récoltées approximativement sur toute la surface du delta'. Une grande
partie de ces prises du fond a été récoltée avec le bodengreifer type ,,Marinescu”
et une autre partie avec des dragues qualitatives de type ,.Bacescu’ ou avec
des dragues de type habituel. Parfois, surtout pour la faune phytophile, on a
employé le filet limnologique habituel a manche.

Etant donnée la non-homogénéité des méthodes utilisées pour la récolte
du matériel, il ne peut pas servir a ’évaluation de la biomasse absolue des larves
des Chircnomides. Néanmoins le matériel est parfaitement valable pour ’étude
systématique et biocénologique. Pour la recherche des aspects biocénologiques,
nous avons calculé pour chaque prise les rapports (9,) entre les espéces qui
forment une_population déterminée dans un biotope donné.

Dans cet ouvrage nous avons essayé de montrer aussi les modifications
subies par les biocénoses des larves des Chironomides dans les différents biotopes.
Dans ce but, nous avons tenu compte de la fréquence de différentes espéces,
¢’est-a-dire du nombre des prises dans lesquelles elles ont été trouvées, en
rapport avec le nombre total des prises récoltées d’un seul biotope. Ceci nous
a permis de délimiter dans le delta certaines zones caractérisées par des com-
plexes detérminés d’espéces de Chironomides (larves) et d’essayer une confron-
tation de ces zones avec les données connues concernant I’évolution morpho-
logique du delta.

Considérations systematiques sur les Chironomides du delta du Danube

Les larves de ce groupe ont constitué I'objet d’une Note antérieure (1953),
dans laquelle nous avons cité 51 formes. En 1955, Marcovski I. M. cite
dans son ouvrage sur le delta de Chilia et des ,Jlimans” du Nord de ce bras,

! Une partie de ces prises a été récoltée par I'un des auteurs, le reste provenant du matériel
collecté par le Dr M. Bacescu, ainsi que par les chercheurs de I'Institut de recherches
piscicoles: Endceanu V., Radu D., Popescu E. et aussi par Leonte R.
et Leonte V. Nous leur exprimons toute notre gratitude pour ’amabilité dont ils ont fait
preuve en mettant a notre disposition leur matériel scientifique. Nous exprimons aussi nos
remerciements a la Direction de I'Institut de recherches piscicoles pour nous avoir aidés
a effectuer ces recherches.
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12 N. Botnariue, V. Cure

19 formes larvaires de Tendipedidae parmi lesquelles il n’y a qu’une seule espdce
ajoutée a notre Note antérieure®. D’ailleurs Marcovski n’a pas connu
notre ouvrage.

Gréace au matériel récolté pendant ce temps, le nombre des formes s’est
enrichi jusqu’a 70. ‘

Les rapports entre les sous-familles sont les suivants:

Chironominae . ............ 42 espéces 609,
Orthocladiinae . .......... 13 Sl D e
Corynoneurinae ........... 2 A 3%
ROlOPIUNae . R s e € 13 e 110k

Etant donnée I'augmentation considérable du nombre de prises (de 42,
en 1953, a 387), nous considérons ces chiffres plus proches de la réalite que
ceux de 1953. Le rapport entre les Chironominae et les autres sous-familles
n’a pas changé. Le pourcentage de Pelopiinae par rapport aux Corynoneurinae et
Orthocladiinae a augmenté.

Ainsi que I'on pouvait s’attendre pour une eau de plaine, le nombre des
espéces de la sous-famille des Chironominae est catégoriquement prédominant,
surtout si on les considére en rapport avec les autres sous-familles examinées
séparément. Jusgu’a présent, les formes larvaires suivantes ont pu étre iden-
tifiées:

Tendipedinae
Tendipedini

. Cryptochironomus burganadzeae Tshern.
. Cryptochironomus gr. conjugens Kieff.

. Cryptochironomus gr. defectus Kieff.

. Cryptochironomus fridmanae Tshern.

. Cryptochironomus gr. fuscimanus Kieff.
. Cryptochironomus gr. pararostratus Lenz.
. Cryptochironomus gr. viridulus F.

. Cryptochironomus gr. vulneratus Zett.

. Einfeldia gr. carbonaria Mg.

10. Endochironomus gr. dispar Mg.

11. Endochironomus gr. signaticornis Kieff.
12. Endochironomus gr. tendens F.

13. Glyptotendipes gr. gripekoveni Kieff.
14. Glyptotendipes polytomus Kieff.

15. Limnochironomus gr. nervosus Staeg.
16. Limnochironomus gr. tritomus Kieff.

1N U W N =

=

* 11 s’agit de Cryptochironomus vulneratus.
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1T
18.
19.
20.
21.
22.
23.
24.
25.
26.
21.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.
41.
42.

43.
. Cricotopus biformis Edw.
45.
46.
47.
48.
49.
50.
51,
52.
53.

Pentapedilum gr. exsectum Kieff.

Polypedilum gr.
Polypedilum sp.
Polypedilum gr.
Polypedilum gr.
Polypedilum gr.

Tendipedini gen? 1. halophila Botn. Cindea
Tendipedini gen? 1. macrophthalma Tshern.

convictum Walk.
(Tendipedinae ,,genuinae’
nubeculosum Mg.

pedestre Mg.

scalaenum Schr.

Tendipes f. 1. bathophilus Kieff.

Tendipes biappendiculatus Kruglova.

Tendipes f. 1. plumosus L.

Tendipes f. 1. plumosus-reductus Lip.

Tendipes f. 1. reductus Lip.
Tendipes f. 1. salinarius Kieff.
Tendipes f. 1. semireductus Lenz.
Tendipes f. 1. thummi Kieff.
Sergentia gr. longiventris Kieff.

Xenochironomus

xenolabis Kieff.

Tanytarsini

Lauterbornia Kieff.

Micropsectra sp.

Stempelina gr. bausei Kieff.
Tanytarsus gr. exiguus Joh.
Tanytarsus gr. gregarius Kieff.

Tanytarsus gr.

lauterborni Kieff.

Tanytarsus gr. lobatifrons Kieff.

Tanytarsus gr. mancus v. d. Wulp.

Orthocladiinae

Cricotopus gr. algarum Kieff.

Cricotopus latidentatus Tshern.
Cricotopus gr. silvestris F.
Orthocladiinae gen? sp.
Eukiefferiella bicolor Zett.
Eukiefferiella sp.

Limnophyes gr.

pusillus Eaton.
Propsilocerus danubialis Botn. Albu.

Psectrocladius barbimanus Edw.

Psectrocladius dilatatus v. d. Wulp.

http://rcin.org.pl
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14 N. Botnariue, V. Cure

54. Psectrocladius gr. psilopterus Kieff.
55. Orthocladius potamophilus Tshern.

Corynoneurinae

56. Corynoneura sp.
57. Thienemanniella flaviforceps Kieff.

Tanypodinae

58. Ablabesmyia gr. lentiginosa Fries.
59. Ablabesmyia gr. monilis L.

60. Ablabesmyia 1. pectinata Botn. Cindea
61. Ablabesmyia gr. tenuicalcar Kieff.
62. Ablabesmyia zavreli Kieff.

63. Ablabesmyia gr. falcigera Kieff.
64. Ablabesmyia gr. tetrasticta Kieff.
65. Anatopynia plumipes Fries.

66. Clinotanypus nervosus Mg.

67. Pelopia kraatzi Kieff.

68. Pelopia punctipennis Mg.

69. Pelopia villipennis Kieff.

70. Procladius Skuze.

La répartition des Chironomides dans les eaux du delta

En tenant compte du but poursuivi par cet ouvrage, notamment de trouver
une relation entre la distribution des associations des Chironomides dans les
eaux du delta et la géomorphologie du delta, il ne suffit pas de présenter la
liste des formes trouvées dans ces eaux. Nous considérons nécessaire de présenter
aussi la distribution de la faune des larves des Chironomides dan€ les différentes
unités hydrobiologiques.

On peut faire une classification naturelle des eaux du delta en plusieurs caté-
gories différant entre elles quant aux conditions de vie. Ce sont d’abord les
»ghioluri”™ du delta, qui occupent la plus grande superficie d’eau du delta.
Dans ces ,,ghioluri” I'eau est d’habitude bien aérée, agitée par les vents et le
plus souvent dépourvue de végétation flottante; la végétation submergée est
relativement peu développée; le fond en est vaseux, bien minéralisé d’habitude
et parfois sablonneux (dans les parties exposées aux vents dominants).

* ghiol, pl. ghioluri (pron. guiol, pl. guiolour) lacs caractéristiques du delta du Danube,
a surface variable mais de profondeur réduite (2—3 m) et bordés seulement par une ceinture
de roseaux.
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Chironomides du delta du Danube 15

Viennent ensuite les ,,japse’”™® qui représentent une phase avancée de colma-
tage des eaux stagnantes, avec de riches associations de plantes submergées
et flottantes; il y a aussi de fréquentes pénétrations de végétation dure. L’eau
est peu agitée, rarement et difficilement renouvelée pendant les inondations,
chargée de beaucoup de substances organiques; le fond est d’habitude vaseux,
faiblement minéralisé, trés riche en detritus organique (surtout végétal) et
faiblement aéré.

Les eaux temporaires forment une autre catégorie. Elles se forment pendant
les inondations du printemps et disparaissent le plus souvent dans la saison
de sécheresse et chaude. Certaines de ces eaux temporaires proviennent de
I'eau des mares qui inondent les ,,grinduri” et qui, apreés la retraite des eaux,
demeure dans les parties les plus basses. D’autres piéces d’eau peuvent se
former par Uinfiltration de I'eau souterraine dont le niveau s’éléve pendant
les inondations. L’eau apparait a la surface dans les dépressions des ,,grinduri”,
dépressions dans lesquelles I'cau des mares ne peut pas pénétrer. Evidem-
ment, les conditions de vie dans ces biotopes différent totalement de celles
des ,,ghioluri” et des ,,japsge”.

Enfin. une derniére catégorie est formée par les ,girle”® du delta. Dans
ces ,.girle” I'eau est d’habitude bien aérée, dans la majorité des cas le fond
est plus dur; en général, il y a un courant. Le courant d’eau des ,girle” étant
“réversible, il représente un moyen important pour la migration des Chironomides
dans la phase de larves jeunes.

Nous présenterons maintenant des listes des Chironomides par catégories
d’eaux, telles que nous les avons présentés ci-dessus. Les formes déterminées
comprendront trois catégories: dominantes (chiffres gras et soulignés) demi-
-dominantes (chiffres soulignés) et formes subordonnées. Cette division nous
facilitera 'analyse des données.

Quelques observations sur ’évolution géomorphologique
et biologique du delta

Nous n’avons pas I'intention d’analyser toutes les théories formulées jusqu’a
ce jour sur I'évolution géomorphologique du delta, ni 'intention de faire une
synthése des faits connus concernant ce probléme, pour ne pas dépasser les

4 japsa, pl. japse (pron. japcha) superficie d’eau peu profonde et envahie par une riche
végétation flottante ou submergée, dans le delta du Danube.

5 grind pl. grinduri(pron. grind., pl. grindour) banc de sable ou d’alluvions fluviatiles, bordant
les bras du Danube ou situés a travers du Delta (en direction perpendiculaire par rapport aux
bras du fleuve) paraléllement a la cote de la mer Noire.

¢ girla, pl. girle (pron. gyrla) canal naturel reliante entre eux plusieurs guiols du delta du
Danube.
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16 N. Botnariue, V. Cure

limites de cet ouvrage. Nous tdcherons uniquement de souligner les traits
importants pour le sujet qui nous intéresse.

Tous les auteurs, depuis Antipa (1914) jusqu’a Pfannenstiel
(1950) sont d’accord qu’a I’endroit du delta actuel se trouvait, a un certain
moment, un golfe ouvert de la mer Noire. Ce dernier auteur précise que ce golfe
s’est formé a la fin de la période glaciaire Wiirm ITI. A partir de cette étape
les opinions différent. D’aprés Antipa (1914), c’est le cordon littoral Jibrieni-
-Histria qui s’est formé d’abord en fermant le golfe, et ce n’est qu’ensuite que
le golfe a été colmaté par les alluvions du Danube, formant ainsi le delta actuel.
Les principaux bras du Danube pergaient le cordon dans plusieurs endroits.
C.Brdtescu (1923) considére au contraire que le ,,grind” maritime du cordon
littoral n’a pu se former qu’aprés le colmatage d’une grande partie du golfe par
les bras du delta, arrivant au niveau de la ligne du courant littoral, qui a formé
le cordon avec les alluvions charriées par le fleuve. Pfannenstiel (1950)
considére que les ,grinduri” de Letea et de Caraorman sont d’anciennes iles
qui s’élevaient des eaux du golfe, et V. Zencovici (1956) est d’avis que
ces ,grinduri”, y compris le ,,grind” de Jibrieni, représentent une presqu’ile
de la mer.

N’importe quelle solution ’on donnera a ce probléme, un fait résulte claire-
ment: le bord ouest de ce cordon a le méme age tout le long du delta, et, par
conséquent, la séparation des bassins situés immédiatement a ’ouest du ,,grind”
de Caraorman et de Letea s’est produite vers la méme époque. Il résulte de
méme que la partie du delta, située a I’est de Caraorman est plus jeune que
celle située a I'ouest de ce ,,grind”. En ce qui concerne le ,,grind”’ de Siréturile,
situé au coin sud-est du delta, les opinions différent beaucoup. Il suffit de
signaler que selon Zencovici (1956) ce ,,grind” est le plus jeune, et selon
Petrescu (1957), le plus ancien. Le dernier auteur apporte de sérieux
arguments pour démontrer que le ,,grind” de S#rdturile est di a I'activité du
bras de Sf. Gheorghe, qui coulait encore récemment le long du bord nord de
Sérdturile.

En ce qui concerne I’évolution des principaux bras du fleuve dans la région
du delta, les opinions sont aussi trés différentes. En tous cas, tous les auteurs
sont d’accord que le débit de ces bras a beaucoup oscillé le long des années.
Sans doute, le bras de Sf. Gheorghe est le plus ancien des trois et Chilia est de
formation relativement récente. H. Slanar (1945), par exemple, est méme
d’avis que ce bras s’est formé dans les temps historiques, au début du moyen-
-age.

Malheureusement, on peut dire peu de choses sur I’évolution géomorpho-
logique de Pintérieur du delta, de ses différents bassins. Il n’y a qu’Antipa
et Britescu quise soient occupés de ce sujet, quoiqu’en grandes lignes.
Les autres auteurs s’occupent exclusivement, ou a peu prés, de la genése et
de I’évolution du delta maritime. Mais nous pouvons tirer méme de ces données
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Chironomides du delta du Danube 17

- éparses quelques conclusions intéressantes pour notre probléme, conclusions
'~ concernant I’évolution du bras de Chilia et des bassins adjacents. Ainsi, Br &-
tescu (1923) démontre que le bras de Chilia, avant d’arriver au niveau du
' cordon actuel (grindul Letea), débouchait dans la mer par un delta secondaire.
Une grande partie du débit du bras avec des alluvions, débouchait pendant
longtemps dans la mer par les bras méridionaux de ce delta. Ces bras sont
visibles aujourd’hui encore comme des ,,girle” fortement colmatées — Polucovea,
Zamirova, Hangica, Sulimanca, etc., qui relient le bras de Chilia au complexe
- des . balti” Matita-Merhei. Ceci explique pourquoi de tout ce complexe des
s»balti” situé a proximité immédiate de 1'ouest du ,,grind” de Letea, du sud
de Bogdaproste jusqu’au nord de Merhei, c’est la partie nord qui est le plus col-
matée -— justement a cause de cette activité soutenue du delta secondaire,
formé ancienuement par le bras de Chilia.

Le bassin de Pardina est lui aussi adjacent au bras de Chilia, se trouvant
entre ce bras et les ,,grinduri” continentaux de Stipoc et de Chilia. L’origine
de ce bassin n’a pas été tout-a-fait éclaircie. L’idée formulée par plusieurs
auteurs est que le bassin de Pardina a une origine différente du reste du delta.
Ainsi, Antipa (1914) démontre que jusqu'a la formation du cours actuel
du bras de Chilia, une grande partie de I’eau de ce bras débouchait probablement
dans le bras de Sulina par la ,,girla” de Siriasa et puis par Sontea. Par conséquent
le débit de Chilia était alors trés petit. Il est probable qu’il y a eu jadis ici un
grand lac, limité au sud par le ,,grind” de Stipoc et a l’est par le ,,grind” de
Chilia; dans ce lac s’accumulaient les eaux retenues dans leur passage par
le grand ,,grind” de Chilia. Ce lac ne put s’écouler que lorsque le ,,grind” de
Chilia fut percé, il forma alors le bras principal qui le traverse aujourd’hui (27).

Britescu (1921) dit au sujet de ce bassin: ,,Finalement, comme un
trait caractéristique de la section Bugeac-Chilia rappelons le fait que les lacs
se trouvent ici entre les ,girle” et non pas a Pextrémité des ,,girle”, comme
dans la section Chilia-Periprava. Dans ce dernier cas, tous les lacs situés entre
le grand ,,M” du Sulina, le »grind” de Chilia et le ,,grind” de Letea, ne sont

e des restes du fond de la mer, restés non sédimentés aux embouchures du
d-est du delta secondaire de la section Chilia-Periprava; dans le deuxiéme
as, les lacs ne sont que les fonds plus profonds, restés non sédimentés entre
e bras du fleuve de la section Bugeac-Chilia ou des restes des lits du Danube”
. 24).

M. Pfannenstiel (1950) arrive aussi a la conclusion que le bassin
de Pardina est d’origine différente et relativement récente. Ce géologue dé-
montre que le bras de Chilia est une partie trés récente du delta danubien.
Initialement, au cours du Wiirm I, dans la portion ouest-est, le bras de Chilia
coulait le long du bord nord du ,,grind”’ de Stipoc, sur Pancien lit du ruisseau
Talpug, I'actuelle »girla” de Tacob. Plus tard, au cours des périodes Wiirm IT
et 111, ce lit s’est déplacé plus au nord longeant I'actuelle ,,girla” de Pardina
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18 N. Botnariue, V. Cure

et seulement dans la période postglaciaire il arrive a l'endroit ot se trouve
aujourd’hui le bras de Chilia’.

Nous concluons que le bassin de Pardina est de formation récente (bien
qu’il soit situé a I'ouest du delta) et qu’il ait une origine différente des autres
bassins du delta. Cette conclusion va nous faciliter aussi la compréhension
de la composition des associations des Chironomides se trouvant dans ce bassin.
Les parties du delta situées au sud-ouest du bassin de Pardina sont plus ancien-
nes que celles-ci, tant au point de vue géomorphologique que comme étape
d’évolution biologique.

Malheureusement, aucun auteur ne s’est occupée de ce dernier aspect —
I’évolution biologique du delta ou plus précisément, des facteurs biologiques
de V’évolution du delta du Danube. Antipa a été le seul qui ait souligné
le réle important joué par la végétation dans la transformation du delta, mais
sans essayer de faire une analyse plus compléte de ce processus.

Il n’est pas question d’analyser ici ce phénoméne. A vrai dire, il n’existe
pas de données suffisantes pour pouvoir le faire séricusement. Toutefois, puis-
qu’il s’agit de souligner les relations existantes entre la distribution des asso-
ciations des organismes vivants, dans le delta et son évolution géomorphologique,
je considére utile de mettre en évidence quelques aspects de ces relations
générales.

Je crois ne pas éxagerer en affiimant que notre delta est plutét un phéno-
méne biologique qu’hydrologique. Il suffit de contempler le delta a vol d’oiseau
pour nous rendre compte de I'importance du facteur biologique pour son exis-
tence. Le delta apparait comme une mer de roseaux ot se miroitent des petites
surfaces d’eau — les ,,ghioluri” et les ,.girle” du delta. De I'étendue totale
du delta (500 000 ha) 300 000 ha sont recouverts de roseau et seulement 140 000 ha
représentent la surface libre de I'eau. Il faut ajouter que de I'étendue recou-
verte de roseau 100 000 ha représentent le ,.plaur”, cette ,,terre ferme’ d’origine
purement biologique, qui modifie complétement I'aspect et I’hydrologie du
delta. Mais, considérons les choses de plus prés. Dans I'étude du delta, comme
dans tout autre processus, il est important de savoir quelles sont les forces
motrices du processus. Aprés avoir mis au clair ce probléme, il est plus facile
de comprendre le sens de I'évolution du processus respectif, ainsi que la place
et le réle que jouent les différents phénoménes dans ce développement.

En considérant a ce point de vue le delta du Danube, il est clair ainsi que
nous I'avons montré dans un autre ouvrage aussi — (,,La vie dans le delta”)
que I’apparition du delta du Danube est un phénoméne par excellence hydrolo-
gique. C’est le résultat de la contradiction entre I’action du fleuve et de la mer:

7Gr. Antipa attribue la migration vers le nord du bras de Chilia a une légére incli-
naison vers le nord du sol de la Dobroudgea.
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contradiction qui se déploie aux embouchures du fleuve. Ici, par suite de I'in-
teraction des eaux du fleuve et de la mer, a laquelle on doit ajouter I’action
des facteurs climatiques et surtout du vent, les alluvions sont sédimentées,
organisées et modelées de telle maniére, qu’a un moment donné, d’'une maniere
ou d’une autre, des portions de mer sont isolées et inclues, pour ainsi dire,
dans le corps du delta. Les facteurs biologiques jouent en cette étape un role
tout-a-fait subordonné aux facteurs hydrologiques. Cette étape, nous la con-
statons & présent dans le delta du Danube, méme devant les embouchures du
fleuve et entre ces mémes embouchures. Des iles nouvelles surgissent ici des
flots de la mer, comme par exemple, Sahalin, en isolant les ,,zatoane™; c’est
ici que commencent a se séparer les nouvelles lagunes, comme celle de Musura,
les futurs ,,ghioluri”, phénoménes dans lesquels les facteurs hydrologiques
jouent un réle extrémement important. Ce moment dépassé, les relations entre
les forces motrices du processus deltaique changent. Au premier plan surgit
la contradiction entre les facteurs hydrologiques du fleuve et les facteurs bio-
logiques, représentés surtout par la végétation. Le ,.ghiol” Rosu se trouve
dans cette étape; c’est le plus jeune ,.ghiol” du delta. Le grand miroir d’eau
libre, le fond profond, formé de vase mélée de sable, couvert de pelouses de
characées, crée des conditions spéciales de vie.

Nous pouvons voir les germes de I'évolution ultérieure, en examinant
les environs de ce grand ,,ghiol”, entouré de massifs infinis de roseau. A I'abri
du rideau de roseaux, le vent ne peut plus agiter 'eau. La vase la plus fine
charriée par I'eau, la vase de cellulose, résultée de la décomposition du roseau,
les restes d’autres plantes, toutes se déposent sans rencontrer d’obstacle sur
le fond, I'enrichissant en substances organiques, en detritus végétal. Le fond
s’éléve ici rapidement et les associations de plantes submergées parfois méme
des plantes flottantes commencent a apparaitre a la base des roseaux. On peut
dire que le processus naturel progresse dans le sens de la désagrégation, de la
transformation des ,,ghioluri” en ,,jepsi”, dans le sens de I'élévation du fond,
de I'invasion de I'eau par la végétation et, finalement, de la disparition des
.»gkioluri”. Si, au début de ce processus les facteurs hydrologiques, les courants
d’eau, la quantité dalluvions apportées par le fleuve jouent un réle trés
important, plus tard (ou, dans l'espéce, a I'ouest du delta) le réle des facteurs
biologiques devient prépondérant. La végétation dure, submergée et flottante
se développe dans une telle quantité qu’elle empéche complétement le renou-
vellement de I'eau dans les ,,jepsi” et dans les petits ,,ghioluri”, méme pendant
la crue des eaux du Danube. Sur le fond s’amassent chaque année de telles
quantités de matiéres organiques que celles-ci ne peuvent plus étre décomposées.
L’eau est littéralement remplie par la masse végétale des plantes submergées
et la surface se recouvre toujours davantage de plantes flottantes. A un certain

8 zaton, pl. zatoane.
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moment, méme les plantes submergées commencent a disparaitre, parce que
les plantes flottantes empéchent complétement la pénétration de la lumiére
dans ’eau. Il est clair que dans une eau pareille les conditions de vie devien-
nent difficiles et les associations des organismes seront bien différentes de celles
vivant dans les grands ,,ghioluri”’ ouverts et bien aérés. Peu a peu, la végétation
dure invade ces eaux et plus tard céde la place aux saules, c’est ainsi que ’ancien
fond de mare devient une forét ou une prairie.

Il est évident que dans I’évolution du delta proprement dit — de I'est a
I'ouest —le réle des facteurs biologiques et des associations devient toujours
plus important. Ces facteurs arrivent a modifier I’hydrologie méme du delta
(en obstruant les ,.girle”, en colmatant les ,,jepsi”, en empéchant le renouvelle-
ment de l’eau dans certains ,,ghioluri”’) et déterminent méme 1’évolution
de ses aspects morphologiques.

La relation entre la distribution des associations des Chironomides dans le delta
et I’évolution géomorphologique et biologique du delta

En nous basant sur la comparaison des données exposées ci-dessus, nous
essayerons de voir quelle est la relation entre la distribution des associations
des Chironomides, sur le parcours du delta et les biotopes représentant les dif-
férentes étapes de son évolution géomorphologique. Autrement dit, en super-
posant les associations des Chironomides sur la carte du delta et en connaissant
les grandes lignes de I’évolution géomorphologique et biologique du delta, nous
essayerons de voir dans quelle mesure ces associations portent I'empreinte
des étapes de I’évolution du biotope et donc dans quelle mesure la formation
des associations des Chironomides représente une caractéristique de ces étapes.
Nous allons commencer par la plus jeune zone du delta, située a I'embouchure
du fleuve. ’

L’une de plus jeunes unités est, sans doute — Baia de Nord ou Musura,
située entre 'embouchure du bras de Sulina et le delta du bras de Chilia. C’est
un ,,ghiol” en train de formation, mais communiquant largement avec les %
eavx de la mer. La différenciation de ce ,,ghiol” est due aux alluvions appor-
tées par le bras de Chilia, les alluvions qui sont entrainées et déposées en di-
rection sud ou sud-sud-est, sous forme d’une bande de terre qui tend a isoler
de la mer I'actuelle Baia de Nord. Aujourd’hui les conditions de vie de Baia
se trouvent sous une forte influence tant du fleuve que de la mer et sont donc
trés variables. Au cours de la période de grandes crues, les eaux de ce golfe
sont complétement adoucies, tandis que lorsque le niveau des eaux baisse
ou pendant la période des vents du sud-est, les eaux de la mer pénétrent dans
le golfe, modifiant brusquement les conditions de vie.

Naturellement, dans un tel biotope, les biocénoses auront un caractére
trés variable, ne réussissant pas a prendre ’aspect des biocénoses des ,,ghioluri”
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du delta. La biocénose des Chironomides n’est pas encore complétement consti-
tuée. On déduit ceci du fait que parmi les 20 formes trouvées en Musura, il n’y
en a aucune qui soit nettement dominante (exceptant les formes phytophiles
qui ne sont caractéristiques pour aucune unité du delta).

Par conséquant, aucune forme n’a trouvé les conditions nécessaires a un dé-
veloppement en masse. Il faut mentionner ici I'apparition de certaines formes
qui, bien quelles soient encore des éléments secondaires, représentent, probab-
lement, les futurs éléments dominants. Tel est Tendipedini g. 1. halophila, qui
est aujourd’hui I'élément dominant et caractéristique de tout le compléxe
de Razelm. L’évolution biocénologique de cet élément dépendra du sens de
I’évolution du biotope tout entier. Cette espéce ne se développera au point de
vue numérique, que si Musura évoluera dans le sens du compléxe de Razelm,
en gardant donc le caractére saumétre des eaux.

Une autre unité en train de formation est la ,,Meleaua Sf. Gheorghe”, située
en face et un peu au sud des embouchures du bras de Sf. Gheorghe. Cette unité
évolue pourtant dans un autre sens et se trouve dans un autre stade d’évolution,
plus avancé que Musura. L’élévation rapide du fond, a 'ouest de I'ile de Sahalin,
due aux alluvions charriées par le bras de Sf. Gheorghe, sans isolement préalable
des eaux de la mer, a abouti a un riche développement de la végétation. Le
fond peu profond garde par endroits un caratére sablonneux, tout en étant
fortement embourbé dans certaines autres parties. Ces traits du biotope ont
déterminé une autre composition de la biocénose des Chironomides. Des
12 formes trouvées ici, six seulement sont communes avec celles de Musura
(voir le tableau No 1). Le fond sablonneux ou vaseaux a permis I'installation
d’un nombre plus grand de Cryptochironomus gr. defectus et de Tendipes f. 1.
semireductus. Il faut remarquer surtout la présence de Einfeldia gr. carbonaria,
qui, tout en se trouvant ici dans une proportion trés réduite, peut devenir un
des éléments dominants, comme par exemple, dans le ,,ghiol” Rosu. En com-
parant la composition des biocénoses des Chironomides de deux stations men-
tionnées, Musura et Meleaua Sf. Gheorghe, on peut affirmer que, bien qu’en
principe, les unités du delta naissent de la méme maniére — par lisolement
des eaux de la mer — le processus de différenciation, donc le processus de for-
mation des biocénoses, progresse par différentes voies selon les conditions lo-
cales, selon la position de chaque piéce d’eau par rapport aux embouchures
du Danube, selon I’histoire spécifique de chaque lieu. On peut généraliser cette
idée pour le delta tout entier. On peut affirmer, comme nous allons le montrer
plus loin que, bien que toutes les unités du delta évoluent, en principe, selon
la méme voie, a partir de 'isolement des ,,ghioluri ”de la mer vers leur désa-
grégation en ,,jepsi”, suivi du colmatage et de leur disparition — ce processus
se déroule en chaque unité d’une maniére caractéristique, déterminée par la
position actuelle et historique de chaque piéce d’eau dans I’ensemble du delta.
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Une preuve est aussi fournie par le fait que méme le début de la différenciation
des unités, leur isolement de la mer, se déroule différemment dans différents
lieux, et les biocénoses elles aussi, prennent dés le commencement des aspects
différents, sans étre pourtant trop caractéristiques. Les unités définitivement
constituées, mais ayant des positions et des ages différents, confirment cette
idée. Etant donné que les formes phytophiles ne sont pas caractéristiques pour
les ,.ghioluri”, nous nous occuperons par la suite spécialement des formes

benthoniques.
Tableau I
Larves des Tendipedidae des embouchures du Delta
B Lieu l. Noms des embouchures ‘ Musura s fM(e;ll:::ghe
N\ ’ ; |
| nombre de prises \ 11 12 |
— : —
! Subfam. Chironominae ‘ E |
Tendipedini | i
1 | Cryptochironomus gr. conjungens Kieff. 9 17 ‘.
2 Cryptochironomus gr. defectus Kieff. 9 42
3 Cryptochironomus gr. fuscimanus Kieff. — 25
4 Einfeldia gr. carbonaria Mg. — 18
5 Glyptotendipes gr. gripekoveni Kieff. 18 —
6 Glyptotendipes polytomus Kieff. 9 =
7 Limnochir us gr. ner s Staeg. 9
8 Limnochir us gr. tri s Kieff. 18
9 Polypedilum gr. nubeculosum Mg. 9 _—
10 | Polypedilum gr. scalaenum Schr. — 9
11 Tendipedini gen.? 1. halophila Botn. Cure 9 —_
12 Tendipes f. 1. plumosus L. . 9 —
13 Tendipes f. 1. reductus Lip. ) el
14 Tendipes f. 1. semireductus Lenz. - 50
15 Tendipes f. 1. thummi Kieff. 9 —
Tanytarsini
16 Lauterbornia Kieff. 18 —
17 Tanytarsus gr. exiguus Joh. 9 -
18 Tanytarsus gr. lauterborni Kieff. 55 —
19 Tanytarsus gr. mancus v. d. Wulp. -— 33
Subfam. Orthocladinae
20 Cricotopus gr. algarum Kieff. 27 -
21 Cricotopus gr. silvestris F. 64 25
22 Psectrocladius barbimanus Edw. > 9
23 Psectrocladius gr. psilopterus Kieff. 9
Subfam. Tanypodinae
24 Pelopia kraatzi Kieff. 18 -
25 Pelopia punctipennis Mg. — 25
26 Procladius Skuze 18 25
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Le ,.ghiol” Rosu est le plus récent ,,ghiol” du delta. Le grand étale d’eau,
la bonne aération de I’eau par une bonne circulation, I'agitation de I’eau due
aux vents qui empéchent la sédimentation de la vase trop fine sur toute I’étendue
du ,,ghiol”, le fort développement des Characées, déterminent certains caractéres
de la biocénose des Chironomides. Le complexe des Chironomides (voir tableau
No II) est caractéristiquement dominé par deux formes benthoniques con-
ductrices Einfeldia gr. carbonaria et Propsilocerus danubialis. Dans les parties
le plus fortement envasées se développent Tendipes f. 1. plumosus, qui apparait
comme une forme subordonnée, représentant I’élément qui dominera dans une
phase plus avancée de ’évolution du ,,ghiol”. A c6té de cette forme Procladius
arrive a un grand développement, mais étant une forme carnivore et trés eurytope
(il se trouve dans toutes sortes d’eau stagnantes, en commengant par les lacs
alpins jusqu’aux eaux temporaires des plaines) il ne représente pas un élément
caractéristique. En ce qui concerne les autres formes trouvées dans le ,,ghiol”
Rosu, ayant un faible développement quantitatif, nous ne les mentionnons
pas ici, mais elles peuvent étre suivies sur le tableau.

En méme temps que I’évolution ultérieure des ,,ghioluri”, évolution qui
consiste essentiellement dans ’extension des ,,jepsi” situées autour des ,,ghio-
luri”, dans le développement croissant de la végétation dure, dans la réduction
de I'étale de I’eau (accompagnées toutes du colmatage du ,,ghiol”), dans 1’élé-
vation du fond et de ’accumulation de plus en plus intense des substances
organiques se trouvant dans les dépéts du fond, la population du fond, y com-
pris I'association des Chironomides, se modifie également. Dans ce processus,
la premiére forme qui passe sur le plan secondaire et disparait méme, est Propsi-
locerus danubialis et puis aprés FEinfeldia gr. carbonaria, qui sont remplacées
par d’autres espéces, pour lesquelles le nouveau milieu est plus convenable,
fait qui apparait clairement dans le complexe de ,,ghioluri”” de Mila 23. Si nous
examinons les associations des Chironomides de ces ,,ghioluri”, en allant du
sud au nord — Bogdaproste, Tri-Ozera, Matita, Merhei — nous constatons
comme suit: a2 Bogdaproste la forme conductrice est Einfeldia gr. carbonaria.
Propsilocerus danubialis passe sur le deuxiéme plan, étant devenue une forme
subordonnée; formes secondaires plus importantes: Glyptotendipes gr. gripe-
koveni et Polypedilum gr. nubeculosum. A remarquer ici, I'apparition dans une
seule prise de Tendipes f. 1. semireductus..

Dans Tri-Ozera, I’association des Chironomides est différente: la forme
conductrice est Limnochironomus gr. tritonomus, la forme subordonnée Tendipes
f. 1. plumosus; Einfeldia gr. carbonaria et Propsilocerus danubialis existent
encore, mais elles deviennent des formes secondaires, cette derniére étant plus
fréquente que la premiére. Cette association correspond a une étape plus avancée
de colmatage des ,.ghioluri”. Grace a cette végétation abondante, les formes
phytophiles se développent rapidement, comme par exemple: Ablabesmyia moni-
lis et Tanytarsus gr. gregarius.
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En avangant vers le nord, a Matita, I’association des Chironomides prend
un nouvel aspect — Tendipes f. 1. plumosus devient la forme conductrice, la forme
subordonnée — Cryptochironomus gr. defectus; Einfeldia gr. carbonaria et
Propsilocerus danubialis persistent comme formes secondaires. A c6té de celles-ci
Procladius se développe également dans un rythme accéléré. Les formes phy-
tophiles Endochironomus gr. tendens et Ablamesmyia monilis sont également
bien représentées. A Merhei, la situation apparait encore plus modifiée. La forme
conductrice est Limnochironomus gr. tritonus et la forme subordonnée — Ten-
dipes f. 1. plumosus; Propsilocerus danubialis disparait complétement. Einfeldia
gr. carbonaria demeure comme forme secondaire. Les formes phytophiles qui
présentent un développement plus abondant sont Tanytarsus gr. lobatifrons
et Ablabesmyia monilis.

Cette transformation successive de l’association des Chironomides, dans
la série de quatres ,,ghioluri”, du sud au nord, refléte — croyons-nous — un cer-
tain processus de leur évolution. Tout le complexe des ,,ghioluri”, situé entre
le ,,grind” de Chilia et de Stipoc a 'ouest et la ,,grind” de Letea a 'est, a été
séparé de la mer par I'alluvionnement actif du bras de Chilia, de la section
Periprava- Vilcov. La séparation et le colmatage de la lagune, et puis des ,,ghiolu-
ri”, s’est faite du nord au sud, et continue a se déployer ainsi & Musura. C’est
pourquoi les ,,ghioluri” du nord sont plus intensément colmatés que ceux du
sud. Ainsi, le ,,ghiol” Bogdaproste, qui est situé au point extréme du sud, est,
probablement, le plus récent des ,,ghioluri”, mais tout de méme plus ancien
que le ,,ghiol” Rosu.

Ceci explique le rapprochement qui existe entre la composition des asso-
ciations des Chironomides de Bogdaproste et celle du ,,ghiol” Rosu d’une part et,
d’autre part, la transformation successive des associations & mesure que ’on
avance vers le nord, au fur et & mesure du colmatage, avec prédominance nette
des formes iliophiles.

Dans I'ile de Sf. Gheorghe, les ,,ghioluri”” d’Uzlina, Isacova et Obretin sem-
blent étre dans un stade semblable, ainsi qu’il ressort d’une certaine ressemblance
entre les associations des Chironomides de ce systéme de ,,ghioluri” et celui du
complexe de ,,ghioluri” de Mila 23. Tandis que dans ce complexe-la, le colmatage
des ,,ghioluri” s’est deployé du nord au sud, ici le colmatage a été plus soutenu
dans le sud et moins intense dans le nord, a cause de I’activité du bras de Sf. Ghe-
orghe. Voici pourquoi, afin de faire une meilleure comparaison entre les associa-
tions de Chironomides des deux complexes de ,,ghioluri”, il est plus juste d’exa-
miner ces associations, en partant d’ Obretin (que nous considérons comme
unitaire en dépit du fait qu’il est coupé par le canal de Sulina) vers Uzlina,
c’est-a-dire du ,,ghiol” moins colmaté vers celui, ol ce processus est plus
avancé.

Dansle ,,ghiol”” d’Obretin les formes conductrices sont: Tendipes f. 1. plumosus,
Cryptochironomus gr. defectus et Polypedilum gr. nubeculosum; comme formes
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Larves des Tendipedidae des ,,ghiols” du delta du Danube Tableau II

-]
Noms des ,,ghiols™ § g = -] 2 = o -
& '+ A 2 & 2 = S 2 3 S & g 3 Solas e A e 4 a & = 3 & & S a |
Nombre de prises 35 2 1 5 14 17 8 15 3 6 33 4 9 7 5 2 3 2 2 1 5 20 5 2 11 9 6 4 5, 3
Subfam. Chironominae
Tendipedini - !
1 | Cryptochironomus gr. conjungens Kieff. 9 50 7 17 6 29 50 25 20 11
2 | Cryptochironomus gr. defectus Kieff. 11 50 7 86 | 125 | 28 33 | 66 12 50 22 20 | 100 66 10 15
3 | Cryptochironomus fridmanae Tshern. e 11
4 | Cryptochironomus gr. pararostratus Lenz. 3 50 20 7 17 =25 11 20
5 | Cryptochironomus gr. viridulus F. 9 : 7 12.5
6 | Einfeldia gr. carbonaria Mg. 37 - 80 7 6| 1255 67 86 66 50 | 100 e
7 | Endochironomus gr. tendens I. 21 24 | 50 6 22 33
8 | Glyptotendipes gr. gripekoveni Kieff. 40 6 | 125 17 3 25 33 14 10 50 36 11
9 | Glyptotendipes polytomus Kieff. q ; 22 16
10 | Limnochironomus gr. nervosus Staeg. 6 14 3
11 | Limnochironomus gr. tritomus Kieff. 9 50 12- | 50 21 33 33 6 10
12 | Polypedilum gr. nubeculosum Mg. 9 oL 12 14 33 66 6 50 11 48 | M |
13 | Polypedilum gr. scalaenum Schr. 3 3
14 | Sergentia gr. longiventris Kieff. : 14 | 50 50 10
15 | Tendipedini gen.? 1. halophila Botn.
Cindea 82 56 33 | 100 80 | 100
16 | Tendipedini gen.? 1. macrophthalma 21 6 1]112:5
Tshern.
17 | Tendipes f. 1. bathophilus Kieff. 3 17
18 | Tendipes biappendiculatus Kruglova 28 1
19 | Tendipes f. 1. plumosus L. "23 | 50 42 | 53 | 25 | 35 | 66 | 66 | 64 | 25 | 22 | 20 | 60 | 100 50 | 50 60 20 G R | 3T
20 | Tendipes f. 1. reductus Lip. : 65 20
21 | Tendipes f. 1. salinarius Kieff. 50 T i i
22 | Tendipes f. 1. semireductus Lenz. 3 50 + 20 6 35 50 42 25 22 ) 33 50 25 G0 7_8 16
23 | Tendipes f. . thummi Kieff. 1 | 10 18 16
24 | Xenochir us labis Kieff. 20
Tanytarsini oA
25 | Lauterbornia Kieff. 10
26 | Micropsectra sp. 3 6
27 | Tanytarsus gr. exiguus Joh. 3 50 33
28 | Tanytarsus gr. gregarius Kieff. 3 20 | 42 6 1 Tl 20 z
29 | Tanytarsus gr. lauterborni Kieff. 3 f 6 17 6 25 10 11
30 | Tanytarsus gr. lobatifrons Kieff. 3 _5_(_) E
31 | Tanytarsus gr. mancus v. d. Walp. 9 17 3 5_0
Subfam. Orthocladiinae
32 | Cricotopus gr. algarum Kieff. 7 9 25 20
33 | Cricotopus biformis Edw. -
34 | Cricotopus latidentatus Tshern. i
35 | Cricotopus gr. silvestris F. 1 3 14 | 100 | 50 20 [ 5
36 | Propsilocerus danubialis Botn. Albu 37 60 35 18 33 11 14 50 50
37 | Psectrocladius gr. psilopterus Kieff. 50 12,5 | 14 17 3 50 B2 50 10
Subfam. Corynoneurinae
38 | Corynoneura sp. 7 17 25
Subfam. Tanypodinae
39 | Ablabesmyia gr. monilis L. 11 40 63 | 24 25 7 £ 60 5
40 | Anatopinya plumipes Fries. 12 14
41 | Clinotanypus nervosus Mg. 6 : e
42 | Pelopia punctipennis Mg. 50 6 11 50 65 | 100 R N
43 | Pelopia kraatzi Kieff. 50 20 6 1 25 11 20 50 10 s
44 | Pelopia villipennis Kieff. 10
45 | Procladius Skuze 20 | 100 | + 14 | 86 | 125 | 42 | 66 52 |25 | 44 | 14 | 20 33 | 50 | 100 65 | 80 18 | 56| 33 | 25
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Larves des Tendipedidae des ,,japshes” du delta du Danube

Tableau ITI

http://rcin.org.pl

Noms des ,,japshes” 8 = s g ] §' 2 = 4 = g g B < 5 o % i = g T % 3 E E
SR S N SRR s N e e R B S R S R B |
3 > & & & [ £ | < é S |82 | & & 3 = A 3 5 | Nz | 8 3 E: & 8 3 z > 3 = & 3 : z )
Nombre de prises 3 2 3 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 2 1 4 1 2 1 4 1 3 2 7 3 1 1 1
Subfam. Chironominae
Tendipedini
1 | Cryptochironomus gr. conjugens Kieff. 14
2 | Cryptochironomus gr. defectus Kieff. 28
3 | Cryptochironomus gr. pararostratus Lenz 33 50 33 =% S5 100 s
4 | Cryptochironomus gr. viridulus F. o 25
5 | Endochironomus gr. signaticornis Kieff. 33 50 B a & = +
6 | Endochironomus gr. tendens F. 33 -+ 50 14
7 | Gliptotendipes gr. gripekoveni Kieff. 50 + 50 33
8 | Gliptotendipes polytomus Kieff. g Sy = i) 100 100
9 | Limnochironomus gr. nervosus Staeg. 66
10 | Limnochironomus gr. tritomus Kieff. B0l 33 & Jaa Y 50 | 14 | 66
11 | Pentapedilum gr. exsectum Kieff. 33 50 33
12 | Polypedilum gr. convictum Walk. TR e X
13 | Polypedilum sp. (Tendipedinae ,.gennine” R
nr. 3) Lip. 33
14 | Polypedilum gr. nubeculosum Mg. 50 +
15 | Polypedilum gr. pedestre Mg. 33
16 | Tendipedini gen.? 1. macrophthalma Tshern. 50 50 50 66 e
17 | Tendipes f. 1. plumosus L. 50 + 13 100 e i + ar 50 50 66 100
18 | Tendipes f. 1. plumosus-reductus Lip. I 14
19 | Tendipes f. 1. semireductus Lenz. | 33 +
20 | Tendipes f. 1. thummi Kieff. 35 50
21 | Xenochironomus xenolabis Kieff. 33
Tanytarsini
22 | Micropsectra sp. U
23 | Tanytarsus gr. exiguus Joh. 33 H=
24 | Tanytarsus gr. gregarius Kieff. 50 14 33
25 | Tanytarsus gr. lauterborni Kieff. 50 66 50 100 50 33
26 | Tanytarsus gr. mancus v. d. Walp. 30 Llses
Subfam. Orthocladiinae
27 | Cricotopus gr. algarum Kieff. 33 33
28 | Cricotopus latidentatus Tshern. 50
29 | Cricotopus gr. silvestris F. 33 50 33 += T 100 aH 50 25 50 33
30 | Eukiefferiella bicolor Zett. 50 +
31 | Propsilocerus danubialis Botn. Albu TE T
32 | Psectrocladius gr. psilopterus Kieff. + 25 50 14 66
Subfam. Corynoneurinae
33 | Corynoneura sp. 66 50 33 100 4
34 | Thienemanniella flaviforceps Kieff. 33 e
Subfam. Tanypodinae
35 | Ablabesmyia monilis L. 66 L 50 o e 25 50 14 | 100 +
36 | Ablabesmyia l. pectinata Botn. Cindea 33
37 | Ablabesmyia gr. tetrasticta Kieff. 33 50 =F 33 14 +
38 | Pelopia kraatzi Kieff. s ‘ - —
39 | Pelopia punctipennis Mg. 3 + 100 25 % 33 50 13 33
40 | Procladius Skuze 50 33 - + B
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Tableau IV
Larves des Tendipedidae des eaux temporaires du delta du Danube

8| 3 i
Licu 8 s = G -
3 = s
- AR RIS
Nombre des prises 1 2 1 1 1 1
- Subfam. Chironominae
Tendipedini
1 | Cryptochironomus gr. defectus Kieff. St
2 | Cryptochironomus gr. pararostratus Lenz. ' +
3 | Glypototendipes gr. gripekoveni Kieff. + 50 + +
4 | Glyptotendipes polytomus Kieff. 50 =it
5 | Polypedilum gr. convictum Walk. a5
6 | Polypedilum grt. nubeculosum Mg. 35 45
7 | Limnochironomus gr. nervosus Staeg. 50
8 | Endochironomus gr. dispar 100
9 | Tendipedinigen? 1. macrophthalma
Tshern. ; s
10 | Tendipes f.1. plumosus L. + | 100 + - + +
Tanytarsini
Tanytarsus gr. gregarius Kieff. +
Tanytarsus gr. lauterborni Kieff. + | 100
Tanytarsus gr. mancus v. d. Wulp. ¥
Subfam. Orthocladiinae
Cricotopus gr. silvestris F. - 50 i +
Psectrocladius gr. psilopterus Kieff. - 50 a
Limnophyes gr. pusillus Eaton. 50 o
Orthocladinae gen.? sp.? 50 =
Subfam. Corynoneurinae
Corynoneura sp. 50 S 3
Subfam. Tanypodinae
Ablabesmyia monilis L. - 50 o
Ablabesmyia falcigera Kieff. 100 SR
Ablabesmyia pectinata Botn. Cindea 5
Pelopia kraatzi Kieff. +
Procladius Skuze + W
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subordonnées, on trouve: Tendipes f. 1. semireductus, Limnochironomus gr.
tritonus et Propsilocerus danubialis. Outre les formes sus-citées se sont deve-
loppées Procladius et la forme phytophile Endochironomus gr. tendens. Vers
le sud, dans le ,,ghiol” d’Isacava, on trouve comme formes conductrices Tendipes
f. 1. plumosus et Propsilocerus danubialis et comme formes subordonnées Cryp-
tochironomus gr. defectus, Limnochironomus gr. tritonus et Polypedilum gr.
nubeculosum. (Etant donné le petit nombre de prises que nous avons d’Isacova,
il serait possible que I’association décrite de ce ,.ghiol” ne correspond pas a la
réalité, dans le sens que les proprotions entre les espéces pourraient étre tout
autres). Parmi les formes phytiphiles Cricotopus gr. silvestris est le plus déve-
loppé. Plus au sud, dans Uzline, Tendipes f. 1. plumosus et Tendipes f. 1. semire-
ductus sont les formes conductrices; comme formes subordonnées il y a Crypto-
chironomus gr. defectus, et Limnochironomus gr. tritonus; Propsilocerus danu-
bialis se maintient seulement comme forme secondaire, a ¢6té d’autres formes
secondaires (voir le tableau II). Parmi les formes existantes Procladius s’est
beaucoup développé et parmi les formes phytophiles Psectrocladius gr. psilopterus.
Ce qui différencie la population de Chironomides de ces trois ,,ghioluri” de celle
du complexe des ,,ghioluri” de Mila 23 c’est, avant tout, 'absence de Einfeldia
gr. carbonaria. De méme, le développement, au point de vue numérique, de Ten-
dipes f. 1. semireductus. Dans le reste, la formation des associations des Chiro-
nomides est la méme et montre, en général, une méme étape de I'évolution de
ces unités.

Les observations biocénologiques faites jusqu’ici concordent avee les conclu-
sions des géomorphologues et des géologues, ainsi que nous I’avons démontré
dans le chapitre précédent. De I'ouvrage de Britescu (1922) par exemple,
il résulte que le territoire inclus par le ,,grind” de Letea, entre ses deux marges,
de l'est et de l'ouest, a le méme age que le territoire inclus entre Caraorman
et le ,,grind” de Sulina-Ivancea. ,,Le rivage actuel de la mer Noire a Sulina
date de la méme époque que le rivage de la mer au point Ivancea et le premier
delta secondaire de Chilia. Cette constatation est un fait inébranlable et n’importe
qui analyse la carte hydrologique du delta ne peut Je nier” (Brédtescu,
p- 31-32).

11 en résulte que, en effet, le ,,ghiol” Rosu, situé a I'est du ,,grind” de Sulina-
-Ivancea, est le plus ,,jeune”. D’autre part, comme nous ’avons déja dit, la marge
ouest du ,,grind” de Letae (Raducu) a le méme age que la marge du ,,grind”
de Caraorman, ce qui montre que le complexe de ,.ghioluri” de Mila 23 s’est
séparé dans la méme période que le complexe Uzlina-Isacova-Obretin. A ce fait
géomorphologique correspond aussi la ressemblance des associations des Chiro-
nomides de deux complexes de ,ghioluri”. Bien siir que chaque complexe
a eu ses traits spécifiques pendant son évolution, traits qui ont déterminé
aussi quelques différences dans la formation des associations des Chironomides,
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Jusqu'a présent nous ne savons pas d’une maniére concréte en quoi consistent
ces traits particuliers dans I’évolution de chaque complexe.

En allant plus loin, vers I'ouest, nous trouvons les derniers deux grands
,ghioluri’”: Gorgova et Furtuna. Ces ,ghioluri” correspondent a une étape
plus avaneée de I’évolution du delta et I’association des Chironomides a, en
conséquence, une autre structure. Ainsi, a Gorgova, la forme conductrice est
Tendipes f. 1. plumosus, la forme subordonnée Tendipes semireductus, et comme
forme sécondaire plus importante Cryptochironomus gr. defectus. Parmi les
autres formes, celle qui s’est la plus développée est Procladius. Dans le ,,ghiol”
de Furtuna (avec la méme réticence que dans le cas du ,,ghiol” d’Isacova)
parmi les formes du fond, Cryptochironomus gr. defectus et Polypedilum gr.
nubeculosum sont des formes conductrices et comme formes subordonnées
apparaissent Tendipes f. 1. plumosus et Glyptotendipes gr. gripekoveni. Parmi
les formes phytophiles, celles qui se sont le plus développées sont: Tanytarsus
gr. mancus, Cricotopus gr. silvestris et Psectrocladius gr. psilopterus. Dans les
deux ,,ghioluri” de Gorgova et de Furtuna, on ne trouve plus d’Einfeldia ni
de Propsilocerus.

Le bassin de Pardina, séparé du reste du delta par les ,grinduri” conti-
nentaux de Stipoc et de Chilia, présente un tout autre aspect. Cet aspect différent
consiste dans certains traits inattendus des associations des Chironomides des
.-ghioluri” et des ,,jepse” de ce bassin. Mentionnons d’abord que dans tout
le delta il n’y a que dans ce bassin que 'on a trouvé dans plusieurs endroits
Sergentia gr. longiventris. Ensuite, notre idée que Einfeldia est caractéristique
pour les zones situées vers I'est, ¢’est-a-dire plus récentes du delta, est contredite,
au moins en apparence, par le fait, que dans ce bassin FEinfeldia gr. carbonaria
apparait, dans plusieurs unités, comme forme conductrice. En effet, dans les
»ghioluri” de Tatanir et de Tihai, cette forme est la seule conductrice et domine
le développement des autres formes. Dans le petit Serhdinoiu, a cété de Einfeldia.
et tout aussi développé apparait Cryptochironomus gr. defectus. Einfeldia gr.
carbonaria apparait aussi dans les ,,ghioluri” du grand Serhénoiu, Bacina et
dans le grand Pojaret (nous ne pouvons pas en préciser les proportions a cause
de petit nombre de prises). A cété de ces formes, un grand développement
est enregistré ausgi par Tendipes f. 1. plumosus. L’association des formes rapaces
a, elle aussi, un nouvel aspect: a co6té de Procladius — abondant dans toutes
les unités — apparait Pelopia punctipennis et surtout Pelopia kraatzi.

En ce qui concerne la position dans I'ensemble du delta, le bassin de Pardina
parait étre le plus ancien, mais le caractére de la biocénose des Chironomides
ne semble pas confirmer cette hypothése. La présence trés fréquente d’Einfel-
dia gr. carbonaria rapproche les biocénoses de ce bassin de celles du complexe
de Mila 23 par exemple.

Quelle peut étre 'explication de ce fait?

Comme nous P'avons déja souligné dans le chapitre précédent, le bassin
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de Pardina occupe aussi, au point de vue géomorphologique, une place a part,
mais celle-ci n’est pas trés bien précisée. En conséquence, toute la structure
biogéomorphologique, pour ainsi dire, de ce bassin, le met dans une situation
speciale par rapport aux zones environnantes. Probablement que le bassin
de Pardina représentait une immense lagune, isolée du reste du delta par le
,»grind” de Letea a lest et le ,,grind” de Stipoc au sud. Le fait que le fond de ce
bassin se trouve sous le niveau de la mer Noire, comme d’ailleurs le fond du
delta tout entier, plaide pour cette idée. Le colmatage de ce bassin a représenté
un long processus. L’absence des ,grinduri” ou leur faible développement
le long des ,girle” Gotca, Repedea, Pardina, Adinca, etc., de I'intérieur du bas-
sin, démontre que la différenciation du bassin en unités plus petites — ,.ghioluri”,
»jepsi”’, ,.girle” — n’est pas beaucoup plus ancienne que, par exemple, la for-
mation des ,,girle” du c6té nord du complexe de Mila 23: les ,,girle” de Polu-
cofca, Zamirova, Hamgica, ete. En conséquence, bien que le bassin de Pardina
se soit séparé de la mer beaucoup plus tét que le complexe Mila 23, la formation
des ,,ghioluri” des deux bassins s’est produite a peu prés dans la méme période.
Cela pourrait expliquer aussi les traits semblables des biocénoses des Chiro-
nomides des deux bassins.

Si nous avangons vers le sud du delta, dans I’ile de Dranov et dans le com-
plexe Razelm, nous observons un paysage tout-a-fait différent et caractéristique
pour chacun de ces bassins.

Dans le ,,ghiol” de Dranov, I’association des Chironomides est caractéristi-
que: Tendipes f. 1. reductus a cété de Pelopia punctipennis et Procladius arri-
vent a un développement égal des formes conductrices. En général, il faut
souligner le grand développement, dans ce ,,ghiol”, ainsi que dans le ,»ghiol”
de Petre, des formes benthoniques carnivores. Dans le ,,ghiol” de Dranov se
trouvent comme formes subordonnées: Tendipes f. 1. semireductus et Crypto-
chironomus gr. conjugens. Comme forme secondaire plus importante, Crypto-
chironomus gr. defectus.

Dans le ,,ghiol”” Petre, beaucoup plus petit et plus colmaté que le Dranov,
nous constatons une variante de la méme biocénose, les proportions entre
les espéces étant modifiées. Le réle de forme conductrice revient aux espéces
carnivores. Sur le premier plan apparaissent Pelopia punctipennis, puis Procla-
dius; comme forme subordonnée apparait Tendipes f. 1. semireductus, Tendipes
f. 1. reductus se maintient seulement comme forme secondaire a coté de Crypto-
chironomus conjugens. Dans les ,,jepsi” de cette ile, o le degré de colmatage
est encore plus avancé, disparaissent aussi bien Pelopia punctipennis que
Tendipes f. 1. reductus; en échange se développent un grand nombre de T. f. L.
plumosus et les formes phytophiles comme, par exemple, Ablabesmyia
gr. monilis.

Un tableau, peut-étre encore plus caractéristique, peut étre constaté dans
les ,,ghioluri” du complexe de Razelm.
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—_ g ©
Nd”m’wﬂ P 0 5 1Y [ 2| e % i s | 3| 1 a | 2 [BEY 3 ¥ fegled 5%
e~ (B d R R R R R
; Nombre de prises 4 5 1 2 11 3 1 1 1 W B 1 2 2 2 1 1 1 1 1 6
Subfam. Chironominae
Tendipedini
1 | Cryptochironomus burganadzeae Tshern. +
2 | Cryptochironomus gr. defectus Kieff. 25 50 + 25 25 R + 83
3 | Cryptochironomus gr. pararostratum
Lenz. 25 40 50 25 .
4 | Cryptochironomus gr. viridulus F. + =
5 | Cryptochironomus gr. vulneratus Zett. 17
6 | Einfeldia gr. carbonaria Mg. +
" 1 | Endochironomus gr. dispar Mg. R 25
8 | Endochironomus gr. signaticornis Kieff.| 25 40 -+
9 | Endochironomus gr. tendens F. 20 ;
10| Glyptotendipes gr. gripekoveni Kieff. 40 33 25 vz
11 | Glyptotendipes polytomus Kieff. 25 50 36 50 X
12 | Limnochironomus gr. nervosus Staeg. | 100 40 50 33 + e oy
13 | Limnochironomus gr. tritomus Kieff. 20 — 9 +
14 | Pentapedilum gr. exsectum Kieff. 50 60
15 | Polypedilum gr. convictum Walk. 25
16 | Polypedilum gr. nubeculosum Mg. 25 20 33 - + + + =3
17 | Polypedilum gr. scalaenum Schr. 50
18 | Sergentia gr. longiventris Kieff. ’ -+
19 | Tendipedini gen.? 1. halophila Botn.
Cindea : i
20 | Tendipedini gen.? 1. macrophthalma
Tshern. 75 80 66 o
21 | Tendipes f.1. bathophilus Kieff. _ ap
22 | Tendipes f.1. plumosus L. S T P R T i SEE T 50 | 50 + | +
23 | Tendipes f.1. reductus Lip. 25 25 27
24 | Tendipes f.1. semireductus Lenz. : i 17
25 | Tendipes f.1. thummi Kieff. o
Tanytarsini
26 | Lauterbornia Kieff. + :
27 | Micropsectra sp. 4
28 | Tanytarsus gr. exiguus Joh. 40 33 +
29 | Tanytarsus gr. gregarius Kieff. 50 9 25 R
30 | Tanytarsus gr. lauterborni Kieff. 75 60 -+ 50 27 33 25
31 | Tanytarsus gr. lobatifrons Kieff. 20 50 ar
32 | Tanytarsus gr. mancus v. d. Wulp. [ =+
Subfam. Orthocladiinae =
33 | Cricotopus gr. algarum Kieff. 75 40 33
34 | Cricotopus latidentatus Tshern. 25 20 i i
35 | Cricotopus gr. silvestris F. 50 | 100 + 66 : 25 ik
36 | Eukicfferiella sp. - 17
37 | Psectrocladius dilatatus v. d. Wulp, 25 20
38 | Psectrocladius gr. psilopterus Kieff. + 33 - 25 50 50 +
Subfam. Corynoneurinae
39 | Corynoneura sp. ~ 75 | 100 25
40 | Thienemanniella flaviforceps Kieff. 50 20 § =
Subfam. Tanypodinae
41 | Ablabesmyia gr. lentiginosa Fries. -
42 | Ablabesmyia monilis L. 15 80 —+ 50 66 + | 100 50 =5 + . o+
43 | Ablabesmyia 1. pectinata Botn. Cindea 20
44 | Ablabesmyia tenuicalcar Kieft. 25
45 | Ablabesmyia tetrasticta Kieff. 20 +
46 | Pelopia kraatsi Kieff. 100 27 50 50 50
47 | Pelopia punctipennis Mg. : =t 6 o)
48 | Procladius Skuze 50 NUPp-7ZICorg-pi 500 aF 95
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Dans toutes les unités de ce complexe une nouvelle forme de Tendipedini
g. 1. halophila apparait comme caractéristique, et dans plusieurs unités, aussi
comme forme conductrice.

La formation des associations des Chironomides dans ce complexe est étroi-
tement dépendante de la salinité de ’eau. On sait bien que la salinité de I’eau
va ici en croissant 4 mesure que l'on avance du nord vers le sud. En suivant
cette direction, nous constaterons aussi une modification successive de I’asso-
ciation des Chironomides, ol le réle de Tendipedini g. 1. halophila augmente.
Ainsi, dans le Razelm, ou I'eau est fortement dulcifiée sous U'influence directe
du Danube, la nouvelle forme apparait comme conductrice, a ¢6té d’un déve-
loppement égal de Tendipes f. 1. plumosus et de Procladius. Comme formes subor-
données aparaissent Tendipes f. 1. semireductus, Tendipes f. 1. thummi et Glypto-
tendipes polytomus. A Babadag, ol I'eau est dévenue assez dulcifiée, Tendipe-
dini g. 1. halophila demeure une forme subordonnée a c6té de Procladius ayant
comme forme conductrice Tendipes f. 1. semireductus. Comme forme secon-
daire apparaissent Tendipes f. 1. plumosus et Glyptotendipes polytomus. A Golo-
vita, ou la salinité est plus grande, Tendipedini, g. 1. halophila apparait comme
une forme nettement conductrice et dépasse de loin le développement quan-
titatif de toutes les autres formes. Comme forme subordonnée apparait Glypto-
tendipes gr. gripekoveni, et comme forme secondaire Tendipes f. 1. thummi,
a coté de Procladius. A Zmeica, Tendipedini, g. 1. halophila apparait aussi comme
forme nettement conductrice, le nombre des autres espéces étant ici encore
plus petit que dans les autres ,,ghioluri”. A c6té de cette forme, parmi les espé-
ces du fond, on trouve seulement Procladius, mais faiblement développé, et
parmi les formes phytophiles uniquement Cricotopus gr. algarum.

En avancant vers le sud, & Sinoe, nous rencontrerons dans la faune du fond,
seulement la nouvelle forme, et parmi les espéces phytophiles, le méme Crico-
topus gr. algarum. Dans le ,zaton” de Leahova, qui est sous I'influence plus
directe de la mer, nous ne trouvons que Tendipedini g. 1. halophila. Du ,,zaton”
de Peretiajea nous n’avons qu’une seule prise (voir le tableau) provenant pro-
bablement, de la partie ouest du ,,zaton” de la zone littorale ayant des plantes
et qui se trouve sous influence des eaux dulcifiées du Razelm. C’est pourquoi
nous ne considérons pas cette prise comme caractérisitique de la composition
des associations des Chironomides.

En conséquence, nous pouvons affirmer que toutes les unités du complexe
de Razelm sont caractérisées par 1’association des Chironomides avec Tendipe-
dini g. 1. halophila, pouvant présenter des variantes différentes, selon la salinité
de I’eau. Ceci montre que les associations peuvent subir une modification dans
le temps, selon les crues du Danube. Les années ot le niveau des eaux du Danube
croit et le complexe de Razelm est plus dulcifié, ’association se modifie dans
le sens de la diminution du réle de Tendipedini g. 1. halophila.

Il faut remarquer que la composition caractéristique des associations des
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Chironomides de I'ile Dranov et du complexe de Razelm correspond a des
voies différentes dans I’évolution géomorphologique de ces bassins, par rapport
a tout le reste du delta.

Si nous regardons le tableau III, de la répartition des larves des Chironomi-
des dans différents ,,jepsi”., nous constatons que parmi les formes benthoni-
ques, le role nettement conducteur est tenu par Tendipes f. 1. plumosus a c61é
de Procladius. Les ,jepsi” étant dans un stade avancé de colmatage surtout
biologique, on comprend qu’un réle important sera tenu par les formes phyto-
philes, ainsi que I'indique d’ailleurs le tableau: Tanytarsus gr. lauterborni, Abla-
besmyia monilis, Cricotopus gr. silvestris sont parmi les formes les plus répandues.
En outre, le nombre des formes phytophiles est généralement relativement
grand, dominant méme en comparaison avec les formes benthoniques. Nous
n’avons pas pu constater une autre caractéristique de la faune des Chirono-
mides des ,,jepsi”. Nous n’avons pu observer aucune différence caractéristique
entre les ,,jepsi” situés dans les différentes zone du delta. Cela ne peut d’ailleurs
pas étre autrement, parceque les ,jepsi”, tout le long du delta, sont trés sem-
blables, bien que leur signification puisse étre différente dans les diverses zones
du delta. Dans les parties est dans la région des grands ,.ghioluri”, les ,.jepsi”
représentent les premiers pas dans la désagrégation et le colmatage du ,,ghiol”
tandis que dans les parties ouest, les ,.jepsi” représentent les derniers vestiges
de quelques anciens ,,ghioluri”. Il n’est pas exclu qu’un matériel plus riche
puisse montrer aussi les différences biocénologiques entre ces catégories d’cau.

En passant aux eaux temporaires (Tableau I'V) on constate d’abord la baisse
du nombre général des formes (24), la prédominance des formes phytophiles.
Parmi les formes benthoniques, la plus répandue est Tendipes f. 1. plumosus.
C’est ici qu'apparaissent aussi quelques formes que nous n’avons pas trouvées
en d’autres eaux — une espéce de Orthocladiini, qui n’a pas pu étre déterminée
et Limnophyes pusillus.

Dans les ,.girle” du delta (voir le tableau V), la faune des Chironomides
est plus riche (48 formes) que dans toutes les autres catégories d’eau. Ceci est
d’ailleurs normal. Les ,.girle” du delta sont les artéres de communication entre
les eaux stagnantes les plus diverses. Le courant y est réversible, le végétation
abondante, le fond varié, en commengant par celui le plus fortement colmaté,
trés riche en détritus organique, et allant jusqu’au fond dur, presque dépourvu
d’alluvions. Il est donc naturel que les formes les plus variées y trouvent un
abri et des conditions favorables de vie. Parmi les formes benthoniques, la plus
commune est le méme Tendipes f. 1. plumosus. A remarquer que seulement
dans le bras de Sf. Gheorghe on a trouvé Cryptochironomus gr. vulneratus. Ici
non plus — comme dans le cas de ,,jepsi” — nous n’avons pu constater un
trait caractéristique pour les ,,girle” situées dans les différentes zones du delta.

En essayant de réunir en un aper¢u d’ensemble les faits ci-dessus mention-
nés et de détacher quelques traits caractéristiques généraux des différents bassins
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du delta, nous constatons que nous pouvons le faire en nous basant sur les
associations des Chironomides des ,,ghioluri” et sur les autres catégories d’eaux.
En nous étayant des associations des Chironomides des ,,ghioluri® TOps PORYOR
distinguer dans le delta les 9 zones suivantes:

Zone I: Musura et Meleaua Sf. Gheorghe. L’association des Chironomides
est en cours de formation et n’est pas encore arrivée a la stabilité d’une biocénose
bien définie. C’est la zone de formation, de eroissance du delta.

Zone II: Le ,ghiol” Rosu. Celui-ci apparait comme I"unité la plus jeune,
ayvant comme trait caractéristique le fait que dans I'association des Chironomi-
des on trouve deux formes conductrices, également bien représentées: Propsi-
locerus danubialis et Einfeldia gr. carbonaria.

Zone III: Le complexe des ,.ghioluri” Mila 23 (Bogda-proste, Tri-Ozera,
Matita, Merhei), dans lesquels I’association des Chironomides est caractérisée
par le présence, dans toutes les unités, de I'espéce Einfeldia gr. carbonaria a co-
té de laquelle, dans les trois ,,ghioluri” 'du sud on trouve aussi Propsilocerus
danubialis. Dans cette zone, le role des deux espéces caractéristiques diminue
a4 mesure que nous avanc¢ens du sud au nord. Le réle dominant revient aux
autres formes: Tendipes f. 1. plumosus. Limnochironomus gr. tritonus et Crypto-
chironomus gr. defectus.

Zone IV:Elleestsituée au sud du bras de Sulina et renferme les ,.ghioluri”
d’Obretin, Isacova et Uzlina; D'association des Chironomides est caractérisée
par le présence de Propsilocerus danubialis dans une association dépourvue
totalement d’Einfeldia et dans laquelle le réle conducteur est tenu par Tendipes
f. 1. semireductus, T. f. ). plumosus Polypedilum gr. nubeculosum, Limnochiro-
nomus gr. tritonus, Cryptochironomus gr. defectus.

Zone V: comprend les ,.ghioluri” de Gorgova et probablement de Fur-
tuna, dans lesquels I'association est dominée par Tendipes f. 1. plumosus et
Tendipes f. 1. semireductus.

Zone VI: le bassin de Pardina, dans lequel I’association des Chironomides
est caractérisée par Einfeldia gr. carbonaria, qui apparait comme forme con-
ductrice, a coté de laquelle se développe aussi Tendipes f. 1. plumosus.

Zone VII: I'ile Dranov, caractérisée par I’association des Chironomides
avec Tendipes f. 1. reductus et Pelopia punctipennis.

Zone VIII: — le complexe Razelm, caractérisé par I'association des
Chironomides avee Tendipedini g. 1. halophila.

Enfin, la Zone IX qui est la zone occidentale du delta, dans laquelle
la forme caractéristique et dominante est Tendipes f. 1. plumosus.

Pour conclure, nous désirons souligner encore une fois I'idée qui nous parait
la plus intéressante et qui croyons nous, se détache du matériel renfermé dans
cette Note, notamment qu’il existe une liaison étroite entre i’évolution géomor-
phologique du delta et son évolution biocénologique. Les biocénoses du delta
reflétent assez clairement I'évolution de ce jeune territoire. Si le groupe des
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Chironomides, par le nombre relativement grand des espéces, par la sensibilité
des différentes espéces aux variations des conditions du milieu, en tant qu’in-
dicateurs biologiques, est particuliérement favorable aux recherches de cette
nature dans le delta du Danube, nous avons pourtant la conviction que ce
groupe ne fait pas exception a cet égard.

Le méme processus de succession réguliére des biocénoses déployé selon
certaines lois, que nous ne connaissons pas encore, peut étre appliqué a d’autre
groupes d’organismes comprenant aussi le produit animal le plus valeureux,
le Poisson.
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Ecological differentiation of turbellarians in Harsz-Lake
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1. Introduction

The lake turbellarians studies were begun by du Plessis (1878—84)
and Forel (1879). They were interested chiefly in morphology and faunistic
problems.

In Poland, the systematics and morphology of turbellarians were examined
by Schmidt (1858), -Jaworowski (1889), Fulidiski (1915—33)
and Gieysztor (1926—39); this author presents the general review of the
research works on this field up to his time. As far as Polish turbellarian fauna
is concerned that of Tatra-Mountains lakes is the best known. The earliest
records of turbellarians of Tatra lakes were presented by Wierzejski
(1882—83) and Minkiewicz (1914). Then, Gieysztor (1934—38)
devoted some works exclusively to turbellarians in general and in particular
to the turbellarians of Tatra-Mountains lakes. He gives the list of species oc-
curring in the lakes. His investigations were held only in summer.

From the lakes of Lowland of Poland, Wigry lake was examined by Giey-
sztor (1938—39). He studied chiefly psammonic habitat, Chara aggrega-
tions and the gravel littoral zone of this lake.

There is as far as we know one work deal'ng cxciusively with the occurrence
and distribution of turbellarians in one particular lake. It is ,,Zur Turbellarian
Fauna des Lago Maggiore und des Lago di Como” by Q. Steinb éck (1949).
The author discusses the occurrence of turbellarians in relations to the depth
of the lake. One may see that there are two groups of the turbellaria species:
1) those occurring in shallow water (down to 20 m.) and 2) the ubiquistic
species which for the most part compose the fauna of profundal zone. It was
only Riedl (1953), who carried out the quantitative studies of marine tur-
bellarians, using the underwater breathing apparatus.

There are no works in literature dealing with the occurrence of turbellarians
in particular lake habitats. We have poor knowledge of their occurrence in

3 Polskie Archiwum Hydrob!olog"ﬂ h t‘fb ,n,;},
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the particular periods of the year. Especially there is a lack of researches con-
cerning their yearly life-cycle. I intend to show in the present work the distri-
bution of the turbellarian species in particular habitats in the course of successive:
year seasons. My studies were carried out on Harsz Lake in Mazurian District..
I base on the material representing all the habitats of the lake in their whole:
yearly cycle*.

2. The description of the lake

Harsz Lake belongs to Mamry Lake complex. It consists of two parts: “Wielki
Harsz” which is of greater dimensions and. is rather deep, and “Maly Harsz”
which is small and shallow (Map 1)**. The lake-shore is flat. There is wood on
the northern coast of the lake.

“Wielki Harsz” has rather long basin (the length along the axis is about
2.8 km., and the average breadth about 0.5 km.). The area of “Wielki Harsz”
is 180 ha. The SE corner of the lake is near the village; in the northern corner
is large, shallow bay, cut off from the lake by a belt of reeds. The bay passes
into the alder wood which grows on the floating mat of entangled plants. The
maximal depth of the lake is found in the middle of its basin (48 m). The northern
part of the lake is not deep (less than 15 m.). The littoral sandbanks (their
breadth is up to 50 m.) in some cases are separated from the central parts
of the lake by a belt of emergent vegetation.

“Maly Harsz” is a small (about 35 ha), rather shallow lake; its slopes are
mild. On the western coast there are two small bays. One of them is greater
(the depth about 5 m.); the other is very small and shallow. “Maly Harsz”
and “Wielki Harsz” are joined by means of a strait. Its length is about 500 m.,
its breadth — 100 m. The greatest depth is 6 m.

“Wielki Harsz” is alpha-mesotrophic lake, as it is stated by Olszews k i
(1953), who examined it at the end of July 1949. He came to this conclusion
basing on the degree of the oxygen concentration in the water. The characteristic
feature of “Wielki Harsz” is the epilimnion rather small and hypolimnion cold
and large. The thermocline is situated in the depth 5—17 m. The temperature
in the depth below 20 m. is more or less constant (7.6°—7.5°C). The oxygen
saturation in the deepest strata is about 309, (July). The transparency of
dark-green water is fairly good (5.6 m.).

The chemical character of “Maly Harsz”” water is strongly influenced by
that of “Wielki Harsz”. Bottom water-strata of “Maly Harsz” Lake are more

* The present work has been done in Laboratory of Hydrobiology, Warsaw University,
in Polish Muzeum of Zoology and finished in Nencki Institute of Experimental Biology. under
the guidance of Professor M. Gieysztor, whom I am grateful for encouragement of my
research and many precious suggestions.

** The data above are taken from the bathymetric plan drawn by dr S. Bernatowicz,
whom I am very grateful for them, as well as for some help during fieldwork.
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eutrophic than surface layer, because the waters of “Maly Harsz” and “Wielki
Harsz”’ constantly mix. It improves the development conditions of organisms,
because the food-resources are ample, the thermal conditions are good and
oxygen-content at the same time is sufficient.

Map 1. Harsz Lake. Bathymetric Plan. Dots indicate sand-banks. Inside the circles-
-symbols denoting habitats. The situation of the lake: 21°46,'25” E lat., 54°9’ N long.
It is elevated 116.a. above M. S, L. The area of the lake is about 228, 1 ha
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36 A. Chodorowski

We may distinguish the following vegetation-zones in Harsz Lake (Map. 2):

1. The zone of shoreline vegetation. This vegetation is of two kinds: a) the
vegetation growing on sand, between the spikerushes (Heleocharis palustris
and Schoenoplectus lacustris) belt and the shoreline; b) the vegetation growing
on non-sandy substratum between the zone of emergent vegetation and the
coast-line (Carex rostrata, Hydrocharis morsus ranae, Lemna trisulca).

2. The zone of vegetation growing on submerged sand-banks. Here the
following plants may be enumerated: Chara aspera, Potamogeton filiformis,
as well as Polygonum amphibium, Ceratophyllum demersum and sometimes
even Potamogeton perfoliatus.

3. The zone of emergent vegetation (Sedges), in which Carex rostrata
and other species and Heleocharis palustris grow.

4. The zone of proper emergent vegetation, which consists in 95%, of reeds.
In this zone occur, too, Typha angustifolia and Schoenoplectus lacustris.

5. From May to July on the slope of sand-banks exists the distinct “hedge”
of Batrachium circinatum, disappearing in the beginning of Summer. Instead
of it, Ceratophyllum and Myriophyllum, as the species of submergent vegetation
“meadows” develop. Their size and density are not so great as those of the
“hedge” vegetation.

6. In the submergent vegetation zone, from the number of plants, which
may reach the surface-level besides the water crowfoot (Batrachium circinatum),
Potamogeton lucens is found.

7. In the zone of rooted plants with floating leaves there is a lack of water-
lilies (Nymphea). In some stands Nuphar luteum occurs. Potamogeton natans
as the plant with floating leaves, forms the floating mat in the northern part
of the lake.

8. The zone of the submergent “meadows™. There are three kinds of them:
a) the “meadows” of various submerged plants: Elodea canadensis, Ceratophyllum
demersum, Myriophyllum spicatum, Potamogeton pussilus and rarely Nitella.
There is only one stand, in which all those plants occur together. Usually, only
two or three of the species occur and then, Elodea or Ceratophyllum is a do-
minant; b) the Chara-““meadows”. Chara occur in dense aggregations in
shallow and calm bays (chiefly Chara intermedia and Chara ceratophylla); c) the
“meadows” of water soldier (Stratiotes aloides), which occur in mats in the
depth 2—3 m.

3. The methods of work

I began my researches at the beginning of April 1953. For the just three
months I have examined the lake. It allowed me to define habitats. This was
done in July, when the plants were grown enough. Up from that time the
samples have been taken from those habitats once a month. It has been done
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by means of the plankton net with a bucket. The net was made of bolting
cloth nr 13. The length of the netting-period was constant, in order to get the
comparable material. The specimens from the psammonic zone have been
taken directly into the testing-tubes; those from the profundal zone were get
with the net slightly loaded, as to get the surface-layer of mud.

The samples were preserved in the laboratory in the normal, room tempe-
rature. As the oxygen saturation of samples diminished the turbellarians were
coming to the water-surface. Then, they were examined with the magnifying
glass and the turbellarians were taken for microscopic studies.

In the report of the defined species their abundance in a sample is shown
in five-degree scale (Classes of Abundance):

1 = only 1 individual present (single),

2 = 2—3 individuals (not numerous),

3 = 4—10 individuals (numerous),

4 = 10—20 individuals (very numerous),
5 = more than 20 (in abudance).

The second indicator is so called “Constancy of Occurrence”. This term
is taken directly from plant ecology (Braun-Blanquet 1928). I reckon
the percentage of samples in which the specimens of the given species are pre-
sent in relation to the number of all samples taken from the habitat.

Five classes of “Constancy” were distinguished:

PNl S T R 0—209,
AR R A | 20—309,
S O ek 30—409,,
R SR ey N s 40—509,
g o e e > 509

4. Turbellarian fauna of Harsz Lake
List of Species

I have found in Harsz Lake the following species:
Ordo Catenulida

fam. Catenulidae

1. Stenostomum leucops (Dugés)
2. Stenostomum unicolor O. Schmidt

Ordo Macrostomida

fam. Macrostomidae

3. Macrostomum phytophilum Beklemichev
4. Macrostomum hystricinum Beklemichev
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fam. Microstomidae
5. Microstomum lineare (O. F. Miiller)

14.
15.
16.
7
18.
19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Ordo Alloeocoela
fam. Prorhynchidae

. Prorhynchus stagnalis M. Schultze

fam, Plagiostomidae

. Plagiostomum lemani (Plessis)

fam. Planaridae

. Bdellocephala punctata (Pallas)

. Dendrocoelum lacteum (O. F. Miiller)
10.
11.
12.
13.

Dugesia lugubris (O. Schmidt)*
Dugesia polychroa (0. Schmidt)*
Planaria torva (0. F. Miiller)
Polycelis nigra (O. F. Miiller)

Ordo Neorhabdocoela
fam, Dalyellidae

Microdalyellia brevimana (Beklemichev)
Gieysztoria expedita (Hofsten)
Gieysztoria lugubris wigrensis (Gieysztor)
Gieysztoria triquetra (Fuhrman)
Gieysztoria virgulifera (Plotnikov)
Castrella truncata (Abildgaard)

fam. Phaenocoridae

Phaenocora megalops (Dugés)

fam. Typhloplanidae

Castrada armata (Fuhrman)

Castrada hofmanni M. Braun

Castrada sp. cf. affinis Hofsten

Castrada sp. cf. quadridentata Hofsten
Castrada sp. (n. sp.?)

Castrada viridis Volz

Strongylostoma radiatum (O. F. Miiller)
Rhynchomesostoma rostratum (0. F. Miiller)
Mesostoma ehrenbergi (Focke)

Mesostoma lingua (Abildgaard)

* When analyzing the habitats both the species were not discerned.
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31. Mesostoma rhynchotum M. Braun

32. Bothromesostoma esseni M. Braun

33. Bothromesostoma personatum (0. Schmidt)
34. Olisthanella halleziana (Veydovsky)

35. Olisthanella truncula (O. Schmidt)

36. Olisthanella sp. (n. sp.?)

fam. Gyratricidae
37. Gyratrix hermaphroditus Ehrenberg

Nemertini

38. Prostoma clepsinoides (Duges)

In the small bodies of water, connected w1th the littoral zone of the lake,
I have found the following turbellarians from the family Dalyellidae:

39. Dalyellia (Scoparia) scoparia (O. Schmidt)
40. Microdalyellia nanella (Beklemichev)
41. Opistomum pallidum O. Séhimidt.

Those pools are produced by the spring flooding, as the water-level of lake
increases. Between them and the proper littoral zone of the lake, drift of plant-
-deposits is formed. In those pools beside the turbellarians mentioned above,
the characteristic species of small ponds, i.e. Lynceus (Euphyllopoda —
Conchostraca) occurs.

Remarks concerning taxonomy of some species

Stenostomum leucops (Duges) and ,.-S'tenostomum unicolor 0. Schmidt.

The particular species of the genus Stenostomum were defined according
to the key by Graff (1913). The basic feature in defining the species is the
shape of light-refracting body. The genus was examined by J. W. Nutty-
combe and A. J. Waters (1932—38). They established new classification
based on the anatomy of the animal. The classification of mine seems to be
rather inadequate. Therefore, Stenostomum leucops in my work may be treated
as a group of species. In the arenal zone of Harsz Lake are certainly some
other species of this genus. But this zone has not been examined carefully by me.

Macrostomum phytophilum Beklemichev (phot. 1)

The name is derived from Beklemichev’s work (1951). Probably
it is the species which up to his time was known as Macrostomum viridae
v. Beneden. It is difficult to prove it now.

Macrostomum hystricinum Beklemichev (phot. 2)

The name is given according to Beklemichev’s work. Primarily
O. Fabricius had described the species Macrostomum appendiculatum.
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This species has been divided by Beklemichev into several others.
The most typical species from this group has been described as M. hystricinum,
Up to this time the species has been known as M. appendiculatum f. typica,

DR Dl T R e

Phot. 2. Macrostomum hystricinum, copuiatory apparatus

Gieysatoria lugubris wigrensis (Gieysztor) (fig. 1)

The total size of the body as well as the dimension of the copulatory appa-
ratus are similar to the description given by Gieysztor (1938a). The size
of an animal 0.5 mm. The copulatory apparatus: thickness of the ring 0.003—
0.004 mm.; the length of the spines about 0.014 mm.; the diameter of the ring
about 0.0023 mm.

Phaenocora megalops (Duges) (fig. 2)

I have perceived great variability of shape of animals in ‘the specimens
taken from the same station at the same time.
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Fig. 1. Gieysatoria lugubris wigrensis, Fig. 2. Ph ora megalops, variability
copulatory apparatus of shape

Fig. 3. Castrada sp. cf. affinis, ductus
ejaculatorius

Fig. 4. Castrada sp. cf. Fig. 5. Castrada sp. Fig. 6. Olisthanella sp.
guadridentata, copulatory (n. sp.?), copulatory (n. sp.?), shape of the
organ organ body
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Castrada sp. cf. affinis Hofsten (fig. 3)

The shape of the ductus ejaculatorius is similar to that described by H o f-
sten (1907), although it is considerably greater.

Castrada sp. cf. quadridentata Hofsten (fig. 4)

The shape of copulatory organ is similar to that described by Hofsten
(1907). Hofsten says there are four spines, but I have perceived only two.

Castrada sp. (n.sp. ?) (fig. 5)
Probably it is a new species. The shape of its ductus ejaculatorius has
not been described as yet.

Mesostoma rhynchotum M. Braun

Only one specimen has been found. It has been similar to that described
by M. Braun (1885) in Dorpat and by Gieysztor in the neighbourhood
of Warsaw (1926) and in Wigry Lake (1939). It is the vernal species, occurring
in small ponds. In Harsz Lake it has been found in shallow littoral zone, in May.

Olisthanella sp. (n.sp.?) (fig. 6)

The species occurs in arenal habitats. The length of the animal 2 mm.; its
breadth 0.4—0.6 mm.; colourless. The anterior part of the body bluntly shaped
and slightly extended. The posterior end is slightly tapering but no tail is formed.
The intestine does not reach the end of the body. The rosulate pharynx is in
the front part of the posterior end of the body. In the ovary about 40 oocytes
are present, but only one ovum is mature at one time.

Nemertini

This group of fresh-water species of the chiefly marine genus Prostoma
comprises 12 different forms. In Central Europe, as it seems, the majority of
those forms belong to one species. The group should be examined in details.
They may be determined as Prostoma clepsinoides (Duges) by now.

Parasites

Two species of the parasites have been found in the turbellarians of the
genus Gieysztoria. One of them has been a nematode. It has been found mov-
ing in its cyst situated near pharynx in Gieysatoria virgulifera.

Besides that there were found two larvae of the trematodes. They possessed
two adhesive discs — one on the anterior and one on the posterior parts of their
body. In the hind part of the body there is a sac with small yellow vesicles
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in it. The flukes have been moving in the cysts which were situated in the front
part of the turbellarian. The host in both cases were Gieysztoria tri quetra. Similar
larvae had been found by D o r n e r (1902) in Derostoma unipunctata (= Phaeno-
cora megalops). He included them into the group Holostomidae (now: Strigeidae
C. Dubois 1938).

Occurrence of turbellarian species of Harsz Lake
in other parts of Poland

On the table I is shown the list of Turbellarian species of Harsz Lake com-
pared with the list of their occurrence in other parts of Poland and neighbouring
countries. The respective data are reproduced after Dormer (1902) and
Gieysztor (1939). It should be remarked that the absence of some species
in particular districts of Poland is due to the lack of lakes and is not due to
other factors,

The following species belong to the group of turbellarians (table I) of Harsz
Lake that are occurring throughout Poland: Stenostomum leucops, Stenostomum
unicolor, Castrella truncata, Rhynchomesostoma rostratum (Podole Country is
not included), Mesostoma lingua (Podole Country is not included), Gyratrix
hermaphroditus.

The species occurring in all Lowlands of Poland:

Macrostomum hystricinum (=appendiculatum), Phaenocora megalops. Strongy-
lostoma radiatum, Mesostoma ehrenbergi, Bothoromesostoma personatum, Oli-
sthanella truncula.

The species occurring exclusively in Mazurian Lakes: Plagiostomum lemani,
Gieysztoria lugubris wigrensis, Gieysstoria triquetra, Bothromesostoma esseni.

Prostoma clepsinoides (Nemertini) which has been found in Harsz Lake,
had been recorded in the environs of Cracow, too. It had been found in aquarium,
This information is acquired from dr A. Czapik—1954 (Laboratory of
Systematic Zoology, Cracow University).

5. Ecology
Habitats

Primarily the kind of vegetation was treated as a basis for habitat distinc-
tion. Later on, it was extended and other factors, as Algae occurrence, depth,
kind of bottom, ete. were introduced.

The following habitats are distinguished:

1. Arenal habitat (Psammon), which may be divided into: Hydropsammon
(Hd), Hygropsammon (Hg) and Eupsammon (Eu).

2. ' Sandy-BeBeer iy o) SOl LA e S aae e s aee (B).
3. ShallowlIRberal 3. .o 5oa i oo e e s sns a (L).
4; Emergent vegetation. « ... ...escesaessnie s (E)
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5. Submergent vegetation .................. (S).
6. Littoral-plants-in-wood ................... (W).
7. Submergent “meadows” ..........000000n (M).
8¢ Profundal ikl v S S s AL sasenlP)s
/ Table I
The occurrence of turbellaria species of Harsz Lake in other parts of Poland*
Environs| Environs| Tatra
No. Speciee E-u' Wigry of Podlasie of Podole |Environs Modi-
Prussia | Lake Wty Country ok Country | of Lvov S
1 | Castrada sp. cf. affinis
2 | Castrada sp. cf. quadridentata
3 | Gieysstoria triquetra X
4 | Bothromesostoma esseni X
5 | Prostoma clepsinoides (Ne-
mertini) X
6 | Plagiostomum lemani X .
7 | Castrada armata X X
8 | Gieysstoria wigrensis X
9 | Microdalyellia nanella* X X S
10 | Mesostoma rhynchotum X X
11 | Castrada hofmanni X X X
12 | Gieysstoria virgulifera X X
13 | Gieysztoria expedita X X X
14 | Dalyellia scoparia™ X X X
15 | Microdalyellia brevimana X X X X X
16 | Castrada viridis ? X X
17 | Opistomum pallidum* X X X X
18 | Mesostoma ehrenbergi X X X X X X
19 -| Prorhynchus stagnalis X X X X X X
20 | Strongylostoma radiatum X X X X X X
21 | Olisthanella haleziana X
22 | Macrostomum phytophilum X X X
23 | Olisthanella truncula X X X X X X
24 | Macrostomum hystricinum X X X X X X
25 | Phaenocora megalops X X X X X X
26 | Microstomum lineare X X X X X X X
27 | Bothromesostoma personatum | X X X X X X X
28 | Rhynchomesostoma rostratum | X X X X X X X
29 | Mesostoma lingua X X X X X X X
30 | Stenostomum leucops X X X X X X X X
31 | Stenostomum unicolor X X X X X X X X
32 | Castrella truncata X X X X X X X X
33 | Gyratrix hermaphroditus X X X X X X X X

* The data referring to East Prussia — after D orner (1902), other data — after Gieysztor (1939).
+ The species occurring in small ponds, connected with the littoral zone of Harsz Lake.
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In all habitats investigated, three vegetation-strata were distinguished;
they lay one upon another. They are as follows:

a) the plants occurring on the surface and near the surface of the water;

b) the plants or parts of them occurring between the surface and the bottom
of the lake;

¢) the plants occurring at the bottom of the lake.

Coverage of every particular species stated in the stratum is shown in five-
-grade-scale, disregarding the fact, whether the whole plant was present in the
stratum or only part of it. If the individuals belonging to the species were not
numerous and their importance was not great, their presence is marked by the
sign “--"".

The position of habitats is presented in bathymetrical map of the lake.
The characteristic features of the habitats are shown in table II.

It may be perceived, that there are four groups of habitats: 1) sandy-sub-
stratum group, 2) emergent vegetation group, 3) submergent vegetation group-
and 4) profundal group. Every one of them has its characteristic species-com-
position.

Yet the samples from the stands were taken from July, 1953. In the spring-
-time (April-June) 1953, only test-samples were taken, as the lack of vegeta-
tion had made the defining of the habitats impossible. Therefore the results
up from the spring 1953 are shown in the separate table (table III) and here
the depth-classes are taken into consideration.

Seasonal occurrence of turbellarians

Care was taken by the author to examine the occurrence of turbellarians
in winter, too, as the respective data are completely lacking in actual litera-
ture. But, because of technical difficulties only some, most typical habitats
were examined.

Table I'V shows us the occurrence of Turbellarian species in particular months.
The approximate number of the individuals of particular species has been
shown by means of five-grades scale.

It is interesting to note here that there are species that may be found in
spring in small ponds but in autumn and winter they may be observed in lakes.
This is observable in the case of Mesostoma ehrenbergi (which appears in Harsz
Lake in late summer) or in that of Prorhvnchus stagnalis (which has been found
in water under the ice-cover), but it does not refer to the species, such as Phae-
nocora megalops which appears only in spring. In the early spring it occurs
both in small ponds and in the shallow, littoral zone of Harsz Lake.

The species that occur all the year are either those which are common
throughout the world (ubiquistic species, e. g. Microstomum lineare, Stenosto-
mum leucops) or — probably — wandering ones (e. g. Plagiostomum lemani).
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The most numerous group of species is that of the full vegetation period.
It is the period of rapid and abundant growth of water-plants.
Triclads occur in Harsz Lake all the year round.

Table III

Occurrence of turbellarians in various depths, Spring (IV, V, VI) 1953
1—5 Classes of Abundance

Depth in meters
Species

Phaenocora megalops
Bothromesostoma esseni
Bothromesostoma personatum
Castrada viridis
Rynchomesostoma rostratum
Castrada hofmanni
Macrostomum hystricinum
Gieysztoria virgulifera
Gieysstoria expedita
Castrada armata

Castrella truncata
Macrostomum phytophilum
Stenostomum leucops
Gyratrix hermaphroditus
Microstomum lineare
Plagiostomum lemani 1 1
Mesostoma lingua | 2

0—0.15 |0.15—0.6| 0.6—1.6 | 1.6—2.6 | 2.6—4 | 4—7 8—10 | 30—48
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Triclada

Polycelis nigra 3
Dugesia 1 1 2
Dendrocoelum lacteum 1

The table IV showing the occurrence-periods of the turbellarians, time of
their sexual maturity and the existence of eggs, presents us in some cases the
exact picture of the development of the species in the yearly cycle. E. g. Bothro-
mesostoma esseni appears in early spring (April). Their abundance increases
as the plants develop. In July and August they reach maturity and the eggs
are deposited. After that, they disappear up to the next spring. Other species,
e. g. Rhynchomesostoma rostratum lays eggs all its maturity-period, i.e. from
April to September, without any change in the intensity of this activity. 5

One should point out the presence of some species even under the ice-cover
Sometimes they possess mature eggs (e. g. Castrada viridis).
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Vertical distribution of turbellarians

Their occurrence in the particular depths has not been examined in details.
The samples has been taken from the littoral zone and from the deepest spots
only. There is a lack of data referring to the transition zone (from 10 m. to 30 m.).

The analysis of vertical distribution of the species is based on the table V.
We may distinguish the following groups of species:

1. The species occurring near the water-surface (1—1.5 m.). Here belong:
Bothromesostoma personatum and B. esseni, as well as typical surface species
Castrada hofmanni and C. viridis. Both the latter species swim under the surface
of water. It is connected with their ability of assimilation (it is due to then sym-
biosis with zoochlorellae). In summer they migrate down to the deeper strata
of the lake. Migration of those species are probably connected with the fact,
that in summer the sunlight penetrates down to deeper strata than in spring.

2. The species occurring near the shore-line and in the deep strata of lit-
toral zone. There is a distinct break in their occurrence in the stratum 1.5—3 m.
Here belong: Strongylostoma radiatum and Gieysztoria triquetra. 1 suppose,
the reason of this phenomenon is that those species prefer the low-and-dense-
-plant aggregation habitat. Probably they omit the water-movements which
are especially strong in the proper emergent vegetation zone.

3. The species occurring in the whole littoral zone (from 0—7m.). Their
abundance increases in the lower strata of the littoral zone. Here belong: Gieysz-
toria virgulifera and Stenostomum leucops.

4. Eurybathic species — they occur in all the strata of the lake. Here belong
all the typically ubiquistic species, e. g. Gyratrix hermaphroditus and Microstomum
lineare.

5. The species occurring only in profundal zone (of Harsz Lake). Here
belong: Mesostoma lingua and Olisthanella truncula.

Table 'V shows us, that some species move down or up (to the surface of the
lake), according to the season of the year. In summer the early-spring species
(Bothromesostoma personatum and Polycelis nigra) pass from very shallow littoral
zone to sedges-zone, as the vegetation of this area develop later.

The materials from the spring 1953 are shown in the table III. The depth-
-classes are taken into consideration. In early spring we see in the lake the
distinet group of the species that occur in shallow littoral zone (down to 60 cm.).
The characteristic species is Phaencora megalops. This group disappears as the
water-level lowers.

Occurrence in particular habitats
The turbellarians were found in all the habitats of the lake, except the
pelagic zone.
The differentiation in occurrence of the species in particular habitats of the
lake is shown on the table VI. The habitats in the table are arranged according
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to the depth in which they exist and according to their faunistic relationship*.
The table of the species is arranged in such a way as to show the greatest abund-
ance diagonally, from the upper left corner to the lower right one. Intro-
ducing of Classes of Abundance allows to record the succession of particular
species. The ubiquistic species are presented in the central part of the table.

The species characteristic for different groups of habitats are shown on

table VI.

I. Group of shallow-water-species

1. Psammonic species. The group is incomplete. Surely, a lot of new species
would be included here after a detailed investigation.

2. Water-surface species. They occur near the water-surface. They are not
influenced by depth of the water and the distance of the spot from the coast.
The species of this group are adapted to various habitats:

a) Castrada viridis occurs exclusively above sandy bottom.

b) Castrada hofmanni occurs near the surface, above non-sandy bottom.

¢) Castrella truncata occurs on the surface of substratum, in various ha-

bitats.

3. The species of a very shallow, “swampy” littoral zone. The typical species
is Bothromesostoma personatum. Similar is the occurrence of a triclad, Polycelis
nigra.

4. The species of shallow littoral zone. In this group, as in the previous one,
specialisation may be noted:

a) Bothromesostoma esseni lives on undersurfaces of the floating leaves

of submergent plants.

b) Prostoma clepsinoides lives on the emergent plants (excluding reeds).

¢) Castrada armata, Gieysztoria expedita and Prorhynchus stagnalis occur

both on emergent plants and on submergent ones.

II. Group of ubiquistic species

1. The typical ubiquistic species. They occur in all the habitats. Here belong:
Gyratrix hermaphroditus and Microstomum lineare.

2. The species of the shoreline and the “meadows” of submergent plants.
The species that belong to it avoid the zone of emergent vegetation. They are
associated with low plants, no matter if they grow in shallow or in deeper zones.
Here belong, e. g.: Macrostomum phytophilum and Plagiostomum lemani.

?

* Thanks to Miss Wierzbicka I have got the data as to the occurrence of tur-
bellarians in the typical pelagic zone of Dargin Lake (Mazurian Lake District), in all the
strata of water. It has been impossible to determine the species as the available specimens
were conserved with formalin. Probably it is Microstomum lineare, the typical ubiquistic
species.
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The Occarrence of turbellaria species in year-cycle
1—5 Classes of abundance; +mature individual; o mat. ind. with eggs

Table IV

N S Month .
e I v l v I VI | vin | vim | X i XX e oo bl i
1 | Olisthanella truncula 1 early spring
Phaenocora megalops 1
2 | Strongylostoma radiatum 2 2 ol
Bothromesostoma esseni 2 3 3 o4 o4 spring-summer
Bothromesostoma personatum 3 1 J 3 4
3 | Macrostomum hystricinum 3 1
Rhynchomesostoma rostratum 02 ol 02 02 ol
Gyratrix hermaphroditus 2 02 ol 03 03 2
Macrostomum phytophilum +2 ) 1 | +3 1
Olisthanella haleziana 1 2 3 full-vegetation-period
Mesostoma lingua 3 1 02 1
Castrada hofmanni +2 2 2 o3 03 o3 i
Castrella truncata 1 2 1 1 ol +1
Gieysztoria expedita ol ol 1 1
4 | Plagiostomum lemani 1 2 1 1 1 1 1
Microstomum lineare ol 3 2 1 03 3 2 | +1 2 all-the-year
Castrada viridis +2 03 03 2 +3 3 o3 | +3
Stenostomum leucops 2 3 4 3 2 1 1
5 | Castrada sp. cf. quadridentata 1 3
Gieysztoria triquetra ol 02
Mesostoma ehrenbergi 02 |[+2 |- 1 summer
Microdalyellia brevimana 02 1
Castrada sp. cf. affinis 2
6 | Gieysstoria virgulifera 1 02 o3 03 3
Castrada armata +1 +1 02 1 2 summer-autumn
Olisthanella sp. (n. sp.) +1 2 1
7 | Prostoma clepsinoides (Nemertini) 1 2 2 2 1 1 2 | summer-autumn-
Stenostomum unicolor 5 2 1 | -winter
8 | Prorhynchus stagnalis B 1 2 1 | winter?
Polycelis nigra 3 3 3 1 1 2 1 3 3
= | Dugesia 2 2 1 2 1 1 1 | all-the-year
< Dendrocoelum lacteum 1 1 4 1 1 1. 1
E Planaria torva 1 1 3 2 1 1
Bdellocephala punctata 3
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Table V

Vertical distribution of turbellaria species in various seasons

I—III— winter; 1— 25 classes of abundance

X — XII— autumn; W

IV—VI—spring; S = VII—IX — summer; A =
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Ecological differentiation of Turbellaria 53

Stenostomum leucops might be included in one of the previous groups. Yet,
as we have here — probably — two species (one is psammonic species and
another one is living in the zone of submergent plants “meadows”) it would
be better to omit the discussion of their occurrence.

III. Group of profundal species

1. The species characteristic of the submergent plant “meadows” and of
emergent vegetation. The density of their occurrence increases in the “meadows”
of submergent plants. Here Mesostoma ehrenbergi is included.

2. Gieysztoria virgulifera is inseparably associated with the submergent-
-plant “meadows”.

3. The species of the profundal zone. Here are included: Mesostoma lingua
and Olisthanella truncula.

The data referring to triclads are presented at the end of table VI. Polycelis
nigra occurs in very shallow littoral zone, similarly to Bothromesostoma per-
sonatum. Other triclads are associated with the zone of emergent vegetation
and submergent-plant “meadows”. The species: Planaria torva, Bdellocephala
dunctata and Dendrocoelum lacteum are associated with water soldier (Stratio-
es aloides), occurring abundantly.

Groups of coexisting species (taxocenes)

The organisms which live in the lake compose its biocenosis. We can state
various kinds of groups of the organisms in the biocenosis. The association is
one of many such groups. The association with groups of many species with
definite structure, form the relatively completed whole inside the biocenosis.
E. g. the organisms of various systematic groups which live on the undersurface
of floating leaves form the association as well as those organisms that live in
mud (the profundal zone) or those, living on submergent sandy-beaches. The
organism of particular systematic units e.g. Turbellarians, Cladocera, which
occur in such associations, compose the groups of coexisting species. This group
may be called taxocene so as to make it distinct from association. We mean
by taxocenes all so called associations of particular systematic groups, e.g.
“associations” of Copepoda, Cladocera, etc. The groups of coexisting species
(taxocenes) are parts of the suitable associations and, as the latter ones, they
possess the dominant structure (dominant, adominant, nondominant)* of
their own, provided that they include so many species as to be of some import-
ance in the association.

The taxocenes of turbellarians of Harsz Lake are distinguished on the basis
of some species that are considered to be characteristic ones for the proper

* They were distinguished by Jirnefeld (1936) and by Litynski (1938).
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habitats. Beside that, I distinguish the facies of taxocene. They are connected
with the differentiation of habitat. The facies may slightly differ in the number
of species present, but there is no difference in the proportion of characteristic
species.

There may be one or several characteristic species (usually they are non-
dominant) in the taxocene, but they occur in the definite quantity ratios.
I have no quantitative data referring to this problem, but it seems to me that
the percentage of particular species occurring in the habitat is the most import-
ant factor here.

The taxocenes of Harsz Lake (table VII and VIII) may be arranged into
four groups corresponding to 4 groups of habitats which were distinguished
in the lake:

I. The group of sandy substratum taxocenes; the characteristic species
is Castrada viridis.

II. The group of emergent vegetation taxocenes; characteristic species:
Castrada hofmanni.

ITI. The group of submergent vegetation taxocenes (together with the
submergent-plant “meadows”); characteristic species: Gieysztoria virgulifera.

I'V. The group of profundal taxocenes; characteristic species is Mesostoma
lingua.

Group I

1. Psammonic taxocene; It has been examined by me in details, as there
are some difficulties in classification of its species. It may be divided into
three facies: Eupsammon, Hygropsammon, Hydropsammon. Its fauna is related
with that of sandy-beaches taxocene. As the proof of that, the occurrence
of Castrada viridis (the species living near the water-surface) may be consi-
dered. The characteristic species is not yet known as there was no close exami-
nation of this taxocene.

2. The taxocene of sandy-beaches; the characteristic species is Castrada
viridis. Bothromesostoma esseni occurs if floating leaves of Polygonum amphi-
bium are present.

Group II

3. The “swampy” taxocene (the taxocene of very shallow littoral zone);
the characteristic species are Bothromesostoma personatum and Polycelis nigra.
This spring taxocene disappears when summer comes. The characteristic spe-
cies of other littoral taxocenes, e.g. Castrada hofmanni, in “swampy” taxocene
is not numerous. To this taxocene belongs the facies of littoral plants growing
in wood in which the preponderance of dominants is not so strong.

4. The sedge-zone taxocene; the characteristic species are: Bothromesostoma
personatum, Castrada hofmanni and Polycelis nigra.
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Turbellarian taxocenes of the lake

Table VIII

Class of

Aoy

Class of

d-Dominant

Nt e

(1—3)

1—s)

a-Adominant

1.

Psammonic taxocene

Stenostomum unicolor
Castrada viridis
Olisthanella haleziana
Olisthanella sp. (n. sp.)
Stenostomum leucops
Castrada sp. cf. affinis
Microstomum lineare
Castrella truncata
Prostoma clepsinoides
Castrada armata
Gyratrix hermaphroditus
Macrostomum hystricinum

el R S SRR

Ll I S )

LI T T - - - - -

. Sandy-beaches taxocene

Microstomum lineare
Castrada sp. cf. quadridentata
Castrada viridis

Stenostomum unicolor
Bothromesostoma esseni
Gyratriz hermaphroditus
Strongylostoma radiatum
Plagiostomum lemani

e e e R TR )

DO bl b b e g e DD

I I - T

. “Swampy” taxocene (the taxocene

of shallow littoral zone)
Bothromesostoma personatum
Bothromesostoma esseni
Microstomum lineare
Castrella truncata
Castrada hofmanni
Strongylostoma radiatum
Plagiostomum lemani
Microdalyellia brevimana
Mesostoma ehrenbergi

Triclada

Polycelis nigra
Dendrocoelum lacteum

L R R

-

P e et b e e G0 e

(S

I I TR - -9

® B

Sedge-zone taxocene
Bothromesostoma personatum
Castrada hofmanni
Prostoma clepsinoides
Castrada armata
Microstomum lineare

BN W
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Table VIII continued

s Class of Class of d-Deminant
pecies Abundance Constancy  |n-Nondominant
The characteristic species are underlined (1—35) (1—5) a-Adominant

Gyratrix hermaphroditus

Castrella truncata

Gieysztoria expedita

Strongylostoma radiatum

Macrostomum phytophilum

Plagiostomum lemani

Gieysztoria triquetra
Triclada

Polycelis nigra

Planaria torva

Dugesia 1

1
1
' r
B,
o
1
1

[ e )
2R R DR

-
L -
P -9

. Bulrushes (Schoenoplectus lacustris) taxocene
Microstomum lineare
Stenostomum leucops
Castrada hofmanni
Prostoma clepsinoides
Gyratrix hermaphroditus,
Bothromesostoma personatum
Castrada armata
Prorhynchus stagnalis
Strongylostoma radiatum
Rhynchomesostoma rostratum
Castrada sp. cf. quadridentata
Stenostomum unicolor

Triclada
Dugesia

L S S CI I S
bt bt DD DD b b et G GO e
E-- T T - - I - - B - T - Y - PR - B - |

[
—_
=

. Common reed taxocene
Castrada hofmanni
Microstomum lineare
Gyratrixz hermaphroditus
Stenostomum leucops
Gieysztoria triquetra
Castrella truncata

el )
el R

. Taxocene of the undersurfaces of floating leaves
Bothromesostoma esseni

Castrada hofmanni

Stenostomum unicolor

Castrada armata

Gyratrix hermaphroditus

Gieysztoria virgulifera

Gieysztoria expedita

Prorhynchus stagnalis

Microstomum lineare |

e DD RO RO DD i
Pt e et et e e e i @
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Table VIII continued

Species Class of Class of ; d-Dominant
Abundance Constancy n-Nondominant

The characteristic species are underlined (1—s) (1—5) | a-Adominant
|
Strongylostoma radiatum 1 1 '
Mesostoma lingua . 1 1 ‘
Triclada |
Planaria tor®a 1 1 \

8. Submergent-plant ‘“‘meadows” taxocene ) ;
Microstomum lineare 4 2 ' d
Gyratrix hermaphroditus 3 3 ’ d
Stenostomum leucops 4 1 ‘ n
Gieysstoria virgulifera 3 2 ‘ n
Rhynchomesostoma rostratum 2 1 | a
Strongylostoma radiatum 2 1 a
Macrostomum phytophilum 2 1 i a
Mesostoma ehrenbergi 2 1 ‘ a
Gieysztoria triquetra 2 1 | a
Gieysztoria expedita 1 1 a
Plagiostomum lemani 1 1 a
Microdalyellia brevimana 1 1 | a
Castrada armata 1 1 | a

Triclada '
Dendrocoelum lacteum 4 2 1 d
Plantaria torva 3 2 n
Bdellocephala punctata 3 1 a
Dugesia 2 1 a

8a. Shining pondweed (Potamogeton lucens)group
Stenostomum leucops 4 2
Macrostomum phytophilum 4 1
Microstomum lineare 2 1
Gieysztoria virgulifera 2 4
Olisthanella sp. (n. sp.) / 1 1
Gieysatoria expedita il 2
Strongylostoma radiatum 1 1
Plagiostomum lemani 1 1 .
Rhynchomesostoma rostratum 1 1
Castrada hofmanni 4 3
Castrada armata 1 1

9. Profundal zone taxocene
Gyratrix hermaphroditus 4 4 d
Microstomum lineare 3 2 n
Mesostoma lingua 2 4 n
Strongylostoma radiatum 1 1 a
Plagiostomum lemani 1 1 a
Castrada sp. cf. quadridentata 1 1 ! a
Olisthanella truncula 1 1 a
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Here belongs the facies of spike rushes (Heleocharis palustris). The charac-
teristic features of this facies are: small number of coexisting species and the
abundance of Bothromesostoma esseni.

5. The taxocene of bulrushes (Schoenoplectus lacustris) zone; the charac-
teristic species are: Castrada hofmanni and Prostoma clepsinoides. The charac-
teristic feature of this taxocene is the abundance of periphyton on the stems
of bulrushes. Polycelis nigra, occurring in great number in the taxocene previously
mentioned, here is not present. Bothromesostoma personatum is not numerous
here.

6. The taxocene of common reed zone; the characteristic species is Castrada
hofmanni. The species occurring here are not numerous and their abundance
is not great. No distinct dominants. To this taxocene belongs the facies of
horsetails, in which the number of species is greater; Castrada hofmanni may
be treated as a dominant in this facies.

7. The taxocene of the undersurface of floating leaves; the characteristic
species is Bothromesostoma esseni. Here beside this taxocene, two other occur.
They are: the taxocene of submergent-plant “meadows™ and one of emergent-
-vegetation taxocenes.

Group III

8. The taxocene of the submergent-plant “meadows”. The characteristic
species is Gieysztoria virgulifera. The taxocene includes many species. Beside
the typical facies two other occur: the facies of stonewort and the facies of water
soldier (Stratiotes aloides). In the facies of stonewort is a lack of dominants.
In the latter one — triclads occur. They live on the undersurface of leaves of
water-soldier®.

Group IV

9. The taxocene of profundal zone. The characteristic species is Mesostoma
lingua. The taxocene possesses two facies: one typical and is situated in the
deep profundal zone, another is in the shallow profundal zone.

In the latter one many ubiquistic species occur.

It is easy to perceive that taxocenes change in the year-cycle, it is connected
with seasonal plant development. Some taxocenes develop late (July, August),
others, e.g. the “swampy” one — early (April) and disappear in summer. In early
spring one may observe the poor development of the taxocenes in the zone
in which the plants are growing. It refers especially to the proper emergent
vegetation zone.

* To shining pondweed (Potamogeton lucens) group may be included: the taxocene of
the submergent-plant ‘““meadows’” in the lower strata and that of the common reed zone
near the water-surface.
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Ecological characteristics of species

The ecological characteristics of the turbellarian species are based on the
material available only from Harsz Lake.

The characteristics of particular species are presented according to the
following items:

1) The seasonal occurrence; 2) the vertical distribution and the migrations
in the year-cycle; 3) the distribution in the lake; 4) the kind of taxocene.

Bothromesostoma esseni

1. Spring-summer species. It occurs from I'V to VIII inclusively. The maxi-
mum of occurrence in VII and VIII. Mature eggs in I'V and VIII.

2. It occurs in the depth 0—60 cm. It occurs chiefly near the surface of the
water and in shallow littoral zone. In summer vertical migration is observed
(down to 60 c¢m.). It is probably a consequence of zonal plant development.

3. It occurs in “swampy” habitats, in bulrushes (Schoenoplectus), in the
littoral plants in wood zone, in the zone of rooted plants with floating leaves,
on water crowfoot (Batrachium circinatum) and in the zone of sandy-beaches
with Polygonum amphibium. The species is closely associated with the leaves
floating on the water-surface or with other similar habitats, e.g. the mats of
Batrachium. Chiefly occurs on the undersurface of the leaves of Nuphar luteum
and Hydrocharis morsus ranae. Close adaptation to the habitat.

4. The characteristic species of the taxocene of undersurfaces of floating
leaves. In the taxocene it occurs as a dominant (it is rather an exceptional case).
Abundance — 4; Constancy — 5.

Bothromesostoma personatum

1. Spring-summer species. It occurs from IV to VIII. The most numerous
in VIIIL.

2. It occurs in the depth 0—60 cm.; rarely down to 1 m. near the shore-
-line.

3. It occurs in the “swampy” habitats, in sedges and bulrushes (Schoeno-
plectus lacustris) zones and in the littoral plants in wood zone. The species
is associated with the littoral vegetation particularly with the “swampy” lit-
toral zone (very shallow one). Here Abundance is 5.

4. The characteristic species of “swampy” and sedges-taxocenes, where
it occurs as a dominant (Abundance: 4 or 3). It occurs, too as an adominant
in bulrushes taxocene (Abundance — 1).

Castrada armata

1. Summer-autumn species. It occurs from VI to XI; the most numerous
in IX and XI; mature eggs up from VIII.
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Table IX
Turbellarian fauna of “meadows” in Harsz and Wigry Lakes

Wigry Harsz "
i g : Chara d Chara d all d
1 Macrostomum appendiculatum X
2 Gieysztoria lugubris wigrensis X
3 Castrada viridis X
4 Mesostoma lingua X
5 Macrostomum viride X ? (7
6 Castrella truncata X X
T Strongylostoma radiatum X X
8 Stenostomum leucops X X X
9 Microstomum lineare X X X
10 Gieysatoria expedita X X X
11 Gieysatoria virgulifera X X X
12 Microdalyellia brevimana X X X
13 Castrada armata X X X
14 Mesostoma ehrenbergi X X X
15 Gyratrix hermaphroditus X X X
16 Plagiostomum lemani X X X
17 Gieysztoria triquetra X X
18 Rhynchomesostoma rostratum X X

2. Occurrence depth 0—2.6 m. Abundance: 1—2; the most numerous
in depth 15—60 cm.

3. It occurs in the zone of rooted plants with floating leaves, in sedges zone
and rarely in Hydropsammon and in the submergent plant “meadows”,
etc. Abundance: 2.

4. It occurs as an adominant in numerous taxocenes. In sedges taxocene
is more important. Here is nondominant. The species is not a characteristic one.

Castrada hofmanni

1. The species of full vegetation period. It occurs from IV to X. From
V to IX more numerous. (Abundance: 3); mature eggs in I'V and in VII—IX.

2. It occurs in the depth 0—1 m., rarely deeper. In spring and in autumn —
down to 60 ¢m., in summer — down to 1 m. It is the characteristic species
of the lake-surface (because the light is required for the assimilation held by
zoochlorellae).

3. Itoccursin all the surface habitats (Abundance: 2—3). It avoids “swampy”
habitats (where Bothromesostoma personatum flourishes) in which its Abundance
is = 1. It does not occur in sandy-beaches habitat where its substitute is
Castrada viridis. Its Constancy and Abundance — similar to the previous one.
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4. The characteristic species of all the surface taxocenes where there is no
sandy substratum; it occurs as nondominant. In reed and bulrushes taxocenes
it becomes dominant species. It avoids “swampy” taxocene (here it becomes
adominant and its Abundance decreases to 1).

Table X
Psammonic turbellarians in Harsz and Wigry Lakes
Hd — Hydropsammon; Hg — Hygropsammon; Eu — Eupsammon
| Wigry Lake [ Harsz Lake |
No. Species % | - - |
:, ‘ H4 | Hg | Ha | Hg | Ea
. = A% St G 1S RE Y
[ 1 i Gieysztoria cuspidata X | ‘
| 2 |  Olisthanella truncula X ; i
3 | Rhynchoscolex simplex | X > Sl i
4 Dochmiotrema limicola | X |
5 Microstomum lineare X X j
6 Castrada viridis X X |
7 Castrada armata X X
8 Stenostomum leucops X X > RN o &
9 Gyratrix hermaphroditus X X X X
10 Macrostomum viride X X
11 Macrostomum appendiculatum X B 4
12 Stenostomum unicolor X
13 Prostoma clepsinoides (Nemertini) X
14 Castrada sp. cf. affinis X
15 Olisthanella haleziana X X
16 Castrella truncata X X

Castrada viridis

1. The species occurs all the year. Abundance: 3; it remains more or less:
unchanged during the whole year, only at the end of winter and in early spring:
its Abundance decreases. Mature eggs VI—VII and XI.

2. It occurs in the depth 0—60 cm., rarely down to 1 m. (chiefly in summer)..
Very often it appears on shallow sandy beaches.

3. Exclusively in sandy habitats. The greatest Abundance (=4) in Hydro--
psammon. It excludes Castrada hofmanni.

4. Characteristic species of sandy-beach taxocene. Abundance increasess
as the sandy beach becomes more and more shallow. In Hydropsammon is;
rather numerous (Abundance: 4). Though it is not typical psammonic species,,
yet it often occurs in hydropsammon as the proof of some interrelation of psam--
monic — and sandy-beaches taxocenes.

Castrada sp. cf. affinis

1. Summer species. It occurs in IX (Abundance: 2). (The data referring:

to this species are not sure enough, because the specimens have been rarely-
found).
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2. The specimens were found in the depth 0—I15 cm.

3. It occurs in arenal zone (Hydropsammon). The species should be
examined in details and more stands of it should be discovered.

4. Probably the psammonic species.

Castrada sp. cf. quadridentata

1. Exclusively summer species. It occurs in VI (Abundance: 1) and in VIII
(Abundance: 3).

2. The specimens have been found in the depth 8—10 m. (VI) (Abundance:
1) and in the depth 0—10 cm. (VIII) (Abundance: 3).

3. The species occurs in profundal zone of “Maly Harsz” Lake, as well
as on sandy beaches (Abundance: 3). There is a lack of systematic and ecolo-
gical data referring to this species.

4. It is adominant species in profundal and sandy-beaches taxocenes.

Castrella truncata

1. The species occurs in full vegetation period, from IV to XI. But
it does not occur in IX and in X. This break cannot be properly explained.
Perhaps it is a lack of data concerning the occurrence of one or two generations,
or it is a winter-spring species (but this is highly improbable). Mature eggs
in VIII.

2. It occurs in the depth 0—I1.5 m., exceptionally 3—4 m.

3. The water-surface species; some specimens have been found in psam-
monic and “swampy” habitats as well as in sedges zone and in the littoral-
-plants-in-wood zone. It avoids the typical emergent vegetation and it does
not occur in the zones of submergent vegetation and in the submergent-plant
“meadows”.

4. It occurs as an adominant in psammonic “swampy’’-sedges and reeds
taxocenes. &

Gieysztoria expedita
1. The species of full vegetation period. It occurs in V—X; is lacking in
VI and VII. Mature eggs in 'V and VIIL.
2. It occurs in the depth 0—1.5 m.

3. It occurs in the habitats of sedges, spike rushes (Heleocharis), horsetails,
on the undersurfaces of floating leaves of Nuphar, in the submergent vege-
tation zone and in the submergent-plant “meadows”.

4. In numerous taxocenes from sedges taxocene up to that of submergent
plant “meadows™ it occurs as adominant.
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Gieysatoria triquetra

1. Summer species. It occurs in VII and VIII; the most numerous in VIII;
mature eggs in VII and in VIII; Abundance: 2.
2. It occurs in two strata: from 0 to 1.5 m., from 4 to 7 m.; the distinct

break in 1.5—4 m.

3. It occurs in the habitats of sedges, horsetails, common reeds, Batrachium
and especially in the submergent plant “meadows” Abundance: 2.

4. In sedge — and common reed taxocenes as well as in that of submergent
plant “meadows”, it is adominant.

Gieysztoria virgulifera

1. Summer-autumn species. It occurs from VI to X; the most numerous
VIIT—X; Abundance: 3; mature eggs from VII to IX.

2. It occurs in the littoral zone, from 0—7 m.; the most numerous in the
depth 4—7 m. (Abundance: 3).

3. It occurs chiefly in the habitat of submergent plant “meadows” (Abun-
dance: 4) and in submergent vegetation habitat.

4. It is the characteristic species of submergent plant “meadows”. In other
taxocenes its occurrence is probably connected with the presence of submergent
plant “meadows”. In those cases it appears as adominant (Abundance: 2 or 3;
Constancy: 2 or 3).

Gyratrix hermaphroditus

1. The species of full vegetation period. It occurs from I'V to X. The most
numerous in VII and VIII. Mature eggs from V to VIIL.

2. It occurs in all the strata (0—48 m.); eurybathic species. One distinct
maximum of occurrence (4—10 m.) on the border of deep littoral and profundal
zone; Abundance: 4; another maximum not so distinct, in shallow littoral
zone; Abundance: 2.

3. Ubiquistic species. Maximum of its Abundance in submergent-plant
“meadows” and in profundal habitat. Abundance: 3—4; generally — only 2.

4. It occurs in all the taxocenes, except “swampy’ and bulrushes ones.
In the profundal and the submergent-plant “meadows” taxocenes it is dominant.
In other taxocenes it occurs as an adominant.

Macrostomum hystricinum

1. The species of full vegetation period. It occurs in IV and in VIII—
IX; the most numerous in I'V. Its Abundance is 3. Probably two generations

occur.
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2. Occurrence depth 0—60 cm. In spring it has been found in deep water-
-strata, in summer it migrates up. The data referring to the species are very
poor.

3. It occurs in eupsammon as well as on Fontinalis plants, which float
near the shore-line.

4. In psammonic taxocene, as an adominant. Probably, it occurs in other
taxocenes, too. This should be verified.

Macrostomum phytophilum

1. The species of full vegetation period. It occurs in I'V; later on in VII,
VIII, IX. The most numerous in VIII. Abundance; 3 or 2. The mature indivi-
duals are recorded in IV and in VIII.

2. It occurs in two strata: from 0 to 160 ¢cm. and 2.6 to 7 m.; the most nu-
merous in the 1 m. depth.

3. It occurs in psammonic-, sedges- and submergent-plant “meadows”
habitats. It does not occur in the zone between the sedges-belt and the sub-
mergent-plant “meadows”.

4. It occurs in psammonic- and sedges taxocenes as well as in the sub-
mergent-plant “meadows”, as an adominant.

Mesostoma ehrenbergi

1. Summer species. It occurs from VII to IX. The most numerous in VII
and in VIII. Abundance: 2. Mature individuals are recorded in VII and in
VIII; the specimeéns with eggs in VIL.

2. It occurs in the depth 0—1.5. m. and 2.6—7 m.; the most numerous
in the deeper strata (Abundance: 2). Similarly to Macrostomum phytophilum,
there is a break in its occurrence in the middle layers of littoral zone.

3. It occurs in “swampy” littoral and in horsetail zone as well as in the
submergent-plant “meadows”. Here is the most numerous.

4. In “swampy” and reed taxocene is adominant. In the taxocene of sub-
mergent-plant “meadows” it occurs in greater number and more often.

Mesostoma lingua

1. The species of full vegetation period. It occurs in V—VIII. Mature
eggs in VII. No exact data referring to this species.

2. The species occurs in the depth 8—48 m. exceptionally one specimen
has been found in the depth 0—15 c¢m. In spring — greater Abundance in the
deep layer; in summer — in shallower strata.

3. It occurs in profundal habitat (Abundance: 2). Once, it has been found
in the habitat of floating leaves of Batrachium, on the water-surface.

4. The characteristic species of the profundal taxocenme. Here it occurs
as nondominant.
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Microdalyellia brevimana

1. Late-summer species. It occurs in VIII and in IX; the most numerous

in VIII. Mature eggs in VIIL
2. Itis recorded in the depth 0—160 cm.; the most numerous in the stratum

0—15 cm.

3. It occurs in “swampy” habitat and in submergent-plant “meadows™.
The characteristic break exists in the intermediate habitats, similar to that
observed in the occurrence of Macrostomum phytophilum.

4. In “swampy” taxocene and in taxocene of submergent plant “meadows”

it is adominant.

Microstomum lineare

1. All-the-year species. The most numerous in V, VIII and IX. Mature
individuals are recorded in 1V, VIII and XI; specimens with eggs in VIIL.

2. Eurybathic species; it occurs in all the strata of the lake.

3. It is ubiquistic and eurytopic species (in Dargin Lake it occurs as a planc-
tonic species).

4. It occurs in all the taxocenes. In the taxocene of sandy-beaches and
in the submergent plant “meadows” is dominant; in other —is adominant.

Olisthanella haleziana

1. The species of full vegetation period. Very small number of the
specimens was found in IV, V and X.

2. They were found in the depth of 0—15 cm.

3. It occurs in arenal habitat (Eupsammon).

4. Probably the characteristic species of psammonic taxocene (Abundance: 3).

Olisthanella truncula

1. Early-spring species. It was found in I'V. Too little is known about
the species for discussion.

2. It was found in the depth greater than 40 m.

3. The specimen was found in profundal habitat.

4. No data.

Olisthanella sp. (n. sp.?)

1. Summer-autumn species. It occurs in VII—X; the most numerous

in IX. Mature individuals are recorded in VII.
2. In summer it occurs in the depth 0—15 em. (Abundance: 2); in autumn

60—160 cm.
3. It occurs in arenal habitat (Eupsammon and Hygropsammon) and in

the zone of submergent vegetation (Potamogeton lucens).
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4. In the psammonic taxocene is nondominant. Probably it is the cha-
racteristic species of this taxocene.

Phaenocora megalops

1. Early-spring species. It occurs in IV,

2. Tt occurs near the water-surface (0—15 cm.).

3. It is abundant in very shallow littoral zone (in those parts of it that
are cut off periodically by the heaps of water plant debris from the main body
of the water), but rarely occurs in the proper littoral zone (in “swampy” habitat).

4. The characteristic species of small pools; it occurs as adominant in
taxocene.

“swampy”’

Plagiostomum lemani

1. The species occurs all the year. Abundance: 1. The most numerous in
VI (Abundance: 2).

2. It occurs in the depth 0—10 m. is lacking in the stratum 2.6—4 m. In
spring it has been found in the deeper strata, in summer — in shallower ones.

3. It occurs in the following habitats: sandy beaches, “swampy” one,
sedges, submergent vegetation zone, submergent plant “meadows” of the
shallow profundal zone (8—10 m.). The distinct break in the sedges zone and
the zone of submergent plant “meadows™.

4. It occurs in sandy beaches,” “swampy’ - and sedges taxocenes as well
as in those of submergent plant “meadows” and of profundal zone. In all of
them is adominant.

Prorhynchus stagnalis

1. Autumn-winter species (it occurs rather in winter). It occurs from XTI to T11.

2. It occurs in the depth 0—1.5 m.; it is lacking in depth of 15—60 cm.

3. It occurs in bulrushes habitat, in the periphyton on these plants and
in Potamogeton natans aggregations under the ice-cover (Abundance: 2).

4. It is not possible to include it to one, particular taxocene as there are no
other turbellarians present. It has been found together with Prostoma and
Dugesia lugubris. Probably it is adominant in the bulrushes taxocene and in
that of rooted plants with floating leaves.

Rhynchomesostoma rostratum

1. The species of the full vegetation period. It occurs from IV to IX;
maximum of its occurrence in I'V, VII and in VIII; mature eggs from I'V to IX.

2. It occurs in the depth 0—7 m., in the whole littoral zone. In spring —
the most numerous in the stratum 0—60 cm. (Abundance: 3). In summer
is found in the bottom strata 60 cm. —7 m. (Maximum of its occurrence in
the depth 4—7 m.).
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3. It occurs in submergent plant “meadows” and in the zone of submergent
vegetation; in littoral plants in wood zone (Abundance: 2) and in bulrushes
habitat.

4. Adominant in submergent plant “meadows” taxocene. Nondominant
in the facies of littoral-plants-in-wood. Adominant in bulrushes taxocene.

Stenostomum leucops

1. The species occurring all the year. The most numerous in VII. Abun-
dance: 4.

2. It occurs in the whole littoral zone in the depth 0—7 m.; maximum of
its occurrence in the stratum 4—7 m.

3. It occurs in the habitats: arenal zone, bulrushes zone, common reeds
and littoral-plants-in-wood. It lives, too, in the submergent plant “meadows”
and in the zone of submergent vegetation. The most numerous in arenal ha-
bitat and in the submergent plant “meadows”.

Probably there are two species: one — occurring in arenal habitat, ano-
ther — in the submergent plant “meadows”.

4. In submergent plant “meadows” taxocene, in bulrushes-one, and
in psammonic taxocene is nondominant. In common reed and “’swampy”
taxocenes is adominant.

Stenostomum unicolor

1. Summer-autumn-winter species. Because of some difficulties of clas-
sification only few individuals have been determined. It occurs in VII—VIII
and in III; the most numerous in VII.

2. It occurs in psammonic fauna (0—15 cm.), Abundance: 5; and in the

depth 60—160 cm. (Abundance: 1).
3. It occurs in the following habitats: arenal one, sandy-bea(_:hes, bulrushes
zone, rooted plants with floating leaves. The greatest Abundance (=5) —in

arenal habitat.
4. In the taxocene of psammonic zone is dominant. In sandy-beaches and

in that of bulrushes zone is adominant.

Strongylostoma radiatum

1. Spring-summer species. It occurs in IV and in VII—VIII. Mature
eggs in VIIIL

2. It occurs in the depth 0—160 cm. and 4—7 m.; the distinct break in
the strata 1.6—4 m.

3. Ubiquistic. It occurs in the following habitats: sandy-beaches, “swampy”
littoral zone, sedges, bulrushes, horsetails, Nuphar luteum, Potamogeton lucens,
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submergent plant “meadows” and shallow profundal zone (Abundance: 1).
In the habitat of submergent plant “meadows” its Abundance = 2.
4. In all the taxocenes of the lake, except the psammonic one, is adominant.

Bdellocephala punctata

1. It occurs in VII. Only one numerous group of specimens has been found.

2. It has been found in the depth 4—7 m.

3. It is difficult to define its proper habitat as only one group of the spe-
cimens has been found (Abundance: 3). Probably, it occurs exclusively on the
undersurface of water soldier (Stratiotes aloides) leaves.

4. It occurs in submergent plant “meadows” taxocene. Probably it is the
characteristic species of water soldier facies in submergent plant “meadows”
taxocene.

Dendrocoelum lacteum

1. All-the — year species.

2. It occurs in the strata 0—7 m.; here are two breaks in its vertical occurrence.

3. It occurs in “swampy” habitat (Abundance: 1) as well as in that of sub-
mergent plant “meadows”. In water soldier habitat its Abundance = 4; the
species occurs in stonewort aggregation, too.

4. The species is closely associated with the submergent plant “meadows”
taxocene; especially — with water soldier facies and stonewort facies.

Dugesia sp.*

1. All-the-year species. The maximum of its occurrence is in spring IV—V.

2. It occurs in the depth 15 cm.-— 7 m.; the most numercus —in the
stratum 4—7 m. In winter and in spring it has been found in the depth 0.15—
2.6 m.; in summer and in autumn — 2.6—7 m.

3. It occurs chiefly in submergent “plant meadows” and in bulrushes
habitat.

4. In submergent plant “meadows” taxocene is adominant.

Planaria torva

1. It occurs from III to IX; the most numerous in VII—VIIIL.

2. It occurs in the depth 0—1.5 m. and in the stratum 4.7 m.
The distinct break in its occurrence in the depth 1.6—4 m. It is recorded in
the shallow and in deep littoral zone. :

3. It occurs in sedges and Potamogeton natans habitats as well as in that
of submergent plant “meadows”. The most numerous on the undersurface

* Examined samples consisted of Dugesia lugubris (80°/,) and D. polychroa (20°/;).
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of water soldier leaves (Abundance: 3). In general, it is the species of submer-
gent plant “meadows”. 7

4. Nondominant in submergent plant “meadows” taxocene; adominant
in sedges taxocene and in that of rooted plants with floating leaves.

Polycelis nigra

1. All-the-year species; the most numerous in IT—VI; Abundance: 3.

2. It occurs in the depth 0—1.5 m.; once it has been found «in the stratum
4—7 m. (1 specimen only). Similarly to Bothromesostoma personatum it migrates
in summer and in autumn down to the bottom, in winter it begins to move
up to the water-surface.

3. It occurs in “swampy’ habitat, in sedges, spike rushes, horsetails habitats
and in littoral-plants-in-wood. It lives near the shoreline.

4. Together with Bothromesostoma personatum it is the characteristic species
of “swampy” and sedges taxocenes. In sedges taxocene it is dominant. In
“swampy’’ taxocene is nondominant; in common reed taxocene — adominant.

Prostoma clepsinoides

1. Summer-autumn-winter species. It occurs in VII—III; maximum of
its occurrence in VIII, IX and X. Mature individuals up from VIII.

2. It occurs in the stratum 0—I1.5 m. In winter it occurs rather in deeper
stands: 60 ¢m. to 1.5 m.

3. It occurs in sedges, spike rushes and bulrushes habitats. One specimen
has been found in Hygropsammon. In spring their larvae migrate to all the
habitats.

4. In sedges and in bulrushes taxocenes is adominant. It is the characteri-
stic species of bulrushes taxocene.

Comparison of turbellarian fauna of Harsz Lake with that of Wigry Lake

The best known turbellarian fauna in Poland is that of Wigry Lake (G ie y-
sztor 1939). From May to July, 1930, he investigated the turbellarians of
Chara sp. aggregation of Wigry Lake. Table IX presents the data concerning
Harsz Lake compared with those from Wigry Lake. The component species
in both cases are nearly the same, but two species are lacking in Wigry Lake;
Gieysztoria triquetra and Rhynchomesostoma rostratum. But there is a lot of
species in Wigry Lake that are absent in Harsz Lake. E.g. Macrostomum
appendiculatum (hystricinum) scarcely occurs in Harsz Lake; it is recorded
only in arenal zone on the mosses Fontinalis antipyretica. Gieysztoria lugubris
wigrensis has been found only in sedges zone; Castrada viridis occurs in Harsz
Lake exclusively in sandy substratum habitats; Mesostoma lingua — in pro-
fundal zone (only one specimen has been found in submergent plant “meadows”),
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The characteristic species of submergent plant ‘“‘meadows” in Harsz Lake is
Gieysztoria virgulifera; it rarely occurs in Wigry Lake.

The other group of habitats which have been more carefully investigated
are arenal ones. Table X shows the comparison of those habitats in both lakes.
I have not found in psammonic fauna of Harsz Lake the following species
which occur in Wigry Lake; Rhynchoscolex simplex, Gieysstoria cuspidata,
Dochmiotrema limicola and Olisthanella truncula.

The most numerous specimens, which have been found in arenal zone of
Harsz Lake, belong to the genus Stenostomum. Besides that, the characteristic
species of those habitats belong to the genus Olisthanella.

Summary

From April I-st, 1953 to the end of June, 1954, the ecology of turbellarians,
living in Harsz Lake, was examined.

Once a month or once a fortnight the samples have been taken from 32
stations (They were situated in all the habitats of the lake; map I and II;
table II).

The quantitative data, referring to turbellarians of that lake are presented
in five-degree-scale of Abundance. In description of the materials, the term
“Class of Constancy’ is introduced.

The following are the results of this work:

1. 39 species of turbellarians and 1 fresh-water Nemertine (found for the
first time in Poland) have been described (see: List of species.)

2. The appearing and disappearing of turbellaria species populations in their
year-cycle is presented (table I'V).

3. Vertical distribution of turbellarian species has been investigated
(table ITI and V).

4. Occurrence of turbellarian species in 32 habitats has been examined
(table VI).

5. The existence of 9 coexisting groups of turbellarian species have been
distinguished. They are called *taxocenes” and they are parts of association
(table VII and VIII).

6. The ecological characteristics of species occurring in Harsz Lake are
presented.
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Parmi les facteurs écologiques les plus favorables a la multiplication des
Diatomées d’eau douce les donnés sur le réle d’un support stable, font presque
complétement défaut. Méme dans les études sur I'écologie des Diatomées
(Cholnoky 1927a, b), Cholnoky 1929, Germain 1936) cette
dépendance n’a pas été envisagée suffisamment.

Dans la note présente on a essayé la methode expérimentale des lamelles
en verre pour souligner I'importance de la stabilité d’un support submergé
pour la biologie des Diatomées d’eau courante. On a essayé également de met-
tre en évidence sa base stable comme lieu du développement et de la constitution
des colonies sessiles.

Matériel et méthode

Les rechérches sur le periphyton des riviéres polonaises du bassin de la Vi-
stule et de 1’Odra, entreprises en 1949—1955 ont donné des récoltes o, parmi
les autres algues, les Diatomées étaient les plus abondantes. Voici quelques
espéces les plus caractéristiques: Melosira varians, Diatoma vulgare, D. elonga-
tum, Ceratoneis arcus, Synedra ulna, S. acus var. radians, Cocconeis pediculus,
C. placentula, Achnanthes minutissima, Frustulia rhomboides, Amphora ovalis,
Nitzschia acuta, N. palea, N. Kuetzingiana, N. holsatica, N. acicularis.

Les lamelles en verre (Hentschel 1923, Thomasson 1926, D u p-
lakoff1933) ont été submergées ca 20 cm au dessous de la surface de pleine
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eau des diverses riviéres pendant une période fixe de 3—10 jours en été, dans
certains cas en automne ou en hiver. Ensuite, aprés leur séchage, elles deve-
naient un objet facile pour I’étude de qualité et de quantité d’algues fixées et
développées sur la surface des lamelles, particuliérement dans les riviéres dont
le degré de la pollution d’eau n’était pas trop élevé. Le nombre de Diatomées
a été calculé sur la surface d’l cm?® de deux lamelles en verre suspendues en
méme temps et dans les mémes conditions.

Pour les données plus précises quant a la technique de travail au moyen
de cette méthode v. Wysocka 1952, 1957, 1958.

Pour obtenir, autant que possible, le contour des frustules secs, associés en
colonies sessiles, les photographies ont été faites a grossissement faible avec
oculaire 6 et objectif 24, en laissant de coté les questions de la structure des
frustules. Ce ne sont que les fragments du processus d’envahissement d’un
support stable par les Diatomées.

Observations et conclusions

Le tableau I ne présente que les espéces qui se distinguérent par leur fré-
quence et leur abondance. Il s’y trouve, cependant, des espéces moins fréquantes
dont le nombre d’individus, dépassait, dans un cas particulier — 100 exem-
plaires par 1 em?2.

Ce qui frappe surtout dans cette liste, c’est la fréquence de Nitzschia acicu-
laris, dont la quantité maximale montait a 3436 individus par 1 em?% Cette
Diatomée connue comme espéce arrachée aux rives par le courant d’eau (U t e 1-
m 6 h1 1925) vit fixée sur des racines de Graminées, soit en assotiation avee
Navicula pelliculosa (Bréb.) Hilse dans les lames muqueuses (G e r m a i n 1936)
contrairement a 'opinion de Hustedt 1930 et Zabielina 1951, qui la
considérent comme planctonique.

Reliée a la base stable des lamelles en verre, Nitzschia acicularis des riviéres
polonaises, forme des colonies sessiles ol les indvidus sont accolés par 2, 3, 4,
ou davantage, souvent sans aucun ordre (Planche I, fig. 1).

Il arrive que cette espéce forme des colonies sessiles plus compliquées, dont
une fixée a la lamelle sert elle-méme de support a une autre colonie, celle-ci
a son tour porte la suivante e.t.c. (fig 1, 2); les extremités des frustules étaient
probablement réunies par un mucus trés peu apparent, mélangé avec des pe-
tits grains du tripton. La disposition des colonies composées en forme ,,d’étage”
permet probablement leur développement par suite du peu de place qu’elle
occupe ainsi sur le support. Ce mode de vie peut offrir en plus un contact pos-
sible avec le support, enfin il explique I’apparition facultative des éléments
dissociés dans la zone pélagique lorsque I'eau est trés agitée.

J’ai porté mon attantion sur certains frustules de la Nitzschia, recourbés
en forme de faucille (fig. 2, la colonie supérieure a droite), qui semblent chercher
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PLANCHE I
1 — Nitzschia acicularis; 2 —- Diatora- elongatums 3+ Diatoma elongatum; 4 — Diatoma elon-
I CH P 8!
gatum; 5 — Diatoma vulgare. Clichés A. Kowalczewski






Diatomées d’eau courante développées sur un support stable submergé ca 20 cm au dessous de la surface d’eau (Quantité d’individus par 1 cm?) Tableau 1
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les points d’insertion de méme que pour var. closterioides Griin.: Hustedt
1930 (p. 423), Huber-Pestalozzi 1942 (p. 479, pl. CXLI, fig. 578 A),
Zabielina 1951 (p. 532), qui I’a signale dans le plancton des lacs, Cleve -
-Euler 1952 (fig. 1509 e, f).

Evidemment, les frustules de N. acicularis nommés sub ,,var. closterioides”
ne représentent que le polymorphisme du type de Vespéce (N. acicularis o

Fig. 1. Nitzschia acicularis. W. Sm-1, 2. Disposition en colonie sessile

typica A. Cleve), par suite d’une multiplication spécifique en relation avec
le support stable.

L’écologie d’autre espice (moins frequente dans mon matériel) de Diatoma
elongatum (0. genuinum Meyer f. typica A. Cleve) dont les éléments des colonies
sont disposés en rubans (W oloszyriska 1911, PL V, 2) en rubans dissociés
(Cleve-Euler 1953, fig. 330 e, d’aprés Kiitzing), en étoile (Wolo-
szyhiska lec., PLV, 3), en étoile-chaines (Cleve - Euler 1953, fig. 330,
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f, g, h, i) et le plus souvent suivant plusieurs auteurs, en zig-zag, a été viole-
wment discutée. On a admis, deux formes écologiques: ,,Ruheform” des auteurs
allemands, constituées en ruban-zig-zag par rapport au support, et la
forme en étoile ,,Plankton-stadium” se développant en pleine eau. Leur multi-
plication est surtout reglé par ’époque de I'année et méme par les conditions
climatiques (Woloszyriska l.c.Huber-Pestalozzi l.c,, Zabie-
lina l.c.)

On peut s’étonner de voir dans le matérial de la région polonaise, particu-
litrement en été toutes les phases de la structure des colonies et méme leurs
intermédiares adaptés au support (planche I, fig. 2, 3, 4). 1l faut souligner que
Diatoma elongatum en étoile était fixée au support par un disque gélatineux
bien net.

On doit admettre que les phases des colonies en zig-zag ou en étoiles provien-
nent par dissotiation des individus composant ultérieurement une phase en
ruban, qui est une forme peut-étre élémentaire. La vie pélagique de Diatoma
elongatum, en ressemblance avec Nitzschia acicularis, est alors aussi facultative.

Ce vient a I'encontre de l'opinion des algologues mentionnés plus haut
aussi celle de Germain, qui signale Diatoma elongatum comme caractéri-
stique pour le plancton hivernal et ne provenant pas de la région littorale;
en ce cas on peut supposer leur développement sur la base de la lisiére inférieure
de la glace ou les autres objets submergés.

Il semble que Diatoma elongatum var. actinastroides Krieg. (Krie ger 1927,
pl. III, fig. 2, Hustedt 1930, fig. 114, Huber-Pestalozzi 1942,
pl. CXXIX, 523 A. Zabielina 1951 sub ,forma actinastroides” Krieg.,
Cleve-Euler1953,p. 23, sub D. elongatum o genuinum f. actinastroides Krieg.)
en accord avec supposition de Huber-Pestalozzi, n’est pas guére une
variété; il s’agit done probablement d’une phase de la colonie en ruban étant
en train de séparer plus rapidement des extremités supérieures des frustules,
ce qui vient aussi en cas des étoiles.

Les frustules associés en colonie sessile des autres espéces communes dans
le milieu du periphyton des riviéres, présentent la disposition des frustules
analogue a celle de Diatoma elongatum: par exemple une phase de passage en-
tre ruban et zig-zag de Diatoma vulgare (pl.1, fig. 5), rependus particuliérement
en hiver, leur maximal développement montait jusqu’a 11420 individus sur 1 cm?;
un court ruban de Synedra Ulna (pl. 11, fig. 6 au milieu), dissociation de celle-ci
(fig. 6 a deux coté et pl. II, fig. 7) enfin un long ruban dissocié surtout a leurs
extrémités supérieurs (pl. II, fig. 8).

Les éléments dissociés sans doute continuent, toujours rattachés au support,
leur développement en composant des touffes sphériques comme p. ex. chez
Synedra acus var. radians. Certains auteurs signalent le Synedra acus var. radians
comme caractéristique pour le plancton des lacs.
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PLANCHE II

6 — Synedra ulna; 7 — Synedra ulna; 8 — Synedra ulna; 9 — Ceratoneis arcus; 10 — Cerato-
neis arcus var. lanceolata. Clichés A. Kowalczewski
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Une espéce sessile moins connue, Ceratoneis arcus et ses variétés, forme dess
colonies circulaires (pl. II, fig. 9, 10) autour d’un point central et leur pointt
de départ est, il semble, la phase en ruban court (v Zabielina 1951, p- 130,,
fig. 1 a; Cleve-Euler 1953 sub. Fragilaria (Ceratoneis) arcus (Kiitz.) Cll
o genuina A. Cleve, fig. 373 d). En dehors des espéces dont les frustules sont:
reliés a leur support par une extrémité au moyen du mucus, telles que: Nitzschia:
acicularis, Diatoma elongatum, D. vulgare, Synedra ulna, S. acus var. radians,,
Ceratoneis arcus, Melosira varians, Achnanthes minutissima, il convient de men-
tionner des espéces dont les frustules sont appliqués au support sur toute leur
longueur: Amphora ovalis, Cocconeis pediculus et C. placentula.

Dans le periphyton des riviéres j’ai rencontré une fois seulement Amphora
ovalis en quantité remarquable (189 individus par 1 cm?, v. pl. ITI, fig. 11).
Notons, a part d’une large amplitude écologique de cette espéce, que les rives
et les objets flottants dans I'eau courante sont rarement indiqués comme les
lieux de son développement.

Entre deux espéces du genre Cocconeis, repandues dans le periphyton des
lamelles en verre, c’est pour C.pediculus que Germain a vu les filaments
de Cladophora glomerata comme milieu d’élection. D’aprés mes obser-
vations cette affinité entre C. pediculus et le genre du support n’existe pas
(pl. 111, fig. 13). On voit alors, que le support en verre peut seul servir a I'etu-
des des epiphytes, contrairement au point de vue de Cholnoky 1929
(p. 313 — 314).

Un autre mode de vie a Iétat sessile représente Frustulia rhomboides qui
s’apparut dans deux stations en plaques presques pures composées par des
individus au nombre de 450 et 275 sur 1 em?; leurs frustules étaient libres
(pl. 111, fig. 12), non enrobés dans un tube muqueux si caractéristique pour
ce genra-la. En mon cas, la relation entre les individus et un support stable,
se borne probablement a I'époque de leur développement. Mes observations
sur le Frustulia rhomboides cadrent avec celle de Germ ain tant qu’il s’agit
de leur milieu de développement tel que p. ex. les rives des grands cours d’eau
et non plus exclusivement les tourbidres ou l'eau stagnante (Hustedt
1930).

La pauvreté des renseignements sur la biologie des espéces de Nitzschia:
N. acuta, N. palea et N. Kuetzingiana pour lesquelles je n’avais que des données
sur leur quantité (v. Tableau I) me permet seulement de supposer la méme
dépendance (que chez Frustulia) du support stable.

Il nous reste a noter le remarquable développement d’une espéce encore, celle
de Nitzschia holsatica (jusqu’a 1369 individus par 1 ¢m?®) signalée comme es-
péce pélagique (Hustedt 1930, Zabielina 1951) ou purement plancto-
nique (Huber-Pestalozzi 1942).

Elle reclame sans doute un support stable pour constituer des colonies en
forme de touffes spheriques (pl. III, fig. 14) et qui ressemblant a celle des autres
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11 — Amphora ovalis; 12 — Frustulia rhomboides; 13 — Cocconeis pediculus; 14 — Nitzschia
holsatica. Clichés A. Kowalezewski
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Diatomées p.ex. Synedra ulna, Synedra acus var. radians; Nitzschia holsatica
(d’aprés Cleve-Euler 1952 ,,N. holsatica Hust.” fig. 1507b n’est q’un
petit exemplaire de Nitzschia actinastroides (Lemm.) v. Goor, fig. 1507a) n’a
jamais été signalée comme vivant a I’état fixe, son sejour sur un support m’est
alors que passager.

Conclusion

1. En ce qui concerne I'importance d’un support stable, c’est sa stabilité
qui joue un réle du premier ordre, a cté des relations entre les Diatomées et
I’habitat ainsi que le genre de support. C’est ne qu’a la surface d’un pareil
support que les Diatomées se multiplient; elles restent ensuite dans leur lieu
de naissance ou le quittent pour vivre en état libre. Un support stable
dans le periphyton devient donc une sorte de ,.tremplin” s’il s’agit de la bio-
logie et de I’écologie des Diatomées.

2. En se basant sur les rechérches concernantes quelques Diatomées en
abondance dans le jeune periphyton des riviéres polonaises et sur leur mode
de vie, on peut admettre la classification générale suivante: a) les unes Diato-
meés, semi-sessiles, reliées au support a I’époque de leur multiplication, vivent
ensuite en pleine eau et sur le fond a I’état libre comme individus separés ou
accolés en colonie, b) les autres, sessiles, adherées a un support pendant leur
développement et multiplication, restent fixées.

3. En accord avec Woloszyniska 1911 (p. 212 — 216), la morphologie
des colonies n’a pas d’importance dans la systématique des Diatomées; elle
est cependant d’intérét primordial pour la biologie et I’écologie. P. ex. les phases
de ruban, etoile et zig-zag sont liées étroitement avec la vie sessile. Aussi
le polymorphisme des individus semble, en certains cas, étre bien en rapport
avee le mode de constitution des colonies sessiles (Wysocka 1959). Clest
ainsi que Diatoma elongatum var. actinastroides Krieg. et Nitzschia acicularis
var. closterioides Grun. sont les formes types de ces espéces et non pas des va-
riétés.

4. Nitzschia holsatica Hust. (aussi que Nitzschia actinastroides (Lemm.)
v. Goor) connue comme 'espéce pelagique ou planctonique, a cause de son
mode de vie, peut étre considerée, d’aprés mes observations, comme 'espéce
semi-sessile. Son séjour en pleine eau est alors facultatif.

5. A Toccasion on a constaté que les espéces des Diatomées suivantes:
Diatoma vulgare, Synedra ulna, Cocconeis pediculus, C. placentula, mentionneés
par Germain (l.c.) comme exclusives ou exigeantes s’il s’agit du support
(p. ex. les filaments de Cladophora, les limbes de Nuphar et de Nym-
phaea) doivent étre considerées comme n’ayant pas de préférence sous ce
rapport. :
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Tentative classification of small water bodies on the basis
of the differentiation of the molluscan fauna
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Molluscs are relatively well explored faunistically, and in a way also ecolo-
gically. Almost any monograph on molluscs describes the environmental con-
ditions in which the species of the given region occur, and with regard to aquat-
ic species, the authors invariably described the character of the water body
in which they had collected the material. This concerns most of the faunistic
works of our century. As an example I shall quote several authors who de-
scribed Poland’s molluses, including also those from small water bodies, while
world literature of this type is extremely profuse. My list includes the following
authors: Hilbert (1908), Polifiski (1913), Geyer (1919), Urbanski
(1933-8), Jankowski(1933-7), Feliksiak (1935, 1938, 1938a), Riedel
(1954), Wiktor (1958). Consequently we know well enough from literature
what species of molluscs may be found in small water bodies. However, there
are only a few publications devoted exclusively to the molluscan fauna of small
water bodies. Thus, for instance Zhadin (1926), compiled the biology of
molluscs of seasonal water bodies, Adensamer (1934) described the bio-
logy of several species belonging to the family Sphaeriidae, and Warwick
(1949) described molluscs from bomb crater ponds in England. However, com-
parative studies on molluscan communities in various differring minor water
bodies appear to be altogether absent. In view of far reaching differences be-
tween small water bodies with regard to siting as well as morphological, chemical,
floristic, and faunistic features, I have explored some with regard to their
molluscan communities. Thereby I hoped to arrive at a typological basis for
the classification of such bodies.

Since the last world war, minor water bodies have attracted the attention
of numerous scientists, but the problem of typology has remained unsolved.
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Classification criteria should cover the widest possible range of environmental
factors, and this could not be done but by a relatively large group of specialists
from various fields studying the same objects. A group of hydrobiologists under
Professor Dr. M. Gieysztor engaged in detailed studies of 16 small water
bodies in the environs of Mikolajki in Pojezierze Mazurskie (Mazurian lake
district.) The studies covered variability of morphological features, tempe-
rature and chemistry of the water, and flora and fauna of the water bodies,
and lasted from April to December 1956. It devolved on me to explore the
molluscan fauna.

Here it is my privilege to express to Professor Dr. M. Gieysztor my grati-
tude for his valuable expert guidance. I also wish to thank Mr. A. Szcze-
panski, in charge of the Mikolajki Hydrobiological Station, for making
available to me all the necessary facilities, to Mrs. Jahilnicka for most
chemical analyses of the water, to Mrs. B. Solin sk a, for making available
the floristic list of the water bodies, and to Mr. L. B e r g e r for checking the
i dentification of some molluscan species.

Material and methods

The material was collected with the aid of an ordinary net and a dredge,
biweekly between April and December 1956; additional material was collected
in June 1957, and May 1958. The small size of the water bodies made it pos-
sible to cover their entire area, and care was taken to select the widest pos-
sible variety of types. The choice of the region is amply justified by the fact
that the lake district, with its great diversity of configuration, offers a multi-
tude of minor different water bodies. The environs of Mikolajki are sparsely
populated and human interference with the natural development of the water
bodies is not conspicuous. It would be difficult to find similarly favourable
conditions in the neighbourhood of larger towns where natural conditions
are continually modified by economic activities.

The figures in table I indicate the morphological characteristics and dry-
state periods of specific water bodies*.

Table II lists the molluscan species collected; their frequency of occur-
rence is indicated by the figures, the dominant species for each water body,
being marked 1.

Natural classification of small water bodies

Minor water bodies and their systematics as objects of study became a point
of interest even in the twenties of this century. The following is a list of the
first publications on this subject which were available tome. Sukchatshov

* The water bodies are described in detail by Z. Fischer (1959).
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(1926) distinguishes groundwater bodies, which he terms as eutrophic, and
surface waters from precipitations to which he refers as oligotrophic. This
type of oligotrophy must be taken with some reservations, since such small
water bodies, whose trophism is determined by the enviromment, are very
rich in mineral salts and organic substances washed down from the proximate
terrain. Furthermore, when they freeze over in winter, there is an absolute
oxygen deficit under the ice. )

Spand/l's division (1926) is based on the origin: 1) abandoned beds,
2) pools of ice-water, 3) rain pools, and 4) groundwater pools. He is a pessimist
as regards classification, owing to the great variability of the features of small
water bodies, which he did not explore in detail. He distinguishes after Mrazek
whom he omitted in the bibliography, only groundwater bodies in open spaces
and in forests, He believes that any aquatic molluscs in small water bodies
are brought in by high-water from large bodies and die when the water
dries out.

Table I
Morphology of the water bodies surveyed in 1956
e Maximum | Maximam d:‘:';:::_ Volume | No. of | No.of
3 area in depth in cub. dry-state | dry-state

el iive sq. m. in om. ‘”’in'::'”) m. periods days
“Razesisty” 1208 180 170 146.89 — —
“Turzycowy” 965 145 134 — —
“Huczkowy™ 700 100 80 57.39 — —
“Cyrkowy” 308 85 66 30.81 — —
“Osemkowy” 242 72 46 19.89 1 3
““Hirocephalusowy” 217 125 36 18.99 3 99
“Trojkatny” 216 60 40 17.07 1 10
“Leény” 184 60 | 45 | 1482 1 3
“Romantyczny” 176 62 22 12.97 2 i 50
“Olszynkowy” 138 27 18 14.50 1 50
“Swierkowy” 96.5 108 11 7.81 — -
“Komarowy” 1 94 85 6.43 3 70
“Polny (old name) 51.5 75 49 4.16 3 132

Efemeryczny”

“Krzaczkowy” 29.4 78 65 8.19 — —
““Szczawiowy” 22 60 38 15.40 1 15
“Gospodarski” 600 70 55
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Deckbach (1929) considers on the basis of literature astatic water
bodies (cf. G ajl 1924), and divides them into permanent and seasonal ones.
In the former he includes even large lakes and abandoned beds which lose
periodically most of the water. Among seasonal water bodies he distin-
guishes: 1) microreservoirs, 2) macroreservoirs, and 3) large reservoirs. D e ¢ k-
bach’s criteria are based primarily on considerations of genesis.

Kisielev (1950) bases on Cizerling (1932) and other authors
and divides minor water bodies (bolota) into eutrophic, mesotrophic, and
oligotrophic ones. This division would be correct if he took into consideration
also hydrological factors, which are occasionally perhaps even decisive in de-
termining the fauna.

Zhadin (1952) mentions two types of water bodies (bolota) in the en-
virons of the “Zaluche” Biological Station (Kalininsk oblast), namely the
sedge grass type and the sphagnum one, and describes the molluscan fauna
characteristic for these.

It is hardly possible to ignore two other authors who make no reference
to typological considerations but wrote detailed studies on minor water bodies,
namely Gessner (1932) and Gieysztor (1934). Gessner was concerned
with questions of chemistry, and refers also to difficulties in classification
which are due to the great variability fo the features of minor water bodies
as compared to these of lakes. Over a period of one year Gieysztor sur-
veyed in detail two water bodies with regard to morphology, changes of water
level, thermal conditions, oxygen, hardness, and pH. Gieysztor’s work
is of fundamental significance for the knowledge of minor water bodies, and
the first of its kind. ;

The most convincing classification of minor water bodies, occasionally
subject to dry-state periods, appears to be that distinguishing 1) through-flow,
2) drained, and 3) closed water bodies: The latter group is further divided
into three subgroups: a) closed semi-permanent bodies, which dry up once
in several years and even so for not more than 20 days, b) intermittent ones,
i. e. those drying up several times in a year but not for more than 3 months at
a time, and c) ephemeral ones, that is those drying up very often, transient
pools. Here the most important role will be played by dry period. Allowance
has to be made also for chemo-physical factors, which call for a further sub-
division into three series on trophic lines. These series will be refferred to as
oligotrophic, eutrophic, and dystrophic.

The pattern of classifications is given in table III. Some specific water
bodies are obviously outside this pattern, for instance salt water ones, and
some others with peculiarities of their own. The terms oligotrophic, eutrophic,
and dystrophic, as used herein, depart rather considerably from the classic
sense in which they are applied to lakes, but so does the trophism of minor
water bodies, owing to their shallowness and small size. This trophism is de-
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Table II
Occurrence of molluscan species in the water bodies surveyed

Trophic type Eutrophic Dystrophic
Hydrological type| § § 3 é : ¢ § E
h 3
sy 151 ERE A (BRI
1 | Segmentina nitida 1114 1(4(1 6 1{5(|5
"2 | Galba palustris 517/|1 311 |6 3(3|4(1
3 | Pisidium (Eupisidium)
obtusale 2|19(7(10]|10(9 S |42 2|1
4 | Anisus (Anisus) septem-
gyratus 3|2 416|215}13|2 6| 4
"5 | Valvata (Tropidina)
pulchella 4 1 3/2|6f2 1
6 Sphaerium (Musculium)
lacustre 4 8 15713 4|2 3
"7 | Planorbis planorbis 2 211 4|41 3 oY
8 | Sphaerium (Sphaerium)
corneum 310,819 3
"9 | Pisidium (Eupisidium) 950128 | |2
casertanum
10 | Anisus (Bathyomphalus) - :
contortus 5|3 8(5|8
11 | Valvata (Valvata) cris-
tata 3 415(5
12 Hippeutis riparius 6|7
13 Aplexa hypnorum 16 (9 | 7
14 | Galba truncatula 6 5
15 | Acrolocsus lacustris 8|6
16 | Armiger crista 11 ]
17 | Coretus corneus 7 10
18 | Limnaca stagnalis 11
19 | Bithynia tentaculata 13
20 | Viviparus contectus 14
: =
= Pl G B & e Lo S :E' £
Name of reservoir % '; ;' .;‘ ‘g 'E E‘ g S :B' 2; .g f:} ;‘
IR G
JEEEE TP (R R IEIE
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termined by the nature of the catchment area and, therefore, the relatively
permanent and stabilized features typical for lakes can hardly be expected
to be found here. The water balance is here subject to much more rapid and
frequent changes than in lakes, and so are obviously also the trophic condi-
tions. In the warm season virtually all the water is amply oxygenated. (G i e v-
sztor 1934), organic matter is vigorously decomposed and can return into
circulation. In eutrophic or dystrophic minor water bodies which dry up com-
pletely, bottom deposits are much poorer than in shallow lakes of a similar
type. Therefore the molluscan fauna is in the former quantitatively more
profuse.

The oligotrophic type was not met with in the environs of Mikolajki; it
should be expected rather in the mountainous regions with crystalline rocks,
and in the plains only in exceptionally poor soils with a clayey subsoil.

The eutrophic type is found in open spaces, such as fields and meadows.
Calcium compounds were abundant, and pH varied between 6.1 and 7.7.

Dystrophic types were surrounded usually by trees and shrubs. The bottom
was thickly covered with leaves and twigs. The remains of plants on the bot-
tom and the water drained from the proximate terrain, which was covered with
a thick layer of litter, supplied vast amounts of humus causing decalcific-
ation and pH between 6.6 to 5.0.

Table III

Classification of small water bodies

Types

Oligotrophic Eutrophic Dystrophic

In every type one may distinguish the following
hydrological series

Through-flow

Drained

Closed semi-permanent
Closed intermittent
Ephemeral

While studying the molluscan fauna I was able to take into consideration
bathymetric, chemical, thermal, floristic and faunistic factors affecting the
molluscan communities in specific type of water bodies (the term *type” will
be used herein in the colloquial and not typological sense).

Molluses appear to provide a basis for a fairly adequate classification of
minor water bodies. Owing to their slow movements and relatively large size
none of the species actually present in a small area are likely to escape dis-
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covery, while migration from one water body to another has to be discounted
as extremely rare.

The relationship between the molluscan fauna and specific types of water
bodies is shown in table II. With regard to eurytopic forms it is difficult
to define a fauna characteristic for particular types of water bodies, but as
we come to more stenotopic species further below in the table, the malako-
zoological peculiarities of such types become increasingly manifest. The dis-
tinction of eutrophic and dystrophic types is supported by the distributional
pattern of Valvata cristata and Hippeutis riparius, which appeared only in
the former. Less suggestive evidence is supplied by Acroloxus lacustris,
which was found in two reservoirs only. Sphaerium corneum occurred in four
eutrophic reservoirs, but occurred also in a dystrophic one, and cannot be con-
sidered, thercfore, as exclusively typical of the former. A species specific for
the dystrophic type is Aplexa hypnorum; cnly a few odd specimens were found
in the “Tréjkatny” reservoir, which belongs to the eutrophic type.

No water molluscs were found in any of the ephemeral reservoirs. In the
non-ephemeral ““Leény” reservoir, situated in a forest, only one species was
found. In others the number was higher, and in the “Tréjkatny’
cies were found. If molluscs were not sensitive to chemo-physical factors, re-

2

even 16 spe-

servoirs very similar in morphological and floristic respects would harbour
the same species, but this was not so in fact. Moreover, in one case (“Olszyn-
kowy”) the species Segmentina nitida, very numerous elsewhere, was found
in very small numbers and only on a single spot, in a little bay next to a ditch,
at a place where excess water spills over into another reservoir in spring. “Ol-
_szynkowy” is exceedingly shallow and freezes to the bottom; hence the mol-
luses were originally thought to come in spring from an adjacent reservoir.
However, no such fact has ever been established. Throughout the brief exis-
tence of “Olszynkowy”, Segmentina nitida was found only in that particular
place and failed to move further.

This tentative classification is not designed as a typological system of
minor water bodies and is merely concerned with systematization according
to molluscan faunas. Consequently, it will be purely malakozoological and
regional in nature since it refers only to the environs of Mikolajki, or at best,
to Pojezierze Mazurskie. It would be interesting to explore whether relation-
ships between molluses and the factors referred to herein are similar also in
other regions.

Through-flow water bodies

These are depressions filled with water from a tramsit brook, usually of
distant origin. The brook very often flows through several water bodies and
carries fauna specimens from one to the other. Water flows through such re-
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servoirs usually in the snow-melting period and in the autumn rain period,,
but in summer only in exceptionally wet years. In summer time first the brook:
and then the reservoir dry up for several weeks. The bottom is usually co--
vered with sand and silt brought by the brook. When in an open space, the:
dry bottom (very fertile) grows over with meadow herbs which can be ga--
thered as hay even several times in a year. The species usually met with com--
prise: Agrostis canina L., Carex fusca Bell et All, C. vesicaria L., E quisetum
limosum L., Glyceria fluitans (L.), R. Br., Hottonia palustris L., Heleocharis:
palustris (L.), R. et Sch., Iris pseudoacorus L., Juncus conglomeratus L., Pha-
laris arundinacea L., and Polygonum amphibium L. The bottom of dystrophic
reservoirs is covered after drying up by decaying plant remains. Plant cover
in the dry period is here much more sparse, and comprises Bidens cernuus
L., Epilobium montanum L., Juncus effusus L., J. conglomeratus L., Lysima-
chia thyrsiflora L., L. vulgaris L., Carex vesicaria L., Glyceria fluitans (L.),
R. Br. In reservoirs that dry up for a shorter period, there is not enough time
for a plant cover to develop. Although there is much ooze, it does not cause
acidification detrimental to the molluses since periodical drying up favours
mineralization of the ooze. When the brook originates in meadows and cul- .
tivated land (eutrophic type) the chemistry of the water creates optimum
conditions for the development of a variety of molluscan species, which cor-
respond to the fauna of other water bodies further upstream as was shown
by relevant investigations. In prolonged dry periods all the less resistant mol-
luscs perish. Since there is a substantial variety of species in wet periods, they
must be assumed to be brought in from upstream.

It is very difficult to draw up for this type of reservoirs a list of characte-
ristic species since new ones keep coming in. In the type in question we may
even find species characteristic for rivers and lakes.

When the reservoir is fed with water from forests or wooded peat meadows
of a dystrophic nature (see table II), the molluscan fauna, determined by the
catchment area and much less by the dry period, is much poorer.

Drained water bodies

Their characteristic feature as compared to other types is a more con-
stant water level in the snow-melting and rain periods. They are usually con-
fined on three sides by elevations and are fed by precipitations (surface water),
although there are also instances of a very small and therefore easily overlooked
supply of groundwater. They keep their water the longer the less permeable
their bed and the greater their relative depth. This also determines their flora;
when they hold water over a major part of the vegetation period, even aquatic
plants may appear: Lemna trisulca L., L. minor L., Spirodela polyrrhiza (L.),
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Schleiden, and Hottonia palustris L. In less permanent reservoirs only plants

- typical for wet country are found: Alisma plantagoaquatica L., Calamagrostis
neglecta (Ehrh.), Gertn. Mey et Schreb, Carex Hudsonii Bennet, C. vesicaria
L., Glyceria fluitans (L.), R. Br., Iris pseudoacorus L., Phalaris arundinacea
L., Polygonum amphibium L., and Typha latifolia L.

When the reservoirs, and consequently the ooze, become dry there appear
also plants requiring less moisture: Comarum palustre L., Deschampsia cae-
spitosa (L.), P. B., and Agrostis canina L.

The discharge carries off a part of the decomposing organic substances
responsible in some degree for acidification. This creates congenial conditions
for the development of molluses, often much better ones than those in closed
water bodies. The type in question is oligotrophic in spring, and subsequently,
when the water evaporates in the summer the organic compounds become
more concentrated and cause a slight shift towards eutrophy or distrophy.
The trophic level of the type is affected by atmospheric precipitations which
contribute organic compounds and mineral salts washed down from the
surrounding slopes. The trophic nature is here strictly dependent on the
catchment area. Similarly as in the case of through-flow reservoirs, open
spaces contribute towards eutrophy, and trees and shrubbery towards
dystrophy.

Closed semi-permanent water bodies

They are situated in major depressions enclosed on all sides by prominen-
ces. As a rule they do dry out annually, but in wet summers they only be-
come reduced in size. Here the eutrophic type (table II) is profusely covered
throughout by palustral and aquatic plants, for instance: Carex Hudsonii
Bennet, Lemna minor L., L. trisulca L., Lysimachia thyrsiflora L., and Oe-
nanthe aquatica (L.), Poir. When the dry state is brief, they survive, but when
it is long they are supplanted by those typical for meadows. The dystrophic
type is also overgrown throughout, but sparsely so, and palustral species, al-
though predominant, are much less numerous. In the eutrophic type the bot-
tom is thickly covered with ooze, whereas in the dystrophic one there are
peat-type sediments with an admixture of ooze. The molluscan fauna
is notably richer in the former, since in the latter large proportions of
humic acids cause decalcification and acidification of the water. In addition
to the trophic conditions which tend to suppress molluscs, also the length of
the dry period plays an important role since it upsets the development
of the biocoenosis of molluscs; typical lake species would not survive and,
consequently, were not found even in water bodies drying out very
rarely.
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Closed intermittent water bodies

This category forms in shallow depressions collecting ice water, and usi-
ally dry up late in May or early in June. In subsequent months, till September
they may reappear pericdically after heavy rains, and invariably do so in
very wet autumn. In open spaces, which favour eutrophy, the bottom uses
to be profusely overgrown with plants typical for wet meadows. Owing to
longer dry periods, ooze is much less abundant than in the preceding category.
Over prolonged dry periods, when oxygen has ready access, organic detritus
is vigorously decomposed and the dry ooze becomes brown in the dystrophic
type, and black-grey in the eutrophic one. Consequently, when the reservoir
is refilled, chemical conditions are much more eongenial for molluses than
in the preceding category. since there is less humus and therefore lower aci-
dification. In open spaces, i.e. cutrephic conditions, the molluscan fauna is
qualitatively poor owing to prolenged perieds of dry state. As a rule only
four to six species are found. In thickly wooded terrain, which makes for dys-
trophy, this is so not only because of prolonged periods of dry state, but also
owing to decalcification and acidification vp to pH 4.0 (20.VIIL.1956), which
are another important and adverse factor. Bivalves are usually represented
only by Pisidium obtusale. Cases where up to six molluses species were found
in this category were exceptions.

Ephemeral water bodies

This group covers pools of ice water formed in slight depressions over spar-
ingly permeable subsoil in spring. In open spaces (fields, meadows) they are
frequent, but much less so in forests where most of the excess water accumu-
lates in the litter. Such pools last one or maximum two months in a year. In
the winter they freeze to the bottom which excludes any vegetation; subse-
quently they dry out for the entire summer period. Very occasionally they
fill after haevy rains, but evaporate again within a few days. When dry, the
bottom may be seen to consist of the same soil as that of the surrounding
fields, and plants with higher moisture requirements are altogether absent.
After a prolonged period of dry state the reservoirs reform during autumn
rains. In open spaces they show a eutrophy very notably shifted towards oli-
gotrophy. In wooded terrain they are dystrophic in character. All efforts to find
aquatic molluses were in vain. However, similarly as in the wet and partially
flooded peripheral zones of all the reservoirs under survey. the following land
species were found in conspicuous numbers actually in the water: Zonitoides
nitidus (Miill.), Succinea pfeifferi Rossm., S. putris (L.), Vertigo (Vertigo)
antivertigo (Drop.). and Cochlicopa lubrica (Miill.). It appears that at least
some of the species should be reckoned into the liminal land-water fauna
(fauna liminaria).
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As regards ephemeral water bodies, unlike Zhadin (1926). I feel inclined
to side with Spandl (1926), who said that “Strictly speaking, among mol-
lusés, we find no species which would occur in drying out reservoirs. The fauna
of periodically flooded reservoirs is occasionally very rich, although the forms
in question are invariably brought in by high water, live for some time, and
perish when the water "dries out.” Zhadi n, on the other hand. claims that
“Drying out reservoirs have their characteristic molluscan fauna which is
well adapted to the periodical drying out of water.” Spandl will be ab-
solutely right with regard to ephemeral water bodies, that is those existing
only one or maximum two months in a year. When there is no connection
with another larger water body during an exceptional freshet, no aquatic mol-
luses will be found. Should nevertheless any occur, we may be certain that
they have been brought ifi from some other reservoir and will perish within
a brief period in this environment.

The geological permanenceof minor water bodies as
compared to that of lakes

The relatively brief life-time of lakes, determined by intensive deposition
of ooze and the rock material contributed by rivers, is fairly well known from
literature. It is even possible to calculate the age of lakes and approximately
the time of their future disappearance. This can be done with the aid of Per-
filev’s method (1927), by calculating the annual increment of bottom deposits
or the rock detritus carried into the lake. The Lake of Geneva is expected to
disappear within roughly 30 000 years, the Teletskoie lake in the Altai Mts.
exists 22 000 years and will disappear within 36 000 years. Some lakes also
grow, but only slightly. (Sevan in Armenia or the Lake of Constance have
risen by some tens of centimetres.)

The evolution of minor water bodies, with the exception of those of the
ephemeral type, runs a similar course. Through:flow reservoirs become gra-
dually filled with sand and other meterial brought in by the brook. The same
applies, in a lesser degree, to drained reservoirs. The volume of closed semi-
permanent water bodies, especially in the dystrophic type and less so in the
eutrophic, is rather rapidly reduced by plant detritus and sand. The process
is less rapid than in lakes because owing to better oxygenation, especially in
the dry-state period, organic compounds are very vigorously mineralized.
Small intermittent water bodies, i. e., those drying up several times in a year,
undergo similar processes of regression, but still less rapidly. The ephemeral
type however, situated in a glen between hills, has theoretically chances to
survive as long as the relief of its catchment area, a formation relatively per-
manent in the geological sense. Absence of water over long periods at a time,
and consequent thorough oxygenation of the bottom, prevent the develop-

http://rcin.org.pl



96 H. Klimowicz

ment of peat and deposition of major amounts of bottom ooze. Organic sub-
stances, whether of local origin or brought in from catchment area, seriously
contribute towards the disappearance of water bodies but are here vigorously
mineralized; this prevents major modifications of the bed and makes pos-
sible continuance of the reservoir over a very appreciable space of time in a form
essentially unchanged.

Systematic list of the material collected

The list was drawn up on the basis of the system
given by Zhadin in his monograph (1952)

Limnea stagnalis (L.)

The species has been occasionally reported from periodically drying water
bodies, although conditions of this type are unfavourable for it. Two speci-
mens were collected.in a dystrophic drained reservoir. Their presence is rather
mysterious, and their are likely to have been carried over from a lake roughly
one kilometre away.

Galba palustris (Miiller)

Very numerous, except in ephemeral water bodies, and “Leény” of the
intermittent type where annual average acidity was rather high (pH 5.0) and
“Olszynkowy™. In the “Olszynkowy™ it appeared to be superseded by Galba
truncatula, but the two species cannot be mutually exclusive since both were
found in the “Swierkowy”. It tolerates well periods of dry state.

Galba truncatula (Miiller)

This typical inhabitant of minor water bodies, an intermediate host of
the liver fluke was very rare. It was found occasionally in the “Olszynkowy”,
and a bare 6 specimens were found next to the “Swierkowy” on a little meadow
which was flooded in spring. Well tolerant of periodical drying out of the
water.

Aplexa hypnorum (L.)

Here a typical inhabitant of through-flow and drained reservoirs of the
dystrophic type, which provide optimum conditions for development. Well
tolerant of periods of dry state.

Planorbis planorbis (L.)

Very frequent in through-flow and semi-permanent water bodies. Surpris-
ingly enough, it was absent from three reservoirs which appeared to provide
optimum conditions for development, namely “Turzycowy”, “Huczkowy”
and “Swierkowy”. Tolerates well periods of dry state.
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Coretus corneus (L.)

The species requires littoral waters of slightly larger reservoirs. Very few
syecimens were found only in “Tréjkatny” and “Krzaczkowy”, both of the
tkrough-flow type.

Anisus (Anisus) septemgyratus (Rossmassler)

Very frequent in the reservoirs surveyed, but very often absent from those
with prolonged periods of dry state. Surprisingly, it was absent also from two
semi-permanent eutrophic reservoirs “Huczkowy” and “Turzycowy”. Another
striking fact was the absence of other representatives of the genus, as for in-
stance A. leucostoma Millet or A. spirorbis L., which are more typical for minor
water bodies. However, each specimen was invariably identified upon accurate
morphological examination as A. septemgyratus.

Anisus (Bathyomphalus) contortus (L.)

Occurs in all but intermittent and ephemeral reservoirs. Poorly tolerant
of dry periods.

Armiger crista (L.)

The species was found only in two reservoirs, although care was taken not
to overlook it in others.

Segmentina nitida (Miiller)

This species was found everywhere except in ephemeral and the “Leény”
reservoirs; in the latter it was eliminated by the dystrophic conditions in con-
junction with the high acidity (average pH 5.0). Occasional specimens were
collected in ““Olszynkowy”. Some specimens resembled S. nitida f. distinguenda
Gredl.

Hipeutis riparius (West.)

In monographs (Geyer 1927, Ehrmann 1933, Zhadin 1952, U r-
baxski 1957) it is reckoned among the rarest of aquatic snails. In the en-
virons of Mikolajki it was frequent, but difficult to be noticed owing to its
small size. Typical for through-flow, drained, and closed water bodies semi-
permanent and eutrophic in character. Survives brief periods of dry state.

Acroloxus lacustris (L.)

Found in eutrophic closed and semi-permanent water bodies. All efforts to
find it in others failed. Also this species can survive periodical drying out,
which appears to have been ignored in literature.
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Valvata (Tropidina) pulchella Studer

Very frequent, but absent in dystrophic closed semi-permanent and inter-
mittent reservoirs; “Szczawiowy’ was an exception owing to atypical dystrophy
and relatively low acidity (seasonal average 5.7). For reasons unknown it was
absent from “Huczkowy”and “Swierkowy”, where it was supplanted by
Valvata cristata. Well tolerant of periodical dry periods.

Valvata (Valvata) cristata Miiller

A species very typical for eutrophic semi-permanent reservoirs; excep-
tionally absent from “Turzycowy”. Survives brief periods of dry state.

Viviparus contectus (Millet)

Specimens were found only in “Tréjkatny” (through-flow type); they were
brought from another water body further upstream.

Bithynia tentaculata (L.)
As before.
Sphaerium (Sphaerium) corneum (L.)
It was found in semi-permanent eutrophic through-flow, drained, and
closed reservoirs. As a matter of exception it was found also in one dystrophic

water body (“Krzaczkowy”), but here acidity was also low (pH 6.6). It occurs
in deeper reservoirs and is less resistant to dryness than Sphaerium lacustre.

Sphaerium (Musculium) lacustre (Miiller)

Frequent everywhere except in ephemeral reservoirs and in “Leény’
pH was exceptionally low. This and the preceding species appear to be reci-
procally exclusive in small water bodies, and were found together only in twe
reservoirs: “Tréjkatny’ with a fauna carried over from elsewhere, and “Hucz-
kowy”. In the former, the species was vastly outnumbered by Sphaerium cor-
neum and only 4 specimens were collected over a period of three 'years. In
“Huczkowy” the situation was reversed.

> where

Pisidium (Eupisidium) casertanum (Poli)

Its occurrence appears to cut through all divisions, but a preference for
eutrophic reservoirs seems to be discernible. It tolerates fairly well periodical
drying as well as freezing to the bottom.

Pisidium (Eupisidium) obtusale (Lam?) Jenyns

This is the rather frequent species and was found to be the most resistant
of all to acidification. Jewell and Brown (1929) say it may occur at pH
5.8 or above, but in “Leény”’, where it was the only representative of molluscs.
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it occurred at an annual average pH 5.0; minimum pH was in this reservoir
4.0 (20.VIII. 1956). The species was absent from ephemeral and intermittent
eutrophic reservoirs. In general facies some specimens resemble P. casertanum,
but a closer study of the hinge (cardo) proves them to belong to Pisidium ob-
tusale.

General characteristics of small water bodies as habitats of molluscs

The great profusion of minor water bodies in the environs of Mikolajki is
determined by the morainic character of the terrain. All the reservoirs sur-
veyed are similarly situated, namely between minor clayey-sandy hills either
wooded or cultivated. The clayey subsoil makes rapid percolation of water
impossible. Ground water may play a role negligible and difficult to notice.
Consequently, the water balance of the reservoirs is determined exclusively by
precipitations and evaporation. It needs to be emphasized that spring, summer
and autumn 1956 were extremely wet in the environs of Mikolajki. Heavy rains
continually raised the water level, and only in the subsequent two years was
it possible to determine the features of the water bodies under survey, many
of which existed throughout 1956 but eventually dried up for varying periods
in 1957 and 1958.

Morphological features are the most essential factor governing the numbers
of molluses; indirectly they largely determine the water balance and character,
through-flow, drained, or closed, of the water bodies in question. Depth was
usually rather small, and the maximum recorded at high water time was
roughly 150 c¢m.; maximum average depth was less than 70 em. Differences in
water level were conspicuous. and complete drying up was frequent. During
prolonged periods of dry state the less resistant molluses perished, but they
survived brief periods very successfully, as was also noted by Z h a d in (1926).

Chemistry of the water is obviously another important factor determining
occurrence of molluscs. It depends among others on the amount of leaves,,
twigs, etc., decomposing at the bottom, and on the size of the catchment
area. Decaying organic debris consume very much oxygen. Notable oxygenation,
especially in the dry-state period, prevents strong acidification, unlike in dys-
trophic reservoirs which never dry up to the bottom. In winter there is below
the ice cover an absolute oxygen deficit, but within a week after melting the
water is abundantly oxygenated throughout and down to the bottom layer.
Even within the first few days, when there is an ice-free littoral zone of not more
than 1 or 2 m., and when the ice-cover further off is still very thick, the water
temperature rises on sunny days to more than 10°C., and molluscs may be
seen to be very active, with the exception of Limnaeidae, which are represented
here only by occasional specimens. Owing to their small surface and negligible
depth small water bodies are usually overgrown throughout with plants. In.
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the case of eutrophy, the cover is dense, and in that of dystrophy sparser.
The bottom is as a rule covered with terrestrial plants, and aquatic plants are
very rare; but marsh plants are very frequent. Densely wooded shores make
for much smaller diurnal variations of temperature (M. Gieysztor 1934).
In open spaces these variations, as between day and night, may be even very
high in summer, much more so than in spring and autumn when the air is cooler
and insolation less intensive. Under ice-cover, the water temperature drops
below 4°C.: when the depth is 50 cm. or less, the temperature is between 1 and
2°C., and only at depths of 1 m. and above do we meet with bottom layers
of a temperature approaching 4°C. The water frequently freezes down to the
bottom, at least most of it. In agreement with other authors, the majority of
the molluscan species survived very well prolonged freezing in into the ice.
This was reported by Boldyreva already in 1930; she collected lumps of
ice with frozen-in molluscs, which resumed their ordinary activities when
the ice melted in the laboratory.

Notable amounts of humic acids (in wooden terrain) give a brown coloration
to the water, which is acidic and creates thereby a typical dystrophic environment
distinctly eliminating molluscs. Usually pH is far from optimum, which is
between 7 and 8. Jewell and Bro wn (1929) say that by and large snails
do not occur at pH less than 6.1. However, in the reservoirs in question, 5 snail
species were found at an average pH of 5.7 and minimum 5.0 (“Romantyczny”,
and ““Szczawiowy”). The above authors also say the lower threshold for mussels
to be pH 5.8, at which calcium deposition is said to be still possible. Pisidium
obtusale, however, was here found at an average pH of 5.0 and minimum 4.0.
But acidity is not always the decisive factor in eliminating molluscs, which
may occasionally be found in very small numbers even at optimum pH values,
and in this work I have not been successful in discovering the other factors
which restrict occurrence of the various species in the region surveyed.

Some authors say ammonia has a considerable effect on the specific pattern
of the molluscan fauna. Thus, Nikitinsky and Mudrezowa-Wyss
(1930) claim Sphaerium lacustre to be less tolerant to ammonia than the related
species Sphaerium corneum. I cannot confirm this observation.

Without a more detailed analysis, each of the water bodies in question
appears to provide optimum conditions for the development of all species of
molluscs. All were drying out, had similar size and morphology (see table I),
and similar thermal relations in winter, none suffered from a prolonged oxygen
deficit in summer, and all had an absolute oxygen deficit in winter. Plant cover,
geographical position and geological setting were all similar. Samples from the
upper bottom layer showed everywhere the same seemingly exactly similar
dark greyish ooze, with a small addition of sand and peat debris. However,
despite all these apparent similarities, the molluscan populations inhabitating
them varied very considerably in composition, and each type of water bodies
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had a characteristic biocoenosis of its own. In some no molluscs at all were
found, in others 1 or few more species, and in still others they numbered 10,
and even more. The fauna may be widely different even in reservoirs lying
in very close proximity. Thus, in “Rzesisty” there were five species, whereas
in the near-by “Komarowy” (ephemeral type) there were none. In “Krzacz-
kowy” there were 11 species and in the neighbouring “Polny” only four.

Specific patterns are very much the same throughout the seasons, whether
in early spring or late in autumn. It would be very difficult to note any deve-
lopmental succession of species; all developed more or less parallel, except
that over the first month after the melting of ice Limnaeidae were rather scarce.
Yet in every type of reservoirs there is also a peculiar pattern as regards dominant
species, and this is essentialy preserved throughout the reservoir’s existence
in the season. There are not infrequently substantial quantitative differences
between specific parts of the reservoir, although it may be small in size and
throughout of more or less the same depth. Similar differences in distribution
were noted also in the vast Vistula Lagoon (K 1im o wiec z 1958). The molluse
species found in minor water bodies are morphologically very much like those
found in the littoral zone of larger waters, but they differ in viability since the
former are much more tolerant of adverse conditions (K1 ekowski 1959)
than those from permanent (i. e. never drying) waters. Yet, it ought to be borne
in mind that the former are characterized by a small and difficult to explore
plasticity with regard to environment. Molluscs are apparently very sensitive
to changes in environment, since the populations of the various types of reser-
voirs differ in pattern within very wide limits (cf. table II). Judging by my
observations, the occurrence of the molluscs depends very much on the character
of the environment.

Summary

The molluses inhabiting in a number of minor water bodies (maximum
depth at high water 150 cm.) in the environs of Mikolajki (Mazurian lake dis-
trict) have been surveyed. A total of 20 species was found (see table IT). Differen-
ces in character between the reservoirs were found to be reflected in the spe-
cific composition of the molluscan faunas. Even in reservoirs lying in close
proximity, the faunas may differ very notably in numbers of species. An example
is supplied by “Krzaczkowy” with 11 species and the close-by “Polny” with
but 4 species; similarly, “Rzesisty” had 5 species, and the adjacent “Koma-
rowy”’ none at all. These faunistic differences are frequently determined by
the permanence of the reservoir, the rate of inflow and discharge, and the che-
mical and physical features of the water and catchment area.

In summer there are pronounced diurnal variations in temperature, and
in winter, under ice cover, temperature falls below 4°C., to between 1 and
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2°C. at depths of 50 — 70 cm. In summer no continued oxygen deﬁcnt was
noted in the bottom layers, but under ice cover it was absolute.

Deposition of ooze is slower than in lakes, since abundance of oxygen,
especially in the dry-state period, promotes mineralization of organic compounds.

The lowest pH at which molluses were still present was 4.0. The lowest
seasonal average pH for Pisidium obtusale was 5.0, with a minimum of 4.0.
Five species of snails were found to occur at an average pH of 5.7, and mi-
nimum 5.0.

In almost every reservoir there were different dominant species, and the
pattern was usually constant throughout the season. All species occurred
simultaneously throughout the period with the only exception of Limnaecidae,
which, in spring, become active much later than the other species. Minor water
bodies were classified according to complete data on molluscan biocoenoses
in various types. The following types were distinguished: 1) through-flow,
2) drained, and 3) closed. The latter type was subdivided into: a) semi-permanent,
which dry out once in a few years for not more than 10 or 20 days; b) in-
termittent, which dry out several times in a year, but for not more than three
months at a time; and ¢) ephemeral, i.e., short-lived pools, very frequently dry.
All these were divided into three groups according to trophic levels (see table I11):
oligotrophic, eutrophic, and dystrophic. The water bodies surveyed represented
only the eutrophic and the dystrophic types.
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Investigations directed by Wiédniewski (1956, 1958) on Goldapiwo
and Druzno Lake showed differences in parasitological relations of different
parts of the lake; Trematoda are dominant parasites in the littoral and Cestoda
in the pelagial zone. According to Wiédniewski the space of the littoral
area affects the qualitative and quantitative abundance of the parasites.
Hare (1943) in his research on Portage Lake has made similar observations.
According to H ar e — parasitism occurs more in shallow than deep water.
In shallow water the dominant parasites of fishes are Trematoda and in deep
— Cestoda.

The purpose of the present work was to investigate, in which part of the
littoral zone of the lake occurs the highest invasion of fishes with the cercaria
of Diplostomum spathaceum as well as to determine the rate of accumulation
of parasites.in the invaded specimens.

Material, methods and area investigated

The first intermediate hosts of cercaria of Diplostomum spathaceum Ru-
dolphi 1819 (fig. 1.) (syn. c. of Diplostomum volvens Nordmann 1832, Cercaria
C. Szidat 1924) are some species of Limnaeidae, namely according to Sc h é-
perclaus (1954) — Limnaea stagnalis L., L. palustris Miill., L. ovata Mill.,
L. auricularia Miill. Wik gren (1956) has added to this list L.pereger Miill.

From the invaded snail thousands of cercariae emerge every day. The
snails show a distinct wvariability in the individual production of cercariae,
but the whole emission of the single snail is very high. And so one naturally
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invaded specimen of L. stagnalis, observed in our laboratory, produced about
12 000 cercariae in 24 hours, while about 20 000 emerged from another one.
In the course of the next days this emergence decreased and after some time
(about a week) it was completely inhibited. The large scale emergence of cer-
cariae from their snail hosts was observed at the temperature of 18°C. and
higher.

The movements of cercariae and their floating position in water are very
characteristic. In the resting position the cercaria is hanged in water and falls
down slowly with its tail turned up and furca opened like a parachute (see fig.1,
B). After some time the tail of the worm makes some rapid movements and
the animal swimms up in a vertical or oblique direction then returning to
its former resting position.

In contact with a fish cercariae penetrate its body in any point then migrate
to the optic lenses. According to F er guson (1943) who investigated a closely

Fig. 1. The cercaria of Diplostomum
spathaceum (Rud. 1819)
A — entire; B — floating position in water

related species — cercaria of Diplostomum flexicaudum, cercariae reach the
eye in about two hours from the moment of invasion. The chief channels of
migration within the host are blood vessels(Szid at1924, Fer guson 1943).
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K ozicka(1959) proved that in fry the way through the tissues is used mainly
and cercariae reach lenses after a few minutes. The development to grown up
metacercaria stage takes 14 days (Szidat 1924).

Final hosts of Diplostomum spathaceum are several Lari — gulls and terns.
Adult worms existing in the digestive tract of gulls produce a limited number
of eggs (Dubois 1938). The most intense multiplication of the parasites
takes place in the snail (Cort and Olivier 1941), therefore even the low
percentage of invaded snails occurring in the biotope may be sufficient to cause
the high density of cercariae in water.

As the object for our experiments fishes of Leucaspius delineatus Heckel®,
a common species occurring in different kinds of waters, were used. Fishes
(4 — 6.5 cm long) were caught in the lake, then preserved during three days
in laboratory aquaria. During such a quarantine metacercariae resulting from
pre-experimental natural invasion were to some extent advanced in their
development. After the quarantine period fishes were closed in some wiry
net boxes (30 cm long, 21 cm wide and 20 cm high; the diameter of mesh
was one millimeter), which were deposited on the lake bottom in different di-
stances from the shore line. The number of boxes used and mode of their

Fig. 2. The investigated part of the littoral zone of Euknajno Lake

location was different in several variants of experiment. Fishes (2 —5 speci-
mens in one box) were kept in boxes for two or three days, then killed, their
lenses were extirpated and the number of cercariae present in lenses was counted
under the microscope.

* In the previous preliminary report (Styczyfiska — Jurewicz 1958) the species
was erroneously printed as Leuciscus leuciscus L.
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It was possible that fishes used in the experiments were previously invaded
during their free life in the lake. Some error in determination of number
of cercariae resulting from this fact seems to be of no importance and may
be omitted because of following reasons:

1. the natural invasion rate of fishes was very low (69,, the average in-
vasion with cercariae — 0.08. Data of 1957),

2. metacercariae older than 6 days (quarantine - experimental period)
may be distinguished from those 1—3 days old,

3. the mode of distribution of fishes was quite at random and there was
an equall chance for a fish invaded on a natural way before the experiment
to be closed in the box deposited near or far from the shore line.

The area investigated was a shallow bay among reeds on the east shore
of Luknajno Lake (Mazury, in lat. 53°48" N, in long. 21°37°E) near the village
of Osa. Luknajno Lake is a small (620 ha) and shallow one (maximal depth
5.0 m) with a vast littoral area. In the investigated bay the lake shore was
low and swampy, overgrown with Glyceria sp. (fig. 2). Plants occupied water
zone of about 3.5 meters wide. In the part of the littoral free of plant vege-
tation the bottom was covered with sand and lowering gradually. Snails occur
most numerously near the shore and their general distribution was limited
to the water area overgrown with plants. The dominant species was Limnaca
palustris (up to 100 specimens of various size per one square meter in 1—1.5
meter wide zone of maximal density), on the second place was L. stagnalis;
L. ovata and Coretus corneus were rather rare.

The rate of invasion of Limnaea palustris with cercariae of Diplostomum
spathaceum was low — in August 1957 (100 specimens examined) it was only
19, plus 3% of snails invaded with sporecysts containing immature furco-
coercus cercariae.

All the field experiments and observations on Luknajno Lake were made
in August of 1957 and 1958.

Description of experiments and results

Variant I (including three experiments)

In experiment number one, which lasted 48 hours, eight boxes were depo-
sited in two rows on the bottom in the distance of one and four meters from
the shore line; in experiment two and three (72 hours each) — in the distance
of one, four, seven and ten meters (see scheme — fig. 3). The average tempe-
rature of water in the depth of ten centimeters was 21.5°C in experiment
number one, 20.0°C. in exp. two and 21.0°C. in exp. three. Boxes were de-
posited in the lake at noon and taken off at the same hour after two or three
days. Boxes number one and two (see fig. 3) had protruded about 2 — 4 cen-
timeters upon the water surface, boxes three and four were submerged equally
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with the water level, boxes five and six — 3 —5 ¢m under the surface and
seven and eight were submerged about ten centimeters under the water
surface.

Table I presents the results of all the experiments. The data from table I
prove that simultaneously with the increase of distance from the shore the
number of cercariae in fishes decreases. The greatest differences were observed
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Fig. 3. Scheme of distribution of boxes Fig. 4. Diagram illustrating the decrease of
in variant I average number of cercariae in fishes with the

distance from the shore growing. Variant I

in the rate of invasion of fishes placed among plants, in the snail habitat
(i. e. in the distance of one meter from the shore line) as compared with those
placed outside close to the limits of the plant area (in the distance of four me-
ters from the shore, i. e. 0.5 meter from the plant line — see fig. 4).

The rate of invasion of fishes placed on a great distance (seven and ten
meters) is very low, but attention should be paid on fact, that general influ-
ence of snails gathered in a narrow zone extends far towards the open water —
cercariae were found in fishes placed even in the distance of 6.5 meters from
the snail habitat and, of course, the experiments presented didn’t prove if it
is the last border of their presence in water.

The shore line is a natural barrier of expansion of cercariae, so their mi-
grations are directed from the shore towards the open water space. It seems
to be interesting, how this process develops in a homogenic environment,
where no direction of expansion is favoured. The purpose of the experiment
in variant II was to investigate this problem.
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Variant II

Eight boxes, with three fishes in each, were deposited in an isolated, free
of snails and parasites, ephemeral pool, formed on the meadow after rainfall.

ST

-wi = ol
D7L‘on wind side Pro-wind side O

Fig. 5. Scheme of distribution of boxes in variant II

Boxes were distributed according to the radiant scheme (see fig. 5) in the
distance of 0.25, 1.0, 1.5 and 2.0 meters round the singular emitting cercariae

Average gumber of cercariae per fish

LYY 0 15 20 meters

Distance from the (nfected snail

Fig. 6. Diagram illustrating the decrease of

average number of cercariae in fishes with

the distance from the invaded snail growing.
Variant II

snail enclosed in the gauzy box as well. Since at the beginning of the experi-
ment there was a slight wind — four boxes were placed on the pro-wind and
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other four on the con-wind side. Experiment takes 20 hours — from 8 o’ clock
p- m. in August 20th 1957 up to 4 o’ clock p. m. the next day. The water tem-
perature at the beginning was 21.5°C and at the end — 18°C.

The results (see table IT) show that cercariae are dispersed quickly and
equally in any direction round the snail. There are obseived some differen-
ces in the invasion rate between pro- and con-wind side, but total number
of cercariae on both sides is too small to decide what the effect of the wind
was. It could be supposed that the influence of winds on the expansion of cer-
cariae in conditions of a lake may be important, because we can see, how
easily these animals are transported by the slightest water streams in labora-

tory aquaria.

Variant III

The purpose of this experiment was to determine, how great are the dif-
ferences in the rate of invasion of fishes distributed along the shore line, i. e.,
indirectly, how great is the variability of the number of cercariae present in
water in different points along the shore.

+ Six boxes were deposited in three meters intervals in a row (A) distant
one meter from the shore, the second parallel row (B) was deposited in the
distance of two meters from the shore line (see fig. 7). In each box there were

im
WWWW‘V‘VWWVWV‘VV‘VVWW‘VE,
PRy s B s B By By lee
4 0 0 0 0 a 7

Share line

Fig. 7. Scheme of distribution of boxes in variant III

closed three fishes. Submergence of all boxes was equall — two to four centi-
meters under the water surface. Incubation had lasted for three days — from
1 o’ clock p. m. of August 23th 1958 up to the same time of August 26th. The
average water temperature was 21°C.

As the result we have obtained great differences in the rate of invasion
of fishes in several boxes in the row (A) situated close to the shore (see tab.
IIT). Probably in the nearest environment of boxes with the maximal invasion
rate (number one, three and five) there existed snails — invaded and actually
emittiting cercariae.

In the more distant row the process of dispersion of cercariae levels these
differences, the amplitude of oscillations between several boxes are not so
wide. The average number of cercariae per fish in several boxes of the row
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B is almost equal to the same number in the corresponding boxes of the row
A (see fig. 8) or lower.

The general decline of number of cercariae present in water, as the dis-
tance from the shore was growing, is clearly expressed just in the area over-

——w-Row 8

Average number of cercariae per fish
o

(] 2 7 i 5 §
Numbers of succesive boxes
Fig. 8. Diagram illustrating oscillations of average
number of cercariae in fishes between several boxes
deposited in two parallel rows — A and B. Variant III

gr;)wn with plants, since the general average number of cercariae per fish for
the total row A is 4.8 and for row B only 3.0.

Discussion

The decline of the average invasion of fishes with cercariae of Diplostomum
spathaceum in variant II was illustrated with a curve (fig. 6) the shape of which
is related to the dispersion process of cercariae round the snail and suggests
the chaotic and random character of the movements of these animals. The
shape of similar curve in variant I (see fig. 4) is formed probably by the process
of expansive dispersion of cercariae as well as by the decrease of invasivity
of cercariae in time (Miller and Mc Coy 1930), for cercariae reach a cer-
tain distance from the shore after a certain time — in this time their vita-
lity decreases. The span of life of cercariae of Diplostomum spathaceum (or
rather — the span of their presence in water space), as observed in our labo-
ratory, was never longer than 48 hours. Schiperclaus (1954) assumed
it to be also two days. Therefore general extent of expansion of cercariae di-
rected from the littoral towards the open water space is always limited by
their short span of life.

It is interesting that there was never observed the death of fishes in ex-
perimental boxes, however the intensity of invasion was in some cases very
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high (up to 28 cercariae per fish, see table I). Probably in natural conditions
of the lake the process of accumulation of the parasites in fish is so slow that
cercariae penetrating even in great numbers, but gradually, don’t kill their
fish host immediately, which covers with the opinions of other authors (K o-
zicka 1958). In our laboratory there was observed the death of few Leu-
caspius delineatus of 3—4 cm long after being penetrated each with 20 cer-
cariae during two minutes. This same number, but penetrating gradually
(g. e. during 48 hours — see variant I, exp. one) didn’t kill fish. It may be
supposed that in fishes with full freedom of movements (in contrast to those
enclosed in boxes) the rate of accumulation could be still lower and would be
settled by the flight from the places, where there is a high density of cercariae
in water.

On the other hand in small and enclosed habitats, g. e. in river branches
separated from the main current by sinking water, where there are breeding-
places for many river fishes, the effect of cercariae on the state of health and
mortality rate of fry may be important (Kozicka 1959) and we cannot
make no account of it. In conditions of the lake the highest invasion takes place
near the shore and littoral zone is the most dangerous for the fry, occurring
numerously in shallow and warm water overgrown with plant vegetation.
These same conditions are optimal for the snails and for the development
of eggs and larvae of Trematoda as well, then, from the ecological point of view,
a conflict between young fish and cercariae is necessary. The above presented
experiments proved that the rate of this conflict is different in various parts
of the littoral zone and that the density of cercariae occurring in water (to
which the rate of invasion of fishes is closely related) in this same point of
the littoral area may be various in several days in summer (see data of August
1957 in comparison with those of 1958 in several experiments). The origin
of this variability is clear — cercariae don’t reach to maturity in all invaded
snails contemporary, when some snails finish the emission then the others
begin it, the emergence of cercariae depends on temperature and changes with
it (Cort 1922, Rees 1948), the rate of invasion of snails depends on visits
of birds, then may be and is varying from year to year.

Summary and conclusions

The invasion rate with the cercaria of Diplostomum spathaceum Rud. in
fishes of Leucaspius delineatus L., closed in wiry net boxes distributed in se-
veral points of a shallow littoral zone of Luknajno Lake (Poland, Mazury)
was investigated. Following conclusions are obtained:

1. General extent of expansion of cercariae is more far than the limits of
their snail-vectors habitat.

2. Within the limits of the snail habitat the density of cercariae in water
(correlated with the rate of invasion of fishes) is variable, but may be high
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and dangerous especially for the fry, occurring, as a rule, in shallow and over-

grown water.
3. The average invasion of fishes declines gradually with the distance from

the shore growing.
4. The process of accumulation of cercariae in fishes in natural conditions

of the lake is very slow. The rate of accumulation depends mainly on the pre-
sence of fish in actually more or less infested habitat.
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J. Paschalski

Proba zastosowania mas plastycznych do aparatury
hydrobiologicznej
Zaklad Hydrobiologii Eksperymentalnej Instytutu Biologii Doswiadczalnej im. M. Nenckiego
PAN, Warszawa
Otrzymano 29.X.1958

Szerokie zastosowanie mas plastycznych (Pabst 1952), a miedzy innymi
szkla organicznego — polimetakrylanu metylu (niemiecki pleksiglas, plek-
sigum; amerykanski perspex) — do przeréznych celéw, nasunelo mysl
zastosowania tego materialu do budowy aparatury hydrobiologicznej. Spo-
dziewano si¢ bowiem przy tym szeregu korzyéci, wynikajacych z nastgpujacych
cech szkla organicznego:

1. Latwoéé obrébki przez ciecie, toczenie, szlifowanie, polerowanie.

2. Latwoéé ksztaltowania w temperaturze okolo 100° z plaskich arkuszy
powierzchni wypuklych, krzywizn, waleéw itp.

3. Latwoéé klejenia poszezegélnych czedci.

4. Mozliwoéé laczenia z metalami.

5. Wieksza odpornoé¢ mechaniczna na kruszenie i gniecenie w poréwnaniu
ze szklem.

6. Mniejszy ciezar wlaseiwy — 1,18 g/em® w poréwnaniu ze szklem, kto-
rego cigzar wlaéciwy waha sie zaleznie od gatunku od 2,2 do 6,38 g/em?®.
7. Gorsze przewodnictwo ciepla — 0,16 kcal/m. h.°C w poréwnaniu ze

szklem, ktérego przewodnictwo cieplne, zaleznie od gatunku, waha si¢ w gra-
nicach od 0,4 do 1,0 kcal/m. h.°C. ‘

8. Chemiczna obojetnoéé wobec wody.

W zwigzku z powyzszymi cechami szkla organicznego, przy wykonywaniu
czerpaka wody systemu Ruttnera (Ruttner 1952) wbudowano zamiast
dotychczas stosowanego walca ze szkla nieorganicznego, walec ze szkla or-
ganicznego.

Stosujac powyzsza modyfikacje uniknieto trudnodci wynikajacej z tego,
ze hutom szkla nie oplaca sie wykonanie zbyt malej iloéci rur potrzebnych do
budowy czerpakéw Ruttnera.
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Przeprowadzono nastepujace obserwacje w celu sprawdzenia, czy w warun-
kach pracy terenowej na jeziorze, miedzy czerpakiem Ruttnera o walecu ze
szkla nieorganicznego oraz ze szkla organicznego, zachodza istotne rézmice
w odczytach temperatur, dokonywanych termometrami umieszezonymi w tych
przyrzadach.

Wymienione dwa czerpaki zaopatrzono w rteciowe termometry decymalne
pochodzace z jednej wytwoérni i wykonane przez nia réwnoczeénie. Seria po-
wyzszych termometréw, sprawdzana wyrywkowo przez Gléwny Urzad Miar
w Warszawie, wykazala réznice odczytéw temperatur na réznych odecinkach
podzialki od —0,07 do +0,2°

Dwa termometry z tej serii, uzyte do obserwacji, poréwnane ze soba, wy-
kazely nieznaczne réznice od 0,05 do 0,15° na calej dlugoéei podzialki. Na-
tomiast w granicach podzialek termometréw, od 8,3 do 12,2°% to jest w gra-
nicach zréznicowania temperatur wod jeziora, réznice odczytéw temperatur
na poréwnywanych termometrach nie przekraczaly 0.,05°, byly wiec one bez
istotnego znaczenia.

Pomiary poréwnawcze przeprowadzono dnia 31 maja 1957 r., na gleboczku
Jeziora Mikolajskiego, gdzie pobierano wode czerpakami Ruttnera i odezyty-

Tabela I

Réwnoczesne pomiary temperatur wéd Jeziora Mikolajskiego wykonane 31.V.1957 r. trzema
przyrzadami oraz réznice temperatur

Simultaneous measurements of water temperature carried out with the use of three apparatus

Pomiar temperatury w °C Réinice w odezytach temperatur
Temperature s in °C miedzy i a czerpaki
Differences in temperature data |
termometr rteciowy between thermistor and mercury
Glebokoéé w m raacaite mercury thermometer thermometers
Depthin i y

Thermistor aerpuk' szklo czerpck ‘uklo sdkle Srjunionne szklo 'nieorgl-
thermometer ".'v ' ! i s plise 2 nwf‘“

organic glass scoop ‘ inorganic glass scoop inorganic glass
0 12,0 12,2 12,2 +0,2 +-0,2
It 11,9 12,2 12,2 +0,3 +0,3
2 11,6 11,8 11,8 40,2 +0,2
3 11,3 11,7 et 40,4 +0,4
4 11,3 11,6 11,8 +0,3 +0,5
5 11,3 11,6 11,8 +0,3 +0,5
6 11,3 11,6 11,6 40,3 +0,3
7 11,3 11,6 11,6 +0,3 +0,3
8 11,3 11,6 11,6 +0,3 +0,3
9 11,2 11,6 11,4 +0,4 +0,2
10 10,8 11,6 10,9 +0,8 +0,1
15 8,7 8,9 8,8 +0,2 +0,1
20 8,3 8,6 8,6 +0,3 +0.3
25 8,3 8,5 8,5 40,2 40,2
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wano jej temperatury w slupie, do glebokoéei 25 m. Poréwnaweze pomiary
temperatur przeprowadzono w epilimnionie i metalimnionie co 1 m, a w hy-
polimnionie co 5 m (tab. I i rys. 1).

Réwnoczeénie tez mgr A. Synowiec z Instytutu Geografii PAN
przeprowadzal pomiary temperatur termometrem termistorowym na tych
samych glebokosciach.

Obserwacje prowadzono miedzy godzina 11%° a 12%, przy temperaturze
powietrza okolo 18,0°, cze¢dciowym (1/2) zachmurzeniu (Cumulus) oraz wietrze
pélnocno-zachodnim o szybkodci 3 m/sek*. Falowanie wéd jeziora bylo nie-
wielkie.

Réznice temperatur miedzy powietrzem i woda byly znaczne, od 6,1 do
9,8°, naslonecznienie silne, przy dodatkowym $wietle rozproszonym, pochodza-
cym od odblasku, spowodowanego przez chmury kiebiaste.

Opisane warunki meteorologiczne oraz slabe falowanie wéd sprzyjaly ob-
serwacjom, gdyz stwarzaly mozliwoéci powstawania réznic w odczytach tem-
peratur w wyniku réznic termicznych miedzy woda a powietrzem oraz zmie-
niajacym si¢ bezpoérednim czy tez rozproszonym dzialapiem promieni slo-
necznych. Slabe falowanie umozliwilo utrzymywanie si¢ zanurzonych czerpakéw
na stalej glebokoéei i ulatwialo prace na lodziach.

Czujnik termometru termistorowego oraz czerpaki opuszezano do wody
i wyciagano na powierzchnie przy pomocy kolowrotéw z licznikami glebo-
kosci. Czerpaki trzymano pod woda przez trzy minuty, a po ich wyciagnieciu
na powierzchnie natychmiast odczytywano temperature, oslaniajac przyrzady
od bezpodredniego dzialania promieni slonecznych.

Wyniki pomiaréw, zestawione na tabeli I i rysunku 1, wskazuja, ze pomiedzy
odczytami temperatury na trzech réwnoczeénie obserwowanych przyrzadach
wystepowaly niewielkie réznice. Mieécily sie one w granicach od 0,1 do 04°,
a wiec w granicach wystepujacych przy pomiarach cieploty wéd, wykonywa-
nych termometrami decymalnymi w czerpakach Ruttnera. Réznice 0.5 i 0,8°
zostaly wylaczone z zestawieni i wspélnej analizy, wymagaja bowiem odr¢bnego
oméwienia.

Analizujac dane zestawione w tabeli I, stwierdzamy, ze wszystkie pomiary,
dokonane obu czerpakami, byly wyzsze od pomiaréw dokomanych termo-
metrem termistorowym. Pochodzié to moze od stalej réznicy, wynikajacej
prawdopodobnie ze sposobu wyskalowania termometru termistorowego, na
co wskazuje wzajemne polozenie krzywych termicznych, sporzadzonych na
podstawie danych z tych pomiaréw. Gdyby uwzglednié powyzsza réznice wyno-
szaca okolo 0,2°, krzywe zblizylyby swe wzajemne polozenie (rys. 1). Inne nie-
jednakowe réinice w odezytach temperatur mogly byé wywolywane przeciaga-
niem czerpakéw przez zréznicowane termicznie warstwy wod jeziora, ponadto

* Dane meteorologiczne uzyskano ze Stacji Geograficznej PAN w Mikolajkach.
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wyjmowaniem ich na powierzchnie, w przeciwieristwie do stale pozostajacego
pod woda czujnika termometru, termistorowego, wreszcie wskutek drobnych
trudnoéci w réwnoczesnym operowaniu trzema przyrzadami.

Wéréd wszystkich réznic stwierdzanych w pomiarach temperatur miedzy
termometrem termistorowym a termometrami rteciowymi, znajdujacymi sie
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Rys. 1. Réwnoczesny pomiar temperatur Rys. 2. Réinice odczytéw temperatur wod
wéd jeziora Mikolajskiego trzema przyrza- na jeziorze Mikolajskim 31.V.1957 wystepu-
dami, przeprowadzony dnia 31.V.1957 jace miedzy trzema przyrzadami
4 ———— pojedyncze réinice odezytu temperatur
Czerpaki Ruttnc'n z ol'mdwq ze szkla: . migdzy termometrami rtgciowymi umiesz-
: _____ = e 2 czonymi w czerpakach Ruttnera;
5 R S RS s, L e S T Gl B h e LA L jednakowe dla obu czerpakéw odezyty
I e i ’réinic temperatur migdzy termometrami

rteciowymi w czerpakach Ruttnera a ter-

wym

w czerpakach Ruttnera, najczestsza byla réznica 0,3° — 509,, potem 0,2° —
26,5%, 0,4° — 11,59, 0,1° —7,7%, i 0,5° — 3,99%, (rys. 2 tab. II).

Dziesieé pomiaréw, to jest 71,49, nie dalo réznic w odczytach temperatur
dokonanych termometrami decymalnymi, umieszczonymi w dwu czerpakach
Ruttnera. Byly to wige réznice wspélne i identyczne dla obu czerpakéw w sto-
sunku do termometru termistorowego. Odeczyty te réznily sie od wskazaf
termometru termistorowego w granicach od 0,2 do 0,4°. Wéréd nich najczestsza
byla réinica 0,3°, tj. 60%, 0,2° —30% i 0,4° — 109, (tab. II, rys. 2). Catery
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pomiary daly odrebne réznice w odezytach temperatur dokonanych réwno-
czeénie na trzech poréwnywanych przyrzadach, lecz rézniace sie miedzy soba
tylko o 0,1 lub 0,2°

Wystepujace dla glebokoéci 4 i 5 m wigksze odezyty temperatur w czerpaku
ze szkla nieorganicznego spowodowane byly chwilowo niezauwazonym, nie-
dostatecznym oslanianiem przyrzadu od promieni slonecznych. Natomiast
réznica 0,8°, przy czerpaku ze szkla organicznego, stwierdzona na glebokoéci
10 m, spowodowana byla zakléceniami w dzialaniu zaczepu czerpaka, co wy-
wolywalo koniecznoéé przetrzymywania go dluzej nad powierzchnia wody
w cieplym powietrzu dla dokonania naprawek. Réznica ta nie moze byé wiee
brana pod uwage przy poréwnywaniu przyrzadéw, jest ona jednak znamienna
dla ogélnych uwag o poslugiwaniu sie tym przyrzadem.

Przedstawione wyniki wskazuja na brak istotnych réznic w odezytach tem-
peratur miedzy trzema poréwnywanymi przyrzadami, z uwzglednieniem po-
czynionych uwag. Wskazuja one réwnoczeénie na poprawnosé pomiaréw tem-
peratur woéd jeziorowych, dokonywanych termometrem rteciowym, umiesz-
czanym w czerpaku Ruttnera, w ktérym szklo nieorganiczne zastapiono szklem
organicznym.

Tabela II

Wielko&é i czestotliwoéé réznic pomiaréw temperatur wéd przeprowadzonych trzema przyrzgdami
31.V.1957 r.
The range and frequency of differences in the water temperature measurements carried out
with the use of three apparatus

Czestotliwoéé wystepowania réinic miedzy i ym
Wielkoéé réinic odezytéw a ami w czerpakach R
temperatur w °C Freq y of diffe b hermi h and th
The range of differences in i, Bertaes P
temperature measurements in °C wszystkie réinice réinice identyczne dla obu czerpakéw
all the differences identical differences in both scoops
0,1 2 0
0,2 7 3
0,3 13 6
0,4 1
0,5 1 0

Nieliczne nieco wigksze réznice pomiaréw temperatur celowo opisano i prze-
analizowano dla podkreslenia wplywu réznych okolicznoéci powstajacych
W czasie pracy na jeziorze, na poprawnosé¢ pomiaréw termiki wéd, dokonywa-
nych termometrami rteciowymi umieszezonymi w czerpakach Ruttnera.

Szersze stosowanie szkla organicznego przy budowie czerpakéw Ruttnera,
w celu jak najdalej posunigtego ograniczenia uzycia metalu, usunie jego wplyw
termiczny i chemiczny, a sam aparat bedzie liejszy, co pozwoli na powiek-
szenie pojemnoéci czerpaka.
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Obserwacje terenowe wykonano na Stacji Hydrobiologicznej Instytutu
Biologii Doéwiadczalnej PAN w Mikolajkach przy wspéludziale Stacji Geogra-
ficznej Instytutu Geografii PAN w Mikolajkach.

Streszczenie

Szerokie zastosowanie mas plastycznych, a w szczegélnosei szkla organicz-
nego, nasunelo myél zastosowania go do budowy czerpaka wody systemu Rut-
tnera.

Zastosowanie szkla organicznego, zamiast szkla nieorganicznego. moze byé
szczegolnie korzystne z uwagi na to, ze daje sie ono latwo obrabiaé, ksztal-
towaé, kleié, laczyé z metalem. Szklo organiczne wykazuje ponadto duza od-
porno$é mechaniczna, ma mniejszy ciezar, gorsze przewodnictwo ciepla w po-
rownaniu ze szklem nieorganicznym oraz jest ono chemicznie obojetne wobec
wody.

Dnia 31.V.1957 r. w Jeziorze Mikolajskim przeprowadzono réwnoczesne
poréwnanie pomiaréw temperatur woéd przy pomocy termometru termistoro-
wego oraz rteciowych termometréw decymalnych, umieszczonych w czerpakach
Ruttnera o cylindrach ze szkla organicznego i nieorganicznego.

W wyniku tych poréwnan stwierdzono niewielkie réznice w pomiarach
temperatur, dokonanych wymienionymi przyrzadami.

Wskazuje to, ze zastosowanie szkla organicznego do budowy czerpaka
Ruttnera stwarza dobre warunki do pomiaru temperatur wéd w warunkach
terenowych.

I'' IlacxaabCcKHu

IMonpITKAa NPHMEHEHNA IIACTMACCOB B THAPLOHOIOrHYeCKOM 000py/JOBAHHH

Pesiome

IIpumeHeHne OPraHNYeCKOro CTEKJIa BMECTO CTEKJIA HEOPIaHMYECKOI'0 MOXKET
OBITH OCOOEHHO ITOJIE3HBIM BBHJIYy TOrO, YTO IUIEKCHIJIACC JIEIKO (hOpMHPYETCs,
CKJIEMBAETCH, COSUHSACTCS C METAJUIOM, XOPOILO IOBepraercsi 00paboTke, Kpome
TOIrO, 110 CPABHEHMIO C OOBIKHOBEHHBIM CTEKJIOM OPraHMYecKOe CTeK/IO 0o0Jajaer
OOJIBIION MEXAaHMYECKOM CONPOTHBIIEHHOCTBIO, HMEET MEHBIIMH BeC, XYAUIYIO
TEILTONPOBOIMMOCTD, & TAKYKE ABJIACTCH XUMHUUECKH HEHTPAIHHBIM 110 OTHOLICHHIO
K BoJe.

31.V.1957 B Muxosaiickom 03epe IpPOBEJECHBI OBLIM CPaBHHTEJIBHBIC H3Me-
PEHUs TEMIIEpaTyphl BOJ C IIOMOIIBIO TEPMHCTOPOBOIO M PTYTHBIX JIECATHBIX
TEPMOMETPOB, IIOMELIEHHBIX B 4Yeprakax PyTTHepa ¢ IWIMHApPaMM M3 OpraHH-
YeCKOr0 M M3 HEOPraHWYECKOro CTeKJIA.
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PasHuIBI TEMIIEPATYP, U3MEPEHHBIX C ITOMOIIBIO BBIIIE ONMCAHHBIX IIPUOOPOB,
0KA3aJIMCh HEOOJIBIINMH.

" Taxkum 00pa3om, NMPHMEHEHHE OPraHMYECKOrO CTEKJa IIPH IIOCTPOEHHMH 4Yep-

naka PyTTHepa CO3/@éT XOpOLIME YCJIOBHA JUIA H3MEPEHHMsI TEMIIEPaTyphl BOJ
B II0JIEBOIl COCTAaHOBKE.

CnMCOK pPBICYHKOB

I'paduk 1. OpHOBpEMEHHOE M3MEpeHHE TeMIepaTyphl Boa Mukonaiickoro osepa Tpems IpH-
Gopamu. Hamepenus nposeaeno 31.V.1957

Yepnaku PyTTHEpa M3 CTEKNd: — — — — HOCPraHHYECKOro,
TEPMOMETD

OpPraHNUYecKOro; — — — TePMHCTOPOBBIH

I'padux 2. PasHuubl NOKasaHHM TEMIEPATypbl BOABI MEXKAY Tpems npubopamm (Mukonaiickoe
ozepo 31.V.1957)

Pa3HMULI NOKA3aHMH MEKIIY DTYTHLIMM TEPMOMETDAMH B Weprnakax PyTTHepa M TEpMHCTOPOBBIM Te€p-
MOMETPOM;

— ——— OAMHAKOBLIC MMOKA3AHMA PA3HMIl TEMICPATYD ME)KAY PTYTHLIMM TePMOMETpaMu B uepnakax Pyrrepa
M TEPMHCTOPOBLIM TEPMOMETPOM

J.Paschalski
Attempt of using plastic mass for hydrobiological apparatus

Summary

Substitution of inorganic glass by plexiglass presents considerable con-
venience, as this material is easy for manufacturing and shaping objects, for
sticking and does not resist joining with metal.

Plexiglass also shows a strong mecanical resistance, a lower weight and
heat conductivity than the inorganic glass and does not react with water.

On May 31 1957 on the Mikolajskie Lake, measurements of water tempera-
ture were carried out; using a thermistor and 2 decimal mercury thermometer
simultaneously, both placed on Ruttner’s scoops with 1) inorganic glass, and 2)
plexiglass cylinders. The results were confronted and insignificant differences
in temperature data with the two types of scoops were found.

In conclusion it may be stated that applying plexiglass for construction
of Ruttner’s scoop proves advantageous for water temperature measurements
in terrain studies.
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List of figures
Diagram 1. Simultaneous measurements of water temperature of Mikolajskie Lake carried
out on May 31th 1957 with the use of three apparatus:

—————— Ruttner's scoop with inorganic glass cover;
Ruttner's scoop with organic glass cover;
~— = - thermistor thermometer

Diagram 2. Differences in the temperature measurements of Mikolajskie Lake water on May
31th 1957 shown by three apparatus used

differences in the temperature ts shown by mercury thermometers placed in Ruttner's

scoops and thermister thermometer;
—————— identical differences of temperature shown by the mercury thermometers in Ruttner's scoops and

th 220, h
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J. Paschalsk1

Pokarm naturalny glowacza pregopletwego
(Cottus poecilopus Heckel) z potoku Poroniec

Zaklad Hydrobiologii Eksperymentalnej Instytutu Biologii Doéwiadczalnej im. M. Nenckiego
PAN, Warszawa

Otrzymano 29.X.1958

Wéréd wiadomoséei o skladzie pokarmu naturalnego ryb slodkowodnych
Polski brak jest opracowarn dotyeczacych glowacza pregopletwego (Cottus poeci-
lopus Heckel).

Staff (1950) podaje, ze pokarm glowacza pregopletwego (Cottus poeci-
lopus Heck.) jest taki sam jak glowacza bialopletwego (Cottus gobio L.) oraz
ze ten ostatni ,,'iywi si¢ faung przydenna, gléwnie larwami owadéw i skorupia-
kami, nie gardzi ikra ryb, chetnie pozera mlody narybek pstraga i lososia™.

~Thienemann (1954) stwierdza, ze brak jest dokladnych badani o od-
zZywianiu si¢ glowacza bialopletwego oraz ze stan ten poprawil Miiller
(1952). Uwaga powyzsza, poza charakterem ogélnym, wskazuje réwnoczeénie
na brak wiadomoéci dotyczacych tego zagadnienia w odpowiedniej literaturze
niemieckiej.

Pliszka (1956), oceniajac znaczenie organizméw wodnych w zywieniu
si¢ ryb, podaje, ze w gérnym biegu rzek, zasiedlonych miedzy innymi przez
glowacza bialopletwego, wieksza role odgrywaja kielze (Gammaridae), larwy
jetek (Ephemeroptera) i chruécikéw (Trichoptera). Dalej, ze ryba ta pobiera
niewielkie ilodei glonéw nitkowatych (Algae).

W gérnym biegu Wisly stwierdzil Pliszka (1956), ze glowacz bialopletwy
korzysta z larw ochotkowatych (Chironomidae) do 509, wagi pobranego po-
karmu. Duze znaczenie maja tu ponadto chruéciki (Trichoptera) oraz meszki
(Simulium). Wéréd wymienionych grup pokarmowych dwie pierwsze dochodza
do 50—609, pobranej masy pokarmowej.

Wéréd dalszych wiadomoéei, dotyczacych tego zagadnienia, a zawartych
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w pracach szeregu autoréw, D ahl (1925) wskazuje, ze glowacz bialopletwy
zywi si¢ glownie larwami owadoéw (Insecta), skorupiakami (Crustacea) oraz
narybkiem, a zwlaszcza narybkiem pstraga (Salmo trutta m. fario L.). Trje -
tiakow (1949) podaje, ze glowacz bialopletwy wyzera ikre pstraga. N i-
kolski (1957) znalazt w przewodach pokarmowych ryb tego gatunku, po-
chodzacych z gérnej Peczory, larwy chrudcikéw, ochotkowatych i jetek. Tra-
fialy si¢ rowniez male ryby. Bauch (1955) podaje, ze glowacz bialopletwy
pobiera drobne zwierzeta oraz niszczy narybek, a Bre hm (1956), ze gatunek
ten, jako drapieznik, powoduje wielkie szkody w potokach pstragowych. Opra-
cowanie Dyka (1956) potwierdza obserwacje wymienionych autoréw.

Poznany dotychczas sposéb odzywiania sie glowacza bialopletwego wskazuje
na zbieznoéé pokarmowa ryb tego gatunku z zespolem ryb zasiedlajacych
gorskie odcinki rzek, a zatem i z waznym dla gospodarki czlowieka zespolem
ryb lososiowatych (Salmonidae).

Wobec podobieristwa w odzywianiu si¢ obu wymienionych gatunkéw glo-
waczy (S taff 1950) zagadnienie zbieznoéci w pobieraniu pokarmu, zachodzace
miedzy glowaczowatymi (Cottidae) a lososiowatymi (Salmonidae), dotyczy réw-
niez i glowacza pregopletwego (Cottus poecilopus Heck.).

Material i metoda

Material byl zebrany latem 1926 r., w potoku Poroniec w gérnym dorzeczu
Dunajca, w czasie prac prowadzonych w tym dorzeczu przez Zaklad Ichtio-
biologii i Rybactwa Uniwersytetu Jagielloriskiego w Krakowie (Spiczako w
1927).

Przewody pokarmowe, wypreparowane przy polowie, konserwowano for-
maling i przewieziono do pracowni, gdzie w roku 1935 oznaczono treéé 50
przewodéw.

Czestotliwoéé wystepowania poszezegélnych grup skladnikéw pokarmowych
ujeto w tabeli I, podajac procent ryb, ktérych przewody pokarmowe zawieraly
poszczegélne grupy, natomiast stosunek ilodciowy organizméw poszezegélnych
grup pokarmowych wyrazono w procentach calkowitej iloéci pobranego po-
karmu (tab. II).

Mimo ze materialy byly zebrane i opracowane stosunkowo dawno, zdecy-
dowano sie je opublikowaé wobec braku wiadomoéei o Zywieniu si¢ glowacza
pregopletwego (Cottus poecilopus Heckel).

Biorac pod uwage, ze potok Poroniec plynie przez tereny objete gospodarka
Tatrzanskiego Parku Narodowego nie nalezy przypuszezaé, aby w skladzie
jego fauny zaszly jakie$ istotne zmiany. W przypadku, gdyby zmiany te za-
istnialy, opublikowany material moze byé w pewnej mierze wskaznikiem po-
rownawezym dla ich ustalenia.
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Przeglad wynikéw

Wéréd opracowanych 50 przewodéw pokarmowych glowacza pregopletwego
3 przewody (czyli 69,) byly puste.

Przewody z pokarmem zawieraly gléwnie larwy owadéw wodnych (Insecta)
w 98,09, ogélnej iloéci pobranych form pokarmowych, ponadto niezbyt liczne,
drobne ryby (Pisces) — 1,1%,, wreszcie zupelnie nielicznie wystepujace glony
(Algae) — 0,59, i pajeczaki wodne (Acarina) — 0,49,

Wéréd pobranych owadéw wodnych stwierdzono nastepujace grupy : ochot-
kowate (Chironomidae), chruéciki (Trichoptera), widelnice (Plecoptera), jetki
(Ephemeroptera), muchéwki (Diptera), chrzaszcze (Coleoptera). Natomiast wérod
pobranych ryb stwierdzono narybek glowaczowatych (Cottidae) i lososiowatych
(Salmonidae) oraz nieoznaczalne resztki ryb.

Nielicznie pobrane glony nalezaly do form nitkowatych (Oedogonium,
Ulothrix i Desmidium sp.).

Przedstawione wyniki wskazuja, ze glowacz pregopletwy z potoku Poroniec
odzywial si¢ gléwnie larwami owadéw wodnych. Wéréd nich najezestszymi
i najliczniejszymi byly ochotkowate (tab. I i II), wystepujace prawie we
wszystkich badanych przewodach pokarmowych i to w przewazajacej iloéei.
Dalej, mniej licznie i mniej czesto byly pobrane chruéceiki, widelnice, jetki,
muchéwki i chrzgszeze.

Tabela I

Procent ryb wedlug pobranych grup pokarmowych
Percentage of fishes according to food groups

consumed

Grupy pokarmowe %
Chironomidae 90
Trichoptera 72
Plecoptera 48
Ephemeroptera 38
Coleoptera 26
Diptera 16
Pisces 14
Algae 6
Acarina 2

Oceniajac przewage iloéciowa ochotkowatych wéréd pobranych jako pokarm
owadéw, zaznaczyé nalezy, ze inne grupy owadéw o wigkszych rozmiarach
i wadze ciala poszczegélnych osobnikéw, choé mniej licznie pobrane, moga
mieé jednak duze znaczenie w procesie odzywiania si¢ glowaczowatych (Cottidae).
Z tych tez przyczyn duze znaczenie w odzywianiu si¢ glowaczowatych moze
mieé pobrany pokarm w postaci ryb.
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Wystepujace nielicznie i sporadycznie glony pobrane zostaly prawdopo--
dobnie przypadkowo, przy okazji pobierania pokarmu zwierzecego, a zwlaszcza
larw owadéw zasiedlajacych skupiska glonéw obrastajacych kamienie w ko--
rycie potoku.

Tabela II
* Stosunek iloSciowy organizméw poszezegélnych
grup pokarmowych wyrazony w procentach
calkowitej iloéci pobranego pokarmu
Quantitative ratio of organisms in several food
groups expressed in percentage of the total
quantity of food consumed

Grupy pokarmowe %
Chironomidae 74,6
Trichoptera 8,3
Plecoptera 4,9
Ephemeroptera 4,4
Diptera 3.1
Coleoptera 2,1
Pisces 1,1
Algae 0,5
Acarina 0,4

Poréwnujac uzyskane wyniki z dotychczasowymi wiadomoéciami stwier-
dzamy brak skorupiakéw (Crustacea), a zwlaszcza kielzy (Gammaridae), tak
charakterystycznych dla potokéw goérskich. Brak drobnych form skorupiakéw
planktonowych zwigzany jest zapewne z warunkami érodowiskowymi Pororica,
jako potoku typowo gérskiego. W potokach gérskich bowiem rozwéj drobnych
form planktonowych jest ograniczony (Thienemann 1925, Schrider
1928, Litynski 1937, 1952, Zadin 1950).

Nie stwierdzono réwniez ikry ryb, gdyz latem, to jest w czasie gdy zbierano
materialy, nie odbywa si¢ tarlo ryb zasiedlajacych potoki goérskie.

Uwagi koricowe

Poréwnujac dotychczasowe wiadomoéei o odzywianiu sie glowaczowatych
(Cottidae) w potokach gérskich oraz wyniki analizy pokarmu glowacza prego-
pletwego (Cottus poecilopus Heck.) z potoku Poroniec z pokarmem lososiowatych
(Salmonidae), zamieszkujacych goérskie krainy rzek, stwierdzamy istnienie
zbieznoéci w pobieraniu pokarmu miedzy glowaczowatymi a lososiowatymi.

Te ostatnie bowiem, wobec takiego samego sposobu odzywiania si¢ pstraga
(Salmo trutta m. fario L.) i mlodych rocznikéw lososia (Salmo salar L.) oraz
troci (Salmo trutta L.), zywia si¢ wedlug Schimenza (1911 i 1924), Wil-
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lera (1924), Dahla (1925) i in. poza wodnymi kregowcami (Vertebrata),
migczakami (Mollusca) i skorupiakami (Crustacea) oraz allochtonicznym pokar-
mem ladowym —larwami owadéw wodnych, a w szezegdlnodei chruscikow
(Trichoptera), ochotkowatych (Chironomidae), jetek (Ephemeroptera), widelnic
(Plecoptera), muchéwek (Diptera) itd. Stosunki iloéciowe pobranych grup po-
karmowych przedstawiaja si¢ réznie, zaleznie od érodowiska wodnego (E n-
ger 1936).

Istotne, z uwagi na wspélzawodnictwo pokarmowe z glowaczowatymi,
sa dane o Zywieniu sie pierwszych rocznikéw lososiowatych, ktére wedlug
Schiperclausa (1933) i Neresheimera (1937) zywia si¢ przede
wszystkim ochotkowatymi (Chironomidae) i innymi drobnymi larwami owa-
déw wodnych, co potwierdzaja Starmach (1951) i Dyk (1958).

Zbieznoéé pokarmowa miedzy glowaczowatymi (Cottidae) a lososiowatymi
(Salmonidae) zarysowuje si¢ zatem szczegdlnie wyraznie takze w stosunku
do rocznikéw mlodszych. W warunkach odzywiania si¢ ryb w potoku gérskim,
zaleznoéé ta przechodzi zapewne réwniez i we wspélzawodnictwo pokarmowe.
Sytuacja ta oceniana lacznie ze sprawa pozerania ikry i narybku lososiowatych
przez glowaczowate wskazuje na ich szkodliwy wplyw na poglowie tych cennych
ryb.

Sprawa tej zaleznoéci miedzy omawianymi rodzinami nabiera duzej ostroéci
i ma istotne znaczenie gospodarcze z uwagi na zmniejszanie si¢ poglowia pstraga,
a zwlaszeza jego rocznikow starszych, wyzerajgcych glowaczowate.

Okolicznoéei te moga powodowaé nadmierny wzrost glowaczowatych,
co zagraza bezpoérednio mlodziezy lososiowatych i pogarsza warunki jej ze-
rowania.

Najbardziej niebezpieczny wydaje si¢ okres po wylegnieciu ryb, kiedy to
prawie nieruchomy lub bardzo jeszcze nieudolnie rozpoczynajacy plywanie
wyleg lososiowatych moze byé latwo zjadany przez glowaczowate.

Przytoczone okolicznoéci winny byé brane pod uwage szczegélnie tam,
gdzie przeprowadza si¢ zarybianie potokéw gérskich narybkiem lososiowatych
oraz gdzie wyznaczane sa tarliska czy obreby ochronne lub wprowadzone inne
ograniczenia polowéw.

I' ITacxaabCKH

Imma peunoro mopkamenmuka (Cottus poecilopus Heckel)
Pesiome

Hccnenosanock copepsxanue 50 mumeBonoB Cottus poecilopus Heckel —
u3 noroka IToponerny B BepxHem Oacceiine Jlynaiina.

IToydeHHbIe pe3yJsbTaThl OOHAPYIKHIIM, YTO ITOT BHJ KOPMHTCA IJIABHBIM
00pa3om, BOJHBIMH HACEKOMBIMH.

9 Polskie Archiwum Hydrobiologii t. VI, nr 3
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Bospme Bcero Haiffieno Chironomidae Hapsily ¢ HUMHM HabeHbI GBLIH,, HO
BO BCe MeHblIem Kosmuectse, Trichoptera, Plecoptera, Ephemeroptera, Diptaera,
Coleoptera, Acarina M KpoMe TOro, HeMHOTOUYHMCJICHHBIE BOOPOCIIH.

B mume oGHapy)keHo Hammuue mojomHsaxka Salmonidae u Cottidae.

Cpasuenve mumu [Salmonidae ¢ mameit Cottidae ykaspIBaeT Ha CXOJCCTBO
B IIMTaHHM ITHX BHJIOB, a TAK)KE HA HEINOCPEJCTBeHHOe yrpoykeHue Salmoniidae
B CBsA3H C TeM, uto Cottidae MOYKUPAIOT MX MOJIOJHSAK.

J. Paschalski
Food of the Bullhead (Cottus poecilopus Heckel)

Summary

Contents of alimentary tract of 50 specimens of Cottus poecilopus Hecckel
from Poroniec stream (the affluent to Dunajec river) have been examinned.

It was found that Cottus feeds mostly on aquatic insects larvae. Amaong
them most numerously occurred midges (Chironomidae), and then in graduaally
decreasing frequency were found: caddis flies (T'richoptera), stoneflies (Plecoptetera),
mayflies (Ephemeroptera), flies (Diptera), some beetles(Coleoptera); mites(Acaririna),
and also a few species of Algae. The presence of Salmonidae and Cottidae : fry
was stated in food as well.

Comparison of Salmonidae and Cottidae food shows a close convergeence
in feeding of those families. It also proves that Salmonidae are in some dangger,
as their fry is being destroyed by Cottidae.

PISMIENNICTWO — JIMTEPATYPA — BIBLIOGRAPHY

.Bauch G., 1955. Die einheimischen Siisswasserfische. Radebeul und Berlin.
. Brehm A., 1956. Brehms Tierleben. Bd. 2. Leipzig-Jena.
. Dahl F., 1925. Die Tierwelt Deutschland und der angrenzenden Meresteile. Jena.
Dyk V., 1956. Nase ryby. Ceskoslovenska Akademie Zemedelskych Véd. Praha.
.Enger M., 1936. Zur Monographie der Bachforelle. Zeitschrift fiir Fischerei Bd. . 34.
Neudamm und Berlin.
. Litynski A., 1937. Problemy hydrobiologiczne Polesia i prace polskich wypraw namuko-
wych w roku 1935, 1936. Archiwum Hydrobiologii i Rybactwa. T.X. Nr 4. Suwalki. 1.
7. Lityhaski A., 1952. Hydrobiologia Ogélna. Warszawa.
8. Miiller K., 1952. Die Miihlkoppe und ihre Nahrungs-Konkurenz zur Bachforelle. 1 Der
Limnolog. Flusstat. Freudentahl III — za Thienemannem (1954).
9. Neresheimer E., 1937. Die Lachsartigen (Salmonidae). Demmoll-Mayer Handbibuch
der Binnenfischerei Mitteleuropas. Bd. III, I Tl Stuttgart.
10. Nikolskij G.W., 1947. Ryby baseina wierchniej Pieczory. Matierialy k poznaniu fatauny
i flory SSSR. Moskwa.

G W N

(=)

http://rcin.org.pl



Pokarm glowacza 131

11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21,
22,

23.

Pliszka F., 1956. Znaczenie organizméw wodnych jako pokarmu ryb w éwietle badai
polskich. Polskie Archiwum Hydrobiologii. T. IIT (XVI). Warszawa.
Schiperclaus W., 1933. Lehrbuch der Teichwirtschaft. Berlin.

Schimenz P., 1911. Die Bewirtschaftung der Forellengewiisser. Fischerei Zeitung.
Bd. 14.

Schimenz P., 1924. Die Nahrung unserer Siisswasserfische. Die Naturwissenschaften.
Jahrg.12, H. 26. Berlin.

Schriader T., 1928. Die erste natiirliche Nahrung ausgesetzter Bachforellenbrut. Zeit-
schrift fiir Fischerei. Bd. 26. Neudamm und Berlin.

Spiczakow T., 1927, Badanie dorzecza Dunajca w lecie 1926 r. Okélnik Rybacki Nr 1.
Krakéw.

Staff F., 1950. Ryby slodkowodne Polski i krajéw oSciennych. Warszawa.
Starmach K., 1951. Zycie ryb slodkowodnych. Warszawa.

Thienemann A., 1925. Die Binnengewiisser. Bd. I. Stuttgart.

Thienemann A., 1954, Chironomus. Die Binnengewiisser. Bd. XX. Stuttgart.
Trjetiakow D.K., 1949. Ryby i kruglarotyje, ich zyzii i znaczenie. Moskwa-Leningrad.
Willer A., 1924. Die Nahrungstiere der Fische. Handbuch der Binnenfischerei Mittel-
europas. Bd. 1. Stuttgart.

Zadin W. L, 1950. Zyzh prjesnych wod SSSR. T. III. Moskwa-Leningrad.

http://rcin.org.pl



Al

4 <~ 5 o
- R ey tiAX
4 ",ﬁf" A y.$b??4]"j".f
. o (":‘ '¢ .
B T

sk A




POLSKIE ARCHIWUM HYDROBIOLOGII, TOM VI (XIX), 1959

A. Kosicka i S. Kosicki

Zdjecie florystyczne jeziora Skonal przy zastosowaniu
metody nurkowej

Stacja Hydrobiologiczna Polskiej Akademii Nauk w Mikolajkach

Otrzymano 17.XI1.1958

Wstep

Dorobek na polu prac florystyeznych wodnych w Polsce w latach powojen-
nych ogranicza si¢ w zasadzie do dwoéch prac, Opracowaii takich doczekalo sie
jezioro Charzykowo (S. Tolpa — 1950) oraz jezioro Tajty (L. Kocél —
1953). W obu tych przypadkach stosowano metode profili i nastepnie droga
interpolacji, a takze podkladu socjologicznego (Charzy.ﬁowo) stworzono pelne
zdjecia florystyczne.

W pracach nad jeziorem Skonal, ktére nalezy do jezior raczej érednie]
wielkoéei (88 611 m?), poslugiwaliémy si¢ metoda, ktéra w konsekwencji dala
pelny obraz florystyczny tego jeziora bez uciekania si¢ do metod profili
i interpolacji.

Celem naszym bylo danie pelnego obrazu obszaréw makroflory jeziora Skonal
z dokladnym uwzglednieniem powierzchni, jakie poszezegélne gatunki roélin
zajmuja oraz ich stosunku do calej powierzchni jeziora. Osiagniecie tego stalo
si¢ realne przez zastosowanie pomiaru metodami geodezyjnymi, a takze przez
wykorzystanie obecnodei czlowieka pod woda. To ostatnie stalo si¢. mozliwe
dzigki zastosowaniu aparatury pletwonurkowej. W latach przedwojennych
prace podwodne prowadzil R. J. Wojtusiak (1939). Stosowal on jednakze helm
nurkowy, ktéry pozwalal tylko na picncwa postawe w wodzie, a tym samym
ograniczal zdolno$é swobodnego poruszania sie.

Metoda pletwonurkowa umozliwila zbadanie calego dna jeziora i uchwy-
cenie wszystkich koniecznych czynnikéw do stworzenia pelnego zdjecia flo-
rystycznego.
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Pragniemy podzigkowaé Szczeciriskiemu Klubowi Pletwonurkéw za udostep-
nienie aparatury, a szczegélnie czlonkowi tego Klubu Panu Jerzemu
Unierzyskiemu za bezinteresowna pomoc przy wykonywaniu pracy
terenowej.

Metodyka

Wyznaczenie w terenie i nastepnie przeniesienie na plan granic obszaréw
zajetych przez roéliny na jeziorze, prazy zachowaniu maksimum dokladnoéci,
zmusilo nas do zastosowania metody pomiaru zblizonej w swym sensie do metod
geodezyjnych. W przypadku pomiaréw florystycznych jeziora Skonal zasto-
sowaliémy metode ,,wizur” — linii widzialnoéci przebiegajacych ponad po-
wierzchnia wody. Kazda z tych linii kosiczyla sie dwoma punktami stalymi
na brzegu. Punkty te stanowily tyezki pomiarowe znajdujace sie na przeciw-
legtych brzegach jeziora. Ustawienie wielu takich punktéw stalych wzdluz
brzegéw, a widzialnych prawie z kazdego miejsca na wodzie, stworzylo gesta
siatke krzyzujacych si¢ ze soba linii (rys. 1). Sytuowanie 16dki na wodzie w kaz-

;v

! B 2
bt sl LT T NS
’ N

~

Rys. 1. Siatkalinii widzialnoéei Iaczacych tyczki pomiarowe na brzegach, narzucona na wycinek
jeziora (1 : 1000)

dym dowolnym punkcie na jeziorze dokonywaliémy przy pomocy wegielnicy
pomiarowej. Przyrzad ten, dzialajacy na zasadzie pryzmatéw polaczonych,
umozliwia odnalezienie kazdego skrzyzowania dwéch linii widzialnoéci, a takze
posuwanie si¢ wzdluz tych linii w jednym lub drugim kierunku. W ten sposéb
odnalezione punkty na miejscu byly przenoszone na plan, na ktérym uprzednio
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zostala naniesiona siatka linii widzialnoéci. Metode te stosowaliémy przy wyzna-
czaniu granic arealéw roélin wynurzonych, tzn. widzialnych na powierzchni.

Przy odnajdywaniu i wyznaczaniu granic lak roélinnoéci podwodnej, postu-
giwaliémy si¢ metoda pletwonurkowa. W sklad wyekwipowania badacza-

-

’“ f/( -4

Fot. 1. Pletwonurek wraz z ekwipunkiem przed zejéciem pod wode

-pletwonurka wchodzi przede wszystkim ,,aparat powietrzny” umozliwiajacy
swobodne oddychanie pod woda bez zadnych dodatkowych instalacji, ktére by
laczyly sie z powierzchnia i ograniczaly mozliwoéé poruszania (fot. 1). W naszym
przypadku stosowaliémy aparat typu Delfin III produkowany przez Driger-
-Werk Heinr, & Bernh, Driger Liibeck — NRF. Skladal si¢ on z dwu butli
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aluminiowych o pojemnodci wystarczajacej na 35—minutowe przebywanie
pod woda. Waga aparatu wynosila okolo 15 kg, a po zanurzeniu byla zréwno-
wazona wypornofcia. W przypadku prac przy niskiej temperaturze wody
uzywaliémy kombinezonu z gumy piankowej, ktéry jest szczelny i doskonale
chroni od réznicy temperatur. Twarz byla izolowana szczelna maseczka gumowa
zaopatrzong z przodu w gruba, owalna plyte szklang umozliwiajaca obserwacje.
Nogi byly uzbrojone w elastyczne pletwy znakomicie zwigkszajace szybkoéé
poruszania si¢ i zwrotno$é przy niewielkim uzyciu energii.

Nurek schodzacy pod wode zaopatrywany byl takze w malerikie plywaki stuza-
ec do znakowania wykrytych roélin na dnie jeziora. Plywak taki skladal si¢ z bialej
pileczki pingpongowej, ktéra unosila si¢ na powierzchni wody i byla polaczona
nicia stylonowa zbiegajaca pionowo w dél i koriczaca sie na dnie ciezarkiem

Fot. 2. Plywaki na powierzchni .wody oznaczajace zasieg wykrytej laki podwodnej

metalowym. Nié stylonowa tak byla umocowana do pileczki, iz pozwalalo to
na dowolne jej skracanie lub wydluzanie w zaleznoéci od glebokoéei, na ktérej
plywak zostal ustawiony. Badacz schodzacy pod wode zabieral ze soba dwa lub
trzy plywaki. Plynal on zwykle przy samym dnie, a pltywaki, ktére si¢ nad nim
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unosily, wskazywaly na jego kierunki poszukiwan. Penetracja taka odbywala
si¢ zawsze w uprzednio ustalonej strefie i jezeli badacz napotykal na rosnace
pojedynczo roéliny lub ich wigksze obszary, to zakotwiczal plywak i wynurzal
sie oznajmiajac swoje znalezisko. Miejsce takie zaznaczalo sie na planie. Réwno-
czeénie nurek wydobywal prébke roélin rosnacych w tym miejscu na dnie,
ktéra zostawala umieszczona w zielniku i opracowana. W przypadku znalezie-
nia wigkszego obszaru lgki podwodnej nurek plynal wzdluz granicy laki sta-
wiajac w odlegloéciach 3—5 m plywaki (fot. 2). Po oplynieciu takiej 1aki dookola
i usytuowaniu jej na planie dokonywaliémy poszukiwan na ebszarze samej laki,
aby uchwycié¢ wszystkie gatunki roélin wchodzace w jej sklad i ich wzajemny
stosunek liczbowy na badanym obszarze.

Poszukiwaii podwodnych dokonaliémy w miesigcu sierpniu 1957 roku.
Powtérzyliémy je we wrzeéniu tegoz roku majac na celu kontrole badan poprzed-
nich dla uwzglednienia ewentualnych poprawek.

Po wykonaniu planu zasiegu arealéw roélin jeziora Skonal w skali 1:500
dokonaliémy obliczeri powierzchni metoda planimetryczna. Skala 1:500 zezwa-
lala na wyodrebnienie skupisk jednogatunkowych, nawet o nieznacznej powierz-
chni w granicach od 5 do 8 m?. Ta dokladnoéé spowodowala, iz moglismy podaé
ogélne powierzchnie dla kazdego gatunku i stosunki procentowe miedzy poszcze-
gélnymi powierzchniami. W niektérych przypadkach zmuszeni byliémy zasto-
sowaé okreélenia ,,arealy zespolowe” dla tych powierzchni, na ktérych kilka
gatunkow rodlin tworzy zwarte asocjacje i niemozliwe bylo wyodre¢bnienie tam
powierzchni jednogatunkowych. Obszary arealéw zespolowych wynosza 4,49,
ogélnej powierzchni badanej.

Przy oznaczaniu roélin poslugiwaliémy si¢ kluczami Szafera (1953)
i Dabskiej (1953).

Jezioro Skonal, nie wliczajac przyleglej don z poélnoco-wschodu mlaki,
posiada powierzchni¢ 88 611 m?. Z tego 37 612 m? przypada na obszar pokryty
roslinnoscia, co stanowi przeszlo 429, calej powierzchni jeziora. W tym trzcina
zajmuje w przyblizeniu powierzchnie 14 400 m? i pod wzgledem obszaru jest
dominantem w stosunku do innych wystepujacych tam roflin.

Na calym obszarze jeziora wykryliémy 21 gatunkéw roélin wodnych,
wyszezegélnionych ponizej.

Tolypellopsis stelligera (Bauer) Mig. Tworzy duze obszary lak podwodnych
w poludniowej czedei jeziora. Roénie w gestych zwartych skupieniach osiagajac
ponad 1 m wysokoéci od dna. Pokrywa obszar 5764 m? co stanowi druga co
do wielkoéci powierzchni¢ po trzcinie. Roénie na glebokoéei do 4 m.

Chara ceratophylla Wallroth. Roénie w dwéch malych skupiskach w pélnoc-
nej czesci jeziora na glebokosei ponizej 3 m.
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Equisetum limosum L. Wystepuje w plytkiej strefie przybrzeznej w dwéch
miejscach oznaczonych przez sektory Va i Vb (rys. 3). Sa to punkty, w ktérych
nie roénie Phragmites communis Trin.

Polygonum amphibium L. Roénie w kilku punktach przy krawedzi paséw
trzcin na glebokoéei od 1 do 3 m przy poludniowym i zachodnim brzegu.

Nuphar luteum (L.) Sm. i Nymphaea candida Presl. Wyste¢puja czesto obok
siebie, wzdluz brzegéw, tworzac liczne kepy przy pasach trzcin i sitowia oraz
kilka niewielkich lak na otwartej wodzie w poludniowej czeéei jeziora. Do licz-
niej wystepujacych naleza grazele.

Ceratophyllum demersum L. Tworzy niewielkie skupiska na glebokodei
1—1,5 m poéréd lak podwodnych osoki w poludniowej zatoce jeziora.

Ceratophyllum submersum L. Wystepuje w pélnocnej partii jeziora tworzae
liczaca kilkadziesiat metréw kwadratowych lagke na glebokoéei 2,5—3 m. Laka
ta przylega do plyciej rosnacych obszaréw osoki i plywacza.

Utricularia vulgaris L. Znajduje si¢ na glebokodci 2—2,5 m w pélnocnej
czegéel jeziora poéréd osoki, rogatka krétkoszyjkowego i rdestnicy plywajacej.

Sagittaria sagittifolia L. Bardzo nieliczne stanowiska tego gatunku spotyka
si¢ tylko w rowie laczacym jezioro Skonal z jeziorem Talty.

Stratiotes aloides L. Osoka wystepuje w obu, pélnocnej i poludniowej partii
jeziora, tworzac tam nie wynurzone laki wspélnie z rogatkami, chara rogatkowa
i plywaczem. Na jeziorze Skonal roénie do glebokoéci ponad 2,5 m.

Potamogeton natans L. Tworzy drobne skupiska monogatunkowe w poblizu
rowu laczacego jeziora Skonal i Talty, a takze wigksze zgrupowania w pélnocnej
czeéei jeziora rosnac tam wspélnie z grazelem zéltym i rdestnica polyskujaca.
Przekracza glebokoéé 3 m.

Potamogeton perfoliatus L. i P. lucens L. Wystepuja licznie na calym jeziorze
tworzac szereg lak przyleglych do paséw trzcin, a takie w pewnym oddaleniu
od brzegéw, szczegélnie w poludniowej czeéei jeziora. Rdestnica przeszyta
wystepuje liczniej wzdluz brzegu zachodniego osiagajac glebokoéé maksy-
malna 3.70 m, natomiast rdestnica polyskujaca gromadzi si¢ szczegélnie przy
brzegu wschodnim i w poludniowej czeéci jeziora. Potamogeton lucens L.
zajmuje trzecia co do wielkodci powierzchnie, ktéra wynosi 14,79, ogélnej
powierzchni zajetej przez roélinnosé. Przekracza glebokoéé 4 m.

Schoenoplectus lacustris (L.) Palla. Wystepuje nielicznie wéréd trzeinowisk
w poblizu rowu laczacego jeziora Skonal i Talty, poza tym w niewielkich skupis-
kach przy brzegu zachodnim i wschodnim oraz liczniej w pélnocnej przybrzez-
nej czedei jeziora. Jest czestym skladnikiem w arealach zespolowych. Przekracza
glebokoéé 3 m.

Schoenoplectus tabernaemontani (Gmel.) Palla. Wystepuje jedynie przy
* zachodnim brzegu w miejscu nie zajetym przez trzcine, oznaczonym jako
sektor Vb (rys. 3).
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Heleocharis palustris (L.) R. et Sch. Roénie w dwéch punktach na jeziorze,
w strefie przybrzeznej poludniowej i wschodniej, w miejscach, w ktérych nie
wystepuje trzcina, a oznaczonych jako sektory Va i Ve (rys. 3).

Carex vesicaria L. Wystepuje w strefie przybrzeinej we wszystkich miejscach,
w ktérych brak jest trzeiny oraz w rowie laczacym jeziora Skonal i Talty.
Jest jednym ze skladnikéw w arealach zespolowych.

Phragmites communis Trin. Z wyjatkiem trzech miejsc oznaczonych jako
sektory Va—Ve (rys. 3) wystepuje wzdluz calej dlugoéei brzegéw, tworzac pasy
o szerokoéci od trzech do czterdziestu metréw. Zajmuje 39,49, ogdlnej po-
wierzchni pokrytej przez roélinnoéé oraz jest dominujagcym skladnikiem w area-
lach zespolowych. Przy pomocy kwadratéw o powierzchni 1 m? obliczyliémy
érednie zageszczenie osobnikéw trzeiny na 1 m?, ktére wynosi 49 roélin. Skrajne
iloéci osobnikéw na 1 m* wynosily na jeziorze Skonal 18 i 96. W pracach na
jeziorze Tajty (L. Koc 61 1953) podawana jest liczba do 280 osobnikéw na
1 m?, Iloé¢ ta jest wynikiem stosowania innej metody, mianowicie, na jeziorze
Tajty do obliczeni zageszezenia trzeiny uzywano kwadratu o boku 15 e¢m
i nastepnie przeliczano iloéé osobnikéw na 1 m®. Wyniki nasze otrzymane takze
z innych jezior na ogél pokrywaja sie z wynikami z jeziora Skonal. I tak np.
na jeziorze Mikolajki zageszczenie trzein waha si¢ w granicach od 29 do 84
osobnikéw na 1 m?, za$ na jeziorze Sniardwy od 22 do 76 osobnikéw na 1 m2.
Trzcina na jeziorze Skonal schodzi do gl¢bokoéei okolo 3 m (A. Kosicka
1958), wysokoéé zaé pojedynczych osobnikéw liczac od klacza do wierzcholka
osiaga 4 m.

Acorus calamus L. Roénie w pojedynczych stanowiskach tylko w rowie
.laczacym jeziora Skonal i Talty.

Typha angustifolia L. W wielu miejscach wzdluz brzegéw roénie wspélnie
z trzeina wystepujac raczej na zewnetrznej krawedzi paséw trzcin. Jej zupelny
brak odnotowaliémy wzdluz prawie calego brzegu wschodniego. Schodzi do gle-
bokoéei ponad 3 m.

W koficowej rubryce tabeli I podano wielkoéé powierzchni zajmowanych
przez poszcezegélne gatunki roélin wyrazone w 9, calej powierzchni pokrytej
roélinnoécia. Dla gatunkéw Equisetum limosum L., Sagittaria sagittifolia L.,
Schoenoplectus tabernaemontani (Gmel.) Palla, Heleocharis palustris (L). R. et
Sch., Carex vesicaria L. i Acorus calamus L. nie udalo si¢ nam wyodrebnié
osobnych powierzehni, gdyz gatunki te wystepuja bardzo nielicznie lub wyste-
puja w arealach zespolowych.

W celu latwiejszego zobrazowania ukladu roélinnoéci, na ogélnym planie
florystyeznym (rys. 2), dokonaliémy podzialu roélinnoéci na grupy ekologiczne,
podobnie jak to przyjeli A. N. Lipin (1950), B. A. Fedczenko (1949)
i S. Bernatowicz (1951). W specyficznym ukladzie roélinnoéei jeziora
Skonal wyodrebniliémy trzy grupy roélinnoéci, podobnie jak S. Berna-
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towicz, natomiast A. N. Lipin przyjal4 grupy,aB. A. Fedczenko
5 grup podzialu. Autorzy ci jednakze przyjeli za punkt wyjscia do swych podzia-
16w dane florystyczne spotykane w innych érodowiskach roélinnoéci wodnej,
natomiast w przypadku jeziora Skonal nie bylo to konieczne.

Do pierwszej grupy — roélin wyrastajacych ponad powierzchnie wody —
zaliczyliémy nastepujace gatunki: Equisetum limosum L., Sagittaria sagitti-
folia L., Schoenoplectus lacustris (L.) Palla, S. tabernaemontani (Gmel.)Palla,
Heleocharis palustris (L.) R. et Sch., Carex vesicaria L., Phragmites communis
Trin., Acorus calamus L. i Typha angustifolia L.

Do grupy — roélin osiagajacych powierzchni¢ wody — naleza: Polygonum
amphibium L., Nuphar luteum (L.) Sm., Nymphaea candida Presl., Potamogeton
natans L., P. perfoliatus L. i P. lucens L.

Grupe trzecia — roélin nie dorastajacych do powierzchni wody — stanowia:
Tolypellopsis stelligera (Bauer) Mig., Chara ceratophylla Wallroth, Ceratophyllum
demersum L., C. submersum L., Utricularia vulgaris L. i Stratiotes aloides L.

Tabela I obrazuje skale glebokoéci, na jakiej wystepuja poszezegdlne
gatunki roélin w Jeziorze Skonal. W plytszych czedciach jeziora wystepuja
gléwnie roéliny pierwszej grupy podzialu, czyli wynurzone, aby w miare
wzrostu glebokoéei przejéé poprzez gatunki reprezentujace druga grupe, do
roélin grupy trzeciej, czyli nie dorastajacych do powierzchni wody, ktére unikaja
miejse plytszych. Daje si¢ zauwazyé istnienie wyraznej korelacji poprzednio
wymienionych trzech grup ekologicznych i glebokoéci.

W celu latwiejszego oméwienia obszaréw zajetych przez roélinnoéé na Jeziorze
Skonal dokonaliémy podzialu na sektory (rys. 3). Przy podziale tym kiero-
waliémy si¢ takimi czynnikami, jak: 1) wyodrebnienie sektoréw przybrzez-
nych od érédwodnych; 2) obecnoéé w sektorach gatunkéw reprezentujacych
poszczegélne grupy ekologiczne; 3) stosunki miedzy gatunkami w danym
sektorze z punktu widzenia zajmowanych przez nie powierzchni; 4) glebokoéé,
na jakiej roélinno$é wystepuje. W ten sposéb wyodrebniliémy 32 sektory,
w tym 14 przybrzeinych. Sektory posiadajace pewne cechy wspélne oznaczone
zostaly tymi samymi liczbami rzymskimi z dodaniem kolejnych liter alfabetu.

Sektor I. W sektorze tym ujeliémy dlugi odcinek brzegu wschodniego.
Charakteryzuje si¢ on przede wszystkim zwartym i waskim pasem monogatun-
kowym Phragmites communis Trin., ktéry zajmuje 91,39, ogélnej powierzchni
sektoru. W jednym tylko punkcie tego pasa wystepuje Schoenoplectus lacustris
(L.) Palla oraz w kilku miejscach na zewnetrznym skraju tego sektoru rosna
w malych skupiskach Nuphar luteum (L.) Sm., Nymphaea candida Presl.,
Potamogeton perfoliatus L. i P. lucens L. Roélinnoéé tego sektoru dochodzi
do glebokoéci 3 m. Trzcina osiaga tu zageszczenie 37 osobnikéw na 1 m2, a szero-
kos¢ jej pasa waha si¢ w granicach od 4,5 do 14,5 m. Skupiska rdestnic i grazeli
wybiegaja na 22 m od brzegu. Wyjatkowa wasko$é tego pasa roélinnoéei spowo-
dowana jest malo rozwinietym litoralem i bliskoécia stoku.
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Rys. 2. Plan ogélny I — Jezioro Skonal — plan florystyczny — stan z sierpnia 1957 r. (1 : 500)

Rys. 3. Plan ogélny II — Jezioro Skonal — podzial na sektory florystyczne (1 : 500)
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Tabela

Wystepowanie roélin na jeziorze Skonal w zaleznoici od glebokoéei

Occurrence of plant in dependence of the water depth

I

CGatunki

Species

Glebokoéé w metrach

Depth in m. | o_o5 | 0,5—1 | 1—1,5 | 1,5—2 2,5—3

35—4 | 44,5

Carex vesicaria L.

Acorus calamus L.

Sagiutaria sagittifolia L. !
l
|

Equisetum limosum L.

R. et Sch.

Heleocharis palustris (L.) ‘ |

Trink.

Phragmites communis

Typha angustifolia L.

(L.) Palla

Schoenoplectus lacustris

Potamogeton lucens L.

Stratiotes alojdes L.

Nuphar luteum (L.) Sm.

Nymphaea candida Presl.

Potamogeton natans L. \

Schoenoplectus tabernae-
montani Palla

Ceratophyllum demersum L

roth

Chara ceratophylla Wall-

Polygonum amphibium L.

Utricularia vulgaris L. J

Potamogeton perfoliatus L.;
1

(Bauer) Mig.

Tolypellopsis stelligera

Ceratophyllum
sum L.

|
\
submer- ' ‘
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Pod symbolem sektora II (abed) ujelismy cztery odeinki brzegu, w ktérych
pasy trzcinowisk sa szersze — do 16 m, wystepuje wiecej gatunkéw roslin,
a trzeiny nie tworza tak wyraznie jednogatunkowych populacji, jak to mialo
miejsce w sektorze I.

Sektor IIa. Jest to sektor o charakterze przejSciowym pomiedzy sekto-
rem I i sektorami IIb, ¢ i d. W odréznieniu od sektora I ten odecinek brzegu
charakteryzuje si¢ szerszym pasem trzcinowisk (7,5 m — 15 m) oraz stosunkowo
wiekszymi kepami roélinnoéei przyleglej. Zwigkszenie szerokodci pasa roflin-
noéci przybrzeinej w tym sektorze spowodowane jest brakiem stoku i wyste-
pujacymi tu plyciznami ciagnacymi si¢ daleko w glab jeziora. Zageszczenie
trzciny na 1 m? wynosi 26 osobnikéw. Poza trzcina wystepuja tu: Nuphar
luteum (L.) Sm., Nymphaea candida Presl. i Potamogeton lucens L., ktére
w niektérych miejscach lacza si¢ z sgsiednimi lakami obejmujacymi duze
obszary jeziora. Roélinnoéé tego sektoru schodzi do glebokoédei 3,5 m.

Sektor IIb. Dominujaca roélina jest takze Phragmites communis Trin.
Zajmuje 669, powierzchni tego sektora. Na skraju jej obszaréw wystepuje
nielicznie T'ypha angustifolia L., a takze niewielkie skupiska tworza Nuphar
luteun (L.) Sm., Nymphaea candida Presl. oraz Potamogeton perfoliatus L.
i P. lucens L. Poza tym roénie tu na kilkunastometrowej powierzchni Polygonum
amphibium L. oraz niewielka pojedyncza wysepke tworzy Potamogeton natans L.
Roélinnoéé tego sektoru przekracza gleboko$é dwéch metréw.

Sektor Ile. Tak jak i poprzednio, dominuje w tym sektorze Phragmites
communis Trin. (68,49, ogélnej powierzchni sektoru), a inne roéliny jak Typha
angustifolia L. i Potamogeton natans L. rosna tu bardzo nielicznie i tworza trudne
do wyodrebnienia zwarte asocjacje lacznie z trzcing o obszarze 15,29, ogélnej
powierzchni sektoru. Nuphar luteum (L.) Sm. (9,6%) i Nymphaea candida
Presl. (6,8%) wystepuja w skupiskach na zewnetrznej stronie sektora schodzac
do ponad 3 m glebokoéci.

Sektor IId. To tez obszar pokryty gléwnie przez Phragmites communis
Trin. zajmujacy 61,69, ogélnej powierzchni sektoru, jednakze z powaznym
juz dodatkiem gatunkéw: Nuphar luteum (L.) Sm. (19,19,) i Nymphaea candida
Presl. (1,39,) oraz Potamogeton lucens L. (6,39,). Nie wystepuje tu natomiast
Potamogeton perfoliatus L., a jego miejsce zajmuja Schoenoplectus lacustris (L.)
Palla oraz Polygonum amphibium L. wystepujac w areale zespolowym o wiel-
koéei 11,69, ogélnej powierzchni sektoru. Skrajne roéliny tego sektoru osiagaja
glebokoéé 3 m.

Sektory Illa, b, c. To takze obszary roélinnoéci przybrzeinej jednakze
o szerokoéci paséw przekraczajacych miejscami 35 m. Sklad gatunkowy roélin-
noéci w zasadzie nie rézni si¢ od sektoréw poprzednich, tzn. ze dominujaca
roéling jest w dalszym ciagu Phragmites communis Trin., a towarzysza jej
Nuphar luteum (L.) Sm. i Nymphaea candida Presl. we wszystkich trzech sek-
torach.
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W sektorze Illa wystepuje licznie Typha angustifolia L. na obszarze
wynoszacym 4,59, ogélnej powierzchni sektoru, tworzac z trzcina populacje
dwu gatunkéw zajmujaca prawie polowe powierzchni sektoru. Na skraju tego
obszaru roélinnoéei wystepuje w licznych skupiskach Schoenoplectus lacustris
(L.) Palla. Spostrzegamy tu zupelny brak rdestnic. Zageszezenie trzeiny wynosi
“tylko 18 osobnikéw na 1 m?. Sektor ten obejmuje niewielki cypel jeziora o dnie
kamienistym. Roélinnoéé tego obszaru schodzi do glebokodci 3,5 m.
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Rys. 5. Plan szczegélowy II — Plan rozmieszczenia roélin wodnych na odcinku
sektora IITb (1 :250)

Legenda: patrz rys. 4 na s. 141,

W sektorze IIIb wystepuja, poza juz wymienionymi roélinami,
licznie Potamogeton lucens L. (17,09,) oraz w dwéch miejscach Potamogeton
natans L. i P. perfoliatus L. Brak tutaj oczeretu jeziornego i palki wasko-
listnej. Laki rdestnicy polyskujacej i grzybienia pélnocnego przekraczaja
glebokoéé 4 m.

W sektorze Illc trzciny tworza szeroki pas jednogatunkowy, a na
zewnetrznej jego krawedzi wystepuja duze laki Potamogeton lucens L. (22,69,)
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wespé6l z grazelem zoltym i grzybieniem pélnocnym. Roélinnoéé tego obszaru
schodzi do glebokosei 4 m.

Jako sektory I'Va, b, ¢ wyodrebniliémy te skupiska roélinnoéci jakie wyste-
puja w obu kraicowych zatoczkach jeziora, pélnocnej i poludniowej, oraz
trzecie, ktore zarasta obszar przybrzezny w poblizu rowu laczacego jeziora
Skonal i Talty. W sektorach tych roélinnoéé nie wystepuje w postaci paséw
przybrzeinych, ale rozrasta si¢ szeroko ku érodkowi jeziora. Sa to obszary
plytkie o glebokosdci nie przekraczajacej 2,5 m.

W sektorze IVa wystepuja: Phragmites communis Trin., Nuphar
luteum (L.) Sm., Nymphaea candida Presl., Potamogeton lucens L., Typha angu-
stifolia L. i Schoenoplectus lacustris (L.) Palla. Trzcina jest nadal dominantem
zajmujac 54,49, powierzchni sektoru, a mnastepnie najwiecej przypada na
Nuphar luteum (L.) Sm. — 15,79,. Roéliny te z wyjatkiem trzciny, ktéra
roénie wzdluz brzegu na plytszych stanowiskach, tworza niewielkie skupiska
przylegajace do siebie. Srednie zageszczenie trzciny wynosi tu 43 osobniki
na 1 m?

Sektor IVb o powierzchni 3556 m? charakteryzuje sig dliia réznorod-
noscia gatunkéw. Przyczyna tego nie bez znaczenia jest obecnoéé w tym sektorze
rowu laczacego dwa jeziora, w ktérym gromadzi si¢ szereg gatunkéw nie spoty-
kanych w innych partiach jeziora. Wystepuja tu: Phragmites communis Trin.
w towarzystwie Typha angustifolia L. i Schoenoplectus lacustris (L.) Palla two-
rzac arealy zespolowe o 37,7%, powierzchni. Poza tym jednakze trzcina i palka
waskolistna rosna oddzielnie w skupiskach monogatunkowych wynoszacych
34,49, 1 3,89, ogélnej powierzchni sektora. W strefie rowu rosng ponadto
tworzac konglomeraty: Acorus calamus L., Sagittaria sagittifolia L., Carex
vesicaria L. i Potamogeton natans L. Ten ostatni wystepuje takze w zewnetrz-
nych partiach sektoru zajmujac 10,99, powierzchni. Roénie tam w towarzystwie
Potamogeton perfoliatus L., P. lucens L., Polygonum amphibium L., Nuphar
luteum (L.) Sm. i Nymphaea candida Presl. Grazel zélty i grzybien péhocny
tworza niewielkie wynurzone skupiska rosnac w oddaleniu od siebie. Roélin-
noséé tego przybrzeznego sektoru oddala si¢ od brzegu do odlegloécei 65 m.

Sektor IVe. Najblizsza strefa brzegowa tego sektora posiada identyczny
jak w poprzednich sklad gatunkowy roélin. Trzcina roénie w towarzystwie
palki waskolistnej i oczeretu jeziornego, tworzac arealy zespolowe. Trzcina
posiada réwniez obszary monogatunkowe o wielkodei 52,09, powierzchni
sektoru. Zageszczenie wynosi 96 osobnikéw na 1 m? Na zewnatrz tego pasa
wystepuje gléwnie Potamogeton natans L. oraz w niewielkich iloéciach Potamo-
geton lucens L., Nuphar luteum (L.) Sm., Nymphaea candida Presl.

W sektorach Va, b, ¢ wyodrebniliémy te trzy fragmenty litoralu
jeziora Skonal, w ktérych nie wystepuje trzeina. Brak Phragmites communis
Trin. spowodowal, iz rosna w tych sektorach inne gatunki roélin nie spotykane
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Rys. 6. Plan szczeglowy III — Plan rozmieszezenia roélin wodnych w poludniowej
zatoce jeziora (1 : 250)

Legenda: patrz rys. 4 na s. 141,
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na obszarach zajetych przez trzcinge. Wg obserwacji A. Kosickiej (1958) obszary
te zmniejszaja si¢ z roku na rok wskutek ekspansji trzcin, a roélinnoéé tam
wystgpujaca wycofuje sie.

W sektorze Va rosna: Typha angustifolia L., Carex vesicaria L.,
E quisetum limosum L., Heleocharis palustris (L.) R. et Sch. oraz kilka osobnikéw
Phragmites communis Trin. Jedynie palka waskolistna tworzy tu skupisko
monogatunkowe o wielkosci 43,39, ogdlnej powierzchni sektoru.

Sektor Vb charakteryzuja nastepujace gatunki roélin: ‘Typha angu-
stifolia L., Polygonum amphibium L., Carex vesicaria L., Schoenoplectus lacustris
(L.) Palla, S. Tabernaemontani (Gmel) Palla, E quisetum limpsum L., Potamogeton
natans L., P. lucens L. i Nuphar luteum (L.) Sm. Te dwa ostatnie tworza popu-
lacje monogatunkowe o powierzchni 12,19, i 32,49%,.

W sektorze Ve rosna: Typha angustifolia L., Carex vesicaria L., Hele-
ocharis palustris (L.) R. et Sch., Potamogeton natans L., P. perfoliatus L. oraz
Nuphar luteum (L.) Sm. i Nymphaea candida Presl. Grazel zélty zajmuje 21,39,
a rdestnica przeszyta 239, powierzchni. Reszta gatunkéw tworzy areal
zespolowy.

W nastepnych sektorach ujeliémy laki roélinnosci podwodnej czesto takze
wynurzonej, lezace w oddaleniu od brzegu.

Sektor VI. Jest to obszar wielkoéci 1175 m? lezacy w poludniowej
zatoce jeziora. Roélinnoéé tego sektora wystepuje na glebokoéei od 1 do 2 m.
Dominantami sg tu Stratiotes aloides L. — 35,5%, powierzchni oraz Potamo-
geton lucens L. — 37,99, powierzchni sektora. Mniej licznie wystepuja tu:
Nuphar luteum (L.) Sm. i Nymphaea candida Presl. oraz rosngcy wéréd osoki
Ceratophyllum demersum L.

Sektory oznaczone symbolami VIIa —h to skupiska gléwnie rdestnic,
grazeli i grzybieni polozone w poludniowej partii jeziora.

Sektor VIIa. Jest to skupisko Potamogeton perfoliatus L. (94,29,) z przy-
legla doni mala wysepka Nymphaea candida Presl. Powierzchnia tej laki wynosi
353 m®. Roslinnoéé wystepuje tu na glebokoéei od 3 do 3,5 m.

Sektor VIIb. Laka ta o obszarze 55 m?® zasiedlona jest przez Potamo-
geton perfoliatus L. Glgbokoéé tej laki waha si¢ w granicach 3—3,5 m.

Sektor VIIe. To takze monogatunkowy obszar Potamogeton lucens L.
o powierzchni 670 m?® rosnacy na glebokoséci ponizej 3,5 m.

Sektor VIId. Obszar tego sektoru wyrosi 1780 m?. Sklad gatunkowy
to przede wszystkim P. lucens L. (86,29,) i Potamogeton perfoliatus L. (7.89%,)
z malymi wkladkami gatunkéw Potamogeton natans L. i Nuphar luteum (L.)
Sm. oraz Nymphaea candida Presl. Roélinnoéé ta wystepuje tu na glebokosei
od dwu do ponizej 3 m.

Sektor VIIe. Sklad roélinny tej laki to Potamogeton lucens L. i Nuphar
luteum (L.) Sm., ktére zajmuja obszar 220 m?, a glebokoéé wystegpowania waha
sic w granicach od 1 do 2 m.

10*
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Sektor VIIf. Potamogeton lucens L. “ystépuje tu na glebokoéei 2,53 m
i tworzy monogatunkowe skupisko o powierzchni 455 m?2.

Sektor VIIg. To tez jednorodna laka Potamogeton lucens L. o powierzchni
60 m? i glebokodei wystepowania 3—3.5 m.

Sektor VIIh. Malerika wysepka Potamogeton perfoliatus L. na glebokoéci
3.5 m o powierzchni 12 m?2. .

W sklad czterech sektoréw VIIIa—d wchodza gatunki z rodziny Nymphaea-
ceae tworzac niewielkie kepy w poblizu paséw roélinnoéci przybrzeznej.

Sektory VIIla i VIIId sa zasiedlone wylacznie przez Nuphar luteum
(L.) Sm. o niewielkich powierzchniach 50 i 40 m? i glebokoéei nie przekracza-
jacej 3.5 m.

Natomiast w sektorach VIIIb i ¢ wystepuje tylko Nymphaea can-
dida Presl. zajmujac powierzchnie 20 i 17 m® oraz rosnac na glebokoéei 1,5—
2,5 m.

Sektory IXa, b, ¢ charakteryzuje Potamogeton natans L. jako roélina
dominujaca. Polozone one sa w poblizu paséw roélinnoéci przybrzeinej w okolicy
rowu laczacego teren badany z jeziorem Talty.

Sektor IXa obejmuje powierzchnie 285 m®. W jego skladzie gatunkowym
przewaza Potamogeton natans L. (91,99,). Reszta przypada na Potamogeton
perfoliatus L. Glebokoéé sektoru mieéei sie w granicach 2—3 m.

: Sektor IXb sasiaduje z poprzednim i tworzy monogatunkowa popu-
lacje Potamogeton natans L. w postaci dwu niewielkich lak o lacznej powierzchni
137 m?®. Glebokoéé wystepowania w granicach 2—2.5 m.

Mianem sektoru IXc objeliémy 11 niewielkich kep Potamogeton natans
L. polozonych z dala od siebie o lacznej powierzchni 520 m2. W jednym punkcie
rdestnicy plywajacej towarzyszy gatunek Nymphaea candida Presl. Glebokoéé
wystepowania tych lak nie przekracza 3.5 m.

Jako sektory Xa, b wyodrebniliémy obszary roélin typowo podwod-
nych dla jeziora Skonal.

Sektor Xa polozony w pélmocnej czeéei jeziora charakteryzuje sie
wystepowaniem nastepujacych gatunkéw: Stratiotes aloides L., Ceratophyllum
submersum L., Chara caratophylla Wallroth i Utricularia vulgaris L. Obszar
tej laki podwodnej wynosi 587 m?, a glebokoéé wystepowania roélin waha sie
w granicach 2—3 m. Najwieksza powierzchnie zajmuje tu Ceratophyllum sub-
mersum L. Wynosi ona 27,59, ogélnej powierzchni sektoru.

Sektor Xb, o powierzchni lacznej 5777 m?, sklada si¢ z caterech duzych
lak podwodnych. Tworza je bardzo charakterystyezne monogatunkowe populacje
Tolypellopsis stelligera (Bauer) Mig. pooddzielane od siebie waskimi pasami
niezaroénigtego dna. W tym calym ogromnym obszarze wystepuje tylko w jed-
nym punkcie maleiika wysepka osoki o 0,29, ogélnej powierzchni sektoru.
Tolypellopsis stelligera (Bauer) Mig. roénie tu na glebokoéci od 2 do 4 m.
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Tabela II
Powierzchnie zajete przez poszezegélne gatunki roélin, w procentach, w kolejnych sektorach
Occurrence area of particular plant species in per cent of the area of examined sectors

Sektory I . Ogélem
Gatunki I IIa IIb IIe 1Id IITa IIIb IITe IVa IVb IVe Va Vb Ve VI Vila VIIb VIIc VIId Vile VIIf Viig VIIh VIIIa | VIIIb | VIIIc | VIIIJ IXa IXb IXe Xa Xb Total
Species
Tolypellopsis stelligera (Bauer) Mig. ( 99,8 | 15,6
Chara ceratophylla Wallroth 13,4 0,2
Equisetum limosum L. ° ® | " ! ®
Polygonum amphibium L. 2 6,0 ® 0,4 ® 0,2
Nuphar luteum (L) Sm. 1,9 6,0 7,4 9,6 | 19,1 9,7 | 12,8 9 51 111557 5,3 2,7 32,4 | 21,3 3,2 1,9 6,8 100,0 100,0 6,1
Nymphaea candida Presl. 1,9 2,1 4,3 6,8 1,3 8,1 5,4 2,1 5,7 3,1 6.7 5,8 3,4 }00,0 100,0 1,5 2,6
Ceratophyllum demersum L. 3,8 1 . . 9
Ceratophyllum submersum L. e R ) P 21,5 0,4
Utricularia vulgaris L. ! R : LT R A ] 5 14,3 0,2
Sagittaria sagittifolia L. ¥ i i o | t s A‘: wr, B ua, u“ TR SR T R IS [}
Stratiotes aloides L. { Ay T | J i O £ o T i e A ' SN ; 22,0 | 0,2 1,4
Potamogeton natans 1. : 1,1 ® 0,6 |- ! -"“H),? i 1050 ! R B S o BT s G i : s ] 017 91,9 | 100,0 | 98,5 4,5
Potamogeton perfoliatus 1.. 2,0 10,0 - | S S O &%) T e R S }23}}3 h 1794,2 71100,0 | - O R :100,0 8,1 2,3
Potamogeton lucens L. 0,9 | 16,8 | 09 6,4 | 17,0 [B2,6. | B2 | &Ta| T4 1 A9 [ “lig.00 I 100,0 | 86,2 | 93,2 | 100,0| 100,0 14,7
Schoenoplectus lacustris (L.) Palla 2,0 T @ 1 95 o R DR A B e S P I bt 1 e | 0,6
. Schoenoplectus tabernaemontani (Gmel.) Palla s A R } e T o R i o BE: L T : bed
Heleocharis palusiris (L.) R, et Sch, B ° o 4 S °
Carex vesicaria L. e ‘ [ ) ® e o 1o d
Phragmites communis Trin. 91,3 | 75,1 | 66,0 | 68,4 | 61,6 | 26,0 | 62,9 | 65,8 | 54,4 | 34,4 520 | @ S N i 39,4
Acorus calamus L. o o e
Typha_angustifolia L. 43 | e 4,5 88 | 38| @ |433 | @ | @ O 1,1
Arealy zespolowe 15,2 | 11,6 | 42,2 37,7 | 33,9 | 56,7 | 55,5 | 55,7 | 12,9 | ; ; : o " 22,8 10,7 |

® Gum'nki te wystepuig w arealach zespolowych danego sektora.
Species occurring in the areas of mixed vegetation.
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Tabela II¥

Wystepowanie p golnych gatunkéw roélin w sektorach florystycznych

Occurrence of particular species in different sectors

feosl |
Sektory 1
Sectors

Gatunki
Species

Va
1Vb
Vb
Ve
1Ve
11d
IIb
111a
I1Va
1lc
1I1b
1la
Ilic
Vild
IXe
Vila
VilIc
VIilb
Ville
VIIIa
VIild
Vile
VIIf
Viig
IXb
1Xa
VIIb
VIIh
VI
Xa
Xb

Sagittaria sagistifolia L. ey | —

Acorus calamus L.

Heleocharis palustris (L.) R. et Sch. 7 R My V| I (O

Schoenoplectus tabernaemontani Palla

Equisetum limosum L.

Carex vesicaria L. flesty 8 —_

Polygonum amphibiﬁm L. e PO e

Schoenoplectus lacustris (L.) Palla

Typha angustifolia L. | | Al e

Phragmites communis T'rin.

Nymphaea candida Presl. e fiah | precell SN
Nuphar luteum (L.) Sm. [

Potamogeton lucens L. ) e

Potamogeton perfoliatus L. | = |l sty —

Potamogeton natans L.

Stratiotes aloides L.

|

|
8@
®

Ceratophyllum demersum L.

Ceratophyllum submersum L.

Utricularia vulgaris L.

|

|

|
®|0|0]

Chara ceratophylla Wallroth U ol | | VR

Tolypellopsis stelligera (B.) Mig.

D Rosliny wyrastajgce ponad powierzchni¢ wody.
Emergent plants.

n Rofliny osiggajace powierzchni¢ wody.
Floating plants.

Roéliny nie dorastajgce do powierzchni wody.
Submergent plants,
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Tabela II podaje procenty powierzchni zajmowanych przez poszezegélne
gatunki roélin w sektorach. W kolejnych sektorach brzeznych daje si¢ zau-
wazy¢ spadek wielkodei powierzchni zajmowanej przez trzciny na korzysé
innych gatunkéw roélin, szczegilnie przedstawicieli rodzin Nymphaeaceae
i Potamogetonaceae. Wéréd sektoréow srédwodnych dominujaca role odgrywaja
wymienione rodziny, natomiast brak jest wielu gatunkéw, ktére wchodzily
w sklad sektoréw przybrzeznych. Tych, ktore na planie ogélnym I oznaczone
zostaly jako pierwsza grupa ekologiczna. W sektorach ostatnich roslinnosci
nie wynurzonej dominuja Tolypellopsis stelligera (Bauer) Mig., Ceratophyllum
submersum L. i Stratiotes aloides L.

W tabeli III mozna wyréznié trzy grupy roslinnosci. Pierwsza to grupa
gatunkéw tworzacych arealy przybrzeine, obok ktérej wystepuja roéliny weho-
dzace w sklad lak przyleglych do arealéw brzeznych. W érodkowej partii tabeli
skupiaja sie jedynie roéliny tworzace laki érédwodne, zaé w konicowych rubry-
kach zgromadzily si¢ gatunki zasiedlajace arealy podwodne.

Roélinnoéé zasiedlajaca pasy przybrzeine jeziora nie we wszystkich jego
punktach jest jednakowo rozwinigta. Najubozsza w roélinnoéé jest wschodnia
partia brzegu szczegdlnie na odcinku sektora I (rys. 4). Symbolike oznaczen
roélin na planach szczegélowych przyjelismy wg S. Bernmatowicza
(1952) po odpowiednich uzupelnieniach (rys. 4). Na planie szczegélowym (rys. 4)
widaé w zasadzie jeden pas roflinnoéci reprezentowanej gléwnie przez Phra-
gmites communis Trin. Powierzchnie zajmowane przez inne gatunki roélin
sa znikome. Liczbowo przedstawia sie to nastepujaco: Phragmites communis
Trin. 91,39, Nuphar luteum (L.) Sm. i Nymphaea candida Presl. po 1,99%;
Potamogeton perfoliatus L. i Schoenoplectus lacustris (L.) Palla po 2,09, oraz
Potamogeton lucens L. 0,99, ogdlnej powierzchni tego odcinka.

Rysunek 5 przedstawia odcinek brzegu o znacznie bogatszym rozwoju
roélinnoéci przybrzeznej. W tym przypadku wystepuja juz dwa wyrazne
jej pasy. Jeden przybrzeiny skladajacy si¢ z monogatunkowej populacji
Phragmites communis Trin. Pas ten jest szerszy anizeli na odcinku poprzednim
i zajmuje 62,99, powierzchni. Jest on odgraniczony od strefy wolnej wody
drugim réwnoleglym pasem roélinnoéci, w sklad ktérego wchodza gatunki:
Nuphar luteum (L.) Sm. 12,89,, Nymphaea candida Presl. 5,49, Potamogeton
natans L. 0,69, P. perfoliatus L.. 1,39, i P. lucens L. — 17,09, ogélnej powierzchni
tego odcinka.

Zupelnie nie ograniczony rozwéj roélinnosci obserwujemy w poludniowej
zatoce jeziora (rys. 6 — plan szczegélowy 1IT). Wystepuje tu wiecej gatunkéw
roslin anizeli w poprzednio omawianych przykladach i tworza znacznie wigcksze
skupiska jednorodne. Wzdluz brzegéw gromadza si¢ pasy trzcin, a na ich zew-
netrznej stronie wystepuja skupienia palki waskolistnej i oczeretu jeziornego,
aby nastepnie przejéé, w miare oddalania si¢ od brzegéw, w laki reprezento-
wane przez przedstawicieli rodzin Nymphaeaceae i Potamogetonaceae. Im dalej
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bedziemy posuwaé si¢ ku érodkowi jeziora, tym skupienia rdestnic, grazeli
i grzybieni beda mniejsze, a ich miejsce zajma Stratiotes aloides L., Ceratophyllum
demersum L. i Tolypellopsis stelligera (Bauer) Mig. W zatoce tej rozwéj roélin-
nosei nie jest ograniczony glebokoécia, totez prawie 3/4 przedstawionej na
planie powierzchni jest przez nia zajete.

Zastosowanie metody polegajacej na wykorzystaniu obecnoéci czlowieka
pod woda oraz posiadanych przez niego mozliwoéei swobodnego poruszania sie,
wnosi dla prac florystycznych wodnych dwie zasadnicze nowoéci. Pierwsza
bedzie to, iz zasigegi roélin wynurzonych nie pokrywaja si¢ z rzeczywistym
przebiegiem granic obszaréw tych roélin. Osobniki nie dorastajace do powierzchni
wody sa z powierzchni wody niedostrzegalne i dopiero czlowiek bedacy pod woda
moze te réznice zauwazyé. Do takich roélin naleza przede wszystkim gatunki
z rodzin Nymphaeaceae i Potamogetonaceae. Szczegblnie Nymphaea candida
Presl. i Nuphar luteum (L.) Sm. tworza na jeziorze Skonal, obok wynurzonych,
réwniez i nie wynurzone kepy podwodne nawet w duzej odleglosci od brzegow.

Druga, to dotychczasowe metody kotwiczki, dragi, grabi itp., zezwalajace
jedynie na odnotowanie, czy w miejscu opuszczenia przyrzadu znajduje sie
roélinnoéé, nie dawaly obrazu caloéci tego specyficznego biotopu. Metoda
nurkowa nie tylko zezwala na uchwycenie calego obszaru laki i uczynienie go
»ezytelnym™ z powierzchni wody, ale takze umozliwia odnotowanie pojedyn-
czych roélin rosngcych na duzych obszarach dna. Obecnoéé badacza w bezpo-
éredniej bliskodci obiektu badanego wyklucza niedokladnodci poprzednich
metod.

A. Kocunka, C. Kocunkmu

DnopucTauecknif cHEMOK o3epa CKOHAN IPH NPHMEHEHHH
- BOJIOJIa3HOI'0 MeToAa

Pesiomne

CoBeplleHHE NOJHBIX HM3MEPEHHH IOBEPXHOCTH apeajioB BOJHBIX pACTeHHUit
OKasajioCh BO3MOYKHBIM OJarofaps IPUMEHEHHIO METOJa ITOJBOHBIX HCCIIe-
JOBaHUIA.

OTOT METOJ J1aJl BO3MOYKHOCTh TOUHOTO O0O3HAYEHHUsST BCEH IOJIBOHOM pacCTH-
TEJIBHOCTH, HEBHIHMMOM M3 IIOBEPXHOCTH BOIBI. IIpHMEHSS JIMHHUIO BHUIMMOCTH
U YTJIOMEP, MBI COCTABHJIM IUIAH IIPOLUSIKEHHsT pacTeHuii B maciurabe 1:500 u pac-
YHTAIM IUIAHUMETPHYECKH BCE IOBEPXHOCTH 3aHATBIE PaCTUTEJBHOCTHIO. 429,
noBepxHOCTH o3epa CkoHaI, KoToporo wiomaas pasHa 88 611 m2, moxpsITo
pacrurensHocThio. Jomunupyer Phragmites communis Trin., KOTOpbBIi 3aHH-
maer 39,49, MOBEPXHOCTH, 3aHATON PACTHTEIIFHOCTHIO, CO3/aBas HA 9THX IIPOC-
TPAHCTBAX MOIY/ANHIO MOHOBHAOBYIO. Kamplm BpICTymaer B HpoGeperkHO
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[I0JI0CE 3@ UCKJIIOUEHHEM TpeX HeGOJIBIIMX YYacTKOB JIMTOPasa, O0003HAYCHHBIX
KaK CeKTopbI V. BTopoe M TpeThe MECTO C TOYKH 3PEHHs IOBEPXHOCTH 3aHHMAIOT
Tollipellopsis stelligera (Bauer) Mig. 15,6 %, a Potamogeton Lucens 1.14,79,
obuieit moBepxXHOCTH 3aHATOM pacTuteasHOCThIO. Tolypellopsis stelligera cocra-
BJIACT NOABOAHBIA Jyr O mnoBepxXHOCTH 5777 mM? B IOKHOM 3aIHMBe 03epa.
Potamogeton lucens L, BbICTymaer Haiifosiee MHOTMOUMCJICHHO Y BOCTOUHOIO
Gepera u B IOKHON uyacTu o3epa. Kpome BbIlIe NEPEYHCICHHBIX, MbI OOHAPY KHIIH
eme 18 Apyrux BMAOB BOAHBLIX pacrenii, samumaronmx ot 0,29, mo 6,19, obmeit
MOBEPXHOCTH 3aHATOM PACTUTEIBHOCTBIO.

IIpumeHeHHEe BOJIOJA3HOTO METOJA YBEIHUHBACT TOUHOCTh (DIIOPHCTHUECKUX
HCCIIETOBaHHUM .

IIpoTspDKEHHE PAaCTeHHi JOCTHTAIOUIMX ITOBEPXHOCTUM HE COBIAJaeT C JIei-
CTBHTEJIGHON I'paHuiel ux apeasa. Ocobu, HE JOCTHrAIOUIKE ITOBEPXHOCTH BOJBI,
HEBH/IHBI U3 IOBEPXHOCTH M TOJIBKO UYEJIOBEK, HAXOMAIIMHCA MO BOHOH, MOXKET
00HApY>KHUTh MX IIPUCYTCTBHE.

CrHcoK MIUIIOCTPAHA

Por. 1. Bojonas B MOJHOM CHAPSIKEHHH NEPEJ CIYCKOM B BOAY

Por. 2. IMonnaBku, 0603HAYAIOIIME IPAHUILY IOABOAHOIO JIyra

Puc. 1. Cerka JMHMH BHIMMOCTH, COSJMHAIONMX H3MEPHUTEJIBHBIC JKEp/M, HaOpOIUCHHAA HA
yuactok osepa (1:1000)

Puc. 2. OOGmmit mag I — ozepo Ckonan — 1uiaH (hIOPHCTHYECKHIT — COCTOAHHE B aBIyCTe
1957 r. (1:500)

Puc. 3. OOumit mnan [I — osepo Ckonanm — pasjesieHHe Ha (DIOPHCTHYECKHE YYACTKH
Puc. 4. IlompoGubii muan I — Ilnan pacnpeaenenust BoAHbIX pactenumii B yuacrke I (1:250)
Puc. 5. IlompoGueni mman II — Ilnas pacnpejesnenusi BOAHBIX pacrenmit B yuactke IIIG

(1 :250)
Puc. 6. IloapoOusuit mnan III — Ilnan pacnipejesieHHs BOJHBIX PAaCTCHHH B IOXKHOM 3alHBE
ozepa (1 :250)

A. Kosicka, S. Kosicki
A floral Sketch of Skonal Lake done by Diving Method

Summary

A full measurement of water flora areas has been rendered possible owing
to the application of a diving apparatus. This method has allowed an exact
localization of all communities of underwater vegetation, invisible from the
water’s surface.

By application of visual lines and measuring square we have established
a plan of the plant’s expansion in a 1:500 scale and then by a planimetric
system all the surfaces covered with plants have been computed.
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42°/, of the Skonal Lake measuring 88 611 m? is covered with vegetation.
Phragmites communis Trin., covering 39.4°/; of the surface occupied by vege-
tation is here dominant. Reeds appear along coast lines with the exception
of three small littoral segments, marked out as sector V. Tolypellopsis stelligera
(Bauer) Mig. covering 15.6°/, and Potamogeton lucens L. with 14.7°/, of the
total surface covered by vegetation have the second and third place. Tolypellopsis
stelligera (Bauer) Mig. forms areas of underwater meadows having a surface of
5772 m* in the lake’s southern bay. Potamogeton lucens L. appears most
often along the east coast and in the lake’s southern part. Outside those
mentioned above we have discovered 18 more species of water plants covering
0.02°/—6.1°/, of the total surface of vegetation area.

The application of a diving apparatus rendering available direct observation
of the underwater phenomena has greatly increased the accuracy of floristic
researches in the water environment. Individual plants not reaching the water’s
surface are invisible for observers staying above the water and it is only the
diver who may exactly note their occurrence under the water’s surface.

List of figures

Phot. 1. Divers equippment

Phot. 2. Floaters showing the range of submergent plant area

Fig. 1. Net of lines between particular stocks placed on the lake shore

Fig. 2. General outlook of the vascular plant distribution in Skonal Lake (August 1957)
Fig. 3. Sectors of the vegetation area according to the occurrence of specxflc plant communities
Fig. 4. Distribution of plants in sector I

Fig. 5. Distribution of plants in sector IIIb

Fig. 6. Distribution of plants in the southern bay of Skonal Lake
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B. Czeczuga

Zawartos$é chlorofilu w osadach dennych
jezior Rajgrodzkich w okresie polodowcowym

Zaklad Biologii Akademii Medycznej w Bialymstoku

Otrzymano 15.1X.1958

Wstep

Organizmy roélinne i zwierzece zamieszkujace zbiorniki wodne obumierajac
opadaja na dno zbiornikéw i, wraz z materialem przynoszonym przez splywa-
jace wody z otaczajacych terenéw, tworza osady denne.

Od dawna zajmowano si¢ badaniami szczatkéw zwierzecych (gléwnie
malzy) oraz fitoplanktonu (okrzemek) w osadach dennych jezior. W ostatnim
dziesigcioleciu wiele uwagi podwieca sie szezatkom nalezagcym do innych grup
fitoplanktonu. Wg procentowych stosunkéw sinic, niektérych zielenic, szczatkéw
Desmidiacae i okrzemek mozna odtworzyé histori¢ danego zbiornika wodnego
(Korde 1956, 1956a, 1956b, 1956¢, 1956d).

Réwnoczeénie z wymienionym kierunkiem badan rozwinal sie biochemiczny
kierunek badan osadéw dennych jezior i mérz. Badano iloéé karotenéw w osa-
dach (Trask 1932, Baudisch i Euler 1934, Fox 1937, 1938,
1941, 1944, Sawinow i wsp. 1950, Vallentyne 1956), zawartosé
chlorofilu w gérnej warstwie osadéw dennych mérz (Jastrebowa 1938,
Klenowa i Jastrebowa 1938, Lubimienko i Czerno-
usowa 1930, Phinney 1946). Vallentyne (1954, 1955, 1955a,
1956, 1957), Deevey (1955) stosuja oznaczanie chlorofilu w osadach den-
nych jezior.

Vallentyne (1955a) badajac krzywe absorbeji §wiatla w wyeciagach
chlorofilu otrzymanych z glonéw jeziora Opinicon (Ontario), z wyciagami
chlorofilu otrzymanego z osadéw dennych tegoz jeziora, nie stwierdzil zadnej
réznicy w absorpcji czerwonych promieni widma (dlugoséé fali 666 my). Powyzsze
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156 B. Czeczuga

pozwolilo zastosowaé jednakowe metody do oznaczania chlorofilu w fitoplankte-
nie jak i w osadach dennych zbiornikéw.

Wedlug Vallentyne (1955) maksimum absorpeji chlorofilu wyekstra-
howanego przy pomocy 909, acetonu z osadéw dennych jezior znajduje sie
w tych samych granicach co i chlorofilu a, tj. 666 mp..

Baudisch O. i Euler H. (1934) oraz Fox (1944) uwazaja, ze
przyczyna trwalodei chlorofilu w osadach dennych jezior jest: niska tempera-
tura (okolo 4°C) osadu, brak éwiatla i tlenu. W zbiorniku Lower Linsley Pond
(Connecticut) osad zawierajacy chlorofil liczy 11000 lat (Vallentyne
1956). Wymieniony autor twierdzi, ze analizy iloéci chlorofilu w osadach dennych
zbiornikéw moga byé pomocne w pracach paleobotanicznych.

Oznaczanie iloéci chlorofilu w poszezegélnych warstwach osadéw dennych
jezior pozwala wnioskowaé o wahaniach dotyczacych produkeji materii orga-
nicznej w poszezegolnych okresach historii jeziora.

Praca niniejsza jest préba powiazania i synchronizacji wahar iloéciowych
W pionowym rozmieszezeniu chlorofilu i materii organicznej w osadach dennych
jezior ze zmianami klimatycznymi w okresie holocenu.

Material i metodyka

Badano osady denne jezior: Rajgrodzkiego, Bialego, Krzywego oraz Slepego.
Probki pobrano z jeziora Rajgrodzkiego w dniu 5 lutego 1958 r., z Bialego

i Krzywego w dniu 6 lutego, a z j. Slepego 7 lutego 1958 roku. Prébki
pobierano na glebokoéci 10 m (j. Slepe 1 m) przy pomocy éwidra komorowego
Hillera o dlugoéci kamery — 0,5 m) (rys. 1). Uzyskanie calego przekroju osa-
déw dennych o gruboéei kilku metréw wymagalo

kilkakrotnego zapuszezania $widra dla kolejnego

! wydobyecia coraz glebszych warstw osadu, bo jedno-
™ razowe zapuszezenie $widra dawalo tylko prze-
c o - kréj 0,5 m gruboéei. Probki do analiz pobierano
g ¢ —CI w odstepach 10 em, tj. wg przyjetych zasad podczas
b
b
b
c ga Rys. 1. Szkic éwidra Hillera
- I — wyglad zewnetrzny; II — poprzeczny przekréj zam=
u knigtego éwidra; III — poprzeczny przekréj otwartego
éwidra; a — cylinder zewnetrzny; b — skrzydelko zewne-
trznego cylindra; ¢ — cylinder zewnetrzny

biochemicznych badar osadéw dennych (Korde 1956, Vallen tyne 1955).
Natomiast dla pelniejszego obrazu osadéw dennych j. Rajgrodzkiego,
w zwiazku ze stosunkowo cienka warstwa w tym jeziorze, probki byly pobrane
w odstepach co 5 cm. Wydobyty osad denny umieszczano w rurkach i zaty-
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Chiorofil w osadach jeziornych 157

kano korkami. Prébki odpowiednio numerowane zalewano parafina w celu
zachowania wody. Do chwili oznaczenia ilodci chlorofilu material przecho-
wywano w ciemnoéci przy 4—6°C.

W pracowni niezwlocznie oznaczano 9, wody w osadach, iloéé chlorofilu
przypadajaca na g suchej masy osadu oraz 9; materii organicznej wg suchej
masy osadu dennego.

Czeéé probki (1 g) przenoszono do tygielkéw i suszono w t° 105° w ciagu 10
godz. w celu obliczenia 9, zawartoéci wody i suchej masy w osadzie jeziornym.
Po oznaczeniu suchej masy tygielki wkladano do elektrycznego pieca muflo-
wego i prazono w temperaturze ciemnoczerwonego zaru w ciagu 8 godz., po ostu-
dzeniu w eksykatorze wazono i obliczano 9, substancji organicznej. Wazenia
wykonywano na wadze analitycznej firmy ,.Meopta”.

Druga czeéé probki przeniesiona do naczyrika wagowego wazono, zalewano
869, etanolem, mieszano bagietka i przechowywano w ciemnoéeci, co pewien
czas wstrzasano, zaé po uplywie 20 godz. saczono przez saczki ..Seitz—K”’
No 5. Zawartoéé chlorofilu w ekstrakcie oznaczano za pomoca kolorymetru
fotoelektrycznego systemu Lumetron Mod 400-A uzywajac filtru czerwonego
o dlugoéci fali 650 mp. Jako plynu standardowego sluzacego do wykreélania
krzywej absorpeji éwiatla przez chlorofil uzyto roztworu krystalicznego chlo-
rofilu (firmy ,,Riedl”, Hanover) w etanolu, ktérego uzywano do ekstraho-
wania chlorofilu z osadu dennego.

Rozpietoéé w czasie miedzy pobraniem préb a ekstrakeja chlorofilu nie
przekraczala 10 dni.

Przeanalizowano 98 prébek osadu dennego z wymienionych jezior. Jedno-
czeénie metoda mikroskopowa oznaczono szczatki planktonu pochodzacego
z poszezegolnych pozioméw osadéw dennych.

Wyniki badan
Jezioro Slepe

Jest to jezioro typu dystroficznego, zamkniete, o powierzchni 12 ha, oto-
czone lasem mieszanym. Woda ma barwe brunatna, co wskazuje na duza zawar-
toéé zwiazkéw humusowych. Probki byly pobrane w odlegloéei 100 m od wschod-
niego brzegu na glebokodei 1 m (maksymalna glebokoéé 1,5 m) w odstepach
co 10 cm.

Gruboéé osadu dennego wynosi 3.4 m. Gérna warstwa o miazszoéci 1,8 m
ma charakter polplynny, ciemnobrazowa barwe, przy dotyku rozplywa sie
w lezacej nad nim warstwie wody. Pod ta warstwa zalega warstwa osadu den-
nego o grubosdci 30 em barwy ciemnobrazowej, o gestszej galaretowatej konsys-
tencji. Na glebokodei 2,2—2,6 m osad posiada barwe ciemnobrazowa i zawiera
domieszke piachu.
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158 B. Czeczuga

Prébki pobrane na glebokodei 2,6—2,8 m byly barwy niebieskoszarej,
ciemniejacej podczas przechowywania, posiadaly duza zawartoéé ilu. Zalega-
jace pod ta warstwa osady denne o migzszoéei 10 cm mialy barwe warstw
goérnych i zawieraly przeszlo 429, materii organicznej. Pierwotne dno, tj. polo-
vdowcdwe, pokrywa warstwa osadéw gruboéci 0,6 m niebieskoszarej barwy,
mazista, ciemniejaca podezas przechowywania.

Analiza mikroskopowa osadu dennego wykazala obecnoéé szczatkéw naste-
pujacych glonéw: Diatoma vulgare Bory, Fragillaria capucina Desm., Stau-
roneis anceps Ehr., Cymbella helvetica Kiitz., Pediastrum simplex var. radians

Chlorofil w mg/g suchego osadu
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Rys. 2. Pionowe rozmieszczenie chlorofilu (a),

materii organicznej (b) oraz wody (c) w osadach

dennych Jeziora Slepego (chlorofil w mg/g

- suchego osadu dennego, materia organiczna
i woda w %)

Lemn., P. duplex Meyen (Kiitz.), P. d. var. clathratum Al. Braun, P. d. var.
reticulatum Lagerh, P. d. var. subgranulatum Racib., P. d. var. vividum Racib.,
P. Boryanum (Turpin) Menegh., P. B. var. longicorne Reunisch, Scenedesmus
quadricauda (Turpin) Breb. oraz Staurastrum punctatum Breb.
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W gérnych warstwach (I) dominowaly gatunki: Scenedesmus quadricauda
(Turpin) Breb. oraz gatunki Pediastrum. W nizej polozonych warstwach (II, I'V)
przewazaly szczatki glonéw z grupy Diatomea (Stauroneis anceps, S. phoenicenta)
oraz Pediastrum Boryanum. W warstwach o barwie niebieskoszarej (III, V)
wystepowaly tylko pojedyncze okazy okrzemek. Wyniki analiz iloéci chlorofilu,
zawartosci wody oraz materii organicznej ilustruje rys. 2.

Wyniki przedstawione na rys. 2 wskazuja, ze w profilu osadéow jeziornych
widoczna jest dcisla zaleznoéé miedzy iloécia chlorofilu, materii organicznej
oraz wody.

Wedlug zawartoéei chlorofilu i materii organicznej mozna wyrézni¢ naste-
pujace warstwy osadéw dennych:

Warstwa I, o miazszoéei 20 cm, zalega pierwotne dno jeziora, iloéé
chlorofilu wynosi od 0,020 mg do 0,038 mg na g suchego osadu dennego. Iloéé
materii organicznej w osadach tej warstwy wynosi 4,89,—7,829,. Zawartosé
wody waha si¢ w granicach 34%,—439,. Osad posiada barwe niebieskoszara
przybierajaca ciemna barwe podezas przechowywania.

Warstwa II, migzszoéé 40 cm, barwa brunatna. Iloéé chlorofilu od 0,091
do 0,296 mg/g suchego osadu, iloéé materii organicznej zwieksza si¢ do 419%,.
Jest to pierwsze optimum polodowcowe zaznaczone w osadach jeziora.
W zwiazku ze zwigckszeniem iloéci chlorofilu oraz materii organicznej zwieksza
si¢ zawarto$¢ wody od 51%, do 85,89%,."

Warstwa III, barwa osadéw dennych tej \aarst“y nie rézni sie od
barwy warstwy I (barwa niebieskoszara, ciemniejaca przy przechowywaniu),
miazszoéé wynosi 30 em, iloéé chlorofilu waha si¢ w granicach 0,052 mg/g—
0,071 mg/g suchego osadu dennego, materia organiczna od 16,66%, do 5,11%,
a iloé¢ wody waha si¢ w granicach 44—529,.

Warstwa IV, w warstwie tej (migzszoé¢ 30 cm) ponownie zwigksza
si¢ iloéé chlorofilu do 0,506 mg (0,149—0,506), materii organicznej do 64,57%,
zawartoéé wody 74,74—91,29%,. W warstwie tej stwierdzono duza iloéé muszli
malzy, szczegélnie dominowal (709,) gatunek Valvata piscinalis Miiller. Osad ma
ciemnobrunatng barwe, pélplynna konsystencje.

Warstwa V, migzszoéé warstwy — 20 em. Iloéé chlorofilu zmniejsza
si¢ do 0,110 mg, materii organicznej — 329%,, wody — 71%,

Warstwa VI, o miazszoéei 2,0 m charakteryzuje sie. najwieksza ilodcia
chlorofilu. Iloéé chlorofilu siega do 1,414 mg (najwieksza poérod wszystkich
jezior) na glebokoéei 1,5 m od powierzchni dna. W gére od tej warstwy ilodé
chlorofilu si¢ zmniejsza do 0,904 mg (pomimo ze iloéé materii organicznej si¢
zwicksza). Powyisze moina objaénié intensywnym przebieganiem proceséw
humifikacji w jeziorze, dlatego iloéé chlorofilu si¢ zmniejsza, a materii orga-
nicznej si¢ zwigksza. Materia organiczna w osadach tej warstwy stanowi od 709,
do 809, w gornych poziomach. Iloéé wody utrzymuje si¢ prawie na jednym
poziomie w calym profilu warstwy i waha si¢ w granicach 95—96,39,. W wymie-
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160 B. Czeczuga

nionej warstwie dominowaly resztki glonéw: Scenedesmus quadricauda (Turpin)
oraz Pediastrum duplex Meyer (Kiitz.) i P. Boryanum Turpin (Menegh.). Wyste-
powal réwniez rzadko spotykany w tej warstwie Pediastrum simplex wvar.
radians Lemn.

Jezioro Krzywe

Jest to jezioro typu eutroficznego o powierzchni 88.4 ha, glebokoéei maksy-
malnej 8 m. Jest to zbiornik o najwiekszej intensywnoéei rozwoju fitoplank-
tonu (Czeczuga 1958).

Probki osadu dennego byly pobrane w odlegloéci 100 m od brzegu na gle-
bokoéci 3 m w odstepach co 10 em. Gruboéé osadu dennego wynosi 2.8 m.

Chlorofil w mg/g suchego osadu
Chlorophyll in mg/g dry weight
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Rys. 3. Pionowe rozmieszczenie chlorofilu (a), materii

organicznej (b) oraz wody (¢) w osadach dennych Je-

ziora Krzywego (chlorofil w mg/g suchego osadu den-
nego, materia organiczna i woda w 9;)

Osady denne zalegajace na piasku (dno polodowcowe) jeziora Krzywego

o migzszodei 1,1 m maja barwe szaroniebieska z duza domieszka ilu. Natomiast
warstwa wyzej lezaca, brazowa, zawiera niewielka iloéé piasku.
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Pionowe rozmieszczenie iloéci chlorofilu w osadach dennych jeziora oraz 9,
zawarto$ci materii organicznej i wody ilustruje rys. 3.

Analiza mikroskopowa wykazala obecnoéé szczatkéw glonéw: Amphora
ovalis Kiitz., Cocconeis sp., Melosira varians C. A. Ag., Gyrosigma acuminatum
(Kiitz.), Neidium affine, Novicula sp., Pediastrum simplex (Lemn.), P. Borya-
num Turpin, Pediastrum Tetras (Ehr.), Pediastrum Boryanum var longicorne
Rein., Scenedesmus quadricauda Turp., Anabaena sp. (przetrwalniki) oraz
szczatki niektérych Chlorophyta. W gornej warstwie (V) dominowaly przetrwal-
niki Anabaena oraz gatunki Diatomea, w warstwie I'V zwicksza sie iloéé Pedias-
trum, a szczegélnie Pediastrum Boryanum. Pionowa stratyfikacja chlorofilu,
materii organicznej i wody przedstawia sie jak nizej:

Warstwa I, o miaiszoéci 30 cm zalegajaca na dnie pierwotnym, zawiera
mala iloéé chlorofilu, 0,010—0,016 mg/g suchego osadu dennego, materii
organicznej — 89, oraz wody — 359.

Warstwa II, miazszodé — 40 cm, iloéé chlorofilu zwiecksza sie do
0,044 mg/g suchej masy osadu, materii organicznej — 26,29, wody — 56,79,.
W warstwie tej osad posiadal barwe czarna przypominajaca zweglone resztki
roélinne.

Warstwa III, o miazszodci 60 em, charakteryzuje si¢ ponownym zmniej-
szeniem si¢ zawartoéei chlorofilu oraz innych wskaznikéw. Iloéé chlorofilu waha
si¢ od 0,032 do 0,037 mg/g suchej masy osadu dennego. Zmniejsza si¢ réwniez
i ilo&¢é materii organicznej, oraz wody zawartej w osadzie dennym.

Warstwa IV, o miazszodci 60 cm, zawiera najwiecej chlorofilu i materii
organicznej, oraz wody. Chlorofil stanowi od 0,083 mg/g suchej masy osadu
do 0,150 mg, materia organiczna 30,39, woda 70,69,. Jest to okres najwickszego
optimum klimatycznego dla rozwoju produkeji organicznej w danym jeziorze.

Warstwa V, migiszoéé 45 cm, jest to warstwa powolnego zmniejszania
sig ilodei chlorofilu i 9, zawartoéci materii organicznej oraz wody. Iloéé chloro-
filu waha si¢ w granicach od 0,022 do 0,062 mg/g suchej masy osadu dennego.
Iloé¢é materii organicznej stanowi od 28 do 7.59%,, wody od 689, do 329,.

Warstwa VI jest to géorna warstwa osadu dennego grubodei 45 cm.
Charakteryzuje si¢ powolnym wzrostem ilodci chlorofilu od 0,028 mg/g suchej
masy osadu dennego do 0,175 mg/g na powierzchni obecnego dna, zwigcksza
si¢ ilod¢ materii organicznej oraz zawartoéci wody.

Jezioro Biale

Powierzchnia jeziora wynosi 146,37 ha, maksymalna glebokoéé 35 m (gle-
bokoéé érednia 15 m). Nalezy do typu jezior mezotroficznych, raczej przejécio-
wych do oligotroficznych. Wstepne badania (Czeczuga 1958) wykazaly
w nim ubéstwo fitoplanktonu i obecnoéé raczkéw reliktowych Pallasea quadri-
spinosa G. O. Sars. oraz Limnocalanus macrurus G. O. Sars. Jezioro zasilane
jest przez wody gruntowe.
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162 B. Czeczuga

Probki osadu dennego pobrano w okolicy wyspy na glebokoéci 5 m, w od-
stepach co 10 cm.

Miazszoéé osadu dennego wynosi 1,7 m. Barwa osadu na ogél brazowa z do-
mieszka piasku, natomiast 30 cm warstwa zalegajaca na dnie pierwotnym po-
siada barwe niebieskoszara ciemniejaca podczas przechowywania.

Analizujac probki osadu stwierdzono obecnoéé wylacznie szezatkéw (pan-
cerzykow) nastepujacych okrzemek: Epithemia zebra (Ehr.) Kiitz., E. zebra
var, saxonica Grun., Neidium bisulcatum (Lag.) Clev., Melosira varians C. A. Ag.,
Diatoma vulgare Bory., Cocconeis sp., Cymbella affinis Kiitz., C. placentula
(Ehr.), Asterionella gracillima (Han.) Heib., Navicula bacillum Ehr. N. dicephala
(Ehr.) Smith., Cymatopleura solea (Breb.) Smith., Amphora ovalis Kiitz., Cyclo-

Chlorofil w mg/g suchego osadu
Chlorophyll in mg/g dry weight
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Rys. 4. Pionowe rozmieszczenie chlorofilu (a), materii

organicznej (b) oraz wody (¢) w osadach dennych

Jeziora Bialego (chlorofil w mg/g suchego osadu den-
nego, materia organiczna i woda w %)

tella Kiitzingiana Thw., Pinnularia gracillima Greg., Stauroneis anceps Ehr.
i Synedra capitata Ehr. Pionowe uwarstwienie chlorofilu w osadach dennych
jeziora Bialego ilustruje rys. 4. Jak widzimy z rys. 4, wyr6zni¢ mozna naste-
pujace warstwy osadow:
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Warstwa I, zalegajaca na dnie pierwotnym (polodowcowym) o miaz-
szotci 20 cm. Iloéé chlorofilu waha sie¢ w granicach 0,017—0,023 mg/g suchego
osadu dennego. Zawartoéé materii organicznej 3,9—4,7%,, wody 15—209,.

W arstwa II, o gruboéci 30 cm, charakteryzuje si¢ wigksza od poprzedniej
warstwy zawartoscia chlorofilu, materii organicznej i wody. Chlorofil stanowi
od 0,025 do 0,040 mg/g suchego osadu dennego, materia organiczna 18—219,
woda 47—609,.

Warstwa III (30 cm) odpowiada ponownemu zmniejszeniu si¢ chloro-
filu. materii organicznej oraz wody. Zawartoéé chlorofilu zmniejsza si¢ do
0,014 mg/g suchego osadu dennego, materii organicznej — 9,99 i wody 36%,.
Jest to warstwa charakteryzujaca minimum chlorofilowe w osadach dennych
jeziora Bialego.

Warstwa IV, gruboéé 20 cm. Iloéé chlorofilu ponownie zwigksza sie
do 0,040 mg/g suchej masy osadu dennego, procentowa zawartoé¢ materii
orgenicznej i wody nie ulega wigkszym zmianom w poréwnaniu do warstwy IIIL.

Warstwa V jest to trzecie z kolei zmniejszenie si¢ produkcji materii
orgenicznej w jeziorze. Miazszoéé warstwy 20 cm, iloéé chlorofilu zmniejsza sig
do 0,027 mg, materii organicznej 5,5%,, wody 359%,.

Warstwa VI, miazszoéé 50 cm. Na glebokoéci 40—50 cm od powierzchni
dna obecnego zalega warstwa zawierajaca maksimum chlorofilu (0,055 mg/g
suchej masy osadu) oraz materii organicznej 14,89, i wody 379%,. Dalej na-
stepuje ponowny spadek wszystkich wskaznikéw (chlorofilu do 0,025 mg/g
suchej masy osadu dennego), materii organicznej 5,39, oraz wody 27%,. W 10
cm gornej warstwie osadéw obecnego dna jeziora iloéé chlorofilu zwigksza sie
do 0,220 mg/g suchej masy osadu, natomiast iloé¢ materii i wody zmniejsza sie.

Jezioro Rajgrodzkie

Jest najwigkszym z badanych jezior, o powierzchni 1919 ha i maksymalnej
glebokodei 51 m. Jest ono zbiornikiem przeplywowym, bowiem do odnogi
Stace wpada rzeka Malkinia, wyplywajaca z Jeziora Selment, zaé do odnogi
Przepiorka wpada rzeka Przepiorka. Z odnogi Rajgréd odplywa rzeka Jegrznia,
wpadajaca do Jeziora Drestwo.

Probki osadu dennego pobrano z odnogi Rajgréd w odlegloéci 300 m od
koéciola na glebokoéei 6 m. Gruboéé osadu dennego w miejscu pobrania probek
wynosila 1 m. Prébki do analiz pobrane byly w odstepach co 5 cm.

Osady denne Jeziora Rajgrodzkiego wg barwy podzielié mozna na 2 war-
stwy. Warstwa gérna o miazszoéci 25 cm ma barwe szarobrazowa zawiera-
jaca duzo piasku i gliny. Nastepna warstwa o gruboéei 75 cm, niebieskoszarej
barwy, ciemniejaca podezas przechowywania, gesta, z duza domieszka ilu.

W wyniku analizy mikroskopowej osadu dennego stwierdzono obecnosé
resztek nastepujacych glonéw: Melosira varians C. A. Ag., Cyclotella Kiitzin-

11+
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giana Thwaites, C. Meneghiniana Kiitz., Diatoma wvulgare Bory., Fragilaria
capucina Desm., F. virescens Ralfs., Synedra ulna (Nitzsch) Ehr., Cocconeis
pediculus Ehr., Gyrosigma acuminatym (Kiitz.) Rabh., Stauroneis anceps Ehr.,
Navicula restellata Kiitz., N. menisculus Schm., N. oblonga Kiitz., IN. exigua
(Gregory) O. Miiller, Rhoicosphenia curvata (Kiitz.) Grun., Pinnularia graccillima
Greg., Amphora ovalis Kiitz., Cymbella prostata (Berk) Cl., C. ventricosa Kiitz.,
C. affinis Kiitz., C. helvetica Kiitz., Gomphonema acuminatum Ehr., G. cons-
triccum Ehr., Epithemia zebra (Ehr.) Kiitz., E. zebra var. porcellus (Kiitz.)

Chlorofil w mg/g suchego osadu

Chlorophyll in mg/g dry weight
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Rys. 5. Pionowe rozmieszezenie chlorofilu (a),

materii organicznej (b) oraz wody (¢) w osadach

dennych Jeziora Rajgrodzkiego (chlorofil w mg/g

suchego osadu dennego, materia organiczna
i woda w 9%)

Grun., Nitzschia sigmoidea (Ehr.) W. Smith., Cymatopleura solea (Breb.) W. Sm.
oraz Surirella biseriata Breb. Pomimo malych iloéci chlorofilu w osadach den-
nych Jeziora Rajgrodzkiego mozna wydzieli¢ w nim (rys. 5) nastgpujace wrar-
stwy:

Warstwa I, grubodei 10 em zalegajaca na piaszezystym dnie polodowco-
wym, zawiera okolo 0,010 mg chlorofilu/g suchego osadu dennego, 109, mateerii
organicznej i 159, wody.

Warstwa II, o miazszoéei 15 ¢cm, charakteryzuje si¢ wieksza zawartoéicia
chlorofilu, materii organicznej oraz wody. Iloéé chlorofilu waha si¢ w grani-
cach 0,018—0,020 mg/g suchego osadu dennego, zwicksza si¢ udzial mateerii
organicznej do 17,769, i wody do 26,69,

Warstwa III (miazszoéé 20 cm) ponownie zawiera mala ilioéé
chlorofilu — 0,010 mg/g suchego osadu dennego, materii organicznej 2,259,

oraz wody 109%,.
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Warstwa IV, o miazszoéci 12 em, zawiera wieksza iloéé chlorofilu od
warstwy III (0,019 mg chlorofilu/g suchego osadu), 49, materii organicznej
i 189, wody.

Warstwa V(13 em gruboéci) wykazuje trzecie z kolei minimum chloro-
filu (0,006 mg/g suchego osadu). Iloé¢é materii organicznej i wody nie wykazuje
réznicy w poréwnaniu do warstwy IV.

Warstwa VI, o miazszoéci 30 em, charakteryzuje si¢ najwicksza ilodcia
chlorofilu, materii organicznej oraz wody. Procz gornej warstwy (mikrozony)
zawierajacej najwieksze iloéci chlorofilu, warstwa VI wykazuje drugie maksimum
chlorofilu zalegajace na glebokoéei 25 cm od powierzchni obecnego dna. Iloéé
chlorofilu w tym poziomie siega do 0,028 mg/g suchej masy osadu dennego.
Mikrozona zawiera od 0,370 mg do 0,061 mg chlorofilu/g suchej masy osadu
dennego. Réwnolegle zwieksza sie 9, materii organicznej do 209, oraz wody

do 709,

Oméwienie wynikéw badan

Zmiany iloéciowe w pionowym rozmieszczeniu chlorofilu w osadach dennych
badanych jezior wskazuja na zachodzace zmiany w iloéci produkowanej materii
od chwili powstania zbiornikéw.

Wiegksza iloéé chlorofilu w tej lub innej warstwie osadu dennego niewat-
pliwie odpowiada wigkszej produkeji materii organicznej w danym okresie.
Powyisze potwierdza i analiza zawartoéci materii organicznej w osadach. Na
ogo6l rownolegle do zwigkszenia ilodci chlorofilu w danej warstwie zwieksza sie
i 9, ilodci ‘materii organicznej jako najbardziej ogélnego wskaznika sumy
wszystkich doéé skomplikowanych proceséw prowadzacych do tworzenia sie
osadéw dennych. Szezegélne znaczenie posiada stosunek iloéciowy organicznych
i nieorganicznych skladnikéw zawartych w osadach dennych (Korde 1956).
W poszezegélnych okresach istnienia jeziora podczas odkladania si¢ osadéw
dennych moze przewazaé material przynoszony (szczegélnie mineralny) zapel-
niajacy lozysko jeiora lub iloéé osadéw mineralnych si¢ zmnmiejsza, a nawet
calkowicie ustaje, wtedy za$ na dnie jeziora odklada sie materia powstala
w samym jeziorze. W wyniku tych proceséw powstaja rézne i zmienne warunki
dla egzystencji zywych organizméw. W pewnym przypadku warunki sprzyjaja
masowemu rozwojowi planktonu — w innym ogélna biologiczna produktywnosé
jeziora si¢ zmniejsza. Powyzsza dynamike produkeji materii organicznej je-
ziora w procesie ewolucji dokumentuje iloéé chlorofilu oraz ilo§é materii orga-
nicznej w osadach dennych jeziora, bowiem znaczna czeéé opadajacych na dno
organizméw (raczej ich szczatkéw) bierze udzial w formowaniu si¢ organicznej
czegéei osadéw dennych.

Korde (1956), badajac historic mikroflory i mikrofauny Jeziora Nero
(okolice Rostowa) oraz pionowe rozmieszczenie szczatkéw, synchronizuje
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intensywno$é ich rozwju ze zmianami klimatu w okresie polodowcowym.
Na podstawie poréwnania wynikéw badan z analiza pylkowa osadéw wymie-
nionego jeziora K ord e (1956) uwaza, ze w okresie borealnym zbiorniki wod-
ne w wyniku ocieplenia klimatu ulegly splyceniu lub nawet wyschnigciu,
produkeja materii organicznej wzrosla w osadach dennych i stanowi znaczny
ich odsetek.

W okresie atlantyckim osady denne jezior w wyniku zwigkszenia si¢ po-
ziomu wod zawieraja wigksze ilodei resztek mineralnych przyniesionych z ota-
czajacych terenéw, dynamika produkeji materii organicznej si¢ zmniejsza.
Powyzsze jest zgodne z analiza pylkowa dotyczaca tej warstwy osadéw Jeziora
Nero wykonana przez Tiuremnowa (1956, cyt. wg Korde 1956).

Nastepny okres subborealny charakteryzuje sie ponownym splycaniem sie
jezior. Wystepuja w nich w znacznej iloei gatunki planktonu wladciwe eutro-
ficznym zbiornikom, zachodzi duzy opad resztek organicznych, a szczegélnie
planktonu odkladajacego si¢ na dnie jezior tworzac sapropele.

W okresie subatlantyckim w wyniku nieznacznego zwiekszenia si¢ poziomu
wody w jeziorze zmniejszyla sie ogdlna produkcja biologiczna, zwigkszyl sie
w osadach udzial materialu mineralnego, zwiekszyla si¢ iloéé gatunkéw okrzemek,
co wskazuje na poprawe warunkéw tlenowych.

Korde wyréznia w neoholocenie na pograniczu z subatlantyckim okresem
jeszeze jedna faze wskazujaca na powtérne przesychanie jezior i nazywa ten
okres neoborealnym.

Otrzymane wyniki analiz iloéci chlorofilu, 9/, zawartoéci materii organicznej
w osadach dennych w jeziorach Rajgrodzkich pozwalaja na odtworzenie po-
lodowcowej historii tych jezior. Pomimo pewnych réinic otrzymane wyniki
na ogél sa zgodne. We wszystkich czterech jeziorach w osadach dennych moz-
na wyrézni¢ 6 faz rozwojowych odpowiadajacych okresom klimatycznym
Blytta i Sernandera.

Okres I. Charakteryzuje si¢ ubéstwem produkeji materii organicznej.
Iloéé chlorofilu waha sie¢ w granicach 0,010 — 0,020 mg/g suchej masy osadu
dennego. Zawarto$¢é materii organicznej nie przekracza 59,. Barwa osadu
dennego z tego okresu niebieska, ciemniejaca przy przechowywaniu, zawiera
duzo itu. Miazszoéé warstwy nie przekracza 10 em. Ubéstwo zycia w tym okre-
sie 1 mineralizacja osadu dennego pozwalaja wymieniony okres zaliczyé do
okresu preborealnego Blytta i Sernandera, charakteryzujacego si¢
klimatem chlodnym i wilgotnym.

O ke s II. Tloéé chlorofilu oraz materii organicznej we wszystkich jeziorach
zwigksza sie znacznie. Iloéé chlorofilu siega do 0,296 mg/g suchej masy osadu
dennego (J. Slepe), materii organicznej 429, (réwniez J. Slepe). Powyzsze dane
daja podstawe do mniemania, ze klimat w tym okresie byl cieply, opadéw malo,
co powodowalo eutrofizacje zbiornikéw wodnych. Okres ten odpowiada okre-
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sowi borealnemu, ktéry — wedlug Blytta i Sernandera — charakteryzuje
sie ociepleniem i mniejsza ilodcia opaddw.

Okres IIL Chlorofil i materia organiczna w osadach dennych wykazuja
wyrazny spadek. Podane maksymalne wartoéei chlorofilu i materii organicznej
w osadach dennych poszezegdlnych jezior przedstawiaja si¢ jak nizej:

chlorofil 9%, materii
jeziora mg/g suchej masy organicznej
osadu dennego
Slepe 0,070 16,60
Krzywe 0,037 17,00
Biale 0,014 9,00
Rajgrodzkie 0,010 2,25

Wedlug klasyfikacji K orde (1956) zawartoéé materii organicznej wska-
zuje na wysoka mineralizacje osadéw dennych, ktéra jest wynikiem wyzszego
poziomu wéd oraz ubéstwa zycia. Odeinek ten odpowiada okresowi atlan-
tyeckiemu Blytta i Sernandera.

Okres IV. Charakteryzuje si¢ ponownym wzrostem chlorofilu i procentu
materiic organicznej. Maksymalne iloéei chlorofilu i materii organicznej
w okresie tym przedstawiaja sie jak nizej:

chlorofil 9, materii
jeziora mg/g suchej masy organicznej
osadu dennego
Slepe 0,506 64,57
Krzywe 0,150 30,30
Biale 0,040 10,00
Rajgrodzkie 0,019 4,00

Poréwnujac zestawienia wskaznikéw produkeji organicznej w okresach
I'V i III widzimy duze ilodciowe réznice. Powyzsza réznica wskazuje, ze w o-
kresie IV produkcja materii organicznej byla znacznie wigksza niz w poprzed-
nim okresie. Jest to okres subborealny, charakteryzujacy si¢ klimatem
bardziej suchym niz poprzedni.

W warstwach jeziora Slepego oraz Krzywego zwigksza si¢ znacznie procen-
towy udzial gatunkéw Pediastrum i Scenedesmus wskazujacych na eutroficzny
charakter zbiornikéw.

Okres V, W osadach dennych zwigksza si¢ udzial naplywowych zwiazkéw
mineralnych, zmniejsza sie iloé¢ chlorofilu i 9, materii organicznej. Ilodci
chlorofilu oraz materii organicznej ilustruje podane zestawienie:
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chlorofil % materii
jeziora mg/g suchej masy organicznej
osadu dennego
Slepe 0,110 32,00
Krzywe 0,022 7,50
Biale 0,027 5,50
Rajgrodzkie 0,006 3,80

Zmniejszanie si¢ %, zawartosci materii organicznej w osadach, a zwiekszanie
si¢ skladnika mineralnego méwi o podniesieniu si¢ poziomu wody w tym o-
kresie w wymienionych jeziorach oraz zmniejszonej produkcji materii organicz-
nej, co éwiadezy o pewnym zwilgotnieniu klimatu. Wymieniony odcinek pro-
filu osadéw dennych odpowiada okresowi subatlantyckiemu Blytta
i Sernandera.

Okres historyczny VI. Odcinek profilu osadéw dennych charak-
teryzuje si¢ duzymi wahaniami iloéci chlorofilu, jak i materii organicznej. Na
pograniczu z poprzednim odcinkiem zalega warstwa, ktéra musiala powstaé
w klimacie suchym. W warstwie tej zwigcksza si¢ znacznie iloéé chlorofilu
(J. Slepe — 0,845 mg/g, J. Biale — 0,055 mg/g, J. Rajgrodzkie — 0,028 mg/g
suchej masy osadu dennego). Réwnolegle zwigksza si¢ ilodé materii organicznej.
Nalezaloby wspomniany odcinek profilu okresu historycznego odnieéé do okresu
neoborealnego wg Korde (1956).

K o rd e podkreéla, ze zjawisko wymienione nie jest wywolane przez miej-
scowe warunki realizujace si¢ w poszezegélnych jeziorach, lecz odpowiada
fazie klimatu kontynentalnego neoholocenu. O podobnym zjawisku wspo-
mina Tiuremnow (1956) (cyt. Korde 1956) analizujac metoda pylkowa
osady denne jeziora Nero. Warstwa nastepna charakteryzuje si¢ mniejsza za-
wartodeig chlorofilu i materii organicznej. Jest to warstwa o migzszoéei 10 cm,
jedynie w Jeziorze Slepym warstwa ta sigga jednego metra.

Powyzsze jest wynikiem przynaleznoéei wymienionego jeziora do jezior
dystroficznych i pélplynnej konsystencji warstwy (iloéé wody — 979). W wy-
niku humifikacji gérne warstwy pochodzace z tego okresu w J. Slepym maja
mniej chlorofilu, natomiast wiecej materii organicznej w poréwnaniu do war-
stwy poloZonej nizej.

Z przeanalizowanego materialu wynika, Ze jeziora nie zawsze przechodza
w swoim rozwoju od typu oligotroficznego do eutroficznego, lecz moga typy
oligotroficzny, jak i eutroficzny powtarzaé si¢ kilkakrotnie. Powyzsze jest w zigz-
ku ze zmianami klimatycznymi w otoczeniu jeziora w danym okresie. Obecnie
Jezioro Slepe jest typowym dystroficznym jeziorem, lozysko ktérego bardzo
szybko zapelnia materia organiczna powstajaca w jeziorze, jak i w jego oto-
czeniu.
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Jezioro Krzywe jest zbiornikiem eutroficznym, charakteryzujacym sie
bogata produkcja fitoplanktonu w cyklu rocznym (Czeczuga 1958).

Jeziora Biale i Rajgrodzkie naleza do jezior mezotroficznych, przy czym
Jezioro Biale zawiera okazy reliktowych raczkéw i charakteryzuje sie duzym
zasileniem przez wody zrédlane. Jezioro Rajgrodzkie charakteryzuje sie wiek-
sza produkecja fitoplanktonu oraz zakwitami sinic.

Praca byla czeéciowo subwencjonowana przez Komitet Hydrobiologiczny Wydzialu IT PAN

‘Wnioski

1. Najwieksza migzszoé¢é osadu dennego zanotowano w dystroficznym
Jeziorze Slepym — 3,4 m, najmniejsza w Jeziorze Rajgrodzkim — 1,0, w Krzy-
wym — 2,80, w jez. Bialym — 1,70 m.

2. Stwierdzono zalezno$é miedzy ilodcia chlorofilu a ilodcia materii orga-
nicznej, przypadajacej na 1 g suchej masy osadu dennego, oraz 9, iloécia materii
organicznej a 9, zawartoécia wody w 1 g masy osadu dennego.

3. Stwierdzono obecnoéé chlorofilu w osadach dennych wymienionych
jezior, od powierzchni dna do dna pierwotnego (polodowcowego).

4. Pionowa stratygrafia chlorofilu i materii organicznej w osadach dennych
pozwala stwierdzié synchronizacje iloéei chlorofilu i materii organicznej ze zmia-
nami klimatyeznymi w okresie polodowcowym wg Blytta i Sernandera. Wyniki
otrzymane pokrywaja si¢ calkowicie z wynikami Korde (1956) pracujacej
nad historia mikroflory i mikrofauny jeziora Nero.

5. W okresie historycznym stwierdzono istnienie fazy o klimacie kontynen-
talnym. Na okres ten przypada w osadach dennych badanych jezior warstwa
zawierajaca wigksza iloé¢ chlorofilu, materii organicznej oraz wody. Faza ta
odpowiada neoborealnej fazie Korde (1956).

6. Metoda analizy ilodei chlorofilu w osadach dennych jezior pozwala wy-
réznié¢ poszezegélne etapy rozwoju danego zbiornika od czasu jego powstania
do czasu obecnego.

B. Ueuyra

Copepixanue xnopodunna B [AOHEBIX oTHOKenwax Paiirpoacknx Ozep
IoCHeNneJHHKOBOIO IIepHOAA

Pesrome

HccreoBasioch  KOJMMYECTBO Xiopoduiuia B JOHHBIX OT/JIOYKEHHSIX O3€p:
Paiirposckoro, Benoro, Kpusoro n Cienoro. ITpoGbr g00BIBaIMCE C ITOMOLIBIO
KamepHoro Gypa I'miurepa (umma xamepbr 0,5 m) B mpomexyrkax 5—10 cm.
OrnpeessI0ch MPOLEHTHOE COEPYKaHHe OPraHHYECKUX BelecTB u Boabl. Kosm-
YECTBO XJIOPO(MIUIA OIPEEISUIOCh KOJOPHMETPHUECKH Ha abcopOuuomerpe
Jhiomerpor Mox — 400 A, npu dumsrpe 650 my. PesyisraTel cpaBHHBAJINCH CO
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CTaH/TapTHOM KPHBOH pacTBopa xXiopoduiria B araHosue (dpupmsr ,,Pumns’ TIa-
Hosep). Camyio OOJIBIIYIO MOLIHOCTH JOHHBIX OTJIOXKEHHMH OTMEUYEHO B JIHCTPO-
¢uueckom ozepe Crenom — 3,4 m, camyro meHpyo B Paiirpojckom ozepe —
1 m, B KpuBom — 2,8 m, B Bestom 1,7 m. OGHapy»keHO IPHCYTCTBHE XJI0podhuiLIa
BO BCEX CJIOSIX JIOHHBIX .OTJIOXKCHHM 10 IIEPBHYHOIO CJIOS, IOCJIEJIECHUKOBOIO.
MakcumaabHOe KOJMUYECTBO XJIOPO(MIUIA COACPIKUTCA B BEPXHEM CJI0€ MOII-
Hoctn okosto 10 cm (mo 1,414 mr/r cyxoit maccer). HuwxHue ClI0M JIOHHBIX OTJIO-
JKEHHI1 TepeunCIIeHHbIX 03ep comeprkat menbie xiuopoduiuia (0,009 mr/r cyxoi
maccel). Mcxmouennen apisercs Crienoe 03epo, B KOTOPOM BEPXHHE CJIOH OTJIO-
JKEHUIl COJIepyKaT MEHbIe XJIOpo(HIUIa, UeM CJIOM PACHOJIOKEHHBIE HHYKE, UTO
CBsI3aHO C rymycHguKanueii aToro osepa.

BepruxaisHOe pacipesesieHne XJI0poduuia B JIOHHBIX OTJIOXKEHMSIX HCCiTe-
JIyeMBIX 03€p JaeT BO3MOYKHOCTh OOHAPY;KHTh CHHXPOHM3AIHIO €r0 KOJIHUYEeCTBA
C KJIMMATHYECKHMH HM3MEHEHHsIMH B roJionene 1o Biurty u CepHaupepy.

Criejtyer Taxyke OTJIMUMTh TaK HaspiBaemyio (asy HeoGOpeabHyI0, KOTOpast
mo Kopae (1956) xapakrepusyercst 6ojiee CyXMM KJIMMAaTOM II0 CPAaBHEHMIO
C IIEPHOJIaMH JI0 U TOCJIe 9TOM ha3bl.

Haiijlena TecHass 3aBHCHMOCTh MEXKAY KOJMYECTBOM XJIOpodmuia U KOJIH-
YEeCTBOM OPraHMYECKHX BEIIECTB Ha 1 I CyXOH MacChl JIOHHBIX OTJIO)KeHHit. IIpu-
MEHEHHE METOJ[a MCCIJIEIOBAHHsI KOJMYECTBA XJIOPO(HIIIa B JOHHBIX OTIIOXKEHHAX
J1aeT BO3MOYKHOCTH IIPOCJIEAUTH MCTOPHIO JIAHHOI'O BOJOEMAa CO BPEMEHH €ro BO3-
HUKHOBEHHUSI JI0 HACTOSILEr0 BPEMEHH.

CHHCOK PHCYHKOB

Puc. 1. Bypas I'mutepa

Puc. 2. Beprukansnoe pacupezesnenue xiopoduia (a), opraHureckoii cyocrannmu (B) 1 BOJBI
(c) B ponHBIX orioykeHmax Creroro osepa

Puc. 3. BepruxansHoe pacmpejesienne xiopodmuia (a), opranureckoit cyberanmun (6) m BoabI
(c) B pouHbIX omioxeHuax KpuBoro osepa

Puc. 4. Bepruxamsnoe pacipeaenenue Xiopoduna (a), opranuueckoit cydcranuun (6) u BojbI
(c) B noHubIX oTiokeHMAX Besoro osepa

Puc. 5. BeprukansHoe pacnpejesnenue xaopoduuia (a), oprauureckoit cydcranumn (6) 1 BOABI
(¢) B joHHBIX oTIOKeHMsAX Paifrpoackoro osepa

B. Czeczuga
The content of chlorophyll in the bottom deposits of the Rajgrodzkie lakes
in the postglacial period

Summary

The investigations were concerned with the amount of chlorophyll in the
bottom deposits of the lakes: Rajgrodzkie, Biale, Krzywe, and Slepe.

Samples were taken with the aid of a Hiller peat borer (length of bore 0.5 m)
every 5 to 10 cm. Organic matter and water were determined in percent. The
amount of chlorophyll in the samples was determined colorimetrically with
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the aid of a Lumetron Mod-400 A absorptiometer fitted with a 650 mp. filter.
The results were compared with a standard curve plotted from an ethanol
solution of chlorophyll (“Riedl” Hanover).

The thickest bottom deposits were found in the dystrophic Slepe lake
(3.4 m), and the thinnest ones in the lakes: Rajgrodzkie (1.00 m.), Krzywe
(2.80 m.), and Biale (1.70 m.). :

Chlorophyll was revealed in all the strata of the bottom deposits down to
the primeval postglacial bottom.

The proportion of chlorophyll was highest in the samples from the upper-
most layer, roughly 10 em. thick (up. to 1.414 mg/g. of dry weight of the bottom
deposit). In this respect the Slepe lake proved an exception since the upper
layers contained less chlorophyll than the lower strata, which is attributable
to humification of the lake. In the lakes in question the bottom deposits con-
tain the smallest proportions of chlorophyll in the lower strata (0.009 mg./g.
of dry weight of the deposits).

The vertical distribution of chlorophyll in the bottom deposits of the lakes
in question revelas correlation with the climatic changes in the Holocene after
Blytt and Sernander.

There may be distinguished also what is referred to as the neoboreal phase
which was characterized according to K ord e (1956) by a climate more arid
than that of the preceding and succeeding phases.

A strict correlation was found to exist between the amounts of chlorophyll
and organic matter prorated on the basis of 1 g. of dry weight of the bottom
deposit.

By investigating the amount of chlorophyll in the bottom deposits of lakes,
insight may be gained into the history of the lake concerned from the time
of its origin onward.

List of figures

Fig. 1. Scheme of Hiller borer

Fig. 2. Vertical distribution of chlorophyll (a), organic matter (b), and water (c) in bottom
deposits of Slepe lake

Fig. 3. Vertical distribution of chlorophyll (a), organic matter (b), and water (c) in bottom
deposits of Krzywe lake

Fig. 4. Vertical distribution of chlorophyll (a), organic matter (b), and water (c) in bottom
deposits of Biale Lake

Fig. 5. Vertical distribution of chlorophyll (a), organic matter (b), and water (¢) in bottom
deposits of Rajgrodzkie lake
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S. Feliksiak

Valvata (Borysthenia) naticina Menke and Lithoglyphus
naticoides (C. Pfeiffer) in the food of roach Rufilus ruftilus
(Linne) from Vistula near Torun

Received 30 December 1958

In the material of Mollusca sent to me by Dr. E. Grabda, head of Labora-
tory of Diseases of Fishes at Bydgoszcz, on May 11, 1949, I found two species
of snails, living in streams of large rivers: Valvata (Borysthenia) naticina
Menke and Lithoglyphus naticoides (C. Pfeiffer).

The material consisted of fragments of shells, extracted from the intestinal
tract of two roaches Rutilus rutilus (Linné), caught in the Vistula near Torun,
on July 14, 1948. Among the fragments of shells, belonging to Valvata (Bory-
sthenia) naticina Menke, I have distinguished 20 apexes and 20 opercula (dia-
meter: 2 — 2.75 mm.), taken out of one roach. The total length of this roach
was: 27.3 em. The material belonging to Lithoglyphus naticoides (C. Pfeiffer),
extracted from roach 31 c¢m. long, consisted, besides other fragments of shells,
of 4 apexes and 3 opercula (3.75 X 3 mm.).

From the facts mentioned above we may conclude that roaches take their
bottom foods also from the stream of Vistula.
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M. Gieysztor

On a Continuous Series of Lakes
Department of Hydrobiology of the Warsaw University

Received 15 February 1959

The division of lakes into various limnological types, which occurs in the
literature, may sometimes suggest that there only exist groups of lakes which
are distinctly different from each other in limnological type. This suggestion
is reinforced by the fact that not all authors draw attention in their work to
the fact that the lake types described by them are connected with each other by a
series of lakes of an intermediate nature. In such cases this is left to the sup-
position of the reader. Most pertinent however, is the absence to date of a con-
crete demonstration of a continuous series of lakes to illustrate the correct sup-
position that there exist lakes of an intermediate character which connect
the various limnological types. Even in studies of larger numbers of lakes there
has been shown a tendency to separate them into types rather than place them
into series based on the nature of their milieu, flora and fauna. Multiplying the
number of types by continually introducing new concepts — such as extreme
oligotrophic, «-mesotrophic, P-mesotrophic, politrophic — even further un-
derlines their uninterrupted continuity and also illustrates the tendency to
consider those lakes, the types of which can be defined, similar to an attempt
to separate out species from among a series of individual animals exhibiting
an uninterrupted continuity of their characteristics, even more proper therefore,
would appear the intention of demonstrating a concrete series of lakes (in our
case from more oligotrophic lakes to extremely eutrophicated) in order to see
whether it is possible, in spite of the continuity in the type of lakes to distinguish
their characteristic groups. In addition, as in fact in nature, there do not exist
groups of lakes belonging to one limnological type which are not connected to
groups of lakes of another type, by lakes of an intermediate character, then
it would be interesting to attempt a further step in establishing a continuous
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Table I
A list of Cladocera and Copepoda encountered in the lakes in the vicinity of Gizycko

Lakes z 4 B e 2 .g‘ e g i = | _; § Bl
Crustacea E E é 4 E g‘ E % = .g E | E ? ﬁi 3 _i‘ E %‘
from the 2 E “ 8 § j 5 g o | Bl = |B|B
pelagic regions
Sida cristallina X X X|x|%

(O.F. Miiller)

Diaphanosoma bra-
chyurum (Lievin)

Daphnia longispina X X x X
hyalina (Leydig) .

Daphnia longispina
hyalina var. galeata |X | X [X |X X |X |X X
Sars

Daphnia longispina
hyalina var.pellucida X
P. Miiller

Daphnia longispina
hyalina var. lacustris X
Sars

Da.phnia cristata X X|x
cristata Sars

Daphnia cristata X
cederstromi Schoedler

Daphnia cucullata Sars X X

Daphnia cucullata Sars ¢
var. kahlbergensis XIX[X[|XIX|X X XIXIX|IX[IX|X
Schoedler

Simocephalus vetulus : ; XX
O.F. Miiller

Ceriodaphnia quadran-
gula O.F.M. var pul- X X
chella Sars ¢

Ceriodaphnia quadran-
gula O.F.M. var. X
hamata Sars

Bosmina longirostris X . X X |x
(O.F. Miiller)

Bosmina longirostris :
(O.F.Miiller) var. X
cornuta Jurine |
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Table I continued

Crustacea
from the
pelagic regions

Mamry N

Dejguny

Harsz

Dargin

Mamry S

Kisajuo

Dobskie

Swigcajty

Goldapiwo

Sniardwy

Dgal Duzy

Dgal Maly

Stregiel

Wilkus

Pozezdrze

Przyleéne

Warniak

Wojsak

Bosmina longirostris
(0.F.Miiller) var.
brevicornis Hellich

Bosmina longirostris
(O.F.Miiller) var.
curvirostris Fischer

Bosmina coregoni
Baird {. berolinensis
Imhof

Bosmina coregoni
Baird var. thersites
Poppe

Bosmina coregoni
crassicornis Lilljeborg
f. rotundata Lilljeborg

Eurycercus lamellatus

‘0.F.Miiller

Camptocercus rectiro-
stris Schoedler

Acroperus harpae
Baird

Alona rectangula
Sars

Alona affinis Leydig

Graptoleberis testudi-
naria Fischer

Chydorus sphaericus
O.F. Miiller

Bythotrephes longima-
nus Leydig

Leptodora kindti
Focke

Limnocalanus macru-
rus Sars

Eudiaptomus graciloi-
des (Lilljeborg)

X

X

X

X

X
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\ IS

Crustaces X 2
from the N
pelagic regions

Table I continued

Dgal Duzy

Dejguny
Dargin
Mamry S
Kisajno
Dobskie
S\viqo.jty
Sniardwy
Dgal Maly
Pozezdrze

Harsz
Przyleéne

Warniak
Wojsak

Goldapiwo
Stregiel
Wilkus

Eudiaptomus gracilis
(Sars)

Heterocope appendicu- l
X[ X XX |X X
lata Sars 1]

Macrocyclops albidus
(Jurine)

Eucyclops serrulatus
(Fischer)

Eucyclops macruroides
(Lilljeborg)

Eucyclops macrurus
(Sars)

Cyclops bohater
Kozminski

Cyclops kolensis
Lilljeborg }
Cyclops vicinus Ujlan

Acanthocyclops viridis x|x
(Jurine)

Mesocyclops leuckarti x|x|x
Claus .

" |
# | » | x|

Mesoaysiepe sidhemole | o |l T X | 2 I [ | X | % X xR
des Sars

Mesocyclops crassus X x|x|x
(Fischer)

series of lakes based on our material, namely to assume that within any one
limnological type it is possible to arrange the lakes in a series giving the strictly
defined position of each lake in it. The third question which arises in whether
such modest material as collected by us, namely a single chemical analysis
of the water and a single qualitative sample of crustacea from the pelagic regions,
which at the same time has the convenience that it can be collected within
a short time, permits the demonstration of a continuous series of lakes.

In theé efforts of investigators towards the systematization of lakes, the build-
ing up of their natural system, it is essential to find such a basic characteristic
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as would enable the reduction of other characteristics to a common denomi-
nator i.e. more accurately, the greatest possible number of characteristics
clearly related to the basic one. Rodhe (1958) and others consider primary
production in a lake as the basic characteristic. It must be stressed, on the other
handl, that such characteristics are numerous. In addition, their correct selec-

Table II

Lakes of the Gizycko vicinity arranged according to their depth,
transparency, oxydability, N(NH;) and PO,. A denotes 1 point, B—2,
C— 3 and D — 4 points. In the column headed depth in metres,
A >20, B —10-20, C —5-10, D < 5. In the column headed
transparency in metres, A>4, B—3.4, C—23, D<2.
In the column headed oxydability in mg/l 0, : A — 4.2.5.3,
B — 5.3.6.3, C—6.3-7.8, D>10. In the column headed N(NH;)
in mg/l: A<0.01, B—0.03, C—0.06, D —0.16. In the column
headed PO, in mg/l: A < 0.1, B— 0.1, C — 0.2, D — 0.3.

Lakes l D‘ﬂ':'h T';:’c"y“'lo‘l’:y‘m'i N(NHs)| PO: | Total '
Harsz A A A A ' A 5
Mamry N A A A A B 6
Dargin —T B A A B 7
Kisajno A B A A B ; 7
Dobskie ‘A B A B B 8
Dejguny A A C A B 8
Mamry S B |58 Bl al Bl
Swiecajty PO W A G e M
Goldapiwo A | C A I A D 10
Dgal Dody SARTHETE S O T
Dgal Maly Y R T L T R 0 e
Wilkus e N e e R
Stregiel B C C B D 14
Pozezdrze C D C C B 15
Warniak C D C B D 16
Wojsak B PR, Dok | |20 ]

tion and suitable use in the creation of a system of lakes, is only possible when
we are in possession of a considerable, all-round knowledge of lakes. The lakes
which I studied in the vicinity of Gizycko, the Mazurian Lake District, were
established as a series on the basis of such characteristics as their depth, trans-
parency, oxydability, and the occurrence of ammomia nitrogen and phos-
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phates (table II). These particular characteristics of our lakes are closely related
to the intensity of primary production in a lake (oxydability, phosphates)
or show greater or lesser connections with it. According to Find en e g g (1955)
the quantity of nitrates and phosphates, or characteristics of the lake strictly
connected with these quantities (among others the quantitative ratios in the
phytoplankton), are the proper basis for the systematization of lekes based
on their trophic state.

The quantitative ratios of the plancton crustacea are indirectly related
to the occurrence in the water of N and P but, however, closely related to the
intensity of primary production. However, we are not concerned here with
quantitative data on the occurrence of plankton but with its qualitative as-
pect. Neither are we in a position to state anything more as to the way in which
the qualitative occurrence of crustacea depends on the above mentioned charac--
teristics of lakes due to our insufficient knowledge of the ecology of the crusta:-
cea.

As will be seen below, we obtained a remarkable agreement in arranging the
lakes in a series, on the one hand, on the basis of their depth*, transparencyy
and some of their chemical characteristics and on the other hand, on the basiss
of the occurrence of plankton crustacea and ichtyofauna and thus obtained @
reasonably well founded picture of a continuous series of lakes. We shall nowv
describe our material and methods by which it was collected and worked overr.

From 16 lakes in the vicinity of Gizycko in the full summer stagnatiom
period, from the 4th — 17th August 1950, data was collected on their chemistryy,
thermal conditions and transparency (Gieysztor and Odechowskaa
1958)**. ‘

In order to establish the sequence of lakes illustrated in table IT not all dataa
obtained on the chemistry was used since only that given in the table madde
it possible to arrange the lakes in a series. Chemical data not taken into accountt
here would, however, no doubt have been of positive value in this investigationa,
if it had been collected through the full yearly cycle. As can be seen from tablde
II, T have used a “weighting” system i.e. a system where each of the selectedd
characteristics of the lake has been allotted a different weight in the form obf
a certain number of “points”, The greater the number of points a lake receivess

* The characteristic of the depth of a lake has in this case rather more general meaning.g.
It symbolizes the morphological characteristics of a lake in general, because should we take ——
for instance — into consideration the average depth or the surface measurements, it wouldld
bring to the series of lakes identical with those worked out by myself.

** I am going to correct here some mistakes which have appeared in the work of Gieysztoror
and Odechowska of 1958, being quoted here.

The oxygen curve of Goldapiwo Lake on fig. 6 should be identical with the curve on figig.
8 which refers to the same Goldapiwo Lake. Page 145, line 11 — ought to be: fig. 8 insteadad
of fig. 7. Fig. 10 page 150°— instead of PO, mg/l should be PO, mg/m?®.
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the greater is its degree of eutrophication. The sequence of lakes with the same
number of points was arranged approximately on the basis of all available data
including those not figuring in the table.

Sampling the crustacea was performed by the vertical plankton sampling me-
thod, from bottom to surface, while attempting to do so in the shortest possible
time so that material collected from various lakes should be as equivalent as
possible. In addition, this material came from lakes, in the main, near each
other and of similar or identical age and origin but considerably differing in
their degree of eutrophication. Some of these lakes, markedly advanced in
age, extend beyond the bounds of the definition of a lake. The crustacea sampl-
ing was performed exclusively at a considerable distance from the littoral.

The material was identified by Miss M. Wierzbicka and some of the
data on the morphology and behaviour of Limnocalanus macrurus, mentioning
the crustacea fauna accompanying it, has been published by her (Wierz-
bicka 1955).

In order to simplify the technique of arranging the scquence of lakes based
on the occurrence therein of Cladocera and Copepoda and the sequence of species
of these crustacea, a table similar to table IIT was used except that the names
of lakes and species were placed on moveable cards, and squares with crosses
indicated the presence of species in the lake. This made it possible to freely
rearrange the sequence of lakes and the species of crustacea until a satisfactory
picture was obtained.

In the arrangement of lakes in a series based on the plankton crustacea,
not all the species found in these lakes were used. As those which were met with
only sporadically or, even more, those which were found on only one occasion,
do not throw any light on their relation to our arrangement of lakes in a series
they were disregarded. These species are represented in table I which presents
a collection of all species met with in our lakes.

In order to determine the position of a lake in the series the following prin-
ciple was used: the more oligotrophic a lake is the more it contains species
associated with this type of lake, and at the same time the index value of the
species was taken into account. Thus, for example, the highest index value for
oligotrophic lakes in our material was exhibited by Daphnia cristata occurring
only in the first three lakes of our series, whereas the highest index value is
shown by, or the most important leading species for shallow, strongly eutro-
phicated lakes is Mesocyclops albidus which only occurs in the last three lakes
of the series.

The first 7 species, shown in table 1II as group I are characterised by occur-
ring in the pelagic regions of lakes which are the deepest and have the largest
surface area among the most oligotrophic lakes of our series. Only the last
three species from group I also appear in small lakes. In group B, which con-
tains lakes of a character intermediate between groups A and C we do, not
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Table III
Lakes ef the Gizycko vicinity arranged on the occurrence of Cladocera and Copepoda

Lakes

Crustacea from the
pelagic regions \

Dargin

Harsz

Dejguny
Mamry S

- Kisajno

Dobskie

Swigeajty

Goldapiwo

Snilrdwy

Dgal Duiy

Stregiel

Wilkus

l

Warniak

i
=

I
Daphnia cristata
cristata

Heterocope appendicu-
lata

™ | Dgal Maly

o Przyleéne

”

Cyeclops bohater
Limnocalanus
macrurus

Bythotrephes longima-

nus

I R

~

|| e [ w
><

Daphnia longispina
hyalina galeata

”

Mo ||
]

Bosmina coregoni
crassicornis

I

Bosmina coregoni
thersites

Mesocyclops crassus

Bosmina longirostris

”

Alona rectangula

Eucyclops serrulatus

Eucyclops macruroides
Ceriodaphia quadran-
gula pulchella

”
| e | o] be] | ]| 24| e

eI

Mesocyclops albidus -

11T

Eudiaptomus gracilo-
ides

"

Mesocyclops leuckarti

Diaphanosoma bra-
chyurum

Daphnia cucullata
kahlbergensis

Mesocyclops oithono-
ides

XX

Leptodora kindti

XXX

X

X

X
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Table IIT continued

\\ Lakes 3
= z ® o |22 33 8|8
b.esib.i'i'g"és“‘%sgnfi‘i
Crustacea from the E ? 5 = E 2|2 g § ‘g 1 ?o 13 _ﬁ- 3 | F | g <
pllagisregions >~ (H (& |H [ & | |4 |&|h |4 |88 |a|B [ |a|B|B |
Bosmina coregoni | { | |
s Lo X { XIXIXIX|XIX[|X|X[(X|X X | l
H l_—‘—‘—— —_— e ——— —— —_—— _——— ——
’ Chydorus sphaericus ! { [ X I | X ‘ XIXIX[X[X|X |
o b petss Peen e jovaR [ SRV LRSS cialiSs. 1 T [EEAE MR e B
| | WO | | | |
| Sida crisallina | | | X | X | AR Bt
| ! | — e e e e e e
? Eurycercus lamellatus | X l l\ X ‘ ‘ X ' X|X

find bodies of water with characteristics typical of lakes. Table III shows
that the sequence between the two pairs of lakes: Dejguny and Mamry S.
and Dobskie and Swiecajty, is not certain. These lakes belong to group A. Lakes
of group B, of an intermediate character, are distinguished by the occurrence
of species from groups I and II. The sequence of lakes Dgal Maly and Stregiel
is uncertain. 3

Species of group'I (first 7 species) have a different character from species
of group II which contains 8 species. Species from group I occur either ex-
clusively in lakes group A or also in groups A and B, whereas all species of
group II undoubtedly occur in group A lakes also, limited however to the littor-
al only. The extremely well developed pelagic regions of these lakes how-
ever, does not provide the possibilities for the existence in it of species from
group II. A

The double horizontal lines on table III indicate the group of species Cladocera
and Copepoda limited exclusively to group A lakes, they also indicate the group
of species which occur in lake groups A and B, groups of species from lake
groups B and C and finally the group of species exclusively from group C lakes.
It must be mentioned that groups of species I and II are in the nature of
basic groups.

The absence of specific species for lakes of group B of an intermediate
type appears to be natural. Group III species however, have quite a distinct
character. This group represents ubiquitous species in relation to our lakes.
It also includes species whose occurrence in lakes is irregular and of which it
is possible to say that they do not show any sort of regularity in their occur-
rence in the series of lakes demonstrated here.

Our material points to a fact which, of course, is not unknown in the literature
of Hydrobiology and namely, that as the oligotrophic type of characteristics
of a lake become more marked so the range of the littoral fauna Cladocera and

http://rcin.org.pl



184 M. Gieysztor

Copepoda from the littoral to the pelagic regions diminishes. Shallow, strongly
eutrophicated bodies of water in our locality exhibit littoral species of crustacea
distributed throughout the whole lake. We should add here that extremely
oligotrophic lakes, which, in Poland are met with in the High Tatras, are very
poor in biota and even usually littoral species are lacking there. In such lakes
pelagic zooplankton reaches to the shore. Thus extreme types of lakes in our
series do not show a differentiation of zooplankton into littoral (hemiplankton)
and pelagic.
Table IV

Comparison ot the series of lakes arranged according to the occur-
rence of Crustacea and according to the physical and chemical
water properties

Arrangement of Lakes
according to the occurrence of according to their physical and
Crustacean species chemical properties
Mamry N l Harsz
Dargin { Mamry N
Harsz | Dargin
: Dejguny Kisajno
Mamry S Dobskie
Kisajno Dejguny
Dobskie Mamry S
Swiecajty Swiecajty
Goldapiwo Goldapiwo
Dgal Duzy Dgal Duzy
Dgal Maly Dgal Maly
Stregiel Wilkus
Wilkus Stregiel
Pozezdrze Pozezdrze
Warniak Warniak
Wojsak Wojsak

The sequence of lakes based on their depth, transparency and chemistry
is in striking agreement with the sequence based on the occurrence of Cladocera
‘and Copepoda. From table IV it follows that 7 out 16 lakes stood exactly next
to each other in a natural series ranging from lakes of a more oligotrophic nature
to more eutrophic lakes. The true sequence of the first three lakes is difficult
to determine. The next 4 lakes form a second group. There follow 2 more lakes
(Swigcajty and Goldapiwo) whose position in the sequence is identical. They
conclude the group of 9 large lakes.

It appears that the series obtained from our lakes which ranges from the
most oligotrophic lakes to lakes which are becoming extinct, the most eutro-
phicated, exhibits a sequence of wider significance than we get from the idea
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«f oligotrophy and eutrophy, which today is in the process of formation, unless
ve consider oligotrophy and eutrophy together with all the characteristics of
lakes which give rise to and accompany these phenomena. The arrangement
of lakes from oligotrophic to eutrophic seems to be less general than the ol-
cer conception of lakes (according to Forel) which is still used today by
some authors. The latter classifies lakes as young or old up to the moment
vhen they cease to be lakes and turn into ponds and finally bodies of water
which are in the process of becoming extinct.

In spite of the occurrence of a continuous series of lakes our material indi-
cates the appearance of groups of lakes shown on table III which were men-
tioned above.

Attempts to correlate the species composition of plankton Crustacea with
lake characteristics have been made for some time. Such studies were made
by Lityriski and later Bowkiewicz who worked on terrain near the
Mazurian Lake District.

Litynski (1925) distinguishes 3 ecological groups of plankton and their
corresponding groups of lakes.

The methods of working over the material used by Litynski differ
from those used in the material given here in the following way. Lityniski
did not isolate those species occurring in all the lakes under study and so they
were not excluded from study. Their occurrence in all three groups of lakes does
not contribute to differentiating between the lakes. In addition Lityniski
only deals with species which are indices of “young” lakes and does not in-
troduce groups of littoral species invading the pelagic regions of lakes, which
are filling and strongly eutrophicated, which are the leading species of these
lakes. He also omits the presentation of an overal picture of the material which
does not allow the reader to evaluate the choice of species selected for con-
sideration. In addition, the chemical characteristics of the lakes were not
taken into account.

In the works of Bowkiewicz (1934, 1934a) we observe similar differ-
ences in treatment compared with the present work. In his latest paper this
author however limits himself to 4 species Bythotrephes longimanus, Daphnia
cristata, Eurytemora lacustris and Heterocope appendiculata. This author is
interested in the joint occurrence of these species distinguishing, for example,
lakes in which occur E. lacustris and H. appendiculata and lakes with H. appendi-
culata and B. longimanus etc. Table III in our paper also shows the joint occur-
rence of species however the occurrence of species in this or that combination
is not taken by us to be a basis for the differentiation of lakes.

In addition the composition of species used by both authors is not iden-
tical with ours.

Thanks to the work of Patalas (1954) I was able to get an idea as to
how the lakes of the Pomeranian Lake District would be arranged compared
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with the series of Mazurian Lakes presented here. Patalas collected plank-
ton material quantitatively in the second half of July and in August 1953
from the lakes of the Pomeranian Lake District which lies to the west of the
Mazurian Lake District. The quantitative working over of plankton used by
Patalas allows, as seen from his work, the use of at least some of the
species occurring in all the lakes studied for the consideration of types.

The Pomeranian lakes fall mainly in a central position in the series of lakes:
presented in our tables. The most oligotrophic Pomeranian lake differentiated
on the basis of the manner of occurrence of plankton crustacea, occupies fourth
place, the most eutrophicated, however, is in the fifth place from the end.

A comparison of lakes from the vicinity of Gizycko with the Pomeranian
lakes presents a number of doubts. Thus, probably the occurrence of crustacea
within various lake districts is not only influenced by milieu factors. Thus,
for example, apart from the relict species Limnocalanus macrurus, whose occur-
rence is clearly connected with its past history, there is also the astonishing
occurrence of Cyclops scutifer, C. vicinus, C. abyssorum and Eurytemora la-
custris found in 6 Pomeranian lakes whereas in lakes in the vicinity of Gizycko
of these species only C. vicinus was found and only in two lakes. It is not im-
possible that the four species noted for the Pomeranian lakes also occurred in
the Mazurian lakes, but at a different time from that of the plankton sampling.
However C. bohater certainly occurs more widely than the data on this species
shows to date, since this species lives in the water just above the bottom and
is difficult to find. Finally the geographical distribution of the forms Bosmina
coregoni and B. longirostris demands a closer study. It appears probable, that
even such close neighbours as the Pomeranian and Mazurian Lake Districts
can have specific faunal characteristics and, among others, in the lake distri-
bution of Cladocera and Copepoda, and that similar environments can, on these
different terrains attract different vicarious species. Extending the applica-
bility of the list of those lake inhabiting Cladocera and Copepoda which are
useful in establishing the position of a lake in the oligotrophic-eutrophic series,
to a large geographical range demands a more detailed study of the fauna than
so far available.

Thanks to the kindness of Dr. S. Bernatowicz, I obtained ichtyo-
logical data on the lakes mentioned which I quote in the light of the series
of lakes presented in table III.

In these lakes there occur 3 species from the family Coregoninae and Osme-
ridae: Coregonus lavaretus, C. albula and Osmerus eperlanus. All three species
occur only in the first three lakes. Further lakes up to the 9th inclusive have
2 or 3 species of the family Coregonidae in their water. Of the lakes in group B
Big Dgal also contains C. lavaretus and lake Stregiel contains one species (Os:
merus eperlanus). On the other hand none of the lakes of group C exhibit the pre-
sence of species of the family Coregonidae. In addition, the last three lakes are
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distinguished by lack of Abramis brama and the occurrence of Acerina cernua L.
and Gobio gobio L. G. gobio (also) occurs in the Big Dgal and the Small Dgal
and in lake Wilkus, 4. cernua also occurs in the Small and Big Dgals. Thus the
latter 2 species were not observed in lakes of group A.

I wish to thank Dr. Bernatowicz, head of Biological Fisheries

Station, for making available to me all necessary facilities.

i3
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Bakterie dwoch zbiornikow wodnych jaskin tatrzanskich
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Zainteresowanie biologéw organizmami zywymi przebywajacymi w wodzie
drobnych zbiornikéw jaskin tatrzaiskich sklonilo nas do wykonania wstepnych
obserwacji nad bakteriami zasiedlajacymi niektére z tych wéd. W tym celu
postuzono si¢ prébami wody pobranej ze stawkéw jaskin Zimnej i Kasprowej
Niznej.

Jaskinia Zimna polozona w Dolinie Koécieliskiej jest uksztaltowana w po-
staci podziemnego korytarza o dlugoéci okolo 2800 m z otworem wejéciowym znaj-
dujacym si¢ na wysokosei 1123 m n.p.m. Dno jaskini posiada szereg zaglebiert
wyslanych nieprzepuszezalna glina. Tam zbiera sie woda $ciekajaca ze écian,
tworzac tzw. stawki. Stopieri ich wypelnienia woda jest uwarunkowany ob-
fitodcia éciekajacej wody. Stawek, z ktérego byla pobierana woda do naszych
oznaczeri bakteriologicznych, znajduje si¢ w odlegloéei okolo 250 m od wylotu
jaskini i zasilany jest niewielka, stala struzka wody z terenéw wapiennych.
Ksztalt lustra wody zblizony jest do owalu o érednicach wynoszacych w dniu
pobierania préob okolo 1,5 i 2 m. Najwieksza glebokoéé misy wynosila w tym
czasie 30 cm.

Jaskinia Kasprowa Nizna znajduje sie¢ w Dolinie Kasprowej. Otwor
jaskini lezy na dnie doliny, u stép Zawratu Kasprowego na wysokosei 1235 m
nad poziomem morza. Wejdcie znajduje sie u wylotu wyschnigtego podziem-
nego potoku, ktérego dno zaslane jest gruzem skalnym, zwirem granitowym
i piaskiem. Korytem tym okresowo wyplywa strumieii wody, przedostajacy
si¢ do jaskini droga podziemna z obszaru granitowego. Po zniknig¢ciu potoku
w zaglebieniach korytarza pozostaje woda, tworzaca niewielkie zbiorniki.
Dlugoéé korytarza wynosi okolo 1800 m, a stawek, z ktérego byla pobierana
woda do naszych badan, lezacy w odlegloéci okolo 150 m od otworu jaskini,
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jest ksztaltem i wielkoécia zblizony do stawku obserwowanego w jaskini Zimnej
i réwniez jak on pozbawiony $wiatla slonecznego.

Temperatura w jaskiniach jest z reguly bliska éredniej temperatur okolicy,
w ktoérej znajduje sie jaskinia (Kowalski K. 1953). W ciagu roku ulega
nieznacznym wahaniom. W grocie Zimnej dokonano pomiaréw temperatury
w roku 1951 i 1952 w odleglodei 250 m od wejécia. Stwierdzono minimalna
temperature réwna 2,6°C, maksymalna 4,4°C (Kowalski K. 1953).

W dniu pobrania préb wody temperatura powietrza w jaskini Zimnej
wynosila 4°C, w Kasprowej Niznej 4,5°C. Pierwszy raz pobrano wode z opi-
sanych zbiornikéw w styezniu 1955 r. i w tym przypadku starano sie zebraé
dane orientacyjne dotyeczace réznorodnoéei fizjologicznych grup bakterii,
obeecnych w badanej wodzie. Jednakze uzyskane wyniki uznano za malo $cisle,
poniewaz— z niezaleznych od nas powodéw — transport préb wody trwal nazbyt
dlugo. Dopiero w sierpniu 1955 r. udalo si¢ zorganizowaé podreczna pracownie
w poblizu jaskin, w Kirach, i tam dokonano posiewéw i bezposrednich badan
mikroskopowych.

Za pomoc w pobieraniu i dostarczaniu materialu do obserwacji skladam podzigkowanie
mgr Andrzejowi Chodorowskiemu, Wladystawie Chodorowskiej
idr Markowi Doroszewskiemu.

Cel pracy i metoda

Celem niniejszej pracy bylo skontrolowanie wody pobranej z Jaskini
Zimnej i Kasprowej pod wzgledem:

1. Liczebnoéci komoérek bakteryjnych.

2. Réznorodnoéei rodzajéw bakterii, zasiedlajaeych wode.

3. Aktywnoéei zasiedlajacych wode bakterii w kierunku:

1) amonifikacji bialek zwierzecych, 2) nitryfikacji, 3) denitryfikacji, 4) deni-
tryfikacji w obecnoéci siarki, 5) wiazania azotu atmosferycznego, 6) utle-
niania siarkowodoru, 7) redukcji siarczanéw, 8) redukeji tiosiarczanéw, 9) mine-
ralizacji fosforu organicznego, 10) rozpuszczania fosforanéw, 11) rozkladu
blonnika.

Niewielka glebokoéé zbiornikéw w obydwdch grotach (maks. 30 cm) nakazy-
wala zachowanie duzej ostroznoéci przy zanurzaniu jakiegokolwiek przyrzadu, po-
niewaz lekka warstwa mulu dennego poruszona pradem wody z latwoécia unosila
sie, powodujac bez watpienia przejscie flory bakteryjnej z mulu do wody. Dlatego
zastosowano do pobierania materialu wyjalowiona pipete o pojemnosei 50 ml,
ktéra ostroznie zanurzona w wierzchniej warstwie wody, pobierala ja réwne-
miernie z przekroju od lustra stawku do glebokosci 15—20 cm. Zbierana w ten
sposob wode przenoszono w iloéci 800 ml do wysterylizowanego termosu, ktory
zabezpieczal ja przed zmiana temperatury. Pobrany material dostarczano do
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tymczasowo zainstalowanej pracowni w Kirach i tam dokonywano posiewéw
w czasie okolo 0,5 godziny od pobrania préby z grot (ZoBell E. 1946).

Iloéé komoérek bakteryjnych zawartych w wodzie stwierdzano za pomoca
bezpoéredniego liczenia oraz metoda wysiewu na plytki z zestalona pozywka.
W pierwszym przypadku wiadoma iloéé badanej wody rozmazywano na wy-
mierzonej powierzchni szkielka podstawowego, preparat barwiono 19, roz-
tworem erytrozyny w 5%, fenolu (Sorokin J. I. 1954) i przeliczano liczbe
komérek bakteryjnych przy pomocy okularu pomiarowego. Podstawa do obli-
czeni byla liczba érednia z 20 pol widzenia. (Niestety, nie udalo si¢ z powodu
trudnoéci technicznych zastosowaé filtréw membranowych w zaimprowizowanej
pracowni w Kirach). W drugim uzyskiwano hodowle mikroflory wodnej na
podlozach stalych, biorac do posiewow badana wode w rozcieficzeniu 1 :10
i 1:100. Wode w kazdym rozcieficzeniu wysiewano na dziesieé plytek z po-
zywkami po 0,2 ml na kazda. Po uzyskaniu rozwinietych hodowli bakte-
ryjnych przeliczano iloéé kolonii na plytkach i za podstawe do obliczenn brano
sume kolonii z 10 plytek.

Identyfikacji wyizolowanych z hodowli szczepéw bakteryjnych dokonywano
na podstawie cech morfologicznych oraz fizjologicznych positkujac si¢ kluczem
Bergey’s Manual of Determinative Bakteriology.

Wszystkie posiewy hodowano w temp. 22°C, a obserwacji na nich doko-
nywano w nastepujacych terminach:

1. Wzrost bakterii heterotroficznych na podlozu stalym — po 48 goda.
2. Wazrost bakterii autotroficznych — po 96 godz. i 10 dniach.

3. Do identyfikacji wyodrebniano szczepy z hodowli plytkowych, przetrzy-
mywanych po okresie inkubacji w rozproszonym éwietle w ciagu 14 dni.

W celu obserwacji zdolnoéei bakterii do wykonywania w wodzie przemian
chemicznych postlugiwano si¢ hodowla zespolu bakterii, bedacych w 2 ml badanej
wody, zaszezepiajac ta iloscia wody rézne pozywki. Zdolnoéé amonifikacji bialek
obserwowano na bulionie z peptonem, kontrolujac w uzyskanych hodowlach
obecnoéé produktéw rozpadu bialka (indol, siarkowodoér, amoniak). Utlenianie
soli amonowych, azotynéw i redukeje azotanéw stwierdzano w hodowlach na
roztworach odpowiednich zwiazkéw mineralnych, ktére po 30 dmiach inku-
bowania w temp. 22°C (Winogradski 1953) wykazywaly zanikanie i po-
wstawanie charakterystycznych dla przebiegajacego procesu jonow NO;, NO;
lub NH;. Azotany wykrywano metoda brucynowa L. W. Winklera, azotyny
metoda szacunkowa jodowodorowa, amoniak przy pomocy odezynnika Nesslera
(Struszyrniski M. 1954). Zdolnoéé asymilacji wolnego azotu okreslano
pozytywnie wtedy, jezeli na pozywce bezazotowej uzyskiwano hodowle ko-
mérek bakteryjnych. Redukeje siarczanéw i tiosiarczanéw kontrolowano na
podstawie wytwarzajacego sie siarkowodoru w hodowlach na pozywkach mi-
neralnych, zawierajacych siarczany albo tiosiarczany; utlenianie siarkowodoru
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stwierdzano wtedy, gdy na pozywkach przystosowanych do wzrostu bakterii
siarkowych notowano rozwéj bakterii i wypadanie z roztworu siarki. Minera-
lizacja fosforu organicznego byla obserwowana na plytkach z agarem zwyklym
zawierajacym fosfor orgamiczny w postaci lecytyny i wskaznik ewentualnie
wytwarzajacego si¢ kwasu fosforowego — krede. W celu stwierdzenia
obecnoéei w wodzie grup bakterii rozpuszczajacych fosforany, posiewy
wykonano na plytkach z poizywka agarowa, fosforanem wapnia i glukoza.
Bakterie powodujace rozklad blonnika hodowano na krazkach bibuly
wyjalowionej i uloZzonej na plytee zelu krzemionkowego nasyconego solami
mineralnymi.

Pozywki w niniejszej pracy stosowano nastepujace:

1. Bulion peptonowo-rybny. Stanowi on modyfikacje bulionu miesnego.

Zamiast migsa zwierzat stalocieplnych do sporzadzenia wyciagu uzyto dorsza
w iloéci 600 g na 1000 ml wody destylowanej (doéwiadczenie wlasne). Pozostale
skladniki zachowane byly w proporcjach zwykle stosowanych do przygoto-
wania bulionu. pH ustalono na 7.4.

2. Agar przygotowany na bulionie rybnym. Agaru uzyto w stosunku
3 :100, pH zachowano jak w podlozu poprzednim 7.4.

3. Dla wyhodowania bakterii nitryfikujacych uzywano plytek z zelem
krzemionkowym. Przygotowanie takich plytek jest zmudne i wymaga duzo
starannoéci. Po wyprébowaniu wielu metod oparto si¢ na metodzie opraco-
wanej przez Omelianskiego, cytowanej przez Winogradskiego
(1953).

Posiadane szklo wodne doprowadzono do gestodei 1,06, poczym wle-
wano je, mieszajgc szklang bagietka, do kwasu solnego o gestodei 1,10. Sto-
sunek ilodei szkla wodnego do kwasu solnego wynosil 1:1. Mieszaning wle-
wano do woreczkéw celofanowych i poddawano ja dializie najpierw w wodzie
biezacej w ciagu 24 godz., a nastepnie w ciggu czterech dni w zmienianej co-
dziennie wodzie destylowanej. Po tym okresie dializa byla ukoniczona, po-
niewaz azotan srebra nie dawal w hydrozolu zmetnienia. Uzyskany hydrozol
sterylizowano w butli szklanej w autoklawie w ciagu 20 min. W tym stanie
nadawal si¢ badz do przechowywania, badz do dalszego przygotowywania.
Nastepna czynnoécia prowadzaca do wytworzenia zelu, bylo podgrzewanie
hydrozolu na parowniczce do momentu, kiedy mala jego prébka, polaczona
z roztworem soli, majacym sluzyé bakteriom za pozywke, koagulowala. W trak-
cie parowania trzeba wykonaé kilka takich préb. W naszym przypadku osia-
gano koagulacje po zmniejszeniu objetosci hydrozolu w przyblizeniu do jednej
trzeciej. Wtedy wylewano zel na plytke (uzywano plytki o érednicy 8—5 cm)
i nasycano odpowiednim roztworem soli. Dla uzyskania hodowli bakterii utle-
niajgeych sole amonowe na azotyny stosowano roztwér o nastepujacym skla-
dzie (Fiodorow M. 1952):
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(NH,),S0, —20¢g FeSO, — 04 g
MgSO0, — 05 g CaCOq4 —50¢g
K,HPO, — 10 ¢g woda destylowana 200 ml
NaCl —2,0¢g

Do nasycania plytki zachowywano stosunek objetosci zelu do roztworu
jak 2 :1.

W celu uwidocznienia kolonii bakterii nitryfikujacych, zwykle trudnych
do spostrzezenia, powierzchni¢ nasyconego solami zelu krzemionkowego po-
krywano emalia utworzona z weglanu wapnia (Winogradski 1953).

Kolonie bakterii nitryfikujaeych zakwaszaja w okolo siebie $rodowisko,
powodujge powstawanie przeswietlonego, wyraznie widocznego kregu. Przy-
gotowanie emalii polega na utworzeniu z weglanu wapnia i wody destylowanej
zawiesistej, dobrze roztartej masy, ktéra po wylaniu na plytke z zelem krzepnie
w ciggu kilkunastu minut. Poniewaz naszym materialem wysiewanym byla
woda, trudnoéei wynikajace z tego powodu w zestaleniu sie bialej powloki
usuwano przez przetrzymywanie plytek z uchylona pokrywa w ciagu okolo
20 min. w cieplarce utrzymujacej temp. 30°C.

4. Pozywka dla hodowania kolonii bakterii nitryfikujacych, powodujacych
utlenianie azotynéw na azotany, byl roztwér soli mineralnych zawierajacych
azotyny. Plytki z zelem krzemionkowym nasycano roztworem (Winograd -

ski 1953):

fosforan dwupotasowy— 0.5 g siarczan zelaza — 0,02 g
siarczan magnezu — 03 g siarczan manganu — 0,02 g
chlorek sodu — 03 g woda destylowana — 200 ml

araz 39, roztworem azotynu potasu. Stosunek roztworu soli do azotynu byl
jak 2 : 1. Jako érodka uwidoczniajacego wzrost kolonii uzywano kaolinu i we-
glanu potasu. Zgodnie z zaleceniem Winogradskiego stosowano proporcje,
ktéra na plytke o érednicy 10 em wynosila: 2 ml roztworu wymienionych
soli, 1 ml roztworu azotynu potasu, 0,5 g proszku kaolinowego i 0,03 g
weglanu wapnia. Mieszanine te ogrzewano do wrzenia, wylewano na plytke
i odparowywano.

5. Bakterie powodujace procesy denitryfikacyjne hodowano na pozywce
plynnej, ktérej sklad podano ponizej, oraz tejze pozywce zestalonej agarem
w stosunku 3 :100 (Fiodorow M. 1952). Sklad pozywki plynnej:

s6l Seignette’a — 20,0 g MgSO, — 02 g
KNO, — 2,0 g Woda destylowana 1000 ml
K,HPO, — 05¢g '

6. Denitryfikatory redukujgce azotany w obecnoéci siarki hodowano na
nastepujacej pozywce (Fiodorow M. 1952):
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kwiat siarczany — 10,0 g Na,CO, — 03 g
KNO, — 05 ¢g kreda — 10,0 ¢
MgCl, — 0,1 g woda destylowana 1000 ml
K,HPO, — 02 ¢g

Czysta hodowle wyodrebniano na tej samej pozywce zestalonej agarem.
7. Dla grupy bakterii asymilujacych azot atmosferyczny przygotowano
pozywke bezazotowa o nastepujacym skladzie (Fiodorow M. 1952):

mannitol — 20,0 g K,S0, — 0lg
K,HPO, — 02 g CaCO, — 50¢
MgS0, — 0,2 g fiolet krystaliczny — 0,01 g
NaCl — 02 g woda destylowana — 1000 ml

8. Bakterie redukujace siarczany hodowano na pozywce o skladzie (Fio-
dorow M. 1952):

s6l Seignette’a —50¢g K,HPO, —10¢g
asparagina —20¢g FeSO, — $lad
MgSO, —20¢g woda wodociggowa — 1000 ml

9. Dla bakterii utleniajacych H,S stosowano pozywke stala o skladzie
(Fiodorow M. 1952):

K.S : — 30¢g MgCl, — 0l¢g
K,HPO, — 0,2 g agar — 30,0 ¢
NH,CI — 01g woda wodociagowa — 1000 ml

10. Przy hodowli bakterii redukujacych tiosiarczany stosowano pozywke
(Fiodorow M. 1952):

mleczan sodu — 5.0 ¢g Na,S,0, — 0,5 g
asparagina —10¢g woda destylowana 1000 ml
K,HPO, —1,0¢g

11. W celu wyodrebnienia grupy bakterii mineralizujacych fosfor orga-
niczny przygotowano pozywke, (Fiodorow M. 1952) dodajac do agaru
z bulionem lecytyne, jako zrédlo fosforu orgamicznego, oraz weglan wapnia
dla uwidocznienia wytwarzanego przez kolonie bakteryjne kwasu fosforowego.
Pozywka taka miala wyglad nieprzezroczysty, mleczny, a po wzroscie kolonii,
wytwarzaly si¢ w miejscu dzialania poszukiwanych bakterii miejsca prze-
swietlone.

12. Bakterie rozpuszczajace fosforany hodowano na pozywce (Fiodo -
row M. 1952) o skladzie:

wyciag glebowy — 200 ml agar — 6,0 ¢g
glukoza — 4,0 g NaCl — 10¢g
pepton — 60¢g
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Na plytki Petriego dawano nieco Cay(POy),, a nastepnie nalewano uplyn-
niong wyzej podana pozywke; poruszajac plytka mieszano jej zawartosé w ten
sposéb, azeby fosforan utworzyl réwnomierna zawiesine. Dzigki metabolizmowi
komdérek bakteryjnych wytwarzany kwas daje przeswietlone pola wokél ko-
lonii bakteryjnych.

13. Nastepnym podlozem byla pozywka przystosowana dla wzrostu bakterii
rozkladajacych blonnik. Byly to plytki z zelem krzemionkowym (Fiodorow
1952) nasyconym roztworem Winogradskiego o skladzie:

KNO, —25¢g FeSO, — 0,01 ¢
KH,PO, —10¢g Mn,(SO,), — 0,01 g
MgSO, — 0,5 g woda destylowana 200 ml
NaCl — 05 g

Na zel nasycony solami kladziono krazek wyjalowionej bibuly. Posiewu
dokonywano na bibule.

Poza wymienionymi powyzej, stosowano w toku pracy pozywki zwykle
wymagane dla identyfikacji wyizolowanych szczepéw bakteryjnych.

Wyniki obserwacji

Obliczanie ilodci bakterii zasiedlajacych wode, na podstawie dotychczaso-
wych metod, budzi zastrzezenie co do $cisloéci wynikéw. W naszym przypadku
zarejestrowano w przyblizeniu liczby, ktére sa rézne, w zaleznoéci od sposobu
dokonanych obserwacji (tabl. I).

Identyfikacja przedstawiala duze trudnoéci, szczegélnie przy ustalaniu
gatunku. Czesto zespél obserwowanych cech nie przedstawial wszystkich wy-
maganych w kluczu wladciwoéei, czesto cechy pojedyncze tylko réznily szczep
badany od opisanego w kluczu, dlatego ograniczono sie do ustalenia tylko
nazwy rodzajowej.

Spoéréd wyodrebnionych bakterii okreélono nastepujace rodzaje. W wodzie
jaskini Zimnej i Kasprowej: Thiobacillus, Pseudomonas, Azotobacter, Achromo-
bacter, Flavobacterium Staphylococcus i Sarcina, ponadto z wody jaskini Zimnej:
Vibrio i Cytophaga.

Analizy chemiczne roztworéw zaszezepionych woda z grot wykazaly duza
zbieznoéé wynikéw w przemianach bakteryjnych u grup bakterii pochodzacych
z groty Zimnej i z groty Kasprowej.

Bakterie zasiedlajace wode obydwu zbiornikéw sa zdolne do redukowania
azotanéw do wolnego azotu. Proces ten przebiega w warunkach hodowlanych
energicznie. Bakterie znajdujace sie w 2 ml badanej wody zredukowaly w ciagu
30 dni 50 mg azotanu potasu do wolnego azotu. W doéwiadezeniu, gdzie akcepto-
rem tlenu byla siarka, azotany w iloéci 25 mg byly zredukowane czesciowo.
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Procesy nitryfikacyjne przebiegaly w stopniu nieznacznym, poniewaz tylko
w doéwiadezeniach z groty Zimnej zaobserwowano czeéciowe utlenienie azo-
tynéw do azotanéw, natomiast utleniania soli amonowych nie zanotowano.

Doéwiadezenia majace na celu obserwacje przemian zwigzkéw siarki daly
pozytywny wynik w procesie utleniania siarkowodoru. Redukcji siarczandw
nie stwierdzono.

Tabela I
Liczebnosé bakterii w wodzie groty Zimnej i Kasprowej

Liczba bakterii w 1 ml wody
Metoda obliczania
grota Zimna grota Kasprowa
Bezpoérednie liczenie 3000 2500
Hodowla na agarze -} lecytyna 300 350
5 denitryfikatoréw 2650 2400
A denitryfikatoréw w obec-
noéci S 105 40
4 nitrozyfikatoréow 6,5
- nitryfikatoréw 0,3 1
X bakterii rozkladajacych
blonnik 0,1 0
25 bakterii rozpuszczajacych
fosforany 1,4 0,5
o bakterii mineralizujacych
fosfor organ. 1,4 0,5

Zdolnoéé bakterii do rozpuszczania fosforanéw zanotowano tylko w nie-
licznych przypadkach. Z 10 ml wody, pochodzacej z groty Zimnej, wyhodowano
tylko 14 kolonii bakterii posiadajacych te zdolnoéé, a z groty Kasprowej 5 ko-
lonii. Kolonie bakteryjne mineralizujace fosfor organiczny uzyskano réwniez
w pojedynezych egzemplarzach, a koloni¢ rozkladajaca blonnik wyhodowano
tylko jedna z 10 ml wody z groty Zimnej.

Dyskusja

Rezultaty analiz bakteriologicznych, uzyskanych na podstawie jednorazo-
wego pobrania materialu, mozna zakwalifikowaé wylacznie jako orientacyjne.
Rozpatrywanie uzyskanych wynikéw w naszym przypadku usprawiedliwia
fakt, ze panujace w omawianych grotach warunki ulegaja w ciagu roku nie-
wielkim wahaniom (Kowalski K. 1953). Brak &wiatla nad zbiornikami
wodnymi, temperatura powietrza zamykajaca si¢ w przyblizeniu w granicach
od 2,5 do 4,4°C, brak roélin zielonych i obecnoéé nielicznie reprezentowanych
organiz méw wyzszych upowaznia do przypuszczenia, ze zZycie mikroorganizméw
przebicga w stosunkowo duzej réwnowadze zaklécanej niespodziewanie wzmo-
zonym doplywem z zewnatrz wéd bogatych w detritus.
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Zanotowane wyniki liczbowe naszych obserwacji wskazuja na niski stopiex
zasiedlenia bakterii w zbiornikach obydwu grot. Szczegélnie sa tu nielicznie
reprezentowane grupy bakterii wymagajacych pozywienia organicznego, w prze-
ciwieristwie do stosunkéw panujacych w wodzie malych ale odkrytych zbior-
nikéw (Fischer E.). Fakt ten wyjasnia niedostatek w wodzie substancji
organicznych. Natomiast liczba bakterii denitryfikujacych i tionowych, przy-
padajaca na 1 ml wody, jest rzedu czesto spotykanego w drobnych zbiornikach
wodnych o charakterze polnym badz lgkowym.

Niestety, brak danych chemicznych o wodzie z grot nie pozwala na blizsza
analize tych zjawisk. Przypuszczalnie w naszym przypadku czynnikiem sprzy-
jajacym rozwojowi omawianych grup fizjologicznych bakterii jest stosunkowo
male natlenienie wody (brak roélin zielonych) i, byé moze, obecnoéé soli wa-
pniowych kwaséw organicznych. Takie zalozenia laczylyby sie logicznie z nie-
wielkim rozwojem grup bakterii nitryfikujacych, poniewaz grupy utleniajace
NH; na NO; sa bardzo czule na brak tlenu, a grupy utleniajace NO; na NO;
zle rozwijaja sie w obecnoéci amoniaku, powstajacego w trakcie procesu de-
nitryfikacji (Fry B. A. 1955). Sa to jednak tylko przypuszczenia, wymagajace
dalszych prac w tym kierunku.

Analiza dokonanych obserwacji nasuwa wniosek, ze mikroflora wodna
w omawianych grotach posiada wartoéé przede wszystkim potencjalna. To-
czgce sie w wodzie procesy przemian bakteryjnych nie sa ozywione, ale godna
uwagi jest réznorodnoéé grup fizjologicznych w zespole bakteryjnym zbiornikéw.
W przypadku zaistnienia w zbiornikach wodnych pomyélnych warunkéw zy-
ciowych, flora bakteryjna przygotowana jest do wziecia czynnego i wielo-
stronnego udzialu w obiegu materii w wodzie.

E. ®unmep
BakTepun JABYX BOJOEMOB TATPAHCKHX Ielep
Pesiome

IIposesien GbLT MHKPOOMOJIOTMUYECKUH aHATM3 BOJ JBYX MEJIKHX TaTPAHCKHX
BOJIOEMOB, M3 KOTOPBIX OJHMH HAaXOJWUTCS B Iemepe 3UMHOM, a Bropoi B Kac-
TIPOBOH.

Pe3ybTaThl MOJICYETOB KOJIMUECTBA OAKTEpHif, OOMTAIONMX ITH BOHIOEMBI,
npejcraBieHbl Ha Tabuame 1.

Cpe BBIM30JMPOBAHHBIX IUTAMMOB OmpejeseHo cienyiomue poasl: Thio-
bacillus, Pseudomonas, Vibrio, Azotobacter, Achromobacter, Flavobacterium,
Staphilococcus, Sarcina n Cytophaga.

Ha6moneHne XUuMHYECKUX H3MEHEHUH , HACTYNAIOIHX IO/ BiIusiHueM OaxTepuit,
OOHApPY)KHJIO BBICOKYI0 AKTHBHOCTh OaKTepuif B BOCCTAHOBJIEHHHM HUTPATOB.
Baxkrepuun, HaXoAmMecss B 2 MJI BOJBI, BOCCTaHaBMBaH 50 Mr a3oTOKHCIIOro
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xammsi B Teuenne 30 jueit. C MeHblIel sHeprueil IMpOTEKaJ0 BOCCTAHOBICHHE
TOrjia, KOrJia aKIenTOpoM KHCJIOpOoAa SIBJLLJIACh cepa.

B Teuenun 30-7HEBHOro ONBITA MPOIECCOB HUTPU(DUKAIMU HE OTMEUEHO.

OKHCIeHNsT aMMOHHMIHBIX coyielf He oOHapy)keHO. TOJIBKO XUMHYECKHE aHa-
JIM3BI KYJIBTYPBI BOAHBIX OaxkTepuil M3 mnemepsl 3UMHON OOHAPY)KHIIM YaCTHUYHOE
OKHMCJICHHE HHUTPHTOB B HHUTparbl. HaOGiiojeHHs1 Haj OOMEHOM CEepOCOAEpIyKalux
COEMHEHHH [JaJIM IIOJIOYKUTEJBHBIE PpEe3yJIbTaThl TOJBKO B CiIyyae IIPOIECCOB
OKHCJICHHsI CEpOBOJOPOJA. BOCCTaHOBJIEHHST cyasaToB M THOCYIH)ATOB HE
0OHapY»KEHO. :

CnocoGHOCTh GaxTepuit pacTBOpATH (pocdarsl OTMEUCHO B HEMHOIOUHMCIEHHBIX
cryuasx. M3 10 a1 Boas! U3 nemepbl 3UMHOM yAaI0Ch 1OIyunTh 14 GakTepuais-
HBIX KOJIOHMIT, 00JIaJaloluX 9TOM CIOCOOHOCTHIO, a M3 BOJBI nemepsl Kacrpo-
BO# TOJIBKO 5.

MUKpPOOPraHu3Mbl, MHHEPAIM3UPYIOIIHE oOpraHuveckuit dochop mmm pas-
JIaraloIue IIeJUII0NIO3, YAAJI0Ch KyJIBTHBHPOBATh TOJIBKO B €MHHYHBIX 9K3eM-
IUIsIpax.

E. Fischer
The Bacteria of two Water Reservoirs in Tatra Caves

Summary

A microbiological analysis of water in two small mountain cave reservoirs,
one of them called Zimna and the other Kasprowa, has been carried out. The
result of computation of bacteria compounds in the water of both reservoirs
are indicated in table I.

Among the isolated strains following genera have been determined: Thio-
bacillus, Pseudomonas, Vibrio, Azotobacter, Achromobacter, Flavobacterium,
Staphylococcus, Sarcina and Cytophaga.

The observation of chemical transformations occurring thanks to bacteria
metabolism has disclosed a strong bacteria activity concerning nitrate re-
duction. The bacteria found in 2 ml. water were able to reduce 50 mg. of ni-
trate potassium in the course of 30 days. The reduction was less rapid when
sulphur was used in the experiment as oxygen acceptor.

No nitrification process has been observed in the time limited for expe-
riment. No ammonium salt oxydation could be stated either by bacteria in
the water of Zimna cave or in that of Kasprowa. Only the chemical analysis
carried out in the culture of bacteria coming from the water of Zimna cave
did indicate a partly oxydation of nitrites to nitrates. Observation of transfor-
mations of suplhur compounds has given positive results only in processes of
H,S oxydation. No reduction of sulphates or thiosulphates has been noted.
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The bacteria’s ability of dissolving phosphates has been noted only in

few cases. In 10 ml. water from Zimna cave only 14 colonies having that
ability have been grown and from Kasprowa cave only 5.

Microorganisms capable of mineralizing organic phosphorus and dissolving

cellulose were grown also only in single cases.
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