Frédéric Azémar 
email: azemar@cict.fr
  
Stefan Van Damme 
  
Patrick Meire 
  
Micky Tackx 
  
New occurrence of Lecane decipiens (Murray, 1913) and some other alien rotifers in the Schelde estuary (Belgium)
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Three alien rotifers were found in the Schelde estuary in spring and summer [2002][2003]. Lecane decipiens and Brachionus variabilis, with a maximum of respectively 6 and 4 ind L -1 , were rare and quite localized in the freshwater tidal reach, corresponding to the stage III (non invasive species) in Colautti and Mac Isaac's invasion terminology. This record of L. decipiens is the first confirmed one in Europe. Keratella tropica was generally present in the freshwater reach but, more tolerant to salinity, it was also found in brackish water. With its maximum abundance of 18 ind L -1 , K. tropica appeared to be invasive, with a stage IVa (widespread but rare) at the scale of the Schelde estuary. A description with illustrations of these introduced species is given with some information about their ecology.

INTRODUCTION

As non indigenous species (NIS) entering an ecosystem can induce major changes in community structure and ecosystem functioning, and potentially destroy local species by predation or competition, biological invasions are one of today's concerns in both terrestrial and aquatic systems [START_REF] Perrings | Biological invasion risks and the public good : an economic perspective[END_REF][START_REF] Kennish Mj | Environmental threats and environmental future of estuaries[END_REF][START_REF] Lee Ce | Evolutionary genetics of invasive species[END_REF][START_REF] Lee Ce | Evolution of physiological tolerance and performance during freshwater invasions[END_REF][START_REF] Tabacchi | Seed inputs along riparian zones : implications for plant invasion[END_REF]. For aquatic organisms, shipping activity, with its associated ballast water discharge and hull fouling, is known to be an important mean of transport both overseas and locally [START_REF] Wasson K | Biological invasions of estuaries without international shipping : the important of intraregional transport[END_REF]. Consequently, harbour management strategies take this problem into account in order to prevent biological invasions [START_REF] Horan Rd | Biological pollution prevention strategies under ignorance : the case of invasive species[END_REF]BATAB-YAL & BELADI, 2004;[START_REF] Batabyal Aa | Maritime trade, biological invasions, and the properties of alternate inspection regimes[END_REF].

As the Schelde basin (Belgium and the Netherlands, Fig. 1) is one of the most intensively used shipping ways in Europe, it is a particularly favourable area to the introduction and spreading of non indigenous species. After Rotterdam, the Belgian harbour of Antwerpen, located inland, between km 68 and 89 from the mouth (Vlissingen), is the second European port and the eighth in the world. Navigable for most of its length, the Schelde is connected with a dense canal network giving access to other major ports in the vicinity, as Gent, Brussel, Zeebrugge, Oostend, Liège, and also to other basins, as the Rhine and Meuse basins. The Schelde is also one of the few remaining estuaries in Europe with an extensive freshwater tidal reach (MEIRE et al., 2005; [START_REF] Van Damme | Spatial and temporal patterns of water quality along the estuarine salinity gradient of the Scheldt estuary (Belgium and The Netherlands) : results of an integrated monitoring approach[END_REF] and as such offers a large variety of environments to the introduced specimens. Not surprisingly, numerous exotic species, both terrestrial and aquatic have been reported from the area. The Chinese mitten crab, Eriocheir sinensis (Milne-Edwards, 1854), is perhaps the best known invader in the Schelde estuary [START_REF] Anger K | Effects of temperature and salinity on the larval development of the Chinese mitten crab Eriocheir sinensis (Decapoda : Grapsidae)[END_REF], and the mollusc Dreissena polymorpha (Pallas, 1771) has been reported on sluice doors. As some other examples we cite : the Atlantic croaker, Micropogonias undulates (L.) [START_REF] Stevens | Micropogonias undulatus (L.), another exotic arrival in European waters[END_REF]; the North-American amphipods Melita nitida Smith, 1873 and Incisocalliope aestuarius (Watling and Maurer, 1973) reported by FAASSE & [START_REF] Faasse | The North-American amphipods, Melita nitida Smith, 1873 and Incisocalliope aestuarius (Watling and Maurer, 1973) (Crustacea : Amphipoda : Gammaridea), introduced to the Western Scheldt estuary (The Netherlands)[END_REF].

The zooplankton community is also concerned as a potential invader. The small size of most of these organisms, combined with the production of resting eggs offers them advantages for propagation. Acartia tonsa (Dana, 1848), for example, is a North-American native calanoid well established in all European estuaries. Daphnia ambigua Scourfield 1947 andD. parvula Fordyce, 1901 are alien cladocerans commonly found in Belgium [START_REF] Maier G | Daphnia invasion : population dynamics of Daphnia assemblages in two eutrophic lakes with particular reference to the introduced alien Daphnia ambigua[END_REF] as well as Moina weissmanni Ishikawa, 1896 reported in Flanders by [START_REF] De Meester | The status of some exotic cladoceran (Crustacea : Branchiopoda) species in the Belgian fauna[END_REF].

But not all introduced specimens can succeed in establishing themselves. The important variety of situations has given rise to an equally diverse vocabulary, using terms as : alien, exotic, imported, colonizing, invasive… COLAUTTI & MAC ISAAC ( 2004) have clarified the confused "invasive" species terminology by suggesting a classification based on the "propagule pressure concept" [START_REF] Williamson Mh & Fitter A | The characters of successful invaders[END_REF] with different stages in an invading process. Five stages were identified : stage 0 being the potential invading propagules in their donor region; stage I, the propagules are taken into a transport vector (ballast water for example); stage II, the propagules survive the transport and are released in a new environment; stage III, they establish (survive and reproduce) in the recipient region but stay localized and rare; stage IVa, propagules become widespread but rare; stage IVb, propagules are localized but dominant; finally, at stage V they are widespread and dominant. The stages III to V only concern established species in a new environment. Stages IVa and V are considered as "invasive" opposite to stages III and IVb which are "non invasive". This classification was used in the present work.

The aims of this study were (1) to report the presence of some introduced rotifers (Keratella tropica, Lecane decipiens and Brachionus variabilis) in the Schelde estuary, (2) to present morphological characteristics of these species in the Schelde focussing on their diagnosis, with new illustrations and (3) to discuss their ecology and their present invasive stage in the Schelde.

MATERIALS AND METHODS

The material examined (Table 1) was obtained in 2002-2003 from campaigns in the brackish and freshwater reaches of the Schelde estuary during the multi disciplinary monitoring of the OMES program (Flemish government research program), including investigations about the zooplankton diversity and distribution. 16 stations, identified by their distance (in km) to the mouth of the estuary in Vlissingen and 4 tributaries (Rupel, Durme, Dender and Boven Schelde), were monthly sampled (Fig. 1). 50 litres of the surface water were collected in the middle of the stream with a bucket from a ship and filtered over a 50µm mesh size. Carbonated water was added to the sample in order to narcotize rotifers before fixing them with formalin at a final concentration of 4%. The tributaries were sampled from the shore, at about one km from their mouth.

In 2003, some specimens were also collected from the shore in Antwerpen, Dendermonde and Gent.

Salinity and temperature were measured in situ using an YSI 650 MDS multimeter with an YSI 600 R sensor. List of material examined, with the number of specimens and sampling station. All stations were in the Schelde estuary except Gent *, in the Boven Schelde. D indicates the distance from the mouth at Vlissingen. In the laboratory, samples were stained with 4-5 drops of erythrosine, prepared at 0.8mg per 100mL of water, to facilitate detection of the organisms in the detritus rich samples. The samples were screened with a stereomicroscope Leica MZ 9.5 (9x -90x) and specimens of interest mounted on a slide in glycerine. These were further observed with a microscope Nikon Optiphot-2 (50x -600x) fit with a DIC process and a camera lucida for drawings and measurements.

RESULTS AND DISCUSSIONS

The following species have been diagnosed as alien species in the Schelde estuary :

Lecane decipiens (Murray, 1913) Description : Lecane with a smooth ovate lorica being about four-fifths as wide as long (Fig. 2). Dorsal plate anteriorly narrower than ventral, without lateral extensions but sharp triangular projections at the antero-lateral corners. Deep lateral sulci between the dorsal and ventral plates. The lateral margins of the dorsal plate do not reach the head aperture margin. This aperture having coincident margins, strongly concave, with sinuses very deep, Vshaped and rounded posteriorly. Toe single and long, parallel sided for half and tapering gradually to point, without claw.

Diagnosis : This species can be mistaken with the common L. hamata (Stokes, 1896) and with L. serrata (Hauer, 1933). It differs from the first by the lateral margin of the dorsal plate which does not reach the head aperture, and from the second by its lorica without any ornamentation.

Measurements : The toe (length), the dorsal and ventral plates (width and length) were measured on 10 specimens from the Schelde. The mean size with standard deviation are given in Table 2.

Distribution and abundance : L. decipiens was found in spring (May and June 2002) in 5 stations of the upper reaches of the estuary and in the Boven-Schelde (Fig. 3). The water temperature measured was between 19.4°C, in May, and 25.1°C, in June. L. decipiens also appeared in winter (March 2003) in one station (Dendermonde, km 121.5) at a water temperature of 10.0°C. The area inhabited by this Lecane covered around 40km, from Vlassenbroek (km 118) to the Boven-Schelde station, upstream from Gent. The salinity ranged from 0.09 to 0.11g L -1 . The maximum abundance was 6.1 ind L -1 , in June.

Discussion :

The measurements showed that individuals from the Schelde estuary were rather small but in accordance with the data previously reported on the species [START_REF] Koste W | Rotatoria. Die Rädertiere Mitteleuropas[END_REF][START_REF] Sharma Bk | Contributions to the Rotifer fauna of Orissa, India[END_REF][START_REF] Segers H | Rotifera. Volume 2 : The Lecanidae (Monogononta). Guides to the Identification of The Microinvertebrates of the Continental Waters of the World[END_REF]. This Lecane originating from South and Central America was cited in Europe although all of these occurrences were uncertain or misidentified L. hamata [START_REF] Pejler B | On the taxonomy and ecology of benthic and periphytic Rotatoria (Investigations in Northern Swedish Lapland)[END_REF][START_REF] Brunhes | Etude botanique et zoologique du site de Chambedaze[END_REF][START_REF] Segers | Rotifera of some lakes in the floodplain of the River Niger (Imo State, Nigeria). Faunal composition and diversity[END_REF][START_REF] Segers H | Rotifera. Volume 2 : The Lecanidae (Monogononta). Guides to the Identification of The Microinvertebrates of the Continental Waters of the World[END_REF][START_REF] Segers H | The biogeography of littoral Lecane Rotifera[END_REF]. The problem of reliability of the nonillustrated records as well as for some illustrated ones is well known in rotifer studies [START_REF] Dumont Hj | Biogeography of rotifers[END_REF][START_REF] Koste | Classical taxonomy and modern methodology[END_REF][START_REF] Segers H | An analysis of taxonomic studies on Rotifera : a case study[END_REF][START_REF] Segers H | Zoogeography of the Southeast Asian Rotifera[END_REF]. The presence of L. decipiens in the Schelde basin in various locations (6 stations) and time (2002)(2003) indicates, despite its quite low abundance in our plankton samples, the possible establishment of a rather abundant population in its typical benthic-periphytic environment. This is the first confirmed occurrence in Europe. Its presence in March 2003 associated with low temperatures indicates a large tolerance to this factor whereas the salinity range in which L. decipiens occured was low. According to the invasive species terminology of COLAUTTI & MAC ISAAC, 2004, this species can be considered as "non invasive" with a stage III (established species, localized and numerically rare). In May, the rotifer population was dominated by B. calyciflorus Pallas, 1766, and by both B. calyciflorus and B. angularis Gosse, 1851 in June. During these periods, L. decipiens never represented more than 0.7% of the total rotifer abundance (Fig. 4). We can assume that the impact of L. decipiens on the functioning of the ecosystem is negligible. 

Brachionus variabilis Hempel, 1896

Description and diagnosis : Lorica flattened dorsoventrally bearing six spines at the antero-dorsal margin; the median ones being the longest; the intermediate and the lateral barely equal (Fig. 5). Antero-ventral margin with two rounded median projections. Two posterior spines, very variable, can appear or not, and reach a considerable length. All specimens found in the Schelde had long spines. This Brachionus presents a dorsal tongueshaped projection over the foot opening which characterise the species. The similar B. novae-zelandiae (Morris, 1913) does not have such projection.

Measurements : The length of the lorica with and without spines was measured on 10 specimens from the Schelde, as well as their width. The mean size with standard deviation is given in Table 3. Distribution and abundance : B. variabilis was only present in the upper reaches of the estuary (Fig. 3) in summer, with quite low abundances. The maximum abundance occurred in July with 4 ind L -1 . Compared to the total rotifer population, the relative abundance was quite low, reaching a maximum of 1.4% of the rotifer abundance (Fig. 4). The area inhabited by B. variabilis covered around 70km, from Steendorp (km 94) to the Boven-Schelde station, upstream from Gent. The salinity ranged from 0.09 to 0.24 g L -1 . Water temperature was 20.2 to 24.1°C.

Discussion :

The first occurrence of B. variabilis in Europe was reported in the boat racing canal in Gent [START_REF] Coussement | Brachionus variabilis Hempel and Asplanchna girodi de Guerne, two rotifer species new to Europe and Belgium, respectively[END_REF]. Its sporadic occurrence in Belgium was noted by [START_REF] Dumont Hj | Biogeography of rotifers[END_REF] : "(…) Brachionus variabilis (…) suddenly appeared "en masse" in Belgium during the hot summer of 1976. After a short re-occurrence in 1977, it died out (?) again". At present, this American species, originally described from Havana, Illinois, and recorded from the Palearctic, Neoarctic, Orien-tal, Australian and Neotropical regions (DE RIDDER & SEGERS, 1997) is observed in the Schelde. All specimens were found in freshwater. In Belgium, this species could develop in high numbers around Antwerpen (e.g. Blokkersdijk) and in the creek region of the North West, (e.g. Sint Jan in Eremo) according to an anonymous referee. Considering its large distribution, the non-indigenous status of B. variabilis in Belgium is arguable. As well as L. decipiens, B. variabilis can be considered as "non invasive", stage III (localized and numerically rare). Further data are necessary to precise the status of the Schelde basin population but an invasive stage II would suppose some recurrent introductions and dispersal along the estuary to explain its large distribution in the estuary. Nevertheless this species is not sufficiently abundant to have a significant impact on the system.

Keratella tropica Apstein, 1907

Description : Lorica flattened dorso-ventrally bearing three median plates; a fourth small posterior plate characterise the species; three pairs of marginal plates (Fig. 6). Six spines at the anterior-dorsal margin, with the median ones, long and curved ventral ward. The lateral ones are usually a little longer than the intermediate. Two unequal posterior spines both variable in length but the right one is always longer than the left one which can be absent. The variations of the posterior spines length are illustrated in Fig. 7 with the different patterns found in the Schelde. Diagnosis : The small hindmost median plate of the lorica easily differentiates Keratella tropica from Keratella valga (Ehrenberg, 1834).

Measurements : The length of the lorica without spines was measured on 15 specimens from the Schelde, as well as the length of the two posterior spines. The mean size with standard deviation is given in Table 4.

Distribution and abundance : K. tropica was mainly present in the upper reaches of the estuary (Fig. 3) in the late summer (July, August and September). Some specimens were also found in Antwerpen (km 78.5) in the brackish water. The salinity ranged from 0.09 to 2.62g L - 1 . Water temperature ranged between 18.5 and 23.6°C. The maximum abundance, observed in August, was 17.6 ind L -1 . The species was also observed the following years (2003)(2004) during the same season. The relative abundance was much higher than that of L. decipiens and B. variabilis : negligible in July 2002 (0.2% of the rotifer population) but between 1.3 and 5.1% in August 2002, and 0.6 to 7.9% in September 2002 (Fig. 4) according to the station where this species occurred.

Discussion : This Keratella is widely distributed in tropical freshwaters and also in subtropical and temperate areas in summer. Specimens from the Schelde estuary were rather small in size compared to those from other locations and generally they had a short left posterior spine. The spatio-temporal distribution of the different forms of K. tropica did not present any tendency : specimens with long and short posterior left spine were both present during summer in all locations. [START_REF] Hynes Hbn | Ecology of running waters[END_REF] reported the existence of a diminutive form of this species from a river (Batuluoya, Ceylon) and attributes it to an adaptation to running waters. According to [START_REF] Green | Asymmetry and variation in Keratella tropica[END_REF], the spine length was correlated with the presence of calanoid copepods. In the Schelde, calanoids were rare during summer but the cyclopid copepod Acanthocyclops trajani Mirabdullayev & Defaye, 2002 (previously identified as A. robustus), was dominant in the freshwater tidal and is a potential predator of rotifers.

As in other estuaries, K. tropica was mainly found in the freshwater reaches of the estuary [START_REF] Sharma | Results on planktonic Rotifers in the Narmada river (Madhya Pradesh, Central India)[END_REF][START_REF] Holst | Temporal and spatial dynamics of planktonic rotifers in the Elbe Estuary during spring[END_REF][START_REF] Shiel Rj | Zooplankton of the Murray-Darling system[END_REF] but it shows a tolerance to salinity, being present in the brackish area as well. It appears to be resistant to pollutions and eutrophic conditions [START_REF] Duggan Ic | Distribution of rotifer assemblage in North Island, New Zealand, lakes : Relationships to environmental and historical factors[END_REF][START_REF] Mishra Sr | Rotifers and their seasonal variation in a sewage collecting Morar (Kalpi) river, Gwalior, India[END_REF], as encountered in the Schelde estuary. Moreover, it's presence in the entire freshwater area of the estuary lead us to consider it as a stage VIa (widespread but numerically rare) invasive species. In 1980, LEENTVAAR reported its presence in the cooling water of a factory in the Netherlands. Its warm-stenothermy determines its occurrence. K. tropica is now a common rotifer in Europe in summer and it is at present impossible to tell whether this is truly non-indigenous (SEGERS, pers. com.). Whatever its invasive status is, with its rather important relative abundance (max 7.9% of the rotifer abundance), K. tropica could have a significant role in the trophic web of the estuary.

GENERAL DISCUSSION

The OMES study was the only recent one focusing on rotifer diversity in the Schelde estuary. As such, the three species considered in this paper could have been introduced a long time ago without being observed till 2002. The date of their introduction in the Schelde remains unknown. All have been recorded in Europe before (see [START_REF] De Ridder | Monogonont Rotifera recorded in the World literature (except Africa) from 1960 to 1992[END_REF]. Nevertheless, the present report of L. decipiens is the first illustrated, hence reliable, record from Europe. All previous illustrated records of the species from Europe are misidentified L. hamata [START_REF] Segers H | The biogeography of littoral Lecane Rotifera[END_REF].

Even if the shipping is clearly an important vector of propagation for some species, it cannot be generalized to all species. Transcontinental transport concentrates in marine and brackish waters so these ships are probably less appropriate for propagation of typically freshwater species as L. decipiens and B. variabilis. The freshwater reaches of the Schelde however also deal with a lot of more localized transport, which could facilitate dispersion within the adjacent basins of Rhine and Meuse.

For introduced species found in low abundance it is problematic to determine whether they are established (stages III and IVa) or not (stage II) in their new environment. The regular shipping traffic may lead to multiple introductions year by year. Nevertheless, the distribution and frequency of the occurrences are informative to determine the invading stage. Keratella tropica is the only rotifer species appearing to be invasive (stage IVa) at the scale of the investigated stretch of the Schelde estuary. Lecane decipiens and Brachionus variabilis are non invasive (stage III).

In combination with the adaptation capacity of some exotic species, as K. tropica, the actual climate change could be favourable to spreading of introduced species. Global change models predict an increase of run-off in North and Western Europe [START_REF] Arnell Pw | The effect of climate change on hydrological regimes in Europe : a continental perspective[END_REF]. [START_REF] Muylaert | Effects of freshets on phytoplankton dynamics in a freshwater tidal estuary (Schelde, Belgium)[END_REF] showed changes in phytoplankton composition of the Schelde following freshets. During the period 1996-2000, the run-off of the Schelde has strongly and continuously increased and [START_REF] Struyf | Possible effects of climate change on estuarine nutrient fluxes : a case study in the highly nutrified Schelde estuary (Belgium, The Netherlands)[END_REF] have shown a possible effect on the modification on the Schelde estuarine nutrient fluxes. In 2002 the discharge of the Schelde was indeed very high ( [START_REF] Van Damme | Spatial and temporal patterns of water quality along the estuarine salinity gradient of the Scheldt estuary (Belgium and The Netherlands) : results of an integrated monitoring approach[END_REF]. These phenomena have a strong influence on the ecosystem functioning, which increases the difficulty to predict the becoming of the introduced species. Nevertheless, the 3 probably alien rotifers presented here show a development during the warmest periods of the year. Hence, an increase of the water temperature could facilitate their development in this area. However, to our knowledge, no rotifer has up to date been reported to be invasive in any estuary.

Fig. 1 .

 1 Fig. 1. -Map of the Schelde estuary indicating the marine, brackish and freshwater stretches and the position of the sampling stations (white circles). Stations in the Schelde are denoted according to their distance to the mouth, at Vlissingen. Stations in the tributaries were called "Ru" for Rupel, "Du" for Durme, "De" for Dender and "Bo" for Boven Schelde. Gray arrows indicate position of upper limit of tidal influence.

Fig. 2 .

 2 Fig. 2. -Ventral vue of a female of Lecane decipiens.

Fig. 3 .

 3 Fig. 3. -Abundance of L. decipiens, B. variabilis and K. tropica in the Schelde estuary in 2002. Stations in the Schelde are denoted according to their distance (in km) to the mouth, at Vlissingen. Stations in the tributaries were called "Ru" for Rupel, "Du" for Durme, "De" for Dender and "Bo" for Boven Schelde. The black line indicates the brackish area of the estuary.

Fig. 4 .

 4 Fig. 4. -Total abundance (ind L -1 ) of rotifers (A) from may to september 2002 in the Schelde estuary (white bars) and its tributaries (striped bars). Stations are denoted as in Fig. 3. Asterisk indicates an absence of sample. The relative abundance (B) of the introduced rotifers, L. decipiens (L. dec.), B. variabilis (B. var.) and K. tropica (K. trop.) compared to the total rotifer abundance is represented by box-plots with the mean, the minimum and maximum relative abundance at the stations where they occurred. N indicates the number of these stations.

Fig. 5 .

 5 Fig. 5. -Dorsal view of a female of Brachionus variabilis.

Fig. 7 .

 7 Fig. 7. -Diversity of patterns in posterior spines of Keratella tropica in the Schelde estuary.

TABLE 2

 2 Mean size and standard deviation of Lecane decipiens Dorsal plate (DP), ventral plate (VP) and toe. 10 specimens were measured.

		DP	DP	VP	VP	Toe
		length	width	length	width	length
	Mean size (µm)	76.5	62.9	80.8	54.8	37.2
	Standard deviation	3.7	5.3	3.1	3.2	0.5

TABLE 3

 3 Brachionus variabilis length and standard deviation. 10 specimens were measured.

		Total length	Length without spines	Width
	Mean size (µm)	348.2	197.5	206.7
	Standard deviation	3.9	3.3	4.4

TABLE 4

 4 Mean size and standard deviation of Keratella tropica lorica and posterior spines. 15 specimens were measured.

		Lorica	Left posterior spine	Right posterior spine
	Mean size (µm)	109.3	56.2	9.3
	Standard deviation	4.3	17.2	8.0
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