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Description of a process of colonization of new substrates by periphyton
organisms in the lake littoral was the aim of the study. Free-living nematodes (N ematoda)
were the main objective of the study. A degree of attachment of nematodes to a substrate,
length of their life cycles, and changes in numbers were determined as based on observe-
ticns which pertain to the biology and ecology of nematodes. Regularities in the process
of colonization of new substrates were described. Taking an advantage of the field and
laboratory experiments an analysis was made of the process of colonization, its
mechanisms and controlling factors.
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L INTRODUCTION

Characteristic .of regularities in the process of colonization of new
substrates by periphyton organisms, with an attempt made to define factors
which controlled the process, was the theme of the study.

Colonization of both natural substrates present in the littoral zone of a lake
and those artificially introduced into a reservoir was investigated.

The study is based on field observations as well as on field and laboratory
experiments,

Free-living nematodes being the constant and numerous component of
periphyton, were the main objective of the study.

A number of observations pertaining to biology of nematodes were made in
order to explain some regularities which occur in the process of colonization
of new substrates. Other organisms (Algae, Tendipedidae, Oligochaeta), which
were more abundant in periphyton, were also studied.

A process of colonization of new substrates by periphyton organisms is
a natural phenomenon, which takes place constantly in water reservoirs. In
spring, for example, periphyton appears on the higher aquatic plants that start
growing in a reservoir. It may also appear on various non-living materials
introduced into water merely by chance, or purposefully by a man, at any season
of a year, as well as on any kind of substrates flooded with water, when its
level changes. In natural conditions periphyton constitutes a biocenose which
forms and organizes itself constantly, and therefore, the most important
problems concern its formation during the process of colonization.

In literature, one can find a variety of views concerning definitions of
periphyton, its terminology, as well as the position and role of periphyton in
water biocenoses.

Historical review of several definitions and terms used in this field was given by
Naumann (1931), Duplakov (1933), Roll (1939), Sramek-Hudek (1947), and
Cook e (1956).

The term “‘periphyton’’ was introduced by Behnin g in 1924. The author understood
it as an assamblage of animals and plants settled down on various materials introduced
into a reservoir. Later on, the term has been extended to comprehend the animal and
plant organisms which settle down on all solid substrates present in a reservoir. Two
terms, which were introduced earlier the literature: ““Aufwuchs’’ — by Seligo in 1905 and
““Bewuchs’’ — by Hentschel in 1916, were of the similar meaning (acc. to Cook e 1956).

In more recent American literature, besides the term “periphyton’’, the descriptive
terms: ‘‘attached material’’ and ‘‘seeding on” are used to denote the organisms that
appear on various substrates in water reservoirs (Cook e 1956).

In Russian literature, besides the term ‘‘periphyton’’, other terms are also
encountered, namely: the term ‘‘narosty’’ — usually used for the organisms that grow on
living substrates and “‘obrosty’’ — for those that grow on non-living materials (Zierno v
1945, Lipin 1950). Also the term ‘‘obrastanija’ is often used (Gorbunov 1955,
Sokolova 1959, and others).
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Besides. the terms mentioned above, which Jre the most often used, other terms
can be also found in the literature. For example, Srédm ek-Hu Sek (1946) has introduced
the temn ‘‘epiholon’’ to denote the grouping of organisms which are attached to various
materials sulmerged in water reservoirs, Furthermore, he divided it into: ‘‘epilithon”’,
“‘epiphyton’’, ““epizoon’’, etc., according to the kind of substrate.

Various authors, irrespective of the fact which term they accept, put in it
different ecological meanings. A great deal of them do not consider ““periphyton”
as an independent ecological unit'. In 1933, after many years of study on
periphyton, Duplak ov has defined it as an|1ndependent biocenotic unit. Of the
same opinion are: Karsinkin (1934), Srémek-Hu¥ek (1946), Wysocka
(1952), and others. All these authors emphasize the fact that periphyton can
be considered as an independent biocenotic unit, because it consists of the
organisms that represent 3 fundamental trophic levels, namely, producers,
consumers and reducers.

The approach to periphyton organisms differs in hydrobiological literature
concerning classification of water organisms. Some authors do not recognize
these organisms as an independent community. For exanple, Naumoyv (1961)
classes them among benthos, Zadin (1950) —among microbenthos, and Litydski
defines them as the attached and anchored benthos (however, he considers the
groupings of the organisms that grow on the materials introduced into a reservoir
as the independent microbiocenoses). Another group of authors regard periphyton
as an ecological group within benthos (Ziernov 1949, Bogoslovskij 1960,
Welch 1952) . Others define periphyton as an independent grouping of water
organisms, of equal rank as benthos or plankton (Lipin 1950, Odum 1953,
Ruttner 1953).

In the majority of cases, only the organisms that attach to a substrate are
considered as periphyton. However, a great deal of authors emphasize the fact
that lots of nonattached organisms — planctonic or free-swimming forms — occur
in periphyton abundantly (Young 1945 Newcombe 1950, Welch 1952,
Ruttner 1953). Ruttner (1953) regards these organisms as a permanent
component of periphyton, defining the latter as a grouping of plant and animal
organisms; both, these that attach to a solid substrate and those that swim
freely among the attached forms. In practice, many of authors recognize the
nonattached forms as components of periphyton, inspite of the usually accepted
definition. Other authors distinguish true-periphyton organisms and pseudo-
-periphyton organisms with various degree of attachment to a substrate
(Willer 1923, Gorbunov 1955, Sladeckova 1960, and others).

In the present work the meaning of the term ‘‘periphyton’ is similar to
that of Ruttner’s definition (1953). Periphyton is considered here as an
independent ecological unit. It consists of not only permanently sesile foms,

1In further discussion of the literature, various terms of the similar meaning used
by the authors cited will be substituted by the term ‘beriphyton”.
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but also of temporarily sesile forms and free-swimming ones, which occur
in periphyton abundantly, and which find there the suitable place to live in.

A great deal of papers, dealing directly or indirectly, with the problem
of colonization of new substrates by periphyton organisms, can be found in
the literature. Investigations of this kind depend usually on observations
of the process of settling down various groups of organisms on substrates
introduced to water reservoirs experimentally. The method depending on
observations of the growth of periphyton on the artificial substrates, and not
on the natural ones, is commonly used. 'k allows to collect the quantitative
material quite easily, whereas the quantitative sampling from natural substrates
is rather difficult.

Since glass was the most often used material as the substrate, the method'is
known in the literature as the glass slides method. The standard microscope slides
were usually applied, but also glass plates of different shape and dimention, as well
as sheets of plastic, of different alloys, and lumps of cement were used for experi-
mentation. The list of the materials that served as the substrates has been presented
by Cooke (1956). The glass slides were placed in water differently, either laid
down on the bottom, or suspended in wooden frames on floats (Duplakov 1933,
Abdin 1949, Wysocka 1952, 1957, Wysocka-Bujalska 1958b, and others),
or placed in boxes with compartments (Karsinkin 1934), Various apparatuses
were also invented (Bissonnette 1930, Brien 1954, Patrick and others
1954).

Papers pertaining closely to the process of colonization of new environ-
ments, with an emphasis laid on the process of organization of a new biocenose,
deal with several problems.

A number of authors were concerned with succession of the periphyton biocenose
(sequence of domination of species or groups of species, changes in numbers, ect.).
Among them: Duplakov (1933), Smaragdova (1937), Ivlev (1934, 1954), Scheer
(1945), Odum (1957), Wysocka (1952), Wysocka-Bujalska (1958a, 1961),
Sladecko va (1960), and others.

Some of the authors distinguished developmental stages of periphyton biocenose
during the course of its formation in the result of settling of organisms. Duplakov
(1933), for example, has distinguished 3 stages in the periphyton appearing on experi-
mental substrates introduced into water reservoirs, namely, the period of cumulation
when species accumulated on the substrate), the period of reconstruction (when the
settled species changed in numbers), and the period of stabilization (when the species
composition stabilized). Ivlev (1933), Gorbunov (1955), and Wysocka-Bujal-
ska (1958a, 1961) have also described various stages of periphyton hiocenose.

The problem of ‘‘protective’’ or ‘‘antagonistic’’ relationships, existing among
components (species) of periphyton biocenose during its formation, is another subject
of investigation in papers dealing with colonization of new substrates by periphyton
organisms. These investigations are based on the field observation mainly and contain
an analysis of co-occurrence, or lack of co-occurrence of dominant species or groups
of species, but some experiments, involving elimination of various species or suppress-~
ion of their reproduction, were also made. Such observations were carried out by
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Duplakov (1933), Smaragdova (1937), Ivlev (1933, 1954), and Wysocka
(1952), Wysocka-Bujalska (1958a). All these authors have found the ‘‘protective’
and ‘‘antagonistic’’ relationships existing among different species of periphyton
biocenose, with different - interrelations among the species investigated in various
ecological conditions.

In some investigations on colonization of new substrates by periphyton organisms,
the authors emphasize the role of factors differentiating and controlling the develop-
ment of periphyton. Differentiating effect of the type of substrate on settling of
periphyton organisms is a subject of the paper by Pieczyfiska and Spodniewska
(1963).

Besides the papers discussed above, that deal with the problem of settling
of organisms directly, there is a number of papers that pertain to this problem
only indirectly. In these papers an advantage was taken of the fact that
periphyton organisms appeared rapidly on the newly introduced substrates.
It made possible to analyze certain problems concerning the occurrence of
periphyton organisms. An analysis of periphyton was usually made after
a certain period of time, when the periphyton was already formed, with no,
or little, attention given to the process of its fomation.

Such papers deal with the comparison of periphyton of various reservoirs, with
the time and space differences of its occurrence, with vertical stratification, etc. .

Some recent papers deal with production of periphyton on substrates introduced
experimentally into reservoirs (Newcombe 1950, Castenholz 1960, 1961,
Waters 1961).

The *‘glass slides method’’ has been also used for practical purpose. In Poland
Wysocka (1957, Wysocka-Bujalska 1958b) has used this method to study
biological composition of polluted waters. The method was also taken into account
in elaborations published by Kolkwitz (1950) and Liebmann (1951).

Since periphyton organisms settle down in masses on boats, ships and on various
harbor equipment, the investigations aiming at distruction of these organisms are
of great practical importance. Such investigations were carried out by Parker (1924),
Hopkins (1935), Jonson and Miller (1935), Coe and Allen (1937), and
others.

As it was shown, the investigations discussed above, concerning colo-
nization of new substrates by periphyton organisms, cover various problems.
Nevertheless, such aspects as description of regularities involved in colo-
nization of new substrates in natural conditions and analysis of factors
controlling the course of the colonization process, which are the theme of the
present paper, were disregarded in the literature. It should be emphasized
that the majority of the discussed papers concemed penphyton algae, only
few papers dealt with animal components of periphyton.

II. METHODS

Investigations on colonization of new substrates by periphyton organisms
were carried out in different parts of the littoral zone of the lake Mikolajskie
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and, to a smaller extent, of the lakes: Sniardwy and Taltowisko (Mazurian
lake district). The work was done during the years 1960-1962.
Observations have been made on the
\x occurrence and the settling process of
periphyton organisms on natural substrates
present in the reservoirs (mainly mac-
rophytes) as well as on artificial substrates
introduced into the lakes experimentally.
Microscope glass slides were most
often used (2.5 x 7.5) as the experimental
substrates. The glass slides were mounted
in small boards with grooves (Fig. 1).

\ X Besides the glass slides, glass plates
and tubes of different dimention were also

J used. They were either driven into the

bottom, or suspended on special stands.
The quantitative samples of periphyton
were collected from the experimental
substrates by scraping off the periphyton
WAN from the defined area of the substrate.
From plants, the quantitative samples
for sticking into bottom (based were taken by cutting off some parts of
on Wysocka-Bujalska’s model — their stalks. The surface of these parts
unpublished data) was determined in the laboratory after
the removal of periphyton.

Of the colletted material the following taxonomic groups ,were’ elaborated:
Nematoda — all individuals were taken out of the samples and counted,
the sex and age structures of dominants and the species composition were

Fig. 1 — Stand with glass slides

determined.

Oligochaeta and Tendipedidae — only numbers were counted.

Algae — numbers and the species composition were defined by I Spodniew-
ska. She made the quantitative and qualitative analyses of this group, according
to the method described in one of her papers (Spodniewska 1955).

The total quantity of periphyton was also| determined by placing the scraped
off periphyton into calibrated cointainers filled with water. The records of
sediments were taken after 24 hours. j

The numbers of individuals of the investigated species were related to
the area of 100 cm? of the substrate surface and to the volume of 10 cm®

of periphyton.
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III. PERIPHYTON NEMATODES (NEMATODA)

l. Composition of species and chosen elements
of their biology

In the former studies (Pieczynska 1959, 1961, and unpublished data;
Pieczynska and Spodniewska 1963), camried out on several tens of
the Mazurian lakes, it was found that the species Prochromadorella bioculata
and Punctodora ratzeburgensis showed the clear predominance among the
periphyton nematodes (about 90% of the total number of nematodes). These
two species occurred in various proportions. Only in several lakes and in
certain types of periphyton other species of nematodes predominated. These
were: Dorylaimus filiformis Bastian 1865, Prochromadorella viridis (v. Linstow
1876) and Rhabdolaimus terrestris de Man 1880,

In the lakes under the present investigation the numbers of Prochromado-
rella bioculata and Punctodora ratzeburgensis also amounted to over 90%
of total number of nematodes. However, the proportion of these two species
varied on different substrates.

The total number of species found in the material was as high as 28 species
of nematodes. The list of the species is as follows (taxonomic order acc.

to Meyl 1960):

Diplogasteridae
1. Diplogaster rivalis (Leydig 1854)
Aphelenchidae
2. Aphelenchoides sp.
Plectidae
3. Plectus cirratus Bastian 1865
4, Plectus granulosus Bastian 1865
5. Plectus parietinus Bastian 1865
6. Rhabdolaimus terrestris de Man 1880
Monhysteridae
7. Monhystera dispar Bastian 1865
8. Monhystera paludicola de Man 1881
9. Monhystera similis Butschli 1873
10. Monhystera vulgaris de Man 1830
11. Prismatolaimus intermedius (Biitschli 1873)
Chromadoridae
12. Chromadorita leuckarti (de Man 1876)
13. Prochromadorella bioculata (M. Schultze 1858)*
14. Prochromadorella viridis (v. Linstow 1876)*
15. Punctodora ratzeburgensis (v. Linstow 1876)
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Cyatholaimidae
16. Achromadora terricola (de Man 1880)
17. Ethmolaimus pratensis de Man 1880
Ironidae
18. fronus ignavus Bastian 1865
Tripylidae
19. Tobrilus gracilis (Bastian 1865)
20, Tobrilus longus (Leidy 1852)
21. Tobrilus zakopanensis (Stefanski 1924
22. Tobrilus sp.
Mononchidae
23. Mononchus macrostoma Bastian 1865
Dorylaimidae
24. Dorylaimus filiformis Bastian 1865
25. Dorylaimus flavomaculatus v. Linstow 1876
26. Dorylaimus helveticus Steiner 1919
27. Dorylaimus sp.
Actinolaimidae
28. Actinolaimus macroldmus (de Man 1834)

In the literature only fragmentary information can be found on the biology
of the listed species that belong to the family of Chromadoridae, and which
live in masses in periphyton.

Micoletzky (1925), Overgaard-Nielsen (1949), Goodey (1951), and
Hyman (1951) wrote that these species feed on algae mainly.

Micoletzky (1925) and Hyman (1951) have emphasized the fact of high
oxygen requirements of these species.

Meschkat (1934), during his laboratory and field studies, has found that the
individuals of Prochromadorella bioculata and Punctodora ratzeburgensis secrete
from their caudal glands the long threads of gluing substance, which enables them
to fasten temporarily to a substrate. He stressed the fact that the threads of glue
secreted by nematodes form the ‘‘scheleton’’ of the whole periphyton. The Meschkat’s
observation was also cited by Bronns (1939).

Because of the fragmentary literature data, which has been mentioned
already, some observations on biology of periphyton nematodes were made
in the present study. Only the indespensable problems, necessary for further
interpretation of the colonization process of new substrates by periphyton
organisms, were investigated.

Within this part of study some field and laboratory observations were inade

2 According to Meyl (1960) the genus to which these species belong is: Chromado-
rina, In the present paper, the genus Prochromadorella, often used in the literature
and also in previous papers of the present author, was retained for these species.
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on the degree of attachment (degree of connection with a substrate) of the
dominant species Prochromadorella bioculata and Punctodora ratzeburgensis.
The procedure of these investigations was as follows:

1. Individuals of the species investigated were
taken out of the samples of periphyton growing
on reeds, and placed into the Petri dishes con-
taining the lake water with single cells of algae
and small amount of detritus. The distribution
of the nematodes was determined with the use
of the stereoscopic microscope. It hes been ob-
served that after 10 to 20 minutes the nematodes
attached themselves with the secreted substance
to the particles of detritus and to the cells of
algae. During several days of observation it was
found that about 90% of the individuals were
attached to the substrates. The secretion coming
from the caudal glands in shape of threads about
100 p long can be seen under the stereoscopic
microscope at the proper lighting.

2. The glass slides, with stripes of glass
glued on their margins (Fig. ‘2 in order to retain
a thin layer of water over the periphyton during \
later observations under the microscope, were
submerged in water of the littoral zone. After
several days of submersion the appearing nematodes Fig. 2 — Plate used for
were examined every day. The slides were covered study on the degree of:
with glass plates while under the water surface, attachment of nematodes
then taken out of water and immediately searched
under the microscope. During each observation the majority of individuals
were found attached to the substrate. The numbers of individuals found in
the preserved material, after the experiment ended, were 6 time as high as
during the observations made on the living material. It can be supposed that
a great deal of individuals were hiden among threads of algae. It should
be added that the observations were made on the ‘‘young” periphyton, 10 days
of submergence period, at most, and that such periphyton does not form long
“beard’’ yet, which would have made the observations more difficult.

3. Water in the littoral zone was agitated with an oar before sampling

/

/

in order to strike off the periphyton organisms attached to reeds growing
abundantly in this place. Having it done, the samples of water were taken
and immediately searched. It was found that only 40% of the total number
of nematodes were swimming in the water non attached to any particles of
substrate, the rest of them were attached with the threads of glue to various
particles of detritus or to alga cells.
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In all series of the experiment, the species Prochromadorella bioculata
and Punctodora ratzeburgensis showed very similar degree of attachment
to the substrate. However, some sex differences were noted. Females of these
species showed somewhat. higher degree of attachment than males. It was
found that the sex ratio of females to males was on average 2:1 in materials
gathered from various environments during several years of study.

The results of all the experiments discussed above, as compared with
the Meschkat’s data (1934), give a good evidence that periphyton nematodes
are attached to a substrate strongly in mechanical way. In natural conditions
they entangle with colonies of algae, and besides this, their caudal glands
secrete the substance, with which they attach themselves quickly and fimly
to a substrate.

Some observations were also made on the life cycles of Prochromadorella
bioculata and Punctodora ratzeburgensis.

No information can be found in the literature on the life cycles of periphyton
nematodes. Some sporadical observations that were made pertain, in general, to
free-living nematodes. Steiner and Heinly (1922) have defined the duration of
the life cycle of Mononochus papillatus (from egg to egg) as 50 days. Overgaard-
-Nielsen (1949), working on biology of soil nematodes, has determined the time
required for development from egg to egg for several species of nematodes. According
to his data, the life cycles of the species that occur also in fresh waters is as follows:
Alaimus primitivus, Plectus cirratus, Prismatolaimus dolichurus — 20 to 30 days;
Achromadora dubia, Plectus parvus, Wilsonema auriculatum — 20 days:, Anaplectus
granulosus — 25 days; Tripyla setifera — 30 to 40 days. For the other species, living
exclusively in soil, the duration of life cycles ranges from 15 to 25 days.

The cultures of Prochromadorella bioculata and Punctodora ratzeburgensis
were set in the laboratory in order to determine the life cycle of these species.
The nematodes were kept in small containers, 2 cm® of volume, filled with
the lake water containing single cells of algae. The containers were covered
with no. 25 bolting cloth and placed into an aquarium with water of high oxygen
content. Observations were made in 2-day intervals. Each time, the containers
had been removed from the aquarium and their contents transfered onto the
Petri dishes and searched under the stereoscopic microscope. Then the
nematodes were reintroduced into the containers. In 60% of cases the nematodes
died after several days of observations. In the rest of cultures, in which the
nematodes have survived, the following results were attained. Of 136 investi~
gated individuals only 3 Punctodora ratzeburgensis and 2 Prochromadorella
bioculata went through complete development, i. e., they laid their eggs, which
developed into the adult individuals filled with eggs. The time required for
this was 26, 30 and 33 days for the specimens of Punctodora ratzeburgensis,
and 29 and 34 for these of Prochromadorella bioculata. During 16 to 22 days,
20 days on average, 40 individuals of Punctodora ratzeburgensis, and 34
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individuals of Prochromadorella bioculata went partialy through their develop-
ment from the stage of young larva to the stage of an adult ready for reproduc-
tion. No difference was found in the rates of development of both species
in the experiment. It was also observed that females of these species laid
3 to 10 eggs, on average 5 eggs, during 10 day period.

The results of these experiments: 26 to 34 day cycle for Prochromadorella
bioculata and Punctodora ratzeburgensis, are in accordance with the
Overgaard-Nielsen’s data cited above (1949) on duration of the life
cycles of other species of fresh water nematodes. To avoid an error that
might result from the fact that living conditions in the experiment differed
from those in nature, and that there was not enough replications in the experi-
ment, it is safer to extend the obtained results on duration of life cycles
of Prochromadorella bioculata and Punctodora ratzeburgensis to 20—40 days.

2. Seasonal changes in numbers

In order to achieve the proper interpretation of problems, which will be
discussed later on in the paper, on the process of colonization of new
substrates by periphyton organisms, it is also necessary to learn about changes
in numbers of the investigated groups of organisms. Of a great importance
is especially the rate of reproduction of these organisms. This problem, in
its general scope at least, has been investigated for the majority of water
organisms, whereas no reliable quantitative data on occurrence of periphyton
nematodes and even other fresh water nematodes can be found in the literature.

A number of investigations concern the occurrence of fresh water nematodes
during various seasons of the year (Borner 1922, Schneider 1922, Meuche
1939, Paetzold 1955) but unfortunately these data do not allow for generalization.

Meschkat (1934) investigated in details the annual changes in numbers of
periphyton nematodes. The author found the maximum of numbers of nematodes in
spring and their minimum — in winter,

Although quantitative investigations on occurrence of soil nematodes (the forms
closely related to fresh water nematodes) are more extensive and numerous, they
do not supply the consistent data. Micoletzky (1921) has found the maximum
of numbers of soil nematodes occurring in autumn and their minimum — in winter.
Seidenschwartz (1923) has described considerable changes in numbers of
nematodes during the annual cycle with the highest numbers observed in summer,
the smallest — in winter. He has also stated that various species of nematodes
achieved their maximum numbers in different seasons of the year. Dziuba and
Witkowski (1959) have observed conspicuous annual changes in numbers of pe-
matodes, different in soil of various plant cultures. On the other hand, Overgaard-
-Nielsen (1949) has questioned the presence of seasonal changes in numbers
of nematodes on the basis of his own data and those of Franz (1942) and Stock!li
(1943).
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In the present paper thorough investigations on seasonal changes in
numbers of nematodes were carried out on 2 stations in different places of
the littoral zone of the lake Mikotajskie. On each station the material was
collected from the shallow part of the littoral zone close to the shore, with
depth of about 20 cm, and from its deeper part, about 1.5 m deep. The sites,
where the stations were located, as well as the majority of the littoral, were
overgrown with uniform belt of reeds (Phragmithes communis Trin.).
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Fig, 3 — Seasonal changes in numbers of periphyton nematodes
1 — Number of individuals per 10 cm® of periphyton; 2 — Number of individuals per 100 cm? of
the substrate surface

Samples were taken once or several times a month from August 1960 to
July 1961. In 1962 the additional material was collected mainly in order to
check up the results (in February, May, June, and August). Each time,6 or more
samples were taken from young reeds (growing plants) and old ones (dead
plants of the last year). The quantitative sampling technique has been described
in Chapter II.

Similar numbers of nematodes were found on all the stations investigated.
The courses of seasonal changes in numbers of nematodes were also alike
in all the points of observation. Somewhat larger changes in numbers of
periphyton nematodes were observed in shallow parts of the littoral zone
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than those in deeper parts. The course of changes in numbers of periphyton
nematodes is shown in Fig. 3. It has been plotted as a single curve®’.

One clearly marked peak of numbers during the spring is characteristic
for the trend of numbezsof nematodes. There are no regular conspicuous differ-
ences in numbers during the rest of the year. Differences in numbers of
nematodes between subsequent months of investigation are rather of casual
origin, They are often of the same rank as differences among the samples
of one series. Nevertheless, an increase in numbers of nematodes during
the winter period (in periphyton covered with ice) is of a regular character.
It occurs in all the samples (that year, the lake was covered with ice from
January, 20 up to March, 5). -

It is worthy to emphasize the fact, which is important from the methodo-
logical point of view, that the similar trends of numbers were obtained both,
when' numbers of nematodes were related to a unit of surface of the substrate,
and  in this case when they were related to a quantity of periphyton (Fig. 3).
It may be a good evidence that both the methods of quantitative sampling
of periphyton organisms are reliable and supply true information (in previous
investigations — Pieczynska 1959, 1961 — numbers of nematodes were
related to a quantity of periphyton).

In 1961 the vernal increase in numbers of nematodes occurred at the
beginning of May (Fig. 3. In 1962 a clear peak of numbers was also observed,
but it was delayed until the second half of June. In 1962, at the beginning
of May the density of nematodes was as high as 4,091 individuals per 100 cm?
of the substrate surface, and in the second half of June it amounted to 9,785
individuals. During the summer season, the decrease in numbers of nematodes,
similar to that in 1961, was observed. The numbers decreased down to the
level preceeding the peak period.

It was found that the vernal increase in numbers was closely related
with duration of icing on the lake and with temperature of water. The delayed
maximum of nematodes in 1962, as compared with that of 1961, coincided
with later melting of ice on the lake, and lower than in 1961 the corresponding
temperatures of water (Tab. I).
~ During the whole period of investigation the age structure of the dominant
species Prochromadorella bioculata and Punctodora ratzeburgensis® was
analyzed. The obtained data showed clearly that the investigated species
reproduced all the year round, since during the whole year all the develop-

3The diagram covers all the materials exclusive of the samples taken from
those sections of reeds which were icebound, or just after the ice had melted, as
well as the samples from young plants growing in the spring. These materials will
be discussed in detail later on.

“It is impossible to discriminate the real age stages, i. e., the developmental
phases between two subsequent moltings in the abundant material of nematodes.
For the practical purpose individuals of the investigated species were classified
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Mean temperatures of water (°C) of the lake Mikolajskie

(The data obtained from the observatory
of the State Hydrometeorological Institute at Mikolajki)

Tab. I

Year March April May June July
1961 R 3.3 11,8 19.5 19.0

6.3
1962 N0 BNRNR8] 9,6 14,9 17,4

The striped areas indicate the periods of icing on the lake.

mental stages were encountered in the material. This is very important for
interpretation of the colonization process of new substrates.

Punctodora ratzeburgensis Prochromadorella bioculate
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Fig. 4 — Seasonal changes in the age structure of Prochromadorella bioculata and
Punctodora ratzeburgensis
1 — adults, 2 — old larvae, 3 — young larvae

In the spring 1961 mass reproduction of nematodes took place, coinciding
with the maximum in numbers. Incidence of young forms was much higher
than that in other months of that year (Fig. 4). In 1962 larger percentage of
the young forms was observed in the second half of June. It coincided with

the delayed maximum of numbers.

into 3 age groups namely, young larvae, old larvae, and adults., The classification
was made according to the differences in the anatomical features of the individuals
(stage of development of gonads and the length ratio of the throat to the remaining
part of the body).Although such a division is not verv precise, it is sufficient to
draw general conclusions about occurrence and incidence of the young and adult
forms of nematodes.
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Since the described increase in numbers of periphyton nematodes was
observed in all the investigated places of the littoral zone during 2 subsequent
years of study, it seems reasonable to consider this fact as a general rule
of their occurrence.

IV. COLONIZATION OF NATURAL SUBSTRATES
BY PERIPHYTON ORGANISMS IN THE LAKE LITTORAL

In the conditions of the investigated lakes mass colonization of natural
substrates took place two times a year:

1) directly ; after melting of ice — colonization of the substrates on which
periphyton had been destroyed by ice,

2) in the spring — colonization of shoots of higher water plants.

The material which has been discussed in the previous chapter, concerning
the occurrence of periphyton nematodes in winter, consisted of periphyton
collected from substrates submerged in water under the ice.

On the same stations of the lake Mikolajskie the material was also
collected from substrates which were icebound. Thus, during the icing period
samples of periphyton were taken both from the sections of reeds submerged
in water under the ice and from those icebound.

In the winter 1960/1961 the lake has been covered with icing for 45 days.
The maximal thickness of ice amounted to 16 cm. In the winter 1961/1962 the
icing period has lasted for 122 days with the maximal thickness 49 cm(the
data from the observatory of State Hydro-meteomlogical Institute at Mikokajki).
Thus a considerable proportion of the substrates with periphyton was affected
by ice.

The devastating effect of ice on periphyton organisms has been observed
during the study.

Very few numbers of nematodes were observed in periphyton attached to
the icebound sections of reeds, as compared with numbers of nematodes present
in periphyton attached to lower parts of the same reeds (beneath the ice) (Tab.
). Small numbers of nematodes were also found in periphyton appearing on
reeds near shore in the littoral part frozen down to the bottom.

On the basis of the investigations that were made, it can be suggested that
one of the factors that account for a decrease in numbers of periphyton
organisms attached to the substrates covered with ice, is their higher mortality
in those conditions. Higher mortality rates of nematodes in such conditions
were observed during two years of study. To define the mortality rate of nema-
todes the following observations were made. The icebound sections of reeds
were brought to the laboratory and slowly defrosted at the temperature of about
1° C. Further observations of the periphyton were made under the microscope
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The effect of ice cover on numbers of nematodes in periphyton of the lake Mikolajskie
(Numbers of individuals per 100 cm? of reed surface)

Tab, U
1961 1962
ici eriod icing period
Substrates M ki icing perio March April 8P
January {February February
Upper sections
of reeds 3308 253 120 454 2601 102
Lower sections
of reeds 3120 4306 | 4600 2576 3166 3653

Upper sections of reeds — the sections icebound during the icing period.
Lower sections of reeds — the sections of reeds below the ice cover.

after 6, 12, 24, and 48 hours from the defrostation time. Only about 30% of
nematodes were alive. They moved (the movements were often induced by
touching the nematodes with a needle). The remaining individuals were dead
and shrunk, their tissues destroyed, which indicated that they had died much
earlier, before the defrostation process began.

It can be also assumed that migration of nematodes towards the lower
sections of the same plants was another factor that would account for the
decrease in numbers of nematodes in periphyton covered with ice. This assump-
tion can be supported by the fact described earlier in the paper, that the small
but regular increase in numbers of periphyton organisms on these sections of
reeds occurred in winter. Witkowski (1962), in his studies on the soil
nematodes, has also observed translocation of nematodes into deeper layers of
soil in winter.

However, it should be mentioned that migrations of nematodes towards
lower sections of reeds could not account for the reduction of nematodes in the
vast parts of littoral zone near shore, frozen down to the bottom.

Influence of icing on the plant components of periphyton was also analyzed
in the study. Characteristic was made of the occurrence of dominant species
of periphyton algae in deeper parts of the littoral at the investigated stations
of the lake Mikolajskie. At both the stations similar changes in the dominance
pattern of algae were observed, therefore the data were combined as presented
in Tab. IIl. Icing had a considerable effect, similar to that described for
periphyton nematodes, on the occurrence of periphyton algae. On the icebound
sections of reeds, smaller numbers of species of algae, smaller total numbers
of individuals, and somewhat altered dominance pattern, were observed. The
devastating effect of icing on algae was expressed by the fact that a great
deal of diatoms, which in normal conditions are attached to a substrate,
occurred as the separate cells, detached from their pedicels. .
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After ice had melted, vast parts of the littoral zone were void of periphyton.
In the lake Tatowisko in 1960, and in the lake Mikolajskie in 1960 and 1961,
two weeks after ice had melted, periphyton was hardly found on reeds growing
near shore (these parts of the littoral had been frozen down to the bottom).
In 1962 minimal amounts of periphyton were found in these parts of the littoral,
3 weeks after ice had melted. In deeper parts of the littoral only upper sections
of reeds were void of periphyton directly following the ice melting. These
parts of reeds were icebound during the winter. In 1961, for instance, in the
lake Mikotajskie, 2 weeks after ice had melted, the amount of periphyton was
1.1 ecm¥100 cm? of the surface on the upper sections of reeds, whereas on the
lower sections of the same plants it amounted to 9.6 cm®/100 cm? Periphyton
nematodes were a little more numerous there, than during the period of icing
(Tab. ID.

Of the algal material, the numbers of species and numbers of individuals
were also smaller, the situation similar to that during the ‘icing period (Tab.III).

The process of colonization of the upper sections of reeds located in the
deeper parts of the littoral occurred more rapidly than the colonization of the
analogous substrates near shore. It was due to the fact that well developed
periphyton occurred in close proximity on the lower sections of the same
plants.

Four to six weeks after the thaw the fully developed periphyton was found
on all the sections of reeds on which it had been destroyed during the icing
period. At that time the amounts of periphyton were similar on both the upper
and lower sections of the plants the total amounts of periphyton on the upper
sections of reeds were as high as 8.7 cm®/100 cm? whereas those on the
lower sections amounted to 8.1 cm®/100 cm? .

No quantitative differences’ were demonstrated in the character of coloniza-
tion by periphyton nematodes of the upper and lower sections of plants (Tab.
I). The composition of species of algae and of periphyton nematodes was also
alike on these sections. It indicates that periphyton organisms settle down
on the new substrates in the amounts and species composition similar to those
in the nearest vicinity. :

The discussed above facts, concerning the devastating effect of icing on
periphyton organisms, argue, to a certain extent, with the literature data,
according to which many of groups of water organisms hibernate in the ice.
Ziernov (1949) has discussed the problem of survival of a number of species
in ice, defining this group of species as ‘‘pagon”’.

The devastating effect of icing on periphyton organisms involves not only
higher mortality rate of organisms, but also mechanical separation of the
attached forms from the substrate during the freezing and melting processes.

In parts of the littoral zone near shore that freeze down to the bottom, the
complete re-establishment of periphyton occurred in the spring. On the other



Occurrence of the dominant species

Periphyton at-
1960
August September October November | December January
icebound
Epithemia Epithemia Epithemia Epithemia Epithemia Epithemia
argus argus argus argus argus argus
Cymbella Tolypothrix | Navicula Synedra Navicula
ventricosa sp. sp. ulna sp.
Cymbella Melosira Synedra Cymbella
aspera varians ulna aspera
Gomphonema| Synedra Synedra Navicula
sp. ulna acus sp.
Cymbella sp.
Navicula sp.
s ++ ++4 ++4 +H++ +

reeds below

Navicula sp.

Epithemia
argus

Cymbella
aspera

Cymbella
ventricosa

+4¥

[Z] very low numbers

+++ high

low numbers

numbers

average numbers
very high numbers



and numbers of algae throughout the year
tached to reeds

Tab, 11
1961
February March April May June July
reeds upper sections of reeds* old reeds
Epithemia Gomphonema | Fragilaria Cymbella Cymbella Epithemia
argus sp. sp. ventricosa | ventricosa argus
Navicula Navicula Rhopalodia | Epithemia Cymbella
sp. sp. gibba argus ventricosa
Gomphonema | Synedra Navicula Navicula Gomphonema
Sp. ulna Sp. sp. Sp.
Fragilaria Epithemia Cymbella
sp. argus aspera
+ - , 44 +4+ 444 44
ice cover lower sections of reeds young reeds
Cymbella Navicula sp. | Navicula sp.| Cymbella Cymbella Epithemia
aspera ventricosa ventricosa argus
Synedra Cymbella Gomphonema} Fragilaria Epithemia Cymbella
acus aspera sp. Sp. argus ventricosa
Cymbella Cymbella Epithemia Epithemia Cymbella Cymbella
ventricosa ventricosa argus argus aspera aspera
Gomphonema | Gomphonema | Cymbella
sp. sp. ventricosa
Navicula Epithemia
sp. argus
Fragilaria sp.
+4+ +Ht ++ ++ + +++

* Upper sections of reeds: March — the sections of reeds that were icebound, April — the
blooming area. The species of mass occurrence have been underlined.
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hand, in deeper parts of the littoral only compensatory settling of periphyton
took place on the upper sections of reeds. Thus, continuity of periphyton
existed during the whole year round. This can account for higher differentiation
in the occurrence of periphyton organisms in shallow parts of the littoral zone
than in the deeper ones. Somewhat higher variation in numbers of nematodes in
shallow parts of the littoral has been already mentioned. Similar regularity,
or even more clearly expressed one, was characteristic for the dominance
structure of groupings of nematodes.

Seasonal changes in the dominance structure of groupings of nematodes
were also investigated on the described above stations of the lake Mikolajskie.

In the earlier paper (Pieczynska 1961) it has been demonstrated that
groupings of periphyton nematodes are characterized by great stability in time
and the extensive scope of their occurrence. The similar groupings of nematodes
(as to their species composition, dominance structure, and numbers) were
encountered on the individual plants within an area of the littoral, about
50—100 m long. No directional changes were observed during the vegetation
season. On the other' hand, different groupings of nematodes were observed in
different places of the littoral zone of a lake.

Two species Prochromadorella bioculata and Punctodora ratzeburgensis
were clearly predominant on the stations of the lake Mikotajskie. = The
conspicuous seasonal differences were observed in the dominance structure
of groupings of periphyton nematodes between the shallow and deeper parts
of the littoral (Fig. 5). The dominance patterns were rather constant in the
deeper parts of the littoral during the whole year. In the shallow parts of the
littoral, on the contrary, the patterns varied considerably, they changed rapidly,
especially in the winter and spring. During the vegetation season some degree
of stabilization of dominance was observed in this environment. At that time
the pattems resembled those of deeper parts in a given section of the littoral
zone.

It seems probable that the considerable changes in occurrence of nematodes
in the shallow parts of the littoral, as compared with those in the deeper ones,
correspond with greater astatic character of these parts involving rapid changes
in pnysical conditions as well as greater differentiation of the environment.
Astatic character of the shallow parts is also connected with fluctuation of
the water level. Considerable fluctuations of the water level were observed in
the environments investigated (examplifying data are given in Tab. IV). These
fluctuations brought about temporary shifting of the shore line, which involved
either drying off the vast area of the littoral and destruction of the periphyton
in it, or flooding with water new areas, and periphyton development.

A significant differentiation in occurrence of periphyton in the shallow
parts of the littoral in connection with the astatic conditions of this environment
has been also mentioned by Ruttner (1953).
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Fig. 5 — Seasonal changes in the dominance structure of groupings of periphyton
nematodes
1 — Prochromadorella bioculata, 2 — Punctodora ratzerburgensis, 3 — other Nemawda

Oscillations in water level (cm) 6f the Lake Mikotajskie — in 1961
(The data obtained frem the observatory of SHMI at Mikolajki)

Tab. IV
Months
I v A% VI A% 41 VIII IX X XI XII
Month
average | 58 66 62 58 50 48 44 35 27 34
Extreme
limits 56—60} 61—68 | 61—63} 55—61] 47-55| 46—50] 40—-47] 29—-40{ 25-—-30} 30—-36

As it was stated at the beginning of this chapter, the period of growth of
young plants in the spring is another period of mass colonization of natural
substrates by periphyton organisms. In the lake examined, the littoral was
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overgrown with a uniform belt of reeds, already mentioned, thus in a short
period of time a considerable number of new substrates (young reeds) ready for
colonization appeared in the lake.

An analysis was made of the process of colonization of growing plants by
nematodes and periphyton algae.

It was discovered that initially nematodes were settling down on young
reeds in smaller numbers than those present on the old plants. Their numbers,
however, were similar to the average numbers, exclusive of the peak period,
found in the investigated environment (Tab. V).

Numbers of nematodes on old and young reeds of the lake Mikotajskie
(Numbers of individuals per 100 cm? of the substrate surface)

Tab. V
1961
Substrates
_ April May June July August
Old reeds 3166 10400 9803 5372 6100
Young reeds 836 2999 5303 3908 6220

The differences in numbers of nematodes on young reeds and those on the
old ones' disappeared in the period: the end of July — the beginning of August
(Tab. V). Later on the corresponding numbers did not differ during the remaining
seasons of the year. The equalization was mainly achieved through a decrease
in numbers of nematodes on old reeds (Tab. V). It is likely that the decrease
in numbers was brought about by termination of the major reproductive period
of nematodes and by their dispersal from old reeds onto the young ones appear
ing at that time in masses in the littoral.'

In the spring of 1962, similarly to that in 1961, a considerable disproportion
between numbers of nematodes was observed on old reeds and on the young
ones (old reeds — 9,785 individuals/100 cm? young reeds — 3,900/100 cm?.

The grouping of nematodes appearing on young reeds showed almost an
identical species composition and dominance structure as the grouping on old
reeds. Nevertheless, in many of instances, the species of Prochromadorella
bioculata was found in larger percentage on young reeds than on the old ones
during the initial period of colonization.The dominance relations were equalized
after the period of 10 days.

It was also observed that in the initial period of colonization somewhat
larger percentage of the adult forms appeared on young reeds than on the old
ones. On this basis, one can suggests that in the colonization process the
adult forms are of a greater importance than the young forms.

In the spring of 1962, observations were also made on the process of
colonization of newly-growing plants by periphyton algae.

The situation observed was similar to that of nematodes. Young reeds
appearing in the spring were colonized by the species of algae that were
present on old reeds in vicinity,
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During the initial period of colonization, analogically to the situation
described above, somewhat different dominance structure and smaller numbers
of algae were found on young reeds than on the old ones (Tab. III).

The differences in the occurrence of periphyton algae on young and old
reeds were vanishing in July, but sometimes they lasted longer. In 1962,
for example, the blue-green alga Gleotrichia pisum did not appear on young
reeds until August, although on old reeds it occurred abundantly from the
beginning of the spring.

It should be emphasized that the variability of the material was often
higher in samples collected from old reeds than in those from young reeds.
It concemed numbers of individuals, species composition, and dominance
structure of both algae and periphyton nematodes (dependance of the character
of occurrence of periphyton organisms on the age of perphyton will be
discussed later in the paper).

In natural conditions, the colonization process of the sections of reeds
temporarily submerged in water due to the rise of water level was often
observed. These substrates were colonized by periphyton organisms in the
similar way as in cases described above, i, e. by the grouping of algae and
periphyton nematodes of the same numbers and dominance structure as those
of the grouping occurring in close proximity (on lower sections of the same
plants).

Some deviations from the described regularities, brought about by specific
developmental situations of periphyton, were observed. Such a situation was
found, for example, in April 1961, when very abundant bloom of the plankton
diatom Flagilaria sp. occurred in periphyton (Tab. III). The proliferating
diatoms attached themselves mainly to the reeds that grew in deeper parts
of the littoral in the strictly defined belt, 3 -20 cm deep. The bloom had an
extensive scope. It has been observed in a number of places in the littoral
of the lakes Mikokajskie and Smardwy. The blooming brought about a con-
spicuous reduction in numbers of both the nematodes and the remaining
species of periphyton algae (e.g., the numbers of nematodes on the reeds
with bloom amounted, on average, to 616 individuals per 100 cm? and on the
same reads, on sections where was no bloom, it amounted to 3,166 individuals
per 100 cm®. The described differences disappeared during one month following
the occurrence of the bloom.

V. EXPERIMENTAL STUDIES ON COLONIZATION OF NEW SUBSTRATES
BY PERIPHY TON ORGANISMS

1. The course of the colonization process (he role of the
compensatory settling and of reproduction of initially
settleed forms)

Theoretically, two ways of incremant of numbers of periphyton or-
ganisms on a substrate undergoing the colonization process are conceivable.
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These are: 1) reproduction of the initially settled forms, and 2)further com-
pensatory settling.

A question arises what is the role of these ways in the colonization process
of new substrates by various groups of periphyton organisms.

The knowledge of the biology of periphyton organisms itself allows to
predict some differences in the course of the process for various species.
It is conceivable that the fast reproducing forms, for instance, those from
among algae, protozoans, or rotifers, get hold of a substrate through the
intense reproduction of the individuals initially (even accidentally) attached
to this substrate. On the other hand, there are some groups of organisms
(nematodes also among them), rates of reproduction of which do not account
for their increase in such situations when a considerable increase is ob-
served.

The' data conceming the rate of increase in numbers of nematodes (Tab. VI)
show clearly that the numbers of nematodes increase very rapidly, starting
from the first days following the submerging of the substrate.

Numbers o f nematodes on glass slides after various periods of submergence
(Numbers of individuals per 100 cm? of substrate surface)

Tab. VI
Submergence Numbers of nematodes

period Numbers of
(days) average extreme limits replications

5 90 25-401 8

10 730 1611112 8

15 1300 201 -2101 10

20 2401 3093655 10

30 3100 333—4968 28

The table comprises the materials from the lake Mikotajskie gathered during vege-
tation seasons 1960, 1961, 1962,

Analyzing the changes in the age structure of nematodes settling down
on new substrates, it can be suggested that an increase in numbers of ne-
matodes on these substrates does not result from reproduction of the initially
settled forns. No increase in numbers of larvae was observed following the
initial period of colonization (Fig. 6). The occurrence of such an increase
would have been indispensable, if reproduction had been a major factor
responsible for the increase in numbers of periphyton nematodes.

The data discussed above on biology of the dominants: Prchromadorella
bioculata and Punctodora ratzeburgensis, even with the highest rate of
reproduction assumed, indicate that reproduction of the initially settled
forms cannot account for such a rapid increase in their numbers. From this,
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Fig. 6 — Age structure of Prochromadorella bioculata and Punctodora raizeburgensis
at various stages of colonization process

1 — adults, 2 — old larvae, 3 — young larvae. A — Tallowisko Lake - June, July 1960; B~

Mikolajskie Lake — August, September 1960; C — Mikotajskie Lake — August, September 1961

one can infer that for nematodes coinpensatory settling should play a decisive
role in the increase of their numbers on new substrates, from the initial
stages of colonization up to the moment when the numbers characteristic
for given conditions are achieved.

A field experiment has been carried out in order to verify the put forward
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hypothesis on the decisive role of compensatory settling in an incremant
of numbers of nematodes. The experiment involved observations on colonization
of new substrate by periphyton nematodes both in natural conditions and
in conditions with partial isolation of the substrates from sources of com-
pensatory settling.

The glass plates were either driven into the bottom or suspended on
stands in the littoral. The plates were located among plants (controls) and
in aquaria without the bottom, supported with small props (isolated). The
props were used in order to enable the water to circulate. There was a layer
of water, 30 cm thick, above the aquaria.

The first step of the experiment was to find out whether the described
way of isolating of plates from sources of colonization is effective. The
clean plates were set up both in the aquaria and outside of them, among

Colonization of glass slides by periphyton nematodes with
the partial isolation from sources of colonization (isolated slides)
and in natural conditions {controls) in the lake Mikotajskie in 1961
(Numbers of individuals per 100 cm? of the substrate surface)

Tab. VII
A. Colonization of clean slides

Isolation period Numbers of nematodes on glass slides
(days) isolated slides control slides

5 0 106.1

10 116 311.2

20 10.8 723.6

30 13.1 803.3

B. Colonization of slides with partially developed periphyton

Su!)mergfance Numbers of nematodes
period prior to Initial : following the isolation
the beginning numbers Isolation i
of the experi- of period P
ment R e (days) isolated control
(days) slides slides
5 106 10 112 739
106 20 138 889
60 635 10 697 620
790 20 820 950

plants, as controls. Several observations were made from which it can be
infered that the applied method exactly supplied such isolation. The plates
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set in aquaria were hardly inhabited. Only few individuals of nematodes and
single cells of algae were found on them. At the same time considerable
numbers of nematodes (Tab. VII A) and large amount of periphyton appeared
on the control plates.

Within the experiment, periphyton of different age was isolated and the
differences in the course of the further colonization were traced. Analyzing
the process of settling of periphyton nematodes, it was found that in the case
of young periphyton (after 5 days of submergence period) no further increase
in numbers was attained in the isolated environment. After various periods
of isolation considerable differences in numbers of nematodes were observed
between the isolated and the control periphyton (Tab. VII B).

When the old periphyton (after 60 days of submergence period), which
had acquired numbers of nematodes characteristic for the given conditions,
was isolated, no differences was found between the isolated periphyton and
the control one (Tab. VII B).

It should be emphasized that the applied method of isolation did not
create any harmful conditions which would restrain the growth of periphyton.
The fact that no reduction of numbers of nematodes was observed following
the isolation period, as compared to the initial numbers, may be a kind of
proof for this supposition.

The results of the experiment show clearly that the compensatory settling
plays the decisive role in the process of colonization of new substrates
by nematodes, from the initial period of settling up to the stabilization of
numbers at a level characteristic for the -given conditions. From that time
on, the nematodes can maintain their numbers at a steady level without thus,
it can be assumed that at a high level of numbers the loss of nematodes
caused by mortality or washing out is mainly compensated by the process
of their reproduction.

During the analysis of total amounts of periphyton, it was found that
in the case of isolation of old periphyton no difference was observed
between the control and isolated slides. However, when the young periphyton
was isolated, the smaller amounts of periphyton were usually found on the
isolated substrates, which resembles the situation described for nematodes.
But in some cases (during other times of the vegetation period) the amounts
of periphyton on the isolated and the control slides were similar, or even
higher on the isolated slides. One can suppose that at this time the gross
of periphyton consisted of species with high vegetative reproduction, which
developed from the initially settled forms. .

The facts reported in the present paper on decisive role of compensatory
settling in the colonization process of new substrates by some periphyton orga-
nisms find their confirmation in the literature data. These data indicate that
although periphyton nematodes have been observed in masses on experimental
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substrates submerged in the littoral very few individuals were found on
experimental substrates submerged in the pelagial zone, a long way off from
the sources of colonization (Duplakov 1933, Sladeckova 1960). It should
be stressed that the nematodes that had been transferred with periphyton to
the pelagial zone survived there for a long period of time (Pieczynska,
anpublished data).

Duplakov (1933) has reported that in the pelagial zone the species with
vegetative reproduction are the most often found, that is, the species which
can easily occupy a substrate starting with the small initial number of settled
individuals.

2. Factors controlling the process of colonization ofnew
substrates

A. The role of periphyton as the source of colonization

Analysing the colonization process of new substrates by periphyton
organisms, it was found that numbers, species composition and dominance
structure of the organisms which setlled down on the new substrates were
very similar to, or even identical with those in the surrounding environment.

Using a method of field experimentation, further analysis was made of the
dependence between the course of colonization process and conditions in
surrounding environment, the latter being the source of colonization.

Observations were made of the process of colonization by chosen groups
of organisms of the experimental substrates introduced into the reservoir. The
data obtained were compared with changes in numbers of these groups occurring
in periphyton attached to the natural substrates in the littoral environment
examined. The study was carried out on the lake Mikolajskie in the littoral
overgrown with the uniform belt of reeds. The glass slides, mounted in stands,
were used as the experimental substrates. The slides were submerged to the
depth of about 30 cm. Around the stands, some reeds were cut off in order to
achieve equal distances between the stands and the adjacent plants (about
40 cm). The slides were set once a month, from May to October, 1961.

FEach month, samples of periphyton were collected from the slides that had
been set up in earlier months. Simultaneously, the samples were also collected
from the reeds that grew in vicinity of the slides. Each time, a series of 6
samples was taken both from the reeds and the slides. It should be added that
in the area of experimentation there was no periphyton on the bottom; thus,
the only source of collonization possible was the periphyton attached to
reeds.

Analysis was made of total amount of periphyton, of numbers of Oligochaeta
and Tendipedidae as well as of numbers and dominance structure of Nematoda.
General characteristic of species composition of algae was also determined.
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It was found that the numbers of periphyton organisms of the groups investi-
gated setting down on the experimental substrates varried with time, with their
maxima and minima attained at different periods of the vegetation season

(Fig. 7.
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Fig. 7 ~ Dependence of numbers of periphyton organisms attached to glass slides
from duration of submergence period of vegetation season and numbers of periphyton

organisms in surrounding environments
1 — periphyton after 1 month ot submergence period, 2 — periphyton after 2 months of submergence
period, 3 — periphyton after 3 months of submergence period, 4 — periphyton after 4 monthsof
submergence period, 5 — periphyton after 5 months of submergence period, 6 — periphyton on reeds

Observations were made on the occurrence of periphyton organisms in the
periphyton of various age (various submergence period — the time during which
the slides were submerged in water).

No regular dependence was found between the numbers of organisms in
periphyton and the age of periphyton (the initial period of colonization was not
taken into consideration, the analysis concerned periphyton of the submergence



Results of chemical analyses of water in the littoral of the lake Mikolajskie

Tab. VIII
Date C Total N
of i =1 duciioyy pardness | HCO, | Mg” | Ca" | Na' | K | F¢™ | POM| CI' |N-NH, |N-NO, |N-NO, |organic
sampling| P elight uctg:l Y| CaCO | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l |mg/l |mg/l | mg/l | mg/l | mg/] mg/1
| (1961) mg/l | p mg/]
13 VI | 865 [ 182 | 254 65.1 | 189,2]| 6.1 | 550 | a45 | L35| ni | 011 | 98 } 0,02 {0,001 | 004 | 132
17. Vil | 8.2 % | 254 67.1 | 187,9| 10.5 | 500 | 3.60 | 1.0 | nt | nk | 99 | 0,00 | n&t | 0,01 | Ll6
1.IX | 7.85 | 130 | 251 65.1 | 1831| 49 | 570 | 2.10] 0.35 | 0,11 | 0,28 |10.2 | 0,04 | nf | 0,03 | 200
23. X |800 | 118 | 275 679 |189,2| 12.0 | 48.0 | 3.45 | L35 | 0.13 | 0,00 | 9.9 |0.04 [0,004 | 0.06 | 206

* At the temperature 20°C (n.f.). — not found.
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period of 1-5 months). The highest and the lowest numbers of the organisms
examined were noted during various periods of the vegetation season, both in
periphyton of one month of submergence period and in that of several months
of submergence period. However, the total amounts of periphyton differed
with the periphyton age. The quantities, of periphyton collected at the time
following 1 month of the submergence period, as a rule, were smaller. than
those collected after longer periods of submergence. It may indicate that the
submergence period of one month for some speci.s is not long enough to
settled down on the substrates in the numbers typical for the given conditions.

The described differentiations in the intensity of the colonization process
by the groups of organisms investigated during various periods of the vegeta-
tion season took place in more or less equalized conditions. Caemical analysis
of water® was carried out on the station examined in the littoral zone (Tab.
VIII). It showed that standard indicators such as pH, conductivity, hardness,
and HCO, did not reveal any major, directional changes during the whole period
of investigation (only minor increase in contents of N-NO, and N-NO, was
found in the autumn). Therefore, the analysis of water did not show any
regularity which might correspond with the observed differences in intensity of
the colonization process in various periods of the vegetation season.

On the other hand, in most of instances, a direct dependence was found
between the numbers of organisms appearing on the new substrates (glass
plates) and those in the surrounding environment, the latter being the source
of colonization (periphyton attached to reeds). The changes in numbers of
organisms of the groups investigated, appearing in the periphyton attached to
reeds, corresponded with the changes in numbers of these organisms in the
periphyton (of various age) attached to the slides. The above regularity was
very clearly expressed for Oligochaeta, Tendipedidae and Nematoda, whereas
for total amount of periphyton it was not so clearly expressed (Fig. 7).

In further consideration, the composition of species and the dominance
relations among some of them, besides the numbers of organisms, were
analyzed. .

Similarly to the situation described for numbers of organisms of the groups
examined, the structure of dominance of periphyton algae on the experimental
substrates usually resembled that in the surrounding environment at a given
period of time (Tab. IX). In periphyton of various age, attached to the slides,
the same species predominated as in the periphyton attached to reeds in
vicinity. It was found that the period of one month of submergence was
_ insufficient to complete settling by certain species,which resembles the situa-
tion described for total amounts of periphyton. Epithemia argus, for instance,
during its mass occurrence formed the bloom in shape of a crust covering

5 The chemical ;mlyuis of water was made by Hydrobiological Station Polish
Academy of Sciences, at Mikotajki.



Occurrence of dominant species of algae on reeds and glass slides in various
periods of vegetation season, Lake Mikotajskie, 1961

Tab. IX
Periphyton Periphyton attached to glass slides
e ‘." attached Time when slides were set up
Sagpiing to reeds
May June July August September
Cymbella | Cymbella
ventricosa |ventricosa
Epithemia | Epithemia
June argus argus oF i = s
Lyngbya
limnetica
Epithemia | Epithemia | Epithemia
argus argus argus
Cymbella | Cymbella | Cymbella
July aspera sp. sp. i ™ 3
Cymbella | Cymbella
aspera aspera
Epithemia |Epithemia | Epithemia | Epithemia
argus argus argus argu &
Lyngbya Cymbella | Cymbella | Lyngbya
limnetica |sp. sp. limnetica
August - -
Cymbella | Lyngbya Cymbella
aspera limnetica | aspera
Lyngbya Navicula Cymbella
limnetica | sp. sp.
Navicula
sp.
Epithemia |Epithemia | Epithemia | Epithemia | Lyngbya
argus argus argus argus limnetica
Lyngbya |Lyngbya Lyngbya Lyngbya Epithemia
limnetica |limnetica | limnetica | limnetica | argus
September : y } -
Navicula |Navicula | Navicula Rhopalodia| Rhopalodia
sp. sp. sp. gibba gibba
Cymbella Navicula | Navicula
aspera sp. sp.
Epithemia |Epithemia | Epithemia | Epithemia | Epithemia | Navicula
argus argus argus argus argus sp.
October |Navicula |Navicule | Naviculs | Navicula | Navicula Epithemia
sp. sp. sp. sp. spé argus
Lyngbya Diatoma
limnetica vulgare

The species of mass occurrence have been underlined.
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thoroughly the glass slides. Although during its dominance period on reeds it
prevailed also on all the slides, its numbers found in periphyton of one month of
submergence period were much lower than those in older periphyton (it has
not developed the crust yet). In the periphyton of the submergence period
of one month the preponderence of a dominant is not so clearly experssed
as in older periphyton. This last observation corresponds with the Duplakov
(1933) and Wysocka’s (1952) data; according to them, the initial period
of colonization involves the accumulation of species; and the clear dominance
is characteristic for later periods of periphyton development. Further, it was
found that in periphyton of the submergence period of one month, the species
which had just appeared in the environment was the dominant as, for example,
Lyngbya linmetica in August and September, and Navicula sp. in October.
It seems probable that a species which is new to a substrate, i.e., has just
appeared on it, has a better chance to develop on a free substrate that on
substrate which has been occupied by periphyton.
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Fig 8 — Dominance structure in groupings of periphyton nematodes on reeds and on glass
slides in various periods of vegetation season

1 — Prochromadorella bioculata, 2 — Punctodora ratzerburgensis, 3 — Other Nematoda. A — after
1 month of submergence period s« « « «+ £ — after 5 months of submergence period

The clear dominance of Prochromadorella bioculata and Punctodora
ratzeburgensis was characteristic for the groupings of periphyton nematodes.
During the whole period of investigation, only minor changes in dominance
patterns of nematodes appearing on reeds were observed, but even these
changes had some bearing on the dominance structure of nematodes settling
down in periphyton of new substrates. However, no regular difference was
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observedbetween the periphyton of the submergence period of one month and
the older periphyton (Fig. 8).

Newcombe (1950), Sladeckova (1960) and Castenholtz (1961)
have mentioned the different intensity of the settling process of periphyton
organisms during various seasons of the year, but since no observation was
made on periphyton is surrounding environments, there was no material for
comparison of the data. Among them, only Castenholtz (1961) wrote that
the species composition of algae in the periphyton attached to various sub-
strates was identical with that of periphyton of sumrounding environments.

In general, it can be stated that periphyton organisms settling down on
the new substrates varied with time as to their numbers, species composition
and dominance structure. In most of instances, these changes cormresponded
with relations found in the periphyton of surrounding environment, which was
the source of cclonization.

It was found that the character of occurrence of periphyton organisms
did not depend on the age of periphyton (the time during which the 'substrates
were submerged in water). The initial period of colonization is the'exception
to this rule, since the period of one month may be insufficient for some
organisms to settle down in numbers typical for a given environment.

The described dependence was of a very regular character. Variability
of numbers in samples within each series was rather small, with greater
differences observed in the series of samples of old periphyton (several
months of the submergence period) than of the young periphyton (1 month
of the submergence period) (Fig. 9). It brings to the conclusion about some
individualization of periphyton as it grows older on various substrates.
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Fig. 9 — Differentiation in numbers of nematodes in series of samples taken from

old and young periphyton attached to glass slides
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B. The role of wave action

Only fragmentary information on the influence of wave action on the
occurrence of periphyton organisms can be found in the literature. In majority
of cases it consists of opinions unsupported by the material 'studies.

Micoletzky (1925) and Hyman (1951) have emphasized the fact that wave
action is of a great importance for periphyton organisms, since it is responsible
for airing of water. And as it has been mentioned earlier, the high oxygen requirements
are characteristic for the dominant species of nematodes belonging to the Chromadoridae
family.

Ruttner (1953) and Kann (1959) have reported that the intensity of wave
action was one of main factors influencing the differentiation of occurrence of
periphyton organisms.

Young (1945) and Welch (1952) have pointed out that smaller amounts of
periphyton appeared in these zones of the reservoir that were subdued to a strong wave

action.

Youn g (1945) has observed the destructive effect of wave action on periphyton
organisms in Michigan lake. He has found that a considerable reduction in numbers
of various periphyton organisms followed the period of heavy wave action. The
similar phenomenon was observed by Szczepahska (1958) on the lake Mikolaj-
skie. The destructive role of wave action upon periphyton organisms was also mentioned
by Meschkat (1934).

In the present study the close analysis was made of the influence of wave
action on the occurrence and settling on new substrates of nematodes and some
other periphyton organisms.

In the natural conditions, the nematodes live neither in water volume
of the pelagial zone, nor in water of the littoral. They usually appear in the
benthos, psammon and periphyton. However, in the course of study, it was
found that the nonattached nematodes often appeared in water during the
heavy wave action in the littoral. To determine the effect of wave action
on the occurrence of nematodes in water, the samples of water were taken
at various intensity of this factor. The Bematowicz’s plankton sampler,
5 | of volume, was used, and the water was filtrated through no. 25, the
bolting cloth. Care was taken to avoid the knocking off the periphyton from
plants during the sampling. Samples with some parts of substrates covered
with periphyton, which got into them casually, were descarded and excluded
fron the analysis. Each time, the whole sample was searched for nematodes.

The materials were collected from the lake Mikolajskie and, less exten-
sively, from the lakes Sniardwy and Taltowisko. The intensity of wave
action was defined on the lake Mikolajskie. The data come from Hydro-
biological Station, Polish Academy of Sciences. For wave action measurements
the Szczepanski’s recorder was used (Szczepanski in litt.).

The positive correlation was found between numbers of nematodes present
in water and the intensity of wave action (Tab. X, Fig. 10).
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Dependence between intensity of wave action and numbers
of nematodes in free water

Tab., X
No Weak Heavy
wave wave wave
action action action
Quantity of water
filtrated (1) 320 150 250
Numbers of nematodes
per 100 1 of water 0.4 6.6 210.3

The materials were collected at varians time from the lakes
Mikotajskie, Spniardwy and Tattowisko.
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Fig. 10 — Dependence of numbers of nematodes present in the water volume from the
intensity of wave action
1 — Numbers of nematodes, 2 — wave action
*In conventional units (from Szczepanski’s data, in litt.).
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The analysis of the species composition of nematodes found in water
showed a clear preponderence of the species dominating in periphyton: Pro-
chromadorella bioculata and Punctodora ratzeburgensis. In the samples of
water these species formed 67% of the total number of nematodes, whereas
at the same time in periphyton the percentage was as high as 89%. In the
samples of water the typically bottom species such as Dorylaimus helveticus,
Monhystera dispar, Monhystera paludicola, Monhystera vulgaris, and Tobrilus
gracilis were also encountered in relatively high percentage (about 20%)..
These species were considerably less abundant in periphyton (6%). This
may indicate that the species living in periphyton and those inhabiting the
bottom, though in smaller numbers, -get into water due to the wave action..
Thus, the washing out of nematodes from the bottom can be considered as the
way through which the bottom species get into periphyton, where, indeed,
they always occur, although in minimal numbers. That such an interpretation
is true, one can infer from the fact that no difference was observed in the
incidence of the bottom nematodes appearing in periphyton separated from
the bottom (attached to the plates suspended on floats) and in that connected
with the bottom (attached to plants and the plates driven into the bottom).

The dependence between the intensity of washing out of periphyton
organisms due to wave action and the age of periphyton was also analyzed.

An experiment concerning this problem was carried out in the laboratory.
The plates covered with periphyton were placed into an apparatus (Szczepai-
ski, unpublished data), where waves were induced artificially. Prior to this,
the periphyton was removed from one side of each plate in order to obtain
the control sample. The periphyton of various age was exposed to wave
action of the known intensity for a certain, always the same, period of time.
To get more conspicuous results, unshielded with the natural differentiation
of numbers of organisms on both sides of the slides, very heavy wave move-
ments were induced. -

The results of this experiment cannot be related directly to the natural
conditions. Their interpretation can comprise only the comparison of the
degrees of washing out of various groups of organisms from the periphyton
of various age. As to this respect, very clear regularity was observed.
Various periphyton organisms were washed out from the young periphyton
to a greater extent ‘than from the old periphyton (Tab. XI). It can be supposed
that periphyton, as it develops, becomes more felted, and this may explain
why the washing out of organisms entangled in thread9!~q& algae, organic
particles, etc., becomes more difficult. .

As for algae, it was found that their planktonic forns are more susceptible
to wave action than the typically sedentary ones. For example, Lyngbya
limnetica — the planktonic species — was washed out'in 48% from the periphyton
of 60 days of submergence period, whereas Epithemia argus — the sedentary



222 Ewa Pieczynska [38]

Percentage of chosen groups of periphyton organisms washed
from periphyton attached to glass slides, due to wave action

Tab. XI
S“b::;f:nce S Nematoda | Oligocha Tendipedid

(days) periphyton gochaeta | Tendipedidae

18 29.2 90.8 82.8 100.0

30 26.5 88.8 79.4 97.2

60 8.4 62.4 73.7 85.0

90 8.4 63.7 75.0 40.0

120 8.2 47.1 57.8 63.2

form — only in 9%. In the described experiment, only small numbers of algae
were generally washed out, probably due to the fact that the algal flora mainly
consisted of Epithemia argus, the species mentioned above, which formed
the compact crust adhesive to the surface of substrates.

Higher degree of washing out of algae was observed in the experiment
carried out in the spring, when there was no blooming of the adhesive to the
substrate diatoms in periphyton.

In other variants of the experiment, when the periphyton exposed to wave
action consisted mostly of Cladophora sp. overgrown with diatoms, con-
siderably lower numbers of animals were washed out from it. Cladophora sp.
formed a better hiding than the flat crust of Epithemia argus for these
organisms. Conspicuous differences were found in the degree of washing out
of organisms from periphyton of different age. For example, from the  young
periphyton (10 days of submergence period) 36% of the total number of ne
matodes were washed out, and from older periphyton (60 days of submergence
period) — 12%.

Wave action, causing removal of nematodes from periphyton, can be
considered as a factor which renders for these, usually attached to a substrate,
organisms a possibility of dispersal and, through this, colonization of new
substrates.

However, a question arises to what an extent the nematodes are being
washed out in the natural conditions at an average intensity of wave action.
Whether wave action should be considered as a destructive factor for periphyton
biocenose, besides its positive role, depends on the answer to this question.

To explain this problem, special observations were made in the littoral
zone, 1 m deep, covered with the uniform belt of reeds. On the basis of large
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series of samples, numbers of nematodes were estimated for all reeds in 1 m®
of water volume. Then, the samples of water were taken at this spot of the
littoral, and numbers of nematodes per 1 m*® of water estimated. The samples
from reeds were collected when the water was still, whereas the samples of
water — at an average intensity of wave action, 10 hrs later from the beginning
of wave miovements. In the periphyton on reeds, as many as 185,200 individuals
of nematodes were found (on the total area of 9,000 cm? of the substrate). In
the water, the numbers of nematodes amounted to 2,080 individuals in 1 m® of
water. From this, it was calculated that 1.1% of nematodes have been washed
out from the periphyton. Considering the fact that relatively high numbers of
the bottom nematodes were present in the samples of water, the estimated per-
centage was even smaller than that.

In such a situation, bearing in mind the positive role of wave action in
dispersal of the attached organisms, such a small percentage of organisms
washed out from periphyton cannot be considered as harmful for the periphyton
biocenose.

It should be added that during the periods following wave action no reduc-
tion in numbers of the investigated organisms (Nematoda, Oligochaeto, Tendi-
pedidae) was found in periphyton.

Wave action, as any environmerta! factor, has a positive role within certain
limits only. At very heavy and long lasting wave action, although the washed
out organisms in water make colonization of new areas potentially possible,
the settling of them on new substrates is more difficult. Several times lower
rate of colonization of new substrates was observed at a period of stommy
weather. For example, during a period of heavy wave action, the amount of
0.5 cm® of periphyton per 100 cm?® of substrate was attained after 6 days of
accumulation period, whereas on the same substrate, when the wave movements
were slight, this amount of periphyton has been accumulated after 3 days.

On the lakes examined the direction of waves is often constant for several
subsequent days. A question arises whether this directional wave action
evokes any differences in colonization of substrates situated differently to
the direction of waves.

In the lake Mikolajskie the process of colonization of glass plates located
at different angles to wave motion was examined. The plates were set in
shallow (about 60 cm deep) and in deeper (about 1.5 m deep) parts of the
littoral zone.

In the shallow parts, with a great deal of replications made, no difference
was observed in amount of periphyton as well as in numbers of nematodes
found on the plates situated differently towards the direction of waves.
However, inconsiderable differences were observed in the deeper parts of the
littoral. The plates situated perpendicularly to the direction of waves were
colonized in a smaller extent than the others. From this, it can be supposed
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that wave action directly retards the process of settling of organisms. The
above results are comprehensible in the light of differences in water circulation
between the shallow and deeper parts of the littoral. Since in the shallow
parts both the splash of waves and the thorough circulation of water take
place, no directional water motion can be maintained, whereas in the deeper
parts of the littoral the directional motion of water is possible.

To summarize up the results of the investigations on the effect of wave
action on the occurrence of periphyton organisms, it may be said that due to
wave action only small proportion of organisms is washed out from the well-
-shaped periphyton, therefore, one should not consider it as the detrimental
factor for periphyton. |

Some facts of the devastating effect of wave action on periphyton, as known
in the literature, usually relate to vary heavy wave action. It seems possible
that smaller amounts of periphyton observed by several authors in the parts
of littoral which were more exposed to wave action can be explained not only
by the mechanical devastation of periphyton, but also by different environmental
requirements of the species examined.

The role of wave action in colonization of new substrates is rather complex
one. The wave action enables the attached organisms to disperse and, by this,
makes the colonization of new substrates possible, but, on the other hand,
too heavy wave action delays the process of colonization through washing the
organisms from the newly formed periphyton.

VL. SUMMARY OF RESULTS AND DISCUSSION

Periphyton nematodes, with which this paper mainly deals, of the lake
environments examined occur in masses in periphyton. Their number amount
to several thousands of individuals per 100 cm? of the substrate surface. As
it appears from both the literature data and the author’s own observations
described in the paper, the dominant species: Prochromadorella bioculata and
Punctodora ratzeburgensis show a high degree of attachment to a substrate,
due to the secretion of an adhesive substance from their caudal glands and to
their ability to 'entange among colonies of algae.

The specific seasonal changes in numbers of periphyton nematodes have
been described, for which one, very clearly marked, peak in numbers in the
vernal period is characteristic. During the other seasons of the year the
nematodes occur in smaller, more or less equal, numbers. The vernal maximum
is brought about by mass reproduction of the dominant species, which reproduce
also, though not so intensely, during the whole year.

In the subsequent years, the vernal peak in numbers can vary with time.
The variations are closely related with the temperature of water and with the
duration of the icing period on the lake.
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In conditions of the lake examined, which can be considered as typical
for many lake environments, colonization of the natural substrates takes place
twice a year: 1) directly after the icing period — colonization of the substrates
on which periphyton has been destroyed by ice and 2) during the vernal season
— colonization of young shoots of higher aquatic plants.

During the icing period periphyton undergoes the destruction partially,
on those parte of the substrates which are covered with ice, whereas under
the ice cover well-developed periphyton occurs. Reduction in numbers of
nematodes and algae occurs in the periphyton covered with ice due to the
higher death rates of these organisms.

During' the time following the thaw vast areas of the littoral were void of
periphyton. The habitats, periphyton of which has been destroyed in the icing
period, were colonized by periphyton similar to that occurring in the close
vicinity, as to numbers of organisms and the species composition. The differ-
ences between the new and old periphyton disappear during4—6 weeks following
the thaw. .

Also, the young plants appearing on the lake in spring are colonized by the
species of algae and of nematodes which occur in the vicinity. The growth of
the plants coincides with the maximum of numbers of periphyton nematodes.
Initially, the nematodes settle down on the 'young reeds in smaller numbers
than those actually present in the periphyton of old reeds. Equalization of the
numbers takes place in late July and early August, and is achieved by reduction
in numbers of nematodes on the old reeds. It is the most probable that the
reduction is brought about by termination of the mass reproduction period as
well as by dispersal of nematodes from the old reeds onto the young ones.

As based on observations on the process of colonization by the nematodes,
both: the natural and artificial substrates experimentally introduced into the
reservoir, it was found that, at the first days of colonization, the nematodes
appear in small numbers. Then, their numbers increase rapidly, after one month
reaching the level which is characteristic for the given conditions.

That is the compensatory colonization of new substrates by nematodes,
and not the multiplication of the initially settled forms, which causes an in-
crease in their numbers. From the initial period of colonization up to the
stabilization of numbers at a certain, characteristic for the given conditions,
level, the compensatory colonization plays a decisive role in the process of
colonization of new substrates by nematodes. From that time on, the numbers of
nematodes can maintain their constant level without any further compensatory
settling.

The above stated regularity (that in the process of colonization of a new
substrate, an increase in numbers is achieved mainly through the further com-
pensatory settling and not through multiplication of the forms initially settled)
seems to hold for other groups of periphyton organisms; especially for all the
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organisms with a long life cycle, which appear on a new substrate rapidly and
in large numbers. On the contrary, the species with short life cycles and high
reproduction rates can supposedly occupy a new substrate through the intense
multiplication of their forms initially settled.

Of the similar opinion was Duplakov (1933), who has reported that the
species with the vegetative reproduction often appeared on the substrates
submerged in the pelagial zone |(that is, at a considerable distance from the
sources of colonization). Such species can colonized a new substrate easily
starting with small number of the initially (even by chance) settled forms.

In the paper, the analysis has been made of the role of factors responsible
for the course of the colonization process.

Dealing with this problem, the paper by Spodniewskaand Pieczyfiska
(1963), conceming the problem of the differentiating effect of the type of
substrate on occurrence and colonization by periphyton organisms, should be
discussed first.

A deal of authors tend|to accept the view that the type of substrate is the
main factor responsible for occurrence of periphyton organisms (Willer 1923,
Karsinkin 1925, Duplakov 1933, Young 1945 Ruttner 1953, Gorbu-
now 1955).

In the study mentioned above no differentiating effect of the type of
substrate on the occurrence of periphyton organisms was found. A great
similarity in occurrence and settling process of periphyton organisms was
observed among various types of substrates, provided that the substrates
were located in the same environment (the same spot of the littoral). On the
contrary, considerable differences in occurrence and in settling process were
found on the same type of substrate, but located in different lakes or in various
parts of one lake.

Cooke (1956) and Castenholtz (1960, 1961) have also suggested that
there is no differentiating effect of the type of substrate on occurrence of
periphyton organisms. Bohr (1962), working on sociology of periphyton has
noted that the type of substrate is a secondary factor for the occurrence of
periphyton organisms.

In the present paper, the effect of the periphyton occurring in the nearest
proximity as a source of colonization, on the process of settling of periphyton
organisms on new substrates, was also analyzed.

Numbers, species composition and dominance structure of the periphyton
organisms appearing on a new substrate were dependant from the character of
the periphyton that was the source of colonization. It was also found that
numbers of periphyton organisms settling on new substrates varied with time
accordingly to the changes in numbers of the organisms present in close
vicinity. The periphyton of the surrounding environment has the decisive role
upon the numbers and dominance patterns of organisms occurring in periphyton
which develops on a new substrate, irrespectively to the age of periphyton
(duration of the submergence period).
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The analysis of the influence of wave action on the occurrence of
periphyton organisms was also made in the paper.

It was found that due to wave action only inconsiderable numbers of
organisms were washed out from the well-developed periphyton, therefore,
wave action cannot be considered as a detrimental factor for periphyton.

The role of wave action in colonization of new environments is very com-
posed. Wave action enables the dispersal of the attached organisms and,
through this, makes colonization of new substrates possible, but, on the other
hand, too heavy action delays the process of colonization, making settling of
organisms more difficult by constant washing them from the young periphyton.
It has been observed that the degree of washing of the organisms depended
on the structure and age of periphyton. Considerably more organisms were
washed from the young periphyton than from the old one.

The fact that the organisms are washed out from the young periphyton more
intensely than from the old periphyton accounts for the described differences
in the role of the compensatory settling of organisms between the young and
old periphyton. The young periphyton, being washed out more easily, has to be
filled up more intensely with new organisms to compensate the loss due to
wave action, and to enable further increase in numbers. On the other hand, the
old periphyton, with numbers of organisms characteristic for the given con-
ditions, being washed out to much lesser extent, does not need such an intense
compensatory settling of organisms to secure its normal existence.

The washing of organisms from periphyton due to wave action counterbalan-
ced by the compensatory settling — the constantly recurring loss of organisms
and its compensation - bring about a kind of ‘‘exchange” within periphyton
biocenose.

This exchangability allows to understand the regularities, some of which
have been described in the present paper, and some — in the earlier works,
in the occurrence of periphyton organisms. Thus, it can render an explanation
for the considerable similarities, which have been reported in the earlier paper
(Pieczyfiska 1961), in the character of groupings of periphyton nematodes
(as for their numbers and dominance structure) living on the plants which
grow in one place of the littoral. It can also refer to the discussed above
semblance of periphyton organisms occurring on the different substrates,
located in one site of the reservoir (Pieczyfiska and Spodniewska 1963).

Consequently, it can be said that, although some spatial isolation exists in
the periphyton appearing on various substrates, considerable uniformity in
occurrence of periphyton can be characteristic for rather vast areas of the
littoral zone. This uniformity is achieved mainly by the removal of some
organisms from periphyton due to wave action, and settling down of other
organisms.

As it has been discussed earlier in the paper, greater variability was found
in the old periphyton than in the young periphyton collected both from the
natural and the experimental substrates.


https://periphyt.on
https://periphyt.on

228 Ewa Pieczyhska [44]

The ‘‘exchangability”’ of penphyton biocenose can also explain the fact
of colonization of new environments (natural and experimental ones) by
periphyton organisms in numbers and 6 with the dominance patterns similar
to those in the vicinity. The above regularity can result from the fact that
the colonization takes place through the passive dispersal (or passive
migration) of periphyton organisms from the nearest substrates.

If such an explanation is to be accepted, one should expect a greater
similarity in the dispersion patterns of the organisms that are less connected
with a substrate, than in those, closelly attached to it.In the earlier study
(Pieczyhska and Spodniewska 1963) a greater differentiation was
observed in the occurrence of algae than in that of periphyton nematodes,
with the highest differentiation found for the permanently attached algae:
Gleotrichia pisum and Cladophora sp... Undoubtedly, the degree of attachment
to a substrate is only one of many factors which regulate the occurrence
of periphyton organisms. Consequently, no direct and close dependence
should be expected between the degree of attachment of certain species and
the differentiation of their dispersion. Other factors may be also decisive
for the dispersion of these organisms. For instance, the differentiation in
occurrence of the forms permanently attached to a substrate brings about,
in tum, changes in living conditions for other organisms. The environmental
differentiation of the littoral is another factor which is responsible for the
uneven occurrence of periphyton organisms.

Wave action enables to a certain degree some contacts between periphyton
biocenose and other aquatic biocenoses. The closest relationship exists
between periphyton and plankton. The organisms washed from periphyton
live temporarily in plankton, and the planktonic organisms, as it has been
reported in the introduction to this paper when discussing the literature data,
occur in masses in periphyton. Some contacts, although of a lesser degree,
were also observed between periphyton and benthos, to which some authors
include the periphyton. Some bottom species of nematodes, evidently due
to wave action, were encountered in periphyton.

In spite of a certain degree of exchangability, periphyton represents
a grouping of organisms closely connected with the defined environments
of water reservoirs. The constant colonization of new substrates, the defined
organization, and the presence of the species which do not occur in other
groupings, are characteristic for this grouping.

Thus, it seems reasonable to consider periphyton as the self-existing
ecological unit, whichis a part of the total biocenose of a whole reservoir.

The paper is based upon a Ph.D. thesis submitted to Warsaw University. The author
wishes to express her sincere appreciation to Dr. K. Petrusewicz for his helpful suggestions
and guidence during the course of this study and in the preparation of this manuscript.
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The author is indebted to M.Sc. Irena Spodniewsk a for identification of algae.
Thanks are also due to Dr. A,Szczepadski who made available his materials on
intensity of wave action.
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BADANIA NAD ZASIEDLANIEM NOWYCH SRODOWISK PRZEZ NICIENIE (N EMA TODA)
I NIEKTORE INNE ORGANIZMY PERIFITONOWE

Streszczenie

Tematem pracy jest charakterystyka prawidlowosci zasiedlania nowych érodowisk
przez organizmy perifitonowe w warunkach litoralu jeziornego oraz prdba okreélenia
mechanizmow tego procesu i warunkujgcych go czynnikéw. Badaniami objgto zasiedlanie
podlozy naturalnych (gléwnie trzciny Phragmites communis Trin.), jak tez podlozy
eksperymentalnie wprowadzonych do zbiornika (réZne rodzaje ptytek szklanych). Prze-
prowadzono réwniez szereg eksperymentdw terenowych i laboratoryjnych.

Gtowny obiekt badafd stanowily wolnozyjgce nicienie (Nematoda), ktdre sg statym
i licznym skladnikiem perifitonu; w badanych drodowiskach osiggajg liczebno$é kilku-
nastu tysigcy osobnikéw na 100 cm? powierzchni podtoza. Poza nicieniami przy opraco-
wywaniu niektérych zagadnie uwzglgdniano réwniez glony, Tendipedidae i Oligochaeta.

Badania prowadzono w latach 1960—1962 na kilku jeziorach Pojezierza Mazur
skiego.

Analizy ilosciowe materialu prowadzono w oparciu o serie préb perifitonu zeskro-
bywanego z okreslonej powierzchni badanego podtoza,

Przeprowadzono szereg obserwacji nad biologig nicieni, koniecznych dla interpre-
tacji osiedlania sig tych organizméw w nowych S$rodowiskach. Badania dotyczyly
dominujgcych w analizowanym materiale (okoto 90% wszystkich nicieni) gatunkéw
Prochromadorella bioculata (M. Schultze) i Punctodora ratzeburgensis (v. Linstow).
Okre$lono stopied ich osiadlodci, dlugo$é cyklu zyciowego oraz intensywnos$¢ rozmna-
zania w réznych okresach roku.

Opisano charakterystyczng dynamikeg liczebnodci nicieni w cyklu rocznym, cechu-
jacq sig jednym bardzo wyraznym szczytem liczebnoéci w okresie wiosennym, spowo-
dowanym masowym rozmnazaniem sig dominujacych gatunkow.

W kolejnych latach wiosenny szczyt liczebnosci wystgpowal w nieco réznym
czasie, co wigzalo sig Scisle z temperaturg wody i okresem zlodzenia.

W okresie zimowym obserwowano czeSciowe zniszczenie perifitonu na tych partiach
podloza, ktére znajdowaly si¢ w pokrywie lodowej (pod lodem wystgpowal nonnalnie
rozwinigty perifiton). Stwierdzono, ze redukcja liczebnoéci glonéw i nicieni w perifito-
nie podlozy wmarznigtych w 16d spowodowana byla géwnie ich zwigkszong Smiertel-
nos$cig.

Wykazano, %e w badanych warunkach zasiedlanie Srodowisk naturalnych na skalg
masowq zachodzi dwukrotnie: 1) bezpoérednio po zejsciu lodéw — zasiedlanie podiozy
na ktérych perifiton zostal zniszczony na skutek wmarznigcia w 18d, i 2) w okresie
wiosennym — zasiedlanie wzrastajgcej wyzszej roélinno§ci wodnej.

W obu przypadkach badane organizmy osiedlaly sig na nowych podlozach w liczeb-
nosci i skladzie gatunkowym podobnym do wystgpujgcego w najblizszym sgsiedztwie.

Podloza pozbawione perifitonu w okresie zlodzenia, zasiedlone zostaly w ciagu
czterech do szeédciu tygodni po zejsciu lodéw. Przy tym zasiedlanie glgbszych partii
litoralu zachodzilo szybciej, niz  plytkich. Wynika to z tego, Ze w partiach glgbszych
nastepowato tylko dosiedlanie gbrnych czgSci lodyg roslin, podczas gdy w partiach
przybrzeznych (przemarzajacych do dna) musiala nastgpié catkowita odbudowa perifi-
tonu.

Mioda wzrastajgca roslinnosé (trzciny) zostaje zasiedlona przez gatunki rekru-
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tujace sig z wystepujgcych w perifitonie porastajagcym rosliny z ubiegtego roku. Wy-
réwnanie liczebno$ci nastgpuje na przetomie lipca i sierpnia.

Badajac szczegélowo przebieg procesu zasiedlania nowych Srodowisk przez nicie-
nie stwierdzono eksperymentalnie, ze gléwna droga wzrostu ich liczebnosci na nowych
terenach jest dosiedlanie, a nie rozmnozenie form poczatkowo osiadlych. Dosiedlanie
gra decydujgcg rolg w procesie zasiedlania nowych érodowisk od okreséw poczatko-
wych az do ustalenia sig liczebnosSci na poziomie charakterystycznym dla danych
warunkéw. Od tego momentu liczebno$é nicieni moze byé utrzymana na statym poziomie
bez udziatu dalszego dosiedlania.

PowyZszg prawidlowo$é mozna odnie§é réwniez do wielu innych organizméw bytu-
jgcych w perifitonie. Przede wszystkim do tych wszystkich gatunkéw, ktére majg dtugi
cykl zyciowy, a szybko i licznie pojawiajg si¢ na nowych podloZach. Natomiast gatunki
o krétkim cyklu Zyciowym i szybkiej reprodukcji mogg opanowaé nowe Srodowiska
gléwnie poprzez intensywne rozmnozenie sig form poczgtkowo osiadlych.

Przeprowadzono badania majgce okresli¢ role réznych czynnikéw warunkujgcych
zasiedlanie nowych Srodowisk przez organizmy perifitonowe. Stwierdzono zalezno&é
liczebnoSci sktadu gatunkowego i struktury dominacji organizméw perifitonowych,
pojawiajgcych sig na nowym podlozu, od charakteru ich wystgpowania w perifitonie
bedgcym #rbdlem zasiedlenia. Ustalono, Ze badane grupy organizméw zasiedlaly nowe
Srodowiska w réznych okresach czasu w zmiennych iloSciach, odpowiadajgcych aktual-
nej liczebnosci w otaczajgcym frodowisku. Perifiton otaczajgcego srodowiska decyduje
o liczebno$ci i stosunkach dominacji organizméw w perifitonie rozwijajgcym sig na
nowym podtozu, niezaleznie od jego wieku (czasu pozostawania podlozZy eksperymental-
nych w zbiorniku).

W ramach analizy mechanizméw zasiedlania nowych #rodowisk przez organizmy
perifitonowe, zbadano wptyw falowania na przebieg tego procesu. Obserwowano wielo-
krotnie pojawianie sig nicieni w wolnej wodzie litoralu w okresach silnego falowania.
Liczebno$¢ nicieni w wodzie zalezna byla od intensywno$ci falowania — zwigkszata
sig wraz z jego wzrostem. Jak stwierdzono, do wody dostajg sig osobniki nicieni,
ktbre zostaly wyplukane przez fale gléwnie z perifitonu, ale réwniez (choé w mniejszym
stopniu) z bentosu.

W eksperymencie laboratoryjnyin wykazano, Ze stopien wyplukania réznych grup
organizméw zaleZy od struktury perifitonu i jego wieku. Z perifitonu »smiodego’” wyplu-
kuje sig znacznie wigcej organizméw, niz z perifitonu ,,starego”.

Na przykladzie nicieni stwierdzono, ze falowanie wymywa z perifitonu niewielka
liczbe osobnikéw. I tak np. po 10 godz. falowania (o éredniej dla badanego zbiornika
intensywno$ci) wyplukuje sig z perifitonu 1,1% nicieni. Nie moZna zatem traktowaé
falowania jako czynnika niszczgcego biocenozg perifitonowa,

Pozytywna dla organizméw perifitonowych rola falowania polega na umo zliwieniu
rozprzestrzeniania sig (na skutek biemnej migracji) tym, w duzym stopniu osiadlym
gatunkom.

Rola falowania w procesie zasiedlania jest bardzo zlozona. Z jednej strony falowa-
nie umozliwia zajmowanie nowych srodowisk, z drugiej jednak strony, zbyt silne falo-
wanie opbfnia sam proces zasiedlania, utrudniajgc osiedlenie sig organizméw i wyplu-
kujgc je z mlodego organizujgcego sig perifitonu. Wyplukiwanie organizméw z perifitonu
na skutek falowania i rownowazZace je dosiedlanie, stale odchodzenie i dochodzenie
réznych osobnikéw powoduje pewien stopieh ,,wymiennosci’’ biocenozy perifitonowe;j.

,»Wymienno$é” ta sprawia, ze: 1) istnieje prosta zalezno$é liczebnosdci, skladu
gatunkowego i struktury dominacji organizméw perifitonowych pojawiajgcych sig na
nowych podlozach od stosunkéw panujgcych w perifitonie otaczajgcego $rodowiska,
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2) rbzne podloza, o ile sg usytuowane w jednym punkcie zbiornika, zasiedlone sg przez
perifiton podobny pod wzgledem liczebnosci i skiadu gatunkowego organizméw, 3)
wystgpuje duza jednolito$é perifitonu na znacznych przestrzeniach litoralu.
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