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Abstract

Larger species, €.g. Asplanchna priodonta and Conochilus unicornis, and grasping species, e.g. Gastropus
stylifer and Ascomorpha spp., became more abundant, while smaller filter feeders, e.g. Keratella cochlearis,
decreased after an experimental reduction of the fish population. This development is probably caused by
changes in basic regulating factors. The change to invertebrate predator dominance may affect smaller
species (e.g. Keratella cochlearis) more than others, the increase of net phytoplankton (e.g. peridineans) will
favour grasping species, and the change in seasonal occurrence of certain crucial food species may affect the
competitive balance between certain rotifers (e.g. Polyarthra spp.).

Introduction

What specific influence does a fish population
have on the rotifer community in a lake? This may
seem to be quite an ambitious question, but never-
theless it is a logical question to ask. During the last
two decades much work has been done on the
relations between fish and zooplankton. Most
investigations, however, have concentrated upon
crustacean zooplankton, which according to many
reports is regulated by a strong selective predation
by fish. Intense predation will reduce mean size and
change species composition towards dominance of
smaller species, i.e. the whole zooplankton com-
munity is affected (e.g. Hrbacek 1962; Brooks &
Dodson 1965; Stenson 1972).

Invertebrate zooplankton predators, another
important functional group in fresh water eco-
systems, have also been shown to be selective and
able to reduce abundance of their prey organisms
in the smaller size intervals (McQueen 1969; Confer
1971; Dodson 1972). Most invertebrate plankton
predators are themselves susceptible to predation
and their abundance and predatory influence may
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therefore be regulated by the fish population (Sten-
son 1976; Lane 1979).

It has recently been shown that changes in the
fish population will produce certain effects even on
the primary production level (Andersson et al.
1978; Stenson ez al. 1978). Lakes heavily stocked
with fish will have a predominant development of
smaller algae (Hrbacek ef al. 1961) while a reduc-
tion of the fish density will enhance the develop-
ment of large net-phytoplankton species (Stenson
et al. 1978). The ability of fish to regulate mean
body size and species composition of zooplankton
thereby influencing grazing pressure and turnover
rates of nutrients, points to one possible way of
interaction between fish and the primary producers
(Henrikson ez al. 1980).

This knowledge about interactions between the
top levels and the lower trophic levels in the lake
ecosystem makes it possible to suggest some
probable pathways for fish influence on rotifer
populations.
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Fig. 1. Number of rotifers per m2, 1973 (solid line) and 1977. Y-axis is logarithmic, which also gives asymmetrical confidence intervals.
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Mode of interaction

a) Direct predation from fish: Rotifers are in
general too small to be affected. There may,
however, be some exceptions. The population
density of large species like Asplanchna priodonta
and the colony-living Conochilus unicornis may be
negatively influenced by fish predation.

b) Invertebrate predation: Invertebrate preda-
tors may reduce population density of smaller
rotifers. This effect may, however, be balanced by
fish predation.

¢) Phytoplankion composition: The possibilities
for fish to change the species composition of
phytoplankton through feedback mechanisms in-
dicate a third possible way of influence, i.e. via the
food base.

The purpose of this paper is to present a field
study in which the validity of the above hypothe-
tical modes of interaction can be tested. The main
questions were the following: does an experimental
elimination of the fish population result in an
increase in the number of large rotifers, an in-
tensification of invertebrate predation pressure and
thereby a decline in the number of susceptible prey
species, and changes-in the rotifer species composi-
tion due to a change in the phytoplankton struc-
ture?

Experimental design and methods

The experiment and observations were made in
Lake Lilla Stockelidsvatten in southwest Sweden
(area | ha; max depth 8 m). The lake originally had
a dense fish population dominated by roach (Ruti-
lus rutilus (L.)). Other species present were pike
(Esox lucius L.), tench (Tinca tinca L.) and eel
(Anguilla anguilla L.). All fish species except eel
reproduced every year, which resulted in the pro-
duction of large schools of fry. The fish population
was eliminated by means of rotenone in November
1973. A more detailed description of the experi-
ment and the fish population is given elsewhere
(Stenson 1972, 1979; Stenson et al. 1978).

Rotifers were sampled with a net (mesh 25 um;
mouth area 200 cm?; length 50 cm) at six randomly
selected places in the pelagic zone. The net was
vertically retrieved from the bottomto thesurfaceat
aconstant speed of 0.5 ms~1. All samples were fixed
in 49 formalin. Counts were carried out on sub-
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samples. Species identification was made according
to Voigt (1957) and Ruttner-Kollisko (1972).

Results

After the elimination of the fish population, the
rotifer community changed in several respects,
including abundance of different species, temporal
development of population density, biomass and
numeric relations between different functional
groups.

I consider that real changes between the years
exist where there is no overlap between the con-
fidence intervals (C.1.). The size of the C.I. depends
on the distribution of the animals within the water
mass. Thus species with a patchy distribution
pattern will have larger C.1. Filinia longiseta, for
example, with high densities below the thermocline,
is very sparse in samples from the shallow sites,
which results in wide C.1.

Keratella cochlearis and Polyarthra dolichoptera
have decreased in number, the latter species to an
undetectable level (Fig. 1). Conochilus unicornis,
Gastropus stylifer, Ascomorpha ecaudis, A. ovalis
and Asplanchna priodonta became more frequent
after the elimination of the fish population. Gas-
tropus stylifer and Ascomorpha ovalis were not
found at all before the elimination (Fig. 1). Poly-
arthra vulgaris, finally, shows a changed seasonal
development after the elimination. After an abun-
dance maximum in June 1973 there was a drop
throughout the summer. In 1977 the peak came in
September after a spring with low densities.

Furthermore the rotifer biovolume was altered
(Fig. 2). After a biomass maximum early in May

mm3/m2~‘
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Fig. 2. Total biomass of rotifers in mm3 per m2, 1973 (solid line)
and 1977 in Lake Lilla Stockelidsvatten.
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Fig. 3. Biomass of filtrating rotifers in mm3 per m2, 1973 (solid
line) and 1977 in Lake Lilla Stockelidsvatten.

1973, there was a continuous drop throughout the
summer. After the elimination of the fish popula-
tion, the building up of maximum biomass pro-
gressed slowly. The peak occurring in the middle of
June was followed by a second peak, almost as high
asthefirst one, inthe beginning of November. There
was a net biomass increase and also a drop in the
total number of organisms, two facts which to-
gether indicate an increase in the mean body size
among the rotifers.

There were alsosignificant changesinthebalance
between certain functional groups. Filter-feeding
species became less abundant, while grasping spe-
cies increased (Fig. 3).

Discussion

In the interpretation of the results the question
whether the rotenone treatment per se can produce
the effects must be considered.

Organisms other than fish are also sensitive to
rotenone. The direct effects on the crustaceans were
severe, while rotifers seemed to be less affected. The
chances of restoring the populations, however, are
good, due to the occurrence of resting eggs and the
ability to escape the poison within the vegetation
and along sediment surfaces (Kiser ez al. 1963;
Anderson 1970; Stenson 1972). Every rotifer spe-
cies found before the treatment was thus found
again the following year, a fact which indicates the
short duration of the effect of rotenone.

The elimination of the fish population probably
is responsible for the large biological changes.
Small-sized forms, e.g. Bosmina longirostris, were
replaced by large calanoids, e.g. Eudiaptomus

gracilis, among the herbivorans and their biomass
increased. The abundance of Chaoborus larvae,
one very important invertebrate zooplankton pre-
dator, increased dramatically (Stenson et al. 1978;
Stenson 1978). How could these changes possibly
influence the rotifers?

The first problem to deal with is the reason for
the population increase of the two largest species,
Asplanchna priodonta and Conochilus unicornis.
In 1973 the population of A. priodonta exhibited a
peak in the spring and a rapid decrease in June to an
undetectable level where it stayed until October
when a slight recovery occurred. Asplanchna prio-
donta is a polyphagous species with a strong
preference for animal food, especially Keratella
cochlearis (e.g. Pejler 1965; Gliwicz 1969; Dumont
1972). Sorokin (1968) showed that animal food was
more easily assimilated than algal food. Esjmont-
Karabin (1974) calculated Ivlev’s index of elec-
tivity and found low values (near zero) for algal
food, while it reached high values for animal food.
This information may suggest that a decrease in
suitable prey is responsible for the reduction in the
abundance of Asplanchna. Thisis probably not the
case, as Keratella cochlearis, probably the main
prey, remains abundant (see Fig. 1). Asplanchna is
big enough to be a suitable prey for fish. The decline
of Asplanchna in 1973 was in fact correlated with
increasing predation activities of fish, especially
fish fry, which probably reduced the abundance of
Asplanchna. This very marked summer reduction
in number did not occur when the fish population
was eliminated. The presence of eggs and embryos
may increase the visible size, which in turn may
increase the predation pressure on gravid females of
Asplanchna.

Conochilus unicornis is also big enough to be
preyed upon by fish. The decline in 1973 did
coincide with the increase in the predation pressure
from fish (Stenson 1979). However, this decline
may be partly caused by competition. This is
difficult to prove, but the fact that Keratella
cochlearis, one probable competitor, which ac-
cording to Pourriot (1977) is microphagous and
detritus-eating just like Conochilus, continued to
increase even after the maximum of Conochilus
and then stayed at high densities may support the
competition theory.

Although Asplanchna priodonta and Conochi-
lus unicornis both occurred in fish stomachs (Sten-



son 1979) it is very difficult to obtain quantitative
information about the importance of fish preda-
tion. Both species have soft body structures which
seem to be easily destroyed in the stomachs.
However, the fact that they occur in the fish
stomachs indicate that they may be preyed upon by
a visually-dependent predator, which selects prey,
in a size-dependent manner from a zooplankton
community where Asplanchna (0.3-1.0 mm) and
Conochilus colonies (0.5-1.3 mm) are both well
above the mean size of the crustaceans (mean
length: 0.33 mm; SD: 0.09, in June).

Among the filter-feeding species, Keratella coch-
learis is the one that has probably been most
affected by the change to invertebrate predation on
zooplankton. Both. Chaoborus larvae, especially
the younger instars and Asplanchna priodonta prey
on K. cochlearis(Comita1972;Lewis 1977; Pourriot
1977), and may thus be responsible for a significant
reduction of the K. cochlearis population density.
Keratella cochlearis was the most common animal
prey noted in the stomachs of Asplanchna. Another
factor which also may contribute to the reductionis
anincreasing competition for suitable food. Again,
thisis difficult to prove, but there are two facts that
may support this presumption. Species like Kelli-
kottia longispina, Conochilus unicornis and Eu-
diaptomus gracilis, which according to Edmondson
(19635), Pourriot (1977) and McNaught (1975) are
potential competitors for the smaller fraction
among the nanoplankton, have become abun-
dant, while their food base, small nanoplankton,
have probably decreased (Henrikson et al. 1980;
Larsson, in prep.).

The change to invertebrate predation probably
has less direct effects on the other filter-feeding or
detritus-eating species. The presence of long spines
in e.g. Kellikottia longispina and Filinia longiseta,
the latter occupying a less favourable habitat
(below the thermocline water with low oxygen
content), makes them less susceptible to inverte-
brate predation. Moreover, the Conochilus uni-
cornis colonies may be too large in size to be
significantly preyed upon by invertebrate preda-
tors.

As mentioned above, there have been changes in
the phytoplankton, which may be caused by the
elimination of the fish population as follows: the
larger biomass of large herbivorans can maintain a
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harder grazing pressure on the edible part of
phytoplankton, i.e. the smaller size fraction. The
reduction of these smaller algae may create better
nutrient conditions for the perhaps less competitive
larger net phytoplankton species. The mean body
size increase among the grazers may not only
improve the effectiveness of grazing but also in-
fluence the turnover rate of nutrients in a negative
way. According to several authors, smaller species
have higher turnover rates and are therefore more
effective in recycling nutrients than are larger
species (e.g. Peters & Rigler 1973; Peters 1975). The
elimination of the fish population also resulted in a
decreased import to the pelagic zone of nutrients
from areas outside this zone. This set of biotic
changes is probably important for the development
ofthenew phytoplankton community characterized
by larger mean cell size and lower productivity
(Henrikson ez al. 1980). Figure 4 shows the increase
of net phytoplankton biomass. According to Lars-
son (in prep.) there is an increase of mainly
dinoflagellates, e.g. Peridinium spp. and Ceratium
hirundinella, but also other species like Mallomo-
nas caudata and Rizosolenia longiseta. This
changed phytoplankton composition has obviously
been beneficial for three rotifer species in parti-
cular. Gastopus stylifer has, according to Ruttner-
Kollisko (1972), a preference for peridineans and
also Mallomonas sp. (Pejler 1965). The increase of
the two Ascomorpha species is obviously also a
result of the improved food situation. Both species
subsist on dinoflagellates; A. ovalis has a strong
preference for Ceratium (Pourriot 1977).

The next problem to deal with is the disap-
pearance of Polyarthra dolichoptera. Before fish
elimination, the species exhibited a population
maximum during the spring and a decline during
the summer. According to other studies (e.g. Pejler
1956, Nauwerck 1963), it is considered to be a
cold steno-thermal, winter and spring form. Pejler
(1956) showed that P. dolichoptera, in contrast to
P. vulgaris, is tolerant to water with low oxygen
content. Guiset (1977) showed that P. vulgaris-
dolichoptera belonged to those rotifers that are
frequently eaten by Asplanchna priodonta. Gilbert
& Williamson (1978) on the other hand reported
that Asplanchna only rarely captured Polyarthra.
(In their study they used A. girodi.) Finally, the two
Polyarthra species are considered to have similar
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Fig. 4. Net phytoplankton biomass in mm? per net haul, 1973
(solid line) and 1977 in Lake Lilla Stockelidsvatten. (Modified
from Larsson, in prep.).

rather narrow food niches including e.g. Crypto-
monadales and Crysomonadales (Pejler 1957; Ed-
mondson 1965; Pourriot 1977). Dinobryon spp.
was an important food source according to Buike-
ma et al. (1978).

There is no such change in the oxygen situation
over the years that could possibly explain the
decline of Polyarthra dolichoptera. Furthermore
the population of Asplanchna priodonta, one pos-
sible predator, is weak in the spring. Chaoborus
larvae, also presumptive predators, are in the
fourth instar stage during spring and then prey
mainly on crustaceans. In summary, predation is
not the most probable cause for P. dolichoptera
disappearance. If the two Polyarthra species really
have verysimilar feeding niches, competitionshould
be severe if mechanisms have not evolved that
obviate competition. The different seasonal oc-
currence and the difference in tolerance to low
oxygen content may be such mechanisms. One
important prerequisite for existence, however, is

the availability of a proper food resource. Table |
shows the occurrence of probable food groups
during the critical spring and early summer period.
There are obvious differences between the years.
Food was present earlier in 1973, when the water
was still cold. Water of low temperature and with
appropriate food are important to make P. do-
lichoptera competitive if Pejler’s (1956) presump-
tion is correct. These conditions did not exist in
1977. No food was present this year during the
period with low water temperature, i.e. during the
period when P. dolichoptera may have competitive
advantages over P. vulgaris.

Final remarks

Many of the changes shown in this study concern
species which are reported to be sensitive to trophic
changes of lakes. Kellikottia longispina and As-
comorpha spp. decrease in eutrophicated lakes
according to Pejler (1957) and Dumont (1968).
Pejler (1965) considered Ascomorpha ovalis to
prefer nutrient poor conditions. Keratella coch-
learis on the other hand is known to increase in
eutrophicated lakes (Dumont 1977). K. cochlearis
shows an increase also when the lake turnover is
increased as a result of fish stocking, according to
Hillbricht-Illkowska & Weglénska (1973). These
species mentioned showed an opposite develop-
ment in this study, which may indicate a change of
the lake in an oligotrophic direction. This is in fact
supported by changes in the same direction of
several abiotic factors, e.g. pH, transparency, nu-
trient content, etc., which are commonly used as
trophic criteria. These changes have taken place
without changes in the external nutrient loading
(Henrikson e al. 1980). The manipulation at the

Table 1. Occurrence of significant food species for Polyarthra vulgaris and P. dolichoptera in Lake Lilla

Stockelidsvatten.

1973 1977

9/4 7/5 29/5 28/6 17/7 2/3 27/4 5/5 11/5 8/6 15/6 12/7
Dinobryon bavaricum + + + + + + +
D. cylindricum + + + + + + + + + +
D. divergens + + + + +
D. pediforme +
D. sertularia + + +
D. crenulatum -+ + + +
Cryptomonas spp. + + +




top of the ecosystem thus resulted in changes of the
entire biotic feedback system including interrela-
tions between predators and prey, grazers and
algae, and biotic nutrient recirculation, all of which
are significant for the development of the new
rotifer community.
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