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THE INFLUENCE OF THE FISH POPULATION ON THE BIOCENOSIS
OF A POND, USING ROTIFERA FAUNA AS AN ILLUSTRATION*

A fish population (carp fry) increases the abundance and the duration of
occurrence of plankton rotifers during the four months growing season of the ponds.
This is due to the increase in the abundance of detritus and bacterioplankton due to
transformation of the pond habitat by fish.

Within the Rotifera fauna, the fish population increases the abundance of two small
species of Rotifera: Keratella cochlearis (Gosse) and K. quadrata (O. F. Miiller).

Fish culture in the ponds results in the littoral species of Rotifera disappearing
as the result of the elimination of mosaic character of the littoral habitat.
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[. AIM AND POSTULATES OF THE STUDY

The subject of the present study is formed by the description of succes-
sional changes taking place in newly-formed fish ponus, using euplankton
and littoral Rotifera for purposes of illustration. The aim of the study is
to attempt to explain both the spontaneous successional variations, connected
with the formation of the biocenosis in the newly-formed pond, and also
variations due to the influence of the fish population.

The effect of fish on the pond biocenosis is twofold in character:

1) direct influence exerted as a predator constituting the final link in
the main food chain and feeding on invertebrate plankton and benthos or-
ganisms,

2) indirect — as an organisin which can basically modify and transform
a habitat, and thus exert an indirect influence on the functioning of the
remaining components of the ecosystem of the pon:.

The problem of the food and feeding of the fish and their influence as
predators on food organisms is one frequently investigated, chiefly on account
of its importance in practical fishery management. The following studies may
be cited as examples of this — by Vaas and Vaas van Owen (1954),
Gurzgda (1960), Grygierek (1962) in which a population of carp was
found to have an inhibiting effect on the abundance and dynamics of crustacean
plankton and benthos Tendipedidae.

Contrary to the problem of the direct influence of fish as predators — the
problem of their indirect influence through the transformation of the habitat
is represented in literature to an extent so small as to be completely out of
proportion to its theoretical and practical ecological importance.

The problem of species strongly influencing and transforming the biocenosis
and habitat has been raised by Clements and Shelford (1952), who
termed them *“dominants’” (species influencing the habitat) or “‘major-influents’’
(species directly controlling the biocenosis, e.g. large predators). The
transforming effect of the fish on the habitat and biocenosis of the body of
" water has been uescribed in addition to the above mentioned authors, by Cahn
(1929) and Dineen (1953). Charin, Sutenko and MySenko (1954),
Hrbatek and others (1959), Hrbadek (1962), Grygierek (1962) drew
attention to the considerable changes in the whole pond biocenosis, and
therefore also to changes among organisms not directly connected by food
relations with the fish.

The influence of fish has been considered in the present study, using
Rotifera fauna as an illustration. It must be assumed that plankton Rotifera,
as one of the mass components of the pond plankton, will ““reflect’’ the changes
introduced into the ecosystem of the pond by the fish population depending
on the intensivity of its effect i.e. of population density.

The problem of the direct influence of fish as possible predator$ o.f
Rotifera can be omitted from the present study since, as shown by data in
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literature (Vaas and Vaas van Owen 1954, Kosova 1960), carp fry
over 2 cm in length do not feed (or at any rate not to any considerable extent)
on such small organisms as Rotifera. In my own investigations (Hillbricht-
Ilkowska 1963) I did not find any distinct limitation of the abundance
of even the larger species of Rotifera by dense carp fry stock.

The ponds chosen for the investigations are young newly-formedponds,
and therefore like every young biocenosis pass through successional changes.
This type of pond makes it necessary to take into consideration the very
considerable variability of the object studied, irrespective of any possible
variations due to the influence of the fish. It is therefore essential to treat
the anticipated changes in the Rotifera plankton as a whole over the period
of the first few years of existence of the ponds as an ‘‘overlapping” of two
sources of variations:

1) the natural successional changes referred to above, independent of the
fish stock,

2) variations due to the influence of the fish stock.

II. STUDY AREA AND METHODS

The investigations were continued over a period of four years (1957-1967)
on a group of experimental ponds belonging to the Experimental Fishery
Station of Institute of Inland Water Fishery at Zabieniec. These ponds are
similar in size (area 0.20 ha) and depth (apout 1 m) and are of uniform construc-
tion. [hey form a compact group with relatively ejual geological and hydrolo-
gical conditions, since their water is supplied from one source (the river
Jeziorka) led into and out of each pond separately’.

The experimental ponds at “Zabieniec were built between 1955-1057 and
the first group of them was filled in June 1957. 1957 is therefore the first
year of the activity of these ponds — a sort of “‘trial’’ activity under hydro-
logical conditions which varied considerably. Technical filling tests caused
great fluctuations in the water level, leading in certain of the ponds to
a permanent partial state. The activity of the ponds in the three succeeding
years (1958, 1959, 1960) took place under relatively stabilised hydrological
conditions — all the ponds were kept completely filled throughout the whole
growing season’.

Fhe period of activity of the ponds (the growing season) lasted about
four months in each year (Tab. I). Some of the ponds were stocked with fish
the first year. The smallest fish stocks were introduced into the ponds (2,500
fish/ha) in the [ and Il year, while in the /Il and /V year the fish stocking was

'For a sketch of the ponds and further data oun them sec: Volny (1962a), Gry-
pierek (1962).

?OQwing to the considerable permeability of ground the iuflow of the water was
continuous.
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wider in scope (2,500—-30,000 fish/ha). Carp fry (K,) weighing about 1 gramme
and from 2—3 cm in length were used for stocking each year. The fry were
introduced into the ponds about seven days after the day on which the ponds
were filled. The initial stock, allowing in such case for possible losses during
the growing season, was taken as a basis for distinguishing between different
variants of stocking. In some of the ponds,particularly in those with dense
fish stocking, the fish were given rough-ground barley as supplementary food.

Saples were taken by a 1 | Patalas type of water sampler and strained
through a net of 50—60u diameter of mesh. A sample contained 10 or 20 litres
of water taken 1 litre at a time from places distributed at random within the
pond. Intensity of sampling varied in different ponds. In some of the ponds
samples were taken every 3—5 days (Tab. I. N — “‘normally’’) throughout the
whole period of activity of the ponds. In the remainder of the ponds chosen
for investigations ‘‘probe’’ samples were taken (Tab. I. P) that is every
10-14 days. Three 10-litre samples were taken each time from the three
“sones’’ of the pond: ‘‘pelagial’’, 25-50 cm below the surface of the water,
near-bottom — 20—-30 cm above the bottom, inshore®, or 2 samples (from the
inshore zone — 10 litre sample, from the “pelagial”” and neaf:bottom zones
together — 20 litre sample), or one 20—litre sample (only from the ““pelagial”’
and near-bottom zones together).

The inshore and near-bottom zonmes of the pond from a habitat similar as
regards the presence of land plants covering the bottom of the pond before
it was filled in June: the ‘‘pelagial’’ zone represents the free body water.

The number of ponds examined frequently (V) and less often (P) and those
represented by 1, 2 or 3 samples taken each time, differed in different study
years, and is illustrated by the table below.

No.of ponds examined every: ¥l DB

Year 1014 days 3-5 days of ponds
1 sample 1 sample 2 samples 3 samples examined
1957 - - - 6 6
1958 - - 1 8 8
1959 7 - 6 4 17
1960 17 4 - n 21

The majority of the ponds in the group of those examined every 3—5 or
10—14 days were of the same age, i.e. in each year of the study period they were
all filled for an equal number of years.

The ponds examined every 3-5 days and every 10—14 days will be con-
sidered separately in the present paper. The difference in the frequency of
sampling has an important effect on the value and scope of such data as the

3The depth of water in the inshore zone was about 50 cm, this part of the pond
being formed by a raised shelf.



Basic information on the ponds studied

Tab. I
Dates of complete No. of :
filling and emptying days of Intensity Cotrixj:cu- Fish stock
PR e G it s gowing | yearof | fish/pond| fish/ha | Remarks
ponds no.?! el examina-
- June October tion? complete
of ponds filling
15 15 28 135 N 3 1 500 2,500 Frequent
17 2% % 122 N3 I 500 2,500 Huchustions
4 18 28 28 122 N3 I 500 2,500 in water
21 15 28 135 N3 I 500 2,500 fevel
ot 27 15 28 135 N3 I 0 0 from Sept.
3 37 28 %8 122 N.3 I 0 0 marked de-
crease in
water level
2 % % 24 N3 7 0 0
y 37 | 25 77 124 N1-3 I Up to Aug
; — depth
about 1 m
27 20 27 99 N 1-3 i 0 0°
1958 2 34 9p (July) 27 99 N 1-3 I
15 25 27 124 N3 i
17 25 o7 124 N3 i 500 2,500
i 18 25 97 124 N3 I
21 25 27 124 N 3 I
22 18 18 122 N 2 1l 0 0°
: 37 18 18 122 P 7l
17 18 18 122 N3 i
3 19 18 18 122 P 1-2 1 500 2,500
27 18 18 122 P1 1l
21 18 18 122 N2 1
3 23 18 18 122 N2 1l 600 3,000
24 18 18 122 N2 1
s g 18 18 18 122 N3 il 6005—1,200  +4.5005
20 18 18 122 N3 il
16 18 18 122 N2 uI 1,500 7,500
2 39 18 18 122 P1 1
30 18 18 122 N2 il
,000 ¥
: 38 18 18 122 P1 I 4 i
15 18 18 122 N3 i
3 34 18 18 122 P1I i1 4,500 22,500
36 18 18 122 p3 i
19 17 (24 (130 P1 v
3 40 17 24 130 P1 i 0 0
46 17 24 130 Pl i/}
17 17 (24¢ (130) N1 v
’ 22 17 (24 (130) P1 v 9 S0
16 17 (24) (130) P1 v
18 17 (24) (130) N1 v
25 17 (24) (130) Pl 1%
: 2% 17 (24) (130) P1 v g L i
39 17 24 130 Pl il
1960 53 17 24 130 P ]
15 17 (24) (130) N1 v
21 17 (249 (130) N1 v
20 17 (24) (130)° P1 v
o 24 17 (24 (130) - Pl By | R 15,000
30 17 24 130 Pl v
38 17 24 130 P ur
29 17 24 130 P v
35 17 24 130 P 1 i
: 47 17 24 130 P1 T G 30,000
56 17 24 130 Pl 11}

1 Acc. to standardised numbering of the ponds at Zabieniec (see Wolny 1962a),
N “nomally” — every 3—5 days, P — ‘“probing” — every 10—14 days, I — one sample taken each time (10 1 from below the surface, i.e. from

“‘pelagial’® + 101 from the near — bottom zone, treated jointly), 2 — two samples taken each time (one 10 1 from the inshore zone and a second as
.nhove),S-;three samples taken each time (one 10 1 from the inshore zone, the second — 10 1 from the ‘“*pelagial’’, the third — 101 from the near —

bottom zone).

3Stocked towards the end of the growing season (Oct. 4th);treated as a control pond in comparison with the rest of the ponds stockea at the

beginning of the growing season.

4Very scanty fish stock (about 100 fish in the pond) composed of fish accidentally introduced from neighbouring ponds. Treated as control pond.
° Both ponds were initially stocked with 600 specimens of fry. They were found to contain a considerable amount of fish, probably introduced
accidentally, discovered during fishing operations. They were therefore treated as ponds stocked with an amount of fry greater than the initial

number, assuming a middle number between the two extremes.,

®The so-called two-season ponds, were left fully filled for the winter, For purposes of comparison with one-season ponds Oct. 24th was accepted

as the agreed date ending the 4-month growing period (this was the day on which the oue — season ponds were emptied),
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number of species found, the character of their dynamics, proportions between
the abundance of each species (Hillbricht-Ilkowska in press). Certain
regularities are, however, illustrated similarly both by data from the ponds
examined frequently and from those examined less often. In these cases the
results of investigations of both groups of ponds are placed near each other
on one graph. In cases in which data from ponds examined every 10-14 days
proved to be very fragmentary anua differed greatly, this group was omitted.

A total of 2,500 samples was taken over the study period of four years.

Ill. GENERAL REMARKS ON THE OCCURRENCE OF EUPLANKTON
AND LITTORAL ROTIFERA IN THE PONDS INVESTIGATED

A total of 85 species and forms of plankton Rotifera were found (Tab. II,
IIl). They do not form a homogeneous ecological group — although they lead
a plankton way of life in principle similar. The source of their ecological
difference is primarily the type of habitat proper to them. Littoral species
(48 in number — Tab. II) occur most frequently among water plants, or moving
freely between plants, or keeping to the surface of the plants. Certain of
them may be included in the composition of the periphyton as its active and
non-settled component, e.g. Scaridium longicaudum (Pawlowski 1958).
There are therefore species, the proper habitat of which is the littoral part
of the body of water occupied by plants: they are treated as a tychoplankton
element in the pelagial. Euplankton species (37 in number — Tab. III) occur
in principle in the body of water free of plants, in the pelagial part of the
body of water. The respective habitat — littoral or pelagial, as being charac-
teristic of each plankton species, is noted in every modern key (Voigt 1957,
Barto¥ 1959, Rudescu 1960) ana in monographs (Wiszniewski 1953,
Pawtowski 1958). In the group of ponds examined both habitats of plankton
Rotifera are relatively well separated in space. These are young ponds, not
as yet possessing their own water plants*, but with inshore zone and bottom
covered by land plants, forming a habitat imitating a littoral. This vegetation,
which is renewed every year in the ponds and every year submerged again, often
continues in good condition up to the end of the period of activity of the
ponas. The mass of water beyond the inshore zone, which is not in direct contact
with the bottom of the ponds, forms the ““‘pelagial’ habitat of these ponds.

The character of the occurrence in different zones of the ponds of littoral
and euplankton Rotifera is different (Fig. 1). These differences are maintained
in each of the successive years during which the ponds are kept filled, which
confirms that the division of the plankton Rotifera into two different habitat

groups is fully justified.

“During the study period the app:arance of a small number only of stati.ons-of
water plants was confirmed, in the form of small patches of Elodea canadensis Rich.,

P hragmites communis Trin., Typha, sp- and water moss.



458 Anna Hillbricht-Tlkowska (6]
Number of ponds examined every 8—5 days, in which the different species
of littoral Rotifera® were found in consecutive years
Tab. II
Year, no.of ponds
examined

No.|Group Species 1957 | 1958 | 1959 | 1960
6 8 10 4
1 Lecane luna (0.F.Miller) 1776 6 8 10 4
2 Lecane lunaris (Ehrb.) 1832 6 8 8 2
3 Euchlanis dilatata Ehrb. 1832 5 8 10 3
4 Trichotria pocillum (O.F.Muller) 1776 5 i 7 2
5 Lecane closterocerca (Schmarda) 1859 6 8 7 3
6 Mytilina ventralis brevispina Ehrb. 1832 5 74 9 1
7 Trichotria tetractis (Ehrb.) 1830 5 8 8 1
8 1 | Lophocharis salpina (Ehrb.) 1834 6 6 4 1
9 Lecane hamata (Stokes) 1896 g 6 71 3
10 Testudinella patina (Hermann) 1783 3 6 10 3
11 Lecane bulla (Gosse) 1886 i 7 6 2
12 Cephalodella gibba (Ehrb.) 1832 3 5 3 1
13 Lepadella acuminata (Ehrb.) 1834 3 4 6 1
14 Lepadella ovalis (0.F.Miller) 1786 3 5 5 1
15 Colurella uncinata (O.F.Miiller) 1773 1 1 7 1
16 Euchlanis oropha Gosse 1887 1 3 5 1
17 Lepadella patella (O.F. Miller) 1773 5 U 9
18 Lecane sp. 2 6 1 -
19 Trichocerca porcellus (Gosse) 1886 b 8 6 -
20 Trichocerca pusilla (Jennings) 1903 4 s 2 -
2% 1 Trichocerca brachyura (Gosse) 1851 3 8 2 -
22 Trichocerca rattus carinata Ehrb. 18302 4 2 3 -
23 Scaridium longicaudum Miiller 1786 2 2 1 e
24 Trichocerca rattus (0O.F.Miiller) 1776 3 1 1 -

25 Colurella uncinata f. bicuspidata (Ehrb.)

1832 1 1 1 -
26 Notommata sp. 4 3 - &
21 Cephalodella gracilis (Ehrb.) 1832 g 2 - -
28 111 Colurella colurus (Ehrb.) 1830 4 4 - -
29 Trichocerca gracilis (Tessin) 1890 ] 1 - -
30 Mytilina ventralis Ehrb. 1832 2 i st i
31 v Trichocerca longiseta (Schrank) 1802 2 - - -
32 Epiphanes senta (0O.F.Miller) 1773 1 — - =
33 Mytilina mucronata (0.F.Miiller)1773 1 - - e
34 Adineta sp. - 8 3 1
35 Platyias quadricornis (Ehrb.) 1832 - 1 1 o
36 Euchlanis triquetra Ehrb. 1838 — 1 2 —
37 v Eosphora najas Ehrb, 1830 — 1 1 -
38 Lecane flexilis (Gosse) 1886 - 1 — -
39 Philodina roseola Ehrb. 1832 — - 2z 1
40 Testudinella elliptica (I3hrb.) 1834 - - 1 1
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Tab. II (con.)

Year, no.of ponds
examined

No.| Group Spacies 1957 |1958 [ 1959 [1960

6 10 4
41 Dissotrocha aculeata (Ehrb.) 1832 - 1 -
42 Lecane ungulata (Gosse) 1887 - 1 -
43 Platyias patulus (O.F.Miller) 1786 - 1 —
44 v Dipleuchlanis propatula (Gosse) 1886 1 1 -
45 Trichocerca bicristata (Gosse) 1887 1 1 -
46 Trichocerca teniuor (Gosse) 1886 1 1 -
47 Trichocerca tigris (O.F. Miiller) 1786 2 1 -
48 Trichocerca weberi (Jennings) 1903 4 — 1

! Nomenclature acc. to Voigt (1957).
2 Acc. to Rudescu (1960).

Number of ponds in which different species of euplankton Rotifera®
were found in consecutive years

Tab. III

Years, group of ponds
no. of ponds examined

No. [ Group Species Ponds examined every:
3-5 days 10—14 days
1957] 1958 | 1959 | 1960 | 1959 | 1960
6 8 10 4 7 1%
1 Keratella cochlearis (Gosse) 1851 6 8 10 4 vt 17
2 Keratella quadrata (O.F.Miller)
1786 6 8 10 4 7 17
3 Anureopsis fissa (Gosse) 1851 6 8 8 4 1 10
4 Asplanchna priodonta Gosse 1850 6 rf 10 4 7 14
5 Polyarthra vulgaris Carlin 1943 6 & 10 4 6 14
6 Brachionus calyciflorus Pallas 1766 | 5 7 10 4 6 13
7 Filinia longiseta (Ehrb.) 1834 5 74 10 4 6 7
8 Synchaeta pectinata Ehrb. 1832 5 8 10 4 6 12
9 Polyarthra major Burckhardt 1900 S 8 10 4 3 9
10 Brachionus angularis Gosse 1851 5 1 10 4 6 15
11 I |Synchaeta oblonga Ehrb. 1832 4 8 10 4 7 14
12 Brachionus urceolaris O.F.Miiller
1773 6 4 9 2 4 7
13 Asplanchna girodi de Guerne 1888 4 6 8 4 4 9
14 Polycrthra dolichoptera Idelson
1925 3 4 2 1 1 6
15 Polyarthra euryptera Wierzejski
1893 2 b 5 2 3 3
16 Polyarthra longiremis Carlin 1943 2 5 5 1 - 8
17 Hexarthra mira (Hudson) 1871 6 4 1 - - 3
18 Polyarthra dolichoptera f. aptera
Idelson 1925 3 3 1 3 - -
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Tab. III (con.)
Years, group of ponds
no. of ponds examined
Nos |Group Species Ponds examined every:
3-5 days 10—14 days
1957 [ 1958 {1959 | 1960 [1959 | 1960
6 8 10 4 i 17
19 Trichocerca capucina (Wierzejski
et Zacharias) 1893 1 2 3 - - -
20 Il |Notholca acuminata (Ehrb.) 1832 B 2 - - - 1
21 Synchaeta tremula (0.F. Miiller)
1786 3 - = i Gt =
22 Conochilus hippocrepis (Schrank)
1830 - 8 10 4 7 12
23 Brachionus quadridentatus Her-
mann 1783 - 4 9 2 - &
24 Asplanchna sievoldi (Leydig)
11 1854 - 5 6 1 1 1
25 Brachionus diversicornis (Daday)
1883 - 3 2 2 - 3
26 Filinia brachiata (Rousselet) 1901 = 2 5i 1 At 1
237 Notholca labis Gosse 1887 o 3 2 1 — -
28 Brachionus rubens Ehrb. 1838 - 2 - — = =
29 Notholea squamula (O.F. Miiller)
1786 - 1 - - - -
30 Gastropus stylifer Imhof 1891 - 1 - - - 1
31 Asplanchna sp? - - 5 2 1 -
| 32 Colloth-ca mutabilis (Hudson)
1885 4 Sz 92 2 A 1
33 | IV | Trichocerca birostris (Milikie-
wicz) 1900 — - 2 — - -
34 Trichocerca cylindrica (Imhof)
1891 — - - 1 - 1
35 Synchaeta longipes Gosse 1887 — - 1 = = 7
36 Asplanchna brightwelli Gosse
1850 - o 1 i & )
37 Argonotholca foliacea (Ehrb.)
1838 - - = 1 = o

! Nomenclature acc. to Voigt (1957).
2Probably A.intermedia Hudson 1886, a species

further investigated.

new to Poland.

Its occurrence will

Littoral Rotifera are the most abundant (both the number of species and

the mean numbers of individuals) in the inshore zone, and least nuinerous

in the

years in which the ponds were in operation (Fig. 1).

““pelagial’’ zone. This phenomenon can be observed in all the three
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On the other hand the zone of the pond most intensively occupied by
euplankton Rotifera (greatest mean numbers) is the ‘“‘pelagial’’ zone of these
ponds and in order of diminishing numbers — the near-bottom zone (Fig. 1).
The inshore zone is the least densely occupied. The number of species of
euplankton Rotifera does not vary greatly in the different zones of the pond
(Fig. 1), but the slightly smaller number of species in the inshore zone is
noticeable. The relatively uniform occurrence of euplankton species over
the whole area of the pond would seem to be due on the one hand to their
abundant occurrence, and on the other to the limited space and depth of
the pond.

The inshore and near-bottom zones therefore form a habitat chiefly
characteristic of littoral Rotifera, and the ‘‘pelagial’’ zone is in principle
occupied by.euplankton R otifera.

Both groups of plankton Rotifera differ as to the character of their
variations in numbers. The littoral Rotifera as a rule belong to the common
species, but occur in relatively sinall numbers not exhibiting in general any
tendency to mass or sudden quantitative development. In the ponus examined
they occur on an average in numbers of less than 1 individual per litre, their
maximum numbers not exceeding about 20 individuals per litre. The majority
of species were established on the basis of about several to ten Specimens
found during the whole study period. Conversely, euplankton Rotifera belong
to common, frequent and numerous species. The majority of them are charac-
terised by periods of great increases in numbers, when these reach a figure
of several-thousand specimens per litre.

The differences in the habitats and ecology of the two groups of Rotifera
show that it is essential to treat them separately in the present study. The
natural successional variations in the habitat of the newly-filled ponds, and
also the possible variations due to the influence of fish will most probably
have a different effect on the first and second group.

IV. VARIATIONS IN THE NUMBER AND COMPOSITION
OF SPECIES OF PLANKTON ROTIFERA

1. General remarks

lhe first years of existence of newly-filled ponds are characterised by
considerable variations of such basic features of each biocenosis as the
number and composition of the species. A composition of species is formed
and becomes stabilised on the basis of the more or less fortuitous colonization
of species.

In order to describe this aspect of succession the following were taken

as bases:
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1) variations in the mean number of species found in the group of ponds
examined. The number of species provides general information on the qualitative
composition of the biocenosis and the degree of differentiation of the habitat.
There is a general rule that the more mosaic-like the habitat the more co-occur-
ring species there are and vice versa — uniform habitats, not differentiated,
are distinguished by qualitatively poor fauna (Litydski 1938).

2) changes in the composition of the species of Rotifera in different ponds
compared both within each year and compared from two or more such years.
Comparison of the specific composition of the Rotifera was made on the basis
of the Koch (1957) and Marczewski and Steinhaus (1959) indices of
specific composition similarity applied to comparisons of associations of
species from different habitats or biocenotic units.

The Marczewski-Steinhaus index constitutes a certain modification of the
fairly generally used S8rensen index (S8rensen 1948)°and is based on elements
identical with the latter:

w

b e o 4,0

atb-w

w = number of species common to the two associations compared, a = number
of species in the first association, b = number of species in the second
association.

This index necessitates comparisons of associations in pairs and provides
information on the degree of similarity of the specific composition of the given
two associations. With a larger number of compared associations and with
relatively slight variability of the index a mean value can be used which gives
information as to the mean degree of similarity of the compositions of species
in n compared associations.

The Koch index — IBD — (Index of Biotal Dispersity) (Koch 1957) treats
the similarity of associations on the basis of different elements from the
preceding index:

T-S
S(n-1)

IBD = - 100

SFor purposes of comparison: the S8rensen index is as follows

2¢

at+b

QS = - 100

where ¢ = w in the Marczewski and Steinhaus index, a and b as above.

In my material the Sdrensen index exhibits variations completely parallel to the
variations in the Marczewski-Steinhaus index. The Marczewski-Steinhaus index is
identical with the old Jaccard index. I decided to use it in the present study in the
form described by Polish authors.
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T = arithmetical sum of species occurring in n compared associations, S = total
number of species (list of species) found in n compared associations, n = num-
ber of associations compared.

This index gives the way in which S species are distributed in n habitats
examined. If a juite different group of species occurs in each habitat, then the
degree of their dispersity equals O per cent, which means that each habitat
has a different specific composition and each species from the joint list of
S species is limited to one place. If, conversely — all the habitats have an
identical specific composition (§; = S, ..... =S, = S) then the index of
dispersity equals 100%. This index has the advantage over the former in that
by using it more than two associations can be compared at one time.

These indices were calculated for: 1) one-year ponds. In this case the
index gives information as to similarity, that is, the degree of equalisation
of the specific composition of Rotifera in a given year, 2) of ponds from
different years (e.g. of ‘‘neighbouring’ years). Ponds investigated in two or
more years were combined in one group and the index calculated for the whole
group. The index calculated in this way provides information as to the specific
composition similarity of ponds within the years compared, that is, indirectly
as to variations in the composition of the Rotifera species, which took place
in the unit of time compareu. Considerable differences in the composition of
the Rotifera fauna will be reflected in the low indices of similarity, while
an equalled and similar composition of species of Rotifera will accompany
high indices.

The use of two indices to describe one phenomenon is intended to eliminate
any possible deformations which each index might introduce separately.

Only data from ponds inspected every 3—5 days were used in calculating
the above indices. The ponds *‘probed’’ (every 10-14 days) were omitted from
this analysis on account of the very scanty and varied material. Vhen samples
were taken as infrequently as every 10-14 days, 30-50% of the species,
especially ‘the rarer and less numerous ones, were not found (Hillbricht-
Ilkowska in press).

In the case of littoral Rotifera it proved necessary to make a parallel,
double analysis — separately on the basis of data obtained from all three zones
of the pond represented by three or two samples taken each time, and separately
on the basis of data obtained from one sample (or two combined as one)
representing two zonmes of the pond — the near-bottom and *‘pelagial’’ zones.
This makes it possible to include in the analysis data from 1960, when samples
were taken from two zones only of the pond (represented jointly by one sample)
and to compare them with data from the previous years, when samples were
taken from all three zones of the pond.

This type of differentiation of the material would not, on the other hand,
appear to be essential in the case of euplankton Rotifera, at least not as far
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as the composition of their species is concerned, since the number and com-
position of euplankton species found in samples from the inshore, nearbottom
and ‘“‘pelagial’’ zones were not observed to differ greatly (Fig. 1).

2. Variations in the number of species

Variations in the number of species of littoral and euplankton Rotifera take
a different, even opposite, course in consecutive years (Fig. 2).
The number of littoral
species decreases with the
passage of years; a particu-

261 larly distinct decrease occurs
S in the years Il and [ll. The
N number of euplankton species,

1 22 . on the other hand, increases

in the year /I, after which
it is maintained at a constant
level. Two periods may there-
fore be distinguished from

=

the aspect of variations in
the number of species — the
first (years I and II) which
is characterized by sharp
variations both within the
littoral  Rotifera (decrease
| | in numbers) and within the

Number of species
X 3

S

e
N
N
N

euplankton Rotifera (increase

Years in numbers) and the second
(years [Il and IV) which is
Fig. 2. Variations in the mean number of species of characterized by the relative

rotifers in successive years
1 — euplankton species, 2 — littoral species (on the basis
of data from all the zones of the pond), 3 — littoral
species (on the basis of data from the ‘‘pelagial” a small number of littoral
and near-iottom zones) species.

stabilisation of a large number
of euplankton species and

The disappearance of littoral species would seem to depend on inte.nsivity
of the use of the ponds examined for fishery purposes, since particularly
few species occur in the years Il and IV in which the ponds% were stoc!(ed
with fish populations differing greatly in density. The flSh. po.pulatlon
destroying plants most probably eliminates the original mosaic-like cha-
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racter of the pond habitat formed by vegetation and thus narrows down the
variety in the habitat conditions of littoral Rotifera.

The stabilised conditions in the free body of water (constant inwards flow

and relatively slight fluctuations in water level) most probably constitute,

beginning with the /I year, the factor favouring permanent occurence by eu-
plankton species.

3. Variations in the composition of species
Variations in the composition of the species forming the two groups of

Rotifera ““measured”’ by indices of species composition similarity are different
for euplankton and littoral species (Fig. 3).

0~ 8

% S1B) —wn

0 ! I £l l I . l (g 1 I I
& I T V. 5 I EY ¥ I IpdblF0 B T B
ears

Fig. 3. Variations in indices of similarity of specific composition: Marczewski-Steinhaus
(S) and Koch (IBD) of littoral and euplankton rotifers, for ponds in comsecutive years
and *‘pairs’’ of years
1, 2 — on the basis of data from all the zones of the pond, 3, 4 — onthe basis of data from the
“‘pelagial’’ and near-bottom zones

In the case of littoral Rotifera, ponds in the year [ and year jJ exhibit
greater similarity in the composition of species than in the Il and IV years
(Fig. 3). This same regularity can be seen when comparing the specific
composition of ponds from ‘‘neighbouring’ years (Fig. 3). Therefore years [
and [/ constitute a period of relatively uniform occurrence of littoral Rotifera.
A relatively large number of species occur everywhere in the group of ponds
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studied during this period. Fundamental changes would appear to take place
during the Il year, when the number of species decreases and as a result of
their disappearance the specific composition of ponds becomes increasingly
different. The Koch index (IBD) for all the ponds in the years I, Il and /Il (on
the basis of data from the inshore, ‘‘pelagial’’ and near-bottom zones) is 37.2%,
while it is 21.8% for all the ponds in all the years (on the basis of data from
the two latter zones). This is evidence of the relatively small mean similarity
of species composition of all the ponds during the study period.

The similarity of the specific composition of littoral Rotifera is smaller
when we analyse ‘‘pelagial’’ and near-bottom samples, and increases when
data from the inshore zone are added to the analysis — that is, from the zone
most densely occupied by the littoral rotifers (Fig. 3).

The specific composition similarity of euplankton Rotifera is considerable
both for ponds in the following year and from ‘“‘neighbouring’ years, and does
not reveal any fundamental changes with the passage of the years (Fig. 3).
It is only in the year Il in which the appearance of many new species was
observed (Fig. 2, Tab. IIl), that there is a slight decrease in the specific
composition similarity of the ponds examined. The high values of the indices
of similarity in the specific compositicn of the euplankton Rotifera point to
the fairly large number of species occurring continuously in all the years and
all the ponds. The Koch index (IBD) for all the ponds in all the years, that is the
mean similarity of species composition of the ponds, is 54.3% for this group.

It is worthy of note that both the indices used — the Marczewski-Steinhaus
and the Koch indices, reveal almost identical variations (Fig. 3, left side),
which justified the use of the Koch index only for a description of the com-
position of species in the ponds taken jointly from different “pairs” of years
(Fig. 3, right side). This index does not make it necessary to compare the
ponds in pairs, which is very laborious when there is a large number of ponds
to be considered.

The picture of the variations in the composition of species in both groups of
Rotifera obtained on the basis of indices of species composition similarity, filled
in by data informs as to the occurrence of each species (Tab. IL IIl). The species
were arranged in order of degree of continuing and common occurrance in the
group of ponds examined. Group I of littoral Rotifera (Tab. II) includes 16
species occurring in all the study years, only one species of which, Lecane
luna, occurs in all the years and all the ponds. This is the most numerous
and commonest species of all the littoral species. This group constitutes only
32% of the list of littoral Rotifera found in the group of ponds examined.
Group II of littoral rotifers includes 10 species occurring only during the
three first study years, and in general only in some of the ponds. Group II
includes three species encountered only in the first two study years, and
group IV — 4 species encountered only in the first year. As a rule these are
species found only in one or two ponds. The remaining 14 species (group V)
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were found in numbers from one to approximately five specimens in one or
two ponds.

Of the 37 euplankton species found during the study period as many as 18
(Tab. III — group 1), that is, about 50% of the list of species found, occur in
all the years, and of this number 11 species — in all or almost all the ponds
examined. A relatively small number of species — only 3 (group II) occur in
years [. Il and III, or ] and II, or in year I. Six species (group III) which appeared
in the year I, including such common species as Conochilus hippocrepts and
Brachionus quadridentatus, generally participate continuously in the composition
of the biocenosis of each pond and continue up to the end of the study period.
Sporadic species, appearing in the later stuuy years, were included in group IV.

4. Fish stock and the number and composition
of Rotiferaspecies

In the foregoing consideration ponds examined in consecutive years were
treated jointly regardiless of their fish stock. This is justified by the absence
of a connection between the size of the fish stock and variations in the number
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Fig. 4. Number of species of littoral and euplankton rotifers in ponds with different
density of fish stocking
1 — on the basis of data from all zones of the pond, 2 — on the basis of data from the “pelagial’’
and near-bottom zones

and composition of the Rotifera species in ponds in one year (Fig. 4). Within
the ponds of the same year the littoral species exhibit generally greater
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variations, and the euplankton rotifers considerable similarity in the number
of species. The absence of indicator species for different stocks would seem
to be understandable; since Rotifera belong chiefly to eurytopic and ubiquitous
species and generally there are no species among them with so narrow an
ecological tolerance that it could indicate habitat differences caused by fish
stock of different density. The species found in the group of ponds studied
are generally characteristic of fertile, eutrophic habitats. One fact is worthy
of note, that certain species known from fertile habitats (Pejler 1957) such
as Brachionus diversicornis, B. quadridentatus, Conochilus hippocrepis, Tri-
chocerca birostris, Tr. cylindrica appear in the later study years — the year [II
or IV (Tab. III), that is, during a period of advanced fish culture.

V. VARIATIONS IN THE QUANTITATIVE OCCURRENCE OF PLANKTON ROTIFERA
AS THE RESULT OF NATURAL SUCCESSIONAL CHANGES
AND OF THE INFLUENCE OF THE FISH POPULATION

The quantitative occurrence of both groups of plankton Rotifera exhibits
directional changes with the passage of years and with the increase in density
of the fish population.

1. The quantitative occurrence of littoral Rotifera

The mean abundance of littoral Rotifera in the ponds examined is in general
low — being approximately several individuals per litre (Fig. 5). This the result

B 3

3
i
I
1
01.

Years

Fig. 5. Variations in mean numbers . specimens/litre) of littoral rotifers in consecutive
years (data from ponds examined every 3—5 days)
1 ~ inshore zone, 2 — *‘pelagial”® zone
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of the very sporadic and scanty occurrence of the species in the group®. The
numbers of these species do, however, exhibit variations with the passage
of time — in the “pelagial” zone continuous increase is observed in the three
first years and a decrease in the year [V, in the inshore zone a very marked
increase in the second year, followed in the year IIl by a slight drop in numbers
(Fig.5). As no data are available for the inshore zone during the year [V it is dif-
ficult to state whether the decrease observed in the *‘pelagial’’ zone affects
the inshore zone as well. It would, however, seem probable, judging by the
general disappearence of the littoral species, that their numbers decrease in
the inshore zone as well in the study year [V.

Mean numbers (X) and mean frequency® of occurrence in time (F)
. of littoral Rotifera in ponds containing different fish stocks

Tab, IV
Fish stock, Rt specimens per litre
Year Nz;x;sf fish per three zones two zones F — per cent

p hectare of pond? of pond?

I 2 0 - 0.5 57

4 2,500 1.5 0.7 83

1 2 0 4.1 2.5 55

4 2,500 G 1.4 86

1 0 0.5 n.1 27

1 2,500 2.2 1,2 67

3 3,000 3.3 i 58

i s 4,500 8.1 3.0 64

1 7,500 2.8 0.5 53

1 15,000 1.6 0.5 79

1 22,500 11.4 3.2 84

3 2,500 - 0.4 10

v 1 7,500 S 0.4 28

15,000 - 0.5 31

! As percentage of samples containing at least one individual of the total number of samples
taken throughout one year in a given pond.
2Three zones — inshore, “pelagial’ and near-bottom,two zones — ‘‘pelagial’® and near-bottom.

Within one year unstocked ponds, or ponds stocked with a smaller number of
fish exhibit (with a few exceptions only) less abundance of littoral Rotifera that
the ponus more densely stocked (Tab. IV). There is a more distinct correlation,
on the other hand, between the frequency of occurrence of littoral Rotifera

and the density of the fish stock (Tab. IV). The denser the fish stock, the more
often the littoral rotifers appear in samples, which means that their occurrence

¢On this account data for the ponds “‘probed’” were omitted from this analysis.
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is more continuous during the period that the pond is being used. Of course
the absolute values for the given size of fish stock differ every year, for instance
density of fish stocking of 2,500 fish per hectare in the year II corresponds
to a frequency of occurrence of littoral rotifers like that in the year IIl — when
the stock is 10 times larger. Frequency several times smaller than in the year III
corresponds to fish stocks of 7,500 fish per hectare and 15,000 fish per hectare
in the year IV. In 1960 (year IV) the frequency of encountering littoral rotifers
is in general several times smaller than in the preceding years, which would
seem to be the reflection of the decrease in their numbers referred to above.
Despite the fundamental differences in the absolute values of frequency of
occurrence of littoral rotifers, however, the above relation is present in each
year in which a different fish stock is introduced.

Dependence of the frequency of occurrence (in percentages)® of several
of the more numerous littoral species on the size of the fish stock

Tab. V
Year, fish stock — (fish per hectare)
Species i r

0 2,500 0 2,500 3,000 | 4,500 | 7,500 (15,000 22,500

Lecane luna 21 54 15 15 19 33 22 25 34

Euchlanis dilatata| 26 39 ) 39 25 20 37 25 31
Testudinella pa-

tina 2 16 3 21 17 24 12 54 37
Colurella uncina-

s ook 3, R o g % 3 7 6 3 9

Colurella colura - 8 - - — = 5 i s

Lecane clostero-
cerca 17 25 - - - - g 3 2

Lecane lunaris 23 46 2 N Sy ook B rgelidh e, b

Mytilina ventra-

lis brevispina | 8 24 | — — - - S TR i S
Lecane hamata 6 10 | — = - - P - - 5 A -
Adineta sp. 17 24 - - - i = & &

! As per cent of samples containing at least one individual of the given species, of the total
number of samples taken throughout the year in ponds with the given variant of stocking.

2Does not occur at all.

3Found only in a small number of specimens — not suitable for calculating frequency of
occurrence.

This regularity is also observable when analysing different (more numerous)
species (Tab. V). Data from 1957 and 1960 can be overlooked since they are
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very fragmentary in the light of data on particular species (numbers below
1 specimen per litre). The species given (Tab. V) in general prove the above
rule that the fish stock increases the frequency of occurrence of littoral
Rotifera.

2. The quantitative occurrence of euplankton Rotifera

The character of the quantitative occurrence of euplankton rotifers differs
completely from that of the occurrence of littoral rotifers, and is distinguished
primarily by a tendency to intensive quantitative development.

P S—

Abundance
PRl JEi
N

RN
N p—

/‘Ionfhs

Fig. 6. Types of variations in numbers (I-III) of euplankton rotifers during a four-month
period of activity of the ponds (periods in which rotifers occur in numbers of at least
twenty-several tens individuals per litre and create a distinct peak of abundance have
been taken into consideration)
— filling or emptying the pond

Three types of variations in numbers of the euplankton Rotifera of the ponds
can be distinguished within each year (Fig. 6). Type I — one peak of abundance
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is observed at the end of June or beginning of July, a few days after the ponds
are filled. This period of mass development is generally of short duration,
lasting at most only to mia-July. This is the spring peak of the abundance
of the rotifers. Type I — two peaks of abundance are observed — the one
described above — the spring one, and also the autumn peak occurring during
the September-October period. Type IIl — three peaks of abundance are observed.
In addition to the peaks described above there is a third during the period
between the end of July and August, which may combine with the autumn peak.
This is the summer peak.

An element common to all three types of variations in numbers is the spring
peak. This means that in all the study years the Rotifera appear in great numbers
in the ponds a short time after the latter have been filled. The mass occurrence
of rotifers in temporary bodies of water, refilled with water every year during
the spring, is a fairly common phenomenon (MiroZnidenko 1955, Bragin-
skij 1957a, 1957b, Kosova 1960) and a typically spring aspect of the life
of these waters. The fish stock is introduced into the ponds examined every
year about 7 days after the ponds have been filled, which means that the spring
mass development of Rotifera takes place de facto in a pond not as yet stocked
with fish.

Variations in the abundance of euplankton Rotifera taking place during
the spring period in consecutive study years may therefore be considered as
a manifestation of natural successional changes, not controlled (or at least
not directly so) by the current fish stock. The quantitative development of
euplankton Rotifera outside the spring period — in August, September and
October, takes place in a pond fully utilised by the fish population and any
possible successional changes will be concealed by the influence exerted
by the current fish stock. Data from this period may therefore be used only
to illustrate the ‘“‘fish population-euplankton Rotifera’ correlation.

The length of the period from the time at which the pond is filled to the
time of numerous appearance of Rotifera is subject to relatively small variations
with the passage of time (Tab. VI). Rotifera occur abundantly in all ponas
each study year as early as the 4th-6th day after filling the ponds, regardless
of the calendar date of filling (Tab. I).

In the year I in two of the six ponds studied, the rotifers did not occur
in the form of a distinct peak in numbers. Differences of this kind during the
year I following the filling of the ponds, when hydrological conditions were
not as yet stable, would seem to be completely understandable. In years I/
and [l almost complete equalisation of the duration and time of the spring
appearance of rotifers was observed. This is probably an expression of the
relatively uniform conditions prevailing in the ponds at the start of their annual
growing season.

It would also appear that the drop in the abundance of rotifers after the
spring development period is not hastened by the fish stock. since otherwise
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we should observe a more rapid decrease when fish stocks were larger and
as a result a shorter period of the mass development of Rotifera.

The abundance of euplankton rotifers during the spring peak period is,
on the other hand. characterized by a continued increase in every consecutive
year (Tab. VI). These variations would seem to indicate that the initial fertility
of the annually renewed pond increases with the lapse of time.

Calendar time, duration of appearance (1) and mean numbers (-X’)
of euplankton Rotifera during the spring

Tab. VI
Period from pond %
Group No. of| filling to appea- Calendar 13 3
of ponds Year ponds | rance of Rutifera time in days okt
i per litre
(in days)
Examined 1 41 (5)2 (July 3 — 30) (3— 4 weeks) 106.0
every 1 6° 6 July §lesals 9-15 196.0
3--5 days | Il 10 4 June 22-July 1| 10 274.7
v 4 6 June 24-July 18 [18—24 541.5
Every il 7 4 June 22-July 4 [10-13 176.8
10-14 v 17 6 June 24-July 14 | 11-21 420.2
days

Two ponds, in which Rotifera did not occur in the form of a distinct peak of numbers, were

omitted.

2Data in brackets are not exact for this year. During this year the ponds were filled at
different times (Tab. I), while the first sumples were taken in the first days of July, that is,
from 5-21 days after the ponds had been filled. The ponds from which samples were taken after
5 days from date of filling contained Rotifera occurring in large numbers. Data in brackets refer
to these ponds.

3Two ponds omitted (Tab. 1) which were filled 4 month later than the others.

The duration of the periods of abundant’” occurrence and the numbers of
euplankton rotifers beyond the spring period, that is, during the remaining
three months (August-October) is positively correlated with the size of the
fish stock (Fig. 7). A similar correlation. although not so regular, is exhibited
by veriations in average abundance (Fig. 8). In this case also. however, ponds
with a stock of 2,500 fish per hectare have u smaller mean abundance of
euplankton rotifers than ponds with a stock of 3,000-15,000 fish per hectare.
and these latter, a smaller mean figure than ponds with a stock of 22.500
fish per hectare.

Rotifera do not appear in any large numbers up to the end of the growing
season in the ponds left in each study year as control ponds®, that is, not

"Periods in which rotifers occur at least in numbers from approximately ten to
several scores of individuals per litre, and form a distinct peak in numbers, have been

taken int» consideration. :
®An exception here is the one pond *‘probed” out of the 17 ponds examined in the

year .
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Fig. 7. Dependence of long-continuing abundant occurrence (in days) of euplankton
rotifers during the period of August, September and October on the size of the fish
stock
A —~ for ponds examined every 3—5 days} B — for ponds examined every 10-14 days, I — [ year,
2 — Il year, 3 — 1l year, 4 — IV year
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Fig. 8. Dependence of mean numbers (X — specimens/litre) of euplankton rotifers during
the period of August, September and October on the size of the fish stock
A, B,1,2,3,4,—8eeFig. 7
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stocked with fish, or containing a minimum number of fish introduced accidentally.
Type I variations in numbers (Fig. 6) therefore take place in these ponds, that
is, rotifers occur in these ponds only at the beginning of the growing season
of the ponds. This is independent of whether these ponds were stocked in
preceding years or not. In stocked ponds the rotifers occur numerously during
the autumn and summer periods also, the duration of their occurrence being
longer and abundance of development greater the more numerous the fish stock.
Types II and III of variations in numbers therefore take place in these ponds
(Fig. 6) depending on the size of the stock.

The above connection applies, however, only to ponds within one growing
season. The duration of occurrence and abundance of rotifers in ponds with
analogical stocking, but originating from different growing seasons, is different
(Fig. 7, 8). This is evidence of other factors characteristic of each year,the effect
of which is, however, modified by the current fish stock. The year IV in
particular was characterized by a generally shorter period of quantitative
development of rotifers during the summer and autumn (Fig. 7). Probably this
is due to the unfavourable temperature conditions which prevailed in 1960
(Wolny 1962a).

I'he data given in the figure (Fig. 7) represent the summarised number of
aays of abundant occurrence of rotifers during the period of the three months
(August to October), while the table (Tab. VII) represents the detailed description
of the quantitative occurrence of euplankton rotifers in these three months.
Three degrees of continuity of occurrence and abundance of the rotifers were
distinguished. These data, arranged according to the increasing density of
the fish stock, demonstrate how and during what period the correlation described
above is realised. Almost all the ponds stocked each study year, irrespec-
tive of the size of the fish stock, exhibit lasting and abundant occurrence
of rotifers in Dctober (an exception being one pond in 1960 with a fish stock
of 2,500 specimens per hectare). With an increase in the density of the fish
stock the continuity of occurrence of rotifers increases first in September,
then — with its continued increase — in August. Thus lasting and abundant
occurrence of rotifers in September, in year IIl, is exhibited by ponds with
a stock of > 3,000 specimens per hectare (Tab. VII), while in year [V, those
with > 15,000 specimens per bectare, that is, with a fish stock three times
greater. As was mentioned above — year [V is characterized by a generally
low level of the numbers of plankton rotifers. Lasting and abundant occurrence
of rotifers in August is present in: year IIl in ponds with a fish stock of
> 7,500 specimens per hectare, and in year IV in ponds with a stock of 30,000
specimens per hectare, and then only in part of the ponds (Tab. VII). Ponds
with smaller fish stocks exhibit in September and August either non-continuous
occurrence of rotifers or the euplankton rotifers occur continuously and
numerously only in one or two ponds belonging to these stocks. As the fish
stocks increase, however, the ponds become increasingly similar from the
aspect of the quantitative character of occurrence of the rotifers.
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Dependence of the time of abundant occurrence of euplankton rotifers
on the fish stock

Tab. VII
Ponds examined every 3—5 days Ponds examined every 10-14 days
Year | number fish stock months number | fish stock months
of ponds  |specimens/ha| Aug. Sept. Oct. | of ponds |specimens/ha| Aug. Sept. Oct.
2 o
I
4 2500
2 0
I
4 2500
1 0
I 2500
Jiig 3 3000 1 0
2 4500 2 2500
3 7500 4 7500
22500 22500
3 0
1 2500 . 4 ad
v 5 7500
1 7500
1.
2 15000 1 pag
D ey 30000
=11 D 2 3 Em4 [

1 — rotifers occurring numerously shorter than half of month,

2 — rotifers occurring numerously equal or longer than half of month,

3 — rotifers occurring numerously for a whole month,

4— rotifers occurring numerously in all ponds with a given stock,

5 — rotifers occurring numerously in some of the ponds with a given stock.

To sum up: the larger the fish stock the earlier the summer-autumn period
of abundant occurrence of rotifers begins.

The correlation demonstrated above between the character of the occurrence
of littoral and euplankton rotifers and the fish stock concurs. The fish stock,
depending on its degree of density, influences the character of the occurrence
of species in the first and second ecological group. This influence is exerted
through such a change in habitat conditions in the ponds as permits of the
more frequent occurrence of littoral rotifers and of the extension of the period
of abundant occurrence and higher quantitative level of euplankton rotifers.
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VI. VARIATIONS IN THE STRUCTURE OF SEASONAL ASSOCIATIONS
OF EUPLANKTON ROTIFERA AS THE RESULT OF SUCCESSIONAL CHANGES
AND OF THE INFLUENCE OF THE FISH POPULATION

There are differences in the species interrelations of euplankton rotifers
occurring during the spring, summer and autumn periods. These differences
are evident primarily in the quantitative relations and dominating species,
and to a lesser degree, in the number and composition of species. In the spring,
summer and autumn period different associations of euplankton rotifers occur
which differ as to their domination structure. By domination structure of an
association is meant the number of species dominating and their relative
abundance. The domination structure of all three associations undergoes
directional changes with the passage of years and also changes correlated
with the current density of the fish stock. The general trend of both types
of changes may be described as follows: a tendency to uniformity and more
sharply marked quantitative relations within one association as the result
of the quantitative development of a defined species.

1. Variations in the structure of the spring associations

The composition of the species in the spring association is subject to
relatively slight changes with the lapse of years. The mean number of species
per pond is: year [ — 12.2 (range 11-14), year II — 15.1 (range 14-—17), years
Il and IV — 14.0 (range for both years 12—17). In year Il a distinct increase
therefore takes place in the number of species, in year Il a slight decrease
and continued stabilisation on a level of about 14 species. Species occurring
during this period — commonly occur in the ponds examined, since the Koch
index of species composition similarity (IBD) for the whole group of ponds
examined is about 60% each year. The mean Koch index (IBD) for all the ponds
in all the study years was 47%, that is,during the spring period, after the ponds
have been filled, a relatively large group of the same species appears in all
the ponds in all the study years.

The composition and percentage of dominating species which determine
the structure of the association during this period, is subject to significant
directional changes (Tab. VIII).

With the passage of years the composition of the dominant species in the
group of ponds studied tends to become uniform (Tab. VIII). In years [ and II
the spring association varied fairly considerably in different ponds: the list
of dominating species for the whole group of ponds is fairly long, which means
that in general different species dominate in each pond. The mean number
of co-dominants in each pond is also fairly large (in comparison with subsequent
years), being two or more species. In year [II the degree of differentiation
in the composition of dominants in the ponds examined markedly decreases.
The list of dominants is shortened to 1/3 of the original length, while the
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List, total number (S) and mean number (X) of euplankton species dominating?
during the spring period 1n consecutive years

Tab. VIII

Group Number 53
of Year of Species S X
ponds ponds

I 4 Anureopsis fissa
Asplanchna priodonta
Brachionus angula{is 6 2.0
Keratella cochlearis
Polyarthra maior
Synchaeta oblonga

11 6 A. fissa

As. girodi

As. sieboldi
B. calyciflorus
Filinia longiseta 9 2.6
K. cochlearis
Hexarthra mira
Polyarthra vulgaris
S. oblonga

i 10 B. calyciflorus
K. cochlearis 3 1.8
S. oblonga

Examined every 3—5 days

v 4 K. cochle.an's 2 1.2
P. vulgaris

I 7 K. cochlearis
S. oblonga

% 17 Conochilus hippocrepis
K. cochlearis

h 4 1.2
P. vulgaris
S. oblonga

Examined
10-14 days

every

The abundance of which was mare than 20% of the total numbers of euplankton Rotifera,
at least in one pond.

mean figure falls to < 2.0. A further reduction both in the list of dominants
and in the mean number of dominants per pond is revealed in year [V, in which
the dominant is generally one species only in all the ponds examined in the
spring period.

One of the dominants during the spring in all the study years is the species
Keratella cochlearis (Tab. VIII). With the lapse of years its numbers increase,
also its percentage in the spring association of euplankton rotifers (Fig. 9).
Two periods can be distinguished during this process: in years [ and I this
species occurs in small numbers and its mean percentage for the whole group
of ponds is very small (several per cent), in years [Il and IV its numbers rise
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sharply with a corresponding increase of the percentage. In year IV this species
dominates in all the ponds, forming on an average 60—-70% of the total numbers
of rotifers (Fig. 9).
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Fig. 9. Variations in mean numbers (%o specimens/litre) and mean percentage of

Keratella cochlearis during the spring in consecutive years
A — for ponds examined every 3—5 days, 8 — for ponds examined every 10—14 days; I — mean
numbers, 2 — percentage
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Fig. 10. Variations in mean numbers (X — specimens/litre) and mean percentage of

dominating species (apart from Keratella cochlearis — see Tab. VIII) during the spring
in consecutive years
A, B, 1,2, see Fig.9

The gradual predomination of K. cocklearis in the spring association is
accompanied by the disappearance of species from the list of those dominating
in years [ and /I (Tab. VIII), despite the fact that these species exhibit a slight in-
crease in numbers with the lapse of time ([ig. 10 — data for ponds examined every
3-5 days). The only species which maintains an analogical position to that
of K. cochlearis, that is, the numbers and percentage of which increase with
the passage of time, is a species of the same genus — Keratella quadrata
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(Fig. 11). Its numbers and percentage, however, are several times smaller than
those of K. cochlearis (Fig. 11 — a different scale of abundance).

1
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Fig. 11. Variations in mean numbers ()_( ~ specimens/litre) and mean percentage of

Keratella quadrata during the spring in consecutive years
A,B,1,2,-seeFig. 9

To sum up: the structure of the spring association passes through the
following successional changes: maximum aifferentiation of the composition
of dominants occurs in the group of ponds examined during the first two years
of their existence. In the following two years in principle one species only
dominated in all the ponds.

2. Variations in the structure of summer and autumn
associations

The variety of species of euplankton rotifers occurring in the ponds outside
the spring period — in August, September and October, is on an average smaller
than that of the spring association.

The poorest is the composition of species in the summer association, which,
as has been shown in the preceding section, occurs only in the ponds with
a relatively large fish stock during the period August-September. The mean num-
ber of species occurring during this period is, in 1659 — 9.3 (range 8—11),
in 1960 — 6.0 (range 6—6). The variety of species of the autumn association,
which occurs in all the ponds stocked during the periou September-October,
is slightly greater: in year [ an average of 11.2 species occur (range 10-13),
in year /[ — 12.2 (range 11-14), in year [l — 11.4 (range 9-15), in year [V —
10.2 (range 5517).
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List, total number ($) and mean number (X) of euplankton species dominating!
during the summer and autumn period in consecutive years

Tab. IX
Group Number i
of Period Year of Species S X
ponds ponds?
1 4 Asplanchna priodonta 34| 20

Syncheata oblonga
S. pectinata

/| 4 A. priodonta 3 11'%0
Conochilus hippocrepis
S. pectinata

autumn 1 9 A. priodonta

Keratella cochlearis 5 2.0

Examined K. quadrata
every S. oblonga
3-5 S. pectinata

days v 4 C.hippocrepis

K. cochlearis 3 2.0
K. quadrata

i 8 C. hippocrepis
K. cochlearis 3 s
Sumer K. quadrata

v 3 C. hippocrepis 2 2230
K. quadrata

m 7 C. hippocrepis
K. cochlearis 4 |24
K. quadrata

Exgminad summer -~ S. oblonga
ever —
10-{4 . v 14 A. priodonta

K. cochlearis 4 1.9
K. quadrata
S. oblonga

days

!The abundance of which is more than 20% of the total numbers of euplankton Rotifera, at
least in one pond.

2In which the Rotifera uppeared in the summer and autumn. These are only stocked ponds.

SDifferentiation between the summer and autumn association for ponds examined every
10—14 days is not possible on account of the small number of samples., Hence ponds examined
every 10—14 days are described by joint data for the summer-autumn period (August-October).

The degree of distribution of the species in the summer and autumn associa-
tions in the groups of ponds investigated, ‘“measured’’ by the Koch index of spe-
cies composition similarity (/BD), is: for the summer association 50% (in 1959 and
1960), and 48—68% for the autumn association, depending on the year. For the
first three years this index is 48-50%, but for year [V — 68%. The above indices
are slightly smaller in comparison with the analogical ones for the spring asso-
ciation. This is evidence that the ponds examined are more varied. from the
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aspect of the species composition of euplankton rotifers, during the summer
and autumn, than during the spring period. In general, however, the Koch index
for the spring, summer and autumn associations exhibits relatively high values
for year IV (correspondingly: 60%, 50%, 68%) which is eviaence of the com-
paratively high degree of uniformity of the species composition of Rotifera in
that year in the group of ponds examined.

The mean number of co-dominating species (Tab. IX) in the autumn asso-
ciation of each pond is not subject to changes with the lapse of years. This
figure would seem to be relatively stabilised and is on an average 2. This
means that in the association of each pond in each year two species exhibit
numbers constituting over 20% of the total numbers of the whole association.
On the other hand distinct changes occur in the species composition of domi-
nants (Tab. IX). It was observed that in year Il and IV, which were the first
years of intensive use of the ponds for fishery purposes,that Keratella cochlearis
and K. quadrata are added to the group of dominants in this association (Tab. IX).
These species co-dominate with other species (given in Tab. IX) in year I,
while in year [V they are the only dominants; Conochilus hippocrepis co-domi-
nated with them in one pond only. We therefore observe a distinct concurrence
in the trend taken by variations in the domination structure in the spring and
autumn association. In both cases, in year Il and [V the principal dominants
are species of the genus Keratella.

The summer association occurs, as shown in the preceding section, only
in ponds with a relatively large fish stock, hence it is noted only in year i
and [V, when such stocks were introduced. In this association both species
of the genus Keratella appear at once as co-dominants with Conochilus
hippocrepis and maintain this dominance for both the study years (Tab. IX).

Percentage of cases of domination® during the autumn period
of Conochilus hippocrepis, Keratella cochlearis and K. quadrata
in ponds with fish stocks greater or lesser than 7,500 specimens

per hectare, examined every 3—5 days

Tab. X
Year and fish stock — specimens/hectare
Species 1959 1960
<7500 < 7500 <
K. cochlearis 9 50 33 50
K. quadrata 41 50 33 50
C. hippocrepis - - 33 -
Others 2 50 - - -

1 Ag per cent of the number of dominating species (exhibiting abundance

2> 20% of total numbers) found in the given period and year in the group
of all the ponds examined.

20ther species from the list of dominating species — see tab. IX,
Chiefly: Asplanchna priodonta, Synchaeta oblonga.
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The analysis so far made shows that the expansion of both species of the
genus Keratella is connected with fish stocking. The question therefore arises
as to what the behaviour of these species is when we compare ponds with
different fish stocks within one study year, that is, 1959 and 1960, when a wide
range of sizes of fish stocks was used.

Percentage of cases of domination® during the summer — autumn period
of Keratella cochlearis and Conochilus hippocrepis in ponds
with fish stocks greater or less than 7,500 specimens per hectare,
examined every 10—14 days

Tab. XI
Year and fish stock — specimens/hectare
Species 1959 1960
< 7,500 & 7,500 <
K. cochlearis 25 44 38 50
K. quadrata 25 44 38 50
C. hippocrepis 25 12 - —
Others? 25 - 24 —

Explanations see Tab. X.

Percentage of cases of domination® of Keratella cochlearis, K. quadrata
and Conochilus hippocrepis during the summer period in ponds
with different fish stocks, examined every 3—5 days

Tab. XII
( Year and fish stock — specimens / hectare
Species 1959 1960
< 4,500 £ < 15,000
K. cochlearis - 50 — -
K. quadrata - 38 50 not examined
C. hippocrepis 100 12 50

YAs per cent of the number of dominating species (exhibiting abundance
2 20% of the total numbers) found in the given period and year in the group
of all the ponds examined.

In each study year both species of the genus Keratella dominate in the
autumnn association in ponds with a fish stock equal to or over 7,500 specimens
per hectare (Tab. X, XI); when stocks are smaller Conochilus hippocrepis and
other species co-dominate with these species. In the summer association
(Tab. XII) in 1959 both species of the genus Keratella dominate in ponds with
fish stocks of over 4,500 specimens per hectare, and where stocks are smaller
only C. hippocrepis dominates. The following year K. quadrata co-dominates
with C. hippocrepis in all the sumner associations.
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Therefore in ponds with large fish stocks chiefly K. cochlearis and
K. quadrata dominate in the summer.and autumn association.

The above remarks refer to the percentage of species dominating in ponds
divided into groups with smaller and larger fish stocks. Having, however,
material from a wide range of fish stocks available from two study years, we
can trace in detail the variations both in numbers and in the percentage of
dominating species with transition to ponds with increasingly large fish
stocks.

! ] (] o
'%53 45 75 15 225 2803 45 15 - 164 225
Ash stock (thousands of fish per ha) —

Fig. 12. Dependence of the mean percentage (4) and mean numbers X (B) of Keratella
cochlearis, K. quadrata and Conochilus hippocrepis on the size of the fish stock
(summer, ponds examined every 3—5 days, /Il year)

1 — Keratella cochlearis and K. quadrata together, 2 —~ Conochilus hippocrepis — remaining
dominating species

Figures 12—15 show the percentage and mean numbers of both species
of the genus Keratella’ and remaining dominating species as the function of
the size of the fish stock. All the ponds examined in 1959 and the tponds
examined every 10—14 days in 196 0*° were chosen to illustrate this.

In comparing data (Fig. 12—15) it must be stated that:

1) the percentage of both species of the genus Keratella increases with
an increase in aensity of the fish stock. An exception to this is the autumn

°Relations between both species of Keratella will form the subject of a separate
publicatiopn. These are most probably species constituting a pair of competitors, the
numbers and character of occurrence of which, however, exhibit a similar dependence
on the size of the fish stock (Hillbricht-Ilkowska 1962a). With an increase in
density they become the most abundant species in the summer and autumn associations
of the ponds examined. This justifies their being treated jointly for the purposes of the
present analysis.

19Four ponds examined every 3—5 days in 1960 were omitted, as the summer and
autumn association is formed only in three of them. These ponds belong to two variants
of fish stocking (7,500 and 15,000 specimens per hectare) and do not exhibit significant
differences in the percentage and numbers of Keratella, which is generally high in the
first and second variant.



486 Anna Hillbricht-Ilkowska [34]

association in ponds with the largest fish stock (22,500 specimens per hectare)
in which a decrease in the percentage of Keratella is observead (Fig. 13, 14),
while in the summer association the above regularity is tully maintained
(Fig. 12);

2) with an 1increase in density the mean percentage of the remaining domi-
nating species decreases, being greatest in ponds with the smallest fish stock
(2,500-3,000 specimens per hectare) ([ig. 12, 13, 14). The percentage of these
species increases again in the autumn association in ponds with the largest
fish stock;
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Fig. 13. Dependence of the mean percentage (4) and mean numbers X (B) of Keratella
cochlearis and K. quadrate and remaining dominating species on the size of the fish
stock (autumn, ponds examined every 3—5 days, /Il year)
1 — Keratella cochlearis and K. quadrata together, 2 — remaining dominating species (see Tab. IX)
together

, i | ! ! 0
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0

Fig. 14. Dependence of the mean percentage (4) and mean numbers X (B) of Keratella
cochlearis and K. quadrata and the remaining dominating species on the size of the
fish stock (summer-autumn period, ponds examined every 10—14 days, /Il year)

1, 2, see Fig. 13
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3) parallel to the variations in the percentage changes take place in the
mean numbers, i.e. the mean abundance of Keratella increases with increasing
density, while that of the remaining species decreases. This regularity can
be observed most distinctly, however, in data for the joint summer-autumn
period, i.e. for data from ponds examined every 10—14 days (Fig. 14 and 15).
and partly for the summer period (data for ponds examined every 3—5 days —
Fig. 12). On the other hand variations in the numbers of Keratella and the
other dominating species for the autumn period take a parallel course, although
on different levels, which in effect causes the percentage of Keratella to
increase gradually (Fig. 13);
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Fig. 15. Dependence of the mean percentage (4) and mean numbers X (B) of Keratella
cochlearis and K. quadrata and the remaining dominating species on the size of the
fish stock (summer-autumn period, ponds examined every 10—14 days, IV year)

1, 2 —~ see Fig. 13

4) in all the graphs (Fig. 12—-15) a tendency is observed to a slight increase
in numbers and percentage of the remaining dominating species in ponds with
the largest fish stocks in comparison with ponds with smaller stocks. Despite
this, however, these species participate in numbers several times smaller than
those of Keratella.

In general it must be said that when comparing ponds within the same growing
season that with an increase in density of fish stock the role of both species
of Keratella increases in the summer and autumn association. This conclusion
is therefore identical with the result obtained from comparison of the percentage
of cases of domination (Tab. X—XII) in ponds divided intv two groups of size

of stock.
VII. COMPARISON OF RESULTS

1) It was found that the species composition, numbers of plankton rotifers,
and structure of their associations undergo definite variations during the study
period. These are:
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a) Directional variations connected with the formation of the biocenosis
and stabilisation of the habitat in the newly-formed pond.

b) Variations connected with consecutive years of use of the ponds for
fishery purposes.

c¢) Variations connected with the current density for the given year of
the fish stock.
2) Variations in the number and species composition of littoral and euplankton

Rotifera are connected with the process of their colonisation of the newly-formed
ponds, the stabilisation of their habitats and variations in the *‘littoral’’ habitat.

a) Euplankton Rotifera, with the passage of years, exhibit at first an
increase in the number of species and then stabilisation on a relatively
high level. This is a reflection of the stabilised conditions in the free
body of water in the ponds examined, as from year [I. The common and
lasting occurrence of the majority of species is evidence of similar habitat
conditions in the newly-formed ponus and the rapid process of their
colonization.

b) Littoral Rotifera, with the passage of years, exhibit a decrease in
the number of species and stabilisation on a relatively low level. These
changes would seem to be connected with the progressive liquidation
of the mosaic character of the littoral’’ habitat as the result of the
use of the ponds for fishery purposes.

3) The quantitative occurrence of littoral Rotifera is formed by:

a) Successional variations in the ‘‘littoral’’ habitat of the ponds. It is
true that the numbers of these species were found to increase in year [I
and partly in year III, but this was followed by a decrease in year [V.

b) The current fish stock in a given year. In each study year the rule
was found to apply, that the larger the fish stock, the greater the frequency
and abundance of occurrence of littoral Rotifera.

4) The quantitative occurrence of euplankton Rotifera is formed in different

seriod s of the growing season of the pond by different factors:

a) In all the years and in all the ponds mass, short-lived occurrence
of Rotifera was found in the spring period, a few days after the ponds had
been filled. The abundance of Rotifera during this period increased with
the passage of years. It would therefore seem that the fertility of the pond hab-
itat in the initial period of the vyearly growing season increases suc-
cessionally the longer the pond remains in use.

b) The quantitative occurrence of Rotifera outside the spring period
exhibits a dependence on the current fish stock for the given year and
pond. In each study year the rule was found to apply that the larger the
fish stock, the earlier and more abundantly the Rotifera appear halfway
thiough the growing season.

5) The structure of each association of euplankton Rotifera exhibits suc-

cessional variations and variations dependent on the current fish stock for
the given year:
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a) With the passage of years the domination structure of the spring as-
sociations becomes uniform as the result of the quantitative development
of Keratella cochlearis.

b) In each year in which a wide range of fish stocks was used the
regularity was found to apply that the larger the fish stock, the greater
the role played by Keratella cochlearis and K. quadrata in the summer and
autumn associations.

VIII. DISCUSSION

Successional variations in the species composition and yuantitative
relations in the biocenosis of body of water in general take very varied courses,
depending on the character of the water under consideration. In the case of
a newly-formed bodies of water two kinds of variations must be distinguished
in this process: initial variations connected with the colonization of species
and formation of their basic composition, and further variations connected with
the evolution of the given water. Variations of the first type usually take place very
rapidly in the case of plankton organisms and depend on the size and depth
of the water. For instance, in small bodies of water of the pond type, according
to data given by Miro&nienko (195), Baranova (1960), Pidgajko
(1961), the basic composition of the zooplankton is formed as early as the
Ist year in which the ponds exist. For larger bodies of water. such as, for
example, dam reservoirs, Ceeb (1961) and Dzjuban (1957, 1959) give a period
of 2—4 years, emphasising that this is a comparatively short time. The short
time needed for stabilisation of the basic species composition of plankton
in a newly-formed body of water is understandable, when the commonness of
the occurrence of the resting forms of these organisms, their predominantly
eurytopic character, the great rate of their guantitative development and also
the commonness of their occurrence in the body of water from which the
newly-formed ponds are filled, are borne in mind. In the group of ponds described
the basic group of euplankton and littoral Rotifera is formed in year [ and /I
of the existence of the ponds. In later years the appearance of only a few species
is observed. In the first years considerable differentiation in the quantitative
relations can be observed in the ponds examined. Different species develop
in great numbers in different ponds in analogical periods. This would appear
to be fortuitous and not due to the simultaneous character of occurrence of the
species in each body of water and is peculiar to young biocenoses in process
of formation.

Further transformation both of the species composition and of quantitative
relations in the plankton of the pond are now connected with the concrete
conditions of its evolution.

The food factor is the fundamental successional factor governing the
variations in the plankton in different types of bodies of water. By this factor
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is meant the resources of those forms of organic matter which are the true food
of plankton organisms.

Variations in the plankton correlated with variations in trophism have been
observed in bodies of water of different kinds: lakes (Sebestyen 1953, 1958,
D’Ancona 1953, Parise 1961, Meschkowa 1961), estuaries Margalef
1960), dam reservoirs (Dzjuban 1957, Morduchaj-Boltovskaja 1959,
Bitjukov 1961, Ceeb 1961), small astatic pools (Voronkov and Korsun-
skij 1910), ponds (Baranova 1961), experimental aquaria or other water
micro-habitats (Woodruff 1912, Kurihara 1960, Hillbricht-Ilkowska
1961, Hillbricht-Ilkowska 1962b). The general conclusion reached from
these observations is that with an increase in trophism in the sense of an
increase in plankton food (e.g. detritus), the total abundance of plankton
increases and small forms of filtrators and sedimentators such as rotifers,
protozooic nanno-plankton and small Cladocera begin to dominate, while in
waters where the amount of organic matter in the pelagial zone decreases, then
the larger forms of zooplankton begin to dominate in the plankton, while the
abundance of plankton as a whole decreases. This type of phenomenon is
typically characteristic of the succession in dam reservoirs and ponds after
filling, both in plankton (Dzjuban 1957, Morduchaj-Boltovskaja 1959,
Bitjukov 1961, Baranova 1961) and in benthos (Morduchaj-Boltov-
skoj 1961, Kajak 1962).

The successional variations in plankton rotifers described in the present
study are also the expression of directional changes in food conditions
understood as the abundance of organic matter available to plankton. These
changes would seem to a great extent to be the result of the effect of the fish
than of natural succession. Proof of this is provided by the correlation described
in this study, between the quantitative occurrence and domination structure
of rotifers associations and the size of the fish stock. In order to explain the
presumable mechanism and the consequences of this corelation for the whole
ecosystem of the pond, it is necessary to examine the question of the food
requirements of the rotifers and their place in the economics of the pond
ecosystem.

In the biocenosis of a body of water plankton Rotifera, like the majority
of plankton organisms, are considered as consumers of the first order, i.e.
as phytophagous organisms feeding on small phytoplankton. It has been, it
is true, found that the small forms of laboratory plankton producers — especially
the single-cell Chlorophyta such as Chlorella, Lagerheimia and others, are
readily eaten by Rotifera (Rezvoj 1926, Pennington 1941, Pourriot
1957, 1958, Vasileva and Okuneva 1961, Erman 1962a and 1962b).
Under natural conditions the mass development of Rotifera after periods of
the appearance of these algae is often observed (Sladetek 1958). The ba.sis
of the selection of plant food is, in the opinion of Pourriot (1957), the size
and simplicity of form of the algae, e.g. certain Diatomae are not eaten for
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these reasons. According to Pennak (1946), Edmondson (1957, 1961),
Pourriot (1957), Manujlova (1955, 1962) and others, in addition to typical
plant food some of the common foods eaten by plankton sedimentators (Rotifera)
and filtrators (Cladocera) are detritus and bacteria. These organisms do not
feed only on live plant plankton but also on the products of the decomposition
both of plants'* and animals — everything which forms the fine bacteriologically
active organic particles in suspension, hence the frequently observed con-
nections between the development of zooplankton and the abundance of bacterio-
plankton (Jankjave¥jus, Baranauskéné and VaskjaviZjute 1960,
Jankjave&jus and others 1961, Manujlova 1962) or the abundance of
detritus (Hillbrichtllkowska 1961).

Irrespective of the sources of food, the size of a ‘‘bite’’ of food of such
small organisms as rotifers cannot exceed 20-26pu (after Rezvoj 1926
and Pourriot 1957), and in the case of such small rotifers as those of the
genus Keratella — several p.

For these reasons the rotifers form a relatively sensitive index of the
abundance of fine organic suspension occurring in the free water of a body
of water, that is, indirectly, its trophism. This suspension is composed of
detritus, nannoplankton (Protozoa, phytonannoplankton, bacteria) and organic
products of the metabolism (faeces) of all organisms.

For these reasons the mass occurrence, dominating in the plankton, of
Rotifera in relatively shallow strongly eutrophised waters is often noted,
even in waters exhibiting a relatively considerable degree of saprobic character,
e.g. in young ponds (Miro¥ni®enko 1955) particularly after they have
been filled (Braginskij 1957a, Pidgajko 1957a, Klimczyk 1957, 1958,
George 1961) or fertilised (Akatova 1957, Krzeczkowska 1961).
According to Pidgajko and Radzimovskij (1959) their mass development
points to saprobic conditions in the pond. According to Langhans (1936)
and Lachnovi& (1958), Rotifera in general and certain of their species
in particular, form an indicator of well fertilized productive ponds. According
to Kulamowicz (1956) Rotifera form an indicator of the process of the
eutrophisation of ponds. According to Hrbatek (1962) Rotifera predominate
especially in ponds containing a large fish stock. The qualitative and
quantitative domination of Rotifera even in the total biomass of the plankton,
is characteristic of larger bodies of water also, e.g. dam reservoirs, and
that during the period of their greatest productivity (Dzjuban 1957, Mordu-
chaj-Boltovskaja 1959, Bitjukov 1961) and also of the inshore zone
of these reservoirs after their periodical filling (Morduchaj—Boltovskoj
1958). It is also characteristic of the spring aspect of life in certain lakes
(Kiselite 1961, Davis 1962).

11 [p the investigations made by Hillbricht (1961) Rotifera occured in aquaria
especially numerously during the period of decay of the plants introduced into the
aquaria.
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In the examples of succession described at the beginning of the section
the rotifers occurred in the initial phases, during a period of the relatively
high fertility of the habitat. From the above examples it can be seen, however,
that rotifers occur very abundantly in situations in which the trophism of the
habitat undergoes ‘‘refreshment’’ chiefly from allochtonic sources (fertilisation,
soil humus and detritus in the freshly-filled reservoir or pond).

In the case of the ponds examined this source would seem to determine
the abundance of occurrence of rotifers only during the short spring period
after the pond had been filled.

The period immediately following the filling of the ponds is a period
of intensive production of detritus from the decomposing land vegetation and
lixiviation of humus in the submerged soil. A fertile bacteriologically active
organic suspension then occurs in the free body of water. After a certain
time the detritus most probably sinks on to the bottom of the pond or is con-
sumed as the result of the activity of the organisms themselves. The habitat
in the free body of water loses its initial fertility, the organic matter content
decreases and the euplankton rotifers retreat from the habitat. A phenomenon
similar to this was revealed by Dunke (1960) using the filtrator Bosmina
longirostris as an example. In the unfertilised ponds the largest individuals
(those best nourished) occurred for a short time only after the pond had been
filledd Erman (1962c) demonstrated by experiment the correlation between
nutrition and the cyclomorphosis in the rotifer Brachionus calyciflorus. The
form without posterior processes occurred in cultures with a considerable
concentration of algae, and the form with processes — in cultures with a low
concentration of algae. In the ponds examined the first form of B. calyciflorus
predominated in the first phase of the spring peak period of Rotifera — the
second form during the period of the reduction, thus indicating deterioration
of the food supply*? It would not, however, seem that the allochtonic'® source
of trophism remained unaltered in consecutive years, in fact a constant
increase in the numbers of euplankton Rotifera is observed during the spring
period in consecutive year. The allochtonic source is therefore constantly
enriched, most probably as the result of the decomposition and mineralisation
of plant particles progressing with the passage of time. This process would
seem to be hastened by the use of the group of ponds for fishery purposes.

The fundamental factor of the fertility of the ponds (outside the spring
period) in the sense of the abundance of food availavle to plankton, is the

autochtonic source.

12An  exact description of this phenomenon, taking place regularly during the
spring period in each year in which the ponds were filled, will form the subject of

a separate publication.
13The term ““allochtonic’” is used in the sense ‘‘not produced during the growing

season of the pond’” as opposed to ‘‘autochtonic’’, produced during the growing season
of the pond.
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The connection described in this study between the quantitative occurrence
of rotifers and the fish stock gives grounds for assuming that the autochtonic
source of plankton food is in essence regulated by the fish population by
enriching it and making it more continuously available during the growing
season of the pond.

This correlation applies to other groups of plankton also. In the study
by Grygierek (1962), referred to in the introduction, made on these same
ponds, the authoress found increased abundance of crustaceans in stocked
ponds. This increase was greater where the density of the fish stock was
Ereater. In studies by Hrba¥ek (1962), Grygierek (1962) and Charin

utenko and Mysenko (1957), the increase in the abundance of plankton
in stocked ponds applied primarily to the smaller forms — in the group of
plankton organisms examined. The connection found in this study between
Rotifera plankton and the fish stock confirms the above results. The rotifers,
as stated in the introduction, constitute one of the smaller components of
plankton in comparison with crustaceans.

In the light of the results discussed and data in literature we obtain
a consistent picture of the changes which an active fish population introduces
into the structure of a plankton biocenosis. These changes are expressed
in the more continuous and inore abundant occurrence of the small elements
of one of the trophic levels of the pond, such as constituted by plankton
filtrators and sedimentators.

The fish most probably have a stimulating effect on the production and
abundance of food available to the food apparatus of these small forms, during
the period of the growing season of the pond in which the allochtonic sources
of food become exhausted. The results both of the mechanical transformation
of the habitat by the feeding carp, and of its biological conditioning probably
contribute to this effect. Cahn’s description (1929) and my own observations
of ponds containing the largest fish stock, draw attention to the considerable
turbidity of densely stocked ponds, due to the fish searching and rooting in
the bottom, and to the constant mixing of the water. This type of activity
therefore favours the constant maintenance of detritus in the free water,
prevents it from settling on the bottom of the pond and is favourable to the
mineralisation of organic matter both on the bottom and in the free water.
Biological conditioning of the habitat most probably takes place through the
continual excretion into the pond habitat of fecalia and products of metabolism,
which in turn consititute food for bacteria. This biological conditioning of
the habitat by the metabolites of a given population (of uniform age and
species) would seem to be a fundamental factor'* under pond conditions, bearing
in mind the small dimensions of the ponds, their complete accessibility to

YContrary to large bodies of water, in which this type of effect on the habitat
by nawral fish populations is difficult to envisage.
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the feeding fish and the considerable density of the fish stock. Therefore,
as a result of the transformation by the carp stock of the pond habitat, con-
ditions are created for the constant supply of finely pulverised organic matter
rapidly assimilated by small filtrators and sedimentators, in the form of a mass
of bacteria, detritus and phytonannoplankton. This is confirmed by the data
given by Hrbadek (1962) on the increase in the contents of nannoseston
with an increase in the density of a fish population. With regard to plant
plankton food it must be mentioned that the development of net phytoplankton,
as shown in material from these same ponds described by Spodniewska
(1962), that is, larger forms (not passing through the mesh of 50 4 dimensions)
of producers, does not exhibit a correlation with the fish stock, and therefore
they cannot be responsible for the development of zooplankton. The increase
in the primary production, observed by Hrba&ek and others (1959) in stocked
ponds should, in the light of data given by Wolny (1962b), and of his own
later data (Hrba&ek 1962) on the development of nannoplankton in stocked
ponds, most probably take place at the expense of the small forms of producers,
which among others include Chlorophyta.

The above correlation between the way in which the habitat transformed
by fish and the development of small filtrators and sedimentators is the
stronger where the density of the fish is greater'®. Therefore the strength
of the influence of the fish on the habitat is in proportion to their density.
This is directly indicated by data on the time at which Rotifera appear in the
second half of the growing season of the pond habitat. The greater the density
of the fish, the earlier the second peak in the numbers of Rotifera takes place
(the peak after the spring peak). In the investigations made by Grygierek
(1962), the greater the fish stock, the earlier the occumrence of the peak
numbers of certain species of Cladocera.

To sum up: a carp population, under pond conditions, constitutes a factor
constantly fertilising the pond habitat. This fertilisation consists in the
stimulation of the abundance of finely pulverised organic matter, both live
(alga and bacterial nannoplankton) and dead (detritus). This type of organic
matter in turn stimulates the quantitative development of small species of
pond consumers.

An additional indicator of the above mechanism explaining the variations
which a fish population introduces into the plankton is the.character of the
changes in the domination structure of euplankton Rotifera associations.
These changes, as has been shown, consist in the increasing domination of
two species: K. cochlearis and K. quadrata. The quantitative development
of these species during the summer autumn period is greater when the fish

stock is greater.
“SHrba¥ek (1962) emphasises that the influence of the fish depends only on

their numbers, and not on biomass, i.e. that a large number of small fish exert a stronger
influence than a small number of large fish.
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Mass occurrence of both species of the genus Keratella, and in particular
of K. cochlearis in ponds, and therefore in relatively fertile bodies of water,
is an extremely common phenomenon [Braginskij (1957a), Dunke (1958),
Klimczyk (1957, 1958)]. Beach (1960) found large numbers of individuals
of the genus Keratella in lakes very rich in detritus, in which the water currents
maintained the detritus in a state of constant circulation in the free water,
retarding its sedimentation and hastening its mineralisation. Fdmondson
(1957) found that K. cochlearis was very sensitive to the bacterial content
of food. The number of eggs per female in a population of K. cochlearis was
0.33 before the pond was fertilised, and after fertilisation — 0.73. Erman
(1962a) found active selection of dertitus in the rotifer, while K. quadrata
was found in addition to feed on the smallest components of the phytoplankton.
As has already been mentioned, no eventual food of these species (which
do not exceed 200y in size) can exceed more than a few p in size.

The quantitative development of species of the genus Keratella in stocked
ponds is a further expression of the general changes which a fish population
introduces into zooplankton by transforming the pond habitat. The fish popu-
lation not only stimulates the quantitative development of small species
of Crustacea and Rotifera in general, but within the associations of these
rotifers stimulates the quantitative development of its small species'®.

The similarity of the direction taken by successional changes, apparent
when describing succession, is remarkable [Voronkov, Korsunskij (1910),
Sebestyen (1953, 1958), Margalef (1960)], and by changes in the plankton
described in the present study and in the studies cited [Hrbatek (1962),
Grygierek (1962) and others]. In all these descriptions of succession,
increasing trophism is accompanied by great quantitative development of the
small plankton forms, and a decrease in trophism — by the domination of the
larger forms.

The variations described above in the structure and dynamics of zooplankton
introduced by a fish population are undoubtedly of fundamental importance
to the structure and to the functioning of the whole pond ecosystem.

The quantitative development of small species from the trophic level
of consumers in turn hastens the continued decomposing of organic matter
and its mineralisation and increases the rate of the flow of energy through
the pond ecosystem.

In addition it creates conditions for the intensive conditioning of the
water habitat by the whale of the biocenosis living in it.

The important point in the nutrition ot, inter alia, plankton filtrators and
sedimentators is, according to Gajevskaja (1958, 1959) and Erman (1956,

16]t must be emphasised that this trend in changes is undesirable from the fishery
point of view, as Rotifera as organisms of small biomass are not suitable as food
for cultured fish. This is expressed in the Skadowski index, Cr/R — the ratio of the
biomass of Crustacea to the biomass of Rotifera defining the suitability of a given
body of water as a feeding ground for fish (Zelikman 1960).
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1962a) the so-called excessive feeding, that is, the consumption of food far
beyond the real needs of the organism. In a given time unit the plankton
organism eats an amount of feed greatly exceeding its dry weight, e.g. the
rotifer Brachionus calyciflorus fed on Scenedesmus during the course of
24 hours eats a quantity of food with a dry mass equal to 560% of its own
dry weight (Erman 1962a), while another rotifer, Philodina roseola, within
an hour eats food exceeding in volume 9 times its own weight (Erman 1956).
Of this enormous mass of filtered or driven food in the form of fine organic
suspension, only a very small part is assimilated. Richmon (after Edmondson
1961) gives the figure as 14-31%, depending on the concentration of the
food, for Daphnia. In the case of predatory rotifers this value does not exceed
36% (Sorokin, Morduchaj-Boltovskaja,, 1962). The remainder of the
food, decomposed, saturated with ferments and often even alive (certain algae
maintain their structure intact) is excreted into the habitat, and in turn forms
food for bacteria. According to Gajevskajaj,as the result of the mass
development of filtrators and sedimentators ‘‘a subtle, unusually bacterio-
logically active suspension is created in the water’’ which in turn rapidly
becomes the food of these same filtrators and sedimentators. This type of
situation is favourable to an increase in the intensity of circulation of organic
matter in the pond, and to its mineralisation. First and foremost, however,
it encourages the possibility of the biological conditioning of the habitat
in the free water by its being continually ‘‘passed through’’ the alimentary
tracts of the filtrating organisms. It must be added that the rapidity of filtration
of the plankton species is high, e.g. according to Erman (1962d) the rate
of filtration of such small organisms as Rotifera is of the same order as the
larger Cladocera and is from 50-150 ml/per day/mg of mass. This figure,
according to Edmondson (1961) and Erman (1962d) is relatively constant
anu does not depend on the concentration of the food (within fairly wide
limits). As a result the greater the concentration of algae, the greater the
amount eaten by Rotifera and Cladocera'’. It should therefore by expected
that where there is abundance of organic matter and mass occurrence of
Rotifera and other filtrators, that the intensity of the biological conditioning
of the water by means of its passage through the alimentary tracts of these
consumers will be high, and the greater the concentration of organic matter
and the more numerous the occurrence of these animals, the higher it will be.

The influence of the fish population eliminates from the habitat the
larger species from a given trophic group of species and stimulates the
quantitative development of small species. Taking as a basis the rule of the
reverse connection between the size of biomass and its respiration, or
intensity of metabolism: Vinberg (1950), Belackaja (1959), Odum

7]t must be emphasised that this problem is a debatable one, e.g. Su¥&enja
(1958) obtained opposite results. This author also criticises Gaevskaja's rule as
to the excessive feeding of these filtrators.
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(1956, 1959a, 1959b), it must be stated that the flow of energy through the
given trophic level in the presence of species, occurring in great abundance
but of small individual biomass, will be greater that the flow of energy through
species of greater individual biomass. Therefore the effect of fish in stimulating
the development of small organisms in the given trophic level hastens the
flow of energy through the ecosystem in which they live. A direct proof of
this is provided vy the data given by Hrbatek and otiiers (1959) already
cited several times, on the increase in production, respiration and BDO in
stocked ponds.

It would also seem that the influence of the fish is not limited only to
their effect on the supply of plankton food. It would seem that in addition
to this influence there is a parallel influence on the mosaic character of the
pond habitat, particularly on the proportion between habitats of littoral type
and pelagial type.

Information is given on the successional changes in the mosaic character
of the pond habitat by the variations indirectly described in this study in the
composition and abundance of the littoral species. The coincidence of a period
of scanty and sporadic occurrence of littoral species with a period of intensive
use of the ponds for fishery purposes in year [Il and IV is not purely accidental.
The disappearance of littoral species in these years cannot be explained
only by the natural process of decomposition of land vegetation progressing
with the passage of time, as the ponds were filled each year about June
15th-20th, that, is, during a period when the meadow vegetation was in full
growth. There thus remains the possibility of explaining successional changes
in this group of rotifers on the basis of the intensive destruction of vegetation
and elimination of the ‘‘littoral’’ habitat as the result of the use of the ponds
by fish stocks. We have no direct observations of the spring regrowth of meadow
vegetation on the bottom of ponds used the previous year by dense fish stocks,
but it must be expected that the intensive rooting of the bottom by the feedil.lg
carp hinders the regrowth of plants the following year, before the pond is
filled. Cahn (1929) gives a very suggestive description of a pond almost
completely deprived of vegetation as the result of the carp searching and
rooting in the bottom of the pond. The ‘““qualitative’’ influence of ader{se
population of carp on the pond habitat would therefore consist in its.belng
rendered uniform by the elimination of the littoral habitat and formation of
uniform “pelagial’’ conditions in the whole habitat.

In summing up the discussion of results it must be sta
population (a population of carp being used as an exam
following changes in a pond ecosystem, which form evidence of the extent
of the transforming influence of the fish:

1) It renders the pond habitat uniform by destroying the
and eliminating species connected with this habitat.

9) It stimulates the quantitative development o
sedimentators by increasing the abundance of their foo

ted that a fish
ple) causes the
““ittoral’’ habitat

f plankton filtrators and
d, i.e. detritus, bacterio-
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plankton and phytonannoplankton. The development of this food is the result
of the increased mineralisation and the biological conditioning of the pond
habitat by the fish.

3) As the result of the development of filtrators and sedimentators it
hastens the process of mineralisation and decomposing of organic matter and
also encourages the biological conditioning of the water by the whole
biocenosis of the pond.

4) It introduces important structural changes among consumers of organic
matter.

a) It renders uniform the species composition of dominants and sharpens
the domination structure of plankton communities.

b) It eliminates forms with large biomass, and stimulates the development
of forms with small biomass. Small forms, as the result of the stimulating
influence of the fish, begin to dominate and determine the trophic relations
in a given trophic level.

5) As the result of the stimulation by the fish population of the mass
development of forms with small biomass, the flow of energy is increased
through the whole pond ecosystem.

6) As a result of the constant influence exerted by the fish stock on the
biocenosis of the pond by constantly supplying its consumers with organic
matter, it increases the stabilisation of the functioning of the pond ecosystem
during the four months of its growing season.

I should to express my grateful thanks to Professor Dr. Kazimierz Petrusewicz
for his guidance and assistance in the preparation of this study.

I must also thank the Head of the Experimental Pond Station of the Institute of
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it possible for me to carry out the investigations on which this study is based.

REFERENCES

1. Akatova, H. 1957 — Vlijanie udobrenija na razvitie zooplanktona v prudach
Rybcowo-Semajnogo pitomnika — Trudy probl. Soves¥. 1.
2. Baranova, [.N. 1960 — Charakteristika zooplanktona opytnogo pruda limnologi¥e-

skoj stancii i nekotorye damnye o produkcjonno-biologi&eskom efekte zelenych
udobrenij — Trudy Lab. Ozeroved. 11.
3. Baranova, LN. 1961 — O novom sposobe vnesenija zelonogo orgami&eskogo

udobrenija v prudu (Malye vodoemy ravmninnych oblastej SSSR i ich izpolzovanie)
Moskva, Leningrad.

4. Barto s, E. 1959 — Fauna SR, Vifnici — Praha, 969 Pp-

5. Beach, N.W. 1960 — A study ot the plankton rotifers of the Ocqueoc River System,
Presque Isle County, Michigan — Fcol. Monogr. 30: 339-357.

6. Belackaja, J. C. 1959 — Primenenie respirometra k izmereniju gazoobmena
u planktonnych Zivotnych — Dokl. Akad. Nauk BSSR, 3.

7. Bitjukov, E. 1961 — Zooplankton reki Ob’i vodochranilis®a Novosybirskoj GEZ



[47] Influence of the fish population on the biocenosis. . . 490

v pervye gody jego napolnenija (Materjaly po izu¥eniju prirody novosybirskich
vodochranilis&) Moskva.

8. Braginskij, L.P. 1957a — Zooplanktonnye kompleksy prudov lesostepi USSR
i osobennosti ich formirovanija — Vopr. Ekol. 1: 139-142.

9. Braginskij, L.P. 1957b — Dinamika populacii zooplanktonu v stavkach pyvni¥%-
nych lisostepovych rejonov USSR — Dopovidy Akad. Nauk. USSR, 5: 525—528.

10. Cahn, A. R. 1929 — The effect of carp on a small lake, carp as a dominant —
Ecology 10: 271-274.

11. Ceeb, J.J. 1961 — Gidrobiologideskaja charakteristika krymskich vodochranili%t
za 20 let ich su$&estvovanija — (Malye vodoemy ravninnych oblastej SSSR i ich
izpolzovanie) — Moskva, Leningrad.

12. Charin, H., Sutenko, V., MySenko, V. 1954 — K.charakteristike zooplanktona
prudov Bostovskol oblasti — Trudy probl. Sove$&. 2: 130-137.

13. Clements, F.C., Shelford, V.E. 1952 — Bioecology, London, 425 pp.

14.D’ Ancona, U. 1953 — The stability of lake planktonic communities — Verh. int
Vereinig. Limnol. 10: 31-47.

15. Davis, C. 1962 — The plankton of the Cleveland Harbor Area of Lake Frie —
Ecol. Monogr. 32: 209—247.

16. Dineen, W. 1953 — An ecological study of a Minnesota Pond — Amer. Midl.
Natural 2: 349-379.

17. Dunke, N. 1958 — Issledovanija po efektivnosti mineralnych udobrenii na opytmych
prudach prudchoza Semetovo. VI. Zooplankton i bentos opytnych prudov v 1955
i pitanie molodi sazana — Trudy Biol. Stancii ““Naro&’’ 1.

18. Dunke, N. 1960 — Nekotorye dannye o sostajanii populacifi Bosmina longirostris
v prudach udobrennych raznym kalidestvem azoto-fosfornych solej — Trudy nau¥-
-issled. Inst. Rybn. Choz. 3.

19. Dzjuban, N. 1957 — Materjaly po formirovaniju kormovoj bazy Cimljanskogo
vodochraniliZ¢a v pervye dva gody jego su¥&estvovanija — Vopr. Fkol. 1: 69-78.

20. Dzjuban, N. 1959 — O fomirovaniju zooplanktona vodochranili%¥ — Trudy probl.
Soves¥. 6: 597-602.

2l. Fdmondson, W.T. 1957 — Trophic relations of the zooplankton — Trans. Amer.
micr. Soc. 76.

22. Edmondson, W.T. 1961 — Secondary production and decomposition ~— Verh.
int. Vereinig. Limnol. 14: 316~339.

23. Erman, L.A. 1956 — O koli¥estvennoj storone pitanija kolovratok — Zool. Z.
35: 965-970.

24. Erman, L.A. 1962a — O koliestvennoj storone pitanija i pis¥evoj izbiratelnosti
u planktonnoj kolovratki Brachionus calyciflorus Pallas — Zool. 7. 41: 34-48.

25. Erman, L.A. 1962b — Pitanie i razmnoZenie planktonnych kolovratok Brachionus
calyciflorus Pall. v masovych kulturach — Dokl. Akad. Nauk SSSR 144: 926—929.

26. Erman, L. A. 1962c — Ciklomorfoz i pitanie planktonnych kolovratok — Zool. 7
41: 998-1003.

27. Frman, L.A. 1962d — Ob ispolzovaniju trofi¥eskich resursov vodoemov plankton-
nymi kolovratkami — Bjull. moskov. Obs&. Isp. Prir. Otd. Biol. 67: 32—47.

28. Gajevskaja, N.S. 1958 — La role des grouppes principaux de la flore aquatique
dans les cycles trophiques des differentes bassins d’eau douce — Verh. int.
Vereinig. Limnol. 13: 350—36 2.

29. Gajevskaja, N.S. 1959 — Sur I’etude quantitative de I’alimentation des animaux
aquatiques — Proc. XV Int. Conf. Zool. 769-772.

30. George, H.G. 1961 — Observations on the rotifers from shallow ponds in Delhi
— Current Sci. 30.



500 Anna Hillbricht-Ilko wska [48]

31. Grygierek, E. 1962 — Wplyw zageszczenia narybku karpi na faune skorupiakow
planktonowych — Roczn. Nauk roln. B,81: 89-210.

32, Gurzgda, A. 1960 — Wplyw presji narybku karpia na dynamike liczebnosci
Tendipedidae i Cladocera — Ekol. Pol. B, 6: 257—-269.

33. Hillbricht, A. 1961 — O charakterze wystgpowania swobodnie ptywajgcych
wrotké w (Rotatoria) w hodowli akwariowej — Ekol. Pol. A, 9, 39-60.

34. Hillbricht-Ilkowska, A. 1962a — Euplanktonic rotifers (Rotatoria) in ponds
varyingly stocked with carp fry — Bull. Acad. Pol. Sci. cl. 2, 10: 537—-540.

35. Hillbricht-Ilkovska, A. 1962b — Nekotorye zakonomemosti sukcessii mikro-
fauny v sennoj nastojke eksperimentalnoj vodnoj ekosysteme — Vopr. Ekol. 5;
35-36.

36. HillbrichtIlkowska, A. 1963 — Effect of carp fry as predators on some
rotifers (Rotatoria) species — Bull. Acad. Pol. Sci. cl. 2, 11: 87—89.

37. Hillbricht-Ilkowska, A. in press — Uwagi w sprawie czestosci pobierania préb
w badaniach nad dynamikg wrotkéw planktonowych — Ekol. Pol, A, 13.

38. Hrbadek, J. 1962 — Species composition and the amount of the zooplankton
in relation to the fish stock — Rozpr. Ceske Akad. (Véd Umeni) 72: 1—115.

39. Hrba&ek, J., Dvotakova, M., Prochazkova, M., KorZinek, V. 1959 —
Demonstration of the effect of the fish stock on the species composition of
zooplankton and the intensity of metabolism of the whole plankton community —
Verh. int. Vereinig. Limnol.| 14: 192—195.

40. Jankjaveéjus, K., Baranauskéné, A.,, Vagkjavi¥juté, A. 1960 —
Nekotorye dannye o suto¥noj dinamike &islennosti bakterio~ i zooplanktona w Zali-
ve Kurfju-Mapes — Trudy Akad. Nauk Litovsk. SSR, B, 3 (23): 151-167.

41. Jankjaveé&jus, K., Baranauskéné, A,, Kiselite, T., Jankjavi&jute, G.
1961 — Nekotorye dannye o suto¥noj dinamike &islennosti bakterio~, fito-
i zooplanktona v ozere Disnaj — Trudy Akad. Nauk Litovsk. SSR, B. 2 (25): 147-164.

42. Kajak, Z. 1962 — Przeglad pismiennictwa dotyczgcego bentosu zbiornikéw za-
porowych 'w zwigzku z budowg zbiornika Debe na Bugu i Narwi — Ekol. Pol. B,
8: 3-27.

43. Kiselite, T.S. 1961 — Zooplankton nekotorych ozer Severo- Zapadnoj ¥asti
Litvy — Trudy Akad. Nauk Litovsk. SSR, B, 1 (24): 111-124.

44.Klimczyk, M. 1957 — Zooplankton tarlisk i przesadek — Biul. Zakladu Biol.
Stawéw P AN, 4: 75-97.

45.Klimczyk, M. 1958 — Zooplankton stawdw koszonych pasowo — Biul. Zakladu
Biol. Stawéw P AN, 6: 69-80.

46. Koch, L.P. 1957 — Index of biotal dispersity — Ecology 38: 145—148.

47. Kosova, A.A. 1960 — Sezounye izmenenija planktona i bentosa na polosach
niZnej zony delty Volgi — Trudy vsesojuzn. gidrobiol. Ob&&. 10; 102—134.

48. Krzeczkowska, L. 1961 — Materialy do znajomosci planktonu stawéw rybnych
— Acta Hydrobiol. 3: 69-90.

49. Kulamowicz, A. 1956 — Badania nad wrotkami planktonowymi stawéw rybnych
w Zerominie pod Lodzig — Prace Lé6dz. TN, 42: 1-47.

50. Kurihara, Y.1960 — Biological analysis of the structure of micrccosms with
special reference to the relation among biotic and abiotic factors — Science Rep.
Tohoku Univ. IV, Biology 26: 269-—296.

51. Lachnovi& V. 1958 — O biologi¢eskich pokazatelach ryboproduktivnos':
pradov — Trudy Biol. Stancii ‘“Naro&”’, 1.

52. Langhans, W. 1936 — Plankton organismen als Indikatoren zur Beurteilung
von Karpfenteichen — Zeitschr. Fisch. 34.

53. Litynski, A. 1938 — Biocenoza, biosocjacja, przyczynek do ekologu zespot6w
fauny dennej — Arch. Hydrobiol. Ryb. 11: 167—209.

54.Manujlova, E. 1955 — O svjazi izmen&ivosti pelagi¥eskich Cladocera s razvitiem
bakterii v vodoemach — Dokl. Akad. Nauk SSSR, 103.



[49] Influence of the fish population on the biocenosis. . . 501

55. Manujlova, E. 1962 — Vlijanie sino-zelenych vodoroslej na razvitie zooplanktona
— Bjull. moskov. Ob&&. Isp. Prir. Otd. Biol. 67: 128—131.

56.Marczewski, E.,, Steinhaus, H. 1959 — O odleglosci systematycznej biotopéw
— Zastosowania matematyki — 4: 195—-212,

57.Margalef, R. 1960 — Temporal succesion and spatial heterogenity of fitoplankton
(Perspectives in marin biology, N. Y.) — New York, 323-349.

58. Meschkowa, T.M. 1961 — Die Verdnderung des biologischen Regimes des
Sewansees im Zusammenhang mit dem Sinken seines Wasserstandes — Verh. int.
Vereinig. Limnol. 14: 204—-207.

59. Miro%ni&enko, A.1955 — Zooplankton novopostroenych prudov lesostepnych
i stepnych rajonov USSR — Trudy Inst. Gidrobiol. AN USSR, 32: 67-99.

60. Morduchaj-Boltovskaja, E.D. 1959 — Zooplankton Ivanskogo i Uglikogo
vodochranili$¥a v 1955 i 1956 — Trudy Inst. Biol. Vodochranilis&. 1(4): 161-175.
61. Morduchaj-Boltovskoj, F.D. 1958 — Fauna pribrefnoj zony Rybinskogo

vodochranilis¥a — Trudy Biol. Stancii Borok, 3.

62. Morduchaj-Boltovskoj, F.D. 1961 — Proces formirovanija donnoj fauny
Gorskogo i KujbySevskogo vodochranili¥¥a — Trudy Inst. Biol. Vodochranili%é.
4 (7): 49-177.

63. Odum, H. 1956 — Efficiences, size of organisms and community structure —
Ecology, 37.

64. Odum, E.P. 1959a — Fundamentals of ecology — Philadelphia, London, 546 pp.

65. Odum, E.P. 1959b — Homeostasis of the ecosystem in relation to animal popula-
tions — Proc. XV-th Int. Con. Zool. 783-784.

66. Parise, A. 1961 — Sur la Genre Keratella, Synchaeta, Polyarthra et Filinia d’un
lac italien — Hydrobiologia 18: 121-135.

67. Pawtowski, L.K. 1958 — Wrotki (Rotatoria) rzeki Grabi, 1, — Prace Lodz. TN,
50: 1-439.

68. Pejler, B. 1957 — Taxonomical and ecological studies on planctonic Rotatoria
from Central Sweden — Kungl. Svenska Vetenskapsakademiens  Handlingar.
Fjérde Serien, 6: 3—52.

69. Pennak, R.W. 1946 — The dynamic of freshwater plankton populations — Ecol.
Monogr. 19.

70. Pennington, W. 1941 — The control oi ihe numbers of freshwater phytoplankton
by small invertebrate animals — J. Ecology 29: 204-211.

71. Pidgajko, M. 1957 — Zooplankton prudov stepnoj zony Ukrainy — Vopr. Ichtiol.
8: 129-142.

72. Pidgajko, M. 1961 — Formirovanie fauny novopostroenych prudov Inguleckogo
orositelnogo massiva — (Malye vodoemy ravninnych oblastej SSSR i ich izpolzova-
nie) — Moskva, Leningrad.

73. Pidgajko, M., Radzimovskij, A. 1959 — Gidrobiologi¥eskij reZim opytnych
prudov éemigovskogo rybopitomnika — Trudy probl. Soves¥. 6: 69—74.

74. Pourriot, R. 1957 — Sur la nutrition des Rotiféres apartir des Algues d’eau
douce — Hydrobiologia 9: 50—59.

75.'Pouarrtot, M1958 = Sar l'elevage des Rotiféres au laboratoire — Hydrobiologia
11: 189-197.

76. Rezvoj, P. 1926 — Nabljudennija nad vosprjatem pi%éy u kolovratok — Trudy
Leningr. Ob%&. Jestestv. 56.

77. Rudescu, L. 1960 — Rotatoria (Fauna Republicii Populare Romine, Trochel-
minthes II. 2.) Bukarest, 1192 pp.

78. Sebestyen, O. 1953 — Quantitative plankton studies in Lake Balaton II. —
Decennial changes — Ann. Inst. Biol. Tihany 21: 63-89.

79. Sebestyen, O. 1958 — Quantitative plankton studies of Lake Balaton 1X. A sum-
mary of the biomas studies — Ann. Inst. Biol. Tihany 25: 281-292.



502 Anna Hillbricht-Ilkowska [50]

80. Slade&ek, V. 1958 — A note on the phytoplankton-zooplankton relationships —
Ecology 39: 547—549.

81. Sorokin, J,, Morduchaj-Boltovskaja, E. 1962 — Izudenije pitanija kolovratok
Asplanchna s pomo¥tju C* — Bjull. Inst. Biol. Vodochranili¥g. 12.

82. Sérensen, T. 1948 — A method of establishing groups of equal amplitude in
plant sociology based on similarity of species content — Det. Kong Danske Videnske
Selslab. Biol. Skrift, 5.

83. Spodniewska, I. 1962 — Phytoplankton development in ponds varying in the
density of carp fry population — Bull. Acad. Pol. Sci., cl. 2, 10: 305-309.

84. Sustenja, L. 1958 — Zavisimost’ skorosti filtracji planktonnych rakoobraznych
ot koncentracii pi§&evych ¥astic — Trudy biol. Stancii ‘‘Naro&’’ 1.

85. Vaas, U.F.,, Vaas van Owen, A. 1954 — Studies on the production and utilisation
of natural food in Indonesian carp ponds — Hydrobiologia 12.

86. Vasileva, G.L., Okuneva, G.L. 1961 — Opyty po razvedeniju kolovratki
Brachionus rubens kak korma dla molodi ryb — Vopr. Ichtiol. 1 (4—21). "

87. Vinberg, G.G. 1950 — Intensyvnost’ obmena i razmery rakoobraznych — Z. ob%&.
Biol. 11.

88. Voigt, M. 1957 — Die Rédertiere Mittelearopas — Berlin, 508 pp.

89. Voronkov, N., Korsunskij, G. 1910 — K biologii melkich vodoemov — Trudy
biol. Stancii ‘“Gluboke Ozero’’. 3.

90. Wiszniewski, J. 1953 — Fauna wrotkéw Polski i rejonéw przyleglych ~ Pol.
Arch. Hydrobiol. 1 (14): 317-490.

91. Wolny, P. 1962a — Viplyw gestosci obsad na wzrost i stopiefi przezycia narybk'ul
karpia — Rocz. Nauk roln. B, 81: 171-188.

92. Wolny, P. 1962b — Przydatnos¢ oczyszczonych $ciekéw miejskich do hodowli
ryb — Rocz. Nauk. roln. B, 81: 231-249.

93, Woodruf, L.L. 1912 — Observations on the origin and sequence of the protozoan
fauna of hay-infusions — J. exp. Zool. 13.

94, Zelikman, A. 1960 — Koli¥estvennaja charakteristika zooplanktona vodoemov
Vol%sko-K ostromskoj pojmy — Trudy vsesojuzn. gidrobiol. Ob¥&. 10: 86—-100.

WPLYW POPULACJI RYB NA BIOCENOZE STAWU
NA PRZYKLADZIE FAUNY ROTATORIA

Streszczenie

Badania prowadzono w okresie czterech lat na kilkunasts, nowo zbudowanych
stawach zarybianych narybkiem karpia o wadze 1 g w ilosci od 2 500 do 30 000 sztuk/ha
oraz kontrolnych (niezarybionych) (tab, I). Proby ilosciowe pobierano w czgsci stawéw
co kilka, w czesci co kilkanascie dni, z dwéch lub trzech stref stawu (tab. [ i tabelka
w tekécie — rozdziat II) w czteromiesigcznym okresie wegetacji stawéw.

Ogétem znaleziono 85 gatunkow i form wrotkéw planktonowych, z czego 48 (tab. II)
nalezy do gatunkéw zwigzanych z roslinnoscig — litoralowych, zas 37 (tab. III) — do
euplanktonowych., Stwierdzono trwate réznice w zasiedleniu poszczegélnych stref
stawu przez obie grupy gatunkéw (fig. 1), jak tez odmienny kierunek zmian ich liczby
w kolejnych latach wegetacji (fig. 2).

Wydaje sie, Ze ustepowanie gatunkéw litoralowych (fig. 2, 5) zwigzane jest z inten-
sywnodcia uzytkowania rybackiego, ktére powoduje niszczenie roslinnosci i zanikanie
mozaikowatoéci srodowiska stawowego.

Por6wnanie sktadu gatunkowego wrotkéw poszczegélnych stawéw przeprowadzono


https://developmE".nt

[s1 Wplyw populacji ryb na biocenoze stawu 503

w oparciu o wskazniki Marczewskiego-Steinhausa i Kocha (rozdzial IV). Stwierdzono
duze i stale podobiefstwo skladu gatunkowego wrotkéw euplanktonowych w stawach,
juz od I roku wegetacji oraz niskie i malejgce z biegiem lat podobienstwo skladu
gatunkowego wrotkéw litoralowych (fig. 3).

Stwierdzono brak zaleznosci mi¢dzy liczbg gatunkéw obu grup a wielkoscig obsady
rybnej (fig. 4), jak tez brak gatunkéw charakterystycznych dla okreslonych np. wy-
sokich obsad rybnych.

Czgstod¢é wystgpowania wrotkéw litoralowych w okresie wegetacji stawow wyka-
zuje pozytywng korelacje z wielkoscig obsady rybnej (tab. IV, V).

Obfitos¢ wystgpowania wrotkéw euplanktonowych w okresie wiosennym, tuz po
zalaniu stawéw, wzrasta w miar¢ uplywu lat wegetacji (tab. VI), co wskazuje Ina
wzbogacenie Zyznosci stawéw w poczatkowym okresie ich corocznej wegetacji.

Obfitog¢ i dlugotrwalo$é wystgpowania wrotkéw euplanktonowych w pozostalym
okresie wegetacji stawéw wykazuje pozytywna korelacje z wielkoscig obsady rybnej
(fig. 6, 7, 8, tab. VII) — im wigksza obsada rybna tym wczesniej i liczniej wystepujg
wrotki w okresie: poczatek sierpnia — potowa pazdziernika.

W miare uplywn lat wegetacji nastgpuje ujednolicenie skladu gatunkowego do-
minantéw w wiosennym zgrupowaniu wrotkéw euplanktonowych (tab. VIII) z powodu
masowego rozwoju Keratella cochlearis (fig. 9). Podobne zmiany w kolejnych latach
wykazuje gatunek pokrewny — K. quadrata (fig. 11). W pozostalym okresie wegetacji
rozwéj ilosciowy obu tych gatunkéw jest wyrainie skorelowany z wielkoscig obsady
rybnej (tab. IX, X, XI, XII, fig. 12—15).

Zaobserwowane w planktonie wrotkowym zmiany pozwalajag na scharakteryzo-
wanie wplywu populacji ryb, jako kontrolujgcego siedlisko i biocenoze stawu. Wy-
sunieto przypuszczenie o wplywie populacji ryb na strukturalnos¢ siedliska (jego
mo zaikowato$€) oraz na warunki troficzne zbiornika. Oméwiono prawdopodobny mecha-
nizm tego wplywu poprzez niszczenie roslinnosci i stymulowanie obfitosci pokarmu
planktonowego (detrytusu, bakterioplanktonu). Wskazano na niektére konsekwencje
kontrolowania siedliska stawu przez ryby dla jego ekosystemu, wyrazajgce sig¢ ogélnie
we wzroécie tempa obiegu materii i przeplywu energii.
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