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ABSTRACT

We investigated the causes of the shift which occurs in the horizontal distribution of planktonic
rotifers of Lake Aydat. A normalised PCA was used to analyse the spatio-temporal distribution of
18 rotifer species. They are more numerous in the littoral zone, but seasonal changes remain higher
than spatial changes. Results illustrate the capability of rotifers to take efficiently advantage of
available space and food. The digestive tracts of fry and juvenile roach was also analysed and the
index of Iviev was used to determine prey selection. Fish predation occurs in the nearshore zone
and the interactions between invertebrate predators and their prey are illustrated by the quantita-
tive changes in community dynamics. Among the complex cascade of events varying in the course
of the year, and despite of resource partitioning, predator-prey interactions as well as the ex-
ploitative competition between rotifers and crustaceans produce gradients exhibited in the hori-
zontal distribution of rotifers in Lake Aydat.

1. Introduction

Rotifers generally are an important link in the well documented pelagic food webs
of eutrophic lakes, but in contrast the littoral zone remains little studied. Investiga-
tions from April 1984 to November 1985, based on demographic analysis, examina-
tion of gut contents and laboratory feeding experiments, have illustrated the
importance of intrazooplankton predation for the seasonal succession of eulimno-
plankton in the eutrophic Lake Aydat (Lair, 1990; Lair and Hilal, 1992), where
invertebrate predators effectively control the growth of small-sized zooplankton.

Rotifers are preyed up on by most fish, especially the young, and account for the
majority of food items identified in their guts (e.g. Hammer, 1985; Telesh, 1993).
Studies of the effects of fish on the zooplankton of both the littoral zone and open
water of lake Aydat were, therefore, initiated. These involved analysis of gut
contents and feeding activities and calculation of stocks of adult and young fish
(Jamet, 1991; Reyes-Marchant, 1993: Taleb et al., 1994).
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Many authors have noticed that planktonic rotifers are either limnetic or littoral
(Wetzel, 1975; Lemley and Dimmick, 1982), but in contrast to their vertical
distribution their horizontal distribution is not well documented (Preissler, 1977,
Sauders-Davies, 1989). The present study was undertaken with the aim of studying
the spatio-temporal distribution of the rotifer fauna, from the littoral to the limnetic
zone and to investigate the possible impact of predation on their horizontal distri-
bution.

2. Site, materials and methods
2.1 The lake

The eutrophic Lake Aydat (France) with a 60 ha surface area and 15.50 m maxi-
mum depth, at 825 m a.s.l., usually remains ice-covered for about 1-2 months. Its
physical and chemical characteristics were summarised by Hartmann et al. (1993).
The littoral zone extended from the margin to 2.50 m depth and is partly covered
with a dense vegetation, principally Elodea sp. and Myriophyllum sp. associated
with some less common species (Taleb, 1991).

2.2 The crustaceans

In Lake Aydat, we observed that cladoceran density decreased from the open water
to the shore, where Bosmina longirostris (O.F. Muller, 1785), small Daphnia
longispina (O.F. Muller, 1785) and Chydorus sphaericus (O.F. Muller, 1785) were
fed on by larval and juvenile roach. The low number of cladocerans and the
frequent absence of large species in the littoral zone results from predation by fish
and/or an avoidance behaviour (Taleb et al., 1994). Being also users of algae,
copepods remain sparce during summer; the young stages of Cyclops vicinus vicinus
(Ulianine, 1875) abundant in spring, and those of Acanthodiaptomus denticornis
(Wierzejski, 1887) who grow from July onwards remain in lower proportions in the
littoral than in the pelagic zone (Taleb, 1991).

2.3 Invertebrate and vertebrate predators

Five invertebrate predators were present: the rotifers Asplanchna priodonta (Gosse,
1850) and Cephalodella gibba (Ehrenberg, 1832), older instars of the cyclopoid
C. vicinus vicinus, adults of the calanoid A. denticornis and the fourth larvae of
Chaoborus flavicans (Meigen) (Lair, 1990; Lair and Hilal, 1992; Taleb et al., 1992).
There were also three dominant fish species: Rutilus rutilus (Linne, 1758), Perca
fluviatilis (Linne, 1758) and Gymnocephalus cernua (Linne, 1758). Adult fish fed
only on crustaceans (Jamet, 1991), while their fry fed on the whole zooplankton
community (Reyes-Marchant et al., 1992; Taleb et al., 1994). The stock of young fish
sampled weekly during the period of their presence in the littoral zone (from April
to September 1988) has been calculated by modelling analysis (Reyes-Marchant,
1993).
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2.4 Sample collection and data analysis

To completement the precedent studies in Lake Aydat, we chose to perform more
spatial samples. Zooplankton samples were coliected monthly from January 1988 to
January 1989 (except in December when the lake was ice-covered) along a profile
of 10 stations from the shore to the centre of the lake. The characteristics of the
stations are given in Table 1, the littoral zone being conventionally limited to the
extent of macrophyte growth (Wetzel, 1983). Zooplankton was collected in tripli-
cate with a vertical van Dorn bottle (8 litres capacity), at each meter from the water
surface to the bottom of each station, except near the shore where an horizontal van
Dorn bottle was gently handled between the weeds. Samples were pooled in one jar
to obtain a single sample per station. After homogenisation, an aliquot of 5 litres
was filtered through a 33 ym mesh filter. Zooplankton were immediately preserved
in 10% sucrose-formalin and frozen. For quantitative examination, organisms were
placed in a Dollfus counting chamber (a rectangular tank of 5 cm x 10 cm, divided
in 200 square tanks) and stained with Rose Bengal. When one species was scarce,
all the individuals were counted, otherwise subsamples were enumerated.

Fry and juvenile roach were collected before noon with a beach seine (mesh size
of the wings = 4 mm, mesh size of the central part = 3 mm). Immediately after
catching them, the young fish were preserved in 4% formalin and kept in group ice
to prevent digestion of food items (Reyes-Marchant, 1993). During the period of
the rotifer studies, 425 digestive tracts were analysed. The Iviev (1961) index was
used to determine the possible selection of prey.

Spatio-temporal distribution of the different species of rotifers along the
transect was studied by use of a normalised Principal Components Analysis
(Depiereux, 1988). Projection of lines and columns of the matrix on the factorial
axis (stations and months analysis, followed with an inter-stations analysis) of the
centred PCA processed on the 18 species x 120 samples (10 stations, 12 months) to
illustrate their organisation. In the inter-stations PCA, each line is the average of
12 months for each species (log standardized); in the inter-months PCA each line is
the average of 10 stations for each species (log standardized). The structure of the

Table 1. The different characteristics of each sampling station. Macrophytes: — absent; + few;
++ dense and +++ very dense

Stations Depth Distance Macrophytes
(L: littoral; P: pelagic) (m) from the shore (m) (abundance)

1L 0.20 1 ++

2L 0.50 4 +++

3L 0.75 5 +++

4L 1.00 14 +++

5L 1.50 25 ++

6L 2.50 50 +

P 4.00 107 -

8P 8.00 164 -

9P 10.00 200 -

10P 14.00 500 -
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rotifers community at each station was visualised in histograms, in each axis (F1-Fi)
the average of the 18 species was classified (from January 1988 to January 1989) in
the order determined in the plane of the principal components.

3. Results and discussion
3.1 Abiotic and biotic data

Transparency was approximately the same at each station. The minimum Secchi
depth (0.90m) occurred in May and June. Temperature and dissolved oxygen
differences between the littoral and the upper layer of the pelagic zone did not
exceeded 2°C and 1 mg -1 respectively. Food was not limiting in this eutrophic
lake and small particles (algae, flagellates, ciliates and bacteria) were abundant
(Marvalin et al., 1989; Sime-Ngando and Hartmann, 1991; Aleya, 1992). We
therefore consider these variables to be insignificant to the distribution of
rotifers. :

3.2 Species composition and community density

Twenty two species were recorded in Lake Aydat in 1988 (4 were occasional and
18 were present at different stations and periods). Among the Ploima, we found
the Asplanchnidae Asplanchna priodonta, the Brachionidae Brachionus calyci-
florus (Pallas, 1766), Euchlanis dilatata (Ehrenberg, 1832), Kellicottia longispina
(Kellicott, 1879), Keratella cochlearis (Gosse, 1851), Keratella quadrata (Miiller,
1786), Notholca acuminata (Ehrenberg, 1832) and Rhinoglena frontalis (Ehren-
berg, 1853), the Lecanidae Lecane luna (Miiller, 1776), the Notommatidae
Cephalodella gibba, the Synchaetidae Polyarthra dolichoptera (Idelson, 1925),
Polyarthra remata (Skorinkow, 1896) and Synchaeta pectinata (Ehrenberg, 1832),
the Trichocercidae Trichocerca cylindrica (Imhof, 1891) and Trichocerca elongata
(Gosse, 1886) and among the Flosculariacea the Testudinellidae Filinia hofmanni
(Koste, 1980) and the Conochilidae Conochilus natans (Seligo, 1900) and Cono-
chilus sp. (Ehrenberg, 1834) of the unicornis-hippocrepis group (designated C. u on
the graphs). A study performed in the nearshore zone of the lake during summer
1993 with an apparatus designed to sample macrophytes, cut them and collect the
enclosed plankton did not revealed new species (Lunot, unpublished data).

In eutrophic lakes where both algal and detrital food are abundant, rotifers
may reach densities varying from 400-1800 ind - 1! in open lakes (e.g. Herzig, 1979)
to 17700 ind -1 (Orcutt and Pace, 1984). In Lake Aydat rotifers generally
grow between May and September (Oulad Ali et al., 1990; Taleb, 1991). In 1988
they increased in density in May-June and their maximum occurred in July
before they decreased dramatically in August. The maximum (and average)
density was 10000 (1060) ind - 17! in the littoral zone and 4200 (668) ind -1~ in
the pelagic zone (Fig. 1). This density of rotifers confirms the eutrophic state of
this lake.
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Figure 1. Temporal distribution of the rotifer community at the 10 stations from the littoral (1L)
to the pelagic (10P) zone

3.3 Seasonal succession

The principal components analysis in reduced space, extracted from the corre-
lation matrix explains 64.3% of the information on the four first dispersion
and significant axes. In the inter-months analysis, the projection of species on
the planes F1xF2 and F3xF4 gives a picture of the temporal community
evolution (Fig. 2). The right negative part of the plane F1 x F2, corresponds to
the end of winter — early spring species R. frontalis, B. calyciflorus, 1. elongata
and C. natans, correlated with axis 1. These species are close to N. acuminata
which grows in spring and summer (correlated with axis 2). E. dilatata situ-
ated on axis 2 grows both in winter and summer. The left negative part
of the plane groups the summer species F hofmanni, K. cochlearis and A. prio-
donta (correlated with axis 2), 7. cylindrica and P remata (correlated with
axis 1).

On the right negative part of the plane F3xF4 are the winter-spring
species K. quadrata, K., longispina and P dolichoptera. On the left negative
part are associated C. gibba and L. luna which grow in August-September
(correlated with axis 4). The spring species S. pectinata and the abundant
autumnal species Conochilus sp., were not discriminated on these four first
axis.

Few species in Lake Aydat are cold (C. natans, R. frontalis) or warm stenother-
mal (7. cylindrica, P. remata), but most are eurythermal. This pattern is in agree-
ment with the general ecological data of species given by Pourriot (1965) and
Ruttoer-Kolisko (1974), which will also be used for the examination of resource
partitioning (see below, part 3.5).
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Figure 2. Situation of the species (designated by their initials) in the planes of F1xF2 and F3xF4,
resulting from inter-month analysis. Eigen values (y axis) of factor (x axis) discriminated by the
global PCA analysis

3.4 Horizontal distribution

In the stations-months analysis, the projection of sampling stations on axis 1, gives
the horizontal distribution of corresponding species. R. frontalis (with a small win-
ter population in the pelagic zone), B. calyciflorus, T. elongata and C. natans, grow
in the littoral zone from February to May (positive part of the axis), while
K. cochlearis, A. priodonta, P. remata grow in July at each station, T_ cylindrica and
F hofmanni being more in the pelagic zone (negative part of the axis) (Fig. 3).
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Figure 3. Normalised sampled data defined by the four first axis of the PCA. Numbers correspond
to the stations 1 to 10 and, for each station bars are in the chronological order (January 1988
to January 1989)

The projection of the sampling stations on axis 2 does not indicate any pre-
ference for sampling stations in the positive part of the axis. The negative part
illustrates the March— April growth of N. acuminara in the littoral zone, added to
the summer growth of N. acuminata and E. dilatata. Positive coordinates of axis
3 illustrate the growth of L. luna and C. gibba in both zones. The lower part of this
axis corresponds to K. quadrata, K. longispina and P. dolichoptera (with its winter
growth) which are more abundant in the pelagic zone, in comparison with the
littoral. The negative coordinates of axis 4, gives species located more in the littoral
zone (C. gibba and L. luna).

We proceeded to the graphic representation of the PCA, in order to reconstruct
the situation of the different sampling stations, in relation with the distribution of
species (Fig. 4). This analysis discriminates between the littoral zone (stations 1
to 5) and the pelagic zone (stations 7 to 10), station 6 being intermediate (data
rebuilt by axes 1 and 2 give the position of species), showing that no sudden shift
occurs between the two zones. The variance between stations is 0.6, while in the
between-months analysis it was 4.1 (see eigen values of the y axis resulting from
PCA graph of Fig. 2), which means that the seasonal changes are higher than the
spatial changes.

3.5 Resource partitioning

Except for the sparse N. acuminata which was found only at stations 1 to 6, all others
were sampled at all stations (Fig. 5). In each time and site there are species with
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Figure 4. Situation of the measurable variables in the plane of axis I and II, resulting from inter-
stations analysis (species are designated by their initials and numbers 1 to 10 correspond to the sta-
tions)

different food habits; in winter and early spring, associated with the algivorous
C. natans, we observed species with a broad food spectrum like R. fronzalis, N. acu-
minata (density <4 ind - 1), E. dilatata and B. calyciflorus followed later by the
algivorous P, dolichoptera in both zones and the herbivo-detritivorous K. quadrata,
T. elongata (density <4 ind -17') and K. longispina in the littoral. In June the
algivorous 7. cylindrica peaked in the pelagic zone, in July, it was the detritivorous
E hofmanni, while the large food spectrum species K. cochlearis peaked in the
littoral. At that time, they were associated with the algivorous P remata in both
zones, while the predator A. priodonta attained its maximum density in the littoral.
In August there was a shift and only two species remain until autumn, the colonial
and detritivorous Conochilus sp. was dominant in pelagic, while the carnivorous
C. gibba, associated with its small prey L. luna, occurred in both zones.
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Figure 5. Spatio-temporal distribution of the principal species of rotifers plotted in seasonal
succession order
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Figure 5 (continued)

In previous studies, conducted biweekly in June—July 1975 and weekly from
April to November 1984, with samples taken at 7 depths in the lake, we observed a
remarkable spatio-temporal autogenic succession. Species lived alternately in
surface and/or deep layers, depending on their ability to live (or not) in anoxic
water, to stay in cold (or warm) water, and on their food preferences (Lair, 1978;
Oulad Ali et al., 1990). As in the vertical scale, we observed that broad food spec-
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trum species and algivorous species lived alternately in the littoral and pelagic zones
during the year. These broad spectrum species developed during summer associat-
ed with the detritivorous species which occurred from June to October in the
pelagic zone, probably due to the abundance of bacteria near the thermocline,
following decomposition and sedimentation of cyanobacteria and algae (Marvalin
et al., 1989). During this study, our observations confirmed that rotifers have the
capability of efficiently taking advantage of the available space and food.

3.6 Invertebrate predation

The impact of vertebrate and invertebrate predation on planktonic communities is
well documented in the pelagic, in contrast to the littoral zone, which is more
complex, but also the most productive area of many lakes (Wetzel, 1983). Predators
can influence the local Shannon’s diversity of their prey and in 1988 in Lake Aydat
we observed that rotifer diversity decreased from May to August in the littoral
zone, and to a lesser extent in the pelagic zone. This suggests an impact of predation
(Lair et al., 1993).

A. priodonta is a voracious predator of rotifers (Ejsmont-Karabin, 1974;
Williamson and Gilbert, 1980; Zaret, 1980; Hofmann, 1983). In previous studies on
the invertebrate predators of Lake Aydat, direct observations of stomach contents
showed that A. priodonta consumes F hofmanni, K. cochlearis, P. remata and
P, dolichoptera (Oulad Ali et al., 1990). In the littoral and pelagic zones, the density
of A. priodonta starts to increase from May (simultaneously with P dolichoptera
which fell in June), reaches its highest value in July, in parallel with its potential
prey E hofmanni and K. cochlearis, and decreases in August. We hypothesise
that A. priodonta plays a part in this decline. A similar pattern was observed with
C. gibba and the small L. luna which both peaked in September before crashing
in October.

Each year, A. denticornis took over from July, as the other rotifers decreased,
before it reached a maximum in winter (Taleb, 1991). In previous studies we hypo-
thesised that predation pressure by A. denticornis might be the cause of the rotifer
decline from mid-summer onwards (Lair, 1990). Subsequently, feeding experiments
demonstrated that adults of this copepod feed on K. cochlearis (Lair and Hilal,
1992), S. pectinata (Hilal, unpublished data) and large ciliates (Hartmann et al.,
1993). In 1988, A. denticornis was dominant in the pelagic zone in January and
February, increased from June and peaked from September onwards. The shift in
rotifer density from August onwards was linked to the development of that species.
Both the competition with the young stages of the copepod and predation by adults
can influence the rotifers’ decline.

Since Fryer (1957) observed that cyclopoids are important predators of rotifers,
numerous other authors have made the same observation (Williamson and Gilbert,
1980; Stemberger, 1982; Williamson, 1983). Our gut analysis of late copepodite sta-
ges and of adults showed that during spring, the food of C. vicinus was essentially
composed of Polyarthra spp. and K. cochlearis (El Ghachtoul, 1987) the most abun-
dant species in the lake. The carnivorous stages of Cyclops were abundant in May
in the littoral, simultaneously with the maximum density of P dolichoptera and in
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June in the pelagic zone, simultaneously with P. remata. At the end of spring this
copepod may contribute to the decrease in density of these rotifers species.

3.7 Fish predation

In the littoral zone, young roach were associated with young perch which occurred
in low numbers and fed on copepods (Phillipart, 1993, internal report). The
0+ roach hatched in summer 1987 returned in the littoral in April 1988, followed by
a new generation born in June—July. After the hatching period, the young fishes
spent their first months in this shallow area, before leaving it in October. The total
number of young fish was estimated and the total density of ingested rotifers (and
cladocerans) was calculated (Reyes-Marchant, 1993) (Table 2). In April, May and
July the guts of young fish contained mostly rotifers, which coincided with the
decrease in their species diversity (Lair et al., 1993). In June and August these
rotifers were preyed upon in lower proportions, small cladocerans being added to
the diets of the young fish (Taleb et al., 1994).

Reference to the study on the diel feeding activities of the roach fry, run in July
1988, the period of the maximum development of rotifers showed that A. priodonta,
K. cochlearis and L. luna were consumed day and night by the young R. rutilus.
The Ivlev index suggested that the dominant species K. cochlearis was avoided
at 6:00 pm, 10:00 pm, 2:00 am, 10:00 am and 6:00 am and selected moderately

Table 2. Numerical contribution of the prey species in Lake Aydat and in the gut of 0+ Rutilus
rutilus and Ivlev index calculations (G = N - ind. in the guts and F = density ind - I-! in the field)

Species April May June July  August September
Asplanchna priodonta (G) 0 0 3 0 20 0
Asplanchna priodonta (F) 1720 8060 40160 105655 160720 8000
IVLEV -1 -1 -0,99 -1 -0,99 -1
Keratella quadrata (G) 2365 1844 0 614 179 217
Keratella quadrata (F) 20300 13833 0 1100 250 600
IVLEV -0,15 0,34 0,99 0,86 0,51
Keratella cochlearis (G) 13742 25306 26076 7404 4529 6390
Keratella cochlearis (F) 90066 404400 385900 4567700 3200 46566
IVLEV 0,01 0,02 0,04 -0,13 0,95 0,08
Lecane luna (G) 829 553 45 512 229 218
Lecane luina (F) 4333 5766 700 1333 17233 10500
IVLEV 0,08 0,2 0 0,99 -0,4 -0,7
Daphnia longispina (G) 194 133 30 204 111 68
Daphnia longispina (M) 180 260 107 447 120 127
IVLEV 0,83 0,24 0,24 0,09 0,69 -0,22
Bosmania longirostris (G) 511 538 120 1053 661 197
Bosmina longirostris (M) 909 9633 3775 1784 258 258
IVLEV 0,71 -0,69 -0,69 0,22 0,87 -0,05
Chydorus sphaericus (G) 1799 2862 1518 1229 1190 496
Chydorus sphaericus (M) 23330 1067 5433 4367 10767 433

IVLEV -0,1 0,79 0,22 -0,14 -0,2 0,14
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at 2:00 pm and 6:00 pm; A. priodonta was avoided at any time, which indicates that
roach fry feed on the most abundant species without marked selection. In contrast,
the rare species L. luna was selected at 6 out of 7 different times of the day (Taleb
et al., 1993). Such results are worth thinking about. The same Ivlev calculations
conducted only with day-time observations, gave quite different results: when run
with morning sampling they showed that both prey were avoided by the fish
(Table 2).

In our July data, the horizontal distribution of K. cochlearis and L. luna, shows
lower densities at stations 1, 2 and 3 (nearshore area), a situation only observed for
these two species. As a consequence, on the basis of our diel observations we can
hypothesise that the lower density of K. cochlearis and L. luna in the nearshore zone
is linked to the predation exerted by the young fish: if A. priodonta was not affect-
ed, both K. cochlaris selected moderately and L. luna largely selected are removed
faster than they can be produced. The resuits obtained on other dates would require
knowledge of the diel feeding behaviour of the young fish to be validated.

4. Conclusion

Rotifer distribution has been the subject of debate: on one hand species are
designated either littoral or exclusively pelagial, on the other hand planktonic rofi-
fers are equally limnetic and littoral (Straskraba, 1965; Pennak, 1966; Makarewicz
and Likens, 1979). Tt has been suggested that planktonic rotifers follow the same
pattern as pelagic crustaceans, in relation to the shore (Ruttner, 1974; Preissler,
1977) which was not observed in lake Aydat. At diurnal scale and in experimental
conditons, Dumont (1972) observed the competition between Asplanchna and
crustaceans induced a reverse vertical distribution. Telesh (1993) showed that
population densities of some rotifer species increased as a result of the elimination
of large crustaceans by fish during summer and autumn. We conclude that the
distinction between euplanktonic and strictly littoral species is the result of complex
interactions between planktonic rotifer, crustacean species and fish. However, to
understand the nature of species interactions and determine the extent to which
they can explain observed patterns and dynamic properties we can deduce the
resultant trophic interconnections between this species-rich food web.

Demographic analysis of the rotifer species living in Lake Aydat has shown high
growth rates and high turnover rates, supplemented by high mortality rates (Oulad
Ali, 1988), and the remarkable seasonal succession (Lair and Ayadi, 1989), illustrat-
ed by studies on their vertical distribution (Oulad Ali et al., 1990) is corrobotated
by the analysis of their horizontal distribution. For an apparently uniform habitat,
species occupy alternately littoral or pelagic sites, such a resource partitioning gives
possible for species to coexist and acts as an important factor.

In that eutrophic lake, where resource partitioning occurs, association between
strongly competing species remains certainly limited even if larger cladocerans can
suppress rotifers through exploitative competition for shared food resources (Wick-
ham and Gilbert, 1990). Among species ecologically similar in Lake Aydat, we can
deduce the reverse horizontal pattern we observed between crustaceans and
rotifers certainly tends to reduce the exploitative competition. More, larger



266 Lair et al.

daphnids remain in low numbers which is not relevant to their possible interference
with rotifers which are also known to be vulnerable to cladoceran interference.

The boundaries between competition and invertebrate predation are not easy to
distinguish. However the interactions between invertebrate predators and their
prey species were reflected in quantitative changes in community dynamics at
weekly and vertical scales (Lair, 1990), as well as at monthly and horizontal scales
(that study). They remain all the more important since the invertebrate predators
does not occur in the same proportions in the littoral and pelagic areas.

Rotifers are the principal food of fish fry; the similar percentage of rotifers found
in their guts as well as in the water samples indicates the passive intake of the young
fish on the dominant species during the day (Reyes-Marchant et al., 1994). All 0+
roach, hatched in summer 1987, which returned the littoral zone in April 1988, fed
essentially on rotifers which are removed more quickly than they are produced.
After the hatching period of June-July the smallest fish continue to feed on
rotifers, from June onwards the others ingesting essentially cladocerans. Thus,
the boundaries within which vertebrate predation is exerted must be clearly
delineated to the shallow littoral area, as far as adult fish do not fed on rotifers
(Jamet, 1991). However at some periods in Lake Aydat, the reduction in crustacean
competitive pressure on rotifers, as well as the reduction in rotifers vulnerability to
the possible interference competition with larger cladocerans, may be caused by
adult fish.

Among the complex cascade of events varying in the course of the year, and
despite of resourse partitioning, predator-prey interactions as well as the exploita-
tive competition between rotifers and crustaceans produce gradients exhibited in
the horizontal distribution of rotifers in Lake Aydat. We hypothesise that the com-
bination of competition and invertebrate predation in the pelagic zone, added to the
vertebrate predation in the nearshore zone, are the dominant process of such a dis-
tribution.
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