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REVIEW
Rotifers in saltwater environments,
re-evaluation of an inconspicuous taxon
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Rotifers are microscopic aquatic animals that comprise more than 1800 species. Most rotifer species live
in freshwater and limno-terrestrial habitats, while thalassic environments (brackish+seawater) are thought
to host few species. No recent review of saline rotifers is available. Here we report the results of a review of
the literature concerning rotifers from saline environments, distinguished into three categories: steno-
haline, euryhaline, and haloxenous, and found both in truly marine habitats and/or in inland saline
waters. A total of about 200 studies, mentioning fully identified rotifers from saline waters, allowed us to
list as many as 443 rotifer taxa at either specific, subspecific and infrasubspecific rank, corresponding to
391 nominal species. Truly thalassic taxa, not found in inland saline waters only, accounted for 289,
including the ‘stenohaline’ (143) and the euryhaline (146) ones. As for freshwaters, the majority of the
thalassic rotifers inhabit the psammon, or display a benthic—periphytic way of life, while the plankton
likewise is less species rich and less abundant. The geographical distribution of the brackish and marine
rotifers largely reflects the distribution of rotifer investigators, therefore, no biogeographical analysis can be
performed yet. In conclusion, the analysis of literature citing rotifers in salt waters, uncovers an unexpected
rotifer fauna: the apparent richness of the group in thalassic environments is worthy of being addressed by
further investigations, as many species have been reported only by their description, suggesting either

considerable endemism or taxonomic errors.

INTRODUCTION

Rotifers are microscopic aquatic animals that comprise
more than 1800 species (Segers, 2002). Most rotifer species
live in freshwater and limno-terrestrial habitats, while the
common feeling 1s that the thalassic environments (i.e.
brackish+seawater) host few species, that have been
rather neglected so far (see for instance de Beauchamp,
1965; Wulfert, 1969; Nogrady et al., 1993; Smith, 2001
Segers, 2004). Real estimates of the total number of roti-
fers inhabiting thalassic waters are very few. Remane
(1929) was the first to present an estimate of the number
of marine and brackish water species, amounting to 5% of
the 1000 species known at the time. Myers (1936) states
that about 12% of the 1500 known rotifer species have
been recorded from these environments, and Berzins
(1952) notes that 5% of the 1700 known species occur in
marine and brackish water, and 2.5% are strictly marine.
Although some of the first rotifer species described in the
18th and 19th Centuries were originally collected in the sea
(e.g. Notholca bipalium (Miller, 1786), Proales reinhardti
(Ehrenberg, 1834) among the monogononts, all seisonids,
and the bdelloid elinkiella synaptae (Zelinka, 1887)), in
more recent times, rotifer communities of continental
waters received much more attention than those of
thalassic waters, and the available list of species is mostly
confined to inland habitats (Segers, 2002). Nevertheless,
the thalassic plankton and meiobenthos harbour several
rotifer species that can represent a consistent fraction of

the biomass (e.g. Schnese, 1973; Tzschaschel, 1980;
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Johansson, 1983; Egloff, 1988), and likewise can play an
important role in the energy transfer in thalassic food
webs (Gifford, 1988; Mallin & Paerl, 1994).

Despite our skewed knowledge of rotifers in favour of
freshwater habitats, it seems remarkable that our basic
understanding of physiology and reproductive biology of
monogonont rotifers is mostly based on the Brachionus
plicatelis Miller, 1786 species complex that lives in salt
waters and is moreover commonly cultivated for aqua-
culture purposes.

A review on thalassic Rotifera of the North Sea and
Baltic Sea has been published by Remane (1929), who
recognized 55-60 stenohaline species restricted to
brackish and marine waters, and 40 euryhaline species
occurring both in sea- and freshwater. More recently 160
taxa have been listed for the same area by NEAT, Marine
Invertebrates of Scandinavia (NEAT, 1997), whereas 115
species are reported by the European Register of Marine
Species (MarBEF Data System, 2005) for the European
thalassic waters. The rotifers of the Black Sea were
compiled by Rudescu (1961), who mentioned 111 species
and varieties, with 35.1% imported from freshwater,
5.4% euryhaline species, 35.4% brackish water taxa, and
27.0% marine species. The Mediterranean rotifer fauna
has been reviewed recently by Ahlrichs (2003) and Ricci
& Tontaneto (2003). The analyses revealed that about 90
rotifer species were mentioned by a total of 25 studies, but
only few of these focused specifically on the rotifer fauna.
Outside Europe thalassic rotifers were reviewed only, as
far as we know, for the Canadian coastal waters by Shih


https://doi.org/10.1017/S0025315406013531

624 D. Fontaneto et al.  Review of marine rotifers

et al. (1971), who recorded 12 plankton taxa, with six and
seven taxa from the Atlantic and Pacific part respectively,
and a single species from arctic Baffin Island.

Here we report on published results on rotifers from
saline environments, with emphasis on the marine and
brackish ones, to produce a database for further studies
on the thalassic fauna. When possible, we shall relate the
rotifer taxa to the nature of the habitat, and try to add to
their geographical distribution.

MATERIALS AND METHODS

The systematic position of Rotifera in the ‘tree of life’ is
an open issue and still under study. Recent analyses on
morphological and molecular traits confirm that the para-
sitic Acanthocephala are to be considered a group of roti-
fers (Giribet et al., 2004). In the present study, ‘rotifers’
refer to the group of microscopic aquatic pseudocoelo-
mates characterized by an apical ciliated apparatus
(corona), specialized pharynx (mastax) and intracyto-
plasmic lamina (Clément & Wurdak, 1991). Traditionally,
the rotifers sensu stricto are divided into three major groups:
Seisonidea, Bdelloidea, and Monogononta. Seisonidea,
with three species, are epibiotic on crustaceans of the
genus Nebalia, and known from marine habitats only. Bdel-
loidea and Monogononta comprise about 380 and 1400
species respectively, most of them living in freshwater
habitats (Nogrady et al., 1993; Segers, 2002).

We searched the studies, reporting rotifer species in
saline environments, that were recorded by the basic data-
bases such as Zoological Record and Web of Science. The
search was run on the co-occurrence of two nouns, ‘rotifer’
and ‘saltwater’. As saltwater we arbitrarily refer to those
habitats with a salinity higher than 1%., to include the
seas and oceans world-wide, as well as the brackish
waters (i.e. mixtures of freshwater and seawater), such as
lagoons, estuaries, rock pools, etc., and inland saline
waters, like salt lakes, soda lakes, saline springs, etc.
Fixing the boundary between fresh and saline water on
basis of salinity is very arbitrary indeed, and almost
impossible as well on basis of changes in the composition
of the biota, as the spectrum of salinity tolerance appears
to be a continuous one (Beadle, 1981; Williams, 1981). In
the various classifications (for a review see e.g. Remane
(1971) and Hammer (1986)) the boundary between fresh
and saline water has been put at <0.21-0.5%o salinity for
brackish water (with true seawater ~32-38%o salinity),
and 3%o salinity for inland saline water. The upper limit
of the freshwater range for a biological classification has
been suggested to be 1%o by Loffler (1961), based on the
distribution of Entomostraca in inland waters of Iran,
and Beadle (1969) who states that almost all so-called
freshwater animals are found below that value. According
to Ruttner-Kolisko (1971), the boundary at which the
rotifer biocenosis is changing characteristically lies at
1.5%o salinity.

Most papers did not report exactly the salinity of their
samples; at the state of the knowledge, a distinction
between brackish and true seawater would be possible
only in very few cases. Therefore, we will refer to brackish
and seawaters together, as thalassic environment.

Inevitably, the species list will contain a number of mis-
identifications, since most of the records are undocumented
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and thus unverifiable. Some of these records may result
from real misidentifications but also from recent changes
in taxonomic views (e.g. Segers, 1995), and their reliability
may be doubtful.

Rotifers found in saltwater were distinguished into three
categories: (1) stenohaline, referring to the species found
in saltwater only and never reported from freshwater; (2)
euryhaline, referring to species that were found in both
freshwater and saltwater; and (3) haloxenous for the
freshwater species that are reported as occasional findings
in saltwater. Only the stenohaline and the euryhaline
groups will be analysed in this study; these are called ‘salt-
water’ rotifers.

Rotifer taxa are further divided into three major groups
on the basis of the habitat in which they mostly occur:
(1) plankton, those found in the water column; (2)
benthic—periphytic species living in contact with a
substratum, including benthos sensu stricto, periphyton and
psammon; and (3) epibionts and parasites, species
living in association with other animals.

RESULTS
Taxonomic richness of the saltwater rotifer fauna

A total of about 200 studies, mentioning fully
identified rotifers from saline waters, have been used in
the present study. Few more reports referring to
unidentified species, or rotifers identified to genus
level only, were left out of consideration. The analysis
allowed us to list as many as 443 rotifer taxa, at either
specific,  subspecific  and  infrasubspecific = rank,
corresponding with 391 nominal species. At present we
are unable to establish whether some of the subspecies
listed (e.g. subspp. of Keratella cochlearis and Trichocerca
marina) are valid taxa or actually separate species, or
merely synonyms. A similar problem arises with the infra-
subspecific taxa. Some of them are true phenotypes (e.g.
the formae of Brachionus calyciflorus (see e.g. Gilbert,
1980)), and others (e.g. some formae of Lecane ludwigii)
might turn out to be valid species. Considering the above
remarks, and in view of their low share in the total number
of taxa (37 in number that is 8% of total observed taxa),
infrasubspecific taxa were included in the rotifer lists
as well.

Out of the 443 taxa, at least 106 (23.9%) (Appendix 1)
are known from freshwater habitats, and found in salt-
water only occasionally and sparsely (‘haloxenous taxa’),
and will not be analysed in this study. Some other 173
taxa (39.1%) are reported from both fresh- and saltwater
habitats, and here considered truly euryhaline. Finally, as
many as 164 taxa or 37.0% (corresponding to 148 species)
have been found in saltwater only, and considered steno-
haline. With saltwater we refer to two different habitats:
inland saline lakes, and true thalassic environments. The
microfauna of saline lakes includes 133 rotifer taxa or
30.0% of the total observed number of rotifer taxa, of
which 48 (10.8%) have never been found in thalassic habi-
tats (Appendix 1). The remaining 85 taxa or 19.2% are
shared by saline lakes and thalassic environments, and
can be treated with the thalassic taxa. Thus, starting from
a list of 443 rotifer taxa reported in saltwater, our analysis
will concern 289 thalassic taxa, including the stenohaline
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Table 1. Number of species, genera, and families of rotifers found in salt waters, and their percentage of the overall diversity.
Species Genera Families
Overall Marine % Overall Salt Yo Overall Salt Yo

Seisonids 3 3 100.00 1 1 100.00 1 1 100.00
Bdelloids 374 3 0.80 19 3 15.79 4 1 25.00
Monogononts 1441 248 17.21 106 43 40.56 29 21 72.41
All rotifers 1818 254 13.97 126 47 37.30 34 23 67.65

(143 or 32.2%) and the euryhaline (146 or 33.0%) ones
(Appendix 1).

Ecological distribution

The majority of the thalassic rotifers inhabit the inter-
tidal psammon, or display a benthic—periphytic way of
life. In this group the genera Encentrum (41 taxa, 38 steno-
haline), Lecane (23 taxa, 3 stenohaline), Colurella (15 taxa, 4
stenohaline), and Proales (12 taxa, 10 stenohaline) are the
most common. These genera are common benthic—
periphytic representatives in freshwater habitats, as well.
At the family level Dicranophoridae is the most diverse,
represented by 7 genera and 39 taxa, 53 of which are
strictly thalassic.

In the littoral plankton the most common rotifer genera
are Synchaeta (31 taxa, 24 thalassic), Keratella (20 taxa, 6
strictly thalassic), and MNotholca (18 taxa, 11 strictly
thalassic). The rotifer plankton of the open ocean is
restricted to Synchaeta spp. and Trichocerca marina. At the
family level Brachionidae is the most rich, represented by
four genera and 48 taxa, 20 of which are stenohaline.
Synchaetidae with only two genera has 33 planktonic
taxa, but 24 are stenohaline. As usually holds for fresh-
waters, the thalassic rotifer plankton likewise 1is less
species rich and less abundant than the benthic—
periphytic fauna.

Epibiotic—parasitic rotifers live on crustaceans (Proales
pagurt, Brachionus rubens and Seisonidae), hydroids (Proales
christinae, P. gonothyraeae) and holothurians (Jelinkiella
synaptae), and in the gut of annelids (Albertia crystallina).
Most of them are thought to be epibionts and not true
parasites, although these symbioses have never been inves-
tigated in detail. Suitable hosts for rotifers like crustaceans
are much more frequent and abundant in the sea than in
freshwater, and one could predict that, other things being
equal, epibiotic—parasitic rotifers experience many more
opportunities to encounter and settle on a host in the sea
than in freshwater. In contrast, rather few rotifers live in
the sea as epibionts, while in freshwater about 30 mono-
gononts and a dozen of bdelloids live on arthropods
permanently.

Apart from remarkable differences in abundances,
the ecology of the thalassic rotifers reflects their ecology
in freshwater, with benthic—periphytic species more
abundant than planktonic ones, and with the epibiotic—
parasitic relationships mostly concerning arthropods.

Geographical distribution

Not surprisingly, the geographical distribution of
the brackish and marine rotifers largely reflects the
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distribution of rotifer investigators. Thus, rotifers seem
rather abundant around Europe, whereas the other
regions of the world received less attention. Nevertheless,
we cannot exclude the possibility that some areas may be
more species-rich than others. More than 100 taxa are
listed in only five studies on the Black Sea, while the 25
studies on the Mediterranean only reported 90 rotifer
taxa.

Too little information is available to speculate about
possible endemisms in thalassic rotifers. We can only state
that environments like polar seas, with prevailing stressful
conditions, are inhabited by rotifer taxa that live in other
areas also: for instance of the 41 rotifers reported from the
Arctic-seas only nine seem to be endemic, and out of 11
species found in the Antarctic the presumed endemics are
only four. But these results may be underestimates owing
to the very few studies and poor state of areal coverage.

DISCUSSION

The analysis of literature citing rotifers in saltwater,
uncovers an unexpected fauna, composed of freshwater
(106 taxa), inland saline (133 taxa) and thalassic
(brackish-marine) (289 taxa) elements. Part of this fresh-
water fraction probably concerns species at the upper limit
of their salinity tolerance. The majority, however, must be
seen as introductions by rivers, streams, etc. In this respect
it is interesting to note, that the wviability of rotifer
diapausing eggs is almost not affected by exposure to
open-ocean water, despite the low salinity tolerance of the
adult stages of most species (Gray et al., 2005). Inland
saline waters, although studied to a much larger extent
(see e.g. Hammer, 1986) than marine-brackish waters,
show a smaller number of rotifer taxa, with 48 of them
restricted to these environments. Undoubtedly this lower
number results from environmental stress, due to high sali-
nities, ionic compostion, high pH values, unstable physio-
chemical conditions and other extreme variables of many
of these systems. In contrast with the apparent situation in
marine-brackish waters, inland saline waters, viz. soda
lakes, show a number of true endemics.

The not insignificant rotifer species richness in thalassic
environments is worth being addressed by further investi-
gations as, for instance, many species have been reported
only by their description, suggesting either considerable
endemism or taxonomic errors. The euryhaline taxa,
occurring in both fresh and salt waters, are apparently
very tolerant and cope with considerable changes of sali-
nity. However, it may also be possible that freshwater
species and thalassic species, displaying identical pheno-
types, possess different genotypes and are actually sibling
species. In fact, rotifer siblings are known to differ for
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ecological requirements and cannot be seen as ecological
analogues (e.g. Ciros-Perez et al., 2001; Gomez et al.,
2002).

The rotifer fauna has been searched for in a number
of thalassic habitats, from psammon of sandy shores
(e.g. Turner, 1990, 1993), periphyton of tidal pools (e.g.
Saunders-Davies, 1995, 1998) and deep sediments
(Sommer et al., 2003), to plankton (e.g. Arndt et al.,
1990; Viitasalo, 1994; De Smet, 2006). Although our
knowledge of rotifer diversity in thalassic waters is far
from being complete, the major groups, i.e. Seisonidea,
Monogononta and Bdelloidea, seem to be unevenly repre-
sented. Seisonidea are exclusively marine (Ricci et al.,
1993; Ahlrichs, 1998). About 17% of monogonont species
and 1% of known bdelloids live in thalassic environments
(Table 1). The overall ratio of bdelloid to monogonont
species from freshwater habitats is 1:3, and reasonably,
thalassic species should occur in a similar proportion. In
contrast, the bdelloids appear highly under-represented
(ratio 1:83). Actually, bdelloids are often mentioned in
thalassic  species lists as ‘bdelloid undetermined’.
Commonly, this results from problems with identification,
due to contraction and deformation of the specimens after
addition of fixative to the samples (almost all of them can
only be identified alive). Thus the bdelloids might have
been poorly documented in thalassic habitats because of
this problem with identification. However, at the present
stage of knowledge, we cannot rule out the hypothesis
that bdelloids are physiologically ‘incompatible’ with the
thalassic environment.

The low number of thalassic rotifer species, probably
also results in part from the occasional nature of the
samplings. More extensive research at a single site over a
longer period will reveal many more species. Tzschaschel
(1979) for example, reported in a single paper concerning
the North Sea, 21 psammobiotic species, with 13 of them
new to science.

On the whole, although unexpectedly high, the diversity
of Rotifera is much lower in thalassic environments than in
freshwaters. If this is to be ascribed to scarce investments
into this field, to poor efforts of rotifer investigators, or to
some biological peculiarity of the rotifers it is premature to
say. But, if the relatively poor attention paid to the
thalassic rotifers has generated a list of 289 taxa with 254
species, representing about 14% of the actually known
species considered valid, we can reasonably predict that
the rotifer diversity in thalassic environments is much
more relevant.
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