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Abstract

:

Located in Lestelas-Balaguères massif, central northern Pyrenees, France, the Baget catchment covers 13.25 km2 and is highly karstified: so far, more than 80 caves have been recorded. The main outlet of the system, the exsurgence de Las Hountas, has an average flow of 550 L/s. Downstream, it is connected with the hyporheic of the Lachein stream. The Baget system, formed by both the karstic system and the hyporheic, has been intensively investigated by cave biologists and is known to be a hotspot for subterranean biodiversity. The synthesis provided here lists no less than 17 troglobionts and 40 stygobionts, with 3 single site endemics, making the Baget system the richest subterranean hotspot in the Pyrenees. This is notably due to the diversity of subterranean habitats and to the comprehensive knowledge of the stygofauna, likely unmatched at the European scale. Considering the significant speleological findings of the last 15 years that have not been yet biologically investigated, we can expect new discoveries, especially for the troglofauna.
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1. Introduction


The Pyrenean range, especially on the central and western area of its northern slope, is known to be one of the world hotspots for subterranean fauna [1]. Within this area, three sites stand out for their high diversity: the hyporheic of the Nert, the Coume Ouarnède system [2] and the subterranean Baget system, including both karstic and hyporheic habitats (Figure 1). The latter, which is still being explored by cavers, has been extensively studied and sampled over more than 50 years by biologists, benefiting from the close proximity of the CNRS laboratory in Moulis, and has become a global reference for the subterranean aquatic fauna of karst and hyporheic environments.



In this study, based on bibliographic data and unpublished observations, we gathered the most comprehensive list of troglobionts and stygobionts for the Baget system, considering both the karst environment and the hyporheic environment. The aim of this article is to present the general features of this system, incorporating some unpublished speleological and hydrological data, and to provide an overview of its fauna, put in its ecological and biogeographical contexts.




2. Study Site


2.1. The Lestelas-Balaguères Massif


The Lestelas-Balaguères massif straddles the departments of Ariège (13 municipalities) and Haute-Garonne (4 municipalities). It covers an area of around 88 km2. It is heavily karstified and attracted the interest of cavers very early on. The inventories, initiated by Georges Jauzion, taken over by Daniel Quettier and amended by the caving committees of Ariège and Haute-Garonne with the support of local caving groups, list more than 500 caves [3]; D. Quettier, pers com.



In this area, the Mesozoic series that covers the crystalline massif is represented by terrain ranging from the Triassic to the Turonian. The Jurassic and Lower Cretaceous are the two predominant carbonate formations, and karstification is most marked in the Jurassic-Neocomian and Upper Aptian with Urgonian facies [4].



The Lestelas-Balaguères massif is drained by several karstic systems. The most important are the Peillot system; the Bethmale/Hount Heredo system; the Pas du Loup/Teillèdes or Francazal system; the Belle/Cassagnous or underground Hider system; the Coume Ferrat/Aliou or Paloumé system; and the Papillon/Las Hountas or underground Baget system.



The Peillot system, located on the edge of the massif near the village of Cazavet, is apart as it is developed in sandstone marl from the Albian. The three subterranean systems of Hider, Paloumé and Baget share many morphological similarities. Their upper entrances are at similar altitudes (Belle, 1162 m; Bagagès, 1172 m; Papillon, 1150 m), with their respective exsurgences at 505 m (Cassagnous), 441 m (Aliou) and 493 m (Las Hountas). The upper entrances provide access to a series of shafts leading to an active stream with a low gradient. The gradient increases significantly in all three cases shortly before reaching the flooded zone, which is of wide extension.



For the Hider subterranean system, the junction between the upper entrance and the resurgence has been completed (exploration of Gouffre Belle by the Spéléo-Club de l’Epia and of the flooded zone by cave divers G. Tixier and F. Bréhier), [5,6]. For Paloumé and Baget systems, a large gap remains. In all these systems, exploration is still in progress by local caving groups [3,7,8,9].




2.2. The Subterranean Baget System


The Baget catchment is located in the southern part of the Lestelas-Balaguères massif in Ariège. It adjoins the Arbas massif to the West at the level of the ridges passing through the Pic de Cornudère and the Tuc de Pissarelle. According to the limits proposed by A. Mangin [4,10,11,12], it extends from West to East over ten kilometers long with a fairly irregular width varying from 1 to 2 km. It is drained by the exsurgence of Las Hountas, located at its eastern end. The catchment covers 13.25 km2, of which 4 km2—i.e., around 30%—are of impermeable non-calcareous terrain.



It is made up of a homogenous structure of crystalline Mesozoic limestone [13]. The Alas fault forms its northern boundary. To the South, the limestone disappears beneath the clay-gravel formations of the Albo-Cenomanian. The western limit, in continuity with the Arbas massif, is more difficult to define, with metamorphosed limestones interspersed with dolomites. It is supposed to extend to the Col de la Croix de Guéret. Its surface area is mostly covered by forests and pastures. There is very little anthropic activity. Its average altitude is 955 m, ranging from 493 m (altitude of the Las Hountas resurgence) to 1417 m (altitude of the Tuc de Graué). Annual precipitation is around 1700 mm, the climate is oceanic with high water level ranging from November to April. The average temperature is 12.3 °C [10,11,12].



Not under threat and not under formal protection measures, the biological richness of the massif is nevertheless remarkable, and has been labeled as Zone Naturelle d’Intérêt Écologique, Faunistique et Floristique (ZNIEFF) Soulane de Balaguères au Char de Liqué (national ID: 730012100) and is included in a Natura 2000 site (Chars de Moulis et de Liqué, grotte d’Aubert, Soulane de Balaguères et de Sainte-Catherine, granges des vallées de Sour et d’Astien, national ID FR7300836).



The main outlet of the system is the perennial exsurgence de Las Hountas, made up of around ten impenetrable griffons, at an altitude of 493 m. Its average flow is 550 L/s, with a minimum of 50 L/s and floods approaching 11,000 L/s [10,11,12]. It gives rise to the perennial Lachein stream, which flows after 1.5 km into the Lez River at the village of Alas. At Saint-Girons, the Lez meets the Salat River, a tributary of the Garonne. Collections and studies of the hyporheic environment were carried out approximately halfway between the exsurgence of las Hountas and the confluence with the Lez, on a shallow slope.



A second exsurgence is located in the village of Alas, at an altitude of 483 m. It might be fed partly by sinkholes from the Lachein, and partly by seepage into the metamorphosed limestone on the right bank downstream of Las Hountas. The relationships between these two supposed exsurgences and systems are not clearly defined. Upstream of the exsurgence de Las Hountas, the stream only flows during episodes of rain. The caves Moulo del Jaur, Puits de la Hillère (Hillère sinkhole), Perte de la Hille (Hille sinkhole) and Perte de la Peyrère (Peyrère sinkhole) then function in turn as exsurgences, depending on the intensity of the flows.




2.3. Speleological Data


The Baget catchment area is largely karstified, and around 80 caves have been recorded by cavers [3], D. Quettier, pers com.



At present, four of these caves provide access to the system’s perennial drain. These are from downstream to upstream Puits de la Hillère, Perte de la Hille, Gouffre de la Peyrère and Gouffre du Papillon.



Puits de la Hillère, Perte de la Hille and the gouffre de la Peyrère are located in the downstream part of the system, approximately 1 km from the outlet. Recent explorations by cave diving have allowed connecting these three caves together [6]. They form a network of passages more than 1500 m long, including 800 m of flooded conduits (Figure 2).



The Gouffre du Papillon, discovered in 1964 by Émile Bugat, is located more than 6 km from the outlet, making it the most upstream known section of the system. Recent speleological explorations by the Groupe Spéléologique du Couserans in 2007 permitted to extend its length to more than 6 km and its depth to more than 600 m (−604 m), and to reach the main drain. Upstream of the main drain, explorations have been temporarily stopped in sump 2, at a depth of −25 m, on an unstable sand slope. Downstream, at −563 m, a sump was dived to a depth of −43 m by Franck Bréhier. The passage continues with the same large dimensions and further explorations are needed. Between the far downstream end of the Gouffre du Papillon and the far upstream end of the Gouffre de la Peyrère, a large void 4.6 km long in a straight line remains (Figure 3). The vast majority of the network has yet to be discovered, but at present no other caves are known in the supposed route of the collector that could potentially join it. In addition, the small difference in level between the sumps in the Papillon and Peyrère suggests that a large part of the active system flows through a flooded zone, which greatly complicates exploration.




2.4. Hydrological Features


According to the model proposed by A. Mangin [10,11,12], the Baget system consists of a highly transmissive but low-capacity drain running beneath the Lachein valley talweg. Gouffre de la Peyrère, Puits de la Hillère and Grotte de Saint-Catherine, which are caves giving access to the flooded karst, would be ancillary systems to the drain, with low transmissivity but high capacitance. In this way, water reserves would be built up in large reservoirs that are not directly interconnected. This is the model that has been adopted to date [14]. In fact, recent underground diving explorations have shown that Puits de la Hillère and Gouffre de la Peyrère are directly linked and that the drain passes through both caves (Figure 2). This means that the drain is not located directly beneath the talweg, but rather, at least in the downstream part of the system, runs along its right bank. Perte de la Hille, supposed to be directly on the drain, is offset from it, and is connected to it by a narrow gallery inactive at low water. We can assume that Grotte de Sainte-Catherine, located on the left bank and further downstream, at the level of Las Hountas outlet, is disconnected from the drain, although it is not yet possible to confirm this.




2.5. The Baget System in Terms of Subterranean Habitats


Despite its relatively small size, the subterranean Baget system presents a great diversity of habitats. For terrestrial fauna, the vast vertical entrances of Gouffre de la Peyrère and Grotte de Sainte-Catherine offer a scree area rich in organic matter, favorable to endogean species (Figure 4, top). The deposits of bat guano in Grotte de Sainte-Catherine favors the presence of guanophilic fauna. The variety of underground landscapes encountered through the numerous caves of the system and the kilometers of passages of Gouffre du Papillon, still untouched by any biospeleological surveys (fossil galleries, large wells, calcite flows, clay deposits, etc.) are all potential habitats.



For aquatic fauna, Grotte de Sainte-Catherine offers access to the vertical flows of the epikarst and to the fissural environment which was instrumented by the Moulis Laboratory. Gours, basins, and streams in the vadose zone are found in large numbers at Grotte de Sainte-Catherine, at Gouffre de la Peyrère and especially at Gouffre du Papillon. Flooded karst has been widely studied by filtration of the various perennial or temporary outlets of the system [15,16] or by pumping at Gouffre de la Peyrère [17]. If recent speleological discoveries have shown that the compartments of Exsurgence de Las Hountas, Puits de la Hillère and Gouffre de la Peyrère are not disconnected from each other, the fact remains that they shelter distinct biocenoses and that the flooded karst should not be considered as a single habitat at a system scale. Finally, the underflow of the Lachein downstream of Exsurgence de Las Hountas also offers a great diversity of habitats for hyporheic fauna [18].




2.6. History of Biological Research on the Subterranean Baget System


In 1948, R. Jeannel of the Museum National d’Histoire Naturelle (Paris) convinced the CNRS (National Center for Scientific Research) to set up an underground laboratory in the commune of Moulis, a few kilometers from Le Baget [19,20]. The Moulis site was chosen, among other criteria, for the rich underground fauna of the area, already well documented by Jeannel [21]. The aim was to carry out breeding of cave animals in a natural environment as well as to develop multidisciplinary studies of the subterranean environment including geology, hydrogeology and biology.



The Baget catchment was chosen as an experimental site for several reasons: its immediate proximity to the Moulis Laboratory and ease of access, its relatively small size and the richness of its fauna. It has been the subject of hydrological, climatic and hydrochemical monitoring for almost 50 years. Numerous interdisciplinary studies including geomorphology [22], population monitoring [23], climatology/population relationships [24,25], and hydrogeology [26], were carried out on this site and made it a national reference.



The site is particularly suited to an experimental ecological approach of the structures of communities of underground species. From 1967, R. Rouch carried out an in-depth study and sampled extensively the aquatic fauna of the Baget catchment. He began to sample the hyporheic fauna of Lachein in 1967 [27] and, from 1988, he led a comprehensive study of ground water communities linked to a karst aquifer [28,29,30,31,32,33,34,35,36]. His work has become a World reference.



Concerning terrestrial fauna, most of the published investigation were done at Grotte de Sainte-Catherine and concerned Coleoptera (see Section 4.1.7).





3. Material and Methods


The data presented in this article come from primary literature compilation as well as personal data.



Almost all of the investigations and publications on aquatic fauna are due to R. Rouch. Collections in the interstitial environment of the Lachein underflow were made by Bou-Rouch pumping, filtered through net with 100 µm mesh [18]. For the karstic stygobiotic fauna, the samples came from filtering the main outlet of Las Hountas; the temporary outlets of Moulo de Jaur, Puits de la Hillère and Perte de la Hille, during episodes of flooding. Data from the gouffre de la Peyrère come mainly from the pumping operation led by A. Mangin in 1991 [17]. Crustaceans were studied by Rouch, and identified by different specialists. Data on Oligochaeta, due to Route et al. [37], come from Rouch’s sampling [36,37].



While aquatic sampling was made following strict protocols in the long term, terrestrial sampling was rather opportunistic. Data on terrestrial fauna are more scarce and compiled from various publications. They concern Gouffre de Tussau, Gouffre de la Peyrère, Grotte de Sainte-Catherine and Gouffre du Lynx. For our own investigations, we sampled by sight, by baiting and using pitfalls.



The names and validity of the species were checked using the taxonomic referential TaxRef of INPN (MNHN & OFB [Ed]. 2003–2023) [38]. Species ecological status were inferred from the taxonomic literature, particularly from R. Rouch publications. It covers all described species on our list. Only obligate subterranean species (stygobionts and troglobionts), and facultative subterranean species (stygophiles and eutroglophiles) have been considered here. The latter are often numerically dominant in subterranean communities and have been included here for this reason.




4. Results


We will separately consider aquatic and terrestrial subterranean fauna. For each, we will list in four tables (Table 1, Table 2, Table 3 and Table 4, respectively) both the obligate and facultative subterranean species. Most relevant stygobionts and troglobionts will be commented on individually.



4.1. Aquatic Fauna


4.1.1. Oligochaeta


Delaya leruthi (Hrabe, 1958) is present in Grotte de Sainte-Catherine. This large species is known from central Pyrenees and especially common in caves of l’Estelas-Balaguères massif [39].



Cookidrilus ruffoi Giani, Martinez-Ansemill & Sambugar, 2004 is an endemic species of Lachein, whereas Cookidrilus speluncaeus Rodriguez & Giani, 1987 is known as well from grotte de Labouiche, some 50 km from Lachein [37].



Spiridion phreaticola (Juget, 1987) is a stygobiont with a larger distribution. It has been mentioned in the interstitial waters of the Rhône, the Neste d’Aure and the Dordogne, as well as in the underground river of Grotte de Labouiche [37].




4.1.2. Gastropoda


Bertrand (unpublished inf., 2002) mentions Moitessieria simoniana (Saint-Simon, 1848) and Neohoratia globulina Paladilhe, 1866), now considered as a synonym of Islamia moquiniana (Dupuy, 1851). Moitessieria simoniana has a distribution covering the Pyrenees and the South of the Massif Central. It is common in Ariège. Islamia moquiniana, also common in Ariège, has a wide distribution in the southern half of France. These species are present both in the hyporheic environment and in the karst [39].




4.1.3. Copepoda


Crustacea are considered as the most diversified stygobiotic taxon in Europe, and represent 70% of the groundwater species richness [40].



Copepods constitute the dominant contingent of the subterranean aquatic fauna of the Baget. Taking into account both the hyporheic environment and the flooded karst, a total of 33 species have been documented, including 14 species of Cyclopoida Cyclopidae and 19 species of Harpacticoida distributed into Ameiridae (3), Canthocamptidae (13) and Parastenocarididae (3). This rich community includes many stygobionts: 10 cyclopid and 12 harpacticoid species, to which are added a number of stygophilous or stygoxenous forms that also occupy subterranean habitats to a greater or lesser extent.



For the hyporheic environment of the Lachein alone, over an area of 75 m2, Rouch counted 22 species of harpacticoids including 10 stygobionts and 14 species of cyclopids including 7 stygobionts [41,42]. Although the spatial and physico-chemical heterogeneity of this environment leads to a heterogeneous distribution of the diversity, it remains stable over time and in its structure.



Studies of flooded karst by the filtration of outlets over long periods show a high degree of homogeneity of the populations in time and space, with each outlet having a taxonomic composition that is constant but original and different from the other outfalls [43,44,45,46,47,48]. Filtration of the exsurgence de Las Hountas yielded 11 species of cyclopids, including 4 stygobionts, and 21 species of harpacticids, including 8 stygobionts [15].



In addition to the large number of stygobionts, the copepods of the Baget system are characterized by a great number of taxa of higher order and a great number of endemic species.



Among the Cyclopidae, the majority are stygobionts. Several species of the genera Acanthocyclops and Diacyclops, common in underground environments, are found such as Acanthocyclops sensitivus (Graeter & Chappuis, 1914), Diacyclops belgicus Kiefer, 1936, Diacyclops clandestinus (Kiefer, 1926). Although we would rather consider Diacyclops languidoides (Lilljeborg, 1901) as a stygophilic species, we have listed it as a stygobiotic as it is often so-cited [2,40]. It is above all the genera Graeteriella and Speocyclops, typical of these environments and all endemic either to the Pyrenees or to underground habitats in France, that are the best represented, with Graeteriella (Grateriella) rouchi Lescher-Moutoué, 1968, Speocyclops. anomalus Chappuis & Kiefer, 1952, S. kieferi Lescher-Moutoué, 1968, S. racovitzai boscensis Kiefer 1954 and S. racovitzai liquensis Chappuis & Kiefer, 1952. Among the Harpacticoida, three families are represented, well known from underground environments: Ameiridae, Canthocamptidae and Parastenocarididae. The family Ameiridae is represented by three stygobionts, including two endemic ones: Nitocrella delayi Rouch, 1970 (microendemic in Ariège) and N. gracilis Chappuis, 1955, (endemic in Ariège and Haute-Garonne; the third one, Parapseudoleptomesochra subterranea subterranea (Chappuis, 1928) is known from many caves, hyporheic habitats and springs. The family Canthocamptidae, generally very common in such habitats, comprises six stygobitic representatives belonging to four genera: Antrocamptus with two species endemic in Ariège, A. catherinae Chappuis & Rouch, 1960 (cave) and A. chappuisi Rouch, 1970, the latter collected through filtering, Ceuthonectes with C. gallicus Chappuis, 1928 considered as the most abundant species in subterranean waters of Pyrenees, Elaphoidella with the microendemic E. coiffaiti Chappuis & Kiefer, 1952 preferring muddy bottoms and E. bouilloni Rouch, 1965, which prefers sites with fine sand; and Moraria with the endemic M. (M.) catalana Chappuis & Kiefer, 1952. Among the stygophile canthocamptid, Bryocamptus is the most diverse with three species: B. (Echinocamptus) echinatus (Mrazek, 1893), a cold-water stenotherm species with a wide palearctic distribution, B. (Rheocamptus) typhlops (Mrazek, 1893), spread across Europe, inhabiting fountains, springs and subterranean waters and the common B. (R.) zschokkei (Schmeil, 1893) living also in cold waters of mosses, springs of central Europe, Eurasia and North America.



Finally the large family Parastenocarididae, composed of more than 300 species highly specialized for life in groundwater habitats thanks to their physical ability to move in small spaces with their cylindrical and slender body and their small size (less than a millimeter), is represented in the Baget system by three species, all endemic: Parastenocaris dianae Chappuis, 1955, Parastenocaris vandeli Rouch, 1988 and Proserpinicaris mangini (Rouch, 1992). It is likely that other representatives of this family will be collected in future investigations.



Among Copepoda, more than 40% of the species reported to date are endemics, illustrating the biological richness of the Baget system.




4.1.4. Ostracoda


The class Ostracoda occurs in almost all aquatic and even some terrestrial habitats. Several lineages have subterranean representatives or are exclusively living in groundwaters. The subterranean ostracod fauna is, however, still poorly known.



One of the most diverse family in freshwaters is the large family Candonidae (29% of all species in non-marine habitats [49]). In the Baget system, this family is represented by four species of the genus Pseudocandona, three of which undescribed [18]. Two undescribed species are found in the karstic system, whereas Pseudocandona rouchi Danielopol, 1973 and the third undescribed species occur in the hyporheic environment of Lachein.



Another species, Fabaeformiscandona breuili (Paris, 1920), previously often designated as Candona hertzogi Klie, 1937 was collected in the hyporheic of the Lachein. Considered as a stygobiont by Rouch, it is actually a styglophile.




4.1.5. Bathynellacea (Syncarida)


The genus Vandelibathynella is monospecific, represented by Vandelibathynella vandeli [50]. When Delamare and Chappuis described this species from Grotte de Font-Sainte, in Ariege, in 1954 under the genus Bathynella, they noted its special position within the group. It was later reported as being in the Baget karstic system [51] and from the hyporheic of Lachein [18]. Since then, it has only been found in two other localities, both in Ariège: Grotte de Passarolles [52], and in the hyporheic environment of the Nert stream [53]. Within the hyporheic environment of Lachein, it is found exclusively in areas of low permeability and low concentration in oxygen, which are also the least populated areas.




4.1.6. Amphipoda


Three species of amphipods inhabit the underground waters of the Baget system. One is a species of the genus Niphargus. It has been attributed to Niphargus kochianus Bate, 1859, but is actually a species of the kochianus group [54]. Its taxonomic status remains to be clarified. This species group is widely distributed throughout western Europe. Small for a Niphargus (5 to 6 mm), it prefers interstitial environments.



The other amphipods, which are also typical of interstitial environments, have a more restricted distribution.



Salentinella petiti Coineau, 1968 is found in North-West Spain and South-West France (Dordogne, Tarn, Tarn et Garonne, Lot, Pyrénées Atlantiques, Hautes-Pyrénées, Haute-Garonne and Ariège). Like the bathynellacea Vandelibathynella vandeli, it is typical of the least drained and the most oxygen-poor areas of the hyporheic environment.



Parasalentinella rouchi Bou,1971 is a small amphipod, less than 2 mm long with volvation abilities. Its distribution area is limited to the interstitial environments in the Pyrenees of Ariège and Haute-Garonne [55] (Figure 5).




4.1.7. Ingolfiellida


This peracarid order is represented in Baget by Ingolfiella thibaudi Coineau, 1968, a small anophtalmous Ingolfiellida, about 2 mm long and very elongated. It has a regional distribution in southern France covering Ariège, Hautes-Pyrénées, Tarn, Ardèche, Gard and Bouches-du-Rhône.




4.1.8. Isopoda


Two species have been recorded from the Baget: Microcharon ariegensis (Coineau, Boutin & Artheau, 2013) and Stenasellus virei Dollfus, 1897. Microcharon is a microparasellid isopod genus found in interstitial groundwater, river underflows and marine interstitial. The species has a worldwide although highly fragmented distribution. It is well represented throughout the Mediterranean basin, with more than 70 known species and widespread in the Southern ground waters of France [56].



The species present in the Baget system was first described as M. rouchi (Coineau 1968), originally distributed in the subterranean waters of the Nive, Laran and Kakoueta rivers in the north of the Pays Basque, as well as in the subterranean waters of the Ariège river, its tributary the Hers and the Lachein. In 2013, the specimens of the Ariège, the Hers and the Lachein were shown to differ from the first description of M. rouchi and were assigned to a new species M. ariegensis (Coineau, Boutin & Artheau, 2013). In the Baget system, it was first collected at the Lachein hyporheic [57], and then found at Exsurgence de Las Hountas, Moulo de Jaur, Puits de la Hillère and Grotte de Sainte-Catherine [51].



Stenasellus virei Dollfus, 1897 is represented in the Baget system by two subspecies: S. virei hussoni Magniez, 1968 and S. virei boui Magniez, 1968 [58]. The specimens of the two subspecies are elongated, about 6 to 10 mm long, pinkish in color. S.virei hussoni is found in Exsurgence de Las Hountas, Moulo de Jaur, Puits de la Hillère, Gouffre de la Peyrère and Grotte de Saint-Catherine. The subspecies is widespread. S. virei boui is an endemic subspecies known only from a few localities in Ariège. Slightly thinner and whiter than S. virei hussoni, it is typical of interstitial environments. In the Baget system, it is found in the hyporheic of Lachein [59].





4.2. Terrestrial Fauna


Except for the Coleoptera, which have undergone more intense sampling (Table 5), all the specimens are cited from Grotte de Sainte-Catherine.



4.2.1. Palpigradi


All the palpigrades live either in the soil or in caves and are both anophtalmous and apigmented. Unlike tropical areas where endogenous species prevail, most of the European species live in caves. The very rare Eukoenenia pyrenaella Condé, 1990 has only been collected once and by a single specimen from the Sainte-Catherine cave [60].




4.2.2. Araneae


Among the many spiders found in the caves of the Baget system—seven common troglophilous species from the Sainte-Catherine cave (Déjean—com. pers.)—only one species, Leptoneta convexa Simon, 1873, can be considered troglobiotic [61]. Collected by Coiffait in 1950 in the Aven de Sainte-Catherine, it has never been recorded since [62].




4.2.3. Chilopoda


The only troglobiont known from the system, Lithobius cavernicola Fanzago, 1877 is endemic to the eastern Pyrenees [63].




4.2.4. Diplopoda


Blaniulus lorifer consoranensis (Brölemann, 1921) is a troglobitic species very common in the caves of Couserans (Ariège) and Comminges (Haute-Garonne).




4.2.5. Isopoda


Only one troglobitic Oniscoidae, Scotoniscus macromelos macromelos Racovitza, 1908 is known from the Baget karstic system. Scotoniscus macromelos is endemic of central Pyrenees.




4.2.6. Collembola


So far, four troglobiotic and three troglophilic species have been collected in the caves of the Baget system, mainly in Grotte de Sainte-Catherine. Among the troglobiotic species, a new species not yet described belongs to the genus Micronychiurus. Its troglobiotic status requires confirmation. The genus Micronychiurus is widespread along the Pyrenean range and highly diversified in caves and deep soils. Another new species belongs to Oncopodura of the crassicornis group and seems to be close to O. pelissiei from the karst of Quercy (North of Toulouse) [64]. Pseudosinella theodoridesi Gisin & Gama, 1969 and Tomocerus problematicus Cassagnau, 1964 are two endemic species, frequent in a few caves of the Couserans (western Ariège) and Comminges (Haute-Garonne) regions, where they often co-occur. Despite their status as strict troglobionts, they have retained reduced pigmentation and eyes.




4.2.7. Coleoptera (Table 5)


Only a few caves of the system were sampled for beetles, but the number of species is high: six species of the genus Aphaenops, genus endemic and emblematic of the Pyrenees, and one species of Leiodidae Leptodirini, Speonomus infernus infernus Coiffait, 1959, a species widespread in Ariège and Haute-Garonne.



The species composition is largely overlapping that of the Coume Ouarnède system, 5 of the 6 species beeing co-shared by the two systems. Only the species A. sinester Coiffait, 1959 is lacking from the Coume Ouarnède system.



Carabidae


Aphaenops (Hydraphaenops) cerberus bruneti is a species widespread and common in the caves of the area (Figure 6). The population of the Baget system is not genetically distinct from the specimens from the rest of the massif of Lestelas-Balaguères and Arbas massifs [68].



	
Aphaenops (Hydraphaenops) sinester






This enigmatic species, described from the Aven de Sainte-Catherine, known by very few specimens from this cave and the nearby Grotte de Liqué, is morphologically very close to Aphaenops pluto (Dieck, 1869), a species common on the other side of the Lez valley (Sourroque massif). Aphaenops sinester was described as a subspecies of A. pluto (Coiffait, 1959), but recently regarded as a distinct species [87]. More material would be required to confirm its validity.



Aphaenops (Hydraphaenops) tiresias tiresias and A. bucephalus, both uncommon, are nevertheless known from several caves of the Lestelas-Balaguères and Arbas massifs (Figure 7).



Surprisingly, none of those two species were found in Grotte de Sainte-Catherine. They are until today only known from Gouffre de la Peyrère. This disparity between Gouffre de la Peyrère and Grotte de Sainte-Catherine, although very close, roughly matches that observed for aquatic fauna, and raises questions about potential barriers to dispersion or ecological heterogeneity within the Baget system.



Aphaenops (Argonotrechus) orpheus ssp. consorranus is rather an endogean subspecies, not rare in caves or under stones in forest on the Lestelas-Balaguères and Arbas massifs. Being often mentioned as a troglobitic species (e.g., [81]), we listed it here as such.




Leiodidae


The only species of cave Leiodidae, Speonomus (Machaeroscelis) infernus, is common and occurs in several caves of Ariège and Haute-Garonne (Figure 8).



Representatives of the endogean genus Bathysciola are also present, with many narrow endemics (e.g., B. arcuatipes Jeannel, 1924, B. lapidicola Saulcy, 1872, B. liqueana Fresneda, Bourdeau & Faille, 2010) in the area [88]. Their presence in the studied area remains to be confirmed.





4.2.8. Laboulbeniales


Laboulbeniales are highly specialized parasitic fungi that are found exclusively on insects, arachnids and myriapods. The genus Rhachomyces parasitizes many species of different subgenera of Aphaenops. Among the five species paraziting Aphaenops, Rhachomyces aphaenopsis Thaxter, 1905 is the most common [75]. It has been found in Aven de Ste Catherine, on A. cerberus bruneti [65,75,89], on A. sinester [75] and on A. ehlersi [65,75]. In the Gouffre de la Peyrère, it was recorded on A. bucephalus [75]. Even if not specifically reported for the area, all the Trechini species (A. bucephalus, A. cerberus, A. ehlersi, A. orpheus, A. sinester, A. tiresias) present in the Baget system are known to host the species.






5. Discussion


In view of the taxa listed above, the Baget system deserves to be qualified as a hotspot for underground biodiversity. With 40 stygobiotic and 17 troglobiotic species, it is even to date the richest in the Pyrenees, ahead of Coume Ouarnède (21 stygobiotic and 17 troglobitic species) [2]. In addition to the number of species, its richness is also measured by the large number of higher-rank taxa and the presence of narrow endemic species (Cookidrilus ruffoi Giani, Martinez-Ansemil & Sambugar, 2004 for the hyporheic environment, Antrocamptus catherinae Chappuis & Rouch, 1960 for the karst groundwater, and Eukoenenia pyrenaella Condé, 1990 for the terrestrial environment).



Although the size of the catchment is relatively small (13.5 km2), the system offers a large number of subterranean habitats, which can partly explain this richness. Above all, this strong biodiversity can be linked to its presence in a particularly rich sector, the Central Pyrenees. It may be interesting to compare the Baget biocenoses of the two neighboring Pyrenean hotspots: the Nert for the hyporheic fauna and the Coume Ouarnède system [2,90,91] (Figure 9 and Table 6).



For the terrestrial fauna, the Baget and the Coume Ouarnède are two contiguous systems, but with a faunistic assemblage very distinct from each other. Of 26 species present in total, only 8 are present on both sites. Richness is similar on both systems, with 17 troglobionts. In Coume Ouarnède system, it includes two remarkable relict species, the opilion Arbasus caecus (Simon, 1911) [92] and the springtail Tritomurus falcifer Cassagnau, 1958, which are absent in the Baget system. On the other hand, we find in Baget a strictly endemic species, Eukoenenia pyrenaella Condé, 1990.



For aquatic fauna, Coume Ouarnède system hosts fewer troglobionts (22) than Baget system (40). Two hypotheses may explain this. First, a less extended hyporheic habitat in Coume Ouarnède and second, a much more in-depth study of the aquatic fauna of the Baget catchment (Table 7). Rouch’s work, conducted over a period of more than 30 years, and concerning both karst and hyporheic habitats, provides us with a detailed and complete knowledge of the stygofauna, probably unmatched at the European scale. Of a total of 49 to 50 species (uncertainty due to the unidentified Salentinella sp. in Coume Ouarnède), only 10 to 12 are present on both sites. If we compare the data of Baget with those of Nert [91], the number of species is again greater in Baget. Nevertheless, we obtain similar results if we consider the hyporheic environment only with 29 species in Nert and 31 in Baget. It can be noted that although the surface studied in the hyporheic of Nert is larger, the sampling was less intense. Of a total of 49 species on these two sites, 18 are present in both. Baget, Nert and Coume Ouarnède altogether host 56 stygobionts, among which only 10 are common to the three sites.



All these results lead us to believe that regarding aquatic fauna, the data collected in the Baget catchment reflect the reality of the population. No region of the Pyrenees has been the site of such an intense collection effort, and, given the fragmentary data available [20], it is very likely that more in-depth studies on other aquatic habitats, including Nert and Coume Ouarnède, would lead to a significant increase in the underground biodiversity of the central Pyrenees.



Concerning the troglofauna of the system, the data come only from a few caves, mostly Grotte de Sainte-Catherine. Furthermore, many taxonomic groups such as Acari, Pseudoscorpiones, Oniscida, Diplura are poorly or not represented, probably due to insufficient sampling. The significant speleological developments of the last 15 years have opened up a vast field of study, which could lead, if biospeleologists get down to it, to new discoveries.
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Figure 1. Location of the Baget system, central Pyrenees, South France. 
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Figure 2. Map of the lower part of Baget karstic system, including Gouffre de la Peyrère, Perte de la Hille and Puits de la Hillère, connected by cave diving. 
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Figure 3. Relative positions of the main caves of the Baget system (see Figure 1 for location), from Gouffre du Papillon, upstream, to the exsurgence de Las Hountas. From CartoExplorer 3. 
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Figure 4. Different aspects of Baget karstic system. (Top): the main chamber of Gouffre de la Peyrère. (Bottom left): the main sump of Gouffre de la Peyrère. (Bottom right): caving exploration in Gouffre du Papillon. Photos F. Bréhier. 
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Figure 5. Parasalentinella rouchi. Photo C. Bou. From Danielopol, Rouch & Bou, 1999. 
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Figure 6. Aphaenops (Hydraphaenops) cerberus bruneti from Grotte de l’Espugue. (Lestelas-Balaguères massif). Photo S. Huang. 
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Figure 7. Aphaenops (Hydraphaenops) tiresias feeding on a Diptera (Limoniidae). Grotte du Goueil-di-Her, Coume Ouarnède system. Photo A. Faille. 
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Figure 8. Speonomus (Machaeroscelis) infernus from Grotte de l’Espugue, Lestelas-Balaguères massif. Photo C. Vanderbergh. 
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Figure 9. Location of the 3 Pyrenean subterranean hotspots. 1: Coume Ouarnède System; 2A: Baget System; 2B: Hyporheic of Lachein stream; 3: Hyporheic of Nert stream. 
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Table 1. Stygobiotic species of the Baget system. K: Karst; HR: Hyporheic; Species in bold: single site endemics.
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Oligochaeta

	




	
   Haplotaxidae

	

	




	

	
Delaya leruthi (Hrabe, 1958)

	
K




	
   Lumbriculidae

	

	




	

	
Cookidrilus ruffoi Giani, Martinez-Ansemil, & Sambugar, 2004

	
HR




	

	
Cookidrilus speluncaeus Rodriguez & Giani, 1987

	
HR




	
   Tubificidae

	

	




	

	
Spiridion phreaticola (Juget, 1987)

	
HR




	
Gastropoda

	




	
   Hydrobiidae

	

	




	

	
Islamia moquiniana (Dupuy, 1851)

	
HR




	

	
Moitessieria simoniana (Saint Simon, 1848)

	
HR




	
Copepoda: Cyclopoida

	




	
   Cyclopidae

	

	




	

	
Acanthocyclops sensitivus (Graeter & Chappuis, 1914)

	
HR




	

	
Diacyclops belgicus Kiefer, 1936

	
HR




	

	
Diacyclops clandestinus (Kiefer, 1926)

	
HR




	

	
Diacyclops languidoides ssp. (Lilljeborg, 1901)

	
HR, K




	

	
Graeteriella (Graeteriella) rouchi Lescher-Moutoué, 1968

	
HR




	

	
Graeteriella sp.

	
HR




	

	
Speocyclops anomalus Chappuis & Kiefer, 1952

	
K




	

	
Speocyclops kieferi Lescher-Moutoué, 1968

	
HR, K




	

	
Speocyclops racovitzai cf. boscensis Kiefer, 1954

	
K




	

	
Speocyclops racovitzai liquensis Chappuis & Kiefer, 1952

	
HR, K




	
Copepoda: Harpacticoida

	




	
   Ameiridae

	

	




	

	
Nitocrella delayi Rouch, 1970

	
K




	

	
Nitocrella gracilis Chappuis, 1955

	
HR, K




	

	
Parapseudoleptomesochra subterranea subterranea (Chappuis, 1928)

	
HR, K




	
   Canthocamptidae

	

	




	

	
Antrocamptus catherinae Chappuis & Rouch, 1960

	
K




	

	
Antrocamptus chappuisi Rouch, 1970

	
HR




	

	
Ceuthonectes gallicus Chappuis, 1928

	
HR, K




	

	
Elaphoidella bouilloni Rouch, 1965

	
HR, K




	

	
Elaphoidella coiffaiti Chappuis & Kiefer, 1952

	
HR, K




	

	
Moraria (Moraria) catalana Chappuis & Kiefer, 1952

	
HR, K




	
   Parastenocarididae

	

	




	

	
Parastenocaris dianae Chappuis, 1955

	
HR




	

	
Parastenocaris vandeli Rouch, 1988

	
HR




	

	
Proserpinicaris mangini (Rouch, 1992)

	
HR, K




	
Ostracoda

	




	
   Candonidae

	

	




	

	
Pseudocandona rouchi Danielopol, 1973

	
HR




	

	
Pseudocandona sp.1

	
K




	

	
Pseudocandona sp.2

	
K




	

	
Pseudocandona sp.3

	
HR




	
Bathynellacea

	




	
   Bathynellidae

	

	




	

	
Vandelibathynella vandeli (Delamare & Chappuis, 1954)

	
HR, K




	
Amphipoda

	




	
   Niphargidae

	

	




	

	
Niphargus kochianus (Bate, 1859)

	
HR, K




	
   Salentinellidae

	

	




	

	
Parasalentinella rouchi Bou, 1971

	
HR, K




	

	
Salentinella petiti Coineau, 1963

	
HR, K




	
Ingolfiellida

	




	
   Ingolfiellidae

	

	




	

	
Ingolfiella thibaudi Coineau, 1968

	
HR, K




	
Isopoda

	




	
   Microparasellidae

	

	




	

	
Microcharon ariegensis (Coineau, 1968)

	
HR, K




	
   Stenasellidae

	

	




	

	
Stenasellus virei boui Magniez, 1968

	
HR




	

	
Stenasellus virei hussoni Magniez, 1968

	
K











 





Table 2. Stygophilic species of the Baget system.
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Annelida: Polychaeta




	
   Aelosomatidae

	




	

	
Rheomorpha neizvestnovae (Lastochkin, 1935)




	
Copepoda: Cyclopoida




	
   Cyclopidae

	




	

	
Acanthocyclops venustus venustus (Norman & Scott, 1906)




	

	
Eucyclops serrulatus (Fischer, 1851)




	

	
Megacyclops viridis (Jurine, 1820)




	

	
Paracyclops fimbriatus (Fischer, 1853)




	
Copepoda: Harpacticoida




	
   Canthocamptidae

	




	

	
Attheyella (Attheyella) crassa (Sars, 1863)




	

	
Bryocamptus (Echinocamptus) echinatus (Mrazek, 1893)




	

	
Bryocamptus (Rheocamptus) typhlops (Mrazek, 1893)




	

	
Bryocamptus (Rheocamptus) zschokkei ssp. (Schmeil, 1893)




	

	
Maraenobiotus vejdovskyi Mrazek, 1893




	

	
Moraria (Moraria) varica (Graeter, 1911)




	

	
Pesceus schmeili (Mrazek, 1893)




	
   Ostracoda




	
   Candonidae

	




	

	
Cryptocandona vavrai Kaufmann, 1900




	

	
Cypria sp.




	

	
Fabaeformiscandona breuili (Paris, 1920)




	

	
Pseudocandona marchica (Hartwig, 1899)




	

	
Pseudocandona rostrata (Brady & Norman, 1899)




	
   Cyprididae

	




	

	
Eucypris pigra (Fischer, 1851)




	

	
Ilyocypris sp. Baltanas, Danielopol, Roca & Marmonier, 1993




	

	
Psychrodromus betharrami




	
   Cypridopsidae

	




	

	
Potamocypris zschokkei (Kaufmann, 1900)











 





Table 3. Troglobiotic species of the Baget system. Species in bold: single site endemism.
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Palpigradida




	
Eukoeneniidae

	




	

	
Eukoenenia pyrenaella Condé, 1990




	
Araneae




	
Leptonetidae

	




	

	
Leptoneta convexa Simon, 1873




	
Chilopoda




	
Lithobiidae

	




	

	
Lithobius cavernicola Fanzago, 1877




	
Julida




	
Blaniulidae

	




	

	
Blaniulus lorifer consoranensis (Brölemann, 1921)




	
Isopoda Oniscida




	
Trichoniscidae

	




	

	
Scotoniscus macromelos macromelos Racovitza, 1908




	
Collembola




	
Onychiuridae

	




	

	
Micronychiurus n. sp.




	
Entomobryidae

	




	

	
Pseudosinella theodoridesi Gisin & Gama, 1969




	
Oncopoduridae

	




	

	
Oncopodura n. sp.




	
Tomoceridae

	




	

	
Tomocerus problematicus Cassagnau, 1964




	
Coleoptera




	
Carabidae

	




	

	
Aphaenops (Hydraphaenops) sinester Coiffait, 1959




	

	
Aphaenops (Hydraphaenops) cerberus bruneti Jeannel, 1926




	

	
Aphaenops (Hydraphaenops) ehlersi ehlersi (Abeille de Perrin, 1872)




	

	
Aphaenops (Hydraphaenops) tiresias (Piochard de La Brûlerie, 1872)




	

	
Aphaenops (Hydraphaenops) bucephalus (Dieck, 1869)




	

	
Aphaenops (Argonotrechus) orpheus consorranus (Dieck, 1870)




	
Leiodidae

	




	

	
Speonomus (Machaeroscelis) infernus infernus (Dieck, 1869)




	
Ascomycota

	




	
Laboulbeniaceae

	




	

	
Rhachomyces aphaenopsis Thaxter, 1905











 





Table 4. Troglophilic species of the Baget system.
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Araneae




	
    Leptonetidae

	




	

	
Leptoneta infuscata Simon, 1873




	
Diplura




	
    Campodeidae

	




	

	
Litocampa vandeli (Condé, 1947)




	
Collembola




	
    Onychiuridae

	




	

	
Onychiuroides pseudogranulosus Gisin, 1951




	
    Arrhopalitidae

	




	

	
Pygmarrhopalites pygmaeus (Wankel, 1860)




	
    Neelidae

	




	

	
Megalothorax cf incertus Börner, 1903




	
Coleoptera




	
    Carabidae

	




	

	
Geotrechus (Geotrechus) orpheus consorranus (Dieck, 1870)




	

	
Laemostenus oblongus oblongus Dejean, 1828











 





Table 5. Coleoptera of the Baget system, with their location and bibliographical references.
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	Aphaenops (H) cerberus bruneti
	Grotte de Sainte-Catherine [24,65,66,67,68,69,70,71,72,73,74,75]

Gouffre du Papillon [67,68]

Gouffre de la Peyrère [67]

Gouffre du Lynx (new record)



	Aphaenops (H) ehlersi ehlersi
	Grotte de Sainte-Catherine [65,76,66,77,78]



	Aphaenops (H) sinester
	Grotte de Sainte-Catherine [79,77,78,80,75]



	Aphaenops (H) tiresias tiresias
	Gouffre de la Peyrère [67,81]



	Aphaenops (H) bucephalus
	Gouffre de la Peyrère [67,81,75]



	Aphaenops (A) orpheus consorranus
	Grotte de Sainte-Catherine [82,76,66,67,83]



	Speonomus (M) infernus infernus
	Gouffre de Tussau [84]

Gouffre du Papillon (new record)

Gouffre de la Peyrère [66]

Grotte de Sainte-Catherine [23,66,85,86]










 





Table 6. Comparative biocenosis of Baget system, Coume Ouarnède system and the hyporheic of Nert stream. CO = Coume Ouarnède.






Table 6. Comparative biocenosis of Baget system, Coume Ouarnède system and the hyporheic of Nert stream. CO = Coume Ouarnède.





	
Stygobionts

	
Troglobionts






	

	
BAGET

	
CO

	
NERT

	

	
BAGET

	
C O




	
Atrioplanaria delamarei

	

	

	
X

	
Eukoenenia pyrenaella

	
X

	




	
Plagnolia vandeli

	

	
X

	
X

	
Troglocheles vandeli

	

	
X




	
Delaya leruthi

	
X

	
X

	

	
Leptoneta convexa

	
X

	




	
Cookidrilus ruffoi

	
X

	

	

	
Leptoneta microphtalma

	

	
X




	
Cookidrilus speluncaeus

	
X

	

	

	
Arbasus caecus

	

	
X




	
Spiridion phreaticola

	
X

	

	

	
Lithobius cavernicola

	
X

	




	
Islamia moquiniana

	
X

	
X

	

	
Blaniulus lorifer consoranensis

	
X

	
X




	
Moitessieria simoniana

	
X

	
X

	
X

	
Blaniulus troglobius gibbicollis

	

	
X




	
Acanthocyclops sensitivus

	
X

	

	
X

	
Spelaeoglomeris jeanneli

	

	
X




	
Diacyclops belgicus

	
X

	

	

	
Scotoniscus macromelos macromelos

	
X

	
X




	
Diacyclops clandestinus

	
X

	

	

	
Micronychiurus n. sp.

	
X

	




	
Diacyclops languidoides ssp.

	
X

	
X

	

	
Pseudosinella theodoridesi

	
X

	
X




	
Graeteriella (Graeteriella) rouchi

	
X

	

	
X

	
Oncopodura n. sp.

	
X

	




	
Graeteriella sp.

	
X

	

	

	
Oncopodura tricuspidata

	

	
X




	
Grateriella (Paragrateriella) sp.

	

	
X

	

	
Tomocerus problematicus

	
X

	




	
Speocyclops anomalus

	
X

	
X

	

	
Tritomurus falcifer

	

	
X




	
Speocyclops kieferi

	
X

	

	
X

	
Aphaenops (Hydraphaenops) sinester

	
X

	




	
Speocyclops racovitzai boscensis cf.

	
X

	

	

	
Aphaenops (Hydraphaenops) bucephalus

	
X

	
X




	
Speocyclops racovitzai liquensis

	
X

	

	

	
Aphaenops (Hydraphaenops) cerberus bruneti

	
X

	
X




	
Speocyclops racovitzai ssp.

	

	
X

	
X

	
Aphaenops (Hydraphaenops) crypticola

	

	
X




	
Nitocrella delayi

	
X

	

	

	
Aphaenops (Hydraphaenops) ehlersi

	
X

	
X




	
Nitocrella gracilis

	
X

	
X

	
X

	
Aphaenops (Hydraphaenops) tiresias tiresias

	
X

	
X




	
Parapseudoleptomesochra subterranea subterranea

	
X

	
X

	
X

	
Aphaenops (Argonotrechus) orpheus consorranus

	
X

	




	
Antrocamptus catherinae

	
X

	

	

	
Speonomus (Machaeroscelis) infernus infernus

	
X

	




	
Antrocamptus chappuisi

	
X

	

	
X

	
Speonomus (Machaeroscelis) infernus arbasanus

	

	
X




	
Ceuthonectes gallicus

	
X

	
X

	
X

	
Rhachomyces aphaenopsis

	
X

	
X




	
Elaphoidella bouilloni

	
X

	

	
X

	
[image: Diversity 16 00062 i001]




	
Elaphoidella coiffaiti

	
X

	

	




	
Elaphoidella infernalis

	

	
X

	




	
Moraria (Moraria) catalana

	
X

	

	




	
Parastenocaris dianae

	
X

	
X

	
X




	
Parastenocaris nertensis

	

	

	
X




	
Parastenocaris vandeli

	
X

	

	
X




	
Proserpinicaris mangini

	
X

	

	




	
Proserpinicaris meridionalis

	

	

	
X




	
Pseudocandona rouchi

	
X

	

	
X
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Pseudocandona sp.1

	
X

	

	




	
Pseudocandona sp.2

	
X

	

	




	
Pseudocandona sp.3

	
X

	

	




	
Vandelibathynella vandeli

	
X

	

	
X




	
Bathynella sp.

	

	
X

	




	
Niphargus gineti

	

	

	
X




	
Niphargus foreli

	

	
X

	




	
Niphargus kochianus

	
X

	

	
X




	
Niphargus pachypus

	

	
X

	
X




	
Niphargus robustus

	

	
X

	
X




	
Parasalentinella rouchi

	
X

	
X

	
X




	
Salentinella petiti

	
X

	

	
X




	
Salentinella sp.

	

	
X

	
X




	
Coxosalentinella gineti

	

	

	
X




	
Ingolfiella thibaudi

	
X

	

	
X




	
Microcharon ariegensis

	
X

	

	
X




	
Proasellus racovitzai

	

	
X

	




	
Stenasellus virei boui

	
X

	

	
X




	
Stenasellus virei hussoni

	
X

	
X

	











 





Table 7. Distribution of stygobionts between hyporheic and karstic habitats for the Baget system, the Coume Ouarnède system, and the hyporheic of the Nert.
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	Stygobionts
	Karstic Habitat K
	Hyporheic Habitat HR
	K + HR





	Baget system
	23
	31
	40



	Coume Ouarnède system
	18
	11
	22



	Hyporheic of Nert stream
	0
	29
	29
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