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Abstract 

Information on the distribution of more than 225 species of planktonic, periphytic, and benthic rotifers from 
diverse waters in south and central Sweden was analyzed for pH preference. No particularly strong correla- 
tion was found between pH and any other environmental factor, with regards to rotifer distribution. However, 
species indicating oligotrophy generally have their pH optima at or below 7.0, while those indicating eu- 
trophy occur at or above this level. Rotifers found in acidic waters are often non-planktonic or semiplankton- 
ic. 

Introduction 

The use of bio-indicators has sometimes been 
regarded with some scepticism. However, when 
based on a substantial amount of survey informa- 
tion the method seems to be a very useful one [Pej- 
ler, 1981 and references therein; Karabin, 19831. 

Between 1945 and 1982, a large amount of data 
was collected from various types of water bodies in 
southern and central Sweden. The data include in- 
formation on temperature, about 20 chemical fac- 
tors, and the abundance of microzoans (plankton- 
ic, periphytic, and benthic) for each water body. 
The material is probably the largest of its kind ever 
collected. This paper discusses the pH preferences 
of rotifers from the study area. 

Materials and methods 

Planktonic, periphytic and benthic samples were 
collected from about 350 lakes, 50 ponds, 20 pools, 
150 running waters, and 15 bogs in southern and 
central Sweden, between 1945 and 1982 [BErzipS, 
19781. Most samples were collected during the ice- 

free period, but some winter samples were also 
taken. 

Samples (1 -5 1) for physical, chemical, and bio- 
logical analysis were taken in open water at various 
depths, including near the bottom, and in the litto- 
ral zone. 

Water samples collected for biological analysis 
were filtered through a 20 pm mesh net and the 
concentrate fixed in formalin. In most cases net 
samples also were collected and examined without 
fixation to facilitate identification of soft-bodied 
species. 

Periphyton was collected in the following way. 
Moist macrophyte material (biovolume > 0.51) was 
squeezed into a bottle, dipped and squeezed again: 
this procedure was repeated several times. Subsam- 
ples were examined without fixation until no addi- 
tional species were encountered. Density was esti- 
mated on a scale of 1 - 10, 1 indicating rare and 10 
abundant. 

To investigate the epifauna of stones and logs an 
area of 100-200 cm2 was scraped off and the ma- 
terial sucked directly into a bottle from the knife. 
This was done by slowly letting air out of the col- 



lection bottle and water in, while keeping the bottle 
next to the knife blade. 

The benthos was sampled by slowly scraping a 
small vessel over the bottom, collecting a volume of 
sediment a few millimeters thick and ca. 
100-200 cm2 in area. Subsamples of the sediment 
were analyzed without fixation and the density of 
organisms estimated using the scale of 1 - 10. 

The taxonomy of Koste [I9781 was followed for 
identification of monogonont rotifers and that of 
Donner [I9651 for bdelloids. However, in some 
cases we deviated from these works e.g. concerning 
the genus Dissotrocha [see BErzipS, 19821. Further- 
more we agreed with Donner [1965: 17-18], who 
considered it premature to distinguish between 'ge- 
ographical, ecological and cytological races, 
microraces, clines, etc.', and accordingly used only 
one infraspecific category [see also BErzipS, 1967; 
Ruttner-Kolisko, 1972; but compare Koste, 19781. 
The infraspecific taxa discussed here should be 
regarded as forms, though the designation 'f.' has 
been omitted for simplicity. 

Data were analyzed with the aid of a computer, 
in which the scaled value of species abundance was 
correlated with various environmental factors as 
single items. Here we report only rotifer occurrence 
as a function of pH for those species which oc- 
curred in 2 5 0  samples. The remaining information 
has been archived at the Limnological Institute in 
Lund. 

Results and discussion 

pH is, of course, related to many other chemical 
parameters in freshwaters, which in themselves are 
correlated with zooplankton distribution [e.g., 
Lindstrom, 19831. Nevertheless, pH appears to be 
important in explaining distribution of rotifers 
[Edmondson, 1944; Skadowsky, 19231. 

Most species examined in this study (N = 227) 
tolerated a broad range of pH values (Fig. la-f). 
Many species (N = 168,74%) had their peak abun- 
dance within 1.0 units of pH 7.0. Others had their 
median value at quite low pH-values, two species at 
4.4. The corresponding maximum on the alkaline 
side was 8.5. 

Several rotifers were found only in acidic en- 
vironments, never or only very rarely being found 
above pH 7.0, and with their peak occurrence well 
below pH 6.0. In the literature these species are said 
to be restricted to bogs, often in wet Sphagnum. 
Some of these rotifers are classified as 'acidophil' 
by Wulfert [I9511 or as 'acidic' by Bateman & Davis 
[1980]. Many of these species were encountered in 
acid zones of a bog pool investigated by Skadowsky 
[I9231 and/or in swamps studied by Francez [1981]. 
According to Bateman & Davis [1980: 1501 they are 
'mainly particle feeders or grazers'. 

It is more difficult to find a common denomina- 
tor for rotifers present in alkaline waters. However, 
Euchlanis d. defexa is said to exhibit mass develop- 
ment in decomposing, drifting vegetation [Koste, 
19781, and some of the planktonic forms with alka- 
line preferences (Fig. If) are known as indicators of 
eutrophic conditions: Keratella cochlearis tecta 
[Pejler, 19621, Brachionus angularis, Brachionus 
calyciforus, Filinia longiseta and Trichocerca 
pusilla [Pejler, 1965, 1983, references therein]. 
However, this is not the case of the three Synchaeta 
species at the alkaline end of the pH gradient (Syn- 
chaeta longipes, Synchaeta tremula kitina, Syn- 
chaeta stylata). Synchaeta longipes is even said to 
occur 'in the plankton of oligotrophic lakes. . .' 
[Koste, 19781. 

Although there are several planktonic rotifers 
whose peak abundance occurs on the alkaline end 
of the scale (pH > KO), there are none of the acid 
extreme (pH < 5.5). Thirty species of eulim- 
noplanktonic rotifers occur with their peak abun- 
dance values below or equal to pH 7.0 and 23 spe- 
cies above pH 7.0 (see Fig. 1, species marked with 
a * and a Yo, respectively). It is interesting that 
many species which have been reported to prefer 
oligotrophic conditions [Pejler, 1965, 19831 are 
found in the first group of these 54 species (i.e., 
pH 5 7.0), though not especially concentrated 
there. The 'most alkaline' species of this group, 
Asplanchna herricki, has its abundance maximum 
at pH 7.0, which is also the case of the 'most acid' 
indicator of eutrophy, Polyarthra euryptera. All 
other indicators of eutrophy [according to Pejler, 
1965, 19831 have their peak abundance clearly in 
alkaline waters, and Keratella cochlearis tecta is 
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Fig. I .  Occurrence of rotifers in relation to pH in Swedish waters. The range (horizontal thin lines), high abundance (horizontal thick 
lines) and maximum abundance (vertical lines) of 227 rotifers are given. Species are ranked according to pH preference, beginning with 
those having their peak abundance at pH <6.0 (a) through those having their peak abundance at pH 2 7.6 (f). Numbers refer to the 
number of samples in which each species was observed. Planktonic species whose peak abundance occurs at pH 5 7.0 (*) and pH > 7.0 
((70) are indicated. Filinia longiseta showed a bi-modal pH tolerance and is recorded twice. 



even the 'next-most alkaline' of all rotifer species 
included: pH ca. 8.5 at peak abundance in this 
study (Fig. If). However, the fairly wide scattering 
of the trophic indicators along the pH scale shows 
that there is no absolute link between pH and 
trophic status. 

A comparison should be made with the recent 
results concerning acidified Scandinavian lakes 
[Hobaek & Raddum, 1980; Hornstrom & Ekstrom, 
1983; Morling, 19841. These workers showed that 
the planktonic rotifers dominating these lakes were 
common species with their peak abundance at 
s p H  7.0. These species included: Keratella coch- 
learis, Kellicottia longispina, Trichocerca capucina, 
Gastropus stylifer, Ascomorpha ecaudis, 
Asplanchna priodonta, Polyarthra vulgaris, Poly- 
arthra remata, Conochilus unicornis, Conochilus 
hippocrepis and the cold stenothermal Keratella 
hiemalis. The only 'specialist' of acid water report- 
ed is Keratella serrulata. 

Stenothermal forms are fairly well dispersed 
along the pH-scale [Carlin, 1943; Pejler, 1957b; 
May, 19831. Cold-water forms may achieve their 
peak abundance at various levels (e.g., Keratella 
hiemalis, pH 5.8; Collotheca lie-petterseni, 6.3; 
Polyarthra dolichoptera, Filinia terminalis, Syn- 
chaeta lakowitziana, Synchaeta oblonga, and 
Notholca squamula, 7.0; Notholca caudata, 7.7). 
The pattern is similar for warm-stenothermal 
forms (e.g., Collotheca libera, 6.5; Polyarthra re- 
mata, 6.9; Polyarthra euryptera, 7.0; Pompholyx 
sulcata, 7.5; Trichocerca birostris, 7.8; Trichocerca 
pusilla, 8.0; Synchaeta stylata, 8.1; Keratella coch- 
learis tecta, 8.5). Though peak abundance of warm- 
water forms tends to occur at higher pH values 
than cold-stenothermal forms, there is no good evi- 
dence suggesting a positive correlation between pH 
of peak abundance and temperature. 

Conclusions 

As a group, rotifers exhibit a very wide range of pH 
tolerance. All 227 species in this study were found 
in waters with pH values spanning at least 2.0 units, 
and several were found in waters which differed by 
as much as 5.0 units. A few species even exhibited 

high abundance over an extremely broad pH range, 
e.g., Rotatoria rotatoria and Habrotrocha collaris 
(Fig. le, f). Pejler [1957a, 19771 has suggested that 
bdelloids have the potential for such extensive 
ranges because their mode of reproduction (obliga- 
tory parthenogenesis) favors development of 
strains uniquely adapted to a particular environ- 
ment. Ruttner-Kolisko [I9831 suggested that a simi- 
lar situation may exist for many monogonont 
rotifers. Clearly further research is needed here. 

At present we have not determined any correla- 
tion between peak rotifer abundance, pH, and oth- 
er chemical factors. We intend to return to this 
problem in future papers. 
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