Hydrobiologia 175: 223-231, 1989 )
© 1989 Kluwer Academic Publishers. Printed in Belgium

223

Rotifer occurrence in relation to temperature

Bruno Berzins & Birger Pejler

Institute of Limnology, P.O. Box 557, 751 22 Uppsala, Sweden

Received 21 July 1987; in revised form 20 February 1988; accepted 15 March 1988

Key words: Rotifera, temperature

Abstract

Information on the distribution of 225 species of planktic, periphytic and benthic rotifers from diverse
waters in south and central Sweden was analyzed for temperature preference and tolerance. Most rotifers
have a very wide tolerance range. Certainly differences in temperature dependence exist between separate
species. However, these differences are, in a regional material like this, generally less distinct than what
has been found for the distribution within individual lakes.

Introduction

The relation to temperature of planktic rotifers
within an individual lake has been discussed in
several connections (see, e.g., May, 1983, Berner-
Fankhauser 1986 and the references there). In the
present paper, a large regional material is utilized
for this analysis, enabling a new aspect of the
problem to be studied. The material also includes
the non-planktic species, in which the dependence
on temperature is far less known.

Materials and methods

The material derives from about 350 lakes, 50
ponds, 20 pools, 15 mires and 150 running water
localities in southern and central Sweden. The
localities, as well as the microzoan species, are
listed and codified in B€rzing (1978). The material
was obtained during a long succession of years
(1945-1982), in connection with diverse projects
and occasional investigations. It is not collected in
a systematic way and originally not with the aim

of being computerized (starting long before the
computer age): From some waters only single
samples were studied, from others a large number
from different seasons and depths. The bias
which possibly results from this is counteracted
by the large amount of samples. In order to get an
apprehension of the number of samples where a
certain species was found, the reader is referred to
Fig. 1 in Berzin§ and Pejler 1987 (about the same
number applies to temperature).

In most of the localities only samples from the
warmer (ice-free) season were taken, but winter
samples were often collected as well. Because
winter samples are underrepresented, the incli-
nation for low temperatures by cold-stenothermal
species is probably in reality somewhat greater
than what appears from our diagrams. The dif-
ference in temperature preference between cold-
water and warm-water species thus might be a
little more pronounced in nature,

The temperature was measured using a Ruttner
sampler at the same spot (in vertical and horizon-
tal respect) as the corresponding biological
sample was taken. For the technique connected
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with the biological samples, as well as for
taxonomic considerations, the reader is referred
to Berzin§ and Pejler (1987).

By means of a computer, correlations were
obtained between temperature and occurrence of
individual species, resulting in several hundred
diagrams (one per species) which are archived at
the Institute of Limnology in Lund. In each such
diagram the abundance (1 to 10) is set off at the
y-axis, the temperature at the x-axis. For each
marking the number of finds (with the respective
abundance and temperature) is given. The com-
puter also denotes the median value for each
abundance.

However, the archived diagrams mentioned are
too numerous and too spacious for international
publication. Thus, in the present connection a
drastic reduction was made (Figs. 1-4). First, the
only species included were those observed in at
least 50 of the studied samples. Second, only two
degrees of abundance were discriminated, the thin
line indicating simply occurrence, the thicker line
a common occurrence. The median point was
also denoted by subjective estimation on the basis
of the computer sheets. Because of the mentioned
compression of the material the account ought to
be regarded as mainly of a qualitative character,
though it is based upon quantitative or semi-
quantitative sampling. Its nature of a regional in-
vestigation ought to be considered, leaving prob-
lems of population dynamics to detailed studies of
single lakes.

Discussion

It is apparent from the diagrams that rotifers
generally have a very wide tolerance to tempera-
ture, most of them occurring from close to zero up
to about 20 °C or more. Also the range of high
abundance is often very wide. For planktic rotifers
the seasonal, vertical and horizontal distribution
in separate lakes is, on the contrary, often strongly
restricted and connected with temperature dif-
ferences. In the cross-profile investigated in Lake
Skirshultsjon (Berzin$, 1958), for instance, al-
most all common rotifer species were limited to

either the warm-temperated epilimnion or to the
cold hypolimnion. This was true even for such
species as Keratella cochlearis and Kellicottia
longispina which are pronouncedly eurythermal
according to all previous experience.

Similarly, during a seasonal succession some
species are restricted to the winter period (and
hypolimnion during summer). Thus, Carlin (1943)
distinguishes 12 ‘winter species’ in L. Glan. Some
of these are rare and not included in the material
now presented, but the following are to be found
in Fig. 1: Notholca squamula, N. acuminata, N.
caudata, Keratella hiemalis, Synchaeta lako-
witziana, Filinia terminalis (called ‘F. maior by
Carlin) and Polyarthra dolichoptera. The more or
less cold-stenothermal character of the six first-
named of these species is evidenced by all availa-
ble experience (see, e.g., Pejler, 1957; Nauwerck,
1963; Ruttner-Kolisko, 1972; Zimmermann,
1974, May, 1980 and 1983, Berner-Fankhauser,
1983 and 1986; Laxhuber, 1987; Laxhuber and
Hartmann in press). As regards P. dolichoptera,
however, there is varying experience: In large
lakes like L. Glan (Carlin, 1943), Erken
(Nauwerck, 1963), Sempachersee (Zimmermann,
1974), Langelmivesi (Hakkari, 1969) and L.
Konigssee (Laxhuber, 1987) it is strictly confined
to cold water, and May (1983) mentions it as one
of the two cold-stenothermal species in Loch
Leven (the other being N. squamula). In small
lakes and ponds, however, it can occur at higher
temperatures as well (Carlin, 1943, Pejler, 1957
and 1961). Such populations are deviating mor-
phologically and are suspected by Pejler (1956) as
having arisen through hybridization with
P. vulgaris. For F. terminalis the conditions may
be similar (see Pejler, 1957 and 1961). The situa-
tion gets complicated because a new cold-water
species, F. hofmanni Koste, has been described
after the material now presented was collected
and identified (Koste, 1980; Hofmann, 1982).
This could possibly be the reason why the hypo-
limnion species in L. Skirshultsjén was deter-
mined as ‘F. longiseta’ (Berzing, 1958). The most
pronounced cold-stenothermal rotifer according
to our Fig. 1, Polyarthra longiremis, has not been
studied to any great extent before: By Carlin
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*Polyarthra longiremis Carlin
*Notholca squamula (Miill.)
*Keratella hiemalis Carlin L
Encentrum fluviatilis Wulfert
Encentrum lupus Wulfert
*Synchaeta lakowitziana lucks
*Synchaeta longipes Gosse
Encentrum eurycephalum Wulfert
*Notholca caudata Carlin
Cephalodella exigua (Cosse)
*Gastropus stylifer Imhof
*Notholca acuminata (Ehrbg)
*Synchaeta oblonga Ehrbg
*Keratella cochlearis robusta (Lauterborn})
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*Keratella cochlearis macracantha (Lauterborn)
Pleurotrocha petromyzon Ehrbg
Adineta v. vaga (Davis)

Epiphanes senta (Mill.)
Cephalodella limosa Wulfert
Proales fallaciosa Wulfert

Macrotrachela angusta (Bryce)
Cephalodella arcuata Wulfert

*Filinia terminalis (Plate)

Macrotrachela ehrenbergi (Janson)
Colurella a. adriatica Ehrbg
Habrotrocha constricta (Dujardin)
*Polyarthra dolichoptera (Idelson)
Rotaria saprobica Berzins

Notommata contorta (Stokes;
Trichocerca intermedia (Stenroos)
*Synchaeta pectinata Chrbg
Colurella uncinata deflexa (Ehrbg)
Cephalodella hoodi (Gosse)

Proalinopsis caudatus (Collins)
Proales minima (Montet)

Keratella ticinensis (Calliero)
Cephalodella mucronata Myers
Habrotrocha collaris (Ehrbg)

tuchlanis deflexa Gosse

Trichocerca weberi (Jennings)
*Keratella q. quadrata (Mill.)
*Filinia longiseta (Thrbg)
Habrotrocha bidens (Gosse)
Dicranophorus uncinatus (Milne)
Cephalodella gracilis (Ehrbg)

HEFF

Cephalodella v. ventripes (Dixon-Nuttall)
Colurella c. colurus (Ehrbg)

Keratella valga (Ehrbg)

Cephalodella s. sterea (Gosse)

Lecane mira (Murray)

Rotaria macroceros {Gosse)

*Collotheca lie-petterseni BErzins
Rotaria rotatoria Pallas

*Keratella c. cochlearis (Gosse)
*Asplanchna priodonta Gosse
Lepadella ovalis (Mill.)

l I 1 T T T T T

T 1
Fig. 1 0.0 3.0 6.0 9.0 120 1.0

8.0 21.0 2.0 27.0 300 ¢

Figs. 1-4. Occurrence of rotifers in relation to temperature in Swedish waters. The range (horizontal thin lines), high abundance
(horizontal thick lines) and maximum abundance (vertical lines) of 225 rotifers are given. Species are ranked according to
temperature preference, beginning with those having their peak abundance at < 14 °C (Fig. 1) through those having their peak

abundance at > 18 °C (Fig. 4). Planktic species are indicated by an asterisk.
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Colurella u. uncinata (Mill.)
*Keratella serrulata (Ehrbg)
Cephalodella elongata Myers
Taphrocampa annulosa Gosse i
*Synchaeta t. tremula (Miill.)
*Kellicottia longispina (Kellicott)
Philodina citrina Ehrbg
Cephalodella nana Myers

Lecane flexilis (Gosse)

Trichocerca sulcata (Jemnnings)
Adineta oculata (Milne)
Cephalodella hoodi hoodi (Gosse)

Proales decipiens (Ehrbg)
*Postclausa hyptopus (Ehrbg)
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Rotaria menteti Bérzins

Trichotria p. pocillum (Mill.)
Eothinia e. elongata (Ehrbg)
Philodina roseola (Ehrbg)

Rotaria citrina (Ehrbg)
Cephalodella gibba (Ehrbg)
Cephalodella forficula (Ehrbg)
Rotaria elongata (Weber)

Lecane 1. lunaris (Ehrbg)
Trichocerca p. porcellus (Gosse)
Cephalodella eva (Gosse)
*Ascomorpha ecaudis Perty
*Polyarthra major (Burckhardt)
Microcodon clavus Ehrbg

Habrotrocha lata (Bryce)

Ptygura crystallina (Ehrbg)

*Bipalpus hudsoni (Imhof)

Cephalodella m. megalocephala (Glascott)
Lecane closterocerca (Schmarda)
Lepadella a. acuminata (Ehrbg)

Testudinella p. patina (Hermann)

*Conochilus dossuarius coenobasis Skorikov
Lecane lunaris constricta (Murray)
*Pompholyx sulcata Hudson

Rotaria neptunia (Ehrbg)

Colurella obtusa aperta Hauer

*Synchaeta grandis Zacharias

Lepadella patella oblonga (Ehrbg)
Monommata aeschyna Myers

Cephalodella apocolea Myers
*Brachionus a. angularis Gosse

*Polyarthra vulgaris Carlin &
Rotaria trisecata (Weber) A
Lepadella p. patella (Mill.) A
Notommata tripus Ehrbg s—
Rotaria tardigrada (Ehrbg) d
Lecane stichaea Harring

Lecane lunaris cremata (Harring)

Trichocerca parvula Carlin

Dicranophorus epicharis Harring & Myers
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00 30 60 90 120 150 180 21.0 260 270 30.0 °C

Fig. 2. For caption see p. 225.
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Albertia naidis Bousfield

Mytilina mucronata (Mill.)
*Conochilus unicornis Réusselet
Cephalodella c. catellina (Mill.)
Brachionus urceolaris rubens (Ehrbg)

Monommata phoxa Myers
Monomnmata longiseta (Miill.)

Trichocerca cavia (Gosse)

Lepadella t. triptera Ehrbg
Proales sordida Gosse -

Euchlanis parva Rousselet
Cephalodella euderbyi Wulfert

Aspelta aper (Parring)

Lecane u. ungulata (Gosse)

Colurella tessellata (Glascott)

*Keratella i. irregularis (Lauterborn)
Scaridium longicaudum (Mill.)

Lecane hamata (Stokes)

Sinantherina socialis L.

Platyias quadricornis (Ehrbg)
Lepadella triba Myers

*Ascomorpha agilis Zacharias

Notomnmata cyrtopus Gosse

Cephalodella compressa Myers

Trichocerca tigris (Mill.)

Microcodides chlaena (Gosse)
Mytilina v. ventralis (Ehrbg)
Lindia torulosa Dujardin

________-_LLL_—rL—PLPrr-?-LLr_F

|

Collotheca ornata cornuta (Dobie)

T

*Polyarthra remata (Skorikov)
Cephalodella auriculata (Mill.)
Ascomorphella volvocicola (Plate) L

*Trichocerca similis (Wierzejski) L

Lecane tenuiseta Harring A

Philodina megalotrocha Ehrbg L

Dissotrocha macrostyla (Ehrbg) L

Testudinella e. emarginula (Stenroos) '

Lepadella b. borealis Harring A

*Anuracopsis f. fissa (Gosse) i

*Conochilus dossuarius (Hudson) N

Lorhocharis salpina (Ehrbg)

1

Taphrocampa selenura Gosse |
Collotheca ¢. campanulata (Dobie) I
1

Aspelta circinator Gosse

*Trichocerca rousseleti (Voigt) .
Colurella uncinata bicuspidata (Ehrbg) .
Trichocerca minuta (Olofsson) A
Colurella o. obtusa (Gosse) A
Lecane 1. luna (Mill.) SR
*Keratella cochlearis hispida (Lauterborn) e

Monommata grandis Tessin |

Trichocerca bidens (Lucks) H
Colurella obtusa clausa Hauer b

Trichocerca bicristata (Gosse) k

Trichotria tetractis caudata (Lucks) 1

Trichocerca tenuior (Gosse) S
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00 3.0 60 90 120 150 180 210 240 27.0 30.0 C

Fig. 3. For caption see p. 225.
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*Trichocerca pusilla (Jennings)

Euchlanis incisa Carlin

Polyarthra minor Voigt

*Collotheca mutabilis (Hudson)

*Trichocerca capucina (Wierzejski & Zacharias)

*Hexarthra mira (Hudson}

Brachionus patulus Mill.

Trichocerca brachyura (Gosse)

Trichocerca longiseta (Schrank)

Trichocerca iernis (Gosse)

*Synchaeta tremula kitina (Rousselet)

Eothinia tryphaeta Harring & Myers

*Asplanchna herricki Guerne

Trichocerca myersi (Hauer)

Monommata astia Myers

*Ascomorpha ovalis (Bergendal)

Cephalodella intuta Myers

*Ascomorpha saltans (Bartsch}

*Synchaeta stylata Wierzejski

*Polyarthra euryptera Wierzejski

+Keratella cochlearis tecta (Gosse)

Euchlanis d. dilatata Ehrbg

*Conochilus hippocrepis (Schrank)

Trichocerca elongata (Gosse)

*Collotheca libera (Zacharias)

*Trichocerca birostris (Minkiewicz)

*Brachionus calyciflorus Pallas

Trichocerca r. rattus (Mill.)

Floscularia janus (Hudson)

Lecane b. brachydactyla (Stenroos)

Euchlanis meneta Myers

Euchlanis alata Voronkov

Lecane lunaris perplexa (Ahlstrom)

Squatinella rostrum (Schmarda)

Testudinella vidzemensis Bérzing

Trichocerca scipio (Gosse)

Euchlanis dilatata lucksiana Hauer

*Collotheca pelagica (Rousselet)

Trichotria t. tetractis (Ehrbg)

Euchlanis triquetra pellucida Harring

Pleurotrocha hyalina Wulfert

Trichocerca rattus carinata (Ehrbg)

Brachionus q. quadridentatus Hermann

*Keratella irregularis wartmanni (Asper & Heuscher)

Mytilina mucronata spinigera (Ehrbg)

Trichocerca uncinata (Voigt)

Eothinia lasiobiotica B&rzins

Testudinella p. parva (Ternetz)

Lecane clara (Bryce)

Dicranophorus haueri Harring & Myers

Ploesoma triacanthum (Bergendal)

Lecane scutata (Harring & Myers)

Lecane inermis (Bryce)

Lecane furcata (Murray)

Lecane b. bulla (Gosse)

Ploesoma truncatum (Levander)

Lecane obtusa (Murray)
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Fig. 4. For caption see p. 225.
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(1943, p. 88) it was found in ponds in South
Sweden and Czechoslovakia, on May 18 and
June 25, respectively, and consequently at rela-
tively high temperatures. In L. Sk#rshultsjén,
however, it was restricted to the cold-temperated
hypolimnion (Berzin$, 1958).

Carlin (op.cit.) regards all the following rotifers
as summer forms: Gastropus stylifer, G. hyptopus,
Bipalpus hudsoni (called ‘Ploesoma h.’), Synchaeta
grandis, S. pectinata, S. oblonga, S. kitina, S. sty-
lata, Trichocerca rousseleti, T. birostris, T. capu-
cina, T. pusilla, Pompholyx sulcata, Euchlanis dila-
tata, Ascomorpha ecaudis, A. saltans, A. ovalis, ‘A.
cf. minima von Hofsten’, Polyarthra major,
P. remata, P. euryptera, Asplanchna herricki, Col-
lotheca spp. and Filinia longiseta (called
‘F. limnetica’). Most of these species are found in
the latter parts of the temperature-preference
series in our Figs. 1-4. However, the range of
occurrence and even the range of abundant occur-
rence is often so wide that we are reluctant to
designate these species as warm-stenothermal.
Furthermore, two of Carlin’s ‘summer species’ are
even found quite early in our series, viz. Gastropus
stylifer and Synchaeta oblonga. As regards
G. stylifer, also Carlin is a little doubtful in this
respect: He mentions that some authors consider
it as a summer form, other authors as perennial,
and he says that it could be judged as transitional
between these two groups. As regards S. oblonga,
Carlin’s labeling is rather surprising since he
sometimes found a high abundance of it even at
quite low temperatures (op. cit., Fig. 26), and its
relatively eurythermal occurrence is corroborated
by later authors (see, e.g., Pejler, 1962;
Ruttner-Kolisko, 1972 and Koste, 1978). Other
previous authors are more restrictive in designat-
ing summer forms. May (1983), for instance, only
regards two of the rotifers found in Loch Leven
as warm-stenothermal, viz. Pompholyx sulcata
and Trichocerca pusilla. However, it has to be
noted that also these two species can be found in
low abundance at low temperatures, like almost
all other species, which is evident from Figs. 1-4
in the present paper.

There are at least two possible explanations of
the discrepancy (apparent or real) between the
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conditions in individual lakes and the regional
material now presented: 1) Our data are based
upon simultaneous measurements of temperature
and species occurrence (and abundance), but the
occurrence may be more dependent on the condi-
tions prevailing some time before the sampling.
Summer species, for example, often have a maxi-
mum (connected with a sexual period) in the
autumn at comparatively low temperatures, just
before they disappear for the season. — 2) Genetic
differences could be suspected between different
populations and geographical areas, where
Anuraeopsis fissa and Pompholyx sulcata, for in-
stance, otherwise known as pronounced summer
forms, were only found at comparatively low tem-
peratures in northern Swedish Lapland (Pejler,
1957).

In some cases two peaks may be traced in the
diagrams, especially for Synchaeta longipes and
Gastropus stylifer. Possibly this is a reflection of a
splitting into populations with different genetic
adaptations, or even into species. A still more
pronounced bimodality was found for Filinia
longiseta vis-a-vis pH (Berzin§ and Pejler, 1987).
Perhaps one of these peaks in reality corresponds
to the recently described species F. hofmanni (see
above).

As regards temperature dependence of non-
planktic species (without asterisk in Figs. 1-4),
much less information is given in the literature. An
interesting note is found in Wulfert (1961, p. 100):
‘The setting in of coldness had hardly any
influence on the littoral forms’ (translated from
German). These rotifers were contrasted with
some planktic forms which disappeared during
winter. In our diagrams, however, most non-
planktic species have their peaks at comparatively
high temperatures. This is not very surprising as
most of them ought to be periphytic and de-
pendent on macrophytes and their epiphytic flora
which develops during summer (to be discussed in
future papers). However, it is evident from
Figs. 1-4 that most non-planktic species, like the
planktic, can tolerate low temperatures as well.

The three first of the non-planktic species in our
temperature-preference series (Figs. 1-4) all be-
long to the genus Encentrum. Of these species
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E. eurycephalum was found by Wulfert (1936) only
during the winter months, and Koste (1978) clas-
sifies it as cold-stenothermal (here called
‘E. putorius var. eurycephalum’). According to
Wulfert (op.cit.) it is a typical mud form.
E. fluvialitis was also found in mud (in a river),
according to Wulfert (1939), but E. lupus was
found in the algal cover along the shore of a
heavily polluted brook. Apparently all three
species prefer an environment of decaying mate-
rial occurring during the winter.

Summarizing the evidence available, we con-
clude that temperature generally does not solely
decide when and where a species may occur or
not. Its influence ought mainly to be of an indirect
nature, enhancing or retarding development (cf.
Galkovskaja, 1987) and cooperating with other
abiotic and biotic factors in the ways asserted by,
e.g., Edmondson (1977) and Hofmann (1977).
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