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Abstract: Located in Northern Pyrenees, in the Arbas massif, France, the system of the Coume
Ouarnéde, also known as Réseau Félix Trombe—Henne Morte, is the longest and the most complex
cave system of France. The system, developed in massive Mesozoic limestone, has two distinct resur-
gences. Despite relatively limited sampling, its subterranean fauna is rich, composed of a number of
local endemics, terrestrial as well as aquatic, including two remarkable relictual species, Arbasus cae-
cus (Simon, 1911) and Tritomurus falcifer Cassagnau, 1958. With 38 stygobiotic and troglobiotic species
recorded so far, the Coume Ouarnéde system is the second richest subterranean hotspot in France
and the first one in Pyrenees. This species richness is, however, expected to increase because several
taxonomic groups, like Ostracoda, as well as important subterranean habitats, like MSS (“Milieu
Souterrain Superficiel”), have not been considered so far in inventories. Similar levels of subterranean
biodiversity are expected to occur in less-sampled karsts of central and western Pyrenees.

Keywords: troglobionts; stygobionts; cave fauna

1. Introduction

Stretching at the border between France and Spain, the Pyrenees are known as one
of the subterranean hotspots of the world [1]. This remarkable diversity is unevenly
distributed along the Pyrenean range, reaching its highest value on the northern slope of
central and western Pyrenees.

The Arbas massif is located on the northern slope of central Pyrenees, about 70 km
south of Toulouse, at the limit of the departments of Haute-Garonne in the west and Ariege
in the east (Figure 1). Extending the Lestelas massif to the west, it develops north of the
Bouigane valley, east of the Ger valley, and south of rolling hills of Comminges. It ranges
from 500 m to 1608 m in altitude.

The massif is formed by relatively complex series of Mesozoic limestones, generally
overlaid by massive Urgonian limestones [2]. Under high rainfall exceeding 2000 mm a
year, the massif is mostly covered by beech forest, with small stands of fir locally. Water
transfers are very rapid due to a well-organized drainage and high surface karstification [2].
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'Intérét
Ecologique, Faunistique et Floristique (ZNIEFF) Massifs d’Arbas, Paloumére et Cornudére
(national ID: 730011048).

The main cave system of the massif is the Réseau Félix Trombe—Henne Morte, from
the name of the French engineer and caver Félix Trombe, also known for his pioneer
works on solar energy. This large system is commonly called Coume Ouarnede or Coumo
d’Hyouernedo by cavers. It was explored for years by the famous speleologist Norbert
Casteret who often referred to these explorations in his writings (see [3] for a list of
references) and remains a well-known cave system for speleologists worldwide.
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Figure 1. Location of the Arbas massif, in central French Pyrenees.

Various taxon-centered studies since more than one century ago progressively brought
to light that the Coume Ouarnede system hosted a high diversity of cave animals. In
the only global synthesis of its fauna, published in 1982, 29 cave-restricted species were
listed from the system, including 18 stygobionts and 11 troglobionts [4]. Today, that is,
40 years later, there are 38 cave-restricted species recorded, including 21 stygobionts and
17 troglobionts, making of the Coume Ouarnede the richest cave fauna of the Pyrenees,
which is itself a major European hotspot. The richness of the Pyrenean range can be
explained by its biogeographical history [5]. The richness of the Coume Ouarnede can
be explained by the great extent of the cave system and the diversity of its subterranean
habitats. It may also result from the relatively good knowledge we have of its fauna, as the
system is close to the renowned Subterranean Laboratory of Moulis where a number of
biospeologists from all over the world have worked for decades.

In the framework of the special issue of the journal “Diversity” that deals with world
hotspots of subterranean biodiversity, the Coume Ouarnéde clearly deserves some attention.
We shall provide in this paper an updated and comprehensive checklist of its subterranean
fauna, put in its ecological and biogeographical context.

2. The Coume Ouarnede System

The Coume Ouarnéde system is the longest subterranean system of France, and one
of the most famous sites regarding French speleology. Today, it has a development of more
than 112 km for a depth of 1020 m, with 57 inter-connected caves, while the massif of
Arbas has about 500 caves in total (Figures 2 and 3) ([6]; S. Clément pers. comm. 05.2021).
The network offers a great variety of geomorphological features, with countless fossil and
active galleries and shafts, some of large dimensions (Pont de Gerbaut, Péne Blanque), and
subterranean rivers [7].
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Figure 2. Coume Ouarneéde. Synthesis of the networks (modified from [7] and S. Clément pers. comm.). 1-9: Localities

with three or more listed species, by decreasing species richness. 1: Goueil di Her; 2: Grotte de Pene Blanque; 3: Poudac
Gran; 4: Hount deras Hechos; 5: Henne Morte; 6: Puits du Mistral; 7: Gouffre du Pont de Gerbaut; 8: Trou Mile; 9:
Gouffre Raymonde.
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Figure 3. A transverse view of the system, with the location of the nine caves from which more than three taxa are listed

(modified from [7]). Cave numbers as in Figure 2.

The Coume Ouarneéde system has two distinct resurgences: the Goueil di Her at
Arbas, and the Hount deras Hechos at Herran, 2.5 km to the west (“Hount-des-Heretchos”
sensu [8,9], that is, «the source of the ash trees» after [10]). The Goueil di Her is the
resurgence of the main hydrological system, the Réseau Félix Trombe. The Hount deras
Hechos is the resurgence of the smaller Henne Morte system, regarded as a secondary
derivation of the main system [2,7]. The two systems are interconnected.

3. Methods

Data synthetized here are drawn from the literature, that is, species lists [4,9,11-14]
and taxonomic literature. Most specimens were collected in nine caves or cave complexes
of the system: Gouffre de la Henne Morte (and spring nearby), Gouffre du Pont de Gerbaut,
Poudac Gran, Gouffre Raymonde, Grotte de Pene Blanque, Goueil di Her, Hount deras
Hechos (cave and spring), Puits du Mistral, and Trou Mile (Figures 2 and 3). These caves
are now interconnected, except Poudac Gran. Most of the collections in the Goueil di Her,
the richest of these caves, were made between the entrance and the first sump.
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Species names and species validity have been checked from [15] and public databases [16,17].
Species ecological status has been inferred from the taxonomic literature, from [18], and
from [19] for spiders.

Abbreviations and terms defining species ecology that are used in the text are defined below:

Endogean or euedaphic species: living or assumed to live only in deep soil, often
common at cave entrances.

Eutroglophile: a species with permanent populations inside and outside caves.

Hyporheic species: living or assumed to live only in interstitia of sediment beneath
and alongside streams.

MSS: Milieu Souterrain Superficiel (often translated as “Superficial Underground
Compartment” in the literature).

Stygobiont: a species living or assumed to live only in groundwater.

Subtroglophile: a species spending a part of its life cycle in caves.

Troglobiont or troglobiotic species: living or assumed to live only in caves or in
the MSS.

Troglophile or troglophilic species: living inside as well as outside caves.

Only troglobionts, stygobionts and the most important troglophiles are considered in
this paper. Guano and shallow subterranean habitats have not been sampled, though these
habitats are present and promising in the massif d’Arbas [20].

4. The History of Biological Explorations

The Goueil di Her cave, the eye of Hell (“uélh d'in hern”) in the Gascon dialect, is the
main resurgence of the Coume Ouarnede system. The first explorations of the cave are
related in [21]. In 1908, 30 years later, Jeannel visited the cave, and did the first biological
collections, during a speleological expedition conducted by E.A. Martel which aimed at
studying the hydrological characteristics of Pyrenees [22,23]. He introduced the cave in a
dramatic way [23]: «Preés d “Arbas se trouve une étrange caverne, le Goueil di Her, redouté des
habitants du pays, parce qu “apres les pluies une puissante riviere souterraine jaillit sous pression
hors de la grotte, produisant une détonation qui s ‘entend a plusieurs kilométres». “Near Arbas is
a strange cave, the Goueil di Her, feared by the inhabitants of the country, because after the
rains a powerful subterranean river gushes under pressure out of the cave, producing a
detonation which can be heard several kilometers away”. During subsequent trips, Jeannel,
Racovitza and several biologists continued to regularly sample this cave (Figure 4).

Figure 4. René Jeannel at the entrance of the Goueil di Her cave, modified from [11].

A summary of their collections was published in the “Enumérations des Grottes
Visitées” [22,24,25]. In 1908, Jeannel visited several caves of the Arbas massif, and sampled
their fauna (Gouffre du Pont de Gerbaut, Grotte de Pene Blanque, Poudac Gran, Hount
deras Hechos, Grotte de Gourgue) [22]. In particular, he returned repeatedly to the Goueil
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di Her (1908, 1910, 1912). An important integrative work was done by F. Trombe and
his collaborators (1945-1947), based on a compilation of data in the fields of speleology,
karstology, climatology, hydrology, ecology, and biospeology of the Comminges area,
with a strong focus on the Arbas massif karst [12,26] Some years later, the Pene Blanque
cave fauna was the subject of another contribution [13]. The last and most important
investigations for aquatic subterranean fauna were done by Lescher-Moutoué, Gourbault
and Rouch, who studied the composition, distribution and ecology of the stygobiotic fauna
and characterized abiotic parameters of the Goueil di Her habitats in great detail [9,14]. A
synthesis of our knowledge on the hydrology and biospeology of the massif was published
by Bou [4,27]. Aside from these fundamental works, data available in the literature are few,
based on punctual samples in a small number of caves.

5. The Fauna

The Goueil di Her was ranked among the world hotspots of subterranean biodiversity,
with 26 cave-restricted species taxa (14 aquatics, 12 terrestrial species) in [28,29], then with
29 species [30]. This last number is actually an underestimation of the biological richness
of the cave, and of the whole system. Our knowledge of the Coume Ouarnede terrestrial
biodiversity relies on disparate sampling surveys in a few caves and pits, that often focused
on peculiar groups only, mostly beetles; conversely, aquatic fauna has been the object of an
intensive taxonomic and ecological study in karst and hyporheic habitats, but limited to
the first part of the Goueil di Her cave itself and to the hyporheic zone of the stream that
emerges from this cave [9].

Although the system counts more than 50 entrances, faunistic records come from a
few of them: nine caves have three cave species or more, but among them, only two were
investigated thoroughly, and provided more than seven cave-restricted species: the Pene
Blanque cave (eight troglobionts, no stygobionts) and the Goueil di Her, the main resur-
gence of the system and by far the richest (17 troglobionts and 13 stygobionts). Fourteen
stygobionts were collected in the hyporheic of streamlet under Goueil di Her. Faunistic
data are detailed in Tables 1 and 2.

5.1. Stygobiotic Taxa

The works of Lescher-Moutoué, Gourbault, and Rouch are the main sources of in-
formation about stygobionts of the system [9,14]. They mainly focused on crustacea of
Goueil di Her cave and of the hyporheic of the stream down to 2 km from the resurgence,
that is, a limited number of habitats compared to those of the whole system. In most
cases, Copepoda were the dominant group in abundance and diversity, rarely surpassed by
Ostracoda for abundance. The taxonomic coverage of the collected fauna is globally good,
but Ostracoda remain unidentified and only two species of Gastropoda were mentioned.
Below, we browse the most interesting stygobiotic species of the Coume Ouarnéde system.

5.1.1. Tricladida

Plagnolia vandeli, the only representative of the genus Plagnolia, is a blind white
flatworm endemic of a few karsts in central northern Pyrenees. Metabolism of the species
has been shown to be strongly reduced compared to epigean species and is associated
with a considerable lengthening of all biological processes, such as regeneration and life
expectancy [31].

5.1.2. Gastropoda

Both listed species, Moitessieria simoniana and Islamia moquiniana, are wide-range
endemics of subterranean aquifers, the former in eastern Pyrenees and Montagne Noire,
the later in eastern Pyrenees [32].
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Table 1. List of stygobionts and troglobionts of the Coume Ouarnéde system (CO), Grotte de Lestelas (L), Grotte de Gourgue

(G). *, ectoparasite; hab, habitats; ¢, cave; h, hyporheic; s, spring; X, species present in CO, L or G.

Group Species hab coO L G
Stygobionts
Suctorida: Choanophryidae Echinophrya stenaselli Matjasic, 1963 * c X X
Tricladida: Planariidae Plagnolia vandeli de Beauchamp & Gourbault, 1964 c X
Clitellata: Haplotaxidae Delaya leruthi (Hrabé, 1958) c X X
Gastropoda: Hydrobiidae Islamia moquiniana (Dupuy, 1851) h,c X
Gastropoda: Moitessieriidae Moitessieria simoniana (Saint-Simon, 1848) C X
Amphipoda: Niphargidae Niphargus foreli Humbert, 1877 s X
Amphipoda: Niphargidae Niphargus robustus Chevreux, 1901 c X
Amphipoda: Niphargidae Niphargus pachypus Schellenberg, 1933 h X
Amphipoda: Salentinellidae Parasalentinella rouchi Bou, 1971 h,c X
Amphipoda: Salentinellidae Salentinella sp. h X
Syncarida: Bathynellidae Bathynella sp. h,c X
Isopoda: Asellidae Proasellus racovitzai Henry & Magniez, 1972 h,c X X
Isopoda: Stenasellidae Stenasellus virei hussoni Magniez, 1968 C X X X
Copepoda: Ameiridae Nitocrella gracilis Chappuis, 1955 c X
Copepoda: Ameiridae Parapseudoleptomesochra subterranea (Chappuis, 1928) h,c X
Copepoda: Canthocamptidae Ceuthonectes gallicus Chappuis, 1928 h,c X
Copepoda: Canthocamptidae Elaphoidella infernalis Rouch, 1970 h,c X
Copepoda: Cyclopidae Diacyclops languidoides (Lilljeborg, 1901) c X
Copepoda: Cyclopidae Graeteriella (Paragraeteriella) sp. h X
Copepoda: Cyclopidae Speocyclops anomalus Chappuis & Kiefer, 1952 c X X
Copepoda: Cyclopidae Speocyclops racovitzai (Chappuis, 1923) c X
Copepoda: Parastenocarididae Parastenocaris dianae Chappuis, 1955 h X
Troglobionts
Acari: Rhagidiidae Troglocheles vandeli Zacharda, 1987 C X
Araneae: Linyphiidae Birgerius microps (Simon, 1911) c X
Araneae: Leptonetidae Leptoneta microphthalma Simon, 1873 c X X X
Pseudoscorpiones: Neobisiidae Neobisium (Blothrus) abeillei Simon, 1872 C X
Pseudoscorpiones: Neobisiidae Neobisium (Blothrus) sp. c X
Pseudoscorpiones: Neobisiidae Neobisium (Neobisium) cavernarum (L. Koch, 1873) C X
Opiliones: Cladonychiidae Arbasus caecus (Simon, 1911) d X X X
Opiliones: Ischyropsalididae Ischyropsalis pyrenaea Simon, 1873 c X
Chilopoda: Lithobiidae Lithobius cavernicola Fanzago, 1877 c X
Diplopoda: Blaniulidae Blaniulus lorifer (Brolemann, 1921) C X X
Diplopoda: Blaniulidae Blaniulus troglobius (Brolemann, 1921) c X X X
Diplopoda: Glomeridae Spelaeoglomeris jeanneli Brolemann, 1913 c X X
Isopoda: Trichoniscidae Scotoniscus macromelos macromelos Racovitza, 1908 C X X X
Collembola: Entomobryidae Pseudosinella theodoridesi Gisin & Gama, 1969 C X X
Collembola: Oncopoduridae Oncopodura tricuspidata Cassagnau, 1964 c X X
Collembola: Tomoceridae Tomocerus problematicus Cassagnau, 1964 c X
Collembola: Tomoceridae Tritomurus falcifer Cassagnau, 1958 c X
Coleoptera: Carabidae Aphaenops bucephalus (Dieck, 1869) c X X
Coleoptera: Carabidae Aphaenops cerberus bruneti Jeannel, 1926 c X X
Coleoptera: Carabidae Aphaenops crypticola (Linder, 1859) c X
Coleoptera: Carabidae Aphaenops ehlersi (Abeille de Perrin, 1872) c X X X
Coleoptera: Carabidae Aphaenops tiresias tiresias (Piochard de la Brailerie, 1872) c X X
Coleoptera: Carabidae Geotrechus trophonius trophonius (Abeille de Perrin, 1872) c X
Coleoptera: Leiodidae Speonomus (Machaeroscelis) infernus arbasanus Jeannel, 1924 c X X
Coleoptera: Leiodidae Speonomus (Machaeroscelis) infernus infernus (Dieck, 1869) c X
Coleoptera: Leiodidae Speonomus (Speonomus) ehlersi (Abeille de Perrin, 1872) c X
Fungi: Laboulbeniaceae Rhachomyces aphaenopsis Thaxter, 1905 * c X X
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Table 2. List of troglophiles of the Coume Ouarnéde system (CO), Grotte de Lestelas (L), Grotte de Gourgue (G). ecol,
ecology; endo, endogean; TPeu, eutroglophiles; TPsub, subtroglophiles; x, species present in CO, L or G.

Group Species ecol coO L G
Araneae: Agelenidae Eratigena inermis (Simon, 1870) TPeu X X
Araneae: Leptonetidae Leptoneta infuscata Simon, 1873 TPeu X X
Araneae: Linyphyidae Troglohyphantes marqueti (Simon, 1884) TPeu X
Araneae: Tetragnathidae Meta menardi (Latreille, 1804) TPeu X X
Araneae: Tetragnathidae Metellina merianae (Scopoli, 1763) TPeu X X
Opiliones: Ischyropsalididae Ischyropsalis luteipes Simon, 1873 TPeu X
Chilopoda: Lithobiidae Lithobius piceus piceus L. Koch, 1862 TPeu X
Chilopoda: Lithobiidae Lithobius pilicornis pilicornis Newport, 1844 TPeu X
Chilopoda: Lithobiidae Lithobius troglodytes Latzel, 1886 TPeu X X X
Chilopoda: Lithobiidae Lithobius microps Meinert, 1868 TPeu X
Chilopoda: Lithobiidae Lithobius macilentus L. Koch, 1862 TPeu X X X
Isopoda: Trichoniscidae Phymatoniscus tuberculatus ssp. endo X
Isopoda: Trichoniscidae Phymatoniscus tuberculatus arbassanus Vandel, 1948 endo X
Isopoda: Trichoniscidae Oritoniscus trajani trajani Vandel, 1933 endo X
Collembola: Hypogastruridae Schaefferia decemoculata (cf.) (Stach, 1939) TPeu X
Collembola: Onychiuridae Onychiuroides pseudogranulosus (Gisin, 1951) TPeu X X
Collembola: Arrhopalitidae Pygmarrhopalites pygmaeus (Wankel, 1860) TPeu X
Coleoptera: Carabidae Geotrechus orpheus consorranus (Dieck, 1870) endo X X X
Coleoptera: Carabidae Laemostenus oblongus oblongus (Dejean, 1828) TPeu X
Coleoptera: Curculionidae Raymondionymus perrisi (Grenier, 1864) endo X
Coleoptera: Leiodidae Bathysciola lapidicola simplex Coiffait, 1959 endo X
Coleoptera: Leiodidae Bathysciola lapidicola lapidicola (Saulcy, 1872) endo X X
Coleoptera: Leiodidae Bathysciola schioedtei schioedtei (Kiesenwetter, 1850) endo X X X
Coleoptera: Leiodidae Bathysciola asperula (Fairmaire, 1858) endo X
Coleoptera: Leiodidae Bathysciola ovata (Kiesenwetter, 1850) endo X
Coleoptera: Leiodidae Choleva angustata (Fabricius, 1781) TPsub X
Coleoptera: Staphylinidae Linderia cristata (Saulcy, 1872) endo X X
Coleoptera: Staphylinidae Linderia bidentata (Dodero, 1919) endo X
Coleoptera: Staphylinidae Leptotyphlus (Leptotyphlus) anchorifer Coiffait, 1957 endo X
Coleoptera: Carabidae Hypotyphlus pandellei (Saulcy, 1867) endo X X
Coleoptera: Staphylinidae Octavius capdeviellei Orousset, 1979 endo X
Diptera: Mycetophilidae Speolepta leptogaster (Winnertz, 1863) TPsub X
Lepidoptera: Geometridae Triphosa tauteli Leraut, 2009 TPsub X
Trichoptera: Limnephilidae Stenophylax permistus McLachlan, 1895 TPsub X

5.1.3. Amphipoda

Five species of Amphipoda in three different genera are present in the system. Parasalen-
tinella rouchi, from the hyporheic zone of the Arbas and Escalette streams, is a small species
known from the hyporheic of a few stations in Ariege and eastern Haute-Garonne [33]; it is
present in this habitat downstream of Goueil di Her resurgence, where it sometimes occurs
together with Salentinella petiti.

Niphargus are present but less common in Pyrenees than in most other French re-
gions [34]. Three species of Niphargus have been collected in the system, in three different
habitats: N. pachypus in the hyporheic downstream of the resurgence [4], a species of the
group longicaudatus Costa, 1851, probably N. robustus, inside the Goueil di Her [4,34] and N.
foreli at a spring in the upper part of the system [35]. Further sampling as well as taxonomic
work would be necessary to confirm these findings.

5.1.4. Isopoda

Proasellus racovitzai was described from the Goueil di Her where it coexists with
Stenasellus virei hussoni. It is considered endemic of this cave [36]. Stenasellus virei hussoni
(Figure 5), a “carnivore facultative omnivore” after [37], is widespread in caves of the
northern part of central Pyrenees. This typical stygobiont has a life span of 15-20 years [38].
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Figure 5. Stenasellus virei hussoni, a stygobiotic species common in hypogean waters of the Coume Ouarnéde system

(specimen from the Tute de Jovis cave, in the Sourroque massif, east of the Arbas massif; body 10 mm long; reproduced

with permission from S. Huang).

5.1.5. Copepoda

The Coume Ouarnéde is especially rich in Copepoda, with nine stygobiotic species
recorded so far, of which six occur at the Goueil di Her. A large number of epigean species
are associated to these strictly hypogean species, for example 11 troglophilic or trogloxenic
species for four troglobiotic ones among harpacticoids are cited from Goueil di Her [14].
Copepoda are by far dominant in number and diversity in all hypogean compartments.

5.2. Terrestrial Taxa
5.2.1. Acari

Rhagidiidae, a family of tiny predatory mites, comprises the largest number of troglo-
bionts among Acari of temperate caves. Troglocheles vandeli is a troglomorphic mite only
known so far from its type locality, the Trou Mile in Arbas [39]. The remarkable blind,
slender, and transparent mite mentioned in [40] in the Goueil di Her might be this species.
Given the rarity of cave Rhagidiidae, the presence of a second troglobiotic species of this
family, Rhagidia (Deharvengiella) troglomorphica Zacharda, 1987, in the Grotte de la Buhadeére,
a cave of the Source Bleue system adjacent to the southwestern part of the Arbas massif,
may indicate that these rare mites may be more diversified than expected.

5.2.2. Araneae

The Coume Ouarnéde system, as well as the Arbas and surrounding massifs, are riche
in troglophilic spiders, but very poor in troglobiotic ones. A single troglobiotic spider,
Leptoneta microphthalma, is recorded from system, and present in several caves of the massif
d’Arbas and surrounding karsts. It has six reduced eyes. L. infuscata, a troglophilic but
mostly cave dwelling species, is also frequent in the caves of the region [41].

5.2.3. Opiliones

Arbasus caecus is a relictual species of harvestmen, the only species in the genus Arbasus
(Figure 6). The superfamily Travunioidea, to which Arbasus belongs, is a north temperate
lineage known from North America, Europe and East Asia (Japan, Korea) and counts



Diversity 2021, 13, 419

9o0f17

four families and 24 genera, some of them troglobiotic [42]. The peculiar morphology of
Arbasus makes difficult its attribution to a family, and it is regarded as a representative of
either Travuniidae [43] or Cladonychiidae [42]. Genetic data are still lacking to confirm
this attribution.

Figure 6. Arbasus caecus, a monospecific genus of harvestmen Travuniidae described from Pene Blanque cave (specimen
from Artigouli cave, Estadens; body 2 mm long; reproduced with permission from C. Vanderbergh).

First described in the genus Phalangodes by Simon [44], Arbasus caecus was subse-
quently included in a new genus, Arbasus, by Roewer in his revision of European Opil-
iones [45]. Contrary to what was mentioned by Bou [4], the species was not described from
Gourgue cave, where it is present, but on a single specimen collected in the Péne Blanque
cave, probably by R. Jeannel [22,44]. Since then, the species was found in Goueil di Her, as
well as a few other caves in karsts surrounding the Arbas massif: Riusec cave of the Source
Bleue system [12], Cap de Payssas cave at Juzet-d'Izaut [46], the Lestelas cave [47] of the
Caussanous system [2], and more recently, the Artigouli cave at Estadens (C. Vanderbergh
pers. comm.), a cave of the small Peyrein system northwest of Arbas [48].

5.2.4. Chilopoda

One of the three troglophilic Lithobius, L. troglodytes, has a strong affinity for cave
habitats as more than 70% of its 73 French records listed by Iorio in 2014 were collected in
caves [49]. The two other species are more abundant outside, rather than inside caves.

5.2.5. Diplopoda

All three species listed in Table 1 are detritivores. Four Blaniulidae (two species and
four subspecies) have been reported in various caves of the Coume Ouarnéde system in
the literature. A taxonomic re-examination of this material would be necessary to validate
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these forms. We provisionally listed only the two species, Blaniulus lorifer and B. troglobius,
regardless of their subspecies. The third species, Spelaeoglomeris jeanneli, is a small pill-
millipede only known from the Arbas massif (Goueil di Her, Grotte de Gourgue, Grotte de
Paloumere and Poudac Gran). This species is the only troglobiont endemic of the Arbas
massif [4,11,50].

5.2.6. Isopoda Oniscida

The species Scotoniscus macromelos, endemic of central Pyrenees, is split into nine
parapatric subspecies, all strictly troglobiotic. S. macromelos macromelos is the easternmost
form, endemic of a cluster of karstic massifs including Arbas and Lestelas [51-53].

5.2.7. Collembola

Collembola are usually the dominant arthropod species in caves. They are detritivore,
but troglobiotic species mostly ingest clay, like many deep soil species, perhaps feeding on
the micro-organisms it contains, while many litter species ingest fungi mycelium.

Three cave-restricted species are known from the system. At least two additional ones
from two genera are expected to occur, as they are known in caves of other systems of the
region: a Micronychiurus and a blind Pseudosinella. No species from the guano has been cited
from the system, but they probably exist, and a guanobiotic endemic Hypogastruridae,
like those known from the Grotte de Mont de Chac and Grotte de Payssa nearby can also
be expected.

Pseudosinella theodoridesi. It is a common species in the caves of Ariege and Haute-
Garonne. Its eyes and pigmentation are reduced, but present. Its appendages are, however,
clearly elongated. Several forms differing by eye reduction have been recognized in the
caves of the region [54], but their taxonomic status is unclear.

Oncopodura tricuspidata. Described from the grotte de Péne Blanque, this troglomor-
phic species has populations in several caves of central Pyrenees, which are likely to be
undescribed species [55].

Tritomurus falcifer. This highly troglomorphic species is blind, depigmented, and has
long antennae and elongate claw, in contrast to all other western European Tomoceridae.
It is geographically isolated from the two other species of its genus which are located
in caves of the Dinarides [56] and can be qualified as relictual. The species is the only
troglobiont of the Coume Ouarnede system to live in hygropetric habitats [57], where it
moves relatively slowly, often associated to Aphaenops ehlersi; though equipped with a long
furca, “the large Collembola, special to” the Goueil di Her “jump with difficulty and prefer
to run away: they walk by sweeping the ground with their very long antennae which strike
the roughness of the ground while folding back.” [40]. It is known from the Goueil di Her
and Trou Mile in the system, but also from a few caves in the surroundings of the Arbas
massif, that is, Grotte du Béguet, Grotte de la Buhadere and Grotte de Riusec.

5.2.8. Coleoptera

The system is rich in 11 species of Coleoptera, among which six are troglobitic (genera
Aphaenops and Speonomus, both endemic of the Pyrenees), three are endogean and two are
troglophilic. Though narrow endemics, all Coume Ouarnéde beetle species in their current
acceptation have distribution areas exceeding the Coume Ouarnéde and even the Arbas
massif. None of the species are endemic of the Arbas massif itself, but all the troglobiotic
ones have a narrow distribution in Arbas and surrounding massifs, like the Leiodidae
Speonomus (Machaeroscelis) infernus arbasanus (Figure 7) [58].
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Figure 7. Speonomus (Machaeroscelis) infernus arbasanus, a hypogean Leiodidae present in the Arbas
massif (specimen from Lespugue cave, Saleich; body 2.5 mm long; reproduced with permission from
S. Huang).

The genus Aphaenops, endemic of the Pyrenees, is composed of many troglobiotic
and a few endogean species. Five species are quoted from the system, all strictly troglo-
biotic. These Aphaenops are easily recognizable morphologically and were, until recently,
distributed in different subgenera. Three of them are common (A. ehlersi, A. t. tiresias, A.
cerberus bruneti) in the Goueil di Her cave, while the two other ones are rare.

Aphaenops (formerly Hydraphaenops) ehlersi (Figure 8) has a particularly interesting
ecology, very different from the other species of the genus present in the Goueil di Her.
During a visit of the cave just after a storm and a flood in July 1914, Jeannel observed
numerous exemplars of “Hydraphaenops” (actually A. ehlersi) walking on wet clay around
the sump [59], that were usually not present or rare in this habitat. He was convinced that he
found here the real way of life of the Hydraphaenops-like species, which are always extremely
rare in most of caves of Pyrenees. He hypothesized the existence of a terrestrial phreatic
habitat restricted to the deep parts of the karsts, to which some species are subservient,
coming out to the riverbanks of subterranean rivers only after flooding [60,61].

Aphaenops (formerly Arachnaphaenops) tiresias is a wide-range endemic that is present
in several karsts in the Pyrenees of Ariege and Haute-Garonne.

Aphaenops (formerly Cerbaphaenops) cerberus is widespread in Ariege and Haute-
Garonne, where it is differentiated in many genetically divergent populations, some
taxonomically recognized as subspecies, the splits between the populations reflecting
largely the fragmentation of the karst itself [62]. The Aphaenops cerberus bruneti populations
of Coume Ouarnede and of Lestelas, locus typicus of the subspecies are slightly different
morphologically. Because of morphological similarities, it was suggested that the Coume
Ouarnede population, the westernmost of A. cerberus, might actually belong to the species
A. jauzioni Faille, Déliot, and Quéinnec, 2007 which was described from Grotte d’Artigouli,
a cave in a small isolated limestone outcrop 5 km northwest from Goueil di Her [63,64].
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Figure 8. Aphaenops ehlersi, specimen from Goueil di Her (body 4.2 mm long; reproduced with
permission from C. Vanderbergh).

Aphaenops (formerly Cephalaphaenops) bucephalus is known from many caves of Ariege
and Haute-Garonne, where it is always rare [65] (Figure 9).

™

Figure 9. Aphaenops bucephalus, a species endemic from the Ariege and Haute-Garonne departments,
always rare in its distribution area, and known by only a few records in Goueil di Her cave (specimen
from Mount cave, Juzet-d'Izaut; body 5.6 mm long; reproduced with permission from S. Huang).

Aphaenops crypticola is quoted from a single record under the name A. parallelus Coiffait,
1954, and its identification needs confirmation [66].

One species of the Coume Ouarnede system initially described as distinct subspecies
(A. tiresias ssp. proserpina Jeannel, 1909) was recently synonymized with its nominal
subspecies. Another one, A. ehlersi ssp. longiceps Jeannel, 1926, is no more recognized as a
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valid subspecies. As a result, none of the recognized Aphaenops of the Coume Ouarnede is
currently restricted to the system, but all remain relatively narrow regional endemics.

Among the three endogean species found in the system, Geotrechus orpheus consorranus
belongs to a genus very close to Aphaenops, but with as many endogean forms as troglobiotic
ones. All Geotrechus are blind and depigmented, but none exhibit strong appendage
elongation. The species found in the Coume Ouarnéde, often endogean, is also present in
Grotte de Lestelas. However, this last cave also has another species of the same genus, G.
trophonius trophonius, which is rare.

5.2.9. Laboulbeniomycetes

Pyrenean Trechinae frequently carry on their integument a species of fungi of the
Laboulbeniaceae family. Laboulbeniomycetes are a group of ascomycete fungi that utilizes
arthropods for nutrition and/or dispersal. The species Rhachomyces aphaenopsis is known
on a large number of Pyrenean cave Trechinae (see [67] for a complete list of the hosts)
and was found on three species of Trechinae occurring in the Coume Ouarnede system:
Aphaenops cerberus bruneti, A. tiresias tiresias and A. ehlersi [67,68].

6. Species Richness in a Regional Context

The Coume Ouarnede system is the second hotspot of subterranean biodiversity
of France; it is second to Cent Fonts spring in total species richness and second to
Grotte de Lestelas in number of troglobionts (Table 3). Aside from its 21 stygobionts
and 17 troglobionts, the system is also home to 20 troglophiles, including three species of
endogean beetles (Table 2).

Table 3. Number of obligate subterranean species of the richest caves and aquifers of France, and
of three rich caves close to the Coume Ouarnede system (Grotte de la Buhadere, Grotte de Lestelas
and Grotte de Gourgue). Tb, number of troglobionts; Sb, number of stygobionts; *, caves close to
Coume Ouarnéde.

Site Region Tb Sb Source
Cent Fonts spring Massif Central 0 43 [69]
Triadou aquifer Massif Central 0 34 [30]
Baget aquifer and karst Pyrenees 9 24 [30]

Grotte de Lestelas * Pyrenees 19 3 Table 1

Coume Ouarnéde hyporheic and caves Pyrenees 17 21 Table 1
Pierre-Saint-Martin system Pyrenees 14 4 [70]
Grotte de la Buhadere * Pyrenees 14 2 [71]

Grotte de Gourgue * Pyrenees 8 2 Table 1

The Coume Ouarnede system shares most of its species with three karstic systems
geographically close to it [2], that is, the Grotte de Gourgue, 200 m from Goueil di Her, but
not related to the Coume Ouarnede system; the Lestelas cave of the Cassaunous system;
and the Buhadere cave of the Source Bleue system. The differences in faunistic richness
are primarily due to undersampling of these three caves, in particular for aquatics. None
of the three cited caves have been sampled for microcrustaceans, which account for more
than half of the total number of species in the Coume Ouarnede system. More generally,
inventories of the hyporheic fauna would be required to precise the distribution limits and
the degree of endemicity of the microfauna of subterranean aquifers in most parts of the
Pyrenees. The few stygobionts encountered in the three caves are present in the Coume
Ouarnede, except Echinophrya stenaselli, ectoparasite on Stenasellus pleopods [72].

The troglobiont dataset is less uneven. In the Grotte de Gourgue, very close to the
Goueil di Her, all troglobionts, but one, are shared with the Coume Ouarnede system. The
missing one is a rare Pseudoscorpion, Neobisium (Blothrus) sp. The Grotte de Lestelas, more
thoroughly sampled, shares 11 species with the Coume Ouarnede, but has 8 species not
found in this system. Among them, two species have vicariants in the Coume Ouarnede.
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Tomocerus problematicus is replaced by Tritomurus falcifer (though very different morpho-
logically, they are mutually exclusive in the region). Speonomus (M.) infernus infernus is
represented by a different subspecies, S. (M.) infernus arbasanus in the Coume Ouarnede.
The other six species, that live in habitats undersampled in the Coume Ouarneéde system,
could be potentially found in the system, like Pseudoscorpiones or Ischyropsalis pyrenaea, a
Pyrenean endemic, which occurs in several caves close to the system: Lestelas, Lespugue
among others [46]. Comparisons with Grotte de la Buhadere would require deeper tax-
onomic investigations, but this cave has at least two rare troglobiotic micro-arthropods
that could be potentially present in the Coume Ouarnede system: a Rhagidiidae and a
new Oncopodura springtail of a species group different from O. tricuspidata. Discoveries of
additional troglobionts in the Coume Ouarnede system is therefore foreseeable.

Conversely, several of the troglobionts (Spelaeoglomeris jeanneli for instance) present in
the Coume Ouarnede system and lacking in Lestelas, are susceptible to be found in this last
cave. Given the lack of all-taxa inventories in most caves of Pyrenees, it is likely that caves
of richness similar to that of the Coume Ouarnéde exist in the central and western Pyrenees.
In the same line, some groups which are widespread in subterranean ecosystems of the
Pyrenean range have not been reported from the Coume Ouarnéde system nor from the
three caves of its surroundings mentioned above, such as Diplura, frequent troglobionts in
Pyrenean caves [73], or Ostracoda among stygobionts. This last group is widespread and
diversified in groundwaters of central Pyrenees, but its species have been rarely identified.

At the scale of France, between-site comparisons are more biased. The highest species
richness known so far, that of Cent-Fonts spring, and the third and fourth richest ones,
those of Triadou and of the Baget, do not compare with the Coume Ouarnede dataset as
they are focused on interstitial aquatic fauna based on exceptional sampling efforts during
years. The current pattern at country level is that hotspots of subterranean diversity are
located in two regions: central and western Pyrenees on one hand for both stygobionts and
troglobionts, and southeastern Massif Central on the other hand for stygobionts. Within
these regions, the richest caves are clearly also the most heavily sampled.

7. Conclusions and Perspectives

The faunistic inventory presented in this paper has to be put in perspective. Its
limitation is due to several ecological, spatial, taxonomical and methodological gaps.
Guano and shallow subterranean habitats have been only marginally sampled or not
sampled at all. A single site, the Goueil di Her, has been the object of thorough all-taxa
sampling; however, its cave habitats, though highly interesting, are quite unusual among
the caves of the region due to frequent flooding of all the sampled passages. Taxonomic
coverage has been insufficient for snails and springtails, while Ostracoda and Diplura
have not been identified. At least, mostly basic sampling techniques have been used
for terrestrial and aquatic fauna except at Goueil di Her. Overall, this may explain why
several cave species encountered in the surroundings of the Arbas massif have not yet been
recorded from the Coume Ouarnede system. Filling these gaps would significantly increase
the subterranean biodiversity of the system. On the other hand, sampling surrounding
karsts, finetuning distribution limits, and testing genetic differentiation of populations of
stygobionts would obviously help in understanding the observed geographical patterns.
In this respect, investigations are currently being carried out, that focus on the major
biodiversity issues raised above, that is, sampling a few targeted caves located in the upper
Coume Ouarnede system and shallow subterranean habitats of its basin, and caves in the
three surrounding systems identified by the BRGM [2]. The basic sampling methods were
completed by bait-based techniques in oligotrophic and aquatic habitats.

In spite of these limitations, this work confirms the richness of the Coume Ouarnede
system and of its most interesting cave, the Goueil di Her. Springtails and beetles are
dominant, like in all central and western Pyrenean karsts (Table 1) [18], and these two
groups clearly illustrate its difference with non-Pyrenean regions of France in terms of
global subterranean species richness. The presence of two relictual troglomorphic species
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in the Coume Ouarnéde fauna is a second illustration of its exceptional biodiversity. This
raises fascinating questions about the origin and age of this fauna, as much as similarly
isolated relicts do not exist in the karsts of central Pyrenees surrounding the Arbas and its
satellite massifs.
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