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Abstract

Quantitative samples were taken in the pelagial zone of hypertrophic Heiligensee (Berlin, Germany)
in the late summer and autumn of 1990 . Abundances of 26 species occurring in the plankton, as
well as physical and chemical parameters (water temperature, 0 2 , total phosphorus, SRP, N03 ,
NO2 NH4 , chlorophyll a) were determined at different depths . Erosion of the hypolimnion due to
autumnal storms and decrease in temperature was interrupted by fine weather periods with the occur-
rence of re-stratification, thus allowing mass production of algae and rotifers (Synchaeta oblonga, S . trem-
ula, Keratella cochlearis) through exploitation of newly available nutrients . Warm stenothermal `summer
species' (e.g . Pompholyx sulcata, Trichocerca pusilla, Liliferotrocha subtilis) became less abundant as a
consequence of the progressive mixing process, whereas the appearance of new species was a rare event .
The late summer occurrence of Liliferotrocha subtilis in the fraction <30 tm (up to 3500 ind . 1 -1) is
remarkable . Keratella cochlearis showed morphological variation from spineless summer forms to spine-
bearing autumnal forms, the latter particularly dominating the deeper water layers . The prevailing phe-
nomenon was the dramatic decrease of the total number of individuals and of species towards completion
of autumnal turnover . The impact of falling temperature, increasing mixing depth and mass production
of phytoplankton on the rotifer plankton community is discussed .
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Introduction

The loss of the summer stratification in a dimictic
lake of the temperate zone is caused by cooling
of the surface waters and is accelerated by wind-
induced epilimnetic circulation. In eutrophic lakes
progressive erosion of the hypolimnion leads to
inoculation of nutrients and detritus into the cir-
culating water body, usually followed by an oxy-
gen deficit . This paper attempts to show how
planktonic rotifer species respond to the environ-
mental and biological alterations entailed by au-
tumnal circulation . There is strong evidence that
at this time of the year environmental conditions,

particularly the decrease in temperature, are re-
sponsible for the changes in population density
and structure of planktonic communities (Som-
mer et al., 1986). However, autumn turnover is
almost never accomplished through an uninter-
rupted breakdown of the summer stratification ;
rather there are periods of pause in the erosion of
the hypolimnion, and even re-stratification can
take place. At these times abundance and suc-
cession of rotifer species may be influenced mainly
by factors other than physical, like phytoplankton
production as a result of nutrient exploitation or
predation by zooplankton .
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Study area, materials and methods

The Heiligensee is a shallow dimictic lake on the
north-west outskirts of Berlin, Germany . The area
covered is 0.32 km2 with a maximum depth of
9.5 m. The lake displays a pronounced summer
stratification with oxygen supersaturation in the
epilimnion and anoxic conditions in the hypolim-
nion. According to the classification of lakes pro-
posed by OECD in 1982 the state of the Heilig-
ensee is hypertrophic (Dohle, 1986) .

Samples were taken once or twice a week
around midday between Sept . 17 and Nov . 5,
1990 with a vertical plexiglass sampler (volume :
7 .5 1 ; length : 0.5 m) at every meter down to the
bottom (0 m-8 m). After concentration by filtra-
tion through a 30 µm mesh sieve, the zooplank-
ton samples were preserved in 5 % formaldehyde .
Later the samples were partly integrated (0 m,
1 + 2 m, 3 + 4 m, 5 + 6 m, 7 + 8 m), split by a Fol-
som plankton sample splitter in order to arrive at
rotifer densities suitable for counting, and counted
using a microscope and a Sedgewick-Rafter
chamber. For the calculation of abundances the
average of two fractions was used . Individuals of
Keratella cochlearis were counted in two catego-
ries: with and without posterior spine. Since there
was evidence for Lilifertrocha subtilis passing
through the 30 µm mesh sieve, between Sept . 21
and Oct. 8 a quantitative part of the filtrate was
preserved, sedimented and counted with an in-
verted microscope . Species were determined after
Koste (1978), Ruttner-Kolisko (1972) and Pontin
(1978) .

During the investigation period a physical and
chemical analysis routine was carried out which
supplied data for water temperature, oxygen sat-
uration, total phosphorus, SRP, ammonium, ni-
trite, nitrate and chlorophyll a .

Physical and chemical parameters during the
study period

At the beginning of the study period (Sept . 17) the
metalimnion had already sunk by 2 m compared
with its position during the stable summer strat-

ification (Fig . 1). The prevailing phenomenon was
the progressive erosion of the hypolimnetic zone
by expansion of the epilimnion, but lasting turn-
over was only achieved by the end of October .
Earlier stages of complete (Oct . 11) or almost
complete (Sep. 27) circulation were superceded
by events of re-stratification. These events
(around Oct . 1 and Oct. 18) were characterized
by a slight increase in temperature, an extreme
oxygen supersaturation and an increased chloro-
phyll a content in the surface waters ; at the bot-
tom, oxygen and chlorophyll deficits were ob-
served. Maxima of total phosphorus, SRP and
ammonium were reached in the hypolimnion at
the end of the summer stagnation, whereas max-
ima for nitrite and nitrate were detected in the
circulating water body in October and November .

Results on abundance and succession of rotifers

Twenty-six rotifer species occurred in the pelagial
zone of the Heiligensee in autumn 1990, the more
important being listed in Table 1 . Synchaeta ob-
longa, S. tremula tremula and S . tremula var . kitina
are combined as S . oblonga/tremula, since deter-
mination of preserved material is not possible
(Ruttner-Kolisko, 1972) and sympatric occur-
rence of these species was observed in living
plankton samples. Males of Asplanchna sp. and
Brachionus angularis were detected, but only the
latter were of quantitative significance . Among
the more important species, eight were found
throughout the investigation period (plus the
genus Polyarthra for which no species differenti-
ation was made), three vanished, and two ap-
peared for the first time as the circulation process
progressed .

The vertical distribution of rotifers (Fig . 2) var-
ied widely during the study period and correlated
with the thickness of the circulating water body .
With the metalimnion lying between 5 m and 6 m
in September, rotifers were almost uniformly dis-
tributed in the upper 4 meters . At the time of first
turnover in the lake (around Oct . 8) the maximum
abundance observed in the bottom layer (7 + 8 m)
was reached. The restratification on Oct . 18 was
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Fig. ] . Isotherms ['C] (above) and isopleths of oxygen saturation [ % ] (middle) and chlorophyll a content [µg I - '] (bottom) in
Heiligensee between Aug . 27 and Nov. 5, 1990 .
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Table 1 . Maximal abundance and occurrence of planktonic rotifer species during autumnal circulation 1990 in Heiligensee (max .
abundance > 15 ind . 1 - 1 ).

* Data for abundance determined by sedimentation and counting with inverted microscope .
** P . vulgaris, P. dolichoptera, P . remata, P. major.

17
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24 1
Oct .

15 18 23 29
Nov .

5

Fig . 2 . Abundance of rotifers at different depths in Heiligensee in autumn 1990 (Note : no data available for Liliferotrocha subtilis
on 17 Sept .)

Maximal abundance Occurrence

Date Depth Abundance
(ind . 1 -1 )

Sept . Oct. Nov.

17 24 1 8 15 18 23 29 5

Synchaeta oblonga/tremula 18 Oct . 0 m 6249 x x x x x x x x x
Liliferotrocha subtilis * 21 Sept. 1+ 2 m 3655 x x x x x
Keratella cochlearis 18 Oct . 1 + 2 m 2409 x x x x x x x x x
Anuraeopsis fissa 1 Oct . 1+ 2 m 896 x x x x x x x x x
Pompholyx sulcata 1 Oct . 0 m 446 x x x x x x x x x
Trichocerca pusilla 1 Oct . 0 m 230 x x x x x x x x x
Keratella quadrata 18 Oct . 0 m 207 x x x x x x x x x
Brachionus angularis 24 Sept. 0 m 137 x x x x x x x x x
Brachionus angularis (male) 1 Oct . 5+6m 248 x x x x
Polyarthra spp .** 17 Sept. 0 m 71 x x x x x x x x x
Ascomorpha saltans 1 Oct . 0 m 56 x x x x
Trichocerca similis 17 Sept. 3+4m 35 x x x x x x x x x
Collotheca mutabilis 17 Sept . 0 m 23 x x x x
Asplanchna girodi 5 Nov . 5+6m 21 x x x x x
Synchaeta pectinata 18 Oct . 0 m 16 x x x x x x



characterized by the most heterogenous distribu-
tion during autumn 1990 : small numbers of roti-
fers at the bottom and extraordinarily high abun-
dance in the surface waters, owing mainly to a
mass production of S . oblonga/tremula (>6000
ind . 1-1). From Oct. 23 to the end of the inves-
tigation period the total rotifer abundance de-
creased by two thirds and the animals were uni-
formly distributed in the whole water column .
Keratella cochlearis was the most regular inhab-
itant of the pelagial zone of the Heiligensee
and generally showed the highest abundance
(calculated as an average of all depths) of all
rotifer species (Fig . 3). Both K. cochlearis and
S. oblonga/tremula reached maxima of pop-
ulation density on Oct . 8 and Oct. 18, whereas
other species of quantitative significance had only
one autumnal maximum on Oct . 1 : Anuraeopsis
fissa, Pompholyx sulcata, Trichocerca pusilla . For
Liliferotrocha subtilis, however, a continued break-

down of the population was detected with a
twelve-fold reduction in abundance during the ten
days between Sep . 21 and Oct . 1 . Males of
Brachionus angularis showed an extremely re-
stricted distribution, with more than 90% of the
individuals counted throughout the investigation
period occurring on Oct . 1 in the 5 + 6 m stratum .

Results on morphological variation of Keratella
cochlearis

Seasonal variation within K . cochlearis was char-
acterized by a prevalence of spineless specimens
in mid-September which was reversed with the
beginning of October and culminated in a four-
fold superiority of the spined individuals on Oct . 8
(Fig. 4). Moreover, at most of the sampling dates
spined K. cochlearis were more common in the
deeper water strata (Table 2) .

Nov.
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Fig . 3 . Dynamics of the 5 most abundant species in Heiligensee in autumn 1990 (average of all depths) (Note : no data available
for Liliferotrocha subtilis on 17 Sept .)
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Fig. 4. Occurrence of individuals of Keratella cochlearik with and without posterior spine in Heiligensee in autumn 1990 (aver- 
age of all depths). 

Table 2. Percentage of individuals of Keratella cochlearis with a posterior spine at different depths in Heiligensee in autumn 1990. 

Date Om 1+2m 3+4m 5+6m 7+8m 

Sept. 17 

Sept. 17 

Oct. 01 

Oct. 08 

Oct. 15 

Oct. 18 

Oct. 23 

Oct. 29 

Nov. 05 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

spined 
n 

23% 21% 
1785 1965 

3% 
1147 

59% 
1581 

61% 
1595 

80% 81% 
1732 1776 

62% 
1172 

80% 
1730 

54% 
2339 

73% 
2409 

69% 
1667 

71% 
1450 

62% 
109 

58% 
648 

60% 
293 

65% 
335 

37% 
1190 

21% 
1924 

50% 
941 

66% 
1512 

81% 
1835 

82% 
1820 

85% 
1642 

70% 
1209 

57% 
706 

61% 
291 

24% 
835 

55% 
344 

87% 83% 
2285 212 

81% 
1988 

82% 
1143 

83% 
1601 

93% 
453 

90% 
1515 

81% 
131 

73% 
1213 

84% 
1028 

59% 
632 

59% 
641 

59% 
305 

67% 
337 

19% 
17 

36% 
67 



Discussion

The dynamics of rotifer populations in the Heili-
gensee in the autumn of 1990 can be interpreted
as being a result of the influence of three major
factors: (1) the decrease in water temperature, (2)
the enlargement of the circulating zone and (3)
re-stratification caused by fine weather periods .
Temperature is considered to be one of the main
factors affecting rotifer populations, although
most of the experimental studies on this topic
only prove its effect on the growth parameters of
individuals, like embryonic development rate or
food ingestion rate (Galkovskaja, 1987) . For
some species in culture, e.g . Keratella cochlearis,
an increased generation time can be detected at
lower temperatures (Lindstrom, 1983 ; Galk-
ovskaja, 1987). According to the PEG-model
(Sommer et al., 1986), physical factors like mix-
ing depth or temperature are most important in
autumn and winter, whereas predation and food
limitation prevail in spring and summer . Thus, the
decrease or disappearance of populations of most
rotifer species during the study period probably
was mainly due to falling water temperature . Dif-
ferent sensitivity of species to this factor may have
resulted in a temporal segregation within the ro-
tifer community, with the warm stenothermal
`summer species' Pompholyx sulcata, Trichocerca
pusilla (May, 1983) and especially Liliferotrocha
subtilis being first and most strongly affected by
the cooling process. Incidentally, Liliferotrocha
subtilis has not yet been described in the literature
as a common and quantitatively important inhab-
itant of the pelagial zone . Methodical reasons may
be responsible for this fact, as living individuals
of this species pass through a 30 µm mesh sieve .

Mixing depth is another factor able to change
abundance of rotifer species calculated over the
whole water column . With progressive erosion of
the hypolimnion, more space with conditions
suitable for colonization by rotifers becomes
available . This factor is likely to be responsible
for the maxima in abundance of Keratella cochle-
aris and Synchaeta oblonga/tremula on Oct. 8, the
date of first turnover. Later in autumn, however,
this abundance-enhancing effect seemed to be
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overruled by the antagonistic factor of low water
temperature ; at the time of the second and last-
ing turnover (Oct . 23) only very low population
densities were detected for the quantitatively im-
portant species .

The maximum abundances of Anuraeopsis fissa
on Oct. 1 and those of K. cochlearis and
S. oblonga/tremula on Oct. 18 may have another
explanation . The re-stratification of the Heilig-
ensee at these dates allowed a mass production
of algae, which is reflected in the increase of chlo-
rophyll a content and the oxygen supersaturation
in the upper strata of the lake. These algae (main-
ly cryptomonads) could be a rich food supply for
some rotifer species and cause them to become
more abundant . In the case of S . oblonga/tremula
the zone of increased population density was re-
stricted to the upper two meters and was thus in
good correspondence with the chlorophyll maxi-
mum that day. De Mott (1989) pointed out the
possibility of phytoplankton dynamics directly
driving herbivorous zooplankton succession
which would `thus reflect a specialized tracking of
phytoplankton succession, with little competi-
tion'. There is some evidence that the mass oc-
currences of some rotifer species mentioned
above are almost exclusively a consequence of
nutrient exploitation mediated through phy-
toplankton production .

The observations concerning spined and spine-
less specimens ofK. cochlearis are in good accor-
dance with the findings of numerous investigators
(Gallagher, 1957 ; Hillbricht-Ilkowska, 1983 ;
Galkovskaja & Mityanina, 1989) . During sum-
mer stratification in eutrophic lakes spineless in-
dividuals are much more abundant ; spined spec-
imens only become important when water
temperature is low, hence during autumn and
winter. This seasonal pattern was partly observed
in the Heiligensee, but towards winter both spined
and spineless specimens showed very low abun-
dances . At times of re-stratification spined indi-
viduals ofK. cochlearis were proportionally more
abundant in the hypolimnion than in the epilim-
nion, whereas full circulation was characterized
by a uniform distribution of both morphological
variations . Spine development in K. cochlearis
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may also be induced by predators like copepods
and Asplanchna (Stemberger & Gilbert, 1984) .
Asplanchna girodi and cyclopoid copepods, how-
ever, only became important towards the end of
the investigation period and are therefore not
likely to be responsable for the superiority of
spined specimens in mid-October .
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