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Abstract  In an investigation of the differences and similarities within the species Theodoxus fluviatilis,
we analysed 11 brackish water populations from the Baltic Sea and 8 freshwater populations from northern
Germany. T. fluviatilis from the two habitats are primarily distinguished by different habitat preferences.
We have never observed the migration or colonization of rivers by brackish water animals or vice versa.
While mostly stones and wood serve as typical substrata in freshwater, we found both stones and plants
(Fucus, Potamogeton, Zostera) as habitats in brackish water environments. In an analysis of morphol-
ogy (shell size, operculum, radula), we found no significant differences between brackish and freshwater
populations of T. fluviatilis in the Baltic Sea area. The variability of shell morphology and ecological
behaviour of T. fluviatilis within and/or between brackish and freshwater populations is most likely based
on different habitat conditions and demonstrates the large phenotypic plasticity of the species.
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INTRODUCTION

Since Linnaeus decribed two different species for the Baltic area in 1758, Nerita fluviatilis
from freshwater and N. littoralis from brackish waters, opinions differ as to whether
these are different species, subspecies, forms, varieties or adaptations. In recent decades
the scientific opinion has concluded that these are simply two different forms of one
species, namely Theodoxus fluviatilis (Linnaeus, 1758).

The freshwater form (Theodoxus fluviatilis fluviatilis) is very common in central Europe.
Its range extends from Western Russia to Iberia and from southern Scandinavia to the
Balkan peninsula. T. fluviatilis is more common in central-eastern Europe (Gloer, 2002).
If we restrict our area of focus to the Baltic Sea, the freshwater Theodoxus is common
in all continental Baltic states (Russia, Estonia, Lithuania, Latvia, Poland, Germany,
Denmark). In Scandinavia (Norway, Sweden) and Finland freshwater populations are
missing or are very sparse. Only the southern provinces of Sweden and the vicinity of
Stockholm belong to the distribution area (Hubendick, 1944; 1947; Nyman & Skoog,
1977; von Proschwitz, 2001). In Finland, isolated freshwater populations are known only
from the Aland islands (Segerstrale, 1945; Carlsson, 2000). From freshwaters in Norway
T. fluviatilis was erroneously mentioned (see @kland 1990, p 165).

The brackish water form (Theodoxus fluviatilis littoralis) is found in moderate saline
areas of the North Sea and Baltic Sea. In the North Sea we know it from the Scottish
Orkneys (Boycott, 1936; Nicol, 1938) and from brackish habitats in Denmark (Fretter &
Graham, 1978). It lives all over the Baltic Sea with concentrations in the less brackish
areas of inner coastal waters in the southern part and in regions of decreasing salinities
off the coast of the northern part (Fig. 1). The salinity varies from 2-3 psu in the inner
parts of the large gulfs, to 6-8 psu in the Baltic proper, to 20-24 psu in the Kattegat. Given
an available substratum, Theodoxus is able to colonize zones between coastal and off-
shore waters to a depth of 60 m (e.g. Wlodarska-Kowalczuk & Janas, 1996). In the more
saline areas of the southern Baltic, Theodoxus is restricted to inner coastal waters like
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Bodden and Haffe. The salinity varies between 2 and 15 psu. From the Belt Sea (South)
to the Baltic Proper (North) the salinity decreases within the Baltic. Below 7-8 psu we
also find populations in off-shore waters. In the Arkona Basin we observed specimens
on stones and boulders up to depths of 23 m. In Poland (Gdansk Basin) the species was
observed at a depth of 60 m (Wlodarska-Kowalczuk & Janas, 1996).

Some important Theodoxus localities surrounding the Baltic are: Schlei estuary, Darss-
Zingst Bodden Chain and Greifswalder Bodden in Germany; Puck Bay and Wisla
lagoon in Poland; Curonian lagoon in Lithuania; Riga Bay in Latvia; Vdinameri and the
Gulf of Finland in Estonia; certainly all the way from Tvarminne, across the Archipelago
Sea to the Aland Islands and along the Swedish east coast up to the northern most parts
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Figure 1 Distribution of Theodoxus fluviatilis within the Baltic Sea. The numbers indicate the
sampling points of material which is included in this study and refer to table 1.
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at Luled; along the Finnish coast probably similarly distributed to the North; Bornhom
and Roskilde Fjord in Denmark (see Figure 1). In Idefjorden (Skagerrak-Area), situated
at the border between Norway and Sweden, an earlier record (19t%h century) of a brackish
water population of T. fluviatilis exists (von Proschwitz, 2001). Due to heavy pollution
during part of the 20th century it has probably died out there (Afzelius & Hardeng, 1995,
von Proschwitz, 2001).

Apparently, it is extremely difficult to distinguish species of Theodoxus (Bandel, 2001).
The main morphological features used for identification are size, colour patterns of the
periostracum, the operculum and the radula, all of which are highly variable in this
genus.

T. fluviatilis from brackish and freshwaters differ in the gross morphology of their
shells. Specimens from freshwater on average become larger (Ulrich & Neumann,
1956; Kangas & Skoog, 1978) and have thicker shells than those from brackish water
environments (Ulrich & Neumann, 1956). Some other differences between Theodoxus
from brackish and freshwater habitats have been reported, including reproduction,
behaviour, habitat demands and salinity tolerance (Bondesen, 1940; Neumann, 1960;
Kangas & Skoog, 1978; Bandel, 2001; Gloer, 2002).

The aim of this study is to describe the ecological observations (salinity, substrata,
abundance) and morphological features (shell size, operculum, radula) of brackish and
freshwater populations of Theodoxus fluviatilis. Which differences could we find between
these populations? Are there two different species in the Baltic Sea area, or merely one
highly variable taxon?

MATERIAL AND METHODS

In order to assess the current distribution of Theodoxus fluviatilis in the Baltic Sea, the
following papers were checked and analyzed in addition to our own observations:

Germany: For German Baltic waters several papers exist with information on T.
fluviatilis. For more information of this area see the bibliography and database from
Gerlach (2000) and Zettler et al. (in prep.). Some papers with important information on
the distribution of Theodoxus are Kriiger & Meyer (1937), Grahle (1932), Jaeckel (1940,
1952), Seifert (1938)

Poland: Falniowski et al. (1977), Falniowski (1989), Wlodarska-Kowalczuk & Janas
(1996), Zmudzinski (1997), Haque et al. (1997), Kotwicki et al. (1999), ]. Warzocha (pers.
comm.)

Lithuania: D. Daunys (pers. comm.)

Latvia: Doss (1896), Knipowitsch (1909), Schlesch (1927, 1942)

Estonia: Knipowitsch (1909), Habermann (1935), Jarvekiilg (1979), Kotta & Kotta
(1997)

Finland: Knipowitsch (1909), Segerstrale (1945), Bostrom & Bonsdorff (1997), Carlsson
{(2000)

Sweden: Knipowitsch (1909), Hubendick (1944, 1947), Skoog (1971), Kautsky et al.
(1981, 1988), Kautsky (1989), Malm et al. (1999), von Proschwitz (2001)

Denmark: Schlesch (1934), Larsen (1936), Muus (1967), Rasmussen (1973)

[Norway: Afzelius & Hardeng (1995), von Proschwitz (2001), not included in Figure 1,
because the Skagerrak and Kattegat were not taken into account in this paper]

Specimens were collected manually (handnet, diving) or by grabbing (Van Veen
grab) at several brackish water and freshwater sites. Table 1 describes the assortment
of the localities we used in this study. Shell length and shell height were measured
using a stereo microscope (Stemi SV 11, CARL ZEISS, Germany). The indication of
measurements are shown in Fig. 2. The dry weight of specimen was determined after
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TABLE 1
Theodoxus fluviatilis material used in this study. The numbers of brackish water
populations refer to Fig. 1. Besides we sampled and analysed some other populations
(e.g. from Gotland and Oland)

Lat. | Long. | depth salinity

site country year | [°N] | [°E] [m] [psul substrate

Baltic (1) -Poeldamm Germany | 2001 | 53.967 | 11444 | 02m 12.0 stones

Baltic (2) -Salzhaff Germany | 2002 | 54.064 | 11.599 | 0.3 m 11.0 stones

Baltic (3) -Barther

Bodden Germany | 2002 | 54.414 | 12.769 | 04 m 8.3 plants

Baltic (4) -Greifswalder

Bodden Germany | 2002 | 54.339 | 13.500 | 0.4 m 6.0 plants

Baltic (5) -Adlergrund | Germany | 1999 | 54.459 | 14.232 | 12-23 m 74 stones
stones/

Baltic (6) -Bornholm Denmark | 2000 | 55.030 | 15.117 | 0.3m 6.0-8.0 plants
Baltic (7) -Karlskrona | Sweden 2001 | 56.167 | 15584 | 0.3m 6.0-8.0 plants

stones/
Baltic (8) -Asks Sweden 2002 | 58.483 | 17.420 | 0.2-5m 6.0 plants
Baltic (9) -Puck Bay Poland 1974 | 54.675 | 18494 | 0.5m 6.5-7.5 plants
Baltic (10) -Klaipeda Lithuania | 2002 | 55.975 | 21.034 | 14.1m 7.0 stones

Baltic (11) -Tvarminne | Finnland | 2003 | 59.833 | 23.201 | 05m 50-6.0 plants
Lake-Grofler Ploner

See Germany | 2000 | 54.147 { 10442 | 0.3m | freshwater | stones
Lake-Miihlengeezer

See Germany | 1997 | 53.762 | 12.060 | 0.3m | freshwater | stones
Lake-Pinnower See Germany | 1997 | 53.608 | 11.540 | 0.3m | freshwater | stones
Lake-Rudower See Germany | 1998 | 53.117 | 11.543 | 0.3m | freshwater | stones
Lake-Schaalsee Germany | 1999 | 53.585 | 10.959 | 0.3m | freshwater | stones
River-Alte Peene Germany | 1997 | 53.865 | 13.810 | 0.5m | freshwater | plants
River-Bresenitz Germany | 2001 | 53.675 | 12.044 | 0.2m | freshwater | stones
River-Randow Germany | 2002 | 53.615 | 14103 | 0.5m | freshwater | stones

drying in a heatchamber (60 °C, 24 h) and the shell weight after heating at 500 °C for
24 h (M 110, HERAEUS INSTRUMENTS, Germany) with laboratory balance (RC210F,
SARTORIUS AG, Germany). The relationship between shell length and shell height
and shell weight respectively were independently regressed. The software used was
Excel. For the test of significance we calculated the confidence interval (95 %) for each
regression. For a comparison of the different populations we analysed the radula from
one specimen of each site. Three measurements of the central and two of the large
intermediary teeth were taken (Fig. 2). Three different ratios were calculated (see Figure
2). The pictures were made by digital cam NIKON Coolpix 995 and by using REM (Cam
Scan 44WEX).
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RESULTS

ECOLOGICAL OBSERVATIONS

T. fluviatilis from brackish waters

are distinguished from freshwater

individuals by having different habitat
a) preferences. We never observed the
migration or colonization of brackish
water animals into rivers or vice
versa. Generally, we found a zone
between both habitats which is not
occupied by Theodoxus.

Individuals from freshwater occupy
running waters or the littoral (lotic)
zone of bigger lakes. These habitats
are generally highly oxygenated.
Theodoxus settles on hard substrata
like stones, wood, and in some
circumstances, on plants (Phragmites
australis, Nymphaea alba, Nuphar
lutea). In inner coastal waters and in
nearshore waters off the coast (not
deeper than 5-10 m) with moderate
salinities (between 2 and 8 psu)
Theodoxus mostly colonizes phytal
substrata like Fucus vesiculosus,
Potamogeton spp. or Zostera marina.
We observed a maximum abundance
between 200 and 1000 ind./m? in
the boddens (shallow and sheltered
coastal water of the southern Baltic

height

Figure 2 a) Scheme for the measurements of the
shell length and height. b) Part of the Theodoxus
radula (central and the two large intermediary . . .
teeth). Measurements of different radula features “?gI Ollgoz—.and rrllesohallnelgondltlpns)
are indicated. Following relations were calculated: 9* -/arss” e

L/W1 and /W2 for the central tooth, Q=I2/I1 for (10-20 psu) the species prefers hard
the large intermediary tooth. substrata. In deeper areas (below 15 m

and without plants) stones, boulders
and sometimes Mytilus-aggregates are
good habitats for Theodoxus as well. At the Adlergrund/Ronnebank, a shallow and stony
area between the islands of Bornholm and Rugia, we found an abundance around 200
ind./m? in September 1999 and May 2002.

MORPHOLOGICAL FEATURES
Regarding periostracum coloration T. fluviatilis is a highly variable species (Fig. 6, 7).
In the outer coastal waters of the Baltic Sea the nearly black and often corroded form
of shell is predominant (Fig. 6a, b) whereas in the inner (sheltered) parts of the coastal
waters the yellowish-green form prevails (Fig. 6g-n). Marked differences exist among the
freshwater populations as well. The background colour may be pale or the whole shell
may be dark. The shell is ornamented with a pattern of yellow-white streaks (Fig. 7a, b),
netlike structures (Fig. 7d, ) or dots (Fig. 7g-n). Excluding the largest individuals, the
regressions between shell length and shell height of both freshwater and brackish water
populations were very similar (Fig. 3). The difference between them is not significant.
T. fluviatilis from brackish water habitats grew to a length of up to 9.3 mm and a height
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Figure 3 The regression line for shell length and shell height of Theodoxus fluviatilis from brackish
and freshwater populations.
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Figure 4 The regression line for shell length and shell weight of Theodoxus fluviatilis from
brackish and freshwater populations.

of 5.8 mm. The maximum shell length of freshwater populations was 13.1 mm and the
height reached was 9.3 mm. Also, the relations between shell length and shell weight are
very similar across habitats (Fig. 4). We found no significant difference. Our data show
that there is no change in the relationship between shell length and weight across the
entire range of sizes. The maximum shell weight of brackish water Theodoxus was 124
mg whereas the shells of freshwater specimens weighed 343 mg at the most.
Regarding the radula measurements both the relations within the single central
tooth (L/W1 and L/W2) and the large intermediary teeth (Q) showed no significant
differences between T. fluviatilis from brackish water or freshwater habitats (Fig. 5). Even
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Figure 5 The relation between different radula features of the central tooth (L/W1, L/W2) and of
the large intermediary tooth (Q) of Theodoxus fluviatilis from brackish and freshwater populations.
The measurement of these parameters are shown in figure 2.

when the substrata (stones or plants) of the populations (see Table 1) were taken into
account (not shown in figure), we never found characteristic features to justify separate
radula shapes.

Microscopic inspection of the opercula revealed no differences between brackish
water and freshwater individuals (Fig. 6, 7). The operculum is equipped with a ridge
on the inner side, supporting the attachment of the columellar muscle. Usually in T.
fluviatilis, there is no knob on the opercular hinge.

Di1sCUSSION

Considering coloration, T. fluviatilis is a variable species both in brackish water and
freshwater habitats. The colour and the patterns of the periostracum are influenced by
external factors like ionic composition of the milieu and possibly by the substratum
and/or nutrition (Rotarides, 1932; Jaeckel, 1952; Neumann, 1959; Heller, 1979; Dillon,
2000). In the outer coastal waters of the Baltic Sea, the nearly black and often corroded
form of shell is predominant, whereas in the inner parts of the coastal waters mainly
the yellowish-green form prevails. Both forms are indicative of different substrata. The
animals from lotic areas with stony substrata are more black. On soft bottom and in
more sheltered areas T. fluviatilis is confined to vegetation like Zostera, Potamogeton
and Fucus. In these areas the more yellowish-green and transparent shells dominate.
This indicates the likely influence of habitats/substrata on shell colour variability. We
report some differences between T. fluviatilis from brackish and freshwater habitats: The
mean size of the shells in brackish water habitats is smaller than in freshwater (Gloer,
2002). In a brackish water population near Asko (near the same locality as our station
1) Skoog (1971) found a maximum shell length of 8.5 mm. T. fluviatilis from the brack-
ish Lochs of Harray and Stennes (Scotland) reached a shell length between 6.5 and 9
mm (Nicol, 1938). During the cruise of Knipowitsch (1909) several hundred specimens
were collected. The maximum shell length was 9.6 mm from the locality of Ytternds
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Figure 6 Theodoxus fluviatilis from different brackish water locations (see Table 1 for more
information). a-¢) Askd, Sweden, d-f) Tviarminne, Finland, g-i+q) Puck Bay, Poland, j-1+p) Barther
Bodden, Germany, m-o) Greifswalder Bodden, Germany. The scale bar is always 1000 pm except
for the radula which is 100 um.

(Marichamn) on Aland (Finland). The upper shell length in our study of brackish water
specimens was 9.3 mm (Greifswalder Bodden). The maximum shell length of T. fluviati-
lis in freshwater was 13.1 mm (River Randow) which is in the upper range of this species
(e.g. Falniowski, 1989; Gloer, 2002).

In brackish water the size of the egg capsules is smaller and the number of eggs within
each capsule is lower (about 40%) (Bondesen, 1940; Graham, 1988). Further differences
occur with respect to their behaviour. T. fluviatilis in freshwater is restricted (with some
exceptions; Phragmites australis, Nymphaea alba and Nuphar lutea) to hard substrata,
scraping food with its radula (Bandel, 2001). For example stones offer a counterpart for
the radula when the animal is grazing on diatoms (Ulrich & Neumann, 1956; Neumann,
1961; Carlsson, 2000; Zettler, 2000). In the laboratory it was possible to keep the animals
on plants for a restricted time only (Neumann, 1961). Carlsson (2000) found T. fluviatilis
in one lake on the Aland Islands under the leaves of water lilies (Nuphar lutea), which
may be explained by the fact that the plants are offering the same kind of substratum
as stands of bladder-wrack (Fucus wvesiculosus) and eelgrass (Zostera marina) on which
it is often found in the Baltic Sea (Bostrém & Bonsdorff, 1997; Malm et al., 1999; this
study). These findings may indicate that there are differences in the construction of the
radula of Theodoxus from both habitats (brackish water or freshwater, stones or phytal).
No evidence for this hypothesis was found in the present study. The radular features
(central and intermediary teeth measurements) showed no significant differences
between brackish and freshwater specimens and between individuals from stony or
phytal substrata.

Some investigations have been made on the adaptability of T. fluviatilis from
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Figure 7 Theodoxus fluviatilis from different freshwater locations (see Table 1 for more
informations). a-c) Bresenitz, Germany, d-f+p) Milhien;,t,uyer See, Germany, g-i) Schaalsee,
Germany, j-1) Randow, Germany, m-o+q) Rudower See, Germany. The scale bar is always 1000
pm except for the radula which is 100 pm.

brackish and freshwater habitats. Investigations of the salinity tolerance of individuals
from different salinity regimes revealed differences between populations which are
correlated to their origin (Kangas & Skoog, 1978; Neumann, 1960). Individuals from
brackish water and freshwater populations were investigated by Neumann (1960) to
assess their physiological adaptability by slowly and rapidly changing the salinity. He
found a correlation between an animal’s origin and its salinity tolerance. The brackish
water individuals tolerate higher salinities than those from freshwater. A similar result
was obtained for three populations from the northern Baltic Sea and one population
from a Swedish freshwater lake (Kangas & Skoog, 1978). They found that freshwater
animals were much less tolerant of salinity changes than brackish ones, and the brackish
individuals vary in their ability to tolerate changes with respect to the degree of salinity
in their original habitat.

Regarding morphology (shell size, operculum, radula), we found no significant
differences between brackish water and freshwater populations of T. fluviatilis in
the Baltic Sea area. The variability of shell morphology and ecological behaviour
of T. fluviatilis within and/or between brackish water and freshwater populations
demonstrates the large ecological and morphological variation within this one species.
It would be of further interest to investigate populations from brackish waters and
freshwaters with respect to genetic differences to obtain further knowledge regarding
the species status of Theodoxus in the Baltic area. Some results indicate no differences
between speciemens from fresh and brackish environments (Nyman & Skoog 1977, P.
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Bunje, pers. comm.). According to our results, maintenance of T. fluviatilis as one species
is justified.
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