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Abstract

A new species of the genus Stygepactophanes Moeschler & Rouch, 1984 (Copepoda, Harpacticoida,
Canthocamptidae) is established to accommodate a small canthocamptid population collected from a
spring system in the “Parc du Mercantour”, Var catchment, southern France. The population analysed
in the present study is defined by a set of morphological characters of the female, namely a very large
maxilliped, a rudimentary mandibular palp, P1 with 3-segmented exopod and 2-segmented endopod,
a falcate terminal claw of the P1 endopod, dorsal seta of caudal rami inserted on the inner margin,
and anal operculum not overreaching the insertion of the caudal rami, thus supporting its assignment
into the genus Sgygepacrophanes. The new species Stygepactophanes occitanus shows marked differences
with the nominotypical species of the genus that was originally described by monotypy with the species
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Stygepacrophanes jurassicus Moeschler & Rouch, 1984. The main diagnostic traits of S. jurassicus are the
absence of the P5 and a falcate outer terminal claw of P1 endopod. Stygepactophanes jurassicus also shows
a reduced armature of the antennal exopod, bearing one seta, 1-segmented P2-P4 endopods, a reduced
armature of P2-P4 exopodal segments 3 (3,4,4 armature elements, respectively), P6 bearing only one
long seta, a rounded short and smooth anal operculum. Conversely the female of S. occiranus Galassi &
Fiers, sp. n. has a well-developed P5, with rudimentary intercoxal sclerite, together with a falcate outer
terminal claw of P1 endopod, antennal exopod bearing two elements, P4 endopod 1-segmented versus
2-segmented in P2-P3, P2-P4 exopodal segment 3 with five armature elements, P6 with three setae of
different lengths, rounded anal operculum, bearing 3—4 strong spinules.

According to our present knowledge, S. occitanus Galassi & Fiers, sp. n. is assigned to the genus Styge-
pactophanes as the most conservative solution, waiting for the male to be discovered. The genus Sgge-
pactophanes represents a distinct lineage within the harpacticoid family Canthocamptidae that colonised
southern European groundwater, the genus being known only from the saturated karst in Switzerland
and a fissured saturated aquifer in southern France. Both species of the genus are stygobites and narrow
endemics, the nominotypical species being known from the type locality Source de la Doux in Délemont
(Switzerland), and S. occitanus Galassi & Fiers, sp. n. described herein from a spring system of the Var
catchment (France).

Keywords
Groundwater, stygobite, systematics, taxonomy, Var catchment

Introduction

The “Parc du Mercantour” in southern France and the “Parco Naturale Alpi Mar-
ittime” in north-western Italy have promoted the development of an inventory of
biological resources, including poorly known species belonging to different domains
(ATBI program: All Taxa Biodiversity Inventory) and coming from different ecosys-
tems, with special attention on the groundwater habitats. The project was also sup-
ported by the “European Distributed Institute of Taxonomy” (EDIT) (Dole-Olivier et
al. 2015). The Mercantour massif has long been recognized as a European hotspot of
biodiversity for both fauna and flora (Ozenda and Borel 2006, Giudicelli and Derrien
2009, Deharveng et al. 2015, Villemant et al. 2015). Its uniqueness is related to its
location in Europe, where three (Alpine, Mediterranean and Continental) out of nine
biogeographical regions coexist (European Environmental Agency 2018). This area
is of great biogeographical interest also because of its role as a refugia during the Last
Glacial Maximum, hosting a high number of narrow endemics (Biancheri and Claudin
2002, Dole-Olivier et al. 2015).

The Mercantour National Park (1465 km?) is situated at the south-western end of
the Alpine arc. The landscape is highly diversified and defined by a complex geology
(Comité de Bassin 1995a, b, ¢). Three major geological units are present: a central crys-
talline massif (granite, gneiss), external and intensively folded sedimentary formations
of Secondary and Tertiary ages, and intra-Alpine thrust sheets coming from Italy and
covering the subalpine zone. Groundwater is mainly represented by aquifers in fissured
consolidated rocks (Comité de Bassin 1995a, b, c; Cornu et al. 2013).
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In two spring mouths belonging to the same spring system out of the 27 sampled
in the studied area, a small population of an unknown canthocamptid harpacticoid
was discovered. The new species shows morphological affinities with Stygepactophanes
jurassicus Moeschler & Rouch, 1984, the only species at present known for the genus.
Detailed morphological analyses, and a direct comparison with the type-material of
S. jurassicus, the type species of the genus, supported the establishment of the second
species of the genus, S. occitanus sp. n.

Materials and methods

Sampling was carried out according to the PASCALIS protocol, which was designed to
assess groundwater biodiversity at regional scale (Malard et al. 2002). A stratified ran-
dom sampling was adopted in spring-summer 2009 and in summer 2010 for the Var
catchment, where 6 sampling sites were selected. Springs were sampled by using three
techniques in order to maximize the sampling effort. A drift net was used to collect or-
ganisms flushed out from the aquifer by drift (Rouch et al. 1968), a Surber sample was
taken to collect organisms at the surface of spring sediments and in the aquatic vegeta-
tion (Surber 1936), and a Bou-Rouch pump (Bou and Rouch 1967) was used to collect
organisms at depth from the interstices of spring sediments (when present). The drift net
(150 pum mesh size) was positioned at the spring outlet for eight to twelve hours (Rouch
1980). Once animals in the drift had been collected, the Surber sample was taken by
moving cobbles upstream of the Surber net (150 um mesh size) in order to dislodge
animals at the surface of the spring bed sediments. Finally, sampling at depth into the
spring bed sediments was carried out whenever the sediment thickness was > 30 cm. A
mobile pipe was inserted into the spring bed sediments (maximum depth 50 cm below
the bed surface) and 5-10 L of interstitial water and fine particles were extracted with
a Bou-Rouch pump. Whatever the sampling method used, samples were elutriated, fil-
tered through a 200-um mesh net in the field and immediately fixed with 95% alcohol.

Only two spring mouths belonging to the Var catchment, in the Entraunes mu-
nicipality, France (sites 30 and 31 in Dole-Olivier et al. (2015): Table 1, page 532),
revealed the presence of two adult females of the new species collected in the drift, and
three copepodids with the Surber sampling technique at the spring mouths.

Observations and drawings were made with a phase contrast Leitz Diaplan light
microscope SFZ28, equipped with a drawing tube (standard magnification 1.25x, ter-
minal lens 18x). Morphological details were also analysed with the aid of a Leica DM
2500 interferential microscope.

The type material of Stygepactopanes jurassicus was also analysed. The specimens
were mounted in glycerine with modelling clay dots under the cover glass; the slides
were re-sealed with polyurethane varnish in the course of the present study.

Abbreviations used: Aesth: aesthetasc; P1-P6: legs 1 to 6. Armature presentation
in Tables 1, 2: Roman numerals referring to spines, Arabic numerals to setae; arma-
ment position indicated as x.x.x referring to outer.distal.inner elements.
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Taxonomy

Order Harpacticoida Sars, 1903

Family Canthocamptidae Brady, 1880

Genus Stygepactophanes Moeschler & Rouch, 1984

Type species Stygepactophanes jurassicus Moeschler & Rouch, 1984
Other species Stygepactophanes occitanus Galassi & Fiers, sp. n.

Stygepactophanes occitanus Galassi & Fiers, sp. n.
http://zoobank.org/DA7D1261-22C6-4A77-B3CB-2063518C43DF

Figures 1-5

Material examined. Holotype here designated. Adult §@ completely dissected
and mounted in polyvinyl lactophenol on one slide, coll. M.-]. Dole-Olivier and
Dominique Martin, 21 July 2009, deposited at the Muséum national d’Histoire na-
turelle de Paris. Paratypes. 1 @, same data as holotype, preserved in alcohol, coll.
M.-]. Dole-Olivier and Dominique Martin, 9/08/2010. Additional material: 3 ?
copepodids collected at the Sanguiniére spring system, from a spring mouth located
at 2199 m above sea level.

Etymology. The specific epithet refers to the region Occitania, derived from the
Medieval Latin Occitania (from where the new species was collected, a region now
encompassing the French administrative region Languedoc-Roussillon-Midi-Pyrénées
which is located on part of the traditional Occitania and includes Roussillon).

Type locality. Sanguini¢re spring system, Var Department, Mercantour National
Park, France, Var river catchment at Entraunes municipality at 2040 m above sea level;
coordinates 44.25226354N, 6.77111744E.

Diagnosis. Stygepactophanes occitanus Galassi and Fiers, sp. n. has a well-devel-
oped P5, with rudimentary intercoxal sclerite, together with a falcate outer terminal
claw of P1 endopod, antennal exopod bearing two elements, P4 endopod 1-seg-
mented versus 2-segmented in P2—P3, P2-P4 exopodal segment 3 with five armature
elements, P6 with three setae of different lengths, rounded anal operculum, bearing
3—4 strong spinules.

Description of the female. Body (Fig. 1A, B) slender and cylindrical in dorsal
view, with urosome slightly narrower than prosome. Body length of holotype 425
pm, female paratype 410 pm. Podoplean flexure indistinct; prosome and urosome of
same length. Integument without pits and very feeble sclerotization. Integumental
windows absent; female genital and first abdominal somites completely fused form-
ing genital double-somite; double-somite short, length/width ratio: 0.45; genital field
located near anterior margin of genital somite and extended far beyond proximal half
of somite. Genital complex expanded caudally to end of second third of ventral sur-
face (Fig. 2A), with rather large reniform orifices of receptacles and long copulatory
duct; the latter with wide funnel and copulatory pore; slit shaped pore present on
both sides of copulatory pore.
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Body ornamentation: integument of cephalothorax and urosome unornamented in
the paratype, with short lateral row of spinules on left side of P4-bearing somite in the
holotype (Fig. 2C); P5-bearing somite either completely smooth (holotype) or with short
row of spinules on left side (paratype) (Fig. 1A, B); integument of genital double-somite
either unornamented (holotype) or with short posterodorsal row of spinules (paratype;
Fig. 1A); posterolateral and posteroventral margins ornamented with slender spinules,
short medially (Fig. 1B), absent medioventrally (Fig. 2A); posterior margins of urosomites
IV and V lateroventrally and posteroventrally with narrow spinules, interrupted mid-ven-
trally on urosomite IV, continuous row of spinules on urosomite V (Fig. 2A). Posterodor-
sal hyaline frills of body somites narrow and straight, plain. Anal somite unornamented
along posterodorsal and posterolateral margins; posteroventral margin with two sets of
spinules medially; outer ones minute, inner ones long and slender; anal sinus smooth, anal
orifice with few slender hairs (Fig. 2A). Anal somite as long as preceding one with convex
anal operculum bearing four (holotype: Fig. 2D) or three (paratype: Fig. 1A) coarse spi-
nules along distal margin; distal margin of operculum not extending beyond anal sinus.

Caudal rami (Fig. 1A-C): conical and truncate, in both dorsal and lateral view,
slightly divergent; length/width ratio: 2.75 (holotype) and 2.80 (paratype). Anterolat-
eral accessory seta (I) minute, inserted on proximal third of caudal ramus, anterolateral
seta (II) inserted on distal third of caudal ramus, accompanied by two or three long
and slender spinules at insertion (Figs 1C, 2A), ca. 1.5 times longer than anterolateral
accessory seta; posterolateral seta (III) slender and unornamented, outer terminal seta
(IV) 1.5 times longer than ramus, sparsely serrate; inner terminal seta (V) (Fig. 2B) as
long as the whole body, rather slender, sparsely serrate along outer margin (Fig. 2B);
both setae IV and V without breaking plane; terminal accessory seta (VI) short, less
than 1/3 length of caudal ramus; dorsal seta (VII) located at more than half of caudal
ramus, near inner margin, articulating on a single basal section.

Rostrum (Figs 1A, 3A): triangular with tongue-shaped apex and apparently com-
pletely fused to cephalothorax; apex reaching just the first antennule segment; integu-
ment smooth; sensilla pair present, located subapically.

Antennule (Fig. 3A, B): rather short, backwards bent, reaching halfway along
cephalothorax at most; 7-segmented, without particular integument ornamentation;
armature (from proximal to distal segment): 1-8-5-2+Aesth-1-3-9+Aesth. Aesthetasc
on segment IV rather wide, leaf shaped (but wrinkled in both specimens), overreach-
ing segment VII, and fused at base with accompanying seta (acrothek); aesthetasc on
segment VII slender and tongue-shaped, fused at base with terminal seta (acrothek).

Antenna (Fig. 3C): with allobasis and 1-segmented exopod; syncoxa robust, un-
ornamented; allobasis cylindrical, 1.75 times longer than wide with two smooth se-
tae and some slender spinules along abexopodal margin; terminal endopodal segment
armed with nine elements: three lateral ones (two spines, one seta) and six distal ones
(one spine, five setae); both outer distal ones fused at base; armature elements partially
squamous and serrate; outer margin with two clusters of spinules; exopod located at
proximal fourth of allobasis, 1-segmented and well developed, bearing one lateral and
one terminal delicately serrate setae.
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Figure 1. Sgygepactophanes occitanus sp. n. (female paratype) A Habitus, dorsal view B Habitus, lateral

view € Left caudal ramus, outer lateral view, enlarged.
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A,B,D:100 pm
C,E,F:50 pm

Figure 2. Stygepactophanes occitanus sp. n. (female paratype) A Urosome, ventral view (arrow indicates
anterolateral setae, enlarged) B Inner terminal seta (V) of caudal rami € Posteroventral edge of P4-bearing
somite D Anal somite and caudal rami, dorsal view E P6 and genital complex, enlarged F P1, frontal.
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Mandible (Fig. 3D): rather slender, coxal gnathobase slender, without ornamenta-
tion; palp rudimentary bearing two short slender setae; cutting edge consisting of two
strong bi-dentate oral and four-five multi-dentate aboral teeth.

Labrum (Fig. 3E): crescent with a subapical transverse row of spinules and an api-
cal transverse row of setules; both edges with a short row of strong spinules.

Labium (Fig. 3F): with an oblique row of strong spinules on each side, free distal
margin with setules; paragnaths armed distally with several clusters of fragile hair-like
and slender spinulose elements.

Maxillule (Fig. 3G, H): well developed arthrite incorporated into praecoxa, with
seven strong curved uni- or multi-serrate armature elements inserted on free distal
margin, two long lateral setae and two anterior surface setae. Basis cylindrical with a
total of seven elements: four naked setae on outer margin, three apical elements, one
of which strong and falcate.

Maxilla (Fig. 3I): syncoxa with 2 well-developed endites that are not defined at
their bases, distal endite with three setae, one serrate and two slender, bare setae; proxi-
mal endite with two setae, one bare and one serrate. Allobasis drawn out into strong
unipinnate claw, rather slender, medial structure armed with widely spaced slender
spinules, accompanied by one serrate and one smooth setae; endopod rudimentary,
represented by two smooth setae.

Maxilliped (Figs 3], 5A): subchelate; syncoxa short, rather quadrangular, orna-
mented with short rows of spinules, but lacking armature elements; basis very long
(Iength/width ratio: 3.4) with a short row of spinules at the middle of anterior and pos-
terior surfaces; endopod 1-segmented, extended in a long sparsely ornamented claw.

P1 (Figs 2F 5B): prehensile; well-developed praecoxa, coxa, basis and wide in-
tercoxal sclerite; 3-segmented exopod and 2-segmented endopod; exopod and endo-
pod subequal in length; endopodal segment 1 quite overreaching exopodal segments 1
and 2; praecoxa and intercoxal sclerite spineless; coxa with short rows of small spinules
on frontal and caudal surfaces; basis with a row of coarse spinules near articulation of
each ramus, on frontal side, and near insertion of inner seta; outer seta on basis short,
robust, sparsely pinnate; inner seta, bent outwards, reaching halfway along endopod
1, spiniform, serrate along outer margin only; exopod segments with coarse spinules
near distal outer corner, slender spinules near insertion of inner armature elements
on second and third segments; endopod with spinules along outer margin of first seg-
ment and near insertion of armature elements on second segment; armature elements
of exopod serrate along outer margin only; outer terminal seta on endopodal segment
2 robust, claw-shaped, serrate midway of outer margin; inner seta geniculate, slightly
serrate; armature formula as in Table 1.

P2-P4 (Figs 4A, B, D; 5C): well-developed praecoxa, coxa, intercoxal sclerite
and basis; P2-P3 with 3-segmented exopods and 2-segmented endopods, P4 with
1-segmented endopod; praecoxa and intercoxal sclerite spineless, coxa and basis with
short rows of spinules on anterior surface, and spineless on caudal surface; exopodal
segments with coarse spinules on outer distal edge and naked inner margin except for
two hair-like elements on second segment of P2 and P3; P2-P3 endopod 1 quadrate,
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Figure 3. Stygepactophanes occitanus sp. n. (female paratype) A Contour of rostrum and antennule, dorsal
view B Antennule, exploded, armament distribution C Antenna D Mandible E Labium F Labrum G Max-
illule, frontal view (arrows indicating elements on caudal face, see H) H Maxillular arthrite, caudal view (ar-
rows indicating elements not discernable in frontal view) | Maxilla, frontal view J Maxilliped, frontal view.
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Figure 4. Stygepactophanes occitanus sp. n. (female paratype) A P2, frontal view B P3, caudal view C P3,
exopod 2, opposite side, frontal view D P4, frontal view E P5, caudal view.

unarmed, and spineless; P2-P3 endopodal segment 2 ca. three times longer than
wide, with two or three coarse spinules along outer margin; inner margin bare; P4
endopod small, rectangular, 2.5 times longer than wide, not reaching the middle of
exopodal segment 1, and unornamented; armature formula of P1-P4 exopods and
endopods as in Table 1.

P5 (Figs 4E, 5D): baseoendopod and exopod not fused; baseoendopod with short
inner lobe, not reaching the middle of exopod, and with short spiniform setae; left lobe
with two apical and one medial setae, right lobe with two apical setae; intercoxal scle-
rite present, spineless; basipodal outer seta slender and short, sparsely pinnate, accom-
panied by cluster of spinules at insertion; exopod semi-rectangular, 1.5 times longer
than wide, with five robust sparsely serrate setae: three outer, one apical, one medial;
apical and medial setae the longest.

P6 (Fig. 2A, E): remnants fused, symmetrical, bearing three small setae; medial and
middle setae minute and smooth, outer seta four times longer than the inner ones, robust
and serrate along medial margin; legs fused medially forming a genital operculum.

Male. Unknown.
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Table I. Female armature of P1-P4 of Stygepactophanes occitanus sp. n. (female only).

basis outer element basis inner element exopod endopod
P1 + + 1.0-1.1-11.2.0 0.0-1.1.0
P2 + - 1.0-L.1-11.2.1 0.0-1.2.0
P3 + - 1.0-L.1-1I.2.1 0.0-1.2.0
P4 + — 1.0-I.1-11.2.1 0.11.0

Figure 5. Stygepactophanes occitanus sp. n. (female paratype) Optical microscopy micrographs. A Maxil-
liped B P1 € P4 D D5.

Genus Stygepactophanes Moeschler & Rouch, 1984

Stygepactophanes jurassicus Moeschler & Rouch, 1984
Figures 6, 7

Material examined. ¢ labeled as “holotype” collected from “source de la Doux a Delé-
mont” (Jura, Switzerland), 1 &' from “Galerie de la captage de Champ-du-Moulin”, Gorg-
es de I'Areuse (Neufchatel, Switzerland) without type indication; each specimen dissected
with the parts mounted in glycerine. Material deposited at the Department of Arthropodol-
ogy and Entomology of the Museum of Natural History of Geneva (Switzerland). The type
material consists of a slide with the dissected female holotype and a slide with a dissected
male; the latter without status indication and labeled to be obtained in the “Galerie de la
captage de Champ-du-Moulin”. The mounts are of poor quality and many appendages ap-
pear to be absent or lost. The other specimens mentioned by Moeschler and Rouch (1984)
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(i.e., 2 & —including 1 &' paratype and 1 copepodid) are missing. They seem absent in the
Rouch collection and hosted at the Muséum national d’Histoire Naturelle de Paris and are
certainly not present in the Genéve Museum (F Fiers, pers. obs.). Fortunately, the original
description by Moeschler and Rouch (1984) is detailed. The present contribution is a slight
emendation of the original description, focussing on the finer morphological details, and
aimed at analysing the status of the male specimen kept in Genéve.

Supplementary description. Female. Urosome (Fig. 6A) without P5, urosomite
I unornamented; genital double-somite short, length/width ratio: 0.73, with small
receptacle orifices and wide, bell-shaped copulatory funnel and wide copulatory pore.
Posterodorsal and posterolateral margins smooth; posteroventral margin with six sets
of spinules of different lengths; hyaline frill absent; urosomites IV and V ornamented
with six groups of spinules on posteroventral margins. Anal somite as long as preceding
one, with smooth free margin of anal operculum; anal sinus not covered by operculum,
smooth except for few hairs along anal orifice. Posterodorsal and posterolateral margins
smooth, posteroventral margin with spinules, either long or short.

Caudal rami (Fig. 6A, C): cylindrical, only slightly enlarged at proximal part and
truncate at distal part, anterolateral accessory seta (I) absent; anterolateral seta (II)
inserted on distal third of caudal ramus, with some minute spinules at insertion; pos-
terolateral seta (IIT) broken, accompanied by two long spinules at insertion; outer and
inner terminal setae (IV-V) fused at base, both sparsely serrate and without breaking
planes (Fig. 6A, B); basal part of inner terminal seta slightly inflated with narrow
hyaline outer and inner membranes (outer membrane arrowed in Fig. 6A); terminal
accessory seta (VI) ca. as long as half caudal rami; posteroventral margins of caudal
rami with three long spinules; dorsal seta (VII) inserted at second third of caudal rami,
near inner margin, articulated on basal part, and accompanied by one or two long
spinules at insertion.

Antenna: with short coxa, halfas long as wide, unornamented; spinules on abexopodal
margin long, reaching distal fourth of allobasis; exopod with one seta, sparsely serrate along
one side; endopod with distal margin bearing four elements (one spine and three setae).

P1-P4 armature as in Table 2. P3 (Fig. 7B, C): praecoxa, coxa and intercoxal
sclerite well developed, unarmed and unornamented; basis with outer seta and cluster
of spinules near articulation with exopod; outer elements of exopod pectinate; frontal
surface of exopodal segment 3 with large subapical cuticular pore (Fig. 7C); outer ele-
ment on endopod spiniform, inner one setiform.

P5 absent.

P6 (Fig. 6A): reduced, represented by a single (smooth?) long seta, and conflu-
ent midventrally forming a caudally expanded convex plate covering anterior part
of genital field.

Male. Urosome (Fig. 6C): urosomite I without P5, unornamented (Fig. 7G);
urosomites II-V ornamented (urosomites III-V as in female, and urosomite II orna-
mented as urosomites III-V); outer terminal and inner terminal setae (IV=V) of caudal
rami fused at base; seta V not inflated and lacking hyaline membranes; dorsal seta (VII)
inserted near or on inner margin of caudal rami.
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Table 2. Female and male armature of P1-P4 of Stygepactophanes jurassicus Moeschler & Rouch, 1984
(* possible presence of two outer spines on the second segment, but likely attributable to an anomaly).
Armature of female P1, P2, and P4, and male P2 taken from Moeschler and Rouch (1984).

basis outer basis inner

element element exopod endopod
P1 female - 1 1.0-1.0-II.1.1 or .0-1.0-IL.1.0 0.0-1.1.0 or 0.0-1.0.0
P1 male — 1 1.0-1.0*IL.1.1 or [.0-1.0*-11.1.0 0.0-1.1.0
P2 female and male - - 1.0-1.1-1.2.0 1.1.0
P3 female + - 1.0-1.1-1.2.1 1.1.0
P3 male + - 1.0-1.1-1.2.1 0.0-modified
P4 female and male - - 1.0-1.0-1.2.1 1.1.0

/)

M m

A

Figure 6. Stygepactophanes jurassicus Moeschler & Rouch, 1984. A Female urosome, ventral view (P5-
bearing somite with P5 absent, left side, right side broken) B Female inner terminal seta (V), ventral view
C Male urosome, ventral (A, B female holotype € male paratype).
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50 pm

A,B,D,F, G

Figure 7. Sygepactophanes jurassicus Moeschler & Rouch, 1984. A P1, frontal B P3, frontal € P3, distal end
of exopodal segment 3, enlarged D P3, frontal E P3, distal end of exopodal segment 3, enlarged F P4, caudal
view G P5-bearing somite with P5 absent, ventral view (B, C female holotype A, D=G: male paratype).

P1 (Fig. 7A): praecoxa, coxa and intercoxal sclerite unarmed and unornamented;
intercoxal sclerite narrow and wide; medial margin of exopodal segments 2 and 3 with
sparse hairy ornament; outer margins of exopodal segments with few spinules; arma-
ture elements of inner margin and inner distal margin delicately serrate outwardly,
plumose midway inwardly; endopodal segment 1 without spinule ornament, endopo-
dal segment 2 with spinules along distal margin; outer terminal element on endopodal
segment 2 claw-shaped (falcate), serrate along outer margin; inner element robust with
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spinular appearance, outwardly serrate, plumose midway inwardly, and at least twice
as long as outer element; left and right legs identical.

P3 (Fig. 7D, E) with well-developed praecoxa, coxa and intercoxal sclerite, all un-
armed and unornamented; basis as in female; medial armature element on exopodal
segment 3, segment more robust than in female; outer spine on exopodal segment
3 robust, claw-shaped and strongly serrate in middle of outer margin; apical margin
with long median spinule and wide subapical pore on frontal surface (Fig. 7E); endo-
pod 2-segmented; proximal segment twice as long as wide, with medial distal corner
forming a truncate expansion; distal segment globular and extended into two equally
long sharp apophyses overreaching exopod.

P4 (Fig. 7F) with well-developed praecoxa and coxa; intercoxal sclerite unarmed
and unornamented; basis without outer seta and with short row of spinules near outer
margin; medial element on exopodal segment 3 with distal inner margin pectinate;
endopod 1-segmented, twice as long as wide, with outer terminal element spiniform
and inner one setiform.

P5 absent.

P6 (Fig. 6C) represented as a caudally symmetrical bilobate plate, without setae
and completely smooth.

Moeschler and Rouch (1984) reported the aberrant nature of the exopodal armature of
P1 in the male specimen collected at the “Captage de Champ-du-Moulin”. They provided
an illustration (Moeschler and Rouch (1984): fig. 7b, page 968) of a leg with two spines on
exopodal segment 2, and only three armature elements on its terminal segment. The oppo-
site leg was mentioned as being armed in the same way as described for the female holotype
with one outer spine on exopodal segment 2 and four elements on the terminal segment.

Re-examination of the slide kept at Geneve labeled: “Galerie de la Captage de
Champ-du-Moulin, Gorges de I'Areuse (NE); 17.11.1981” revealed, however, that
both legs are identical, and resemble the female P1 as illustrated in Moeschler and
Rouch (1984): fig. 5a, page 965. This observation confirms that the male paratype

deposited at Genéve must have been mislabeled during processing of the slides.

Key to the species of the genus Stygepactophanes (based on females only)

1 P1 endopodal segment 1 ca. 2 times longer than endopodal segment 2,
slightly overreaching exopodal segment 1; P2-P4 endopods 1-segmented, P5
absent, caudal rami cylindrical and long (length/width ratio: 3.3-3.5), anal
operculum rounded and smooth........cccccoiriiniininiin e
............................ Stygepactophanes jurassicus Moeschler & Rouch, 1984

- P1 endopodal segment 1 ca. 3 times longer than endopodal segment 2, quite
overreaching exopodal segment 2; P2-P3 endopods 2-segmented, P4 endo-
pod 1-segmented, P5 well developed, with rudimentary intercoxal sclerite,
caudal rami subconical and long (length/width ratio: 2.54), anal operculum
with strong spinules..........cccccoovnneenne. Stygepactophanes occitanus sp. n.
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Remarks

Stygepactophanes occitanus sp. n. does not fit the diagnosis of any defined genus in
the keys available to date (Lang 1948, Borutzky 1952, Dussart and Defaye 1995,
2001, Boxshall and Halsey 2004) and led us to the genus Epactophanes Mrazek,
1893 using the identification keys of Wells (2007). In more detail, S. occitanus sp.
n. could be placed among the genera unified in Borutzky’s (1952) subfamily Epac-
tophaninae Borutzky, 1952 currently including Epactophanes and Epactophanoides
Borutzky, 1966 (and eventually Ceuthonectes Chappuis, 1924, see Dussart and De-
faye 2001, and below).

There are several indications that S. occitanus sp. n. is an obligate groundwater
species (as well as S. jurassicus). The fine integument almost completely devoid of orna-
mentation, the body transparency and the absence of eye pigmentation, the large and
wide antennule main aesthetasc and the reduced appendages are relevant stygomorphic
traits. Moreover, the presence of the new species in the outflow of two spring mouths
fed by the same aquifer, and its low abundance (no other specimens were found in ad-
ditional samplings (M-] Dole-Olivier and D Martin, pers. comm.) are supplementary
arguments to support this contention.

Obligate groundwater canthocamptids such as members of Stygepactophanes,
Lessinocamptus Stoch, 1997, Spelacocamprus Chappuis, 1933, and Paramorariopsis
Brancelj, 1991, among others, are known to have a limited distribution, and in most
cases are narrow endemics (Galassi 1997, Fiers and Moldovan 2008, Galassi et al.
2009, Brancelj 2009, 2011, Di Lorenzo et al. 2018). Their affinities with the epigean
members of the family often remain obscure. Apparently they represent local derived
strays displaying adaptations, mostly in terms of reduction and/or characters’ losses.
These reductions and/or characters’ losses are frequently found in obligate groundwa-
ter species of other harpacticoid families, such as Ectinosomatidae, Ameiridae, Ro-
tundiclipeidae, and Leptopontiidac and even in some stygobiotic cyclopoid genera
(Galassi et al. 1999a, b, Galassi and De Laurentiis 2004a, b).

As far as the stygobiotic Canthocamptidae are concerned, although their roots
have different origins in the evolutionary history of the family, they share remark-
able similarities such as simplified body shape, delicate integument, long and widened
main antennule aesthetasc, short P1 endopods with prominent falcate terminal claw
(even more conspicuous in Stygepactophanes than in Lessinocamptus and Elaphoidella
Chappuis, 1929), and reduction in mouthparts and swimming legs, likely as a result
of adaptive convergence by means of heterochrony (Galassi et al. 1999a, b, Galassi et
al. 2009). The very long maxilliped shared by S. jurassicus and S. occitanus sp. n. may
either be considered an autapomorphy of the genus, or the result of adaptation to a
similar trophic niche (adaptive trait?). Actually long maxillipeds are present also in
members of other harpacticoid families (Galassi and De Laurentiis 2004b), as in the
Parastenocarididae (e.g., Simplicaris lethaea Galassi and De Laurentiis, 2004, and in
Parastenocaris andreji Brancelj, 2000) suggesting also that this character may have ap-
peared more than once in the evolutionary history of the Harpacticoida.
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Relationships between Stygepactophanes and the Epactophanes- Epactophanoides lin-
eage, as might be assumed, cannot be substantiated as they do not share the particular
caudally displaced female genital complex, as found in Stygepactophanes and the topol-
ogy of the dorsal seta on caudal rami inserted near or on the inner margin of caudal
rami (considered herein an autapomorphy of the Stygepactophanes lineage).

Stygepactophanes jurassicus and S. occitanus sp. n. share similar habitus, long maxil-
liped, P1 with falcate outer apical element, P1 endopodal segment 1 from 2 to 3.5
times longer than endopodal segment 2, topology and development of the genital field
in the female extending at least to the proximal half of the genital double-somite, and
the inner position of the dorsal seta of the caudal rami.

Nevertheless, the females are clearly distinguishable on the basis of the following
characters: antennal exopod with one seta in S. jurassicus versus two in S. occitanus sp.
n.; mandibular palp 1-segmented in S. jurassicus but absent in S. occizanus sp. n., where
only two remnant setae are present, 1-segmented P2—P3 endopods in S. jurassicus ver-
sus 2-segmented in S. occitanus sp. n.; P2 exopodal segment 3 with three elements in
S. jurassicus versus five elements in S. occitanus sp. n., P3-P4 exopodal segment 3 with
four elements in S. jurassicus versus five elements in S. occitanus sp. n.; P5 absent in .
Jurassicus but present and well developed in S. occitanus sp. n.; P6 with one outer long
seta in S. jurassicus versus three setae, the outer the longest in S. occizanus sp. n.; anal
operculum rounded and smooth in S. jurassicus versus ornamented by strong spinules
in S. occitanus sp. n. The affinities of S. occitanus sp. n. and S. jurassicus are indisputable,
and the main difference relies on the primitive character states shown by S. occitanus
sp. n.; namely the well-developed P5, the 2-segmented P2-P3 endopods, and a higher
number of armature elements of the exopodal segment 3 of P2—P4.

To our present knowledge, and on the basis of the missing information about
the male of S. occitanus sp. n., the assignment of the new species to the genus Szyge-
pactophanes is the most conservative solution. Pending the discovery of the male, an
emended diagnosis is provided based on females only.

Emended diagnosis of the genus Stygepactophanes

Canthocamptidae. Small canthocamptid with cylindrical body without clear demar-
cation between prosome and urosome; integument without pits and very feeble scle-
rotization. Eyeless. Integumental windows absent; female genital and first abdominal
somites completely fused forming a genital double-somite; genital field located near an-
terior margin of genital somite and developed at least as far as the middle length of the
same somite. Body ornamentation: integument of cephalothorax and urosome unorna-
mented. Posterodorsal frills of body somites narrow and straight, plain; anal somite un-
ornamented along posterodorsal and posterolateral margins. P5-bearing somite either
completely smooth or with short row of spinules; integument of genital double-somite
either unornamented or with short posterodorsal row of spinules; posterolateral and
posteroventral margins ornamented with slender spinules, short medially, absent me-
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dioventrally. Operculum not protruding beyond the insertion of caudal rami, rounded
and smooth or bearing strong spinules. Caudal rami cylindrical or conical, elongated,
bearing seven setae or missing the anterolateral accessory seta (I); dorsal seta inserted
near or on inner margin of caudal ramus. Rostrum small, not defined at base; antennule
7-segmented with main aesthetasc on segment IV very large; antenna allobasis with two
abexopodal setae and 1-segmented exopod bearing one or two setae; mandibular palp
rudimentary, represented by a small segment bearing one short seta, or represented by
two setae only; maxillule and maxilla reduced, the latter with 2 endites; maxilliped very
long, clearly discernible in dorsal view with a long and thin basis and falcate endopod;
P1-P4 with 3-segmented exopods; P1-P3 with 1- or 2-segmented endopods, P1 with
2-segmented endopod, falcate and bearing a serrate claw; endopodal segment 1 always
shorter than endopodal segment 2; P4 with 1-segmented endopod; P5 absent or pre-
sent and well developed; in the latter case, intercoxal sclerite present.

Discussion

Moeschler and Rouch (1984) faced problems in allocating S. jurassicus among the can-
thocamptids, and resurrected Borutzky’s (1952) family subdivision in subfamilies. For-
tunately, they have had the chance to collect and analyse the male. Stygepacrophanes was
assumed to be related either to the Morariinae Borutzky, 1952 or to the Epactophani-
nae Borutzky, 1952, with a certain bias towards the latter, an opinion that has not been
challenged so far. Borutzky’s (1952) subfamilies have not elicited much support and
have been generally ignored (Wells 2007), with a few exceptions (Dussart and Defaye
1995, 2001), and currently partially re-introduced by Walter and Boxshall (2018). The
validity of these canthocamptid subfamilies is still debated and in need of revision.

That the subfamily Epactophaninae with the only genera Epactophanes Mrézek,
1893 and Epactophanoides Borutzky, 1966 may constitute a natural group has some
ground based on the unique male P3 endopod and the morphology of the female geni-
tal complex. The proposal that Stygepactophanes, Ceuthonectes and Ligulocamprus Guo,
1998 (as suggested in Dussart and Defaye 1995, 2001) could be considered affiliated
members is questionable. Ceuthonectes and Stygepactophanes do not display any of the
diagnostic features shared by Epactophanes and Epactophanoides (i.e., the sole male P3
endopod and the female genital complex) and should reasonably be placed outside
the epactophanid lineage. Ligulocamptus is apparently close to Mesochra Boeck, 1864
as proposed by Guo (1998) although this statement requires confirmation in order to
establish their real aflinities.

The alternative in which Szygepactophanes may enter the diagnosis of the Morari-
inae can only be partially supported. Borutzky (1952) originally included the genera
Moraria T. and A. Scott, 1893, Morariopsis Borutzky, 1931 and Ceuthonectes in this
subfamily. The group has gradually been expanded with the addition of Pseudomoraria
Brancelj, 1994, Paramorariopsis, Gulcamprus Miura, 1969 and ltunella Brady, 1896
(see Dussart and Defaye 2001). Neither Ceuthonectes nor any of the recently added
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taxa are directly related to Moraria and Morariopsis as they are representatives of differ-
ent lineages in the Canthocamptidae (Fiers and Jocque 2013).

However, Stygepactophanes displays some remarkable similarities with Ceutho-
nectes. In the latter, the sexually dimorphic P3 endopod is the main morphological trait
shared with Stygepactophanes. Dimorphic traits of the male P2 and P4 endopods are
limited (length/width of the segment, fusion of segments) and both legs have the same
number of armature elements in males and females. In contrast, the male P3 endopod,
2-segmented in both sexes, is distinctly modified. The proximal segment is enlarged
with one or more reinforcements of the proximal margin, the distal segment is quite
short, has a globular aspect, and bears two narrow and spiked lanceolate armature ele-
ments. Moreover, the terminal segment of the male P3 possesses a long hyaline tubular
expansion of the frontally located pore (originally interpreted as a spinule by Chappuis
(1924)), a structure absent in the female. The dimorphic aspects of the endopods in S.
Jjurassicus (the only species of the genus for which the male is known) are very similar
to those of Ceuthonectes, but the tubular structure on the frontal surface of the terminal
exopodal segment is absent. However, in S. jurassicus one of the spinules along the dis-
tal margin is conspicuously longer than in the female (see Fig. 7C, E). Although these
terminal structures are not identical, their topology on (in Ceuthonectes) and near (in
Stygepactophanes) the frontal pore supports the hypothesis that they may be homolo-

gous and likely have a similar function.

Conclusions

Stygepactophanes occitanus sp. n. is assigned to the genus Stygepactophanes. The new
species shows several morphological characters in a primitive state, if compared to the
type species of the genus S. jurassicus, weakening the attribution of the new species
to a new genus, albeit closely related to Szygepactophanes. The morphological affini-
ties of this genus to the other genera of the family Canthocamptidae have generated
doubts since its original description. We have postulated that the genera Ceuthonectes
and Stygepactophanes may represent a divergent lineage within the Canthocamptidae.
Unfortunately, because of the complex systematics of the family still being in a state
of flux, the relationships of this lineage to other members of the family remain unre-
solved. Presumably, Stygepactophanes entered the groundwater a very long time ago in
the evolutionary history of the family Canthocamptidae, and has no representatives in
surface waters (phylogenetic and distributional relict), as in the case of other harpacti-
coid genera, as well as the entire copepod order Gelyelloida.
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