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Abstract

Chloritis delibrata (Benson, 1836), known from northeastern India, was believed to have three varietal
forms, sometimes mentioned as subspecies: C. delibrata var. khasiensis (Nevill, 1877) and C. delibrata var.
Jasciata (Godwin-Austen, 1875) from the Khasi Hills, India, and C. delibrata var. procumbens (Gould,
1844) from Dawei in Myanmar. The reproductive anatomy of the latter form is known and does not
match with those of any continental camaenid genera, but does with that of the newly examined Chloritis
platytropis Méllendorff, 1894 from Thailand. The latter species is conchologically similar to Bouchetcama-
ena huberi Thach, 2018 (synonym of Helix fouresi Morlet, 1886), which is the type species of the genus
Bouchetcamaena Thach, 2018. Thus, Bouchetcamaena can provisionally host the entire Chloritis delibrata-
group with the exception of var. fasciata, which is transferred to Burmochloritis Godwin-Austen, 1920 due
to the multiple reddish bands on its shell. The examination of shells deposited in the Natural History Mu-
seum, London revealed that seven morphologically distinguishable forms are present, which are accepted
here as representing distinct species. Four new species are described from India: Bouchetcamaena foveata
Pall-Gergely sp. nov., B. fusca Pall-Gergely sp. nov., B. raripila Pall-Gergely sp. nov., and B. subdelibrata
P4ll-Gergely sp. nov.
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Introduction

Chloritis (Trichochloritis) delibrata (Benson, 1836) was considered to be a variable
camaenid species inhabiting a relatively large area from Assam in India to Dawei
(= Tavoy) in Myanmar (Stoliczka 1871; Gude 1914). The distance between these two
sites is approximately 1500 km as the crow flies. The last overview of this species was
published over a century ago in the Fauna of British India by Gude (1914) who listed
three varieties: var. kbasiensis (Nevill, 1877) and var. fasciata (Godwin-Austen, 1875)
from the Khasi Hills, India, and var. procumbens (Gould, 1844) from Tavoy, Myanmar.
The two Indian varieties were listed as subspecies of Chloritis delibrata in the latest
Indian checklist (Ramakrishna et al. 2010).

Examination of specimens assigned to Chloritis delibrata and its forms in the Natural
History Museum, London, revealed that at least seven species can be distinguished
based on the shape the shell and, most importantly, its fine sculpture. Thus, we here give
an overview of the C. delibrata group, and describe the morphologically recognisable,
distinct entities as species.

Generic position

Placing the Chloritis delibrata-group in its appropriate genus turned out to be
challenging. The morphology of the jaw and the radular teeth, along with the outer
characters of the reproductive anatomy of “var. procumbens” from Moulmein were
described by Stoliczka (1871) [redrawn by Pilsbry (1894) and in this manuscript
(Fig. 1)]. Based on these descriptions, the penis is spindle-shaped, the epiphallus is
longer than the penis, slender, cylindrical, the retractor muscle inserts at the penis-
epiphallus transition, and there is a slender, pointed, moderately short flagellum. We
needed to examine the possible placement of the Chloritis delibrata-group in Chloritis
Beck, 1837, Trichochloritis Pilsbry, 1891, and Trachia Martens, 1860, since this species
complex had previously been placed in those genera, along with Bellatrachia Schileyko,
2018, Bouchetcamaena Thach, 2018, Burmochloritis Godwin-Austen, 1920, Neotrachia
Schileyko, 2018, Planispira Beck, 1837, Satsuma A. Adams, 1868, and Sinochloritis
M. Wu & Z. Chen, 2019, which inhabit the same or adjacent geographic areas. The
key traits of the reproductive anatomy are summarized in Table 1.

The anatomy of the type species of Trichochloritis (Helix breviseta Pleiffer, 1862) is
known based on Stoliczka (1873) (see also Pall-Gergely and Neubert 2019). The most obvi-
ous difference is the presence of a slender but relatively long penial caecum, which is absent
in C. delibrata var. procumbens. Further differences include the following: flagellum shorter,
vagina longer in 77ichochloritis, and bursa of bursa copulatrix more ovoid, less elongated.

Some species of Satsuma (type species: Helix japonica L. Pteiffer, 1847; SD, Kuro-
da and Habe 1949) from China are similar to the delibrata-group in terms of the
thin shell with a single band, but Satsuma is characterized by a well-developed penial
caecum (Wang et al. 2014; Zhang et al. 2019). We note that those Chinese Sazsuma
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Figure |. Reproductive anatomy of Chloritis delibrata var. procumbens (Gould, 1844). Redrawn from
Stoliczka (1871).

species possess a short, vestigial flagellum, which is well developed, rather long in the
type species of Satsuma (see Emura 1933; Azuma 1995; unpublished information);
thus, the generic status of the Chinese Sazsuma species requires a revision.

Sinochloritis, known only from the Chinese Sichuan Province, also possesses a large
penial caecum. Thus, we do not consider the C. delibrata-group to belong to any of
those three genera (7richochloritis, Satsuma, Sinochloritis).

The type species of Trachia Martens, 1860 (Helix asperella L. Pfeiffer, 1846) is
not known anatomically. The anatomy of Trachia vittata (O. E. Miiller, 1774) was
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Table I. Most important character states of camaenid genera relevant for this study.

References Penis | Inner structure | Penial | Epiphallus | Insertion of | Penial Flagell Additional
of the penis | sheath retractor muscle organ
Bouchetcamaena this study long, parallel folds | absent long, on distal absent long, slender | absent
Thach, 2018 apically | and a vestigial cylindrical epiphallus
thickened verge
Continental Sutcharitand | long, parallel folds | absent long, on distal absent medium absent
“Chloritis Panha (2010), | apically and a large cylindrical epiphallus length,
Péll-Gergely et | thickened verge gradually
al. (2020) becoming
slender
Neotrachia Schileyko short, longitudinal | absent |  swollen, | penis-epiphallus absent medium absent
Schileyko, (2018) thick | pilasters, broken ovoid transition length,
2018 into series of gradually
tubercles becoming
slender
Trachia Schileyko short, chaotically covers | rather short, |incorporated into absent rather long, -
Martens, 1860 (2003) swollen arranged entire thick penial sheath gradually
(based on pilasters penis becoming
T vittata) slender
Trichochloritis Collinge long, unknown absent long, on distal moderately very short, absent
Pilsbry, 1891 (1903), apically cylindrical epiphallus long, slender pointed
Pall-Gergely | thickened
and Neubert
(2019)
Burmochloritis Godwin- long, wavy folds, absent long, bounds penis | short, pointed | long, slender long,
Godwin- Austen (1920), |  thick, verge absent cylindrical and epiphallus cylindrical,
Austen, 1920 unpublished | cylindrical at some distance derives
information from their from wall
junction of vagina
Satsuma A. Wang et al. long, wavy folds, | absent long, on distal well-developed, |long to short|  absent
Adams, 1868 (2014), Zhang | cylindrical |  verge absent cylindrical epiphallus tapering
etal. (2020)
Sinochloritis M. | Wu & Chen, thick, parallel folds, | absent long, on distal large, internally long, absent
Wu & Z. Chen, 2019 cylindrical | verge absent cylindrical epiphallus, with “peach slender,
2019 and also covers shaped tapering
proximal partof |  epiphallic
penis papilla”
Bellatrachia Schileyko long, parallel folds | absent long, penis-epiphallus absent thick, absent
Schileyko, (2018), cylindrical cylindrical transition somewhat
2018 Pall-Gergely swollen,
and Neubert with slender
(2019) tp
Planispira Beck, Schileyko short, folds and an | absent long, middle of absent short, absent
1837 (2003) apically ovoid, large cylindrical epiphallus conical
thickened verge

described by Schileyko (2003), who revealed that it is entirely different from that
of Chloritis delibrata, since the retractor muscle joins the fibrous sheath around the
penis. Later, Schileyko (2018) claimed that since the shell of Trachia asperella is
similar to that of “Helix” delibrata, their anatomy is also probably similar, and thus,
classified C. delibrata in Trachia. However, Trachia vittata possesses multiple spiral
bands, whereas only a single band is present in the delibrata-group. More importantly,
Trachia vittata is known from central and southern India (Gude 1904; Mitra et al.
2004), whereas the delibrata-group is restricted to the areas southeast of the Himalaya,
a biogeographically very distinct region. Moreover, most other species named by
Schileyko (2018) as possible 7rachia species also inhabit the Indian subcontinent.
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Thus, it is improbable that Zrachia vittata and the species of the C. delibrata-group
would belong to the same genus.

Bellatrachia differs from Stoliczka’s (1871) drawing of C. delibrata var. procumbens
by the much longer penis and epiphallus, the well-developed flagellum, and the thick-
ened base of the bursa copulatrix.

Burmochloritis Godwin-Austen, 1920 (type species: Burmochloritis kengtungensis
Godwin-Austen, 1920, OD) possesses a long flagellum, a well-developed, large penial
caecum is, and an additional organ (homologous with dart sac?) originating from the
wall of the vagina (Godwin-Austen 1920; and unpublished information).

The genital anatomy of Neotrachia is very different from that of C. delibrata var.
procumbens due to its short penis and swollen epiphallus (Schileyko 2018).

The type species of Planispira Beck, 1837 (Helix zonaria Linnaeus, 1767) was re-
described by Schileyko (2003) as having penis swollen and epiphallus relatively short
and thick (spindle-shaped penis and long, slender epiphallus in C. delibrata), and stalk
or bursa copulatrix very long, convoluted.

This makes it improbable that the C. delibrata-group belongs to any of the genera
Bellatrachia, Burmochloritis, Neotrachia, and Planispira.

The type species of the genus Chloritis is Helix ungulina Linnaeus, 1758 (SD, Gray
1847), which was described without stating the type locality. Subsequently it turned
out to inhabit Indonesia (Zilch 1966). Although the anatomy of Chloritis ungulina is
unknown, it is highly unlikely that the Chloritis delibrata-group would belong to the
same genus due to the geographical separation of the two species. Some continental
(Thailand, Vietnam) species are classified in Chloritis, and their genitalia largely agree
with Stoliczka’s drawing (Sutcharit and Panha 2010; Pdll-Gergely and Neubert 2019;
Pall-Gergely et al. 2020). However, the presence of a penial caeccum distinguishes con-
tinental Chloritis from Bouchetcamaena (see below).

We examined the reproductive anatomy of a specimen of Chloritis platytropis Mol-
lendorft, 1894 from Thailand (Figs 2A, 3, 4), which is conchologically similar to the
type species of Bouchetcamaena Thach, 2018 (Bouchetcamaena huberi Thach, 2018 [Fig.
5A]: synonym of Helix fouresi Morlet, 1886). Consequently, the anatomy of Chloritis
platytropis can be used to characterize Bouchetcamaena. Chloritis platytropis differs from
the C. delibrata-group only in the keeled shell, whereas their reproductive anatomy is
similar. Moreover, Chloritis gabata (Gould, 1844) (Fig. 5B), which was described from
Dawei, Myanmar (the type locality of Chloritis delibrata var. procumbens), is similar
to the type species of Bouchetcamaena in shell shape, size and sculpture (including the
prominent keel), and differs from the C. delibrata-group only in the presence of a keel
on the body whorl. We here move Chloritis gabata (Gould, 1844) and Chloritis plar-
ytropis to the genus Bouchetcamaena, comb. nov.

Thus, Bouchetcamaena can host the entire Chloritis delibrata-group with the ex-
ception of var. fasciata, which is transferred to Burmochloritis Godwin-Austen, 1920,
comb. nov. due to the multiple narrow spiral bands on its shell. The anatomical char-
acters are summarized in Table 1.
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Figure 2. Bouchetcamaena platytropis Mollendorff, 1894 A-D anatomically examined specimen (ZMH
51934) E-H lectotype (SMF 8526). All photos: B. P4ll-Gergely.

Materials and methods

Determination of the number of shell whorls (precision to 0.25 whorl) follows Kerney
and Cameron (1979: p. 13). In the case of close-up images, multilayer close-up photo-
graphs were taken of each shell.

Locality data presented with the specimen examined data are cited as verbatim
from the specimen labels. For Indian and Burmese localities see P4ll-Gergely et al.
(2015a, 2015b). Measurements were taken on the visually selected largest and smallest
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(o i)

Figure 3. Reproductive anatomy of Bouchetcamaena platytropis Mollendorft, 1894 (ZMH 51934) A entire
genitalia B penis before cutting the weak fibres connecting proximal end of penis to distal part of epiphallus;
C after removing the weak fibres. Scales represent 1 mm.

Figure 4. Inner wall of the penis of Bouchetcamaena platytropis Méllendorff, 1894 (ZMH 51934) A entire
penis B penis-epiphallus transition.



8 Barna P4ll-Gergely et al. / ZooKeys 1086: 1-31 (2022)

Figure 5. Shells of Bouchetcamaena species A—E Bouchetcamaena huberi Thach, 2018 (synonym of
B. fouresi (Morlet, 1886), type species of Bouchetcamaena) F=| Bouchetcamaena gabata (Gould, 1844)
(MCZ Mala 169161). Photos: M. Caballer, MNHN (A-E) and downloaded from MCZ website (F-I).

specimens. Figure 6 presents the exact position of shell details that have to be checked
when identifying species of Bouchetcamaena.

Abbreviations

BSNH Boston Society of Natural History (Boston, USA)
D Shell diameter
H Shell height
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MCZ Museum of Comparative Zoology (Cambridge, USA)

NHM The Natural History Museum (London, UK)

NHMUK  when citing lots deposited in the NHM

SMF Senckenberg Forschungsinstitut und Naturmuseum (Frankfurt am
Main, Germany)

UMZC University Museum of Zoology (Cambridge, UK)

USNM Smithsonian National Museum of Natural History (Washington, D.C.,
USA)

7SI Zoological Survey of India (Kolkata, India)

Taxonomy and systematics

Camaenidae Pilsbry, 1895
Genus Bouchetcamaena Thach, 2018
Bouchetcamaena Thach, 2018: 65.

Type species. Bouchetcamaena huberi Thach, 2018, by original designation (synonym
of Helix fouresi Morlet, 1886 — see Pall-Gergely et al. 2020).

Diagnosis. The shell characters are similar to those of most other Chloritis-like
groups. Shell depressed to depressed globular (sometimes with a sunken apex), body
whorl rounded, colour uniform with a single peripheral band, shell surface covered
by hair scars (pits) of variable density (in some cases these are more or less absent on
the last whorl) and deciduous periostracum of variable thickness, aperture rounded
to oval/subrectangular, peristome expanded, parietal callus only indicated, umbilicus
relatively narrow (narrower than one fourth of the shell’s width).

Figure 6. Positions of close-up images. Abbreviations: CA: callus; DM: middle of dorsal side; LV: last

whorl; PC: protoconch. Not to scale.
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The genital organs [based on B. procumbens (Stoliczka 1871) and B. platytropis (this
study)] are characterized by an elongated penis (spindle-shaped or with slightly swollen
proximal end), the absence of a penial verge, a slender, cylindrical epiphallus longer
than the penis, a retractor muscle inserted at the penis-epiphallus transition or on the
distal end of the epiphallus, and a slender, pointed, elongated flagellum.

Remarks. We only move the few species revised here to this genus. However,
several other camaenid species from Southeast Asia may belong to Bouchetcamaena,
which will be revealed by future studies.

Bouchetcamaena delibrata (Benson, 1836), comb. nov.
Figures 7-10

Helix delibratus Benson, 1836: 352.

Chloritis (Trichochloritis) delibrata Gude, 1914: 172.
Chloritis delibrata Richardson, 1985: 92.

Chloritis delibrata Ramakrishna et al., 2010: 326.

Type locality. “North-East frontier of Bengal”.

Types examined. UMZC 2387 (1 syntype).

Additional material examined. Khasi Berge, coll. Mollendorff, SMF 27140/1;
Hinterindien, coll. Méollendorff, SMF 27141 (2 shells, mixed sample with an-

Figure 7. Bouchetcamaena delibrata (Benson, 1836), comb. nov. UMZC 2387 (syntype).
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Figure 8. Bouchetcamaena delibrata (Benson, 1836), comb. nov. NHMUK 1903.7.1.381. For positions
of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

other species); India, NHMUK 1871.9.23.99/1 (1 shell, mixed lot with B. foveata:
NHMUK 1871.9.23.99/2); Khasi Hills, blue label 7/12/06, NHMUK 20191138 (1
shell); Khasi Hills, coll. Godwin-Austen, NHMUK 1903.7.1.381/2 (1 shell, mixed lot
with B. fasciata, NHMUK 1903.7.1.381/1, this is the syntype lot of fasciata); Khasi
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Figure 9. Bouchetcamaena delibrata (Benson, 1836), comb. nov. A-E NHMUK 1903.7.1.61
F-) 1903.7.1.381.a.

Hills, coll. Godwin-Austen, no. 183, NHMUK 1903.7.1.381a/1 (1 shell, mixed lot
with B. Sfusca: NHMUK 1903.7.1.381a/2); Khasi Hills, NHMUK 1920.1.28.12-13/1
(1 shell, mixed lot with B. foveata: NHMUK 1920.1.28.12-13/2); Munipur, coll.
Godwin-Austen, NHMUK 1903.7.1.391/1 (1 shell, mixed lot with B. fusca: NHMUK
1903.7.1.391/2); Sibsagar, Assam, coll. Godwin-Austen, NHMUK 1909.3.15.23 (2
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Figure 10. Bouchetcamaena delibrata (Benson, 1836), comb. nov. A-E NHMUK 1920.1.28.12-13
F-) NHMUK 23-iii-15.

shells); South Sylhet Hills, coll. W Chennell, NHMUK 1903.7.1.61/1 (1 shell, mixed
lot with B. subdelibrata: NHMUK 1903.7.1.61/2).

Diagnosis. Shell large, flat, olive green, glossy, last whorl practically without hair
scars, or widely-spaced hair scars near the parietal callus, aperture oval.
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Description. Shell relatively large, rather thin-walled; depressed, dorsal side usual-
ly entirely flat, rarely very slightly elevated; colour greenish-olive to greenish-yellowish
with an obscure, reddish band just above the blunt keel (rarely missing); protoconch
consists of 1.75 whorls, with very fine radial ribs and regularly arranged hair scars (pits);
entire shell with 4 whorls; separated by a moderately deep suture; teleoconch overall
glossy, with irregular, fine growth lines, dorsal side of first 2.0-2.5 whorls covered by
widely-spaced hair scars (= pits), and short hairs near suture; ventral side of body whorl
without hair scars or widely spaced (in some specimens somewhat denser than in oth-
ers) pits near the parietal callus only; aperture oval/subrectangular; peristome strongly
expanded and slightly reflected in direction of umbilicus; palatal part with very thin,
whitish, semi-transparent layer, showing hair scars on penultimate whorl; umbilicus
open, relatively wide, funnel-shaped, peri-umbilical keel only very slightly indicated.

Measurements. D = 21.4-24.4 mm, H = 9.2-10.3 mm (n = 4).

Differential diagnosis. Bouchetcamaena subdelibrata sp. nov. differs from B. deli-
brata mainly in the presence of hair scars on the entirety of the last whorl. For further
differences, see under that species.

Distribution. This species is apparently widespread in the southwestern Himalaya

(Khasi Hills, Manipur, Silhet).

Bouchetcamaena foveata Pill-Gergely, sp. nov.
http://zoobank.org/768A3926-C993-458D-8D27-CC787DCEG6633
Figure 11

Type material. Holotype: Khasia Hills [Meghalaya, India], 183, Assam, coll. Godwin-
Austen, NHMUK 20191130/2 (D: 20.5 mm, 9.1 mm, mixed lot with B. fasciatus:
NHMUK 20191130/1).

Paratypes: Assam, coll. C. Bosch ex coll. H. Rolle, SMF 297336 (2 paratypes,
labelled as delibrata f. major); Assam: Chenapoongu, coll. Jetschin ex coll. Gude 1900,
SMF 91157 (2 paratypes); Assam: Khasia Hills, coll. C. Bosch ex coll. H. Rolle ex coll.
Schliiter, SMF 297335 (2 paratypes); (1) Khasi Hills, Assam, (2) Burma, A.S. Kennard
coll., Acc. No. 1824, NHMUK 20191136/2 (2 paratypes, mixed lot with B. procum-
bens: NHMUK 20191136/1, the Khasi Hills probably refers to foveata, whereas Burma
refers to procumbens); India, NHMUK 1871.9.23.99/2 (1 paratype, mixed lot with
B. delibrata: NHMUK 1871.9.23.99/1); India, Laity (?) valley, H.E/W.T. Blanford
coll., acc. 1944, NHMUK 20191135 (2 paratypes); Khasi Hills, blue label, 13/11/00,
NHMUK 20191140 (2 paratypes, shells corroded by Byrne’s disease); Khasi Hills,
NHMUK 1920.1.28.12-13/2 (1 paratype, mixed lot with B. delibrata: NHMUK
1920.1.28.12-13/1); Nemotha, blue label, 7/3/91, NHMUK 20191139 (2 paratypes).

Diagnosis. Shell relatively large, fragile, thin-walled, dorsal side flat or even slightly
sunken, colour light yellow to whitish, with a faint peripheral band; hair scars represented
as elevated knobs (like strawberry seeds), or even hair scars represented as truncated
hairs or short, slender, pointed hairs; aperture oval, umbilicus relatively narrow.
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Figure 1. Bouchetcamaena foveata Pall-Gergely sp. nov., holotype (NHMUK 20191130/2). For posi-

tions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

Description. Shell medium-sized to large, thin-walled; dorsal side flat or even
sunken; basic colour light yellowish to whitish, a peripheral band of various thickness
present in all specimens, running around the shoulder or the body whorl; protoconch
consisting of 1.50—1.75 whorls, finely wrinkled and covered by widely-spaced hair scars
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reminiscent of strawberry seeds; entire shell consisting of slightly less or more than
3.75—4 whotls, separated by a relatively deep suture; teleoconch very finely and irregu-
larly wrinkled; hair scars (reminiscent of strawberry seeds) widely-spaced, clearly visible
on the entire teleoconch; occasionally (near suture, behind expanded peristome, inside
umbilicus, etc.) short, slender, pointed hairs remaining; hairs inside umbilicus denser
than elsewhere on the teleoconch; aperture oval/subrectangular; peristome strongly ex-
panded and slightly reflected, especially in direction of umbilicus; palatal part with
thin, whitish, semi-transparent layer, which allows hair scars of penultimate whorl to be
seen; umbilicus open, normally wide, funnel-shaped, peri-umbilical keel blunt.

Measurements. D = 20.3-20.5 mm, H = 9.1-10.5 mm (n = 3).

Differential diagnosis. This new species differs from that which is the most simi-
lar, B. delibrata, in having a flatter dorsal side, glossier shell, and deep hair scars on the
entire surface. The hair scars of B. subdelibrata sp. nov. are much finer and denser on
the entire shell surface.

Etymology. The new species is named after its conspicuously pitted (= foveatus in
Latin) surface.

Distribution. All samples with relatively precise localities were collected in the

Khasi Hills.

Bouchetcamaena fusca Pill-Gergely, sp. nov.
http://zoobank.org/75255BD2-CBD1-4BA5-B0C0-82DD4E88F5CE
Figure 12

Type material. Holotype: Munipur [India, Manipur], coll. Godwin-Austen, NHMUK
1903.7.1.391/2 (D: 16.8 mm, H: 8 mm, mixed lot with B. delibrata, NHMUK
1903.7.1.391/1).

Paratypes: same data as holotype, NHMUK 1903.7.1.391/3 (1 shell: paratype);
Gaziphima, Naga Hills, Munipur frontier line, coll. Godwin-Austen, NHMUK
1903.7.1.385 (2 paratypes); Khasi Hills, coll. Godwin-Austen, no. 183, NHMUK
1903.7.1.381a/2 (1 shell, mixed lot with B. delibrata, NHMUK 1903.7.1.381a/1);
Manipur, coll. Godwin-Austen, NHMUK 20191134 (1 shell).

Diagnosis. Shell small to medium-sized, with flat dorsal side or very slightly elevated
spire; thick, brown, matt periostracum makes hair scars practically invisible, aperture oval.

Description. Shell small to medium-sized; depressed-globular, dorsal side flat or
spire very slightly elevated; body whorl slightly or relatively strongly but bluntly shoul-
dered; colour brownish due to thick, matt periostracum; protoconch consists of 1.5
whorls, finely wrinkled, with short hairs near suture; in some specimens wrinkles only
visible in the middle of whorls, whereas in others hair scars (pits) are also discernible;
entire shell consisting of 3.75—4 whorls, suture moderately deep; short hairs visible in the
suture and inside umbilicus; hair scars practically invisible due to thick periostracum; in
one paratype (NHMUK 1903.7.1.391) periostracum of lighter colour around each hair
scar on the ventral side, making the density of scars visible; very few hair scars visible at
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Figure 12. Bouchetcamaena fusca Péll-Gergely sp. nov., holotype NHMUK 1903.7.1.391/2). For posi-
tions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

the parietal callus, but to a much lesser degree than in other species; aperture oval/subrec-

tangular; peristome expanded and slightly reflected in direction of umbilicus; palatal part

with a very thin, whitish, semi-transparent layer; hair scars not visible beneath parietal

callus; umbilicus open, relatively narrow, peri-umbilical keel only very slightly indicated.
Measurements. D = 15.3-18.7 mm, H = 7.8-8.8 mm (n = 5).
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Differential diagnosis. Bouchetcamaena raripila sp. nov. is most similar to B. fusca
sp. nov. in having a relatively small shell, narrow umbilicus and brown periostracum,
but it differs in the strong, sparsely standing hair scars. All other Bouchetcamaena spe-
cies have larger, lighter-coloured shells and a wider umbilicus.

Etymology. The new species is named after its dark (fiscus in Latin) periostracum.

Distribution. Seems to be restricted to Manipur, the Khasi and the Naga Hills (India).

Helix (Trachia) delibrata var. kbasiensis Nevill, 1877, taxon inquirendum

Helix delibrara (?) var. Hanley & Theobald, 1870: pl. 14, fig. 9.
Helix (Trachia) delibrata Var. khasiensis Nevill, 1877: 21.

Chloritis (Trichochloritis) delibrata var. khasiensis Gude, 1914: 173.
Chloritis delibrata var. khasiensis Richardson, 1985: 93.

Chloritis delibrata kbasiensis Ramakrishna et al., 2010: 326.

Type locality. “Khasi Hills”.

Types. Not found in the NHM or in the ZSI (Sheikh Sajan, pers. comm. April 2020).

Remarks. Nevill (1877) named the form illustrated in Hanley and Theobald’s
(1870) Conchologia Indica (pl. 14, fig. 9) as var. khasiensis, and mentioned that it has
more raised and rounded whorls and a less open umbilicus than the typical H. delibrata.
Nevill’s (1877) description was as follows: “The raised and rounded whorls, less open
umbilicus, and contracted aperture will distinguish the form; it has sometimes a single
brown band, but is often without it; it is tolerably abundant in the Naga and Khasi Hills.
(..) Var. kbasiensis, from Khasi Hills, axis 8.5, diam. 19.5 (apert. 9, diam 10.5) mm”.

Bouchetcamaena fusca sp. nov. agrees with some parts of Nevill’s description (more
raised spire and narrower umbilicus than in other similar species), and the Naga and Kha-
si Hills also match, but the specimens we described above as B. fusca sp. nov. possessed no
band and are all smaller than the size mentioned by Nevill. Furthermore, the shell illus-
trated by Hanley and Theobald (1870) possesses a subsutural furrow (a furrow running
between the middle of the body whorl and the suture), which is absent in all B. fusca sp.
nov. shells we examined. Thus, we decided to describe these specimens as a new species
and consider the name Helix (Trachia) delibrata var. kbasiensis as a taxon inquirendum.

Bouchetcamaena platytropis (Méllendorff, 1894), comb. nov.
Figures 2—4

Chloritis platytropis Mollendorff, 1894: 150.
Chloritis (Trichochloritis) platytropis platytropis Zilch, 1966: 304, pl. 10, fig. 34.
Chloritis platytropis platytropis Maassen, 2001: 121.

Types examined. Siam, Tschaya, coll. O. Mollendorff ex coll. Roebelen, SMF
8526/1 (lectotype of Chloritis platytropis); same data, SMF 8527/1 (paralectotype of
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Chloritis platytropis); Golf von Siam, Insel Samui, coll. O. Méllendorff ex coll. Roe-
belen, SMF 8524/1 (lectotype of Chloritis platytropis var. samuiana); same data, SMF
8525/1 (paralectotype of Chloritis platytropis var. samuiana).

Additional material examined. Thailand, Phangnga: Thai Mueang: Ton Prai wa-
terfall, 90 m, 08°26'11"N, 098°18'33"E, leg. Hausdorf, 02.08.2010, ZMH 51934 (1
dry shell + ethanol-preserved body).

Description of the genitalia. Penis long, cylindrical, with swollen proximal
part connected to adjacent epiphallic area by weak fibres; internally with ca. 6
wide, longitudinal, low folds; no penial verge present, although the folds form a
circular ring with slightly elongated margin; epiphallus slightly longer than penis;
retractor muscle slender, inserting on the distal end of epiphallus near its joint with
penis; flagellum long, slender, pointed; no penial caecum present; vagina shorter
and thicker than penis; spermoviduct elongated, stalk of bursa copulatrix very long,
with some central swelling, bursa small, rounded; albumen gland long, banana-
shaped, talon small.

Bouchetcamaena procumbens (Gould, 1844), comb. nov.
Figures 13-15

Helix procumbens Gould, 1844: 453, pl. 24, fig. 1.

Helix delibrara Hanley & Theobald, 1870: pl. 14, fig. 10.

Chloritis (Trichochloritis) delibrata var. procumbens Gude, 1914: 172-173.

Trachia delibrata f. procumbens Stoliczka, 1871: 225, pl. 16, figs 1-3 (reproductive
anatomy, jaw, radula).

Chloritis delibrata var. procumbens Richardson, 1985: 93.

Type locality. “Province of Tavoy in British Burmah” (from the title).

Types examined. Tavoy, British Burmah, leg. E Mason, MCZ 169311 (lectotype:
labelled as holotype, see remarks).

Additional material examined. white type: (1) Khasi Hills, Assam, (2) Bur-
ma, A.S. Kennard coll., Acc. No. 1824, NHMUK 20191136/1 (1 shell, mixed lot
with B. foveata: NHMUK 20191136/2; the Khasi Hills material probably refers
to foveata, whereas the Burma material refers to procumbens); India, “Khasi Hills”,
NHMUK 1862.11.19.12 (2 shells); Moulmain, Tenasserim, coll. Stoliczka, NHMUK
1903.7.1.387 (1 shell); Pegu, ex coll. Godwin-Austen, NHMUK 1903.7.1.386 (1
shell); Pegu, NHMUK 1888.12.4.1114-1115 (2 shells); Tavoy, Burmah, Museum
Cuming, NHMUK 20191137 (1 shell). darker type: Arakan, coll. H.E Blanford,
NHMUK 1909.3.15.25 (1 shell); Mutan, Tenasserim, coll. Godwin-Austen, NHMUK
20191133 (1 shell); Pegu, Arakan Hills, NHMUK 1906.2.2.121 (4 shells, one of them
with widely-spaced pits, others with hardly visible scars, see remarks).

Diagnosis. Shell small to medium-sized, with flat dorsal side or slightly sunken
or very slightly elevated spire; aperture oval, peristome strongly expanded, umbilicus
narrow and deep; sculpture variable: in some shells the thick, brown, matt periostracum
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Figure 13. Bouchetcamaena procumbens (Gould, 1844), comb. nov. A=D lectotype (MCZ 169311)
E-1 NHMUK 1862.11.19.12.

makes hair scars practically invisible, in other shells the hair scars (pits) are usually
densely arranged on the entire shell.

Description. Shell medium-sized, rather thin-walled; dorsal side flat, very rarely
(NHMUK 1906.2.2.121) slightly domed; shell shape “nautiliform” (i.e., initial whorls
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Figure 14. Bouchetcamaena procumbens (Gould, 1844), comb. nov. NHMUK 1903.7.1.386. For posi-
tions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

closely coiled, body whortl conspicuously expanded); colour whitish to light yellowish
with somewhat darker yellowish, matt (dull) periostracum in some places, or, as in one
sample (Mutan, Tenasserim), on the entire shell; a normally wide, faint reddish-brown
belt running around the shoulder of the body whorl (can be entirely absent); protoconch
consisting of 1-1.5 whotls, finely wrinkled and covered by hair scars (pits) or small,
mamilla-like hairs; entire shell consisting of 3.75-4.75 whotls, separated by a deep su-
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Figure 5. Bouchetcamaena procumbens (Gould, 1844), comb. nov. NHMUK 1906.2.2.121. For posi-
tions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

ture; teleoconch finely and irregularly wrinkled; sculpture variable: in typical shells some
darker yellowish-light brownish periostracum covers parts of the teleoconch, and the
densely arranged hair scars are only visible in the suture on the dorsal side and near the
parietal callus on the ventral side; in the “pitted form”, hair scars densely arranged on
entire shell and clearly visible on both the dorsal and ventral sides; aperture oval/subrec-
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tangular; peristome strongly expanded and slightly reflected in direction of umbilicus;
palatal part with a thin, whitish, semi-transparent layer, with hair scars visible on penul-
timate whorl; umbilicus open, narrow, funnel-shaped, peri-umbilical keel blunt.

Measurements. D = 15.8-19.5 mm, H = 7.8-9.4 mm (n = 7).

Differential diagnosis. The smaller shell size and the more reflected peristome
distinguish this species from the most similar species, B. delibrata. Furthermore, the
“white type” B. procumbens difters from B. delibrata in the presence of dense and prom-
inent hair scars.

Distribution. Seems to be restricted to southern Myanmar.

Remarks. Johnson (1964) mentioned that the figured “holotype” (MCZ 169311)
is from the NYSM 232 (original no. A 567), and that there is a “paratype” (USNM
611226) from the same NYSM lot. Johnson’s listing of the specimen as a “holotype”
has to be accepted as an indirect lectotype designation by inference of holotype (see
ICZN Art. 74.6). Furthermore, two additional “paratypes” (= paralectotypes) are
found in the MCZ (reg. no.: 87935, ex BSNH).

There are two forms of this species. One is lighter in colour, some of the specimens
have a slightly sunken spire and possess uniformly arranged, strong hair scars on the
entire surface of the shell (“white type”), whereas the other type has a darker shell
(yellowish to light brownish) with hardly visible hair scars (“darker type”). The sample
NHMUK 1906.2.2.121 contains four shells of identical appearance; however, one of
them has widely-spaced pits, whereas the other three have only some pits on the callus
area but otherwise no hair scars. Thus, it seems that the strength of the hair scars is
variable within this species, unlike in all other species of this group. Since the shell and
aperture shape are, with the exception of spire height, practically identical, and there are
transitional forms between the two types in terms of shell sculpture, we provisionally
treat them as one species. There are no clearly visible hair scars on the lectotype. Thus,
the form without prominent hair scars is considered typical procumbens, and the “pitted
form” is considered atypical.

Bouchetcamaena raripila Pill-Gergely, sp. nov.
http://zoobank.org/ CE6219D5-7470-43D8-BDC2-D07137D2ED37
Figure 16

Type material. Holotype: Kopanedza, coll. Godwin-Austen, NHMUK 20191131
(D: 15.4 mm, H: 8.1 mm).

Diagnosis. Shell small, with slightly elevated spire; periostracum thick, brown,
hair scars (truncated hairs or strawberry seed-like scars) extremely sparsely arranged on
the body whorl; aperture oval, almost rounded.

Description. Shell small; depressed-globular, with very slightly elevated spire (low
domed dorsal side); body whortl rounded; colour brown due to thick, matt (dull) peri-
ostracum, locally worn locally making the nude whitish shell surface visible; protoconch
consists of 1.5 whorls, finely wrinkled, with hair scars reminiscent of strawberry seeds;
entire shell consisting of 4.25 whorls, suture moderately deep; inside of umbilicus and
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Figure 16. Bouchetcamaena raripila Péll-Gergely sp. nov., holotype (NHMUK 20191131). For positions
of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

suture with mamilla-like, relatively densely arranged hair scars; other parts of teleoconch
with extremely widely-spaced hairs (truncated, reddish-brown hairs or strawberry seed-
like scars, and very few, relatively long, conical hairs); aperture oval, almost rounded;
peristome strongly expanded and slightly reflected in direction of umbilicus; palatal part
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with a very thin, whitish, semi-transparent layer, which allows hair scars of the penulti-
mate whotl to be seen; umbilicus open, narrow, funnel-shaped, peri-umbilical keel blunt.

Measurements. D = 15.4 mm, H = 8.1 mm (n = 1).

Differential diagnosis. Differs from B. procumbens by having a more rounded
shell shape and the last whorl is also more rounded. Most important are the extremely
widely-spaced and prominent hair scars. This latter trait distinguishes B. raripila sp.
nov. from all other similar species.

Etymology. The name raripila refers to the few hairs/hair scars on the shell surface
(rarus: few, pilus: hair in Latin).

Distribution. The new species is known from the type locality only. Kopanedza
(also spelled Kopamedza) is situated in the Barail Range, Dafla Hills (India), although
its exact locality is unknown (P4ll-Gergely et al. 2015b).

Bouchetcamaena subdelibrata Pill-Gergely, sp. nov.
http://zoobank.org/BADF67BD-2D56-40D2-8378-823B52F21352
Figure 17

Type material. Holotype: S. Silhet, leg. Chennell, coll. Godwin-Austen, NHMUK
20191132/1 (D: 17.7 mm, 8.6 mm).

Paratypes: Same data as holotype, NHMUK 20191132/2 (1 paratype); Habiang,
Garo Hills, coll. Godwin-Austen 183, ex coll. W. Blanford, NHMUK 1906.1.1.714
(3 paratypes); South Sylhet Hills, coll. W Chennell, NHMUK 1903.7.1.61/2 (1 para-
type, mixed lot with B. delibrata: NHMUK 1903.7.1.61/1).

Additional material examined. Same data as holotype, NHMUK 20191132/3
(7 juvenile shells).

Diagnosis. Shell medium-sized, nearly flat, greenish, glossy, entire shell with
densely arranged hair scars (mostly hardly visible), aperture oval, peristome not
particularly expanded.

Description. Shell medium-sized, rather thin walled; depressed, dorsal side entirely
flat (type series), or slightly elevated (Habiang); colour greenish to dark yellowish
with an obscure, reddish band just above the blunt keel; protoconch consisting of
1.5 whorls, with densely arranged, clearly visible, knob-like hair scars; entire shell
with 3.50-3.75 whorls; separated by a rather deep suture; teleoconch overall glossy,
with irregular, fine growth lines, ventral side and edge of body whorl (except for
last quarter whorl) covered with densely-arranged hair scars, some hair scars also
recognizable on the last quarter whorl, but not regular as on the preceding areas; last
whorl of dorsal side dominated by wrinkles, and regular hair scars only visible in areas
before the last half whorl; aperture almost rounded, slightly oval; peristome strongly
expanded and slightly reflected in direction of umbilicus; palatal part with a very thin,
whitish, semi-transparent layer, which allows hair scars on penultimate whorl to be
seen; umbilicus open, normally wide, funnel-shaped, peri-umbilical keel blunt, only
very slightly indicated.
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Figure 17. Bouchetcamaena subdelibrata Pall-Gergely sp. nov., holotype (NHMUK 20191132). For posi-
tions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

Measurements. D = 17.7-19.3 mm, H = 8.6-9.9 mm (n = 4).

Differential diagnosis. Bouchetcamaena delibrata is most similar to the new species,
but it is larger, has a more strongly depressed shell, elongated aperture and expanded
peristome, and lacks hair scars on the last half whorl. The hair scars of B. delibrata are
more widely-spaced than those of B. subdelibrata sp. nov.
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Etymology. The specific epithet refers to the most similar species.
Distribution. The new species is known from the Garo Hills (Meghalaya, India),
and the neighbouring Silhet Hills to the south.

Genus Burmochloritis Godwin-Austen, 1920

Burmochloritis Godwin-Austen, 1920: 9.
Burmochloritis Schileyko, 2003: 1518.

Type species. Burmochloritis kengtungensis Godwin-Austen, 1920, OD.

Remarks. Burmochloritis Godwin-Austen, 1920 possesses a long flagellum, has
penial caecum well-developed, and a large, additional organ originating from the wall
of the vagina (Godwin-Austen 1920; and unpublished information). See also Table 1.

Burmochloritis fasciata (Godwin-Austen, 1875), comb. nov.
Figure 18

Helix delibrata var. fasciata Godwin-Austen, 1975: 1, pl. 1, fig. 1.
Chloritis (Trichochloritis) delibrata var. fasciata Gude, 1914: 173.
Chloritis delibrata var. fasciata Richardson, 1985: 93.

Chloritis delibrata fasciata Ramakrishna et al., 2010: 326.

Type locality. “On the high open grassy country of the West Khasi Hills”.

Types examined. Khasi Hills, coll. Godwin-Austen, NHMUK 1903.7.1.381/1
(syntype, mixed lot with B. delibrata: NHMUK 1903.7.1.381/2).

Additional material examined. Khasia Hills, 183, Assam, coll. Godwin-Austen,
NHMUK 20191130/1 (1 shell, mixed lot with B. foveata: NHMUK 20191130/2).

Diagnosis. Shell medium-sized, dorsal side domed, greenish-yellowish with a slen-
der main spiral band and several thinner ones; last whorl with dense hair scars (pits)
only near the parietal calls, aperture almost rounded.

Description. Shell medium-sized, rather thick-walled; depressed globular, with
slightly domed dorsal side; colour greenish-yellowish, with a main but still slender reddish
band just above the blunt keel and several even thinner belts on both the dorsal and ven-
tral surfaces; protoconch consists of 1.25 whorls, with very fine radial ribs and regularly ar-
ranged hair scars; entire shell consists of slightly more than 4 whortls, separated by a mod-
erately deep suture; teleoconch covered with a matt periostracum, dense hair scars (and
short hairs near suture) visible only near parietal callus; aperture rounded/subrectangular;
peristome strongly expanded and slightly reflected in direction of umbilicus; parietal part
with thin, whitish, semi-transparent layer, which allows hair scars of penultimate whorl to
be seen; umbilicus open, relatively narrow, funnel-shaped, with blunt peri-umbilical keel.

Remarks. This species was described as a variety of B. delibrata, but differs in
numerous shell characters (smaller, more globular shell, smaller protoconch, domed
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Figure 18. Burmochloritis fasciata (Godwin-Austen, 1875), comb. nov., syntype (NHMUK
1903.7.1.381/1). For positions of close-up images see Fig. 6 (F = DM, G = CA, H: LV, I: PC).

dorsal side, comparatively smaller, more rounded aperture, narrower umbilicus, denser
hair scars). Thus, it should be handled as a species in its own right. Moreover, based
on the multiple spiral bands (Bouchetcamaena species have no band or a single band),
this species is transferred to the genus Burmochloritis, although this placement requires
confirmation through anatomical examination.
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Abstract

In this paper an overview of the Laeocathaica species is provided, and the intraspecific variability of several
Laeocathaica species demonstrated on multiple shells. Laeocathaica hisanoi Pall-Gergely, sp. nov. and L.
minwui Pall-Gergely, sp. nov. are described based on specimens found in museum collections. Five new
synonyms are recognized: L. prionotropis albocincta Méllendorft, 1899 is a new synonym of L. prionotropis
Mbllendorft, 1899, L. stenochone Méllendorft, 1899 is a new synonym of Lacocathaica carinifera (H. Adams,
1870). Laeocathaica distinguenda Méllendorft, 1899, L. tropidorhaphe Mollendorff, 1899, and L. dangchan-
gensis Chen & Zhang, 2004 are moved to the synonymy of Lacocathaica amdoana Méllendorff, 1899. Fur-
thermore, photos of paratypes of Cathaica bizonalis Chen & Zhang, 2004 are published for the first time.

Keywords

Intraspecific variability, shell, systematics, taxonomy

Introduction

The genus Laeocathaica Mollendorff, 1899 consists of approximately 20 species, and
inhabits west China. Most of the species assigned to this genus were reported from
the southern part of Gansu Province and the neighbouring Sichuan. A single species,

Copyright Barna Pall-Gergely et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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L. filippina (Heude, 1882) is known from Hubei Province, more than 500 km south-
east from southern Gansu.

The monophyly of this genus is questionable for several reasons. First, Lacocathaica
is defined by the sinistral shell coiling, whereas species with dextral shells of otherwise
similar appearance (large, depressed shells with white base colour and brownish spiral
bands) are included in other genera such as Cathaica Méllendorft, 1884, Bradybaena
Beck, 1837, and Euhadra Pilsbry, 1890 (Chen and Zhang 2004). The type species of
the latter is Helix peliomphala L. Pteiffer, 1850 from Japan, which makes it question-
able that the same large-bodied land snail genus could inhabit such a vast area covering
ca. 3500 km. Moreover, species similar to Laeocathaica species (e.g., Bradybaena hap-
lozona Méllendorft, 1899) have been classified in genera different from Laeocathaica
(Mollendorff 1899; Chen and Zhang 2004). Second, the genus Laeocathaica as under-
stood by Méllendorff (1899) and Chen and Zhang (2004) is variable in terms of shells
characters. Some are large, with a white base colour, keeled or rounded body whorl,
and without apertural barriers, others are keeled with apertural barriers, and some are
small, transparent, and also possess apertural teeth. The genital anatomy is known in
a handful of species only: L. prionotropis (see Chen and Zhang 2004), L. polytyla (see
Schileyko 2004) and L. filippina (see Wu 2004), providing little basis of our under-
standing of the systematics of Laeocathaica and related genera.

In this paper we provide an overview of the genus Laeocathaica after consulting
all available types and newly collected samples. We provide precise localities for most
species, and photographs of multiple shells showing intraspecific variability for the first
time in this genus.

Materials and methods

We counted the whotls of adult shells according to Kerney and Cameron (1979). Of
the newly collected specimens and the ones deposited in the Senckenberg Museum,
10-20 photographs were taken of each shell using Canon EOS 6D camera and a
Canon Macro Lens EF 100 mm 1: 2.8 and merged to create a single image using
Photoshop. Shells deposited in other museums were photographed by the respective
museum staff.

Abbreviations

D shell diameter;
H shell height.
Depositories

ANSP  Academy of Natural Sciences (Philadelphia, USA);
HA Collection Andrds Hunyadi (Budapest, Hungary);
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IZCAS  National Zoological Museum of China, Institute of Zoology, Chinese Acad-
emy of Sciences (Beijing, China);

MNHN Muséum National d’'Histoire Naturelle (Paris, France);

NHM  The Natural History Museum (London, UK);

NHMUK When citing lots deposited in the NHM;

PGB Collection Barna Péll-Gergely (Budapest, Hungary);

SMF Senckenberg Forschungsinstitut und Naturmuseum (Frankfurt am Main,
Germany);

USNM  Smithsonian National Museum of Natural History (Washington, USA).

Taxonomy and systematics

Family Camaenidae Pilsbry, 1895
Genus Cathaica Mollendorff, 1884

Type species. Helix pyrrhozona Philippi, 1845; OD.

Cathaica (Cathaica) bizonalis Chen & Zhang, 2004
Figure 1

Cathaica (Cathaica) bizonalis Chen & Zhang, 2004: 238 [Chinese description], fig.
219 (erroneous figure showing L. carinalis specimen); 439 [English description].

Type locality. BEPEI& )[R, “Hemugou twon [sic!], Luochuan County
(35°7'N, 109°04'E), Shaanxi Province”.

Remarks. Chen and Zhang (2004) described two species relevant for the present
study: Cathaica (Cathaica) bizonalis Chen & Zhang, 2004 and Laeocathaica carinalis
Chen & Zhang, 2004. According to the original description of Cathaica bizonalis
(page 238 for Chinese, page 439 for English description), it is a dextral species char-
acterised by a keel and two spiral bands (one above and one below the keel), and it is
known from Shaanxi Province. The accompanying figure (Chen and Zhang 2004: fig.
219), however, shows a sinistral Lacocathaica species, identified here as L. carinalis.

According to the original description of Laeocathaica carinalis, that species is char-
acterised by a sinistral, strongly depressed, keeled shell with a broad umbilicus. How-
ever, the provided photo (Chen and Zhang 2004: fig. 334) shows a sinistral juvenile
shell of probably a Laeocathaica species with blunt keel and narrow umbilicus.

Examining the specimens deposited in IZCAS revealed the following:

1. The shell labelled as the holotype of Cathaica bizonalis is a dextral, juvenile
shell.



36 Barna P4ll-Gergely et al. / ZooKeys 1086: 33-76 (2022)

2. Ajar labelled as paratypes of Cathaica bizonalis 1IZCAS TM 006579-006595)
contains several probably conspecific juvenile specimens in ethanol.

3. Another jar labelled as paratypes of Cathaica bizonalis (IZCAS TM 097575—
097587) contained 13 dry adult shells of a Laeocathaica carinalis (sinistral, strongly
keeled species).

Figure 1. Paratypes of Cathaica (Cathaica) bizonalis Chen & Zhang, 2004 A IZCAS TM 097593
B IZCAS TM 097600. Scale bar: 10 mm. Photographs: Kaibaryer Meng.
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Figure 2. Distribution of the genus Lacocathaica in China A see Figs 8, 11, 17, 24 for details B see
Fig. 14 for detail.

4. Among those shells (IZCAS TM 097575-097587), specimen IZCAS TM
097578 is exactly the same shell as in fig. 219 of Chen and Zhang (2004).

5. A jar labelled as paratypes of Laeocathaica carinalis (1ZCAS TM 006612—
006625) contained several adult specimens of L. carinalis in ethanol.

6. Another jar labelled as paratypes of Lacocathaica carinalis (IZCAS TM
097588-097602) contained several dry adult shells of Cathaica bizonalis (two of them
figured in this work, see Fig. 1). This clearly shows that shells of the above taxa have
been confused even before the publication. As a result, not only were the different
samples mixed up with the labels in the collection, but also in the original descriptions.

Based on Chen and Zhang (2004) and the examination of the specimens deposited
in IZCAS, we conclude the following:

1. Fig. 219 in Chen and Zhang (2004) shows the holotype of Lacocathaica
carinalis Chen & Zhang, 2004 instead of Cathaica bizonalis.

2. Fig. 334 in Chen and Zhang (2004) shows an unidentifiable juvenile Laeo-
cathaica species, and not Laeocathaica carinalis.

3. A holotype was designated in the original description of Cathaica bizona-
lis, so a lectotype cannot be chosen later. The holotype cannot be located because there
is no photograph in the original description, and because the paratypes are of similar
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size (i.e., the given measurements of the holotype are insufficient to recognize the
shell). So, we treat it as lost (perhaps in the lot of paratypes). Since all the paratypes
belong to one single species, and are consistent with the original description, we know
what the authors intended by the taxon, so designation of a neotype is not needed.

Genus Laeocathaica Mollendorff, 1899

Laeocathaica Méllendorff, 1899: 86; Richardson 1983: 77; Schileyko 2004: 1686;
Chen and Zhang 2004: 312.

Type species. Helix (Plectotropis) christinae H. Adams, 1870 (by original designation).

Laeocathaica amdoana Mollendorff, 1899
Figures 3—-7

Laeocathaica amdoana Mollendorft, 1899: 92-93, pl. 5, fig. 5.

Laeocathaica distinguenda Mollendorft, 1899: 93, pl. 5, fig. 6. new synonym

Laeocathaica tropidorhaphe Méllendorft, 1899: 94, pl. 5, fig. 7. new synonym

Laeocathaica amdoana. — Yen 1939: 148, pl. 15, fig. 31.

Laeocathaica distinguenda. — Yen 1939: 149, pl. 15, fig. 32.

Laeocathaica tropidorhaphe. — Yen 1939: 149, pl. 15, fig. 33.

Laeocathaica (Laeocathaica) amdoana. — Zilch 1968: 173.

Laeocathaica (Laeocathaica) distinguenda. — Zilch 1968: 173.

Laeocathaica (Laeocathaica) tropidorhaphe. — Zilch 1968: 175.

Laeocathaica amdoana. — Chen & Zhang 2004: 316, fig. 303.

Laeocathaica distinguenda. — Chen & Zhang, 2004: 318, fig. 305.

Laeocathaica tropidorhaphe. — Chen & Zhang 2004: 319, fig. 307.

Laeocathaica dangchangensis Chen & Zhang, 2004: 339 [Chinese description], 443
[English description], fig. 332. new synonym

Type material. China (Gansu), Ho-dshi-gou, coll. Méllendorff ex coll. Potanin 853,
SMF 8952 (lectotype of amdoana, Fig. 3A, B) * China (SO-Gansu), Wen-Hsien, coll.
Mollendorff ex coll. Potanin 907, SMF 8953 (paralectotype of amdoana) » China (Sy-
tshuan): Thal des Pui-hob. Lum-du, coll. Méllendorff ex coll. Potanin 906, SMF 8959
(lectotype of distinguenda, Fig. 5A) * SO-Gansu (NW China), coll. C.R. Boettger ex
coll. Mollendorff, SMF 95024/1 paralectotype of distinguenda * SO-Gansu: Nanping,
coll. Méllendorff ex coll. Potanin 8, 64, 846, SMF 8958/5 paratypes of distinguenda *
SO-Gansu, Yii-Lin-Guam, u. Wen-hsien, coll. Mollendorff ex coll. Potanin 11, 521,
565, SMF 8955/3 paralectotypes of distinguenda ® China: SO-Gansu, coll. Méllendorft
ex coll. Potanin 725a, SMF 8957/3 paralectotypes of distinguenda ® Shy-Pu am Pui-hu,
coll. Méllendorff ex coll. Potanin 69, 653, SMF 8956/2 paralectotypes of distinguenda
* SO-Gansu, zw. Li-dshia-pu u. Hsi-gu-tsheng, coll. Méllendorff ex coll. Potanin 923,
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Figure 3. Laeocathaica amdoana A, B lectotype (SMF 8952) C, D 2016/74, specimen2 E 2016/74,
specimenl. Scale bars: 10 mm. All photographs: B. P4ll-Gergely.

SMEF 9074 (lectotype of L. tropidorhaphe, Fig. 7A) ® Same data, SMF 9077/2 paralec-
totypes ®* NW-China, SO-Gansu, coll. C.R. Boettger 1904 ex coll. Méllendorff SMF
95126/1 (paralectotype of L. tropidorhaphe) * SO-Gansu, Tan-tshang, coll. Méllen-
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Figure 4. Laeocathaica amdoana Méllendorft, 1899, 2016/75 (4 different shells of the same sample).
Scale bar: 10 mm. All photographs: B. Pdll-Gergely.

dorff ex coll. Potanin 545, 623, 808, SMF 9075/4 (paralectotypes of L. tropidorhaphe)
* Gansu: Dshie-dshou, coll. Mollendorff ex coll. Potanin 119, SMF 9076/1 (para-
lectotype of L. tropidorhaphe) « IZCAS TM 095895 (labelled as holotype of L. dan-

gchangensis, but its measurements do not match with the ones given in the original
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Figure 5. Lacocathaica amdoana Méllendorft, 1899 A lectotype of L. distinguenda (SMF 8959)
B 2016/72, specimenl € 2016/72, specimen2 D 2016/76. Scale bar: 10 mm. All photographs: B. Pall-
Gergely.

description, see also remarks, Fig. 7D) ¢ IZCAS TM 095843-095894 + IZCAS TM
095896-095950 (103 paratypes of L. dangchangensis in ethanol).

Museum material. Szechwan, coll. Mollendorff, SMF 42564/1 ¢ Tan-Tschan,
coll. Mollendorff, SMF 24269/1 (“tropidorhape’”).
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Figure 6. Lacocathaica amdoana Méllendorft, 1899 A, B 2016/70a C, D 2016/71 E 2016/69. Scale
bars: 10 mm. All photographs: B. P4ll-Gergely.

New material (typical tropidorhaphe). CHina ¢ 2 shells; Gansu, Longnan
Shi, Dangchang Xian, Chengguan Zhen, Wenchangmiao, temple hill (locality code:
2016/87); 34°02.394'N, 104°23.499'E; 1835 m a.s.l.; 02 June 2016; A. Hunyadi
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Figure 7. Lacocathaica amdoana Méllendorfl, 1899 A lectotype of Laeocathaica tropidorhaphe (SMF
9074) B 2016/88 € 2016/89 D paratype of Lacocathaica dangchangensis Chen & Zhang, 2004 (labelled
as holotype). Scale bar: 10 mm. Photographs: K. Meng (D) and B. Pall-Gergely (A-C).

leg.; HA 2 shells; Gansu, Longnan Shi, Dangchang Xian, Lianghekou Xiang, Li-
anghekou Cun, rock above the intersection (locality code: 2016/89); 33°41.808'N,
104°29.182'E; 1245 m a.s.l;; 02 June 2016; A. Hunyadi leg.; HA (Fig. 8C) 2 shells;
Gansu, Longnan Shi, Dangchang Xian, Guanting Zhen, 1.5 km north of Guanting
towards Dangchang (locality code: 2016/88); 33°50.803'N, 104°32.470'E; 1815 m
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a.s.l; 02 June 2016; A. Hunyadi leg.; HA (Fig. 7B) © 2 shells; Gansu, Longnan Shi,
Zhugqu Xian, 2.5 km west of Suoertou Cun, northern bank of Bailong He (local-
ity code: 2016/91); 33°46.906'N, 104°20.106'E; 1235 m a.s.l; 03 June 2016; A.
Hunyadi leg.; HA ¢ 2 shells; Gansu, Longnan Shi, Wudu Xian, Jiaogong Zhen, 1.5
km west of Chenjiaba Cun, Zhaoyangdong, below the cave (locality code: 2016/95);
33°31.924'N, 104°39.286'E; 1175 m a.s.l.; 04 June 2016; A. Hunyadi leg.; HA.
New material (other morphs). 6 shells; Sichuan, Aba, Jiuzhaigou Xian, Baihe Xi-
ang, southern edge of Taiping Cun, rock wall facing north (locality code: 2016/72);
33°18.026'N, 104°09.500'E; 30 May 2016; A. Hunyadi leg.; HA (Fig. 5B, C) © 1 shell;
Sichuan, Aba, Jiuzhaigou Xian, Baihe Xiang, Taiping Cun, eastern bank of Baishui
He (locality code: 2016/73); 33°18.366'N, 104°09.413'E; 30 May 2016; A. Hunyadi
leg.; HA © 4 shells; Sichuan, Aba, Jiuzhaigou Xian, Anle Xiang, ca. 1.5 km east of
Zhongtianshan Cun towards Jiuzhaigou Shi (locality code: 2016/74); 33°17.279'N,
104°12.702'E; 1445 m a.s.l; 30 May 2016; A. Hunyadi leg.; HA (Fig. 3C-E) * 4
shells; Sichuan, Aba, Jiuzhaigou Xian, Guoyuan Xiang, 1 km from Guoyuanyi Cun
towards Lengshuishan Cun (locality code: 2016/75); 33°07.681'N, 104°18.489'E;
1220 m a.s.l; 30 May 2016; A. Hunyadi leg.; HA (Fig. 4) ¢ 1 shell; Sichuan, Aba,
Jiuzhaigou Xian, Guoyuan Xiang, Guoyuaner Cun, environment of the bridge (locality
code: 2016/76); 33°06.922'N, 104°19.617'E; 1200 m a.s.l.; 30 May 2016; A. Hunyadi
leg.; HA (Fig. 5D) * 3 shells; Gansu, Longnan Shi, Wenxian, Buziba Xiang, southern
edge of Buziba Cun, western bank of the river (locality code: 2016/77); 33°03.592'N,
104°37.094'E; 1215 m a.s.l; 31 May 2016; A. Hunyadi leg.; HA ¢ 1 shell; Gansu,
Longnan Shi, Wenxian, Buziba Xiang, northern edge of Taojiaba Cun, 200 m towards
Buziba (locality code: 2016/78); 33°02.706'N, 104°37.157'E; 1200 m a.s.l.; 31 May
2016; A. Hunyadi leg.; HA © 4 shells; Gansu, Longnan Shi, Wenxian, Buziba Xi-
ang, 1 km south of Taojiaba Cun towards Dongyukou Cun (locality code: 2016/79);
33°01.865'N, 104°37.329'E; 1150 m a.s.l; 31 May 2016; A. Hunyadi leg.; HA « 4
shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen, next to a museum (locality
code: 2016/64); 32°56.471'N, 104°40.379'E; 960-970 m a.s.].; 28 May 2016; A. Hun-
yadi leg.; HA 3 shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen, cemetery hill
above the city (locality code: 2016/65); 32°57.026'N, 104°40.527'E; 1090 m a.s.l.; 28
May 2016; A. Hunyadi leg.; HA 4 shells; Gansu, Longnan Shi, Wenxian, Jianshan Xi-
ang, 1200 m south of Hekou Cun, eastern bank of Bailong He (locality code: 2016/68);
33°01.703'N, 104°53.602'E; 810 m a.s.l.; 29 May 2016; A. Hunyadi leg.; HA © 2 shells;
Gansu, Longnan Shi, eastern edge of Wenxian, northern bank of the river (locality code:
2016/66); 32°56.459'N, 104°41.372'E; 28 May 2016; A. Hunyadi leg.; HA * 4 shells;
Gansu, Longnan Shi, Wenxian, Jianshan Xiang, southern edge of Hekou Cun, western
bank of Bailong He (locality code: 2016/67); 33°02.014'N, 104°53.478'E; 800 m a.s.L;
29 May 2016; A. Hunyadi leg.; HA * 3 shells; Gansu, Longnan Shi, Wenxian, Shifang
Xiang, 800 m from the northwestern edge of Baiyiba Cun towards Dongyukou Cun,
left bank of the river (locality code: 2016/83); 32°58.985'N, 104°37.503'E; 970 m
a.s.l; 31 May 2016; A. Hunyadi leg.; HA © 4 shells; Gansu, Longnan Shi, Wenxian,
Shifang Xiang, 1300 m northwest from Baiyiba Cun towards Dongyukou Cun (locality
code: 2016/82); 32°59.346'N, 104°37.233'E; 980 m a.s.l.; 31 May 2016; A. Hunyadi
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Figure 8. Distribution of Laeocathaica amdoana Mollendorff, 1899 in China (detail from Fig. 2A).

leg.; HA * 9 shells; Gansu, Longnan Shi, Wenxian, Jianshan Xiang, western edge of He-
kou Cun towards Caojiaba, along road no. 212 (locality code: 2016/69); 33°2.343'N,
104°53.045'E; 29 May 2016; A. Hunyadi leg.; HA (Fig. 6E) ® 8 shells; Gansu, Longnan
Shi, Wenxian, Jianshan Xiang, 600 m west of Jianshan towards Diaohuya (locality code:
2016/70a); 33°02.559'N, 104°51.254'E; 850 m a.s.l.; 29 May 2016; A. Hunyadi leg.;
HA (Fig. 6A, B) * 4 shells; Gansu, Longnan Shi, Wenxian, Jianshan Xiang, 200 m north
of Lvjiaba, along road no. 212 (locality code: 2016/71); 33°03.712'N, 104°50.209'E;
29 May 2016; A. Hunyadi leg.; HA (Fig. 6C, D).

Distribution. This species is known from several sites in southwestern Gansu
Province and the neighbouring areas in Sichuan (Fig. 8).

Remarks. Lacocathaica amdoana was described from Pass Ho-Dshi-Gou bei Mu-
gua-tshi (the exact locality could not be located on the map) near Wenxian at the
border with Sichuan province, and characterised by a domed, brown, dorsal side with
a relatively broad, sharp, distinctly bordering, white band of the keel. We did not find
shells identical to typical Lacocathaica amdoana, but have found similar ones that can
be identified as conspecific (Figs 3C, D, 4).

Laeocathaica distinguenda is represented in the Senckenberg Museum by several
samples. Strangely, the lectotype is the most “untypical” among the lots labelled as
L. distinguenda due to its pale caramel colour, the blurry border of light and dark
stripes, and the rounded body whorl. Our samples from the vicinity of Wenxian
(Fig. 5B-D) are more similar to the paralectotypes of L. distinguenda.
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Laeocathaica tropidorhaphe was described from the north (Tanchang and its vicin-
ity), and is characterised by a large, keeled shell with a flat dorsal side and a thick brown
spiral band. The northernmost populations we collected (samples 2016/87, 2016/88,
2016/89, 2016/91, 2016/95) agree with the types of L. tropidorhaphe in size, shape,
and colouration, but their spire height is variable. However, some shells from much
further south are also similar (i.e., samples 2016/74, 2016/75, see Fig. 4). The charac-
teristic colouration of L. tropidorhaphe (brown dorsal side with slender white band on
the keel) is also not unique to the northern L. tropidorhaphe populations, but can be
found in more southern populations as well (compare Fig. 4a with Fig. 7).

Opverall, there is a continuous variation across most of the historical and newly
collected samples in terms of shape of dorsal side, shape of body whotl, size, colour,
and sculpture (see Figs 3B, C; 6B, C). Laeocathaica amdoana and the lectotype of
L. distinguenda (but not the paralectotypes!) seem to be slightly out of the morphologi-
cal continuum, but not to a degree that a species-level distinction should be applied.

Colouration can be extremely variable even within a single population (see Fig. 4).
Therefore, colour is of minor importance in species distinction within this group of
Laeocathaica. It is a general trend that towards the southeastern part of the distribution
of these “species”, the peripheral keel disappears and the body whorl becomes rounded.

Because of the aforementioned reasons, and until anatomical and DNA sequence
data become available, we do not find the names L. distinguenda and L. tropidorhaphe
meaningful, and so we provisionally synonymise them with L. amdoana. Table 1 sum-
marises the key traits that are variable across and within newly collected populations.

Laeocathaica dangchangensis Chen & Zhang, 2004 is also a junior synonym of
L. amdoana, because it shows the same characteristic conchological features (large shell
size, acute, white keel, almost flat dorsal side) as L. tropidorhaphe. Moreover, its type lo-
cality (Shawan town, Dangshang county (34°0'N, 104°3'E), Gansu Province, China)
is situated close to the known sites of L. tropidorhaphe, whose two closest populations
are situated at ca. 31 km and 35 km from the type locality of L. dangchangensis.

According to the original description of Laeocathaica dangchangensis, the holotype
has a shell width of 27.22 mm. However, the shell labelled as the holotype is 23 mm
wide. Moreover, the number 6 is written on that specimen’s dorsal side, whereas “Hol-
otype: Sp8” is written on the label. We have not found any shells bearing the number
8. Consequently, the shell labelled as the holotype is a paratype, and the real holotype
is probably one of the specimens labelled as paratypes, or lost.

Laeocathaica carinalis Chen & Zhang, 2004
Figures 9-10

Laeocathaica carinalis Chen & Zhang, 2004: 341 [Chinese description], fig. 334 (er-
roneous! Shows a juvenile Laeocathaica shell belonging to another species); 444

[English description].

Type locality. “Town of Wenxian County, (33°0'N, 104°6'E), Gansu Province, China”.
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Type material. The shell we examined (IZCAS TM 097578) is exactly the same
as the one figured by Chen and Zhang (2004: fig. 219) as the holotype of Cathaica
bizonalis Chen & Zhang, 2004. Therefore, we understand this situation as a confu-
sion of specimens and photographs before publication, and consider the figured shell
(IZCAS TM 097578, Fig. 9) as the holotype. See also under Cathaica bizonalis Chen
& Zhang, 2004.

New material. CHINA * 4 shells; Gansu, Longnan Shi, Wenxian, Jianshan Xi-
ang, 1800 m west of Jianshan towards Diaohuya, right side of road no. 212 (locality
code: 2016/70b); 33°2.922'N, 104°50.840'E; 29 May 2016; A. Hunyadi leg.; HA
(Fig. 10A, B) * 10 shells; Gansu, Longnan Shi, Wenxian, Shifang Xiang, 1300 m
northwest from Baiyiba Cun towards Dongyukou Cun, right side of the road (locality
code: 2016/82); 32°59.346'N, 104°37.233'E; 980 m a.s.l.; 31 May 2016; A. Hunyadi
leg.; HA (Fig. 10E) © 4 shells; Gansu, Longnan Shi, Wenxian, Shifang Xiang, 800 m
from the northwestern edge of Baiyiba Cun towards Dongyukou Cun, left bank of
the river (locality code: 2016/83); 32°58.985'N, 104°37.503'E; 970 m a.s.l.; 31 May
2016; A. Hunyadi leg.; HA (Fig. 10F) ¢ 7 shells; Gansu, Longnan Shi, Wenxian, Buziba
Xiang, 1 km south of Taojiaba Cun towards Dongyukou Cun (locality code: 2016/79);
33°01.865'N, 104°37.329'E; 1150 m a.s.l.; 31 May 2016; A. Hunyadi leg.; HA
5 shells; Gansu, Longnan Shi, Wenxian, Buziba Xiang, southern edge of Liangjiaba
(locality code: 2016/81); 33°00.262'N, 104°36.712'E; 1005 m a.s.l.; 31 May 2016;
A. Hunyadi leg.; HA (Fig. 10C, D) ¢ 1 shell; Gansu, Longnan Shi, Wenxian, Cheng-

Table 1. Shell morphological traits of Lacocathaica amdoana Méllendorft, 1899 populations.

Locality no. D (inmm) H (in mm) Dorsal side Body whotl
2016/64 21.9-27.1 12-14.7 domed rounded to slightly keeled
2016/65 25.5-26.2 13.3-14.7 domed rounded to slightly keeled
2016/66 23.7-24.5 11.2-12.9 domed rounded
2016/67 19.9-23.3 8.8-11 slightly domed rounded
2016/68 24.3-25.4 10.4-10.7 flat to slightly domed rounded
2016/69 27.4-30.7 12.2-14.1 slightly domed rounded
2016/70a 30-31.3 13.1-14.9 slightly domed rounded
2016/71 28.5-29.7 13-13.6 slightly domed rounded
2016/72 19.8-24.2 9.1-12.2 domed slightly keeled
2016/73 21.8 10 domed slightly keeled
2016/74 21.4-25.4 9-10.7 flat to slightly domed strongly to slightly keeled
2016/75 25.1-27.4 9.8-12.5 slightly domed to domed strongly to slightly keeled
2016/76 20.8 9 flat strongly keeled
2016/77 20.8-21.6  10.5-11.5 domed slightly keeled
2016/78 22.7 11.6 slightly domed slightly keeled
2016/79 20.7-21.7 10-10.3 slightly domed to domed strongly to slightly keeled
2016/82 20.6-23 9.8-11.6 slightly domed to domed rounded to slightly keeled
2016/83 27.7-28.3 13-13.7 slightly domed rounded
2016/87 23-26.9 8.1-11.4 flat to slightly domed strongly keeled
2016/88 26.6-27.7 10.9-11.3 flat to slightly domed strongly keeled
2016/89 27.9-30.6 11.3-12.1 flat to slightly domed strongly keeled
2016/91 27.5-30 10.4-11.5 flat strongly keeled
2016/95 23.6-27.4 9-10.1 flat strongly keeled
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Figure 9. Lacocathaica carinalis Chen & Zhang, 2004 (IZCAS TM 097578, holotype). Scale bar:
10 mm. Photographs: Kaibaryer Meng,.

guan Zhen, next to a museum (locality code: 2016/64); 32°56.471'N, 104°40.379'E;
960-970 m a.s.l.; 28 May 2016; A. Hunyadi leg.; HA.

Description. Shell sinistral, depressed, strongly keeled, dorsal side with flat, scalari-
form whortls; ventral side widely conical; dorsal side chocolate brown, ornamented with
a white keel on all whorls; ventral side primarily white, below the white keel there is a
chocolate brown belt, white part ornamented with greyish radial stripes that sometimes
reach the umbilicus, but sometimes thin and stop before umbilicus; umbilicus inside with
a chocolate-brown and a white belt; entire shell consists of 7.25-7.75 whorls; protoconch
consists of 1.5-1.75 whorls, brownish, seemingly smooth, extremely finely granulose,
rather matte, slightly protruding above first whorls of teleoconch; white keels of every
whorl slightly elevated from dorsal surface, but dorsal surface flat with usually the last
one being scalariform; dorsal side with fine, irregular wrinkles and between the main
wrinkles there are very fine radial lines; ventral surface with less prominent wrinkles; um-
bilicus rather narrow, funnel-shaped, shows all whorls; periumbilical keel absent; aperture
oblique to shell axis, semilunar, with pointed incision at the keel; peristome expanded and
slightly thickened, but not reflexed; palatal swelling whitish, with a low, blunt basal tooth;
parietal callus practically absent, in some old specimens with translucent calcareous layer.

Measurements (in mm): D: 18.6-22.9; H: 6.8-9.8 (n = 13, newly collected shells
from multiple samples).
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Figure 10. Laeocathaica carinalis Chen & Zhang, 2004 A, B 2016/70b C, D 2016/81 E 2016/82
F 2016/83. Scale bars: 10 mm. All photographs: B. P4ll-Gergely.
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Differential diagnosis. The most similar species is L. pewzowi, which is smaller, paler
in colour, has a wider umbilicus, a more domed (and not scalariform) dorsal side, stronger
radial sculpture, and a more oblique aperture with a more pointed basal tooth. Further-
more, there is a second broken belt between the main belt and the umbilicus in L. pewzowi,
which is not present in any specimens of this species. Laeocathaica potanini has a more sca-
lariform, uniformly light brown shell, and the basal tooth (when present) is situated closer
to the columella than in L. carinalis. Lacocathaica amdoana is also similar in colouration,
but it is larger, has a blunter keel, a weaker sculpture, and its whorls are never scalariform.

Distribution. Most precise locality data are from the rocky area along the Baishui
River, whereas one sample was collected on the bank of the Yangtang River (Fig. 11).
The type locality is situated ca. 50 km west in a straight line.

Remarks. We here provide a redescription, an updated differential diagnosis, and
notes on the differences between different populations (Table 2).

Laeocathaica carinifera (H. Adams, 1870)
Figure 12

Helix (Plectotropis) christinae var. carinifera H. Adams, 1870: 377.
Helix subsimilis Deshayes, 1874: 10, pl. 2, figs 28-29.
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Figure 12. Lacocathaica carinifera (H. Adams, 1870) A syntype, NHMUK 1870.7.16.7 B SMF 24264
C 2016/70a D lectotype of L. stenochone (SMF 9071). Scale bar: 10 mm. Photographs: B. Pall-Gergely
(C, D), Kevin Webb, NHM (A).
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Helix christinae. — Mollendorff 1884: 351.

Helix subsimilis. — Gredler 1884: 264.

Helix christinae var. carinifera. — Mollendorff 1884: 351.

Laceocathaica subsimilis. — Mollendorff 1899: 89.

Laeocathaica stenochone Méllendorff 1899: 91, pl. 5, fig. 4. new synonym

Laeocathaica subsimilis subsimilis. — Yen 1939: 148, pl. 15, fig. 28.

Laeocathaica stenochone. — Yen 1939: 148, pl. 15, fig. 30.

Laeocathaica (Laeocathaica) stenochone. — Zilch 1968: 175.

Laeocathaica (Laeocathaica) subsimilis. — Zilch 1968: 175.

Laeocathaica subsimilis. — Chen and Zhang 2004: 313, fig. 299 (treats filippina as a
synonym).

Laeocathaica stenochone. — Chen and Zhang 2004: 314, fig. 301.

Laeocathaica subsimilis subsimilis. — Wu 2004: 86, 89, 98, 112, fig. 17 (figure labelled
as L. filippina).

Type material. China, Woushan, coll. Swinhoe, NHMUK 1870.7.16.7 (3 shells,
probably syntypes of Helix christinae var. carinifera, labelled as “christinae var”)
(Fig. 12A) * China, coll. Swinhoe, NHMUK 1870.7.16.8 (3 shells, probably syntypes
of Helix christinae var. carinifera, labelled as “christinae var”) ® Thibet, leg. Abbé Da-
vid, 1870, MNHN/1 syntype of H. subsimilis (broken) ® Thibet (Moupin), leg. Abbé
David, 1869, MNHN/12 syntypes of H. subsimilis (some of them are juvenile/broken)
e Chine, leg. Abbé David, 1874, MNHN/1 syntype of H. subsimilis * China (SO-
Gansu): Moupin, Thibet Oriental, leg. David, coll. Deshayes, 1872 in coll. Crosse,
MNHN-IM-2014-7944/2 syntypes of H. subsimilis * Hsi-gu-tseng, coll. Méllendorft
ex coll. Potanin 577, SMF 9071 (lectotype of L. stenochone, Fig. 12D) ¢ Same data,
SMF 9072/1 (paralectotype of L. stenochone) * SO-Gansu, Zw. Yii-lin-guan u. Wen-
hsien, SMF 8951/1 (paralectotype of L. stenochone) * Sy-tchuan, coll. Méllendorff ex
coll. Berezowski, 908¢c, SMF 24270/1 (paralectotype of L. stenochone).

Museum material. China, Yangtze-Tal, coll. Jetschin ex coll. Beddome, SMF
95020/1 (mixed sample with L. christinae) * Lii-feng-kou b. Guan-yiian, coll. Mdl-
lendorff ex coll. Potanin 270, SMF 24264/4 (Fig. 12B) * China (Sy-tchuan): zw.
Guan-yiian u. Dshau-hoa, coll. Méllendorff ex coll. Potanin 275, SMF 24256/3
WM-China, Sy-tchuan, Chung-King, coll. O. Boettger ex coll. Méllendorff, SMF

Table 2. Shell morphological traits of Laeocathaica carinalis Chen & Zhang, 2004 populations.

Locality no. Shell diameter Belt below keel White belt on keel Dorsal side Denticle
2016/64 20.2 medium thin flat/not scalariform strong
2016/70b 20.3-21.5 thin thick domed/scalariform  only low thickening
2016/79 19.1-20.3 thick moderate flat/scalariform strong
2016/81 19.8-20.4 thick moderate flat/scalariform 1 out of 5 shells
2016/82 18.6-19.8 medium thin flat/scalariform present
2016/83 21.2-22.9 thick moderate moderately domed/  only low thickening

slightly scalariform
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24262/4 ¢ China: Badung, Hubei, coll. Méllendorft ex coll. L. Fuchs, SMF 24259/2;
O-Sy-tschuan, coll. Méllendorff, SMF 24255/4  China: W-Hupé, ex Gredler, SMF
294293/2 » China: Kwan-juon-hszién (Kuan-yuan-hsien), Prov. Sze-csuen, China,
ex coll. T. Kormos, SMF 24260/1 ¢ China, Coll. H. Rolle, SMF 294294/1; China:
Sytchuan, coll. C. Bosch ex coll. H. Rolle, SMF 294292/2 (mixed sample with L.
filippina) « W-China: Prov. Sy-chuan, coll. C.R. Boettger, SMF 95117/1 * Sytschuan:
Tal des Lu-fyn-kou nordlich von der Stadt Juanj-juanj, leg. Potanin, coll. Jetschin,
SMF 95116/1 * Same locality, MNHN-IM-2014-7935/2 * China: Yang-dsy Gebi-
et, coll. Méllendorff ex coll. Heude, SMF 24265/2 ¢ China: Shen-hsi, Liu-ba-ting,
coll. Méllendorff ex coll. Potanin 451, SMF 24261/2 ¢ O-Sytchuan, coll. Kobelt (alte
Schau-Sammlung) ex coll. Méllendorff, SMF 24258/3 ¢ O-Sy-tchuan, coll. Méllen-
dorff ex coll. B. Schmacker, SMF 24257/4 ¢ Paoning, Szechuan, Don: Tomlin, 1946,
MNHN-IM-2014-7931/4 adult + 2 juvenile shells ® Chine, Chungking, Sytschouan,
coll. Letellier, 1949, MNHN-IM-2014-7936/1 ® Chine, coll. Denis, 1945, MNHN-
IM-2014-7937/2 * China, Baoning, MNHN-IM-2014-7941/1 juvenile shell ® Turke-
stan, leg. Potanin, MNHN-IM-2014-7943/1 adult + 1 juvenile shell ¢ Chine, col-
lector’s name not readable, 1878, MNHN-IM-2014-7938/1 ¢ Chine, coll. Fischer,
MNHN/1 ¢ Hupé, China, MNHN-IM-2014-7940/1 * Hupé, China, coll. Staads,
1969, MNHN-IM-2014-7929/1 + 2 L. filippina shell (mixed sample, erroneous local-
ity for L. carinifera).

New material. CHINA * 3 shells; Gansu, Longnan Shi, Wenxian, Bikou Zhen, above
the hydroelectric power plant, northern side of Bailong He (locality code: 2016/63);
32°45.966'N, 105°13.005'E; 28 May 2016; A. Hunyadi leg.; HA * 1 shell; Gansu,
Longnan Shi, Wenxian, Jianshan Xiang, 1800 m west of Jianshan towards Diaohuya,
right side of road no. 212 (locality code: 2016/70b); 33°2.922'N, 104°50.840'E; 29
May 2016; A. Hunyadi leg.; HA ¢ 3 shells; Gansu, Longnan Shi, Wenxian, Jianshan
Xiang, southern edge of Hekou Cun, western bank of Bailong He (locality code:
2016/67); 33°02.014'N, 104°53.478'E; 800 m a.s.l.; 29 May 2016; A. Hunyadi leg.;
HA e 3 shells; Gansu, Longnan Shi, Wenxian, Jianshan Xiang, 600 m west of Jian-
shan towards Diaohuya (locality code: 2016/70a); 33°02.559'N, 104°51.254'E; 850
m a.s.l; 29 May 2016; A. Hunyadi leg.; HA (Fig. 12C) * 3 shells; Gansu, Longnan
Shi, Wenxian, Jianshan Xiang, 1200 m south of Hekou Cun, eastern bank of Bail-
ong He (locality code: 2016/68); 33°01.703'N, 104°53.602'E; 810 m a.s.l.; 29 May
2016; A. Hunyadi leg.; HA * 2 shells; Gansu, Longnan Shi, Wudu Xian, Hanwang
Zhen, Wanxiangdong, path below the cave (locality code: 2016/85); 33°19.824'N,
105°00.273'E; 1160 m a.s.l; 01 June 2016; A. Hunyadi leg.; HA © 2 shells; Shaanxi,
Hanzhong Shi, Lueyang Xian, Gaojiaba, along the highway (locality code: 2016/96);
33°22.090'N, 106°10.116'E; 06 June 2016; A. Hunyadi leg.; HA * 3 shells; Gansu,
Longnan Shi, Wudu Xian, Chengguan Zhen, northwest of Jiezhou Botanical Gar-
den, hill above the city (locality code: 2016/86); 33°23.809'N, 104°55.524'E; 1035 m
a.s.l; 01 June 2016; A. Hunyadi leg.; HA © 2 shells; Sichuan, Chengdu Shi, Chengdu,
Nanda Jie, stone fence (locality code: 2015/78); 30°39.228'N, 104°3.659'E; 23 June
2015; A. Hunyadi & M. Szekeres leg.; HA.
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Distribution. The original description Helix christinae var. carinifera was pub-
lished together with that of the nominotypical form, without any specification of a
type locality. However, on one of the boxes of var. carinifera in the NHM, the locality
Woushan (probably Wushan, Chongqing at 31°5'N, 109°53'E) was mentioned. The
type locality of Helix subsimilis is Moupin (Baoxing, at 30°22'N, 102°49'E) in Tibet.
Furthermore, Wu (2004) dissected Laeocathaica subsimilis specimens collected at Nan-
chong, Sichuan. All precise locality data are known from southern Gansu and from
the centre of Chengdu city in Sichuan (probably introduced?). Therefore, it is possible
that L. carinifera is a widespread species, or the locality data from 250-450 km from
southern Gansu are the results of imprecise labelling. On the map (Fig. 11) we only
indicate the newly reported samples from southern Gansu.

Remarks. Adams (1870) described Helix christinae and Helix christinae var. carin-
ifera. According to the original description, var. carinifera differs from the nomino-
typical form by the smaller shell, the more acute keel, and the narrower umbilicus.
We found a sample labelled Helix christinae and two labelled as “Helix christinae var.”
in the NHM. The latter two samples differ from the former one exactly in the traits
mentioned by Adams. Thus, although they are not labelled as var. carinifera, it is clear
that they represent syntypes of that taxon.

The syntypes of Helix christinae var. carinifera are identical with the types of Helix
subsimilis, and thus, the latter is a junior synonym of the former. Although both Mél-
lendorff (1884) and Gredler (1884) synonymised H. subsimilis with H. carinifera, this
species (L. carinifera) has been mentioned in the literature as Laeocathaica subsimilis.
Laeocathaica stenochone is also identical with both Helix christinae var. carinifera and
Helix subsimilis, and therefore, it is also treated as a junior synonym.

Laeocathaica christinae (H. Adams, 1870)
Figure 13

Helix (Plectotropis) christinae H. Adams, 1870: 377, pl. 27, figs 4, 4a.
Helix christinae. — Gredler 1884: 264.

Laeocathaica christinae. — Mollendorff 1899: 88.

Laeocathaica (Laeocathaica) christinae christinae. — Zilch,1968: 173.
Laeocathaica christinae. — Chen and Zhang 2004: 334, fig. 326.

Type material. China, coll. Swinhoe, NHMUK 1870.7.16.6 (3 shells, probably syn-
types, Fig. 13A) * Chine, Ichang & Fungsiang, Achat Sall¢, MNHN-IM-2014-7932/3
(probably syntypes).

Museum material. Asia Centrale, MNHN-IM-2014-7933/3 ¢ Asia Cen-
trale, MNHN-IM-2014-7934/7 ¢ Hupé, China, coll. Staadt, 1969, MNHN-
IM-2014-7929/2 + 1 L. carinifera shell (mixed sample, erroneous locality for L. carin-
ifera) * Moupin, leg. Abbé David, coll. Deshayes, 1872, MNHN-IM-2014-7945/2
(probably erroneous locality).
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Figure 13. Shell of Laeocathaica christinae (H. Adams, 1870) A probable syntype, NHMUK 1870.7.16.6
B 2010/29. Scale bar: 10 mm. Photographs: B Pdll-Gergely (B), Kevin Webb, NHM (A).

New material. CHiNa * 10 shells; Hubei, Enshi Tujiazu Miaozu Zizhizhou, Ba-
dong Xian, east of Badong, Bashan Senlin Gongyuan, (next to Xinlingzhen) (locality
code: 2010/29); 31°01.472'N, 110°25.284'E; 225 m a.s.l.; 03 November 2010; A.
Hunyadi leg.; HA (Fig. 13B).

Distribution. The type localities and the newly collected sample suggest that this
species lives more upstream in the Yangtze valley than L. filippina. The samples from
Moupin (Baoxing County, Sichuan) are probably erroneous. We indicated only the
newly collected sample on the map (Fig. 14).

Remarks. We found three samples in the NHM. One of them, containing
two shells, was labelled Helix christinae. The other two lots, labelled “Helix chris-
tinae var.”, contained three shells each. The latter two samples are probably syn-
types of Helix christinae var. carinifera, described in the same publication (Adams
1870; see further details under that species). None of the two Helix christinae shells
(NHMUK 1870.7.16.6) are identical with the shells figured in the original de-
scription (Adams 1870: pl. 27, figs 4, 4a). However, the indication of the collector
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(Swinhoe) agrees with the collector mentioned in the original description. Thus,
we treat the two shells of that lot as syntypes.

Adams (1870) gave two type localities: “Ichang and Fungsiang gorges, China”. The
former is situated upstream of Yichang City in Hubei (30°56'N, 110°48.7'E), whereas
the latter is Fengxiangxia, Fengjie County in Chongging (31°2'N, 109°35'E). Our
sample 2010/29 is geographically located between the two type localities. The shells of
this sample are identical with the types, but they are smaller.

Laeocathaica dejeana (Heude, 1882)
Figure 15

Helix dejeana Heude, 1882: 21, pl. 20, fig. 17.
Cathaica (Campylocathaica) dejeana. — Chen and Zhang 2004: 270-272, fig. 255.
Laeocathaica dejeana. — Chen and Zhang 2004: 337, fig. 330.

Type material. According to Johnson (1973) there is a paratype in the USNM (inv.
number: 472128), which was not examined by us.

Museum material. China: Da-tshien-lu am Ya-lung, coll. Méllendorff ex coll. Po-
tanin 380, SMF 23919/4 (Fig. 15)  Sy-tschuan, Umgebungen der Stadt Da-zsjan-lu,
det. Méllendorff, MNHN-IM-2014-7946/1.
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Figure 15. Laeocathaica dejeana (Heude, 1882), SMF 23919. Scale bar: 10 mm. All photographs: B.
Pall-Gergely.

Laeocathaica dityla Méllendorff, 1899
Figure 16

Laeocathaica dityla Méllendorft, 1899: 99-100, pl. 6, fig. 8.
Laeocathaica dityla. — Yen 1939: 149, pl. 15, fig. 42.
Lacocathaica (Laeocathaica) dityla. — Zilch 1968: 174.
Laeocathaica dityla. — Chen and Zhang 2004: 332, fig. 324.

Type material. SO-Gansu, zw. Li-tshia-pu u. Hsi-gu-tsheng, coll. Méllendorff ex coll.
Potanin 776, SMF 9086 (lectotype, Fig. 16A) ® Same data, SMF 9087 (paralectotype);
Tshiu-dsei-dsy, coll. Mollendorft ex coll. Potanin 22, SMF 9088/1 (paralectotype).
New material. CHINA © 4 shells; Gansu, Longnan Shi, Dangchang Xian, Guant-
ing Zhen, 1.5 km north of Guanting towards Dangchang (locality code: 2016/88);
33°50.803'N, 104°32.470'E; 1815 m a.s.l.; 02 June 2016; A. Hunyadi leg.; HA
(Fig. 16C) * 5 shells; Gansu, Longnan Shi, Wudu Xian, Hanwang Zhen, Wanxiangdong,
serpentine leading to the cave (locality code: 2016/84); 33°20.383'N, 104°59.876'E;
1010 m a.s.l.; 01 June 2016; A. Hunyadi leg.; HA (Fig. 16B) * 1 shell; Gansu, Long-
nan Shi, Dangchang Xian, Lianghekou Xiang, eastern edge of Lianghekou Cun (local-
ity code: 2016/90); 33°41.587'N, 104°29.379'E; 02 June 2016; A. Hunyadi leg.; HA
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Figure 16. Lacocathaica dityla A lectotype (SMF 9086) B 2016/84 € 2016/88. Scale bar: 10 mm. All
photographs: B. Pall-Gergely.

* 9 shells; Gansu, Longnan Shi, Wudu Xian, Jiaogong Zhen, 1.5 km west of Chen-
jiaba Cun, Zhaoyangdong, below the cave (locality code: 2016/95); 33°31.924'N,
104°39.286'E; 1175 m a.s.l;; 04 June 2016; A. Hunyadi leg.; HA * 1 shells; Gansu,
Longnan Shi, Wudu Xian, Chengguan Zhen, northwest of Jiezhou Botanical Garden,
hill above the city (locality code: 2016/86); 33°23.809'N, 104°55.524'E; 1035 m a.s.L;
01 June 2016; A. Hunyadi leg.; HA * 2 shells; Gansu, Dangchangxian, Shawanxiang,
401 km point along R212 (locality code: 20110422C); 33°38.067'N, 104°33.240'E;
1258 m a.s.l; 21 April 2011; Y. Nakahara, K. Okubo & K. Otani leg.; PGB.
Distribution. Newsampleswerecollectedalong the Bailongand Minjiang rivers (Fig. 17).
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Figure 17. Distribution of Laeocathaica species in China (A in Fig. 2).

Laeocathaica dolani (Pilsbry, 1934)
Figure 18A

Cathaica (Laeocathaica) dolani Pilsbry, 1934: 16, pl. 3, figs 4, 4a—c.
Laeocathaica dolani. — Chen and Zhang 2004: 335, fig. 328.

Type material. China, Szechuan, Romichengu, Brooke Dolan, W. China Expedition
1931, ANSP 162061 (holotype in Fig. 18A + 3 paratypes).

Laeocathaica filippina (Heude, 1882)
Figure 19

Helix filippina Heude, 1882: 23, pl. 20, fig. 19.

Helix (Plectopylis) subchristinae Ancey, 1882: 44.

Helix subsimilis var. filippina. — Gredler 1884: 264.

Laeocathaica filippina. — Mollendorft 1899: 88—89.

Laeocathaica subsimilis filippina. — Yen 1939: 148, pl. 15, fig. 29.
Laeocathaica (Laeocathaica) christinae filippina. — Zilch 1968: 173.

Type material. Patong, Heude type coll., USNM 472127, (1 syntype, Fig. 19A).
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Figure 18. Shells of Lacocathaica species A Laeocathaica dolani Pilsbry, 1934 (holotype, ANSP 162061)
B Lacocathaica leucorhaphe (Mollendorfl, 1899), lectotype (SMF 9073) € Laceocathaica phacomphala
Mbllendorft, 1899, lectotype (SMF 9089). Scale bar: 10 mm. All photographs: B. P4ll-Gergely.

Museum material. China, W-Hupei, coll. K. Hashagen, SMF 24226/3 «
Hubei, Badung, coll. Méllendorff, SMF 24266/4 (Fig. 19B) ¢ China: Badung,
Hubei: coll. Kobelt (alte Schau-Sammlung) ex coll. Mollendorff, SMF 24266a/3
* W-Hupei, China, coll. Naegele ex coll. Gredler 1906, SMF 50089/2 (labelled as
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Figure 19. Shells of Laeocathaica filippina (Heude, 1882) A syntype, USNM 427127 B SMF 24266
C 2010/25. Scale bar: 10 mm. Photographs: downloaded from the webpage of USNM (A), B. Péll-
Gergely (B=C).

L. filippina, det. Wu 2008) * China, SMF 24227/1 (labelled as L. subsimilis, det.
Wu 2008) ¢ China, Sytchuan, Changyang, coll. O. Boettger ex coll. B. Schmacker
1893, SMF 24267/2 * China: Badung, Hubei: coll. C.R. Boettger 1904, SMF
95118/5 * China: Changyang, coll. C. Bosch ex coll. Sowerby ex coll. Fulton,
SMF 294296/3 » China: Changyang, coll. Ehrmann ex coll. Sowerby ex coll. Ful-
ton, SMF 294295/1 ¢ Changyang, Coll. Denis 1945, MNHN-IM-2014-7942/2 ¢
China: Sytchuan, coll. C. Bosch ex coll. H. Rolle, SMF 294292/1 (mixed sample
with L. carinifera).

New material. CHiNa © 7 shells; Hubei, Yichang Shi, Changyang Tujiazu Zizhix-
ian, Qingjiang Hualang Fengjingqu, Geheyan Shuiku, Wuluozhougli Shan (locality
code: 2010/25); 30°25.805'N, 110°59.254'E; 260 m a.s.l.; 31 October 2010; A. Hu-
nyadi leg.; HA (Fig. 19C) * 3 broken shells; Hubei, Yichang Shi, Changyang Tujiazu

Zizhixian, eastern edge of Changyang, environment of Hukouwan, rocks around the
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budhist temple (locality code: 2010/23); 30°28.622'N, 111°12.421'E; 95 m a.s.l;; 31
October 20105 A. Hunyadi leg.; HA.

Distribution. The newly collected samples, and the several museum samples from
Changyang (at 30°28'N, 111°12'E), suggest that this species lives downstream along
the river Yangtze compared to L. christinae (Fig. 13). The type locality of L. filippina
(Badong) is situated more upstream, within the area of L. christinae. However, it may
be erroneous, as at the time of the description the nearest large city was usually men-
tioned on the labels.

Remarks. We did not examine the types of Helix subchristinae Ancey, 1882, and
treat it as a synonym of L. christinae following Gredler (1884), while Richardson
(1983) listed it under L. christinae.

Laeocathaica hisanoi Pall-Gergely, sp. nov.
http://zoobank.org/F273CAC1-E575-426C-ACA6-A16F6CB80171
Figure 20D

Type material. Holotype China ¢ S Kansu, China, coll. S. Hisano, 24.05.204, SMF
336708 (D: 11.6 mm, H: 5.2 mm) (Fig. 20D).Paratype CHINA * Same data as for
holotype; SMF 363469.

Diagnosis. A small Laeocathaica species with many (8.5) whotls, conical dorsal
side, rounded body whortl and single, small basal tooth that is situated close to the
columella.

Description. Shell sinistral, depressed, dorsal side conical with protruding
apex, body whorl shouldered; colour chalk white with a single brownish belt below
shoulder; entire shell consists of 8.5 whorls, protoconch consists of 1.75-2 whorls,
very finely granulose, conspicuously elevated compared to first teleoconch whorls;
teleoconch with fine, irregular growth lines, without any notable sculpture, al-
though both examined shells were corroded; last quarter whorl with slight sub-
sutural furrow; aperture semilunar, very strongly oblique to shell axis; peristome
sharp, very slightly expanded dorsally, with thickening situated behind peristome
edge; basal tooth blunt, elongated, situated ca. at the middle of basal peristome;
parietal callus inconspicuous, appears only as thick calcareous layer; umbilicus
open, narrow, shows all whorl, with the last half of body whorl extremely widened,
resulting in a “9”-shape.

Measurements (in mm): D: 11.5-11.6; H: 5.2-5.3 (n = 2).

Differential diagnosis. The most similar species is L. polytyla, which is usually
larger, has one whorl more, has a more elevated spire with a domed dorsal side,
a rounded body whorl, and a comparatively smaller basal tooth situated closer to
the columella.

Etymology. This new species is named after S. Hisano, who collected the type
material.

Distribution. This new species is known from a single museum sample only, con-
sisting of two shells.
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Figure 20. Lacocathaica species A Lacocathaica polytyla Méllendorff, 1899, lectotype (SMF 9198)
B Laeocathaica polytyla, 2016/78 € Laeocathaica polytyla, 2016/65 D Laeocathaica hisanoi sp. nov. (holo-
type, SMF 336708). Scale bar: 10 mm. All photographs: B. Pall-Gergely.

Laeocathaica leucorbaphe Méllendorff, 1899
Figure 18B

Laeocathaica leucorhaphe Méllendorft, 1899: 95-96, pl. 6, fig. 2.
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Laeocathaica leucorhaphe. — Yen 1939: 149, pl. 15, fig. 36.
Laeocathaica (Laeocathaica) leucorhaphe. — Zilch 1968: 174.
Laeocathaica leucorhaphe. — Chen and Zhang 2004: 323, fig. 312.

Types examined. N-Sytchuan: am Tung-ho, coll. Méllendorff ex coll. Potanin 312b,
SMF 9073 (lectotype, Fig. 18B).

Laeocathaica minwui Pall-Gergely, sp. nov.
http://zoobank.org/ CO6CE473-3692-4306-9AB2-2AEFDA307824
Figure 21

Type material. Holotype Crina ¢ China, O. Sy-tshuan, coll. C.R. Boettger ex coll.
Mollendorff ex coll. L. Fuchs, SMF 95019 (D = 23.1, H = 9.1) (Fig. 21). Para-
types CHINA * Yangtze-Tal, coll. Jetschin ex coll. Beddome, SMF 95020/1 (mixed
sample with L. carinifera) ® W. China, Sy-tshuan, coll. Kobelt ex coll. Mollendorff,
SMF 6920/1 (det. Wu 2008, labelled as L. christinae) » China: Hupei: Kao-cha-hien,
coll. O. Boettger ex coll. B. Schmacker, 1893, SMF 24263/1 (det. Wu 2008, labelled
as L. christinae) * China, O. Sy-tshuan, coll. Méllendorff, SMF 24255a/5 ¢ China:
Chang-Yang, coll. O. Boettger ex coll. M. Schmacker, SMF 42563/2 ¢ Moupin, leg.
Abbé David, MNHN-IM-2014-7939/14 (probably erroneous locality).

Diagnosis. A rather large Laeocathaica species with a sharp keel, a domed dorsal
side, an oval aperture and a marmorated ventral side.

Description. Shell sinistral, depressed, with domed dorsal side, keel strong, situ-
ated in the middle of body whorl, whitish; dorsal side latte-coloured, with darker and
paler areas alternating as the shell grows; ventral side with white and pale brownish
(latte) spiral bands forming a marmorated colour pattern; inner side of umbilicus with
brownish spiral band; protoconch light brownish, ca. 1.5 whorls, finely granulose,
slightly protrudes above first whorls of teleoconch; entire shell consists of six whorls;
dorsal side finely ribbed, ventral side smoother, only with growth lines; umbilicus ca.
one third of shell width; shows all whorls; periumbilical keel absent; aperture oblique
to shell axis, oval, without incision at the position of keel; peristome white, expanded
and slightly thickened, but not reflexed (only in direction of umbilicus); parietal callus
practically absent, only with some additional translucent calcareous layer.

Measurements (in mm): D = 23.1, H = 9.1 (holotype).

Differential diagnosis. Lacocathaica minwui sp. nov. has been confused with
L. christinae in museum collections, probably due to the lack of examination of the
types of L. christinae. However, L. christinae has a flatter dorsal side, a more upper-
situated peripheral keel, a darker brown (instead of latte) colour, a more uniformly
white ventral side with a brown spiral band inside the umbilicus, and brownish spots.
In contrast, in the new species the ventral side is characterised by a marmorated (mar-
bled-like) pattern resulted by the fusing of whitish and pale brown spiral bands. Laeo-
cathaica filippina has a notched aperture at the position of the peripheral keel, a more
brownish colour, and a less marmorated ventral side. See also Table 3.
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Figure 21. Lacocathaica minwui sp. nov. (holotype, SMF 95019). Scale bar: 10 mm. Photographs: B.

Pall-Gergely.

Table 3. Differences between L. carinifera, L. christinae, L. filippina, and L. minwui sp. nov.

Species | Dorsal Keel on Aperture Colour of dorsal side Ventral side
surface | body whorl | (palatal part)
L. domed |acute, in the| rounded lighter and darker brownish umbilicus narrow, colour
carinifera middle of patches alternate rather abruptly | pale, or light and darker
body whorl resulting in a mosaic-like structure stripes alternate
L. nearly flat/| blunt to rounded same as in carinifera, just brown | umbilicus wider, mostly
christinae | slightly | acute, upper colour darker and there is usually | white with slender darker
domed | part of body a brown and a white spiral band | radial stripes and dark dots
whorl
L. domed |acute, upper| notched |paler than carinifera and christinae,| umbilicus wider, similar to
[ilippina part of body light and brown patches alternate | minwui sp. nov., but paler
whorl smoothly and less nicely marmorated
L. domed |acute, upper| rounded mostly cream/latte-coloured, umbilicus wider, latte and
minwui part of body lighter and darker patches white spiral bands form a
sp. nov. whorl alternate smoothly marmorated pattern

Etymology. This new species is dedicated to and named after Dr. Min Wu, the
leading expert of Chinese Camaenidae.
Distribution. This new species is only known from historical samples from the
Yangtze valley. Other samples labelled as being collected from Sichuan are not precise

enough to understand their geographic origin.

Laeocathaica odophora Méllendorff, 1899
Figure 22

Laeocathaica odophora Mollendorff, 1899: 97-98, pl. 6, fig. 6.
Laeocathaica odophora. — Yen 1939: 149, pl. 15, fig. 39.
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Laeocathaica (Laeocathaica) odophora. — Zilch 1968: 174.
Laeocathaica odophora. — Chen and Zhang 2004: 328, fig. 318.

Type material. S-Gansu, Dshie-dshou, coll. Méllendorff ex coll. Potanin 254, SMF
8954 (holotype = juvenile shell, Fig. 22A).

New material. Caina ¢ 1 photographed shell; Gansu, Longnan Shi, Wenxian,
Jianshan Xiang, 1800 m west of Jianshan towards Diaohuya, right side of road no.
212 (locality code: 2016/70b); 33°2.922'N, 104°50.840'E; 29 May 2016; A. Hunyadi
leg.; HA (Fig. 22B) ¢ 5 adult + 2 juvenile shells; Gansu, Longnan Shi, Wenxian, Jian-
shan Xiang, 1200 m south of Hekou Cun, eastern bank of Bailong He (locality code:
2016/68); 33°01.703'N, 104°53.602'E; 810 m a.s.l.; 29 May 2016; A. Hunyadi leg.;
HA e 1 shell; Gansu, Longnan Shi, Wenxian, Jianshan Xiang, western edge of Hekou
Cun towards Caojiaba, right side of road no. 212 (locality code: 2016/69); 33°2.343'N,

Figure 22. Lacocathaica odophora Méllendorff, 1899 A holotype (SMF 8954) B 2016/70b. Scale bar: 10
mm. All photographs: B. Pall-Gergely.
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104°53.045'E; 29 May 2016; A. Hunyadi leg.; HA ¢ 1 juvenile shell; Gansu, Long-
nan Shi, Wenxian, Chengguan Zhen, next to a museum (locality code: 2016/64);
32°56.471'N, 104°40.379'E; 960-970 m a.s.l.; 28 May 2016; A. Hunyadi leg.; HA.
Description. Shell sinistral, depressed, strongly keeled, dorsal side domed, ven-
tral side conical; shell colour basically brownish, greyish, latte-coloured, with whitish
stripes; as a result dorsal surface mosaic-like, ventral side striped; keel always white,
there is always a brownish belt just below the keel, periumbilical keel always white;
entire shell consists of 9-9.5 whorls; protoconch consists of 1.5 whorls, brownish,
seemingly smooth, extremely finely granulose, rather matte; white keels of every whorl
slightly elevated from dorsal surface, but dorsal surface almost continuous, suture prac-
tically absent; dorsal side with fine, irregular wrinkles (most wrinkles stand alone, but
some of them unite to each other); ventral surface with less prominent wrinkles; um-
bilicus rather narrow, regular funnel-shaped, shows all whorls; periumbilical keel blunt;
aperture semilunar, peristome very slightly expanded, but not reflexed or thickened;
palatal swelling whitish, with two prominent denticles, situated in some distance from
peristome; parietal wall with some whitish thickening in adult shells. Juveniles reverse
conical in shape; several apertural barriers are built during lifetime; palatal swelling of
juveniles appears as a continuous ridge, although the two denticles recognisable.
Distribution. Known from a few localities in southern Gansu Province (Fig. 17).
Remarks. The single juvenile shell of sample 2016/64 has a narrower, blunter
umbilical keel than the holotype, and it is possible that it belongs to another species.
However, the juvenile shell of sample 2016/68 is identical with the holotype.

Laeocathaica pewzowi (Méllendorff, 1899)
Figure 23C, D

Laeocathaica pewzowi Méllendorft, 1899: 98, pl. 6, figs 4, 4a.
Laeocathaica pewzowi. — Yen 1939: 149, pl. 15, fig. 40.
Laeocathaica (Laeocathaica) pewzowi. — Zilch 1968: 174.
Laeocathaica pewzowi. — Chen and Zhang 2004: 329, fig. 320.
Laeocathaica pewzowi. — Schileyko 2004: 1686, fig. 2174a.

Type material. S-Gansu, Wen-hsien, coll. Méllendorff ex coll. Potanin 248, 661, 793,
SMF 9084 (lectotype, Fig. 23C, D) ® Same data, SMF 9084/3 (paralectotypes) ® Same
data, coll. C. Boettger, SMF 9084/1.

Museum material. Nung-dan b. Wen-Hsien, coll. Méllendorff, SMF 24268/1.

Laeocathaica phaeomphala Méllendorff, 1899
Figure 18C

Laeocathaica phaeomphala Mollendorff, 1899: 96, pl. 6, fig. 3.
Laceocathaica phaeomphala. — Yen 1939: 149, pl. 15, fig. 37.
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Figure 23. Laeocathaica species A, B Laeocathaica potanini (lectotype, SMF 9082) C, D Laeocathaica

pewszowi (lectotype, SMF 9084). Scale bars: 10 mm. All photographs: B. P4ll-Gergely.

Lacocathaica (Laeocathaica) phacomphala. — Zilch 1968: 174.
Laeocathaica phaeomphala. — Chen and Zhang 2004: 325, fig. 314.

Type material. S-Gansu, Wenhsien, coll. Mollendorff ex coll. Potanin 51b, 72, 741,
SMF 9089 (lectotype, Fig. 18C) ® Same data, SMF 9090/3+1 (paralectotypes, one of
them from coll. C. Boettger).

New material. CHINA ® 6 shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen,
next to a museum (locality code: 2016/64); 32°56.471'N, 104°40.379'E; 960-970 m
a.s.l.; 28 May 2016; A. Hunyadi leg.; HA.

Laeocathaica polytyla Méllendorff, 1899
Figure 20A-C

Laeocathaica polytyla Méllendorff, 1899: 98-99, pl. 6, fig. 7.
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Figure 24. Distribution of Lacocathaica species in China (A in Fig. 2).

Laeocathaica polytyla. — Yen 1939: 149, pl. 15, fig. 41.
Laeocathaica (Laeocathaica) polytyla. — Zilch1968: 174.
Laeocathaica polytyla. — Chen & Zhang, 2004: 331, fig. 322.
Laeocathaica polytyla. — Schileyko 2004: 1686, fig. 2174b—d.

Type material. Nan-Ping, Sung-pan, coll. Méllendorff ex coll. Potanin 725b, 744,
SMF 9098 (lectotype, Fig. 20A) ¢ Same data, SMF 9099/6 (paralectotypes) ¢ China,
S-Gansu, leg. S. Hisano, 22.06.2004, ex coll. S. Hisano, 2011, SMF 336710/1.

New material. CHINA * 4 shells; Gansu, Longnan Shi, Wenxian, Buziba Xiang,
northern edge of Taojiaba Cun, 200 m towards Buziba (locality code: 2016/78);
33°02.706'N, 104°37.157'E; 1200 m a.s.l.; 31 May 2016; A. Hunyadi leg.; HA (Fig.
20B) © 11 shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen, cemetery hill
above the city (locality code: 2016/65); 32°57.026'N, 104°40.527'E; 1090 m a.s.l.; 28
May 2016; A. Hunyadi leg.; HA (Fig. 20C) © 2 shells; Gansu, Longnan Shi, Wenxian,
Buziba Xiang, 1 km south of Taojiaba Cun towards Dongyukou Cun (locality code:
2016/79); 33°01.865'N, 104°37.329'E; 1150 m a.s.l; 31 May 2016; A. Hunyadi
leg.; HA © 4 shells; Sichuan, Aba, Jiuzhaigou Xian, Baihe Xiang, Taiping Cun, eastern
bank of Baishui He (locality code: 2016/73); 33°18.366'N, 104°09.413'E; 30 May
2016; A. Hunyadi leg.; HA ¢ 7 shells; Sichuan, Aba, Jiuzhaigou Xian, Guoyuan Xiang,
Guoyuaner Cun, environment of the bridge (locality code: 2016/76); 33°06.922'N,
104°19.617'E; 1200 m a.s.l.; 30 May 2016; A. Hunyadi leg.; HA © 2 shells; Sichuan,
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Aba, Jiuzhaigou Xian, Anle Xiang, ca. 1.5 km east of Zhongtianshan Cun towards
Jiuzhaigou Shi (locality code: 2016/74); 33°17.279'N, 104°12.702'E; 1445 m a.s.l;
30 May 2016; A. Hunyadi leg.; HA © 8 shells; Sichuan, Aba, Jiuzhaigou Xian, Baihe
Xiang, southern edge of Taiping Cun, rock wall facing north (locality code: 2016/72);
33°18.026'N, 104°09.500'E; 30 May 2016; A. Hunyadi leg.; HA * 3 shells; Gansu,
Longnan Shi, Wenxian, Buziba Xiang, southern edge of Buziba Cun, western bank of
the river (locality code: 2016/77); 33°03.592'N, 104°37.094'E; 1215 m a.s.l.; 30 May
2016; A. Hunyadi leg.; HA © 2 shells; Sichuan, Jiuzhaigouxian, Guoyuanxiang, 7.7
km from provincial border (locality code: 2011.04.25A); 33°07.616'N, 104°18.927'E;
1258 m a.s.l;; 25 April 2011; Y. Nakahara, K. Okubo & K. Otani leg.; PGB.
Distribution. Known from several precise localities in southern Gansu Province

(Fig. 22).

Laeocathaica potanini Méllendorff, 1899
Figure 23A, B

Laeocathaica potanini Mollendorff, 1899: 96-97, pl. 6, fig. 5.
Laeocathaica potanini. — Yen 1939: 149, pl. 15, fig. 38.
Laeocathaica (Laeocathaica) potanini. — Zilch 1968: 174.
Laeocathaica potanini. — Chen and Zhang 2004: 326, fig. 316.

Type material. Gansu: Wenhsien, coll. Mollendorff ex coll. Potanin 251, 587, 734,
SMF 9082 (lectotype, Fig. 23A, B) * Same data, SMF 9083/3+1 (paralectotypes, one
of them from coll. C. Boettger) ® S-Gansu, Hungadan b. Wen-hsien, coll. Méllendorft
ex coll. Berezowski, SMF 8960/1.

New material. CHINA ® 6 shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen,
cemetery hill above the city (locality code: 2016/65); 32°57.026'N, 104°40.527'E;
1090 m a.s.l.; 28 May 2016; A. Hunyadi leg.; HA © 5 shells; Gansu, Longnan Shi, east-
ern edge of Wenxian, northern bank of the river (locality code: 2016/66); 32°56.459'N,
104°41.372'E; 28 May 2016; A. Hunyadi leg.; HA.

Remarks. The examined shells are identical to the types.

Laeocathaica prionotropis Méllendorff, 1899
Figures 25, 26

Laeocathaica prionotropis Mollendorff, 1899: 94-95, pl. 6, figs 1, 1a.
Laeocathaica prionotropis subsp. albocincta Méllendorff, 1899: 95. new synonym
Laeocathaica prionotropis prionotropis. — Yen 1939: 149, pl. 15, fig. 34.
Laeocathaica prionotropis albocincra. — Yen 1939: 149, pl. 15, fig. 35.
Laceocathaica (Laeocathaica) prionotropis prionotropis. — Zilch 1968: 175.
Laeocathaica (Laeocathaica) prionotropis albocincta. — Zilch 1968: 175.
Laeocathaica prionotropis. — Chen and Zhang 2004: 320, figs 309-310.



A review of Laeocathaica Mollendorff, 1899 71

Figure 25. Lacocathaica prionotropis A lectotype (SMF 9078) B lectotype of Lacocathaica prionotropis
albocincta Mollendorft, 1899 (SMF 9080). Scale bar: 10 mm. All photographs: B. Pall-Gergely.

Type material. Zw. Yii-lin-guan u. Wen-hsien, coll. Méllendorff ex coll. Potanin 520a,
908a, SMF 9078 (lectotype of L. prionotropis, Fig. 25A) * Same data, SMF 9079/3
(paralectotypes) ® W. Sy-tshuan, Tung-ho, coll. Méllendorff ex coll. Potanin 312a,
SMEF 9080 (lectotype of L. prionotropis albocincta, Fig. 25B) * Same data, SMF 9081
(paralectotype of L. prionotropis albocincta).

New material. CHINA ® 1 shell; Gansu, Longnan Shi, Wenxian, Bikou Zhen, above
the hydroelectric power plant, northern side of Bailong He (locality code: 2016/63);
32°45.966'N, 105°13.005'E; 28 May 2016; A. Hunyadi leg.; HA (Fig. 26D, E) * 5
shells; Gansu, Longnan Shi, Wenxian, Chengguan Zhen, next to a museum (locality
code: 2016/64); 32°56.471'N, 104°40.379'E; 960-970 m a.s.l.; 28 May 2016; A.
Hunyadi leg.; HA (Fig. 26A-C).

Distribution. Known from two sites in Southern Gansu Province (Fig. 24).

Remarks. Laeocathaica prionotropis subsp. albocincta agrees in size and shell
shape with the nominotypical form, and therefore it is here synonymised with
Lacocathaica prionotropis.

Discussion

Although we list and publish photographs of all Laeocathaica species in this work, the
taxonomy of this group is still far from being solved. Following previous authors, we clas-
sify only sinistral species in Laeocathaica. However, it is very probable that the coiling di-
rection has changed multiple times during the evolution of Bradybaeninae inhabiting the
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Figure 26. Lacocathaica prionotropis A 2016/64, specimenl B, € 2016/64, specimen2 D, E 2016/63.
Scale bars: 10 mm. All photographs: B. Péll-Gergely.

arid regions of central China. Furthermore, sinistral species such as Bradybaena microm-
phala (Mollendorft, 1899) and B. eris (Méllendorff, 1899) also inhabit southern Gansu,
and are similar to Laeocathaica species in most traits except for the narrow umbilicus.
Future investigations will probably reveal that the latter two species (and maybe some
other similar ones from the region) are relatives of Lacocathaica rather than Bradybaena.

One of the main outcomes of the present paper is the clarification of some names
that have been incorrectly used in the literature and in museum collections because the



A review of Laeocathaica Mollendorff, 1899 73

W CICENRE!

el '
phaeomphala  amdoanarl

— e

. ,'pv- sy
amdoanad

Figure 27. Synoptic view of Laeocathaica species. The variability of L. amdoana is shown on four exam-
ples. Scale bar: 10 mm. Species in bold are described here as new

types were not examined. One such case is Helix christinae var. carinifera H. Adams,
1870, which resulted in being a senior synonym of Lacocathaica subsimilis (Deshayes,
1874) after examination of both type species. The other case is that of L. minwui sp.
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Table 4. Co-occurrence patterns of Laeocathaica species with locality codes.

L. amdoana L. carinalis L. carinifera L. odophora L. ph iphall
L. carinalis 2016/64, 2016/79, 2016/82, 2016/83
L. carinifera 2016/67,2016/68, 2016/70a 2016/70b
L. dityla 2016/88, 2016/95 2016/86
L. odophora 2016/64, 2016/68, 2016/69 2016/64, 2016/68,
2016/70b  2016/70b

L. phacomphala 2016/64 2016/64 2016/64
L. polytyla 2016/65, 2016/72, 2016/73,2016/74,  2016/79 2016/78

2016/76, 2016/77, 2016/78, 2016/79
L. potanini 2016/65, 2016/66
L. prionotropis 2016/64 2016/64 2016/63 2016/64 2016/64

nov., which was called L. christinae (H. Adams, 1870) in museum collections, because
the types of the “real” L. christinae had not been examined.

The other important outcome of the present study is the recognition of continu-
ous dorsal surface variability from flat to domed, the strongly keeled to rounded body
whorl, the colouration, and shell size (D: 19-32 mm) across the taxa Laeocathaica
amdoana, L. distinguenda, L. tropidorhaphe, and L. dangchangensis.

Table 4 summarises the co-occurrence patterns between Laeocathaica species,
showing which species pairs are reproductively isolated, true biological species, and
Fig. 27 shows all Laeocathaica species.
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Abstract

Because of their ability for aerial dispersal using silk and preference for open habitats, many wolf spiders
are formidable colonisers. Pioneering arachnologists were already aware of the large and colourful wolf
spiders in the Madeira archipelago, currently included in the genus Hogna Simon, 1885. The origins were
investigated and species boundaries of Madeiran Hogna examined by integrating target-gene and mor-
phological information. A multi-locus phylogenetic analysis of a thorough sampling across wolf-spider
diversity suggested a single origin of Madeiran endemics, albeit with low support. Divergence time estima-
tion traced back their origin to the late Miocene, a time of major global cooling that drove the expansion
of grasslands and the associated fauna. Morphological examination of types and newly collected material
revealed a new species, hereby described as H. isambertoi Crespo, sp. nov. Additionally, H. blackwalli is
revalidated and three new synonymies are proposed, namely H. biscoitoi Wunderlich, 1992, junior syno-
nym of H. insularum Kulezynski, 1899, H. schmitzi Wunderlich, 1992, junior synonym of H. maderiana
(Walckenaer, 1837), and Arctosa maderana Roewer, 1960 junior synonym of H. ferox (Lucas, 1838). Spe-
cies delimitation analyses of mitochondrial and nuclear markers provided additional support for morpho-
logical delineations. The species pair H. insularum and H. maderiana, however, constituted an exception:
the lack of exclusive haplotypes in the examined markers, along with the discovery of intermediate forms,

Copyright Luis C. Crespo et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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pointed to hybridisation between these two species as reported in other congeneric species on islands.
Finally, the conservation status of the species is discussed and candidates for immediate conservation ef-
forts are identified.

Keywords
Endangered species, island radiation, Lycosinae, Macaronesia, morphological polymorphism, species
delimitation

Introduction

Most wolf spiders (Lycosidae) are ground-dwelling cursorial hunters, with only a small
portion of its species displaying sheet-web building behaviour. They are one of the
most abundant and ubiquitous spiders in open terrestrial habitats, such as grass- and
shrublands. It has been suggested that lycosids underwent major global diversification
concomitantly with grassland expansion during the Miocene (Jocqué and Alderweire-
Idt 2005; Piacentini and Ramirez 2019). Some groups of wolf spiders frequently use
ballooning, a form of passive airborne transport mediated by silk (Bell et al. 2005). The
ability for long-distance dispersal combined with their preference for open and dis-
turbed habitats for many species, makes them formidable colonisers of oceanic islands,
including the world’s most remote island chain, the Hawaiian Archipelago (Suman
1964). The genus Hogna Sundevall, 1833 includes medium- to large-sized spiders said
to have a worldwide distribution, although this fact is probably derived from a lack
of any recent thorough systematic studies. Despite its size, the genus has managed to
colonise and diversify on many oceanic islands, including the Galdpagos (Baert et al.
2008) in the Pacific Ocean and Saint Helena, in the south Atlantic (Tongiorgi 1977).
Similarly, the Madeira archipelago also harbours several endemic species of Hogna.
Among spiders, Hogna (7 species) is second only to the genus Dysdera Latreille, 1804
(11 species) in numbers of endemic species present in the Madeira archipelago (Crespo
et al. 2020), and some of its species rank among the most emblematic organisms of
the islands.

Madeira is situated in the North Atlantic Ocean, approximately 500 km north of
the Canary Islands, 900 km west from Morocco, and 1000 km southwest from the Ibe-
rian Peninsula (Fig. 1). It is composed of a small number of islands and islets aligned in
a southwestern direction as a result of their sequential formation from a volcanic hot-
spot on the oceanic crust. Among the larger islands, Porto Santo is a small and relative-
ly flat island (maximum alticude 516 m at Pico do Facho), surrounded by several islets
in a later stage of island ontogeny, its subaerial stage dating back to 14 million years ago
(mya). The emergences of the two other larger islands, Madeira and Deserta Grande,
date back to 7 and 5 mya, respectively (Geldmacher and Hoernle 2000; Schwarz et al.
2005; Ramalho et al. 2015). Although both islands are in an intermediate stage of the
island ontogeny, they show substantially different geomorphology. Madeira is larger
with a rugged, steep orography, especially in its northern side, reaching a maximum
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Figure 1. Map of the Macaronesia and the Madeira archipelago (adapted from Borges et al. 2008, with

authors’ permission).

altitude of 1861m at Pico Ruivo. This stands at a sharp contrast with the aspect of the
Deserta Grande, which together with the islets of Ilhéu Chao and Bugio constitute the
Desertas islands, with a maximum altitude of only 479 m (Rocha do Barbusano), yet
displaying a dramatic topographic relief, also observed in Bugio. The Madeira islands
exhibit a wide variety of habitats, ranging from the humid subtropical laurel forest of
Madeira to the Erica shrublands, high-elevation and coastal grasslands, or rocky scarps
across all islands and islets. Madeiran Hogna spiders occur throughout all these habi-
tats, mostly on montane or coastal grasslands and rocky scarps, as is common for the
family, but also in closed-canopy laurel forest.

Due to their large size, restricted distribution, and striking appearance of some
species, either in size or distinctive leg coloration, local Hogna spiders were known to
naturalists since the early 19 century. The largest and most colourful species were the
first to be described, namely H. maderiana (Walckenaer, 1837) and H. ingens (Black-
wall, 1857). By the end of the 19" century, two smaller species, H. heeri (Thorell,
1875) and H. insularum (Kulczynski, 1899), were added to the checklist. The report
of new endemic Hogna species had to wait for almost a century, until the description
of H. biscoitoi Wunderlich, 1992, H. schmitzi Wunderlich, 1992, and H. nonannulata
Wunderlich, 1995.

Although no other taxonomic work on Madeiran Hogna has been published for
more than 25 years, a number of taxonomic problems remained to be tackled, in-
cluding nomenclatural issues and the interpretation of intraspecific variability in the
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context of intermediate forms (Wunderlich 1992, 1995). In addition, recent studies
suggest that species delimitation in wolf spiders may be hampered by either the recent
origin of some species (Ivanov et al. 2021) or introgression events among close relatives
(De Busschere et al. 2015). On the other hand, the genus Hogna is in much need of a
thorough revision (Logunov 2020). Brady (2012) has provided a diagnosis based on
coloration and eye arrangement, while stating that genitalic morphology, traditionally
used by taxonomists to identify species, cannot be used to separate Hogna from other
Lycosinae genera. Descriptions of the old species are usually vague, poorly illustrated
and, in some cases, the type materials have been lost. As a result, the genus has tradi-
tionally served as a dumping ground for large lycosids of uncertain placement in the
Lycosinae. The lack of a clear circumscription of the genus poses a burden in terms of
identifying the putative source of colonisers of the Madeiran species.

Some of the Madeira Hogna species are of conservation concern. The Desertas gi-
ant wolf spider, H. ingens, is listed as “Critically Endangered” on the IUCN Red List
of Threatened Species due to its narrow distribution range and the fact that the native
vegetation of the small valley it inhabits has been mostly displaced by an invasive grass
(Crespo et al. 2014b). Conservation efforts involving an ex-situ breeding program and
management control of the grasses are underway (Cardoso et al. 2016).

In the present study, we integrate morphological and natural history information
with molecular data to (1) test the monophyly of the Madeiran Hogna to resolve the
number and timeline of colonisation events, (2) delimitate species boundaries and (3)
conduct a taxonomic revision of these iconic endemic species.

Materials and methods

Field work

The material studied here was made available through collections from expeditions
to Madeira, Porto Santo and the Desertas in springs of 2017 and 2018. Additional
specimens were provided by occasional collecting by one of us (IS). Sampling was
done in a wide variety of habitats, especially in open areas surrounding native vegeta-
tion patches, by lifting stones and retrieving Hogna specimens manually. Each speci-
men was placed into a separate cryovial containing 96% molecular grade ethanol and
stored in a freezer at -20 °C until further study. Specimens for morphological analyses
were later transferred to glass vials containing 75% ethanol. The sampling coordinates,
when available, are shown in decimal degrees format.

Molecular lab procedures

We extracted DNA from one leg III using commercial kits (Speedtools Tissue DNA
Extraction Kit, Biotools; or DNeasy Blood & Tissue Kit, Qiagen) following the tis-
sue protocol suggested by the respective manufacturer. We amplified partial fragments
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of the mitochondrial cytochrome ¢ oxidase subunit I (COI), i.e., the animal DNA
barcode (Hebert et al. 2003), the small ribosomal subunit 12S rRNA (12S), large
ribosomal subunit 16S rRNA (16S), the tRNA Leu (L1), the NADH dehydrogenase
subunit 1 (nadl), and the nuclear large ribosomal subunit 28S rRNA (28S), the in-
ternal transcribed spacer 2 (ITS-2) and the histone 3 (H3) genes. The primers used
for amplification and sequencing, as well as the PCR conditions for the loci are listed
in Suppl. material 1. The final PCR product was sequenced by Macrogen Inc. (Seoul,
South Korea). Sequences were edited and managed in GENEIOUS Prime 2021.0.3
(https://www.geneious.com). Voucher sequence data of samples used in phylogenetic
analysis is available and accession numbers are available in Suppl. material 2.

Phylogenetic analyses

To test the monophyly and phylogenetic structure of Madeiran Hogna, we combined
our newly generated sequences with the data matrix of Piacentini and Ramirez (2019)
designed to infer phylogenetic relationships for the family Lycosidae using a target gene
approach. Additional sequences of Hogna species were retrieved from GenBank. We
aligned sequence fragments of COI, 128, 16S-L1, nad1, 28S, and H3 individually per
gene using the GENEIOUS plugin of the alignment program MAFFT v. 1.4.0 (Katoh
and Standley 2013), using the G-INS-I algorithm with default options. We concat-
enated all genes in a super matrix for subsequent phylogenetic analyses with the help of
the program SEQUENCE MATRIX (Vaidya et al. 2011).

Parsimony analysis of the matrix was conducted with the program TNT v1.5
(Goloboff and Catalano 2016). We first recoded gaps as absence/presence characters
using the simple coding method proposed by Simmons and Ochoterena (2000) with
the help of the computer program SEQSTATE (Miiller 2005). Search strategy for
shortest trees combined sectorial searches, tree fusing, drift and ratchet. Tree searches
were driven to hit independently 10 times the optimal scoring, followed by Tree Bi-
section and Reconnection (TBR) branch swapping, saving up to 1000 trees (Soto
et al. 2017). We estimated support values by jackknifing frequencies derived from
1000 resampled matrices using 15 random addition sequences, retaining 20 trees
per replication, followed by TBR, and TBR collapsing to calculate the consensus.
We inferred the best maximum likelihood trees with IQ-TREE v. 2.1.2 (Minh et
al. 2020). We used MODELFINDER to first select the best-fit partitioning scheme
and corresponding evolutionary models (Kalyaanamoorthy et al. 2017), and then to
infer the best tree and estimate clade support by means of 1000 replicates of ultrafast
bootstrapping (Hoang et al. 2018). For Bayesian analyses, the best partition scheme
and evolutionary model was first selected with help of the computer program PAR-
TITIONFINDER v2.1.1 (Lanfear et al. 2017). We implemented Bayesian inference
with MRBAYES v3.2.6 (Ronquist et al. 2012). The analysis was run for 10 million
generations, sampling every 1000, with eight simultaneous Markov Chain Monte
Carlo (MCMC) chains, ‘heating temperature’ of 0.15. Support values were calculated
as posterior probabilities. We assessed convergence of the chains, correct mixing and
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the number of burn-in generations with TRACER v. 1.7 (Rambaut et al. 2018).
We ran model based analyses remotely at the CIPRES Science Gateway (Miller et
al. 2010). The phylogenetic tree was edited for aesthetic purposes using FIGTREE
(http://tree.bio.ed.ac.uk/software/figtree/).

Species delimitation

We used COI and ITS-2 sequences of a larger sample of Madeiran Hogna to explore
species boundaries using single marker molecular based approaches. We investigated
three alternative methods for species delineation using COI sequences, namely a dis-
tance based algorithmic method (Barcode identification number, BIN) (Ratnasing-
ham and Hebert 2013) and two character-explicit methods, one requiring ultrametric
trees (General Mixed Yule Coalescent model with single threshold, GMYC) (Fujisawa
etal. 2016) and one that does not (multi-rate Poisson tree processes, mPTP) (Kapli et
al. 2017). The BIN system was implemented on-line through the BOLD v4 platform
(Ratnasingham and Hebert 2007). We inferred gene trees using maximum likelihood
following the same strategy specified in the previous section. In addition, we inferred
an ultrametric tree using the Bayesian framework for divergence time estimation im-
plemented in BEAST v2.6.3. We assumed a coalescent tree prior (constant popula-
tion size), which has been suggested to provide a more rigorous test of delimitation
since the GMYC model assumes a single species as the null option (Monaghan et al.
2009). We defined the best partition scheme and evolutionary model inferred with
PARTITIONFINDER, defined a lognormal relaxed clock and used an informative
prior on the mean rate under the uncorrelated lognormal relaxed molecular clock
(ucld.mean) parameter derived from the literature (mean = 0.0199, sd. dev.=0.05)
(Bidegaray-Batista and Arnedo 2011). Convergence and mixing of MCMC chains
were assessed with TRACER v.1.7 (Rambaut et al. 2018). Independent runs were
combined with LOGCOMBINER (10% burn-in), and TREEANNOTATOR was
used to summarise the information from the sampled trees. The m-PTP model was
implemented using a Markov chain Monte Carlo (mcmc) approach, which allows
estimates of support values on the delimitations, on the COI matrix. The analyses
were conducted on the best IQ-TREE. We ran 5 chains of 100 million generations
each, removing the first 2 million as burn-in, and discarding all branches with lengths
smaller or equal to 0.0012708187. We used the R package ‘SPLITS’ (Ezard et al.
2017) to fit the GMYC model. Additionally, we estimated haplotype/allele networks
for the COI and ITS-2 matrices independently using the statistical parsimony meth-
od (Templeton et al. 1992; Clement et al. 2000), with a confidence limit of 95%
implemented in the R package ‘HAPLOTYPES’ (Aktas 2015). The ITS-2 sequences
were aligned using the phylogeny-aware algorithm implemented in WEBPRANK
(Léytynoja and Goldman 2010), specially recommended for aligning closely related
sequences. We determined the number of alleles in the ITS-2 matrix considering the
gaps as absence/presence data. Uncorrected pairwise genetic distances were calculated
in MEGA X (Kumar et al. 2018).
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Divergence time estimation

In the absence of fossil evidence and to avoid using circular reasoning by using infor-
mation on the island age, we estimated divergence time using published information
on substitution rates in lycosids (Piacentini and Ramirez 2019). We restricted our es-
timates to the more exhaustively sampled COI gene. Since the COI sequences include
both intra and inter-specific relationships, we used a multispecies coalescent (MSC)
approach as implemented in STARBEAST?2 (Ogilvie et al. 2017), which allows com-
bining coalescent and species (Yule) tree priors. Haplotypes were assigned to species
according to the results of the molecular delimitations (see results), which resulted in
the combination of H. insularum and H. maderiana haplotypes in one single lineage.
We included sequences of H. radiata and H. ferox as putative outgroups but did not
enforce the root. We assigned unlinked evolutionary models to each codon position, as
suggested by PARTITIONFINDER and defined a relaxed lognormal clock with prior
rates for the ucld.mean rate as follows: mean = 0.1716 substitutions/mya and Stdev =
0.006. Three independent runs of 50 million generations were performed, sampling
every 5000 generations. We assessed convergence and mixing of each MCMC chain
and combined them as described above.

Morphological analyses

The genus Hogna, as shown by Piacentini and Ramirez (2019), is paraphyletic with
many of its former species transferred to other genera (Brady 2012). This forbids the
elaboration of an identification diagnosis based on the systematic circumscription of
the genus. The genus diagnosis created by Dondale and Redner (1990) includes spe-
cies that were or should probably be placed in other genera for which the only way
to identify a species as Hogna is to follow the diagnosis provided by Brady (2012). By
doing so, we identify the presented species as Hogna.

Morphological observations were carried out using a stereomicroscope Leica MZ
16A equipped with a digital camera Leica DFC450. Individual raw photos were taken
with the help of the software Leica Application Suite v4.4 and mounted with the
software Helicon Focus (Helicon Soft, Ltd.). Further editions were done with Paint
Shop Pro v21 (Corel Corporation). The epigyne was removed from female specimens
with the aid of hypodermic needles and forceps. To clear the membranous tissues sur-
rounding the spermathecae and copulatory ducts, we manually removed muscular and
membranous tissue with forceps and a needle. This process accidentally led to the
breakage of some copulatory ducts (usually delicate in the Lycosidae) and cracking of
the median septum in some specimens (e.g., Figs 16E, 29B). SEM images of the male
copulatory bulb were obtained with a Q-200 (FEI Co.) scanning electron microscope
(SEM). For the SEM images, each male pedipalp was excised at the joint between
tarsus and tibia. Samples were sonicated for roughly 30 seconds with ultrasonic bath
Nahita ZCC001, air dried and carbon or gold sputter-coated. In most cases, the posi-
tion of the embolus of the SEM samples appears slightly altered (usually directed more
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anteriorly, closer to the tip of the terminal apophysis) relative to the normal resting
position from specimens stored in ethanol. We measured all adult specimens with
an ocular micrometre in the stereoscope. All measurements are in millimetres (mm).
Description format followed Baert et al. (2008) and genitalic nomenclature followed

Langlands and Framenau (2010).

Abbreviations

AW anterior eye row width; Mt
Cl clypeus; MW
Fe femur; Pa
LMP length between hind border of PW

posterior eye and front border Ti
TilL/D

of median eye;

metatarsus;

median eye row width;
Patella;

posterior eye row width;
tibia;

Length to Diameter of Tibia I.

MOQ median ocular quadrangle;

Male genitalia

AT apical point TgA tegular apophysis;

C cymbium; T tegulum;

E embolus; TmA terminal apophysis;

P palea; VS ventral spur.

R Ridge;

Female genitalia

AP anterior pocket; S spermatheca;

MS median septum; D diverticulum.

PTP posterior transverse part;

Collections

NHM Natural History Museum, London, UK;

CRBA Centre de Recursos de Biodiversitat Animal, University of Barcelona, Bar-
celona, Spain;

FMNH Finnish Museum of Natural History, Helsinki, Finland;

LCPC Luis Crespo’s personal collection;

MIZ Museum and Institute of Zoology, Polish Academy of Sciences, Warsaw,
Poland;

MMF Museu Municipal do Funchal, Funchal, Portugal;

MMUE  Manchester Museum, University of Manchester, Manchester, UK;

MNHNP French National Museum of Natural History, Paris, France;

OUMNH Oxford University Museum of Natural History, Oxford, UK;



Integrative taxonomic revision of Madeiran Hogna 85

SMF Senckenberg Research Institute, Frankfurt am Main, Germany;
NHRS Swedish Museum of Natural History, Stockholm, Sweden.

Conservation
AOO Area of occupancy; EOO Extent of Occurrence.
Results

Phylogenetic analyses

The concatenated matrix included 2641 characters, 657 bp of the COI, 302 bp H3,
and 554 bp of the nadl, and 300 and 828 aligned position for the 125 and 288, re-
spectively, and 173 terminals including outgroups (see Piacentini and Ramirez 2019).
Inferred relationships of the concatenated data matrix are summarised in Fig. 2 (See
Suppl. material 3 for full trees for each inference methods). Parsimony analysis of
the concatenated data matrix with gaps scored as absence/presence characters resulted
in 1,000 trees (overflow) of 16,865 steps. Bayesian maximum clade credibility tree
was obtained after removing 40% of the first generations as burn-in. Preferred parti-
tion schemes differed between IQTREE2 and PARTITIONFINDER in that the first
joined COI and H3 second positions, while the second split by gene and codon posi-
tion in all cases. Madeiran Hogna were recovered as two well-supported clades, one
including the species H. maderiana and H. insularum, hereafter referred as the maderi-
ana clade, and the other one including the remaining species, hereafter referred as the
ingens clade. Model-based analyses inferred the two clades as sister groups, albeit with
low support (Fig. 2). Conversely, parsimony inferred the ingens clade to be sister to the
mainland species H. radiata. In all analyses, H. isambertoi sp. nov. was supported as sis-
ter to the remaining species in the ingens clade, while H. nonannulata and H. blackwalli
were supported as sister in model-based analyses. All analyses agreed in supporting a
surprisingly close relationship between H. ingens and one individual identified as /.
insularum from Madeira. Similarly, all analyses agreed in showing the genus Hogna as
a polyphyletic assemblage. Remaining relationships within Lycosoidea including sub-
families, were similar to those reported in Piacentini and Ramirez (2019).

Molecular species delimitation

The COI data matrix included 133 terminals, including a single sequence of the non-
Madeiran Hogna radiata (Iberian Peninsula), corresponding to 62 haplotypes (one
non-Madeiran) (Suppl. material 2). The I'TS-2 matrix included 40 terminals with 400
aligned positions and ten additional absence/presence characters, corresponding to 17
alleles (sequence types) (Suppl. material 2). The clustering analysis (BIN) of the COI
sequences resulted in six clusters, that mostly matched the morphological circumscrip-
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Figure 2. Best maximum likelihood tree of Lycosinae, inferred with IQTREE2 after selecting the best
partition scheme and evolutionary models. Nodes are split in three sections, representing the different
methods. Support on nodes should be read as follows: black: ML ultrafast bootstrap and BI posterior
probability > 0.95, MP Jackknife > 0.7; grey: ML Ultrafast Bootstrap and BI posterior probability < 0.95,
MP Jackknife < 0.7; white: unrecovered node.

tion, except for the merging of individuals identified as H. maderiana and H. insularum
(Fig. 3). As already noted in the target multilocus phylogenetic analyses, one individual
identified as H. insularum (DNA code LC249) clustered together with individuals
morphologically assigned to H. ingens. Uncorrected genetic distances are shown in
Table 1, with unidentified juveniles from the H. insularum-maderiana complex listed
as “hx”. The genetic distance between H. insularum and H. maderiana was 1.6%, simi-
lar to the values observed within H. insularum (1.7%). The next lower genetic distance
was observed between H. nonannulata and H. maderiana (4.3%). The largest genetic
distances were found between the species pair H. insularum and H. maderiana and
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Table I. The number of base differences per site from averaging over all sequence pairs within each
group are shown. This analysis involved 133 nucleotide sequences. All ambiguous positions were removed
for each sequence pair (pairwise deletion option). There was a total of 676 positions in the final dataset.
Evolutionary analyses were conducted in MEGA X (Kumar et al. 2018). The presence of n/c in the results
denotes cases in which it was not possible to estimate evolutionary distances. hins_mad_LC336_5 and
hins_ma_L.C249_5 are included in H. ingens. Hx refers to non-identified juveniles. Grey cells refer to
comparison with a continental taxon, yellow cells refer to comparison within the 7ngens clade, and green
cells refer to comparison within the maderiana clade.

radiata heeri ingens  nonannulata blackwalli isambertoi maderiana insularum hx
radiata
heeri 0.105 0.006
ingens 0.111 0.065 0.004
nonnanulata ~ 0.106 0.059 0.064 0.009
blackwalli 0.098 0.074 0.073 0.043 0
isambertoi 0.107 0.07 0.082 0.075 0.084 0.003
maderiana 0.103 0.106 0.105 0.103 0.105 0.095 0.007
insularum 0.102 0.104 0.108 0.099 0.104 0.098 0.016 0.017
hx 0.103 0.106 0.108 0.103 0.105 0.098 0.01 0.016 0.01

the remaining endemic species (9.9-10.6%) and were similar to those observed with
regard to the mainland species H. radiata (9.8-11.1%).

The mPTP analysis ran on the IQ-TREE inferred tree, recovered the same group-
ings with high support. The GMYC model delimited five groups, by merging H. no-
nannulata and H. blackwalli together, but the likelihood ratio test revealed that it
did not provide a significantly better fit than the null model (one single species, p =
0.7764125).

The statistical parsimony analysis at 95% connection resulted in six independent
networks that exactly matched the BIN and mPTP clusters (Fig. 4). Lowering the
connection limited to 90% had no effect on the results. For the ITS alleles, a single
network was obtained (both at 90%and 95%). The alleles of the species H. maderiana
and H. insularum were mixed up, while the rest of alleles were exclusive to each species,
except for H. heeri, H. blackwalli and H. nonannulata that shared one allele. The alleles
of the putative H. insularum individuals bearing H. ingens COI haplotypes, were also
observed to cluster close to the H. ingens alleles.

Divergence time estimation

The inferred species tree suggested non-monophyly of Madeiran Hogna albeit with low
support (Fig. 5). Estimated time of split from their closest sister taxa was similar for the
two Madeiran lineages (10.9 mya, 4-23 mya 95%HPD, and 10.4 mya, 2.8-24 mya,
for the ingens and the maderiana clades, respectively). The most recent common ances-
tor of the ingens clade was 5.9 mya (2-13.1 mya). The coalescent times inferred from
the COI tree for the different species were 0.09 mya for H. isambertoi sp. nov., 0.13
for H. heeri, 0.26 for H. ingens, 0.4 for H. blackwalli and 0.06 for H. nonannulata, and
1.17 for the maderiana clade.
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H. isambertoi sp. nov.

H. insularum
H. maderiana

H. radiata

Figure 3. Ultrametric tree for the COI obtained with BEAST using a coalescent (constant population
growth) prior to apply the GMYC model. Only unique sequences included. Support on nodes should
be read as follows: black: BI posterior probability > 0.95; grey: BI posterior probability < 0.95. Species
delimitations based on alternative approaches are indicated with boxes besides the terminal labels.
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Figure 4. COI haplotype (upper) and ITS-2 allele (lower) networks inferred under statistical parsimony
(0.95 probability). Pie size proportional to number of individuals which exhibited the same haplotype/
alleles. White circles represent missing haplotypes/alleles. Colours correspond to islands (colour codes in
upper box). For the COI haplotypes only the network (3) including H. insularum / H. maderiana hap-
lotypes showed (each remaining nominal species were resolved as independent networks). ITS-2 alleles
boxed per species, except for H. insularum / H. maderiana. Haplotypel/allele labels for H. insularum in bold
and italics, H. maderiana in condensed bold and italics, not assigned in light italics (see lower box legend).
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Figure 5. Species tree for the Madeiran Hogna including two outgroups. Values on nodes are estimated
divergence times in millions of years (my). Dots on nodes indicate BI posterior probability >0.95. Bars
correspond to the 95%HPD of the time estimates.

Taxonomy

Family Lycosidae Sundevall, 1833

Genus Hogna Simon, 1885

Type species. Hogna radiata (Latreille, 1817).
Diagnosis. We follow the diagnosis presented by Brady (2012).

Hogna blackwalli (Johnson, 1863)
Figures 6-8

Lycosa blackwalli Johnson, 1863: 152 (Dmf).

Trochosa maderiana Thorell, 1875: 167 (mf, misidentification).
Geolycosa blackwalli Roewer, 1955: 241.

Geolycosa blackwalli Roewer, 1960: 691, fig. 387a—d (mf).
Geolycosa ingens Denis, 1962: 96, f. 78 (£, misidentification).
Hogna maderiana Wunderlich, 1992: 461, fig. 720c—e (mf, S).
Hogna maderiana Wunderlich, 1995: 416, fig. 28 (f).

Types. Syntypes: MaDEIRA * 2 Q@5 Pico Ruivo, leg. Johnson, stored at OUMNH,

collection number 1617. Examined.
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Material examined. MADEIRA * between Pico do Areeiro and Poiso, 1 9
(SMF65685), leg. K. Groh; Caramujo, 32.77161°N, 17.06205°W, 1 4 (CR-
BALC0010: LC010), 23.VII1.2016 (collected as subadult, reared in captivity to
adult on 7.X.2016), hand collecting, leg. L. Crespo; “Funchal” [probably north of
it because “600 to 2000 ft.” is written in label], I $ (NHM, mounted dry), V.1895,
leg. O. Grant; Paul da Serra, 1 @ (SMF65684), hand collecting, leg. I. Silva, 1 @
(CRBALC0496: LC254) and 3 juveniles (CRBALC0495: LC253, CRBALC0497:
LC255, CRBALC0499: LC256), 32.78182°N, 17.09978°W, 28.111.2017, hand col-
lecting, leg. L. Crespo & I. Silva; Patil da Serra / Rabacal, 5 9 (SMF65696); Pico
do Areeiro, 32.739067°N, 16.934448°W, 1 @ (CRBALCO0516: LC270), 27.111.2017,
hand collecting, leg. I. Silva; Pico do Cidrao, 32.74036°N, 16.93877°W, 1 €@ (CR-
BALC0489: LC286), 27.111.2017, hand collecting, leg. L. Crespo; Rabagal, 1 ¢
(MNHNP AR16185), IV.1957, leg. H. Coiffait, 1 @ (SMF65683), 18.VII1.1991,
hand collecting, leg. I. Silva; Ribeiro Bonito, 32.79582°N, 16.93710°W, 1 juve-
nile (CRBALCO0014: LC014), 4.VIII.2016, hand collecting, leg. L. Crespo; trail
from Paul da Serra to Montado dos Pessegueiros, 32.78837°N, 17.09857°W, 1 @
(CRBALCO0271: LC252) and 2 juveniles (CRBALC0498: LC292, CRBALC0502:
LC293), 28.111.2017, hand collecting, leg. L. Crespo & I. Silva, 2 2@ (CR-
BALCO0503: LC257, CRBALCO0515: LC259) and 1 juvenile (CRBALCO0514:
LC258), 31.111.2017, hand collecting, leg. L. Crespo, M. Arnedo & P. Oromi, 1
d (CRBALC0718), 2 99 (CRBALC0601, CRBALC0605) and 2 juveniles (CR-
BALC0603, CRBALC0698), 4.1V.2018, hand collecting, leg. L. Crespo & A. Bell-
vert; 1 @ (SMF9910750), 1 &, 2 99 and 4 juveniles (NHRS-JUST-000001114),
2 99 (NHM, mounted dry), [no collection data except for the data of collection of
one of these females, IX.1963].

Diagnosis. Hogna blackwalli can be diagnosed from all other Madeiran Hogna by
the aspect of its legs, with two small patches of yellow setae in the joints of anterior
tibiae with metatarsi and of metatarsi with tarsi (Fig. 26A). In addition, by the genita-
lia: in males, the embolus with tip tilted retrolaterally and a tegular apophysis with a
long, sharp ventral spur (Fig. 6A—C). In females, the epigynal anterior pocket shows a
small indentation on the lateral border (white arrow in Fig. 6D).

Redescription. Male (CRBALC0718): (Fig. 6A—C). Total length: 18.9; carapace:
9.1 long, 6.8 wide.

Colour: carapace brown, with short black setae except anteriorly and laterally, where
short white setae and long black setae are present; median cream longitudinal band
present, covered with short white setae, anteriorly broadened, with suffused greyish
brown patches covered by yellow setae; two yellow marginal bands, suffused with grey-
ish brown patches, covered with short white setae; four black striae well visible on each
flank. Chelicerae black, covered mostly in black setae but with sparse yellow setae. Gna-
thocoxae very dark orange-brown, labium blackish; sternum black, with a faint, thin
longitudinal stripe extending to less than half of sternum length. Legs grey to greyish
brown, with seven or eight patches of white setae (anterior legs with eight, posterior legs
seven) except the patches in anterior metatarsi, both yellow. Pedipalpal femur as legs, pa-
tella, tibia and proximal cymbium with yellow to orange setae, apical cymbium covered
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Figure 6. Hogna blackwalli A—~C male (CRBALCO0718): A left male pedipalp, ventral B detail of the me-
dian apophysis, anteroventral € SEM image, right male pedipalp, ventral D, E female (CRBALC0516):

D cpigyne, ventral (white arrow points to an indentation that may be helpful for diagnosis) E vulva, dor-
sal. Abbreviations, male pedipalp: AT — anterior point, C — cymbium, E — embolus, P — palea, R — ridge,
T — tegulum, TA — terminal apophysis, TgA — tegular apophysis, VS — ventral spur. Abbreviations, female
genitalia: D — diverticulum, H — epigynal hoods, MS — median septum, S — spermatheca. Scale bars:

0.5 mm (A, D, E); 0.2 mm (B, C).
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in black setae. Abdomen with a pair of anterolateral black patches, extending laterally
into grey to black flanks, interspersed with white patches; a median orange lanceolate
patch is bordered by the aforementioned pattern, posteriorly also by dark chevrons; ven-
ter with a wide longitudinal black band, bordered by a mesh of white and black patches.

Eyes: MOQ: MW = 0.7 PW, MW = 1.1 LMP, MW = 1.1 AW; CI = 0.5 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 27.3, Ti: 6.4; Leg IV: 29.7, Ti: 6.6; TilL/D: 5.8. Spi-
nation of Leg I: Fe: d1.1.0, p0.0.2; Ti: p0.0.1, v21.21.2s; Mt: p0.0.1, r0.0.1, v21.21.1s.
Mt with very dense scopulae.

Pedipalp: cymbium with eight dark, stout, macrosetae at tip, Fe with two dorsal
and an apical row of four spines, Pa with one prolateral spine, Ti with one dorsal,
one dorsoprolateral, and one prolateral spines. Tegular apophysis with ventral spur
long, sharp, with a concave ridge leading to a thin apical point (Fig. 6A, B); terminal
apophysis blade-shaped with sharp end (Fig. 6A—C); embolus short, with tip directed
laterally (Fig. 6A—C); palea large (Fig. 6A).

Female (CRBALC05106): (Fig. 6D, E). Total length 29.9; carapace: 10.4 long, 8.0 wide.

Colour: overall as in male, but darker. Sternum entirely black. Yellow setae in pe-
dipalp restricted to the joints of tibia with tarsus and patella with tibia.

Eyes: MOQ: MW = 0.7 PW, MW = 1.2 LMP, MW = 1.1 AW; CI = 0.7 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 27.7, Til: 6.3; Leg IV: 31.8, TilV: 6.8; TilL/D: 3.8.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: p0.0.1, v21.21.2s; Mtl: p0.0.1, r0.0.1,
v21.21.1s. Mtl with very dense scopulae.

Epigyne: anterior pockets almost touching, short, with lateral borders anteriorly
parallel, medially slightly divergent after a small sinuosity (white arrow in Fig. 6D); an-
terior pocket cavities deep; median septum with narrow posterior transverse part (Fig.
6D); spermathecae globular (Fig. 6E); copulatory ducts with small, stout diverticulum
ventrally (Fig. 6E); fertilisation ducts emerging at the base of copulatory duct (Fig. 6E).

Intraspecific variation. Carapace length, males: 7.4-9.1, females: 8.9-10.4. Suf-
fused greyish brown patches in median yellow longitudinal band not necessarily cov-
ered with yellow setae. Epigyne can present two small depressions in the base of me-
dian septum, which can be of variable length, position and concavity of inflexion of
the lateral hood walls can also be variable, either placed near hoods or medially, median
septum can be swollen medially.

Distribution. This species is known from areas in or near the laurel forest patch in
Madeira, in the north half of the island (Fig. 8).

Ecology. Hogna blackwalli can be found in montane grasslands surrounding laurel
forest areas or Erica shrubland. Surprisingly, it can also be found in closed canopy lau-
rel forest, where, at night, specimens can be found climbing tree trunks.

Conservation status. Hogna blackwalli was assessed according to the IUCN Red
List criteria as H. maderiana, with the status of Least Concern (Cardoso et al. 2018a).
The coastal records reported in the referred publication are probably of H. nonannulaza.
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Figure 7. Photograph of H. blackwalli. Female specimen, recently dead, in captivity. Photograph credit
Emidio Machado.

Comments. There has been a great deal of confusion surrounding H. blackwalli
and H. maderiana. Walckenaer’s original description of H. maderiana (Walckenaer
1837) based on material from Madeira island indicated that legs were “(...) reddish
brown, suffused brown underneath (...)”. Subsequently, Blackwall described the al-
leged male of Walckenaer’s H. maderiana but mentioned a striking leg coloration:
“(...) the femora, on the upper side, have a yellowish grey hue, that of the tibia, meta-
tarsi and tarsi being bright orange-red, and the colour of the underside of all the joints
is dark brown tinged with grey; (...)” (Blackwall 1857). Additionally, he reported the
locality of origin of those specimens to be Porto Santo, not Madeira. Six years later,
Johnson (1863) described H. blackwalli from Madeira island, indicating that “The
metatarsus and tarsus of the two anterior pairs of legs are black, or very dark brown.
At the distal extremities and on the upper sides of the femur and genua of the first two
pairs of legs, as well as at the extremities of some of the joints of the two posterior pairs
of legs, there is a patch of orange setae”. In the same publication, he also described
and identified as H. maderiana specimens from Ilhéu de Ferro, near Porto Santo. It is
unclear on how many specimens Johnson based his description, but we could locate a
part of this material at the OUMNH, thus revalidating H. blackwalli Johnson, 1863.

The next author to make a taxonomic contribution on these spiders was Thorell
(1875), who redescribed H. maderiana based on specimens from Madeira. However, his
reference to the legs colouration that reads “palporum partibus pateliari et tibiali apice
supra croceis, metatarsis tibiisque pedum anteriorum apice quoque croceis vel flavis”
suggests that his redescription corresponds to H. blackwalli instead. We could locate
14 specimens labelled as H. maderiana in the NHRS, which most likely were the ones
examined by Thorell, and we confirmed they correspond to H. blackwalli. Kulczynski
(1899) followed Blackwall’s judgement to redescribe the large specimens from Porto
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Figure 8. Distribution of H. blackwalli. Circles: present records; black triangles: revised records from
literature; white triangles: unconfirmed records from literature.

Santo and Ilhéu de Ferro under the name 7rochosa maderiana. Almost one century later,
Roewer (1960) provided redescriptions of three Madeiran Hogna, but no reference was
given to the leg coloration, which is the easiest way to distinguish these larger, aforemen-
tioned species. His epigyne drawings provided little additional information and were
confusing. While the epigyne of H. ingens allows identification of this species (Roewer
1960: fig. 387¢), the same is not true for the illustrations of Isohogna maderiana and
Geolycosa blackwalli (Roewer 1960: figs 319a and 387a, respectively), which look rather
the same. However, he reports that Thorell’s 7rochosa maderiana specimens are H. black-
walli, for which we assume Roewer’s redescription of Geolycosa blackwalli to correspond
to the same species we identify as H. blackwalli. Denis (1962) cited two females of
Geolycosa ingens (Blackwall, 1857) and one male and two females of H. insularum from
locations where H. blackwalli is usually found, Rabacal and Patl da Serra, on Madei-
ra island. We could find the female identified as H. insularum (MNHNP AR16185),
and confirm that this is . blackwalli. We confidently attribute the remaining citations
of H. insularum (specimens not found) to misidentified specimens of H. blackwalli
The last taxonomic works on Madeiran Hogna were by Wunderlich (1992, 1995). In
the first of these (Wunderlich 1992), the species H. maderiana and H. blackwalli were
wrongly synonymised and it was stated that “up to Denis (1962), most authors assumed
that H. maderiana occurred both in Madeira and Porto Santo.” This is not accurate,
since Johnson discriminated between H. blackwalli from Madeira and H. maderiana
from Ilhéu de Ferro. In fact, this synonymy is even stranger because while revising the
material present at the SME we found vial 9910750 of the Roewer collection, with an
identification note by Wunderlich stating “H. blackwalli (Johnson)”. Finally, we have
located only part of the type material described by Johnson at the OUMNH, because
no males were found, even though his description mentioned males. Therefore, the
whereabouts of the remaining specimens of the type series are unknown.



96 Luis C. Crespo et al. / ZooKeys 1086: 84-135 (2022)

Hogna ferox (Lucas, 1838)

Arctosa maderana Roewer, 1960: 604605, fig. 334a (f), fig. 334 b (m). Syn. nov. (see
WSC 2021 for a complete list of synonymies)

Types. Holotype: 1 § (with 1 paratype & in vial), leg. Roewer, stored at SME, collec-
tion number 9903912. Examined.

Material examined. GrRan Canaria * Gando, 1 & (SMF25851), X.1961, leg.
G. Shmidt; La Rosetas, 28.12196°N, 15.68662°W, 4 @9 (CRBALC0586, CR-
BALC0602: LC329, CRBALC0706, CRBALC0719), 21.IV.2018, leg. L. Crespo
& A. Bellvert; Playa del Inglés, 1 @ (SMF25422), 1970, leg. G. Schmidt; San Se-
bastian, 1 @ (SMF29107), IV.1974, leg. G. Schmidt. LA GomERra ® Lomada near
San Sebastian, 1 @ (SMF29134), IV.1974, leg. Wild. Texerire * La Orotava,
28.36666°N, 16.51666°W, 1 & (SMF2234), 1871, leg. Grenacher & Noll. Tunisia
* Jendouba, 1 @ (SMF63576), X.1995, leg. G. Eichler; (no sampling information),
1 ? (SMF37118). (No country or sampling information) * 2 d&, 1 @ and 1 juve-
nile (SMF67996).

Justification of the synonymy. After its original description, the endemic species
Arctosa maderana Roewer, 1960 was never again recorded in the archipelago of Madei-
ra, despite extensive sampling through several biodiversity inventory projects (Crespo
etal. 2014a; Boieiro et al. 2018; Malumbres-Olarte et al. 2020). We identified the type
female and the paratype male as H. ferox (Lucas, 1838). Hogna ferox has a widespread
distribution throughout the Mediterranean, being present in the Iberian Peninsula,
North Africa, and the neighbouring archipelago of the Canary Islands. However, it has
never been reported in Madeira, and after examination of specimens, we propose that
A. maderana Roewer, 1960 is a junior synonym of H. ferox (Lucas, 1838) and should
be removed from the Madeira archipelago fauna.

Hogna heeri (Thorell, 1875)
Figures 9-11

Trochosa herii Thorell, 1875: 166 (Df).

Trochosa herii Kulezynski, 1899: 433, pl. 9, fig. 188 (f).
Hogna heeri Roewer, 1955: 248.

Hogna herii Roewer, 1959: 411, fig. 221a—d (f, Dm).
Hogna heeri Wunderlich, 1992: 459, fig. 720, 720a (mf).

Types. Syntypes: MaDEIRA * 2 QP leg. O. Heer, stored at NHRS, collection number
JUST-000001113. Examined.

Material examined. BuGio ¢ Planalto Sul, 32.41228°N, 16.47466°W, 1 9
(LCPC), 3.X11.2012, hand collecting, leg. 1. Silva. MADEIRA * between Eira do
Serrado and Curral das Freiras, 1 @ (SMF69107); Patl da Serra, 2 9 (MMUE
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G7572.874), 25.1V.1973, leg. ]. Murphy, 1 @ (CRBALC0492: LC289), 32.78182°N,
17.09978°W, 19.111.2017, hand collecting, leg. I. Silva, 1  (CRBALC0500: LC222)
and 1 juvenile (CRBALC0494: LC291), 28.111.2017, leg. 1. Silva; Pico do Cidrao,
32.74036°N, 16.93877°W, 1 @ (LCPC), 24.VI1.2003, pitfall trapping, leg. M. Freitas,
2 29 (CRBALC0490: LC287, CRBALC0288: LC288), 27.111.2017, hand collect-
ing, leg. L. Crespo & 1. Silva; trail from Paul da Serra to Montado dos Pessegueiros,
32.78837°N, 17.09857°W, 2 Q@ (CRBALC0270: LC184, CRBALC0501: LC223)
and 1 juvenile (CRBALCO0493: LC290), 28.111.2017, hand collecting, leg. L. Crespo
& I. Silva; 1 @ (SMF37575).

Diagnosis. Hogna heeri can be diagnosed by the genitalia: the males, according
to literature, by a straight embolus (Wunderlich 1992: 595, fig. 720); in females, by
epigynal anterior pockets with widely divergent lateral border and median septum with
a wide posterior transverse part (Fig. 9). Similar species include H. insularum and H.
isambertoi sp. nov., from which it cannot be somatically differentiated.

Redescription. Male: We could not examine any male specimens.

Female (CRBALC0500): (Fig. 7 corresponds to specimen CRBALC0501). Total
length 13.54; carapace: 5.63 long, 4.4 wide.

Colour: carapace greyish brown, covered with short black setae, with a median
cream longitudinal band, anteriorly broadened, covered with short white setae, with
suffused greyish brown patches; two yellow marginal bands, with roughly round grey
patches, covered with short white setae; four black striae well visible on each flank.
Chelicerae dark brown, covered in black and yellow setae. Gnathocoxae and labium
overall brown, with posterior margin blackish; sternum yellow, with a faint V-shaped
grey patch and grey lateral borders. Legs yellow, with irregular grey suffused patches,
except metatarsi and tarsi, brown. Pedipalps yellow except tibia, brown, tarsus, black-
ish brown. Abdomen with a pair of anterolateral black patches, extending laterally into
grey flanks, mottled with yellowish patches covered with white setae; a median dark

Figure 9. Hogna heeri female (CRBALC0501): A epigyne, ventral B vulva, dorsal. Abbreviations, female
genitalia: D — diverticulum, H — epigynal hoods, MS — median septum, S — spermatheca. Scale bars: 0.2 mm.
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Figure 10. Photograph of H. heeri. Female specimen in captivity. Photograph credit Emidio Machado.

lanceolate patch is bordered by two yellowish longitudinal bands interconnected in
anterior half, posteriorly by means of dark chevrons; venter yellowish, with a median
dark grey longitudinal band, bordered by yellowish and grey small patches.

Eyes: MOQ: MW = 0.7 PW, MW = 1.1 LMP, MW = 1.1 AW; CI = 0.9 DAME.
Anterior eye row straight.

Legs: Measurements: Leg I: 13.0, Til: 2.8; Leg IV: 16.10, TilV: 3.22; TiIL/D: 3.7.
Spination of Leg I: Fel: d1.1.1, p0.0.1; Til: v21.21.2s; Mtl: p0.0.1, r0.0.1, v21.21.1s.
Mt with sparse scopulae in basal half and dense scopulae on distal half.

Epigyne: anterior pockets touching, short, with lateral borders widely divergent,
converging solely at its posterior end (Fig. 9A); anterior pocket cavities deep; median
septum with wide posterior transverse part (Fig. 9A); spermathecae globular (Fig. 9B);
copulatory ducts basally with a laterally projected diverticulum (Fig. 9B); fertilisation
ducts emerging at the base of copulatory duct (Fig. 9B).

Intraspecific variation. Carapace length, females: 5.6-5.8. In females, the ventral
abdominal dark band may be entirely absent; the relative position of female epigynal
anterior pockets may vary from touching to almost touching.

Distribution. This species is known from two distinct regions: high altitude locali-
ties in Madeira, always above 800 m, and the island of Bugio (Fig. 11).

Ecology. Hogna heeri occurs in montane grasslands or Erica shrubland in Madeira
and the steep, semi-arid summit of Bugio.

Conservation status. Hogna heeri was assessed according to the IUCN Red List
criteria, with the status of Least Concern (Cardoso et al 2018b).
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Figure 1 1. Distribution of H. heeri. Circles: present records; black triangles: revised records from litera-

ture; white triangles: unconfirmed records from literature.

Comments. The specific epithet of H. heeri has been one of the names re-
named by Bonnet (1959), who changed all previously described spider species’
names which were patronyms ending in “ii” to end in “i”, as a way to correct
spelling (Bonnet 1945). Although the ICZN argues for the maintenance of the
original spelling, common usage dictates that these modified spellings continue to
be used. The disjunct distribution of H. heeri, with populations in Madeira and
Bugio, is somewhat baffling. The only known specimens from Bugio previously
reported (Crespo et al. 2013) were examined: while the female matches H. heeri,
the male pedipalp is the same as that of H. isambertoi sp. nov., with the tip of the
embolus slightly tilted anteriorly (Fig. 18A). We would like to remark that Wun-
derlich reported an apophysis at the base of the embolus (indicated with an arrow
in his figure) as a diagnostic feature to identify males of A. heeri (Wunderlich 1992:
fig. 720), which appears to be either inconspicuous or missing altogether. To us
it seems the arrow is pointing to the pars pendula membrane connecting the ter-
minal apophysis with the embolus. Unfortunately, we could not gather molecular
information from the Bugio specimens due to their poor preservation. Lastly, while
revising Thorell’s type series, we identified one of the three adult females in the
original vial as H. insularum.
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Hogna ingens (Blackwall, 1857)
Figures 12-14

Lycosa ingens Blackwall, 1857: 284 (Df).

Lycosa ingens Blackwalli, 1867: 203 (Dm).

Trochosa ingens Kulczynski, 1899: 423, pl. 9, fig. 121 (mf).
Geolycosa ingens Roewer, 1955: 241.

Geolycosa ingens Roewer, 1960: 689, fig. 387¢ (f).

Hogna ingens Wunderlich, 1992: 459, fig. 720b, fig. 724a.

Types. Holotype: no type materials from the Blackwall collection were found neither
at the OUMNH nor the NHM.

Material examined. DEserTA GRANDE ® Vale da Castanheira (N), 1 @ (SMF21994),
26.111.1967, 1 @ (CRBALCO0591) and 4 juveniles (CRBALC0593, CRBALC0594,
CRBALCO0595, CRBALC0592), 32.56685°N, 16.53694°W, 25.111.2017, hand col-
lecting, leg. L. Crespo; (unknown location), 3 $ ¢ (MNHNP AR16186).

Diagnosis. Hogna ingens can be diagnosed from all other Madeiran Hogna by the
aspect of its legs, blackish with white patches (Figs 13, 26C), and additionally by its
genitalia. In males, according to literature, by the inclined palea shield (Wunderlich
1992: 596, fig. 720f). In females, by short epigynal anterior pockets, with lateral bor-
ders divergent and anteriorly swollen median septum (Fig. 12A).

Redescription. Male: We could not examine any male specimens.

Female (CRBALC0591): (Fig. 12). Total length 25.1; carapace: 14.8 long, 11.0
wide.

Colour: carapace greyish brown, densely covered with short black setae, with a
cream longitudinal band present from fovea to posterior margin of carapace; with two
faint light grey marginal bands suffused with black patches, covered with white setae;

Figure 12. Hogna ingens female (CRBALC0591): A epigyne, ventral B vulva, dorsal. Abbreviations,

female genitalia: H — epigynal hoods, MS — median septum, S — spermatheca. Scale bars: 0.5 mm.
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four striae well visible on each flank. Chelicerae black except apically, reddish brown,
covered in black setae. Gnathocoxae and labium overall orange-brown, densely covered
with black setae; sternum greyish brown, densely covered with black setae. Legs grey-
ish, with a variable number (6-8) of lightly coloured patches covered by white setae.
Pedipalps greyish, densely covered in black setac. Abdomen densely covered in black
setae, with only four very small white patches dorsally and a small anterolateral band
of white setae; venter densely covered in black setae, with only two faint median bands
of small white patches.

Eyes: MOQ: MW = 0.7 PW, MW = 1.2 LMP, MW = 1.1 AW; CI = 0.5 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 37.7, Til: 8.9; Leg IV: 35.9, TilV: 8.4; TilL/D: 2.3.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: p0.0.0, v2s.2s.2s; Mtl: p0.0.1, r0.0.1,
v2s.2s.1s. Mt an Til with dense scopulae.

Epigyne: anterior pockets far apart, short, with lateral borders anteriorly con-
vergent, then becoming divergent (Fig. 12A); anterior pocket cavities shallow; me-
dian septum anteriorly swollen, with wide posterior transverse part (Fig. 12A); sper-
mathecae moderately swollen (Fig. 12B); copulatory ducts basally with a laterally
projected bulbus (Fig. 12B); fertilisation ducts emerging at the base of copulatory
duct (Fig. 12B).

Distribution. This species is known only from Vale da Castanheira, a 1 km? valley
in the north end of Deserta Grande (Fig. 14).

Ecology. Vale da Castanheira is a semi-arid grassland area.

Figure 13. Photograph of H. ingens. Female specimen in the field. Photograph credit Pedro Cardoso.
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Figure 14. Distribution of H. ingens. Black circles: present records; white triangle: unconfirmed record
from literature.
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Conservation status. Hogna ingens was declared Critically Endangered in previous
works (Cardoso 2014; Crespo et al. 2014b). Its restricted habitat has been subject to
biological invasions since humans set foot in Deserta Grande, with the introduction
of herbivore vertebrates and, more recently, of the herb Phalaris aquatica L., which
grows abundantly throughout the valley, limiting the access of H. ingens to shelter
below rocks and fissures and displacing native flora. A recovery program of the valley’s
vegetation is being conducted, and recent data indicates the spider population is in-
creasing. An ex-situ breeding program is currently being conducted by the Bristol Zoo
to safekeep populational levels.

Hogna insularum (Kulczynski, 1899)
Figures 15-17

Trochosa insularum Kulczynski, 1899: 429, pl. 9, f. 122, 126 (Dmf).
Hogna insularum Roewer, 1959: 517, fig. 291¢, d.

Hogna biscoitoi Wunderlich, 1992: 457, figs 708-709. Syn. nov.
Hogna insularum Wunderlich, 1995: 415, fig. 27 (m).

Types. Hogna biscoitoi Holotype < without exact locality, Porto Santo; leg. Winkel-
mayer, stored at MME collection number 24551. Not examined.

Syntypes: MaDEIRA * 7 @ F (MIZ217320-217326). PorTO SANTO * 2 33 and
14 29 and 1 juvenile (MIZ217327-217343), leg. Kulczynski, stored at MIZ, collec-
tion numbers indicated above. Examined 2 4@ from Porto Santo, 1 @ from Madeira.

Material examined. Bucro ¢ Planalto Sul, 32.41228°N, 16.47466°W, 1 & (CR-
BALC0015) and 1 @ (CRBALCO0017), 28.V1.2012, hand collecting, leg. I. Silva,
1 & (CRBALCO0316: LC229), 1 Q@ (CRBALCO0301: LC190) and 2 juveniles (CR-
BALCO0315: LC228, CRBALC0318: LC231), 13.IV.2017, hand collecting, leg. L. Cre-
spo. DESERTA GRANDE * Eira, 32.50993°N, 16.50240°W, 2 juveniles (CRBALC0312:
LC282), CRBALC0319: LC232), 11.IV.2017, 1 @ (FMNH http://id.luomus.ﬁ/
HILA.148894), 17.1V.2011, hand collecting, leg. I. Silva; North end, 1 4 (MMUE
G7508.51), 12.VIII.1981, under stone, leg. J. Murphy; Pedregal (E), 32.54613°N,
16.5234°W, 1 @ (CRBALC0308: LC197) and 1 juvenile (CRBALC0306: LC195),
8.IV.2017, hand collecting, leg. L. Crespo & 1. Silva, 1 juvenile (CRBALC0285: LC185),
9.IV.2017, hand collecting, leg. L. Crespo; Planalto Sul, 32.50596°N, 16.49986°W, 1
juvenile (CRBALC0413: LC284), 11.IV.2017, hand collecting, leg. L. Crespo & 1.
Silva; Rocha do Barbusano (S), 32.53168°N, 16.51471°W, 1 juvenile (CRBALC0262:
LC175), 10.IV.2017, hand collecting, leg. L. Crespo & I. Silva; Vale da Castanheira,
1 & (FMNH http://id.luomus.fi/HLA.148961), 23.1V.2011, hand collecting, leg. I.
Silvaeral., 1 & (FMNH hetp://id.luomus.fifHLA.148976), 5.V.2011, pitfall trapping,
leg. I. Silva et al., 1 @ (FMNH http://id.luomus.fi/HLA.148982), 2 Y@ (FMNH
htep://id.luomus.fifHLA.148986), 22.1V.2011, hand collecting, leg. 1. Silva; Vale da
Castanheira (E), 32.5571°N, 16.52963°W, 1 & (CRBALC0305: LC194), 9.1V.2017,
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hand collecting, leg. I. Silva; Vale da Castanheira (SE), 32.55078°N, 16.52541°W,
2 438 (CRBALCO0313: LC226, CRBALCO0349: LC241) and 1 @ (CRBALCO0348:
LC240), 9.IV.2017, hand collecting, leg. I. Silva. ILaEu DA CaL * 1 @ (SMF65693),
leg. K. Groh. Itutu pe Cima * top plateau, 33.05556°N, 16.28097°W, 1 @ (CR-
BALCO0019), 9.1V.2012, hand collecting, leg. I. Silva, 1 & (CRBALCO0018),22.V.2011,
hand collecting, leg. I. Silva, 1 @ (CRBALC0302: LC191) and 4 juveniles (CR-
BALC0284: LC183, CRBALCO0311: LC225, CRBALC0320: LC233, CRBALC0321:
LC234), 19.IV.2017, hand collecting, leg. L. Crespo & 1. Silva. Itnéu DE FERRO ©
South tip, 33.03698°N, 16.40814°W, 1 @ (CRBALCO0317: LC320) and 2 juveniles
(CRBALCO0265: LC178, CRBALC0266: LC179), 18.1V.2017, hand collecting, leg.
L. Crespo & 1. Silva. Ituéu Do DesemBarcaDpouRrO * 2 @9 (MMUE G7508.50),
28.VIII.1981, under stone, leg. J. Murphy. MADEIRA ® Cais do Sardinha, 32.7419°N,
16.68317°W, 5 juveniles (CRBALCO0504: LC242, CRBALCO0505: LC243, CR-
BALCO0506: LC244, CRBALC0507: LC245, CRBALC0508: LC246), 30.111.2017,
hand collecting, leg. I. Silva; Canical, 1 @ (MMUE G7572.859), 24.1V.1973, leg. ].
Murphy; Canico, 1 © (MMUE G7508.58), 11.VIII.1981, under stone, leg. J. Mur-
phy; Ponta de Sao Lourenco, 1 4 (MMUE G7508.54), 29.VI1.1981, 1 @ (MMUE
G7508.57), 1.VIIL.1981, under stone, leg. J. Murphy, 4 3& and 5 @9 (FMNH
hetp://id.luomus.fifHLA.156001), 15.V.2011, pitfall trapping, leg. L. Crespo et al., 1
@ and 4 29 (FMNH http://id.luomus.fifHLA.156012), 2.V.2011, hand collecting,
leg. L. Crespo et al., 2 29 (FMNH http://id.luomus.fifHLA.156034), 26.1X.2009,
hand collecting, leg. L. Crespo, 1 @ (CRBALC0597) and 3 juveniles (CRBALC0599,
CRBALCO0600, CRBALCO0651), 32.749965°N, 16.692817°W, 2.IV.2018, hand
collecting, leg. L. Crespo; Ponta do Rosto, 1 @ (CRBALC0513: LC251) and 3 ju-
veniles (CRBALCO0509: LC247, CRBALCO0510: LC248, CRBALC512: LC250),
32.75022°N, 16.70833°W, 30.111.2017, hand collecting, leg. I. Silva. Porro SanToO *
Rocha de Nossa Senhora, 33.07353°N, 16.3212°W, 1 & (CRBALC0290: LC187) and
1 juvenile (CRBALC0291: LC188), 21.1V.2017, hand collecting, leg. L. Crespo & I.
Silva; Pedras Vermelhas, 2 33 and 1 juvenile (SMF65689), 7.VII.1983, leg. K. Groh;
Pico Ana Ferreira, 33.04728°N, 16.37171°W, 1 & (CRBALC0310: LC224), 1 Q (CR-
BALC0327: LC239) and 5 juveniles (CRBALC0303: LC192, CRBALC0307: LC196,
CRBALC0326: LC238, CRBALC0309: LC281, CRBALC0430: LC285),20.1V.2017,
hand collecting, leg. L. Crespo & I. Silva; Pico Branco, 33.09428°N, 16.30137°W, 1 3
(CRBALCO0304: LC193), 21.1V.2017, hand collecting, leg. L. Crespo & 1. Silva, 1 &
(CRBALCO0314: LC227), 23.1V.2017, hand collecting, leg. L. Crespo; Pico da Juliana,
33.09270°N, 16.32186°W, 1 juvenile (CRBALC0286: LC186), 24.1V.2017, hand
collecting, leg. L. Crespo; Pico do Castelo, 33.08196°N, 16.33277°W, 2 2% (CR-
BALC0300: LC189, CRBALC0322: LC235) and 2 juveniles (CRBALC0267: LC180,
CRBALCO0268: 181), 17.IV.2017, hand collecting, leg. L. Crespo & 1. Silva, 1 & (CR-
BALC0692), 8.1V.2018, hand collecting, leg. L. Crespo & A. Bellvert; Pico do Concel-
ho, 1 @ (SMF65695), 29.V1.1983, leg. K. Groh; Pico do Espigao, 1 © (SMF65692),
1.VIL.1983, leg. K. Groh; Pico do Facho, 1 @ (SMF65694), 28.V1.1983, leg. K. Groh;

Pico do Magarico [the label reads “Pico dos Magaricos”, therefore we find it necessary
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to present the correct locality name], 1 € (SMF65691), 10.VIL.1983, leg. K. Groh;
Terra-Cha (Pico Branco), 33.09447°N, 16.29839°W, 1 & (CRBALCO0323: LC236)
and 2 juveniles (CRBALC0324: LC327, CRBALC0396: LC283), 21.IV.2017, hand
collecting, leg. L. Crespo & I. Silva, 4 juveniles (CRBALC0627, CRBALC0628, CR-
BALC0630, CRBALC0700), 10.IV.2018, hand collecting, leg. L. Crespo & A. Bell-
vert. Unknown location * 1 @ (NHRS-JUST-000001115), 1 & (MMUE G7508.48),
28.VIIL.1981, under stone, leg. J. Murphy, 1 & 1 @ and 2 juveniles (SMF34577),
1983, leg. G. Schmidt, 1 ¢ and 1 @ (SMF65690), hand collecting, leg. 1. Silva, 1 @
(NHM 1892.7.9.12.17), leg. W.R.O. Grant.

Diagnosis. Hogna insularum can be diagnosed from all other Madeiran Hogna by
a combination of the following characters: the small to medium size (prosoma length
< 10 mm), the aspect of its legs, brown, with black patches (Fig. 27C), male’s embolus
thin, with smoothly curved tip (Fig. 15), and female epigyne median septum roughly
half as wide (at posterior transverse part) as long (Fig. 16A, C, E, G). It is most similar to
H. heeri and H. isambertoi sp. nov., from which it cannot be somatically differentiated.

Redescription. Male (CRBALCO0310): (Fig. 15A, E, F). Total length: 7.8; cara-
pace: 4.6 long, 3.3 wide.

Colour: carapace greyish brown, covered with short black setae, with a median
cream longitudinal band, anteriorly broadened, covered with short white setae, with
suffused greyish brown patches; two yellow marginal bands, with roughly round grey
patches, covered with short white setae; four black striae well visible on each flank.
Chelicerae brownish orange, with blackish patches, covered in black and white setae.
Gnathocoxae greyish yellow, labium overall blackish, with anterior margin greyish yel-
low; sternum yellow, with a V-shaped grey patch and suffused patches at lateral borders.
Legs pale yellow to orange from femora to tibia, with irregular grey suffused patches,
metatarsi and tarsi brown. Pedipalps pale yellow except tarsus, brown. Abdomen with
a pair of anterolateral black patches, extending laterally into grey flanks, mottled with
yellowish patches covered with white setae; a median dark lanceolate patch is bordered
by two yellowish longitudinal bands interconnected in anterior half, posteriorly by
means of dark chevrons; venter yellowish, with a median dark grey longitudinal band,
bordered by small yellowish and grey patches.

Eyes: MOQ: MW = 0.8 PW, MW = 1.1 LMP, MW = 1.2 AW; CI = 0.3 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 13.6, Til: 3.1; Leg IV: 14.9, TilV: 3.1; TiIL/D: 5.5.
Spination of Leg I: Fel: d1.1.0, p0.0.1-2; Til: p1s.0.1s, r1s.0.1s, v21.21.2s; Mtl:
p0.1.1, r0.0.1, v2L.21.1s. MtI with sparse scopulae in basal half and dense scopulae on
distal half.

Pedipalp: cymbium with five dark, stout, macrosetae at tip, Fe with two dorsal
and an apical row of four spines, Pa with one prolateral spine, Ti with one dorsal and
one prolateral spines. Tegular apophysis with ventral spur short, blunt, with a straight
ridge leading to a wide apical point (Fig. 15D); terminal apophysis blade-shaped with
sharp end (Fig. 15A—C); embolus long and thin, with tip smoothly curved anteriorly
(Fig. 15A—C); palea large (Fig. 15A-C).
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Figure 5. Hogna insularum, male pedipalps A male from Porto Santo (CRBALC0310), left pedipalp,
ventral B male from Deserta Grande (CRBALC0305), left pedipalp, ventral € male from Bugio (CR-
BALCO0015), left pedipalp, ventral D detail of the median apophysis of male from Deserta Grande (CR-
BALC0305), anteroventral E SEM image, right male pedipalp, male from Porto Santo (CRBALC0310),

ventral F idem, retroventral. Abbreviations, male pedipalp: AT — anterior point, C — cymbium, E — em-

bolus, P — palea, R — ridge, T — tegulum, TA — terminal apophysis, TgA — tegular apophysis, VS — ventral
spur. Scale bars: 0.5 mm (A, B, C); 0.2 mm (D).

Female (CRBALC0308): (Fig. 16C-D). Total length 12.8; carapace: 5.4 long,
4.1 wide.

Colour: overall as in male, but darker in legs, chelicera and prosoma. Sternum with
a faint V-shaped grey patch. Abdomen is lighter, with central chevrons and ventral
longitudinal dark band faded.

Eyes: MOQ: MW = 0.8 PW, MW = 1.2 LMP, MW = 1.2 AW; CI = 0.6 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 13.8, Til: 3.1; Leg IV: 16.0, TilV: 3.3; TiIL/D: 3.7.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: p0.1s.0, v21.21.2s; Md: p0.0.1, r0.0.1,
v21.21.1s. Mtl with sparse scopulae in basal half and dense scopulae on distal half.
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Figure 16. Hogna insularum, female genitalia A, B female from Bugio (CRBALC0301): A epigynum,
ventral B vulva, dorsal C, D female from Deserta Grande (CRBALC0308): € epigynum, ventral D vulva,
dorsal E, F female from Madeira (CRBALC0597): E epigynum, ventral F vulva, dorsal G, H female from
Porto Santo (CRBALC0300): G epigynum, ventral H vulva, dorsal. Abbreviations, female genitalia: D —
diverticulum, H — epigynal hoods, MS — median septum, S — spermatheca. Scale bars: 0.2 mm.



108 Luis C. Crespo et al. / ZooKeys 1086: 84-135 (2022)

Epigyne: anterior pockets almost touching, short, with lateral borders parallel
(Fig. 16C); anterior pocket cavities shallow; median septum with narrow posterior
transverse part (Fig. 16C); spermathecae oval or piriform (Fig. 16D); copulatory ducts
with small, stout diverticulum ventrally (Fig. 16D); fertilisation ducts emerging at the
base of copulatory duct (Fig. 16D).

Intraspecific variation. Carapace length, males: 4.6-6.4, females: 5.1-7.4. Length
of cymbium tip of male pedipalp can vary from shorter to longer than the bulbus. In
the single available adult female from Madeira, the anterior pockets of the epigyne
show slightly divergent lateral borders (posteriorly) (Fig. 16E), while specimens from
the remaining islands show parallel lateral borders.

Distribution. This species is known from many locations on all islands of the archipel-
ago except Madeira island, where it is only present at the southeast coastal region (Fig. 17).

Ecology. Hogna insularum occurs in a wide variety of habitats, from grasslands,
Erica shrubland, to secondary forests (in the latter two cases, only in Porto Santo).
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Figure 17. Distribution of H. insularum. Circles: present records; black triangles: revised records from

literature; white triangles: unconfirmed records from literature.
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Conservation status. Hogna insularum was assessed according to the IUCN Red
List criteria, with the status of Least Concern (Cardoso et al. 2018c).

Comments. Hogna insularum displays remarkable intraspecific variation. In
males, both the length of the cymbium tip and the position of the terminal apo-
physis relative to the embolus are variable (Fig. 15). In females, the epigyne usually
presents anterior pockets with anteriorly parallel lateral borders, but a specimen from
Madeira shows a posteriorly divergent lateral border. At the same time, the shape of
spermathecae seem to vary from ovoid (Fig. 16A-D), to piriform (Fig. 16E, F), to
rounded (Fig. 16G, H). Wunderlich (1992) described H. biscoitoi based on specimens
from Porto Santo. To differentiate it from H. insularum he stated that in males “the
sickle-shaped apophysis points more to the tip of the cymbium” while in the former
species the same structure “(...) is directed more retrolaterally”. For females, although
a diagnostic description was provided, the identification key directed to the same im-
age when referring to the epigyne of both H. insularum and H. biscoitoi. We collected
an array of specimens from different localities in Porto Santo (from Pico Ana Ferreira
to Pico Branco) and surrounding islets. We did observe male pedipalps with differ-
ent degrees of inclination of the terminal apophysis and with cymbium tip shorter
than the length of the copulatory bulbus (Fig. 15A, C), but both characters were
unlinked. We suspect that these traits may be affected by the time from the last moult
(e.g., Fig. 15B was most likely a recently moulted individual, given its overall pale
coloration). Furthermore, fixation in ethanol might sometimes cause a displacement
of sclerites, even if small. Molecular data does not seem to provide any additional
evidence regarding the possibility that the specimens from Porto Santo may belong to
a different species that those reported form other islands. Unfortunately, we could not
examine the type material of H. biscoitoi stored at the Funchal Municipal Museum,
since it does not loan type material for study. Based on the variability in the suppos-
edly diagnostic features and the lack of genetic divergence, we consider H. biscoitoi as
a junior synonym of H. insularum.

Hogna isambertoi Crespo, sp. nov.
http://zoobank.org/87BB2C30-D40D-4B5D-92F5-D7D23ED9A7BC
Figures 18-20

Hogna heeri Crespo et al. 2013: 18 (m, misidentification).

Types. Holotype: DEserTA GRANDE © 1 &, Ponta Sul, 32.49562°N, 16.49562°W, coll.
4.X1.2017, leg. 1. Silva, stored at SME collection number to be set after publication.
Paratypes: Bucio 1 & (SMF), Planalto Sul, 3.X11.2012, hand collecting, leg. I. Silva.
DeserTA GRANDE * Planalto Sul, 1 @ (SMF), 12.X1.2017, hand collecting, leg. I. Silva.

Material examined. Deserta GRANDE ® Planalto Sul, 1 juvenile (CRBALC0610:
LC330), 12.X1.2017, hand collecting, leg. 1. Silva.
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Figure 18. Hogna isambertoi sp. nov. A—=C male (SMF): A left male palp, ventral B detail of the median
apophysis, anteroventral € SEM image, right male palp, ventral D, E female (SMF): D epigynum, ventral
E vulva, dorsal. Abbreviations, male palp: C — cymbium, E — embolus, MA — median apophysis, P — palea,
T — tegulum, TA — terminal apophysis. Abbreviations, female genitalia: D — diverticulum, H — epigynal
hoods, MS — median septum, S — spermatheca. Scale bars: 0.5 mm (A); 0.2 mm (B-E).

Diagnosis. Hogna isambertoi sp. nov. can be distinguished from all other Madeiran
Hogna by its genitalia. In males, the embolus is thick and tilted anteriorly at the tip and
a tegular apophysis with a very short ventral spur (Fig. 18A, C). In females, the epigy-
nal anterior pockets show convergent lateral borders and the median septum has a wide
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posterior transverse part (Fig. 18D). It is most similar to H. heeri and H. insularum,
from which it cannot be somatically differentiated.

Description. Male holotype: (Figs 18A—C, 19A). Total length: 7.4; carapace: 4.6
long, 3.2 wide.

Colour: carapace greyish brown, covered with short black setae, with a median
yellow longitudinal band, anteriorly broadened, covered with short white setae; two
yellow marginal bands, suffused with grey patches, covered with short white setae; four
black striae well visible on each flank. Chelicerae yellow, with grey suffused patches,
covered in black and white setae. Gnathocoxae and labium overall pale yellow, with
posterior margin with suffused grey patch; sternum pale yellow, with V-shaped grey
patch. Legs pale yellow, with irregular grey suffused patches, except anterior metatarsi
and tarsi, yellowish orange. Pedipalps yellow. Abdomen with a pair of anterolateral
black patches, extending laterally into grey to black flanks; a median faint dark lan-
ceolate patch is bordered by two yellowish longitudinal bands interconnected in ante-
rior half, posteriorly by means of dark chevrons; venter yellowish, with large blackish
patches near spinnerets and small patches medially.

Eyes: MOQ: MW = 0.8 PW, MW = 1.1 LMP, MW = 1.1 AW; CI = 0.5 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 11.7, Til: 2.6; Leg IV: 13.8, TilV: 2.8; TiIL/D: 6.6.
Spination of Leg I: Fel: d1.1.1, p0.0.1; Til: p1.0.1, v21.21.2s; Mtl: p0.0.1, r0.0.1,
v21.21.1s. MtI with sparse scopulae in basal half and dense scopulae on distal half.

Pedipalp: cymbium with one spine along prolateral rim and five dark, stout, mac-
rosetae at tip, Fe with two dorsal and an apical row of four spines. Tegular apophysis

Figure 19. Hogna isambertoi sp. nov. A male habitus, dorsal (SMF) B female habitus, dorsal (SMF).
Scale bars: 1 mm.
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Figure 20. Distribution of H. isambertoi sp. nov. Circles: present records; black triangle: revised record
from literature.
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with ventral spur very short, blunt, with a concave ridge leading to a thin apical point
(Fig. 18A, B); terminal apophysis in close apposition with subterminal apophysis,
which is blade-shaped with blunt end (Fig. 18A, C); embolus long and thick, with tip
tilted anteriorly (Fig. 18A); palea large (Fig. 18A).

Female paratype: (Figs 18D, E, 19B). Total length 12.1; carapace: 4.7 long,
3.6 wide.

Colour: overall as in male, but darker in legs, chelicera and prosoma, where addi-
tional faint striae are present. Abdomen is lighter, with central chevrons faded, possibly
due to pregnancy and correspondent tegument extension.

Eyes: MOQ: MW = 0.8 PW, MW = 1.2 LMP, MW = 1.8 AW; CI = 0.4 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 9.9, Til: 1.7; Leg IV: 13.0, TilV: 2.6; TilL/D: 3.2.
Spination of Leg I: Fel: d1.1.0, p0.0.1-2; Til: p0.0.0-1, v21.21.2s; Mtl: p0.0.1, r0.0.1,
v21.21.1s. MtI with sparse scopulae in basal half and dense scopulae on distal half.

Epigyne: anterior pockets touching, short, with lateral borders parallel (Fig. 18D);
anterior pocket cavities deep; median septum with wide posterior transverse part (Fig.
18D); spermathecae oval (Fig. 18E); copulatory ducts simple (Fig. 18E); fertilisation
ducts emerging at the base of copulatory duct (Fig. 18E).

Etymology. the specific epithet is a patronym in honour of Isamberto Silva, who
not only collected the only known specimens of this species, but has provided invalu-
able support during field work.

Intraspecific variation. Carapace length, males: 4.1-4.3.

Distribution. This species is known only from the southernmost part of Deserta
Grande and Bugio (Fig. 20).

Ecology. Hogna isambertoi sp. nov. occurs in arid, coastal scarps, with reduced
vegetation cover.

Conservation status. the species seems to be restricted to a very small area, equiva-
lent to an Extent of Occurrence and Area of Occupancy of 8 km? in two locations,
both threatened by the effects of increasing aridification. The trends are unknown, but
it is uncertain if the scarcity of specimens is due to rarity, or the fact that it seems to be
a late autumn / early winter species, when collecting effort has been low. If the decline
is confirmed the status might be Endangered, if not it might be Near Threatened.

Hogna maderiana (Walckenaer, 1837)
Figures 21-23

Lycosa tarentuloides maderiana Walckenaer, 1837: 291 (Df).

Lycosa tarentuloides maderiana Blackwall, 1857a: 282 (Dm).
Tarentula maderiana Simon, 1864: 350.

Lycosa maderiana Simon, 1898: 346.

Trochosa maderiana Kulczynski, 1899: 426, pl. 9, fig. 119-120 (mf).
Isohogna maderiana Roewer, 1955: 241.
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Isohogna maderiana Roewer, 1960: 569, fig. 319a—c (mf).

Hogna schmitzi Wunderlich, 1992: 462, fig. 721-723 (Dmf). Holotype & examined,
Porto Santo, 8-11.VII.1983; leg. K. Groh, stored at SME collection number
37639. New synonymy.

Types. Holotype: Not examined, supposed lost.

Material examined. ILu£U DE FERRO ¢ 1 & and 1 @ (SMF37637), 3.VII.1983,
leg. K. Groh., 1 & (CRBALCO0013), 33.03698°N, 16.40814°W, 6.IV.2011, hand col-
lecting, leg. 1. Silva. PorTo SanTO * Pico Branco, 33.09366°N, 16.30776°W, 1 &
(CRBALCO0734) and 2 9 (CRBALCO0704, CRBALC0717), 10.IV.2018, hand col-
lecting, leg. L. Crespo & A. Bellvert; Pico do Facho, 1 & (SMF63869), 31.X.1972;
(unknown location), 1 @ (MNHNP AR16184), 27.111.1959, leg. A. Vandel, 2 9%
and 2 juveniles (FMNH http://id.luomus.fi/KN.23945), 4.X.1959, 1 @ (SMF34482),
VII.1983, 1 @ (SMF36760), 26.X.1985, leg. G. Schmidt, 1 @ (SMF37636) and 2 ju-
veniles (SMF37638), leg. K. Groh, 8 & and 11 29 (NHM, in ethanol), VI.1962,
leg. S.W. Bristowe, 1 @ (NHM), VIL.1963, leg. B.M. Cliffron, 2 33 and 2 29
(NHM 1892.7.9.12.17), leg. W.R.O. Grant, 1 @ (NHM), 12.V1.1964, 1 $ and 1 @
(NHM, mounted dry).

Diagnosis. Hogna maderiana can be distinguished from all other Madeiran Hogna
by a combination of the following characters: the large size (prosoma length > 10 mm),
the presence of conspicuous orange setae (Fig. 27A), and its genitalia. In males by a
combination of a smoothly curved tip of the embolus, a long, blunt ventral spur, and
a deeper tegular concavity (Fig. 21A-D). In females by epigyne with median septum
more than twice as long as wide (at posterior transverse part) (Fig. 21E, F).

Redescription. Male (CRBALCO0734): (Fig. 21D, E). Total length: 19.5; cara-
pace: 11.9 long, 8.9 wide.

Colour: carapace brown, with short black setae covering flanks, short white setae
present posteriorly, anteriorly and laterally, long black setae are present anteriorly or
scattered around median band; median yellow longitudinal band present but faint,
covered with short white setae and scattered long black setae, anteriorly broadened;
marginal bands indistinct, made apparent only by the cover of short white setae, long
black setae also present laterally; four darker lateral bands visible, but without striae.
Chelicerae black, apically dark brown, covered in black and yellow setae. Gnathocoxae
very dark orange-brown, labium blackish; sternum brown, medially lighter, but with-
out any stripe. Legs yellow to orange-brown, without annulations, with anterior tibiae,
all metatarsi and tarsi dark brown, and covered dorsally with yellow setae (probably
orange in living or fresh specimen). Pedipalpal femur, patella, and tibia as legs, cym-
bium darker, yellow setae present in all segments except femur. Abdomen with a pair
of anterolateral black patches, extending laterally into grey flanks; a median yellow lan-
ceolate patch is bordered by few whitish patches; venter greyish, darker near spinnerets.

Eyes: MOQ: MW = 0.7 PW, MW = 1.2 LMP, MW = 1.2 AW; CI = 0.5 DAME.
Anterior eye row slightly procurved.
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Figure 21. Hogna maderiana A=D male (CRBALC0734): A left male palp, ventral (white arrow points
to a tegular concavity that may be helpful for diagnosis) B detail of the median apophysis, anteroventral
C SEM image, right male palp, ventral D idem, retroventral E, F female (CRBALCO0717): E epigynum,
ventral F vulva, dorsal. Abbreviations, male pedipalp: AT — apical point, C — cymbium, E — embolus,
P — palea, R — ridge, T — tegulum, TA — terminal apophysis, TgA — tegular apophysis, VS — ventral spur.
Abbreviations, female genitalia: D — diverticulum, H — epigynal hoods, MS — median septum, S — sper-

matheca. Scale bars: 0.5 mm (A, B, E, F); 0.2 mm (C, D).
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Figure 22. Photograph of H. maderiana. Female specimen in the field. Photograph credit Pedro Cardoso.

Legs: Measurements: Leg I: 36.7, Til: 8.85; Leg IV: 37.3, TilV: 8.1; TilL/D: 4.4.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: p1.0.1, r1.0.0, v2s.2s.2s; Mtl: p0.0.1,
10.0.1, v2s.2s.1s. Mtl with very dense scopulae.

Pedipalp: cymbium with one prolateral spine and six dark, stout, macrosetae at
tip, Fe with two dorsal and an apical row of four spines, Pa with one prolateral spine, Ti
with one dorsoprolateral and one prolateral spines. Tegular apophysis with ventral spur
long, blunt, with a straight ridge leading to a wide apical point (Fig. 21A, B); terminal
apophysis blade-shaped with sharp end (Fig. 21A-D); embolus long, with tip directed
anterolaterally (Fig. 21A-D); palea small (Fig. 21A).

Female (CRBALCO0717): (Fig. 21E, F). Total length 23.5; carapace: 11.3 long,
8.3 wide.

Colour: overall as in male, with the following differences: median yellow lon-
gitudinal band in prosoma clear. Cheliceral setae black. Legs with few faint greyish
patches in femora. Abdominal pattern overall greyish, darker near spinnerets, with
patches unapparent.

Eyes: MOQ: MW = 0.7 PW, MW = 1.1 LMP, MW = 1.2 AW, CI = 0.4 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 30.3, Til: 7.2; Leg IV: 33.9, TilV: 7.4; TiIL/D: 3.5.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: 0.15.0, v2s.2s.2s; Mtl: p0.0.1, r0.0.1,
v21.2s.1s. Ml with very dense scopulae.
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Figure 23. Distribution of H. maderiana. Black circles: present records; dotted circles: records from only leg
samples; black triangles: revised records from literature; white triangles: unconfirmed records from literature.

Epigyne: anterior pockets touching, short, with lateral borders parallel (Fig. 21E);
anterior pocket cavities deep; median septum with narrow posterior transverse part (Fig.
21E); spermathecae elongated (Fig. 21F); copulatory ducts with very small diverticulum
ventrally (Fig. 21F); fertilisation ducts emerging at the base of copulatory duct (Fig. 21F).

Intraspecific variation. Carapace length, males: 11.9-14.4, females: 11.0-11.5.

Distribution. This species is known from the island of Porto Santo and one of its
surrounding islets, Ilhéu de Ferro (Fig. 23).
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Ecology. Hogna maderiana can be found in open habitats, such as grasslands,
shrubland or sand banks. Very common even in relatively disturbed habitats across
Porto Santo.

Conservation status. Hogna maderiana was assessed according to the IUCN Red
List criteria as H. schmitzi (Cardoso et al. 2018d), with the status of Least Concern.

Comments. As mentioned above (see remarks on H. blackwalli), the large speci-
mens with striking orange coloration in legs from Porto Santo island and its neigh-
bouring islet Ilhéu de Ferro were known to pioneer arachnologists. The original, some-
what obscure, description by Walckenaer described a 2.5 cm spider (“1 pouce”) with
reddish brown legs (“Pattes rouges, lavées de brun en dessus (...)”), from the island
of Madeira (“Ile de Madere”). After this, Blackwall was the first to provide a clear de-
scription of this taxon, while at the same time stating that it was collected in the island
of Porto Santo, not Madeira. Subsequent authors reported additional material from
either Porto Santo or Ilhéu de Ferro (Johnson 1863; Kulczynski 1899). Wunderlich
considered H. blackwalli a junior synonymy of H. maderiana based on the wrong
assumption that previous authors repeatedly misidentified H. maderiana from Porto
Santo, assigning H. maderiana to the large species with annulated legs from Madeira
island. Following synonymy, Wunderlich himself named the large species from Porto
Santo as H. schmitzi. As a matter of fact, the only indication of the presence of a large
spider with reddish leg coloration in Madeira island is Walckenaer’s original descrip-
tion. Unfortunately, Walckenaer’s type seems to be lost. However, Simon most likely
examined it because he stated that “L. maderiana Walck. est, en grande partie, revétu,
en dessus, de pubescence courte d’un beau rouge orange.” (Simon 1898: 332). The two
large species are easy to distinguish, the only misidentification between them being
made by Thorell, who identified H. blackwalli from Madeira as Trochosa maderiana
(Thorell 1875). We argue that the presence of H. maderiana in the island of Madeira
reported in Walckenaer’s original description was likely a labelling mistake or a misin-
terpretation, and probably referred to the archipelago.

Hogna nonannulata Wunderlich, 1995
Figures 24, 25

Types. Holotype: MADEIRA © 1 &, coll. 25-30.1V.1957, leg. Roewer, stored at SME,
collection number 10754. Examined.

Material examined. MaDEIRA * Camara de Lobos, 32.6525°N, 16.96683°W,
1 & (CRBALC0703: LC326), 27.V.2018, hand collecting, leg. E. Pereira, 1 & (CR-
BALC0701: LC325, CRBALC0702: LC324), 29.V.2018, hand collecting, leg. I. Silva
& E. Pereira, 1 & (CRBALC0608: LC328), 21.V1.2017, hand collecting, leg. I. Silva,
1 & (CRBALC0607: LC327), 11.VIIL.2017, hand collecting, leg. I. Silva.

Diagnosis. Hogna nonannulata can be distinguished from all other Madeiran
Hogna by the aspect of its legs, without annulations or bright yellow or orange setae
(Fig. 24D). In addition, males have an elongate cymbium tip, clearly longer than the
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Figure 24. Hogna nonannulara male (CRBALCO0701): A left male pedipalp, ventral B detail of the me-
dian apophysis, anteroventral € SEM image, right male pedipalp, ventral. Abbreviations, male pedipalp:
AT — apical point, C — cymbium, E — embolus, P — palea, R — ridge, T — tegulum, TA — terminal apophy-
sis, TgA — tegular apophysis, VS — ventral spur. Scale bars: 0.5 mm (A); 0.2 mm (B, C).

length of the alveolus of the bulb (Fig. 24A). We could not revise any female materials,
for which we propose that the leg aspect can be used to diagnose females.

Redescription. Male (CRBALCO0701): (Fig. 24). Total length: 18.6; carapace:
10.3 long, 8.2 wide.

Colour: carapace greyish brown with transverse yellowish bands, generally covered
with short black setae, except anteriorly and laterally, provided with short white setae
and long black setae; median yellow longitudinal band present, anteriorly broadened,
with suffused greyish brown patches; two yellow marginal bands, suffused with grey-
ish brown patches; ca. seven faint blackish striac on each flank. Chelicerae blackish
to dark brown, mostly covered with black and white setae. Gnathocoxae very dark
orange-brown, labium blackish; sternum yellowish grey, with a faint, longitudinal yel-
low stripe extending to less than half of sternum length. Legs yellow to brown, without
any clearly coloured patch, just scattered areas suffused with grey, grey setae present in
tibia, metatarsus and tarsus. Pedipalpal femur, patella, and tibia yellow, except cym-
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Figure 25. Distribution of H. nonannulata. Black circle: present record; white triangle: unconfirmed
record from literature.

bium, brown. Abdomen with both short and long black setae, additionally with short
greyish white setae; with a pair of anterolateral faint blackish patches, extending lateral-
ly into grey flanks, interspersed with greyish white patches; a median greyish lanceolate
patch is bordered by two yellowish longitudinal bands interconnected in anterior half,
posteriorly by means of faint dark chevrons; venter yellowish except around spinnerets,
dark grey, with small blackish patches scattered laterally.

Eyes: MOQ: MW = 0.8 PW, MW = 1.2 LMP, MW = 1.3 AW; CI = 0.7 DAME.
Anterior eye row slightly procurved.

Legs: Measurements: Leg I: 40.9, Til: 10.8; Leg IV: 43.0, TiIV: 9.8; TilL/D: 8.8.
Spination of Leg I: Fel: d1.1.0, p0.0.2; Til: p1.0.1, v2s.25.2s; Mtl: p1.0.1, r1.0.1,
v2s.2s.1s. Ml with very dense scopulae.

Pedipalp: cymbium with two prolateral spines, one basal, the other at rim, apically
with four dark macrosetae, Fe with two dorsal and an apical row of four spines, Pa with
one prolateral spine, Ti with one dorsal, one dorsoprolateral, and one prolateral spines.
Tegular apophysis with ventral spur short, blunt, with a short straight ridge leading to
a wide apical point; terminal apophysis separated from subterminal apophysis due to
a clearly visible excavation, blade-shaped with sharp end; embolus moderately elon-
gated, with tip directed anteriorly; palea small.

Female: We could not revise any female material.

Intraspecific variation. Carapace length, males: 7.2-11.3. Smaller males have
proportionally longer tibial spines than longer males.

Distribution. This species is known from the southern coastal area of Cimara de
Lobos in the island of Madeira (Fig. 25).

Ecology. Hogna nonannulata can be found in coastal shrub- or grassland and
rocky areas.

Conservation status. [t was not previously possible to assess H. nonannulata
according to the IUCN Red List criteria given the scarcity of past information,
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hence a status of Data Deficient was suggested (Cardoso et al. 2018e). Its known
distribution is now limited to the area of Camara de Lobos in the southern coast of
Madeira Island, an area with no remaining natural habitat beyond the rocky areas.
With an EOO and AOO of 4 km? and a single location threatened by urban and
agricultural pressure, if the trend of the species is negative its status might be Criti-
cally Endangered.

Key to the Hogna species endemic to the Madeira Archipelago

1

2

Species from POrto SANTO. ...c.coveuerveuiirieiiniiiiirieereieeeeet e 2
Species from Madeira or Desertas. .......ccoveueirueinieueninieinieieinecneeeseeeeens 3
Large species (prosoma length > 10 mm), legs furnished with orange setae
(Fig. 27A). ot H. maderiana
Small to medium species (prosoma length < 10 mm), legs with whitish setae
(Fig. 27C) it H. insularum
Species from Madeira. .......c.covrueuirieiiiiniciniecceec e 4
Species from DESEITas. ......euerrieuirieiinirieirieicirieenetc et 7
Legs with a small, bright yellow patch of setae at joints of anterior metatarsus
and pedipalp (Fig. 26A). ...ccocvvvriiiiiiiicciiieeeeceeee H. blackwalli
Species without bright yellow patches of setae in anterior legs..................... 5

Legs without any reticulated or annulated pattern (Fig. 26D)........cccccceeneee.
........................................................................................... H. nonannulata
Legs with reticulated or annulated pattern. .........cocccceivinniicicinnniecnennn. 6
Male with straight embolus (Wunderlich 1992: 595, fig. 720). Female epigy-
nal anterior pockets with highly divergent lateral borders (Fig. 9A). Species
from montane habitats. ........cceueueuiiiniiiiciicc e, H. heeri
Male with embolus smoothly curved (Fig. 15). Female epigynal anterior
pockets with parallel lateral borders (Fig. 16C). Species from southeastern

coastal grassland habitats............cccccoeoiviiiiiiiinniciiin, H. insularum
Very large species (prosoma length > 14 mm). Black legs with white patches
(Fig. 260C). ..ot H. ingens
Smaller species (prosoma length < 10 mm). ..o, 8

Male pedipalp with embolus smoothly curved (Fig. 15). Female epigyne with
median septum roughly half as wide (at posterior transverse part) as long
(Fig. 16A, C, E, G). e H. insularum
Male pedipalp with embolus straight or with only tilted tip. Female epigyne
with median septum almost as wide (at posterior transverse part) as long
(Figs 9A, B, 18D, E). covveoeeoeeeeeeeseessssceeeeeesssssseeesessesssscssesssesessceseeeen 9
Male pedipalp with embolus with tip tilted anteriorly (Fig. 18A, C). Female
epigynal anterior pockets with convergent lateral borders (Fig. 18D)............
................................................................................. H. isambertoi sp. nov.
Male pedipalp with straight embolus (Wunderlich 1992: 595, fig. 720).
Female epigynal anterior pockets with highly divergent lateral borders
(FIg. OA) o H. heeri
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male female

H. blackwalli

H. isambertoi sp. nov. < 2

H. ingens

H. heeri

5mm

Figure 26. Plate with photographs of the lateral view of the leg I for easily diagnosable species.

Discussion

Origins of Madeiran Hogna

Our analyses support the long-standing view that the genus Hogna is a paraphyletic
assemblage in much need of a thorough taxonomic revision that could establish its
limits and diagnosis. Unfortunately, only 18 species of Hogna were represented by at
least one DNA sequence in public repositories, out of the 228 currently valid species
and subspecies, excluding Madeiran ones (World Spider Catalog 2021). Albeit with
low support, our results suggested a strong geographic component in the phylogenetic
relationship of Hogna species, recovering mixed genera clades from the same region
(e.g., North America, South America or Australia). Madeiran species were consistently
recovered by all analyses as closely related to the type species of the genus, H. radiata,
represented in the analyses by specimens from the Iberian Peninsula, yet both the
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male female

H. maderiana

unidentified
specimens

H. insularum

5mm

Figure 27. Plate with photographs of the lateral view of the leg I for the complex of H. maderiana, H.

insularum and their intermediate forms.

monophyly of the Madeiran species and their relation with H. radiata are poorly sup-
ported. Although our sampling is far from being representative of the Hogna diversity
in the western palearctic (only two species of 45 described were included), the results
are congruent with the Iberian Peninsula as a colonisation source of Madeiran species.
This biogeographic connection has been recently confirmed for the endemic Madeiran
species of the spider genus Dysdera, and was most likely favoured by the predominant
aerial and marine currents in the region (Crespo et al. 2021).

Our time estimates suggest a colonisation of the archipelago by the late Miocene
(but note the large confidence intervals recovered). Interestingly, this sub-epoch coin-
cides with an episode of major global cooling that brought about dramatic changes in
the ecosystems, which included the expansion of grasslands and the associated fauna
(see Herbert et al. 2016 and references therein). The increase in the amount of habitat
types preferred by many wolf spider species may have facilitated the expansion and
diversification of lycosids into the Mediterranean region and eventually the colonisa-
tion of the Madeiran Archipelago. In this regard, it is worth mentioning that the origin
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of the western Mediterranean species of the other genus of large wolf spiders, Lycosa
Latreille, 1804, seems also to trace back to the late Miocene (Planas et al. 2013).

Model-based analyses recovered the monophyly of all Madeiran endemics, which
would suggest a single colonisation event of the archipelago. This result was disputed
by parsimony analysis, which suggested at least two different events by placing the
Iberian H. radiata as sister to the ingens clade. None of these alternative arrangements,
however, received high support. Conversely, the existence of two well-defined line-
ages, the ingens and maderiana clades, were supported in all analyses. Interestingly,
our analyses also signalled multiple colonisations of another volcanic archipelago, the
Galapagos Islands. Up to seven endemics species are known from this Pacific archi-
pelago, which include species adapted to habitats at different altitudes (Baert et al.
2008). All our analyses supported the independent colonisation of the Galapagos by
at least two or even three different ancestors, one of which resulted in local diversifi-
cation. Multiple island colonisation should not be unexpected in wolf spiders, given
their good dispersal ability and frequent use of ballooning by many species (Richter
1970; Greenstone 1982; Bonte and Maelfait 2001; Bonte et al. 2006), although it was
never assessed in Hogna.

Regardless of the actual number of colonisations, Hogna underwent processes of lo-
cal diversification, as illustrated by the ingens clade. Similarly, to what has been observed
in endemic Hogna from the Galapagos (Busschere et al. 2010), Madeiran endemics
show a certain ecological differentiation associated to elevation, some species are found
in montane habitats (H. heeri, H. blackwalli sp. rev. and H. ingens), while other are
mostly found in coastal areas (H. isambertoi sp. nov. and H. nonannulata). Body size is
another functional trait with a noticeable variation across Madeiran Hogna, H. ingens
and H. maderiana can be considered giant species for Hogna standards (> 10 mm of
carapace length), while A. blackwalli (7.3-10.4 mm) and H. nonannulata (7.2-11.2
mm) are medium-large, and H. insularum (4.1-4.7 mm), H. heeri (5.2-5.8 mm), and
H. isambertoi sp. nov. (4.1-4.7 mm) are small. Often sympatric species have disparate
sizes, as is the case in Porto Santo with H. maderiana and H. insularum, or in Deserta
Grande with H. ingens and H. insularum, or even in Madeira with H. blackwalli, and
H. heeri. Yet, it also happens that in Deserta Grande (only in the southern end) two
very similar species, H. insularum and H. isambertoi sp. nov., share the same habitat.
And in Bugio island, an even smaller and steeper island than Deserta Grande, the three
small species of the archipelago, H. heeri, H. insularum, and H. isambertoi sp. nov., are
found together. The few specimens available of H. isambertoi sp. nov. and the single
specimen of H. heeri from Bugio were all collected in late autumn, which, hypothetical-
ly, might suggest phenological displacement against the spring-dominant H. insularum.

Within the ingens clade, the only well-supported sister group relationship is be-
tween H. blackwalli and H. nonannulata, which can represent an example of ecological
shift within the same island, from the ancestral open habitat represented by the coastal
species H. nonannulata, to the laurel forest habitats inhabited by H. blackwalli This
is a more plausible scenario than its opposite, but more detailed natural history and
ecological information will be required to rigorously test the role of habitat shifts in
the diversification of Hogna in Madeira, as well as to determine instances of parallel
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evolution in habitat and functional traits, as has been reported in Hogna in the Galapa-
gos Is. (Busschere et al. 2010; De Busschere et al. 2012).

Hogna insularum and H. maderiana: one or two species?

The species pair H. insularum and H. maderiana poses a taxonomic and evolutionary
conundrum. Our molecular data were unable to establish boundaries between the large
specimens of Hogna from the island of Porto Santo showing orange pilosity, identified
using traditional diagnoses as H. maderiana, and the smaller specimens, without such
pilosity, identified as H. insularum. Re-examination of morphological data suggested the
existence of a continuum of phenotypic traits between the two extremes represented by
specimens univocally referred to as either H. maderiana or H. insularum. Several speci-
mens of intermediate size in Porto Santo (Figs 28, 29) showed clear yellowish to orange
pilosity in anterior legs (colour fades to yellow after depositing specimen in ethanol), but
not as dense as in the larger specimens. Furthermore, we were able to spot the usual dark
reticulate pattern on the legs of these specimens, unlike in the large specimens, which are
dark, bearing no traces of reticulated patterns (Fig. 27). We considered these specimens
tentatively as “unidentified” (sp.). At the other extreme, the smaller specimens from Porto

Figure 28. Unidentified male specimens belonging to the H. maderiana | H. insularum complex from
Porto Santo. Left male pedipalps, ventral A CRBALC0328 B CRBALCO0345. Scale bar: 0.5 mm (A).
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PTP
Figure 29. Unidentified female specimens belonging to the H. maderiana | H. insularum complex from

Porto Santo. Female genitalia A,B CRBALC0329 A epigyne, ventral B vulva, dorsal C,D CRBALC0346
C epigyne, ventral D vulva, dorsal. Scale bar: 0.5 mm (A).

Santo, putatively identified as . insularum, lacked orange setae, but showed yellowish to
whitish setae. Certainly, although a remarkable size difference stands between the smallest
specimens identified as /. insularum and the largest specimens identified as H. maderiana,
similar wide intraspecific variation in size has been observed in other Hogna species, for
example the Mediterranean species H. radiata (Latreille, 1817), which may range in size
from 10 to 25 mm (Moya-Larafio, pers. comm.). Regarding male genitalic characters,
Wunderlich (1992) proposed that the presence of a concavity in the tegulum as a diag-
nostic trait for H. maderiana. This trait is readily apparent in the large specimen we pho-
tographed (Fig. 21A, white arrow), but not in the unidentified specimens of intermediate
size (Fig. 28). This feature, however, could be the result of a mechanical constraint associ-
ated to the role of the tegulum in supporting the tegular apophysis in large specimens.
Similarly, although the embolus is usually smoothly curved in both H. maderiana and H.
insularum, the actual degree of curvature may also vary across specimens (e.g., specimen
CRBALC0328 bears a straighter embolus compared to other specimens, Fig. 28A). On
the other hand, the SEM imaging revealed the presence in the embolic area of H. insular-
um (specimen CRBALC0310, from Porto Santo, Fig. 15E, F) of the loose membranous
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subterminal apophysis, indistinct under the microscope, which is not present in /. made-
riana (Fig. 21D). However, caution should be taken as this might be an artifact of subop-
timal drying process of the former specimen, which could have detached the pars pendula
from the apposition with the embolus. Also, by looking at Fig. 15F we can see that the
subterminal apophysis is folded in a way that could plausibly accompany the embolus
over a larger length. A similar pattern of intermediate forms can also be recognised among
female specimens. Although H. maderiana specimens may be diagnosed by long median
septum of the epigyne, the longest among Madeiran Hogna (Fig. 21E, F), a significant
correlation exists between epigyne size (length/width at base) and body size (Pearson’s R
=0.71, p < 0.05, from a sample of 12 females), as revealed by the unidentified specimens
from Porto Santo and females identified as H. insularum. Regardless of the actual length,
the overall shape of the lateral borders of the anterior pockets is very similar across both
taxa, showing parallel borders. Interestingly, the single adult A. insularum female available
from Madeira, a population with distinct and exclusive mtDNA haplotypes, showed a
slightly different epigynal shape (Fig. 16C). A similar relationship with body size is also
observed in the shape of the spermathecae, which are pear-shaped in larger specimens (Fig.
21F), but from ovoid, to pear-shaped and rounded in smaller H. insularum specimens
(Fig. 16B, D, E, H). Finally, regarding habitats, the largest specimens identified as H. ma-
deriana are usually found in open, grassy meadows, while smaller specimens identified as
H. insularum can be found both in the former habitat but also in shady (secondary) forest.
With the data at hand, it may seem advisable to merge both names into the same
species. However, by doing so we might be concealing some interesting biological
processes. For instance, hybridisation among close relatives have been uncovered be-
tween closely related Hogna species from the Galapagos islands (De Busschere et al.
2015). Hypothetically, introgression of adaptive genes among populations on different
Galapagos islands may have contributed to the parallel evolution of similar ecologi-
cal preferences. The ability of Hogna endemic species in Madeira to disperse between
islands, which could promote introgression, is evident by the surprising finding of im-
mature specimens originally identified as H. insularum, but that both mitochondrial
and nuclear DNA suggested they belong to H. ingens, supposedly endemic to Desertas.
Similar conflicting signals between different sources of evidence, namely morphology
and molecules, may also arise in recently diverged species or species with large ances-
tral population sizes, as exemplified by wolf spiders in the genus Pardosa (Ivanov et al.
2021). Discerning alternative scenarios will require the future integration of large-scale
population sampling with novel genome wide screening (e.g., ddRADSeq) methods.

Conservation status

As for other taxa in the archipelago (Crespo et al. 2014, 2021; Cardoso et al. 2018e),
the combination of restricted range and degrading habitat has led several species of en-
demic Hogna to be considered as threatened. While many seem to be relatively widely
distributed and abundant, three species are of concern.

Hogna ingens, the Desertas wolf spider, is limited to a single valley in the northern
tip of Deserta Grande and was recently subjected to a reduction of 80% of its range in
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a few years (Crespo et al. 2014b), leading to a classification of Critically Endangered.
A habitat recovery program is underway and several ex-situ populations are now guar-
anteeing its future survival. Recent data suggest that the habitat recovery is resulting in
the recovery of the spider population to previously affected areas. If this is confirmed
the status might improve and the status should be revised in the near future.

Hogna nonannulata seems to be restricted to a small range in the south coast of
the island of Madeira. With increasing urban pressure, it is possible that the status of
Critically Endangered is warranted for the species. More information should be col-
lected however, as contrary to most other regions in the archipelago, the area was never
subject to extensive sampling.

Hogna isambertoi sp. nov. is the third species of conservation concern, given its small
range and possible threat from aridification of the two locations from where it is known.
The scarce available data of its life cycle, with adults emerging during November and
December, warrant a monitoring program to confirm a possible status of Endangered.

We strongly recommend the rapid collection of data that can confirm or not the
status of H. nonannulata and H. isambertoi, by focusing on monitoring programs of
the southern coast of the Island of Madeira and overwintering in the southern tip of
Deserta Grande and Bugio. If confirmed, these species would benefit from both habi-
tat recovery programs and ex-situ conservation as is proving successful for H. ingens.

Conclusions

Our study underlines the importance of the integration of different lines of evidence
to fully understand the origin and diversification of species endemic to oceanic islands.
Madeiran Hogna colonised the archipelago at a time of global expansion of grasslands
and subsequently diversified throughout the archipelago into a variety of forms and
sizes. Yet, the boundaries of some species are ill-defined and there are cases where both
morphological and molecular suggest complex underlying evolutionary processes.

We tackled nomenclatural issues by revising old types and descriptions, describing
a new species, and providing the first molecular data for Madeiran Hogna. The newly
collected data confirmed the localised distribution and narrow range of some species.
Our study sets the stage for the urgent implementation of conservation measures for
the protection of these remarkable endemic species.
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Abstract

The newly described horned iguana lguana insularis from the southern Lesser Antilles is separated in
two easily recognized subspecies: 1. insularis sanctaluciae from St. Lucia and 1. insularis insularis from the
Grenadines. Its former description is completed by the use of 38 new samples for genetic and morphological
analysis. Seventeen microsatellites were used to estimate genetic diversity, population structure and the
level of introgression with other Iguana species over nearly the whole range of the species. ND4 and
PAC sequences were also used to better characterize hybridization and to complete the description of
this lineage. The /. insularis population of St. Vincent shows a high level of introgression from 7. iguana
whereas in the Grenadines, most islands present pure insularis populations but several show evidence of
introgressions. Of the two remaining populations of . insularis sanctaluciae, only one is still purebred. The

Copyright Michel Breuil et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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recent identification of this and other distinct insular species and subspecies in the eastern Caribbean, and
evaluation of where hybridization has occurred, are timely and important because the native iguanas are
in urgent need of conservation action. Among the greatest threats is the ongoing human-mediated spread
of invasive iguanas from Central and South America, which are destroying the endemic insular lineages
through multiple diachronic introgression events.

Keywords
Caribbean, lguana insularis insularis, Iguana insularis sanctaluciae, introgression, invasive alien species,
microsatellites, ND4, PAC

Introduction

Resolving taxonomic or phylogenetic uncertainties and delineating management units
according to the genetic characteristics of populations are important in conservation
biology (Groom et al. 2006; Pasachnik et al. 2009, 2020; Malone et al. 2017). This is
particularly challenging when reproductive barriers are absent between native and alien
species and interspecific hybridization occurs; sometimes leading to the extinction
of rare taxa through genetic swamping. A good example concerns the genus lguana
which was long thought to be represented by only two species (Lazell 1973): the Lesser
Antillean iguana . delicatissima (Laurenti 1768), endemic to the Lesser Antilles, and
the invasive common or green iguana (lguana iguana) [Linnaeus 1758], with a large
distribution range encompassing Central America and some offshore islands, the
north of South America and offshore islands (e.g., the ABC Islands, Los Roques and
Margarita). Recently, Vuillaume et al. (2015) reported that /. delicatissima hybridizes
with invasive /. iguana in the Lesser Antilles, resulting in the progressive elimination of
I delicatissima by genetic swamping.

The range of the lguana iguana complex sensu van den Burg et al. (2021) covers
approximately 5 million km?* (Breuil 2013) and contains independent lineages identified
by Stephen etal. (2013). Thus, obtaining sufficient numbers of individuals over the entire
geographic range for comprehensive phylogenetic and taxonomic studies covering the
entire range is difficult. However, Buckley et al. (2016) acknowledged that Breuil (2013)
found significant morphological differences between the Saba, St. Lucia, and South
American populations. Taxonomic interpretation across the global range may be much
more complicated than the conclusions drawn from our Lesser Antilles samples (Breuil
etal. 2019, 2020) as suggested by recent research on the ABC Islands and Colombia (van
den Burg and Malone 2018). In addition, numerous iguana translocations have occurred
in the Lesser Antilles since the Caribbean period (Bochaton et al. 2015; Vuillaume et al.
2015; De Jésus Villanueva et al. 2021) and have altered the original endemic populations.

The iguanas used by Breuil et al. (2019, 2020) to differentiate Lesser Antillean taxa
from continental iguanas originate from northern South America (French Guiana),
representing only 1% of the global range. Furthermore, van den Burg et al. (2021)
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showed that these French Guiana iguanas do belong to the same genetic group as those
from Surinam, Trinidad, Venezuela (Bolivar Rio Caroni) and Brazil (Alter do Chao), a
conclusion previously reached by Stephen et al. (2013) using three nuclear genes and
one mitochondrial gene. We therefore considered that these French Guiana iguanas
correspond to the species lguana iguana (Breuil 2013, 2016; Breuil et al. 2019, 2020)
described by Linnaeus (1758) based on the type locality assigned to this species by
Hoogmoed (1973) “confluence of the Cottica River and Perica Creek, Surinam” and
Duellman (2012) “vicinity of Paramaribo, Surinam”. Thus, the common iguanas of
northern South America do belong to the species lguana iguana described by Linnaeus
without prejudging the taxonomic status of populations in the rest of South America.
This is also the position taken by Buckley et al. (2016) if it is considered that those
from Central America belong to the species lguana rhinolopha (Wiegemann 1834).
Based on both genetic and morphological data, five species are now recognized
(Breuil 2013, 2016; Breuil et al. 2020; Breuil 2021; van den Burg et al. 2021;
Caribherp 2021) without considering some regions for which we had no data for these
studies (east Ecuador and Columbia, NW Venezuela and ABC Islands, South Brazil):
I. iguana endemic to north South America, east of the Andes, . rhinolopha endemic to
Central America, and, in the eastern Caribbean, . delicatissima in the northern Lesser
Antilles, 1. melanoderma endemic to Saba and Montserrat, and 7. insularis (Breuil et
al. 2020) endemic to the southern Lesser Antilles (Fig. 1). Van den Burg and Malone
(2018) argued for a revision of the taxonomy of the lguana iguana complex and our
proposals are in total accordance with published data. However, the Reptile Database
(2021) prefers to consider insularis, sanctaluciae and melanoderma as subspecies of
Iguana iguana and follows the opinion of Lazell (1973) by not recognizing rhinolopha
as a subspecies of Iguana iguana nor as a species on a morphological basis. This work
was impacted by the low number of samples, their low geographic coverage and the
long overlooked hybridization between lguana iguana and Iguana delicatissima that
has blurred the morphological distinctions between the different lineages. Given that
I. delicatissima and I. iguana readily interbreed and produce fertile hybrids, interspecific
hybridizations could be widespread in the genus lguana. To inform conservation
management, it is important identify which populations of endemic lineages are still
purebred and which show evidence of hybridization. This can be done only if the
different lineages are well characterized by means of genetic and morphological data.
The newly described horned insular iguana Iguana insularis from the southern
Lesser Antilles is separated in two subspecies, 1. insularis sanctaluciae from St. Lucia
and 1 insularis insularis from the Grenadines. The first descriptions of these taxa were
supported by, morphology, including scales and color, and genetic criteria (Breuil et al.
2019). For example, the dewlap of adult iguanas from St. Lucia (. insularis sanctaluciae)
becomes totally black with age and the body barred with broad black bands, whereas
the dewlap of the Grenadines pink rhino iguana (7. insularis insularis) is typically light
cream to cream, its bands are narrower, and, in old individuals, markings fade until the
animal is almost uniform light cream to nearly white. The genetic analysis was based
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Figure 1. A distribution of the five Iguana species recognized by Breuil et al. (2020). The Lesser Antilles

A

contain three endemic species (I delicatissima, 1. insularis, I. melanoderma) and the invasive aliens
1. iguana and I. rhinolopha, which hybridize with the endemic insular taxa. The grey line between Central
and South America indicates the approximate limit between the two recognized continental species, but
the taxonomy and distribution of iguanas in this area warrants further investigation B the three geological
banks referred to in this paper are separated by two horizontal dash black lines. The black line indicates
the political boundary between the country of St. Vincent and the Grenadines to the north and Grenada
to the south. The iguanas are named according to the results of this study and Breuil et al. (2020).

on a relatively large number of individuals from St. Lucia but only four individuals
from two islands in the Grenadines (Breuil et al. 2019) and none from St. Vincent.
This limited genetic sampling made it difficult to draw firm conclusions about the
distribution of 7. insularis insularis and its relationship to sanctaluciae.

The present paper adds distribution and genetic data from a further 34 individuals
sampled from 20 Grenadine Islands and, for the first time, four specimens from St.
Vincent. Seventeen microsatellites were used to estimate genetic diversity, population
structure and differentiation between the two subspecies as well as the level of intro-
gression with other guana species. In addition, both the mitochondrial ND4 and
nuclear gene PAC sequences were obtained to gain valuable additional information on
genetic variation and hybridization within Iguana insularis. This work aims to inform
conservation strategies to preserve the genetic integrity of purebred populations of
both subspecies, 1. insularis insularis and 1. insularis sanctaluciae.
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Materials and methods

Field methods

A rtotal of 24 islands and islets were surveyed in St. Vincent and the Grenadines, of
which 19 were confirmed to have iguanas. In the Grenadines, the islands surveyed by
JD, GG, ]G, and colleagues were Union, Tobago Cays, Petit St. Vincent, Canouan
and adjacent islands from 5-8 August 2018; Bequia, Battowia Group and adjacent
islands from 15-16 August 2018; Bequia alone on 30 August 2018; and Mustique
and its adjacent islands on 20 and 21 August 2018. Petit Canouan, Petit Nevis, Isle a
Quatre, Pigeon (Ramier) and Mustique were visited between 10-15 September 2019
(Fig. 2). No surveys were conducted on Grenadines islands within Grenada’s borders.
St. Vincent was also visited by GG and JG, but sampling was confined to Kingstown
Botanical Garden.

The iguanas were captured by hand or with a noose. Measurements (snout-vent
length and total length) and photographs were taken. Tissue samples (tail tip or shed
skin) were collected and preserved in 70% ethanol. The procedure was done as quickly
as possible, and the iguanas were released back in their habitat. Photographs were
also taken of individuals that evaded capture. Iguanas observed and/or caught in St.
Vincent and the Grenadines were identified by using the suite of morphological traits
recognized as diagnostic by Breuil (2013, 2016) and Breuil et al. (2019, 2020).

Genetic samples and genetic diversity: microsatellites

For this genetic study, we took biopsies from 34 iguanas from 15 Grenadine Islands
and four iguanas from St. Vincent. These 38 samples were genotyped using 17
microsatellite markers amplified as described by Valette et al. (2013) and Vuillaume et
al. (2015) (whereas only 15 were used in Breuil et al. 2019) (Tables 1, 2). Subsequently,
amplification products were resolved by electrophoresis on an ABI PRISM 3130
Genetic Analyzer. Product sizes were determined using the GeneMapper software
(Applied Biosystems, Saint Aubin, France), followed by verification by eye.

These individuals were considered to belong to one group according to the
description of Lazell (1973) (St. Vincent and the Grenadines) and compared to other
groups identified by Breuil et al. (2019, 2020) (Table 1). We tested all these groups
of individuals for departures from Hardy-Weinberg expectations using the software
GenAlEx (Peakall and Smouse 2006). Linkage disequilibrium was assessed for each
specific microsatellite marker as implemented in FSTAT ver. 2.9.3.2 (Goudet 2001)
(with 1,200 permutations). We adjusted the levels of significance for multiple tests
using the standard Bonferroni correction (Rice 1989). Further, we assessed genetic
polymorphism with the Allelic richness (A7), expected heterozygosity (He) and Fis
using FSTAT ver. 2.9.3.2 (Goudet 2001) with 1,200 permutations.
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Figure 2. Distribution of iguanas in the Grenadine Islands (modified from Henderson and Powell 2018;
Breuil et al. 2019). Note there are alien iguanas on some islands and not all of the island clusters shown here
have purebred populations of 1. insularis insularis. The grey line south of St. Vincent marks the break be-
tween the Saint Vincent Bank to the north and the Grenada Bank to the south. The black line between Petit
St. Vincent and Petit(e) Martinique shows the political boundary between St. Vincent and the Grenadines
to the north and Grenada to the south. The Grenadine Islands form an archipelago from the south of St.
Vincent to the north of Grenada. Almost all the Grenadine Islands in St. Vincent and the Grenadines were
surveyed during this work and, with the exception of Savan Island, had iguanas at the time of our visits.
Petit Mustique was inaccessible during our survey. The islets of Sugar Loaf, Green Island,c and Sandy Island
(all in Grenada) are reported to no longer have iguanas (Henderson and Powell 2018) but iguanas fitting
the morphology of I insularis insularis have been observed on Carriacou and Mabouya Islands (see text).
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Table I. Iguanas sampled for genetic analysis.

Localities Taxa Sample size
French Guiana iguana 7
St. Lucia (South West) rhinolopha 7
St. Lucia (Grand Anse) hybrid* 4
St. Lucia (Louvet) sanctaluciae 13
St. Vincent (Kingstown) hybrid* 4
Grenadines (Battowia) insularis 3*
Grenadines (Balliceaux) insularis 1*
Grenadines (Petit Nevis) insularis 1*
Grenadines (Pigeon) insularis 2%
Grenadines (Mustique) insularis 4*
Grenadines (Petit Canouan) insularis 3*
Grenadines (Canouan) insularis 1*
Grenadines (L'Islet) insularis 2%
Grenadines (Tobago Cays: Baradal) insularis 4*
Grenadines (Tobago Cays: Jamesby) insularis 4
Grenadines (Tobago Cays: Petit Bateau) insularis 2%
Grenadines (Tobago Cays: Petit Rameau) insularis 2%
Grenadines (Union Island) insularis 3B*+1)
Grenadines (Palm Island) insularis 3
Grenadines (Petit St. Vincent) insularis 2%
Montserrat melanoderma 11
Saba melanoderma 6

* denotes individuals that were new to this study and not presented in previous publications.
# hybrid indicates introgressed populations that were identified by a previous study for St. Lucia (Breuil et al. 2019) and by morphology
and genetic analysis for St. Vincent.

Genetic structure and introgression

For these analyses, we used microsatellite data from the first four iguanas captured in
the Grenadines (. insularis insularis from Union and Palm Islands) in 2018, 17 iguanas
from northeast St. Lucia corresponding to 1. insularis sanctaluciae, seven 1. rhinolopha
collected from southwest St. Lucia (where this species is an invasive alien), seven
I. iguana from French Guiana (see Breuil et al. 2019) and 17 . melanoderma from
Saba and Montserrat (Breuil et al. 2020) to obtain information about introgression
and genetic structure (Table 1). All these analyses were made using 17 microsatellite
markers (Table 2).

We computed pairwise fixation index (£sz) values between groups of individuals
(Weir and Cockerham 1984) using FSTAT v. 2.9.3.2 (Goudet 2001). We adjusted
the levels of significance for multiple tests using the standard Bonferroni correction as
implemented in FSTAT v. 2.9.3.2 (Goudet 2001).

We conducted a Discriminant Analysis of Principal Components (DAPC) in the
adegenet package (Jombart 2008; Jombart et al. 2010) for R version 3.5.0 to investigate
population genetic structure at the individual level. We first performed a Principal
Component Analysis (PCA) to transform the raw genetic data retaining all principal
components to maximize the variation of the original data. The best number of clusters
K was estimated using the function find. clusters that implemented a K-means clustering
minimizing the variation within clusters and a Bayesian Information Criterion (BIC)
approach. We assumed a maximum number of 10 clusters and ran the K-means
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Table 2. Summary of the genetic diversity parameters for each locus and each locality.

Loci Parameters Groups of individuals
iguana  rhinolopha Hybrid luci, insularis lanoderma lanoderma Al
French St. Lucia  St. Lucia St. Lucia St. Vincent  (Montserrat) (Saba)
Guiana Grand Louvet and the
Anse Grenadines
n=7 n="7 n=4 n=13 n=42 n=11 n=6 90
12 He 0.262 0.476 0.583 0.000 0.587 0.245 0.000 0.320
Ar 1.505 1.789 1.929 1.000 2.195 1.470 1.000 2.318
Fis -0.091 1.000 0.571 NA 0.716 -0.111 NA 0.428
L3 He 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ar 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.29
Fis NA NA NA NA NA NA NA NA
L5 He 0.524 0.690 0.750 0.000 0.000 0.364 0.333 0.380
Ar 1.915 2.538 2.643 1.000 1.000 1.674 1.576 1.666
Fis -0.091 -0.448 0.000 NA NA -0.250 1.000 0.042
L6 He 0.524 0.429 0.583 0.000 0.260 0.564 0.2 0.366
Ar 1.869 1.789 1.971 1.000 1.522 2.154 1.400 2.218
Fis 0.727 -0.333 0.143 NA 0.634 0.355 0.000 0.254
L8 He 0.262 0.5 0 0 0 0 0 0.109
Ar 1.505 2.000 1.000 1.000 1.000 1.000 1.000 1.117
Fis -0.091 0.000 NA NA NA NA NA -0.046
L9 He 0.607 0.619 0.583 0.000 0.675 0.672 0.717 0.553
Ar 2.326 2.181 1.971 1.000 2.478 2.507 2.461 2.652
Fis -0.412 0.308 0.143 NA 0.577 0.256 0.535 0.235
L13 He 0.000 0.000 0.583 0.000 0.266 0.000 0.000 0.121
Ar 1.000 1.000 1.971 1.000 1.496 1.000 1.000 1.866
Fis NA NA 0.143 NA 0.373 NA NA 0.258
L14 He 0.143 0.000 0.250 0.091 0.157 0.467 0.683 0.256
Ar 1.286 1.000 1.500 1.182 1.308 1.845 2.434 1.995
Fis 0 NA 0 0 0.546 -0.5 0.024 0.012
L15 He 0.679 0.357 0.250 0.000 0.092 0.091 0.000 0.210
Ar 2.426 1.670 1.500 1.000 1.180 1.182 1.000 1.806
Fis 0.158 -0.200 0.000 NA 0.484 0.000 NA 0.088
Li6 He 0.143 0.733 0.000 0.000 0.175 0.000 0.000 0.150
Ar 1.286 2.461 1.000 1.000 1.335 1.000 1.000 1.452
Fis 0.000 0.773 NA NA 0.457 NA NA 0.410
L17 He 0.488 0.548 0.750 0.000 0.184 0.000 0.000 0.281
Ar 1.955 1.915 2.557 1.000 1.367 1.000 1.000 2.236
Fis 0.415 0.478 0.333 NA 0.736 NA NA 0.491
L18 He 0.533 0.381 0.000 0.000 0.177 0.403 0.000 0.213
Ar 1.939 1.670 1.000 1.000 1.335 1.810 1 1.978
Fis -0.250 0.625 NA NA 1.000 0.448 NA 0.456
L19 He 0.524 0.000 0.750 0.000 0.218 0.650 0.533 0.382
Ar 1.930 1.000 2.643 1.000 1.428 2.381 1.919 2.172
Fis -0.364 NA 0.000 NA 0.344 -0.119 0.063 -0.015
L20 He 0.655 0.524 0.750 0.000 0.198 0.445 0.000 0.367
Ar 2411 1.915 2.557 1.000 1.383 1.809 1.000 2.422
Fis -0.091 -0.091 0.333 NA 0.759 -0.429 NA 0.096
123 He 0.821 0.350 0.750 0.000 0.296 0.000 0.200 0.345
Ar 2921 1.667 2.643 1.000 1.616 1.000 1.400 2.454
Fis 0.304 -0.143 0 NA 0.239 NA 0.000 0.080
124 He 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ar 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fis NA NA NA NA NA NA NA NA
125 He 0.000 0.000 0.750 0.520 0.000 0.000 0.303 0.315
Ar 1.000 1.000 2.643 1.904 1.000 1.000 1.576 2.089
Fis NA NA 0.000 -1.000 NA NA 1.000 -0.152
All He 0.363 0.330 0.431 0.036 0.193 0.229 0.174 0.257
Ar 1.722 1.623 1.855 1.063 1.391 1.461 1.339 1.925
Fis 0.038 0.198 0.118 -0.846 0.583 -0.017 0.432 0.288

N: number of analyzed samples; He: expected heterozygosity, Ar: allelic richness and Fis : inbreeding coefficient. In italics and bold: the
Fis value with significant departures from Hardy-Weinberg expectations (i.e., significantly different from 0; P < 0.0005 after Bonferroni
adjustment). NA = not available. The iguanas of St. Vincent were included in the group insularis according to their geographical origin.
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algorithm with 1,000 random starting values and 10 iterations to ensure convergence.
A Discriminant Analysis (DA) was then applied with the DAPC function using 30
principal components explaining more than 95% of the total variance of the data and
retaining two discriminant functions that carried most information.

At the individual level, we also accessed the genetic structure using the Bayesian
approach implemented by the software STRUCTURE (Pritchard et al. 2000). This
clustering approach estimated both the number (X) of genetic cluster(s) and the
admixture coefficient of individuals to be assigned to the inferred clusters. We selected
the admixture model and the option of correlated allele frequencies among populations.
As recommended by Evanno et al. (2005), we replicated 20 independent runs for each
value of K (with K'varying from 1 to 10) with a total of 100,000 burn-in and 100,000
recorded iterations. To determine the number of genetic clusters from structure
analyses, we used the STRUCTURE HARVESTER program (Earl and VonHoldt,
2011) to compare the mean likelihood computed from the 20 independent runs.

The best number of clusters was determined using the hierarchical approach
delta K method (Evanno et al. 2005). In a first stage, the uppermost hierarchical
structure was determined by determining the best number of clusters using delta K
on the entire dataset. In a second stage, independent analyses were performed with
individual belonging to each genetic cluster identified in the first stage to identify
more refined population genetic structure within main genetic clusters. The total
number of clusters was then determined by summing up the number of clusters
in analyses of the subset of the data. The final result was obtained by selecting the
most likely run from the entire dataset analysis (i.e., showing the highest likelihood)
within repeated runs at optimal K value. The R package ape (Paradis et al. 2019) was
used to build a genetic distance tree based on the allele frequency divergence among
genetic clusters computed by STRUCTURE.

Mitochondrial and nuclear genes

ND4 sequences were obtained from 14 individuals from St. Vincent and the Gren-
adines following the methods of Breuil et al. (2019), and the PAC region was se-
quenced from five individuals from St. Lucia, three from St. Vincent, and 10 from
the Grenadine Islands according to the protocol of Stephen et al. (2013). These were
used to gain a more complete insight into introgression because these two genes are
diagnostic of Iguana insularis sanctaluciae in St. Lucia (Stephen et al. 2013) and, as
discovered in this work, also of 1. insularis insularis in St. Vincent and the Grenadines.

Results

Geographical distribution of iguanas in St.Vincent and the Grenadines

This analysis confirms the presence of Grenadines pink rhino iguanas (I insularis
insularis) on the following Grenadine Islands (listed from north to south): Bequia, Petit
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Nevis, Isle 2 Quatre, Pigeon Island, Battowia, Baliceaux, Mustique, Petit Canouan,
Canouan, LlIslet, Catholic Island, Mayreau, Baradal, Jamesby, Petit Bateau, Petit
Rameau, Union Island, Palm Island, Frigate Rock, and Petit Saint Vincent (Fig. 2). No
iguanas were observed on Petit Tabac, Church Cay, West Cay, the Pillories (small cays
between Battowia and Baliceaux) or Savan Island. All the aforementioned islands are
within the political boundary of St. Vincent and the Grenadines: no genetic data were
obtained from islands belonging to Grenada.

All the iguanas captured and/or photographed from the Grenadines showed char-
acteristics consistent with 7. insularis insularis (Breuil et al. 2019). For example, 12
iguanas from the Tobago Cays (Baradal, Jamesby, Petit Bateau, and Petit Rameau,
Fig. 3) were adults that had lost their juvenile green coloration (Fig. 4), 11 of which
had black stripes of variable intensity and width on a pale body, often with a pinkish
hue (hence their trade name “zebra iguanas” or “Grenadines pink rhino iguanas”).
Some iguanas had lost their black stripes, with only a few dark scales remaining. These
iguanas were typically the largest and presumably oldest ones encountered. The largest
individual (136 cm total length) was captured on Petit Bateau.

Three out of the four iguanas captured on St. Vincent (Kingstown Botanical Gar-
den) were photographed (Fig. 5) and did not present any of the diagnostic character-
istics of L insularis described by Breuil et al. (2019). IGU139 (Fig. 5) is an old male
with an elongated head, no nasal horns, a light eye with no white visible, a huge sub-
tympanic plate, a mosaic of small scales anterior to this plate and a green body with
light grey dorsal spines. This phenotype can be interpreted as an intermediate between
I. iguana from French Guiana and 7. rhinolopha with no apparent morphological traits
of I insularis apart from a low number of small to medium-sized tubercles on the neck.
IGU140 was a young individual without horns, but other diagnostic characters could
not be checked because of its age. IGU141 (Fig. 5) was a female that did not present
any morphological characteristics of 1. insularis. The very small nasal horns cannot be
interpreted on this picture as typical of rhinolopha or insularis or intermediate between
them. This individual possessed black scales between the eye and the tympanum that
forms a kind of discontinuous spot (not dissimilar to the black spot of 1. melanoderma:
Breuil et al. 2020). Overall, these three iguanas had a phenotype most similar to 7.
iguana from French Guiana.

Genetic diversity

No linkage disequilibrium was detected after applying a Bonferroni correction (p-value
threshold after Bonferroni adjustment, P = 0.0005). Only eight of the 105 groups
of individuals/locus combinations deviated significantly from Hardy-Weinberg
expectations (adjusted p-value threshold after Bonferroni adjustment, P = 0.0004).
These deviations occurred only for populations of 7. insularis and likely resulted from
a Walhund effect because the individuals came from different Grenadine islands and
likely displayed different genetic signatures. All microsatellite loci were polymorphic
with an allelic richness (A7) ranging from 1 to 2.921 and a genetic diversity (He)
ranging from 0 to 0.821 across groups of individuals (Table 2).
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Figure 3. Photographs of three adult male lguana insularis insularis on the Tobago Cays (Grenadine
Islands). A IGU105 (Baradal). This male has the typical coloration of 1. insularis insularis with faint black
banding, eye with visible white area, nasal horns, small subtympanic plate and very few and small tubercles
on the neck, but also presents atypical sublabial scales and conical scales on the nape B IGU112 (Petit
Rameau) is a typical older male 7. insularis insularis, with no black bands on the body (not shown in this
photograph) € IGU110 (Petit Bateau) has a body with small and narrow ventral black bands and numerous
black scales on the body. 1. relatively small subtympanic plate 2. mosaic of small scales 3. very low to low
number of small neck tubercles 4. lateral and median horns 5. white visible in the eye. 6. brown eye 7. light
cream coloration in old adults; green in juveniles and younger adults 8. light dewlap with some black scales
(€) 9. small number of small gular spikes (not always visible on the photographs) 10. light body with
different degrees of persistence of black stripes 11. light and high dorsal spikes with a pink or orange hue.

Population structure

Results revealed significant genetic differentiation between groups of individuals
(mean Fsz value = 0.55) (Table 3). DAPC (Fig. 6) clearly suggested a strong genetic
differentiation between five groups: alien individuals from St. Lucia (. rhinolopha),
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Figure 4. A Iguana insularis sanctaluciae hatchlings (northeast Saint Lucia) B hatchling 7. insularis
insularis (IGU143, Union Island, Grenadines). The . insularis hatchlings in both A and B show strong
dark green to light green banding on the body and the tail, with a white mark at the scapular level

C hatchlings alien I rhinolopha in Florida. These iguanas have a nearly uniform green body with only

some brown narrow banding on the body.
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information) 1. medium (B) to large subtympanic plate (A) 2. mosaic of small scales 3. low number of
small neck tubercles 4. no horn (A) or very short horns (B) 5. no white visible in the eye 6. yellowish-
brown eye (A) or light brown eye (B) 7. grey-green coloration (A, B) or green-black coloration (B). None
of these morphological features conform with the characteristics of I insularis insularis.

Table 3. Comparison of Fs values for each pairwise group of individuals (below diagonal) and their sig-
nificance (above diagonal). P-value threshold after Bonferroni adjustment, P = 0.0024. NS = not signifi-
cant; * = significant. Mean Fsz values: 0.55. The iguanas of St. Vincent were included in the group insularis
according to their geographical origin but are hybrids as this was discovered by this work.

1 2 3 4 5 6 7
1 Iguana iguana French Guiana - NS NS * * * NS
2 I rhinolopha St Lucia 0.53 - NS NS * NS NS
3 Hybrid St Lucia Grand Anse 0.26 0.45 - NS * * NS
4 I insularis sanctaluciae St Lucia Louvet 0.74 0.82 0.54 - * * *
5 I insularis insularis St Vincent and the 0.53 0.72 0.38 0.34 - * *

Grenadines

6 I melanoderma Montserrat 0.38 0.63 0.45 0.81 0.64 - *
7 I melanoderma Saba 0.46 0.66 0.50 0.87 0.71 0.11 -

native individuals from both Montserrat and Saba (endemic /. melanoderma),
individuals from St. Lucia (endemic /. insularis sanctaluciae), individuals from
the Grenadines (endemic /. insularis insularis), and French Guiana (/. iguana). It
confirmed there is clear genetic differentiation between 1. insularis insularis from the
Grenadines and 1. insularis sanctaluciae from St. Lucia. Moreover, the populations
of St. Vincent and Grand Anse (St. Lucia) show mostly hybrids (Z. insularis admixed
with alleles from 7. iguana and I. rhinolopha; Fig. 7).

Moreover, the twenty independent runs implemented in the STRUCTURE and
STRUCTURE HARVESTER software revealed the highest mean likelihood for K'= 2

genetic clusters (Fig. 7). Indeed, the main genetic structure we found clearly distin-
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guished individuals of both 1 insularis insularis and I insularis sanctaluciae (from the
Grenadines and St. Lucia, respectively) from other taxa (i.e., 1. rhinolopha, 1. iguana, I.
melanoderma). The results also highlighted individuals showing intermediate admix-
ture coefficients on both St. Lucia and St. Vincent, suggesting hybridization (Figs 5, 7).
With K = 5, the STRUCTURE software also clearly separated genetic clusters that fit
well with the five taxa (Figs 6, 7).

Mitochondrial and Nuclear Genes

Of 14 individuals from St. Vincent (z = 3) and the Grenadine Islands (z = 11)
sequenced for ND4 for this study, the haplotype of St. Lucia AF217782 identified
by Stephen et al. (2013) was found on St. Vincent (z = 3), Battowia (7 = 3), Tobago
Cays (n = 3), Pigeon Island (z = 1), Union Island (7 = 1) and Petit St. Vincent
(n = 1). Moreover, an insularis haplotype (MK687402-3) previously identified by
Breuil et al. (2019) on Palm Island was also found on Jamesby (MN590142) and
Mustique (MN590150).
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Figure 6. Discriminant Analysis of Principal Components (DAPC). A variation of the Bayesian
Information Criterion (BIC) as a function of the assumed number of genetic clusters (K) B scatterplot
representing individual (dots) and clusters (inertia ellipse) location in the principal component space
C correspondence between species determination (in line) and genetic cluster (in column). The taxa
names refer to species level for all them except for insularis and sanctaluciae which are the two subspecies

of Iguana insularis. Hybrid refers to the population of St. Vincent.
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Figure 7. Hierarchical Structure analysis: A delta K method estimating that the uppermost hierarchical
structure is composed of two main genetic clusters B corresponding barplot showing each individual as
a vertical bar where each color corresponds to the admixture coefficient of the inferred genetic clusters;
additional analyses within each of these two genetic clusters C-F showed that the first genetic cluster is
composed of three genetic clusters (C, D) and the second one of two genetic clusters (E, F) totalizing an
overall number of five genetic clusters across the whole dataset G genetic distance tree between genetic

clusters based on the allele frequencies divergence among clusters H.

The ND4 haplotype AF217782 identified by Stephen et al (2013) in St. Lucia is
also present in . insularis insularis: the three hybrids from St. Vincent, the three from
Battowia, in three of four individuals from the Tobago Cays (Baradal, Petit Bateau,
Petit Rameau), in the one from Petit St. Vincent, and in one of the two iguanas
from Union Island. Palm Island has three different haplotypes, but we did not find
AF217782 here. Jamesby (Tobago Cays) and Mustique have another haplotype. Thus
of the 28 sequences available for Iguana insularis (Stephen et al. 2013; Breuil et al.
2019, this study) none of the haplotypes of this species were observed among the 201
sequences studied (Stephen et al. 2013: 7 = 73; Breuil et al. 2019, 2020: 7 = 19; De
Jésus Villanueva: 7 = 109). Breuil et al. (2019, 2020) published two median-joining
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haplotype networks for ND4 showing the independent position of these insularis
haplotypes at the end of a branch.

All the sequenced iguanas from the Grenadines (7 = 10) had the same endemic
haplotype of the PAC gene (JN811117) as the one found in Louvet (St. Lucia) by
Stephen et al. (2013) with 7 = 6. This haplotype differs by a G instead of a A at site
323. Moreover, we also found this haplotype in three hybrids from St. Vincent that
were homozygous for this gene. Conversely, the population of Grand Anse (St. Lucia)
had two iguanas (IGU53, IGU57) with this endemic JN811117 haplotype, whereas
two others (IGU55, IGU56) are homozygous for a widespread Central American
haplotype (JN811107).

The haplotype (JN811117) of the PAC gene identified by Stephen et al. (2013)
in six individuals from St. Lucia was also found in all individuals of . insularis: three
from St. Lucia (Louvet), ten from the Grenadines and three hybrid individuals from
St. Vincent. Two iguanas from the Grand Anse (St. Lucia) hybrid population out of
the four sampled are homozygous for this haplotype while the other two recognized
as hybrids (Breuil et al. 2019) are homozygous for a haplotype (JN811107) present in
iguanas from Belize, El Salvador, Honduras, Guatemala, and Nicaragua. For example,
the 70 PAC gene sequences obtained by Stephen et al. (2013), the 86 sequences from
invasive exotic iguanas (De Jésus Villanueva et al. 2021) and the 19 from this study reveal
25 different haplotypes for this gene. Of 175 iguanas sequenced for this gene, haplotype
JN811117, found nowhere else, unambiguously identifies lguana insularis among all
other lineages and thus confirms the complex hybridization history of some populations.

Discussion

Distribution of Iguana insularis on the St.Vincent and Grenada/Grenadines banks

All 34 iguanas sampled on 15 islands across the Grenadines during the present survey
were identified as 1. insularis insularis and their morphology reinforced the assertion
by Breuil et al. (2019) that the subspecies insularis and sanctaluciae can be reliably
distinguished as adults from their coloration: Adult /. insularis insularis are characterized
by a beige, cream or even dirty white dewlap with relatively narrow black body stripes
that tend to fade with age, whereas 1. insularis sanctaluciae typically develops a black
dewlap and has relatively wide black body stripes that become even more pronounced
with age.

Results from microsatellites from the 34 new samples from the Grenadines were
found to be in accordance with morphological data. This study confirms the presence
of Ilguana insularis insularis on multiple Grenadine Islands based on genetic data. Both
STRUCTURE and DAPC genetic analyses confirmed there is a clear differentiation
between 1. insularis insularis and I. insularis sanctaluciae (which was reported by Breuil et
al. 2019 but based only on four genetic samples from the Grenadines). The Fsz value was
around 0.32, which supported a strong genetic difference between the two subspecies.
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While I insularis sanctaluciae is restricted to St. Lucia (Breuil et al. 2019), the
new genetic evidence from the Grenadines shows I insularis insularis extends from
Bequia (North) to at least as far south as Petit St. Vincent. Gaymes and Justo-Gaymes
(2018) observed iguanas with this phenotype on 19 of the 24 islands surveyed within
the national boundary of St. Vincent and the Grenadines. Photographs of iguanas
nesting in April 2020 on Anse la Roche, Carriacou, and iguanas in December 2020
on Mabouya Island, two of the Grenadine Islands in Grenada, were also consistent
with I insularis insularis (Juliana Coffey in litt. to JD). Indeed, the native range of
this taxon might extend as far south as the main island of Grenada, as suggested by
the pioneering work of Lazell (1973), which shares the same geological bank as the
Grenadines. Photographs of Grenadian iguanas published in Henderson and Powell
(2018: 43, 267), however, show a combination of morphological characteristics that
indicates the presence of hybrids with . iguana and 1. rhinolopha.

One of the challenges to elucidating the natural ranges of iguanas in this region
is that they are often transported by people. For example, it is common practice for
hunters to collect live iguanas from the Grenadines to sell as bushmeat on St. Vincent
and Grenada during the hunting season from October through January (GG, pers.
obs.). Daudin and de Silva (2011) reported that hunting is frequent on the uninhabited
island of Baliceaux, from which hunters from Bequia and St. Vincent “carry away
dozens of iguanas”. Some years ago, 30 iguanas from Palm Island were translocated to
Petit St. Vincent, and in 2005 the St. Vincent & the Grenadines Forestry Department
relocated 260 iguanas from Palm Island to the nearby Tobago Cays (also in the
Grenadines) and to the Kingstown Botanical Garden on St. Vincent (Daudin and de
Silva 2011). In 2020, 20 iguanas from Palm Island were translocated to Union Island
by the Forestry Department, again in response to complaints from the Palm Island
Resort. These translocations show the impact of human on the distribution and genetic
structure of iguana populations in this region and thus it might be supposed that no
population has remained untouched. Natural dispersal between nearby islands may
also serve to homogenize these populations.

Spread and impacts from alien iguanas: introgression of Iguana insularis

Our samples from Battowia, Baliceaux, and Petit Canouan (Grenadine Islands) showed
evidence of introgression of . insularis insularis by South American /. iguana. Similar
observations were reported by Breuil et al. (2019) in one specimen of /. insularis insularis
on Union Island that harbored a South American mitochondrial haplotype (based
on the analyze of the ND4 /oci MK687401). Introgression is already a well-known
phenomenon in iguana populations, notably between /. iguana and 1. delicatissima
in Guadeloupe and Anguilla and between 1. rhinolopha and I delicatissima in St.
Barthélemy (Breuil 2013, 2016; Vuillaume et al. 2015; Pounder et al. 2020) and St.
Eustatius (van den Burg et al. 2018). Iguana rhinolopha is an invasive alien species
in the Lesser Antilles and is inferred to have originated from breeding farms in
Central America (Costa Rica, Nicaragua, Honduras, Guatemala, El Salvador), which
supply the pet trade (Stephen et al. 2011). lguana iguana is also invasive in the Lesser
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Antilles and may have arrived in St. Vincent and in the Grenadine Islands from the
allochthonous /. iguana population of Martinique, where the species was introduced
from Les Saintes and thus from French Guiana (Breuil 2009). In the light of both
genetic and morphological results, the islands where 1. insularis insularis specimens
showed no or very low introgression with continental alien iguanas were Baliceaux,
Petit Nevis, Mustique, Pigeon (Ramier), Petit Canouan, Llslet, and the Tobago Cays
(Baradal, Jamesby, Petit Rameau, Petit Bateau). On Battowia, Union Island, Palm
Island, and Petit St. Vincent, on the other hand, the situation is more complex with
some individuals being admixed with continental iguana alleles and, on Union and
Palm islands, 7. insularis sanctaluciae alleles.

While 1. insularis insularis is considered endemic to the Grenada Bank (which
includes the Grenadines) and /. insularis sanctaluciae is endemic to St. Lucia, Breuil
et al. (2019) were unable to identify the taxon indigenous to the St. Vincent Bank,
which lies between the two (Fig. 1B). The present study was unfortunately unable
to answer this question definitively because all four iguanas sampled on St. Vincent
during the present survey were found to belong to a hybrid population. All three
that were photographed had a phenotype closely resembling French Guiana /. iguana
whereas their PAC and ND4 sequences are insularis and their microsatellites are a
combination of lguana iguana, I. rhinolopha, and I. insularis insularis. We have no data
on the morphology of the fourth specimen, IGU132, but its microsatellite genotype
corresponded with /. insularis insularis. It is, however, impossible to establish whether
this last specimen represents an endemic iguana from the original population of St.
Vincent or is the descendant of released or escaped iguanas from the Grenadines (e.g.,
Daudin and de Silva 2011). The ND4 haplotype of these three St. Vincent iguanas shows
that the maternal lineage is /. insularis and this haplotype is the most common found
in this species (MN590151-53). The homozygous PAC diagnostic locus (JN811117)
shows that have been at least backcrosses with 7. imsularis. The microsatellites also
indicate that this population is deeply introgressed. We see on St. Vincent an important
discrepancy between the genetic analysis of this hybrid population and its morphology,
which seems to indicate a nearly pure Iguana iguana population.

We have not found any genetic or morphological signs of 1. delicatissima in the
iguanas from St. Vincent and the Grenadines. Conversely, in one population sampled
on St. Lucia (Grand Anse, 7 = 4), Breuil et al. (2019) found two 1. insularis sanctaluciae
with a delicatissima mitochondrial haplotype (MK687394-95). Moreover, these two
individuals are homozygous for a PAC Central American haplotype (JN811107) and
present microsatellites typical from /1. iguana and I rhinolopha. The third individual
has a delicatissima ND4 like haplotype (MK687392) and is homozygous for the PAC
insularis diagnostic haplotype (JN811117), while its microsatellites show introgression
with both 7 iguana and 1. rhinolopha. The fourth individual from this population has
ND4 and PAC haplotypes and microsatellites typical from I insularis sanctaluciae.
Thus, this St. Lucian population demonstrates the complexity of hybridization in the
genus lguana, where some individuals possess genetic sequences belonging to four
phylogenetic species that all have the ability to breed and produce fertile offspring,
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as demonstrated by the backcrosses. One of us (JD) was told in May 2021 that the
Forestry Department of St. Lucia used to take iguanas handed in by the public to
release at Grand Anse. This was done at a time where the morphological differences
between iguanas were not well understood and these unfortunate translocations may
well explain the alien genes in that population.

Implications of these findings for the conservation of Iguana insularis

As a result of both deliberate and accidental transportation, invasive alien iguanas
(1. ignana and I. rhinolopha) and their fertile hybrids are now widely scattered across the
Eastern Caribbean and pose a serious threat to all remaining indigenous populations
of I. insularis, I. melanoderma and I. delicatissima (Breuil et al. 2019, 2020; Pounder
et al. 2020; van den Burg et al. 2018; Breuil 2021). Indeed, a number of populations
have already been lost following incursions by invasive alien [guana species, e.g.,
I. delicatissima from most of Guadeloupe after the arrival of /. iguana (Vuillaume et
al. 2015). The spread of alien lineages is likely to accelerate, with increasing traffic
between islands and the projected increase in the frequency and severity of hurricanes
due to climate change. Shortly after Hurricane Maria struck Dominica in September
2017, conservationists on the island discovered an incursion of alien iguanas that were
inferred to have arrived on cargo boats with relief supplies, posing a major threat to
the indigenous /. delicatissima population (van den Burg et al. 2020, 2021). At the
time of writing, St. Vincent, reeling from a series of volcanic eruptions that began in
April 2021, is receiving humanitarian aid on boats from Martinique and other islands
whose harbors are infested with hybrid iguanas. Further arrivals of alien iguanas could
eventually result in the progressive genetic absorption of I insularis. The available
evidence, mainly photographs, suggests that this may have already been the fate of the
native iguanas on the main islands of St. Vincent and Grenada. Further surveys are
urgently needed on both islands to determine whether any intact populations of their
native iguanas remain.

These findings have important implications for conserving /. insularis. Most of
the known populations are small, fragmented and exposed to multiple anthropogenic
threats in addition to the alien iguanas. St. Lucia’s native population (subsp. sanctaluciae)
is severely depleted and restricted to northeast St. Lucia, where it is under immense
pressure from habitat loss, illegal poaching for bushmeat and the international pet
trade, and feral and invasive alien mammals. Furthermore it faces a rising population
of invasive alien 7. rhinolopha that is spreading from southwest St. Lucia (Krauss et
al. 2014). This subspecies clearly meets the IUCN criteria for Critically Endangered
(Breuil et al. 2019), meaning it is at high risk of extinction. As shown in this paper, there
is already clear evidence of hybridization in Grand Anse, an area that was erroneously
believed to contain only purebred St. Lucia iguanas.

The situation looks somewhat brighter in the Grenadines, where the native iguanas
(subsp. insularis) still occupy at least 21 of the 35 named islands. Unfortunately, most
of these sites are very small and unprotected, and there is little to prevent incursions of
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alien iguanas from St. Vincent or Grenada, especially during the hunting season when
live iguanas are openly transported between islands. Evidence of past hybridization
with 7. iguana was detected on several islands. Other threats observed during our field
surveys included invasive alien cats, dogs, and rats (which prey on iguanas and eggs),
domestic goats (which destroy vegetation), and bushfires (including the near-annual
fires on Petit Canouan lit by seabird egg-collectors) (Gaymes and Justo-Gaymes 2018;
Daltry and Steele 2020). Iguanas are hunted across the Grenadines for meat and,
increasingly, for the international pet trade. A recent study found the “Grenadines
pink rhino iguana” among the top three reptiles traded from the Eastern Caribbean
(Noseworthy 2017). By recognizing the new species and two subspecies, we realize that
the demand from reptile collectors could increase (Auliya et al. 2016) and this must
be countered by increased protection both locally and internationally. We therefore
uphold the recommendation in Breuil et al. (2019) to upgrade Iguana insularis from
CITES Appendix II to Appendix I. We also call for tighter controls on the movements
of iguanas between islands, even within national borders, to avoid unsustainable
hunting and reduce the spread of alien iguanas.

Differentiation of Iguana insularis

The microsatellites used in this study clearly show the uniqueness of the insularis
lineage compared to other representative populations in the lguana iguana complex.
Furthermore, comparison of the two subspecies of insularis, in a broader geographic
context (van den Burg et al. 2021) including individuals from the different clades
identified by Stephen et al. (2013), supports the originality of this species and its
separation into two subspecies.

All of these genetic data (unique PAC and ND4 haplotypes) also confirm the
uniqueness of the iguana populations of the southern Lesser Antilles, which were first
identified by Lazell (1973). The combination of different morphological characteristics
(scales, color) gives them a unique phenotype found nowhere else. These distinctive
features have been acquired through an independent evolutionary history and are ar-
guments for the recognition of the southern Lesser Antilles populations as a species
with two easily identified subspecies which share morphological and genetic synapo-
morphies. However it would be similarly reasonable to hypothesize that insularis and
sanctaluciae are subspecies of Iguana iguana along with melanoderma and rhinolopha.
Based on our data (morphology, genetic), we lean towards splitting this complex into
several species, but we know well that further research is needed, especially in South
America, to get a consensus for the taxonomy of this iconic lizard.

Conclusion

The current range of the southern Antilles horned iguana lguana insularis includes St.
Lucia (subsp. sanctaluciae) and at least 21 islands in the Grenadines (subsp. insularis).
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The first descriptions of these taxa were informed by genetic analysis of a relatively
large number of individuals from St. Lucia but only four from the Grenadines (Breuil
et al. 2019). The present paper adds genetic data from a further 34 individuals in the
Grenadines and, for the first time, four from St. Vincent. Seventeen microsatellites,
PAC and ND4 genes were used to estimate genetic diversity, population structure,
and differentiation between the two subspecies as well as the level of introgression
with other Iguana species. The results support recognition of lguana insularis as an
independent lineage and also confirms there is a clear genetic differentiation between
L insularis insularis and I insularis sanctaluciae. Because gene flow with introgression
exists between all these five species, these recognized taxa do not fit the biological spe-
cies concept and thus could be considered as subspecies of lguana iguana (as suggested
by the Reptile Database, 2021). However, this gene flow is a recent phenomenon due
to human activities. These anthropogenic movements of iguanas have disrupted the
normal and independent evolution of these different island populations.

Despite having only recently been described, Iguana insularis faces multiple threats,
including unsustainable hunting, habitat loss and invasive alien species, including alien
iguanas. While purebred 7. insularis insularis populations survive on several islands in
the Grenadines, our results reveal evidence of hybridization with /. iguana, an invasive
alien species from South America, and 7. rhinolopha from Central America. The I in-
sularis population of St. Vincent shows a high level of introgression from /. iguana,
while on St. Lucia, a growing population of invasive Central American /. rhinolopha
endangers the remnant population of 1. insularis sanctaluciae. Experiences from other
islands suggest that both invasive alien species are capable of driving native iguana to
extinction through competition and introgression. Stronger protection of 1. insularis
is required throughout its range, coupled with concerted efforts to curb the spread of
alien iguanas, /. iguana and 1. rhinolopha.
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Abstract

Hypochilus is a relictual lineage of Nearctic spiders distributed disjunctly across the United States in three
montane regions (California, southern Rocky Mountains, southern Appalachia). Phylogenetic resolution
of species relationships in Hypochilus has been challenging, and conserved morphology coupled with
extreme genetic divergence has led to uncertain species limits in some complexes. Here, Hypochilus in-
terspecies relationships have been reconstructed and cryptic speciation more critically evaluated using a
combination of ultraconserved elements, mitochondrial CO1 by-catch, and morphology. Phylogenomic
data strongly support the monophyly of regional clades and support a ((California, Appalachia), southern
Rocky Mountains) topology. In Appalachia, five species are resolved as four lineages (H. thorelli Marx,
1888 and H. coylei Platnick, 1987 are clearly sister taxa), but the interrelationships of these four lineages
remain unresolved. The Appalachian species H. pococki Platnick, 1987 is recovered as monophyletic but is
highly genetically structured at the nuclear level. While algorithmic analyses of nuclear data indicate many
species (e.g., all H. pococki populations as species), male morphology instead reveals striking stasis. Within
the California clade, nuclear and mitochondrial lineages of H. petrunkevitchi Gertsch, 1958 correspond
directly to drainage basins of the southern Sierra Nevada, with H. bernardino Catley, 1994 nested within
H. petrunkevitchi and sister to the southernmost basin populations. Combining nuclear, mitochondrial,
geographical, and morphological evidence a new species from the Tule River and Cedar Creek drainages
is described, Hypochilus xomote sp. nov. We also emphasize the conservation issues that face several micro-
endemic, habitat-specialized species in this remarkable genus.

Copyright Erik Ciaccio et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Discovering and delimiting cryptic species boundaries is, almost by definition, chal-
lenging. When the multispecies coalescent (MSC) is applied to species delimitation,
species boundaries are explored by estimating gene trees and accounting for species
tree/gene tree discordance using MSC models. Critical to this approach is discerning
the boundary between population-level versus species-level divergence, as a core as-
sumption of most MSC models is that species are panmictic and without population
structure (Degnan and Rosenberg 2009). It is now well-established that, in systems
with high natural population genetic structuring, MSC-based delimitation meth-
ods can conflate structure at the population level with divergence at the species level
(Carstens et al. 2013; Sukumaran and Knowles 2017; Chambers and Hillis 2019;
Mason et al. 2020). Many empirical studies indicate that, used alone, MSC methods
can drastically over-split taxa (e.g., Niemiller et al. 2012; Satler et al. 2013; Hedin et
al. 2015; Derkarabetian et al. 2019; Hundsdoerfer et al. 2019).

Population genetic structuring is rather ubiquitous in nature. Species with strict
or semi-strict habitat or microhabitat preferences will naturally occur discontinuously
over a landscape. Combine this natural habitat fragmentation with limited disper-
sal ability, and populations will evolve to be genetically different, to various degrees
(Templeton et al. 1990; Coates et al. 2018; Marshall et al. 2021). Under some circum-
stances, arrays of parapatric or allopatric populations which are diverging genetically
might remain morphologically quite similar, particularly when microhabitat prefer-
ences are strong (Stockman and Bond 2007; Bernardo 2011; Fiser et al. 2018). This
combined suite of circumstances corresponds to what we refer to as a “no gene flow”
or “non-adaptive radiation” speciation model (Gittenberger 1991; Kozak et al. 2006).
Non-adaptive speciation is quite common in nature (e.g., Reilly and Wake 2005; Leav-
itt et al. 2007; Emata and Hedin 2016; Singhal et al. 2018; Derkarabetian et al. 2022),
and challenges species delimitation. This species delimitation problem lies at one end
of a spectrum of difficult scenarios for species delimitation (a high gene flow model
representing an opposite, but equally challenging, scenario). Non-adaptive speciation
represents a conundrum for species delimitation, as genetic data combined with many
currently available models will likely over-split taxa, while other lines of evidence need-
ed to confirm or reject this over-splitting (e.g., morphological evidence, etc.) is difficult
to uncover in these same taxa (Derkarabetian et al. 2022).

The spider genus Hypochilus Marx, 1888 represents a challenging system for species
delimitation, combining allopatric geographic distributions, morphological conserva-
tism, and high genetic structuring. Hypochilus is a Nearctic genus representing one of
two described genera in the family Hypochilidae, a family of true spiders which retain
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many interesting plesiomorphic traits (Forster et al. 1987; Alberti and Coyle 1991;
Catley 1994). Commonly known as lampshade spiders, Hypochilus spiders are mi-
crohabitat specialists occurring in shaded, mesic, rock outcrop habitats (Catley 1994;
Hedin and Wood 2002; Keith and Hedin 2012). Hypochilus includes ten described
species from three disjunct montane regions: the southern Appalachians, the southern
Rocky Mountains, and the California mountains (Fig. 1). Described species are mostly
exclusively allopatric, and within montane regions where species are in close geograph-
ic proximity, occur in parapatric patchworks. These spiders are textbook examples of
so-called short-range endemic (SRE) taxa, including species with naturally small geo-
graphic distributions (often defined as less than 10,000 km?* Harvey 2002, Harvey et
al. 2011). Several Hypochilus species occupy severely limited geographic distributions;
for example, H. bernardino Catley, 1994 is only known from a handful of locations in
a single mountain range (San Bernardino mountains of southern California). Multiple
restricted-distribution species also warrant conservation attention, particularly in the
face of climate change; this conservation focus also highlights the need for rigorous
species delimitation (e.g., Hedin 2015).

As spiders with extraordinarily low vagility, one would expect deeper phylogenetic
relationships in Hypochilus to closely mirror geography, with phylogenetic predictions
following geography. However, previous studies have suggested that this may be an
oversimplification. Both morphological and mitochondrial data suggest that the geo-
graphically separated California and Appalachian mountain faunas are sister lineages
(Catley 1994; Hedin 2001), although this inferred relationship is sensitive to varying
combinations of data and analyses (Hedin 2001). Also, monophyly of the California
fauna has been questioned, as both morphological and mitochondrial tree topolo-
gies sometimes recover an Appalachian clade within a larger paraphyletic Californian
group (Hoffman 1963; Hedin 2001). Given the impressive geographic disjunction
between these faunas (Fig. 1), such a pattern would be biogeographically compelling,
if verified. Regional non-monophyly has been well-established in other north-temper-
ate, habitat-specialized arthropods (e.g., Brachycybe millipedes — Brewer et al. 2012;
Sabacon harvesters — Schonhofer et al. 2013; travunioid harvesters — Derkarabetian
et al. 2018; leptonetid spiders — Ledford et al. 2021), so this biogeographic pattern is
certainly possible.

As commonly found in SRE taxa, prior intraspecific genetic research in Hypochilus
has revealed ubiquitous and extensive genetic structuring. In Appalachia, extreme mi-
tochondrial genetic divergence occurs within and among five described species over
small geographic distances (Hedin 2001; Hedin and Wood 2002; Keith and Hedin
2012). Within H. pococki Platnick, 1987, recovered as paraphyletic on mitochondrial
gene trees, highly divergent, geographically cohesive “microclades” have been dis-
covered (Keith and Hedin 2012). In California, mitochondrial CO1 sequences for
H. petrunkevitchi Gertsch, 1958 from the Merced versus Kaweah River basins reveal
extreme intraspecific genetic divergences (> 15% divergent; Hedin 2001). Past mito-
chondrial studies have attributed extensive genetic structuring to limited female-biased
gene flow (Hedin and Wood 2002; Keith and Hedin 2012), but whether such genetic
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Figure . Distribution of the three geographic groups of Hypochilus in the mountains of California, the
Rocky Mountains, and the southern Appalachians. Regional insets show the sampling locations of forty-
three Hypochilus specimens used in genetic analyses; Appalachian species represented by different symbols.

patterns extend to the nuclear genome and are less pronounced because of male-based
gene flow remains unknown.

In this research we used phylogenomic data to resolve Hypochilus species relation-
ships within and among montane regions. We also explored putative cryptic diversi-
fication within Appalachian H. pococki and Californian H. petrunkevitchi. In Appa-
lachia, previous mitochondrial-based species delimitation using a Generalized Mixed
Yule Coalescent (GMYC) model (Fujisawa and Barraclough 2013) appears to severely
over-split species (Keith and Hedin 2012), likely due to strong genetic structuring.
We asked whether similar results applied to nuclear single nucleotide polymorphism
(SNP) datasets derived from ultraconserved elements (UCEs), using additional MSC
methods (Bayes Factor Delimitation and TR2 rooted triplet analysis). We combine
these molecular data and analyses with SEM images of the male pedipalp for large
samples of H. pococki and H. petrunkevitchi, and gather UCE CO1 mitochondrial
“by-catch” data for H. petrunkevitchi. Based on evidence derived from a combination
of nuclear phylogenomic and mitochondrial data, geography, and adult male and
female morphology, we describe a new SRE species from the southern Sierra Nevada
of California.
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Materials and methods

Molecular sampling

Specimens representing the genus Ectatosticta Simon, 1892 from China, the sister genus
to Hypochilus (and the only other hypochilid genus described), were used to root all
phylogenies (UCE data from Ramirez et al. 2021). The monophyly of the family, and
two constituent genera, is strongly supported by both morphology (Forster et al. 1987;
Alberti and Coyle 1991; Catley 1994; Li et al. 2021) and phylogenomics (Fernindez
et al. 2018; Ramirez et al. 2021). Phylogenomic data were gathered for forty-three
Hypochilus specimens, representing all ten described species (see Suppl. material 1;
Fig. 1). A priori species identifications were based on male morphology in combination
with geography (Forster et al. 1987; Catley 1994), and we included many samples from
prior genetic research (Keith and Hedin 2012). Multiple specimens per species were
sampled, chosen to maximize the breadth of geographic coverage within species (Fig. 1).
Our southern Rocky Mountain samples included collections from near the respective
type localities (Gertsch 1964; Catley 1994) of both H. bonneti Gertsch, 1964 and H. je-
mez Catley, 1994, plus two geographically intermediate populations from southern
Colorado of uncertain species identity. For species delimitation focal taxa (H. pococki
and H. petrunkevitchi), larger sample sizes were used to obtain more fine-scale genetic
data on potentially cryptic species (Fig. 1). For H. pococki, sampling included represent-
atives of the five mitochondrial haplogroups identified in Keith and Hedin (2012). For
H. petrunkevitchi, specimens were sampled from multiple drainage basins, including the
Merced River (YOSE), San Joaquin River (SAN), Kings River (KING), Kaweah River
(KAW), Tule River (TULE), and Cedar Creek (CEDAR) drainages.

UCE data collection

For almost all specimens (with tissues stored at -80 °C), DNA extraction was per-
formed using a Qiagen DNEasy kit from leg tissues. Sequence capture libraries were
prepared using an ultraconserved elements capture protocol for arachnids (Starrett
et al. 2017; Hedin et al. 2019), with arachnid probes designed by Faircloth (2017).
Sequencing was done at the Brigham Young University DNA Sequencing Center on
an [llumina HiSeq 2500 150 cycle paired-end sequencing platform. Published data for
two H. pococki specimens (H595 and H232, from Starrett et al. 2017), one H. kastoni
Platnick, 1987 (G2519, Hedin et al. 2019), and Ectatosticta (Ramirez et al. 2021)
were used from prior studies. Raw reads were filtered using the illumiprocessor wrap-
per (Faircloth 2013) within PHYLUCE v1.6 (Faircloth 2016), after which cleaned
reads were assembled using Trinity v2.0.6 (Grabherr et al. 2011) and Velvet v1.0.19
(Zerbino and Birney 2008) on the HPC Cluster at UC Riverside. These assemblies
were combined and resulting contigs were matched to probes with minimum identity
and minimum coverage values of 80 (--min-identity 80 --min-coverage 80). UCE loci
were aligned and trimmed within PHYLUCE using MAFFT (Katoh and Standley
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2013) and Gblocks (Castresana 2000; Talavera and Castresana 2007) with relatively
liberal settings for GBLOCKS (--b1 0.5 --b2 0.5 --b3 10 --b4 8).

A 50 percent occupancy matrix (623 loci) was generated from the pipeline above
(here called the “unfiltered” matrix). A second matrix was further filtered to remove
duplicate and potentially non-homologous sequences. Previous work has shown that
arthropod UCEs are mostly located within exonic regions (Bossert and Danforth
2018), and the arachnid probe set is no exception (Hedin et al. 2019). In fact, the
arachnid probe set can target separate exons from the same protein as separate loci
(Hedin et al. 2019), perhaps violating assumptions such as independence and linkage
of loci. An annotated list of the arachnid UCEs from Hedin et al. (2019) was used to
identify duplicate loci. A total of 73 duplicate loci was found, with the longest locus
in each instance retained while the rest were discarded. Using the annotated list, those
loci identified by Hedin et al. (2019) as including potential paralogs were also identi-
fied and discarded (7 = 2), leaving a matrix containing a total of 550 loci. Finally, this
filtered dataset was trimmed again with more stringent Gblocks settings (--b1 0.5 --b2
0.85 --b3 4 --b4 8), resulting in a “filtered and trimmed” matrix. This last step was
conducted to isolate as much of the purely exonic region as possible for each locus.

Generic-level phylogenomics

Interspecific relationships were reconstructed using all three UCE data matrices (“un-
filtered”, “filtered”, and “filtered and trimmed”), utilizing both concatenation and coa-
lescent-model approaches. Data were partitioned by locus, with optimal models select-
ed using PartitionFinder2 (Lanfear et al. 2012) on the CIPRES portal HPC Cluster.
Concatenated maximum likelihood trees were reconstructed using RAxXML v8.2.12
(Stamatakis 2014) and IQ-TREE v1.5.0 (Nguyen et al. 2015). Using IQ-TREE 2 we
also calculated gene (gCF) and site concordance (sCF) factors. For every node of a
reference tree, gCF can be defined as the percentage of “decisive” gene trees containing
that node, while sCF can be defined as the percentage of decisive sites (in an alignment)
supporting a node (Minh et al. 2018). The latter support metric is particularly useful
when individual gene trees are uncertain, perhaps because individual alignments are
short. Concordance factor calculations were performed using the topology from IQ-
TREE which has an identical topology to the RAXML tree and mostly agrees with the
SVDquartets reconstruction (see Results). The latter is a coalescent-model topology
reconstructed using SVDquartets v1.0 (Chifman and Kubatko 2014) implemented in
PAUP* (Swofford 2003), set for 1M quartets with 500 bootstrap replicates for all runs.

Nuclear species delimitation

Nuclear single nucleotide polymorphism (SNP) data were extracted from UCE loci
following the methods of Harvey et al. (2016) and a combination of tools and meth-
ods from vef tools (Danecek et al. 2011) and a modified version of the best practices
approach for variant isolation with GATK v4.0.0.0 (Van der Auwera et al. 2013).
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Separate datasets were created for Californian H. petrunkevitchi plus H. bernardino
specimens, and for samples of H. pococki. These matrices started with cleaned read
data containing only relevant samples and used a highest coverage reference specimen
(H_petrunkevitchi_G2543, H_pococki_H551). Genetic structure and sample clus-
tering were explored using k-means clustering in STRUCTURE v2.3.4 (Pritchard et
al. 2000), with unlinked SNPs. Multiple K values (K = 1-10) were run for 100,000
generations with each K value replicated 10 times. Optimal K values were determined
following Pritchard et al. (2000) and Evanno et al. (2005), using the online resource
CLUMPAK (Kopelman et al. 2015).

Using multiple data sources (phylogenomic results, STRUCTURE results, geog-
raphy for H. petrunkevitchi, and mitochondrial haplogroup membership for H. po-
cocki), alternative species models were generated and compared using nuclear SNP
datasets in the program SNAPP (Tables 1, 2; Bryant et al. 2012). These analyses also
included outgroup data (other Hypochilus species), allowing us to test hypotheses of /.
pococki as a single species (current taxonomy) and H. petrunkevitchi lumped with H.
bernardino (see Tables 1, 2). The averaged marginal likelihoods of duplicate runs were
compared for alternative species models using Bayes Factor Delimitation for genomic
data (*BFD) (Leaché et al. 2014); we followed the recommendations of Kass and Raf-
tery (1995) in interpreting Bayes factor values.

A rooted triplet species delimitation approach was also implemented using the
Python2 compatible version of the program TR2 (Fujisawa et al. 2016). Here, nuclear

Table I. Alternative species model comparison results for H. petrunkevirchi, from SNAPP. Alternative
models were compared to current taxonomy and ranked with 1 as the most favorable and 5 as the least.
Bayes factors were calculated as (BF = 2 x (model 1 — model 2)) where negative values represent support
for model 2 (alternative model) and positive values are support for the null model (current taxonomy).

Model Species Partitioning MLE MLE2 BF Rank
Every Tip 16 Every specimen as a species -105  -105.2 -7056 1
Basins 8 H. kastoni, H. bernardino, CEDAR, TULE, KAW, -1781 -1781 -3704 2

KING, SAN, YOSE
STRUCTURE 6 H. kastoni, H. bernardino, TULE+CEDAR, -1939  -1939 -3388 3
KAW+KING, SAN, YOSE
Current Taxonomy 3 H. kastoni, H. petrunkevitchi, H. bernardino -3633  -3633 - 4
Collapse 2 H. kastoni, H. petrunkevitchi + H. bernardino -4223  -4223 1180 5

Table 2. SNAPP results for H. pococki. Models were compared to current taxonomy and ranked with 1
as the most favorable and 4 as the least.

Model Species Partitioning MLE MLE2 BF Rank
Every Tip 16 Every specimen as a species -62.9  -62.8 -5030 1
Mitochondrial 6 H. thorelli, WEST+bone+alark, CENT, VA, ELK, NE -3917  -3917 -4462 2
STRUCTURE 5 H. thorelli, WEST+bone+alark, CENT, ELK+NE, VA -4338 -4340 -3620 3
Current 2 H. thorelli, H. pococki -6148.9 -6148 - 4

Taxonomy
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gene trees are decomposed into partially rooted triplets and congruence is assessed
among triplet topologies using a likelihood model testing framework. Input gene trees
were constructed in RAXML using rapid bootstrap analysis (-f a) with 200 bootstrap
replicates for each gene tree with 550 UCE loci from the “filtered and trimmed” data-
set. With the intent to detect patterns of increasing support for increasing species
number (i.e., over-splitting), models in which every tip was categorized as a species

were included in both SNAPP and TR2 runs.

CO| phylogeny, distances,and GMYC

Mitochondrial Cytochrome ¢ oxidase subunit I (CO1) data for the California taxa
were captured from UCE “by-catch” for purposes of phylogenetic and distance analy-
ses, particularly considering the extreme COI1 distances observed in Hedin (2001).
A consensus reference sequence was created from specimens of H. petrunkevitchi and
H. bernardino (from Hedin 2001), which was then used as a custom database for
a BLASTN search for extracting CO1 sequences from UCE contigs. The BLASTN
search and subsequent alignment was performed using Geneious Prime (2020.2).
Sequence alignments were partitioned by codon position using MODELFINDER
(Kalyaanamoorthy et al. 2017) and a phylogeny was constructed using IQ-TREE with
1000 ultrafast bootstrap replicates. A pairwise mitochondrial distance matrix was gen-
erated in PAUP* (Swofford 2003) using a Kimura two-parameter model of nucleotide
substitution (Kimura 1980).

A Generalized Mixed Yule Coalescent (GMYC) model was used to algorithmi-
cally delimit Californian species using CO1 data, in a manner similar to the approach
of Keith and Hedin (2012) for Appalachian H. pococki. A GMYC model assumes a
difference in intra and inter-specific branching patterns under maximum likelihood
and estimates a threshold for the transition from intraspecific (a coalescent process) to
interspecific (speciation) branching on an ultrametric tree. Both a single threshold and
multiple thresholds can be estimated in different approaches with the model. To this
end, an ultrametric CO1 tree was generated using the chronopl function from the APE
library in R version 4.0. 2 (Paradis and Schlkiep 2019), with both single and multi-
ple threshold models performed on the GMYC web server (https://species.h-its.org/
gmyc/; Fujisawa and Barraclough 2013).

Morphological study

Although Hypochilus is a strongly morphologically conserved genus, current species
were described and are diagnosed using subtle morphological variation, mostly in male
genitalia (Hoffman 1963; Forster et al. 1987; Catley 1994). Using SEM we examined
male palpal morphology for California taxa (H. kastoni, H. bernardino, multiple line-
ages of H. petrunkevitchi), and for all primary lineages of H. pococki. We lacked adult
males for the southern Rocky Mountain populations of uncertain species identity,
so could not study them at this time. Male pedipalps preserved in 80% EtOH were
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transferred to pure EtOH (200 PE = 99.5%) for at least 10 min. Following EtOH
dehydration, samples were placed in a multilayered sample holder and dried to the
critical point using a Tousimis SAMDRI790. Transitional and intermediate fluids used
were CO,(I) and pure EtOH, respectively. Dried palps were mounted on aluminum
stubs fitted with sticky carbon conductive spectro-grade tabs. Following mounting,
samples were run through an EMS Quorum Q150T sputter coater and covered with
6 nm platinum nanoparticles. SEM micrographs of retrolateral and prolateral views
were taken using a vertical stage on an FEI Quanta 450 FEG. Female spermathecal
organs were imaged using a Visionary Digital Imaging System, comprising a Canon
EOS 5D Mk II DSLR mounted to an Infinity Optics microscope tube. Spermathecal
organs were dissected from specimens using fine forceps, immersed for 2-5 minutes in
BioQuip specimen clearing fluid (http://www.bioquip.com), then imaged in this fluid
on depression slides.

For taxonomic descriptions, morphological measurement details follow Catley

(1994: figs 1-4):

PTW/PTL maximum width of male pedipalpal tibia in retrolateral view/length of
tibia in retrolateral view;

CdL male palpal conductor length in retrolateral view;
AME diameter of anterior median eye pupil;

PTalL length of male palpal tarsus in retrolateral view;
CTpr number of promarginal cheliceral teeth;

CTre number of retromarginal cheliceral teeth.

Measurements were taken from alcohol-preserved specimens using an Olympus
SZ40 dissecting microscope fitted with an ocular micrometer, and converted to mil-
limeters; raw measurements are provided in Suppl. material 2, and summarized in

Table 5.

Results

UCE processing and generic-level phylogenomics

Original UCE raw reads have been submitted to the SRA (PRJNA760946), with sum-
mary statistics presented in the Suppl. material 1. Data matrices and resulting .tre files
are deposited at Dryad (https://doi.org/10.5061/dryad.gljwstgsd). The “unfiltered”
matrix included 623 UCE loci with an average length of 783 base pairs (bp) and a
concatenated length of 734,881 bp (189,387 parsimony informative (PI) sites). The
“filtered” matrix included 550 loci with an average length 921 bp and concatenat-
ed length of 506,689 bp (145,037 PI sites), while the “filtered and trimmed” ma-
trix contained 550 loci with an average length of 591 bp and concatenated length of
325,452 bp (81,911 PI).
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Figure 2. UCE phylogeny. Phylogeny reconstructed from partitioned RAXML analysis of “filtered and
trimmed” UCE matrix. Bootstrap support values are 100 for all nodes unless otherwise indicated; second sup-
port values from IQ-TREE. Inset — SVDquartets UCE tree with bootstrap support values less than 95 shown.

Concatenated ML and SVDquartets analyses of the above three matrices recover
nearly identical Hypochilus relationships, except for some nodes in the Appalachian and
Rocky Mountain clades (Figs 2, 3; https://doi.org/10.5061/dryad.gljwstqsd). These
analyses confirm regional faunas as monophyletic, rejecting CA paraphyly, and recover
Appalachia and California clades as sister taxa. Within Appalachia, a sister species rela-
tionship between the geographically disjunct H. thorelli Marx, 1888 and H. coylei Plat-
nick, 1987 is strongly supported across all analyses, consistent with mitochondrial evi-
dence (Hedin 2001; Keith and Hedin 2012), but contrary to morphological evidence
which groups H. coylei with the geographically adjacent H. sheari Platnick, 1987 (Huff
and Coyle 1992; Catley 1994). The monophyly of all currently recognized Appala-
chian species is supported, contradicting mitochondrial results which had previously
suggested H. pococki paraphyly. Certain parts of the Appalachian topology include
low bootstrap values, low gene and site concordance values, and discordant topologies
among analyses. Whereas ML analyses place H. pococki as sister to other Appalachian
species, SVDquartets nests H. pococki well within the clade with H. gertschi Hoffman,
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1963 as sister to other Appalachian species (Fig. 2). A California clade is consistently
recovered, with H. kastoni sister to remaining lineages. Hypochilus bernardino is nested
prominently within H. petrunkevitchi, and for this reason analyses examining species
boundaries included samples of all three species (see below).

Nuclear species delimitation

Nuclear SNP datasets included 670 unlinked SNPs for the California sample (allowing
20% missing data) and 655 unlinked SNPs for the Appalachian sample (19% missing
data). Overall, STRUCTURE analyses reveal strong population structure for both samples,
with inferred genetic clusters congruent with phylogenomic clades (Fig. 4). Within Cali-
fornia there is little evidence for mixed ancestry, with genetic populations of H. petrunk-
evitchi also appearing to be structured by river basin (Fig. 4). Best K as determined by the
Pritchard et al. (2000) method is decisive for K = 5 while the Evanno method is less con-
clusive, supporting a scenario of K = 2 with almost equal but slightly lower support for K
= 4 (https://doi.org/10.5061/dryad.gljwstqsd). When H. kastoni samples were included
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K=4 K=5 K=6
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'E - pet_ TULE_G2476
9

pet_TULE_G2463
pet_ KAW_G2488
pet KAW_G2251
pet_KING_G2509
pet_KING_G2543
pet_KING_G2550
pet_YOSE_G2561
pet_YOSE_G2566
pet_SAN_G2558

Optimal

K=3 K=4 K=5
BONE_H719
-~ WEST_DGAP_H521
WEST _STARR H551
CENT ALARK H595
-~ CENT_BALSM_H630
-~ CENT_WRGAP_H504
CENT_HICK H375
-~ VA_CAVE_H232
VA _CLIFF_H735
- ELK_ELK_H407
~~ ELK_LINV_H439
-~ NE_BCFG_H420
NE_BOON_H413

Optimal
K=4
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Figure 4. UCE STRUCTURE results, with optimal and suboptimal K clusters shown in relation to

UCE RAxML phylogeny and geography. For H. pococki, the distribution of mitochondrial “microclades”
follows Keith and Hedin (2012).
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in STRUCTURE runs, the Pritchard method recovered the same population structure
scheme with the addition of a separate H. kastoni “population”, while the Evanno method
recovered stronger support for K = 2 in which H. kastoni and H. bernardino comprised a
single genetic population. Because we viewed this latter K = 2 result as spurious (see Janes
etal. 2017), we generally preferred optimal K values as inferred by the Pritchard method.

There is more evidence for mixed ancestry in H. pococki STRUCTURE analyses,
using a best K from both Pritchard (K = 4) and Evanno (K = 3) methods. The Elk and
Northeast “microclades” (ELK and NE) are lumped as a single genetic population,
while one member from the mitochondrial Central (CENT) group clusters with the
WEST population (Fig. 4), discordant with previously delineated mitochondrial groups
(Keith and Hedin 2012). The geographically isolated BONE population, not sampled
in previous mitochondrial studies, clusters with disjunct WEST specimens (Fig. 4).

Alternative species hypothesis models were generated and compared using SNAPP
and TR2 for both H. petrunkevitchi (five models) and H. pococki (four models).
Pritchard-based best K schemes were used for the STRUCTURE derived species mod-
els. The most-favored SNAPP model for H. petrunkevitchi (Table 1) is one where every
tip represents a species; the next best supported model is the “Basins”, 8-taxon model.
SNAPP results for H. pococki were similar and favored every tip as a species as the
best model, with a pattern of more speciose models being more favored (Table 2).
The rooted triplet TR2 approach also found this pattern of favoring more species-rich
models over current taxonomy with the most species-rich model, every tip as a distinct
taxon, being the most favored (Tables 3, 4).

Table 3. TR2 results for H. petrunkevirchi; ranking of the models with 1 being the most favored and 6
being the least favored.

Model Species Partitioning Score Rank

Every Tip 16 Every specimen as a species 171.62 1

Basins 8  H. kastoni, H. bernardino, TULE, CEDAR, KAW, 213.95 2
KING, SAN, YOSE

STRUCTURE 6 H. kastoni, H. bernardino, TULE+CEDAR, 348.23 3
KAW+KING, YOSE, SAN

Current Taxonomy 3 H. kastoni, H. petrunkevitchi, H. bernardino 9334.94 4

Collapse 2 H. kastoni, H. petrunkevitchi + H. bernardino 25926.79 5

One species 1 H. kastoni + H. petrunkevitchi + H. bernardino 30938.48 6

Table 4. TR2 results for H. pococki; ranking of the models with 1 being the most favored and 5 being
the least favored.

Model Species Partitioning score Rank
Every Tip 16 Every specimen as a species 344.10 1
Mitochondrial 7 (*includes BONE H. thorelli, WEST, CENT, ELK, NE, VA, BONE 366.66 2

as separate lineage)
STRUCTURE 5 H. thorelli, WEST+Bone+Alark, CENT, ELK+NE, VA 819.85 3
Current 2 H. thorelli, H pococki 9930.73

Collapse 1 H. thorelli + H. pococki 17961.09 5
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COl phylogeny, distances,and GMYC

The COL1 by-catch phylogeny, using H. kastoni and H. bernardino as possible out-
groups, shows strong support (BP = 100) for a clade including H. bernardino and H.
petrunkevitchi together (Fig. 5). Within this clade, recovered mitochondrial lineages
are consistent with UCE optimal K = 5 STRUCTURE lineages, but the interrela-
tionships of these mitochondrial lineages are not resolved. Considering this phyloge-
netic uncertainty (i.e., collapsing poorly-resolved nodes), the mitochondrial results are
not strictly inconsistent with nuclear results. Pairwise mitochondrial distance values
are extremely high among primary lineages (Fig. 5 inset), ranging from 12%-15%.
Divergence values within lineages are lower, except for the combined SAN + KING +
KAW lineage (> 12% divergence); this obviously reflects significant mitochondrial di-
vergence across drainage basins within this more broadly-distributed lineage. Similarly,
there is evidence for structuring across drainage basins within the combined TULE +
CEDAR lineage (Fig. 5 inset). As shown previously for Appalachian H. pococki (Keith
and Hedin 2012), implementation of a GMYC model using CO1 data appears to
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Figure 5. Maximum likelihood mitochondrial tree. Black circles designate clusters of sequences col-
lapsed as the same species in multi-threshold GMYC analyses; all other branches supported as separate
species (e.g., n = 13 for multi-threshold model). Inset — K2P distances within and among primary

mitochondrial lineages.
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severely over-split species. Specimens from the same geographic location are collapsed
as the same species, but all unique geographic locations are delimited as distinct species
(multi = 13, single = 14; Fig. 5 inset).

Morphology

Morphological data for H. pococki and California taxa are presented below in the Dis-
cussion and Taxonomy sections, respectively.

Discussion

Broad-scale phylogenomics and biogeography

Our results confirm the Catley (1994) hypothesis of a sister relationship between high-
ly disjunct California and Appalachian faunas, sister to a more geographically central
Rocky Mountain clade. Support was unequivocal for this topology, recovered in all
analyses from all UCE matrices (Figs 2, 3; https://doi.org/10.5061/dryad.gljwstqsd).
These regional relationships in Hypochilus are contrary to patterns seen in the sala-
mander genus Aneides, a taxon which also includes montane-associated species from
California, the southern Rocky Mountains, and Appalachia. Molecular phylogenetic
research in Aneides has recovered a sister relationship between California and southern
Rocky Mountain species, sister to Appalachian taxa (Vieites et al. 2007). Inter-regional
divergences in Aneides are estimated to have occurred roughly in the timeframe span-
ning the Eocene to the Oligocene, perhaps coincident with periods of global warming
allowing for intercontinental dispersal events (Vieites et al. 2007).

We hypothesize that Hypochilus has a more ancient history, and that this timing
difference might also explain the unique phylogenetic topology seen in Hypochilus.
Divergence time estimates for Hypochilus are hindered by a lack of direct fossil evi-
dence, with current age estimates for the genus derived from broader examinations
of diversification dates for spiders. For example, using published transcriptome data,
Magalhaes et al. (2020) estimated divergence between H. gertschi and H. pococki (both
Appalachian taxa) during the early Paleogene, with a very large confidence interval.
Given approximately polytomous relationships within Appalachia (see below), this
point estimate would correspond to a crown group age for the Appalachian radia-
tion, and thus implies older divergences at the base of Hypochilus, perhaps during
the Cretaceous. We note here that many other non-entelegyne araneomorph spider
lineages are at least this ancient (both within extant families and sometimes within
extant genera), as estimated from molecular clock analyses (e.g., sicariids — Magalhaes
et al. 2019; leptonetids — Ledford et al. 2021), but also known directly from Up-
per Cretaceous Burmese amber fossils (e.g., psilodercids — Magalhaes et al. 2021).
Also, the combination of Cretaceous fossil evidence in the context of living spider
families suggests that non-entelygyne aranecomorph lineages (akin to Hypochilus and
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Hypochilidae) dominated spider diversity at this time (Wunderlich 2008; Magalhaes
et al. 2020).

Hypothesized Cretaceous-age divergences for Hypochilus are complicated by the
presence of the Western Interior Seaway of North America, a major transcontinental
marine barrier in place from ~ 105-65 mya (Blakey and Ranney 2017). Although an
east / west vicariance hypothesis associated with the Western Interior Seaway seems at-
tractive, the Rocky Mountain orogeny took place after the withdrawal of the Western
Interior Seaway (Blakey and Ranney 2017). We speculate that Hypochilus is either much
older than imagined (ages exceeding 105 mya), or that diversification (and dispersal) was
spurred soon after the withdrawal of the Western Interior Seaway. Lacking the discovery
of relevant fossils, future work could aim to more precisely estimate rates of nuclear gene
molecular evolution in Hypochilus, in order to better understand the origin and timing
of Hypochilus diversification events. Also, inclusion of a transcriptome representing the
Rocky Mountain clade could be incorporated into the well-calibrated Magalhaes et al.
(2020) dataset, allowing for a crown group age estimate for the entire genus.

Appalachian diversification and potential cryptic species

Within Appalachia, nuclear UCE data strongly support a monophyletic H. pococki,
contra mitochondrial paraphyly as in Keith and Hedin (2012). Although all currently
described species in Appalachia are recovered as monophyletic, and the geographi-
cally disjunct H. thorelli and H. coylei are strongly supported as sister species (see also
Hedin 2001; Keith and Hedin 2012), our nuclear datasets otherwise do not resolve
species relationships, with an overall topology consistent with a four-lineage polytomy.
Gene and site concordance factor values at two key unresolved interspecific nodes take
lower values than seen anywhere else in Hypochilus, including all nodes within species
(Fig. 3). Gene CF values are 9—13 for these nodes, meaning that only - 10% of the
UCE alignments support these nodes. Site CF values that hover around minimum
values (30%) illustrate that the data are essentially equivocal regarding three possible
resolutions of a quartet for both of these unresolved nodes (Lanfear 2018). This in-
congruence and lack of resolution possibly points to a non-adaptive radiation where
lineages became rapidly isolated from one another due to environmental factors, but
the nature of incongruence requires more study.

Nuclear STRUCTURE results confirm distinct genetic groups within H. pococki
(Fig. 4); however, these genetic groups do not correspond exactly to the previously
described mitochondrial “microclades”. In particular, the Alarka Mountain specimen
from the mitochondrial Central (CENT) clade of Keith and Hedin (2012) instead
groups with the nuclear WEST genetic cluster (Fig. 4). This is important because the
geographic boundaries of previously defined mitochondrial clades were hypothesized
to coincide with riverine barriers (e.g., the Little Tennessee River separating the CENT
versus WEST mitochondrial clades, etc.; see Keith and Hedin 2012: fig. 2). In fact,
most phylogeographic studies in the southern Appalachians have primarily relied upon
mitochondrial evidence to define geographic groupings (e.g., references in Keith and
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Hedin 2012). Future studies that include dense geographic sampling of nuclear line-
ages will be important here, with H. pococki representing a prime candidate. More
generally, if gene flow across cryptic lineages is promoting mitonuclear discordance,
this system might provide interesting insight into how cryptic lineages interact at areas
of contact. Also, areas of parapatric contact can be used to understand the degree to
which gene flow is restricted across cryptic lineage boundaries, providing strong and
direct tests of species status (see Singhal et al. 2018).

Although SNAPP and TR2 show higher support for increasing species numbers
within H. pococki (i.e., a many species hypothesis), nuclear STRUCTURE results and
consideration of male pedipalp morphology suggest more conservative species num-
bers. In their diagnosis, Forster et al. (1987) stated that H. pococki males “can be rec-
ognized by the flaplike tip of the palpal conductor”. We thus focused particular attention
on this structure when searching for morphological differences that might distinguish
primary genomic lineages (e.g., VA, ELK + NE, CENT, WEST), and included repre-
sentatives of all such lineages in our SEM surveys. We did not examine female variation
(e.g., in spermathecal morphology), but this is another character system to search for
morphological differentiation. We observed minimal differences in male palpal mor-
phology across H. pococki populations and genomic lineages (Figs 6-8). One possible
difference is the shorter secondary coil of the conductor tip observed in ELK speci-
mens (Fig. 6), but we note that ELK itself is well nested within the primary K = 4
lineages (Fig. 4). The discord between nuclear genomic data (and analytical results)
which suggest many species, versus morphology which suggests few to one species, is
a conspicuous example of the cryptic species challenge, and also focuses attention on
patterns of morphological stasis. Despite high genomic divergences and ample evo-
lutionary time, morphological change in Hypochilus remains conservative. We might
expect conserved Hypochilus somatic morphology because of selective constraints on
both niche evolution and morphological differentiation, under a model of phyloge-
netic niche conservatism (Keith and Hedin 2012; Figer et al. 2018). The fact that we
also observe similar conservatism in genitalia, where at least genetic drift in isolated
populations is expected, is compelling.

A new Hypochilus species from montane California

Both nuclear and mitochondrial genetic structuring is very prominent in the Cali-
fornia region, and our analyses show that this structure generally follows a pattern
of relatedness by drainage basin (Figs 4, 5, 9). The observed divergence within H.
petrunkevitchi was not surprising as it has previously been noted as having high levels
of intraspecific mitochondrial variation (Hedin 2001). As also found for Appalachian
samples, both SNAPP and TR2 show a trend of increasing support for models with
increasing numbers of species (Tables 1, 3). GMYC analysis of CO1 data similarly de-
limits all unique geographic locations as distinct species (Fig. 5 inset). We contend that
not all local populations can represent unique species, and instead view this as another
example of algorithmic over-splitting.
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Figure 6. H. pococki male palp (conductor) comparison. For each specimen, left panel = prolateral view, right
panel = retrolateral view. NE lineage A, B Green Mtn (MCH 01_162) €, D Boone Fork (MCH 01_159);
ELK lineage E,F Elk River MCH 01_155) G, H Linville Gorge (MCH 01_165). Shorter secondary coil for
ELK specimens highlighted by arrows; VA lineage 1, J Cliff M (MCH 04_028) K, L Guest River (MCH
04_027); CENT lineage M, N Hickory (MCH 01_144) O, P Wagon Road Gap (MCH 01_181); WEST
lineage Q, R Alarka (MCH 02_168) S,T Starr Mtn (MCH 02_156) U,V Backbone Rock (MCH 04_025)
W, X Chunky Gal Mtn (MCH 02_142). Detailed specimen information provided in Suppl. material 2.
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Figure 7. H. pococki male palp comparison, prolateral views. NE lineage A Green M (MCH
01_162) B Boone Fork (MCH 01_159); ELK lineage € Elk River (MCH 01_155) D Linville Gorge
(MCH 01_165); VA lineage E Cliff Mtn (MCH 04_028) F Guest River (MCH 04_027); CENT line-
age G Hickory (MCH 01_144) H Wagon Road Gap (MCH 01_181); WEST lineage | Alarka (MCH
02_168) J Starr Mtn (MCH 02_156) K Backbone Rock (MCH 04_025) L Chunky Gal Mtn (MCH
02_142). Detailed specimen information provided in Suppl. material 2.

Based on bootstrap values, nuclear data strongly support the hypothesis that
H. bernardino is phylogenetically nested within H. petrunkevitchi (bootstrap =
100 for all matrices across all analyses; Figs 2, 3; https://doi.org/10.5061/dryad.
gljwstgsd). Acknowledging that bootstrap values can provide an inflated view of
support (Lanfear 2018; Minh et al. 2018), we considered several other concordance
factor values for this node (gCF = 34.8, sCF = 48.3, Fig. 3). From a gene (individual
UCE locus) perspective, of 155 alignments that could have included the branch of
interest (gN = 155), 34.84% or ~ 50 alignments (= gCF) showed the Fig. 3 topol-
ogy, with very few alignments supporting an alternative topology at high frequency
(gDF1 = 3.23, gDF2 = 8.39). Similarly, from a site perspective, of ~ 200 deci-
sive sites for the quartet of interest (sN = 199.42), approximately half support the
Fig. 3 topology (sCF = 48.28), with fewer supporting alternative resolutions (sDF1
= 18.33, sDF2 = 29.4). Overall, we view these values (see Lanfear 2018), in concert
with bootstrap values, as strongly supporting the paraphyly of H. petrunkevitchi
with respect to H. bernardino.

Based on this phylogenomic pattern we see two obvious taxonomic alternatives. The
first is to sink H. bernardino into a broadly distributed, highly genetically-structured
H. petrunkevitchi. The second is to elevate and formally describe the distinct genetic
lineage that is sister to H. bernardino. We prefer and argue for the latter approach, for
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Figure 8. H. pococki male palp comparison, retrolateral views. NE lineage A Green M (MCH
01_162) B Boone Fork (MCH 01_159); ELK lineage € Elk River (MCH 01_155) D Linville Gorge
(MCH 01_165); VA lineage E Cliff Mtn (MCH 04_028) F Guest River (MCH 04_027); CENT line-
age G Hickory (MCH 01_144) H Wagon Road Gap (MCH 01_181); WEST lineage | Alarka (MCH
02_168) J Starr Mtn (MCH 02_156) K Backbone Rock (MCH 04_025) L Chunky Gal M (MCH
02_142). Detailed specimen information provided in Suppl. material 2.

reasons concisely summarized as follows: 1) H. bernardino is already described based
on a diagnostic morphology (Catley 1994, and revised diagnosis below), 2) H. ber-
nardino is geographically-localized, known only from a single mountain range in
southern California, highly disjunct from more northern populations (Fig. 9), and 3)
H. bernardino is supported both as a distinct nuclear and mitochondrial genetic line-
age (Figs 2-5). By these multiple measures of genetic, morphological, and geographic
distinctiveness, we view H. bernardino as an evolutionary lineage on a unique and in-
dependent trajectory. Catley (1994) described H. bernardino from the southern section
of the San Bernardino mountains of southern California. The few known populations
are separated from the southern Sierra Nevada by hundreds of kilometers of mostly in-
appropriate habitat (lower elevations, fewer granite outcrops), where these spiders (or
their distinctive webs) have never been found (Fig. 9). This lack of records includes not
only our own extensive field work in the intervening region, but also that of the many
arachnologists that have conducted research in California, as well as modern-day tools
such as iNaturalist. This sort of geographic disjunction has been found in some other
taxa, for example, the iconic Ensatina salamander complex, where the geographic dis-
junction is known as “Bob’s Gaps” (Jackman and Wake 1994). In this instance, sepa-
rated populations have been described as separate subspecies (E. eschscholtzii klauberi in
the Tehachapi mountains distinct from E. eschscholtzii croceater in the San Bernardino
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Figure 9. Southern Sierra Nevada topography map with genetic and morphological sample locations
(see Suppl. material 1 and Suppl. material 2). Geographic gaps and other notable geographic features
mentioned in the text are highlighted.

mountains; Jackman and Wake 1994), but Ensatina taxonomy is generally regarded as
being fairly conservative.

Accepting H. bernardino as an independently evolving lineage, the current tax-
onomy must be updated to reflect unique lineages discovered within H. petrunkevitchi.
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Conservatively, we retain the northern lineages that include the type locality (male
holotype of H. petrunkevitchi from Cedar Grove, Fresno County = KINGS lineage)
as H. petrunkevitchi. This lineage is distributed across the Merced, San Joaquin, Kings
and Kaweah River basins (Fig. 9). Again, accepting H. bernardino as a unique species,
our data indicate that populations from the Tule River and Cedar Creek drainage ba-
sins need to be recognized as a new species, which we formally describe below. Speci-
mens from these drainage basins represent new locality records and the southern-most
known observations of Hypochilus spiders in the Sierra Nevada (Fig. 9). More generally,
this part of the southern Sierra Nevada is a well-known area of active speciation, with
many short-range endemic arthropods and vertebrates (Bond 2012; Jockusch et al.
2012; Papenfuss and Parham 2013; Satler et al. 2013; Leavitt et al. 2015; Emata and
Hedin 2016; Starrett et al. 2018; Bennett et al. 2021; Weng et al. 2021). In this regard,
discovering a new species in the southern Sierra Nevada is not surprising.

Cryptic species concept

We define species as evolutionary lineages on a “unique and independent trajectory”.
Following Davis et al. (2021), we consider species to be cryptic “if they depend on addi-
tional sources of data to formulate the delineation hypothesis prior to establishing diagnostic
morphological characters”. This definition applies well to the new species description
below, which is motivated by a combination of genetic divergence and uniqueness,
phylogenetic pattern (paraphyly w.r.t. H. bernardino) and geographic allopatry, which
has prompted us to take a closer look at morphology. Additionally, the definition al-
lows for an initial hypothesis of morphological crypsis that does not preclude future
downstream studies that in fact find morphological (or other) differences, making the
species no longer technically “cryptic”. In many instances, species are morphologically
cryptic because of their youth, where morphological divergence has not yet caught up
with molecular divergence. But as noted above, the measured mitochondrial differ-
ences in Hypochilus are among the highest known in spiders (a clade with - 50,000
described species), and we hypothesize relatively ancient divergences in the genus.
These data and arguments are inconsistent with recent evolutionary divergence, and
we instead favor a model of long-term phylogenetic niche conservatism constraining
morphological evolution (Fiser et al. 2018), as argued above.

Overall, we view our new cryptic species hypotheses as conservative, consistent
with perspectives that genomic data should be interpreted conservatively when de-
scribing new species (Coates et al. 2018). In Hypochilus, this is particularly true since
genomic diagnosability is ubiquitous, and extends to the level of localized populations,
as reflected in nuclear and mitochondrial algorithmic delimitations. Our hypotheses
below do not recognize all genetically divergent lineages as species and allow for vary-
ing degrees of population divergence within described species (e.g., H. petrunkevitchi,
new species below). In particular, there is evidence that the Yosemite Valley (Merced
River) population is on a unique evolutionary trajectory due to its disjunct distribu-
tion and because samples from the isolated valley floor routinely fall out as a divergent
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group in both nuclear and mitochondrial analyses (Figs 2-5). The single sampled pop-
ulation from the San Joaquin drainage is similarly genetically divergent and geographi-
cally isolated. This disjunction might be natural, as spiders have never been collected
in the apparently suitable granite outcrop habitats between San Joaquin locations and
the Yosemite Valley, despite concerted collecting efforts (Fig. 9). In the context of an
integrative taxonomic framework, we weigh conservation considerations, extreme geo-
graphic allopatry, and well-supported paraphyly as particularly important. Genomic
diagnosability is important but not decisive, with morphological diagnosability as least
important, again reflecting phylogenetic niche conservatism. Regarding conservation
value, we argue that sinking H. bernardino into a broadly distributed, highly geneti-
cally-structured H. petrunkevitchi would immediately decrease the conservation value
and importance of the former.

Taxonomy

Hypochilus Marx, 1888

Diagnosis. following Forster et al. (1987).

Hypochilus bernardino Catley 1994
Figs 9-13

Hypochilus petrunkevitchi Gertsch 1958: Forster et al. 1987: 22 (San Bernardino coun-
ty records).
Hypochilus bernardino Catley 1994: 10, figs 7, 11, 25, 33, 36-39.

Material examined. F from Forsee Creek (SDSU_G2893), Ms from East Fork Moun-
tain Home Creek (SDSU_G2929-2932), see Suppl. material 2.

Diagnosis. Following from the original diagnosis of Catley (1994), we paid clos-
est attention to the length of the PTaL (should be shorter in H. bernardino), and the
PTW/PTL (should be shorter and more thickened proximally in H. bernardino). We
found that PTaL overlaps with northern populations (Table 5), and is therefore not
diagnostic. The PTW/PTL ratio is generally smaller in H. bernardino, but there is some
overlap with northern populations, again calling into question the diagnostic value of
this character. We did find that the male CdL is consistently shorter in H. bernardino
(Table 5), and hypothesize this as a new morphological character diagnostic for the
species. Again, consistent with a hypothesis of phylogenetic niche conservatism im-
parting morphological stasis, the species is only weakly morphologically diagnoseable.
The disjunct geographic distribution (Fig. 9) and hundreds of diagnostic nucleotide
changes (alignments at https://doi.org/10.5061/dryad.gljwstqsd) can also be used to
recognize this species.
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Table 5. Morphological measurements. PTW/PTL (maximum width of male pedipalpal tibia in retro-
lateral view/length of tibia in retrolateral view), CdL (male palpal conductor length in retrolateral view),
AME (diameter of anterior median eye pupil), PTaL (length of male palpal tarsus in retrolateral view),
CTpr (number of promarginal cheliceral teeth), CTre (number of retromarginal cheliceral teeth). Raw
measurements provided in Suppl. material 2.

PTW/PTL CdL AME PTaL CTpr CTre
H. bernardino 0.253-0.267  0.475-0.50 0.1-0.125 0.82-1.0 4-5 2-3
H. petrunkevitchi YOSE lineage ~ 0.259-0.292 0.625 0.10-0.125 0.925-1.0 5 2
H. petrunkevitchi KING lineage 0.278 0.60 0.10 0.875 5 2
H. petrunkevitchi KAW lineage 0.274-0.307  0.575-0.675  0.10-0.125 0.925-1.15 4-5 2
H. xomote sp. nov. 0.256-0.338  0.525-0.575  0.10-0.125  0.775-1.075  4-5 1-2

Genetic data. SRA Accession numbers: SAMN21239435-SAMN21239437.

New records. California, San Bernardino County, San Bernardino Mountains,
Camp Creek east of Forest Falls, 34.0760, -116.8876, coll. M. Hedin, 10 July 1993
(SDSU_H0025-0027, 3I). San Bernardino County, San Bernardino Mountains, Hwy
38, tributary into East Fork Mountain Home Creek, in culvert and tunnel under high-
way, 34.1198, -116.9768, coll. E. Ciaccio, 4 August 2018 (SDSU_G2897-2899, 3I).
San Bernardino County, San Bernardino Mountains, Hwy 38, tributary into East Fork
Mountain Home Creek, in culvert and tunnel under highway, 34.1198, -116.9768,
coll. E. Ciaccio, 27 Sept 2018 (SDSU_G2929-2932, 4M). San Bernardino County,
San Bernardino Mountains, Hwy 38, Forsee Creek, along stream and tunnel under
highway, 34.1574, -116.9315, coll. E. Ciaccio, 4 August 2018 (SDSU_G2893-2896,
E 3I). See also Suppl. material 2 for locality (including elevation) and natural history
information for specimens examined.

Remarks. Catley (1994) hypothesized the following diagnostic features, based on
comparisons to near-type locality H. petrunkevitchi:

“The species most closely resembles its sister species Hypochilus petrunkevitchi in general
coloration, eye dimensions, and male pedipalpal morphology. Males can be recognized by
the apex of the conductor which is more loosely whorled (fig. 24) than in H. petrunkevitchi,
the shorter pedipalpal tarsus, a greatly reduced distal palpal (conductor) apophysis (fig. 25),
and a median palpal apophysis that is significantly smaller than H. petrunkevitchi, with no
notch (fig. 7). The short palpal tibia is strongly incrassate proximally. Females ... are par-
ticularly difficult to separate from H. petrunkevitchi females, the former possessing similar
but smaller convoluted spermathecal ducts (fig. 11).”

Our comparisons of near-type H. bernardino to larger samples (Suppl. material 2)
of more northern populations in California (not including the distinctive H. kastoni)
suggests the following character trends. Regarding the shape of the apex of the con-
ductor, we find no consistent difference in tightness of the whorls (Fig. 10), a feature
that we also found difficult to characterize. The small distal conductor apophysis is
likewise inconsistently absent or barely present across populations (Fig. 10). We also
could not discern a consistent difference in the shape of the median palpal apophysis
(Figs 11, 12), with our SEM imaged H. bernardino specimens appearing much like the
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Figure 10. California taxa male palp (conductor) comparison. For each specimen, left panel = prolateral
view, right panel = retrolateral view. H. bernardino A, B Mtn Home (SDSU_G2931) C, D Mtn Home
(SDSU_G2932); H. xomote E, F Alder Creek (SDSU_G2600) G, H Tule River (SDSU_G2289);
H. petrunkevitchi KINGS lineage 1, ) Mill Flac (SDSU_G2554); H. petrunkevitchi KAW lineage
K, L Mineral King Road (SDSU_TAC000192); H. petrunkevitchi YOSE lineage M, N Yosemite (SDSU_
G2568); H. kastoni ©, P Ney Springs (SDSU_TAC000191). Distal conductor apophysis highlighted by
arrows. Detailed specimen information provided in Suppl. material 2.

original drawings of H. petrunkevitchi (Catley 1994: fig. 8) . Differences in the degree
of sclerotization at the base of this apophysis also makes the narrowness somewhat
subjective to score, at least in some specimens. Finally, we found female spermathecal
morphology to be highly conserved (Fig. 13); it is possible that the median ducts are
more convoluted in H. bernardino than in northern populations, but this difference is
subtle given our sampling.

Distribution and habitat. Known only from two primary forks of a single drain-
age basin (headwaters of Santa Ana River, and Mill Creek, a large tributary of the Santa
Ana), south side of the San Bernardino Mountains of southern California (Fig. 9). The
Forsee Creek population, near the headwaters of the Santa Ana River, represents a new
record for this species. We suspect that additional populations likely exist in the narrow
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canyons that lead into the Santa Ana River, for example, Bear Creek, Warm Springs
Canyon, etc. In our recent collections we have found spiders in webs on large, sheltered
granite boulders near streams, and in stream culverts beneath a primary highway.

Conservation. We view H. bernardino as a short-range endemic taxon with a
precarious future, deserving of special conservation attention and monitoring efforts.
Over 25 years ago, Catley (1994) discussed how populations may have been negatively
affected by drought. More recently, large fires have burned the forests of the Moun-
tain Home Creek drainage (e.g., 2018 Valley fire). The loss of forest canopy cover is
expected to result in fundamental changes in microhabitat conditions, and in concert
with increasing global temperatures, calls for continued close monitoring of H. ber-
nardino populations.

Hypochilus petrunkevitchi Gertsch, 1958
Figs 9-13

Hypochilus petrunkevitchi Gertsch 1958: 11, figs. 5, 7, 15, 17, 21; Lehtinen 1967: 431,
fig. 14; Forster et al. 1987: 21, figs 68-72; Catley 1994: 7, figs. 8, 13, 24.

Material examined. Fs from Ladybug Trail (SDSU_G2275), Mineral King Road
(SDSU_G2485), Providence Creek (SDSU_G2508), Mill Creek (SDSU_G2543),
Huntington Lake Road (SDSU_G2514, SDSU_G2557), Yosemite Falls (SDSU_
G2564); Ms from Atwell-Hockett Trail (SDSU_G2260), Big Fern Springs (SDSU_
G2262), Ladybug Trail (SDSU_G2274), Mehrten Creek (SDSU_G2285), Mineral
King Road (SDSU_TAC000192), South Fork Kaweah River (SDSU_G2279), Mill
Flat (SDSU_G2254), and Yosemite Falls (SDSU_G2568, SDSU_G2569); see Suppl.
material 2.

Diagnosis. We found that the male palpal conductor (CdL) is consistently longer
in H. petrunkevitchi than in both H. bernardino and the new species below, although
barely for the latter (Table 5), and larger sample sizes might negate this difference. It
is clear that all southern Sierran populations retain a very similar morphology, with
minor morphological divergence associated with evolution in the southern Transverse
ranges (H. bernardino).

Genetic data. SRA Accession numbers: SAMN21239424-SAMN21239431.

New records. Merced River drainage (YOSE): California, Mariposa County, Yo-
semite NP, Big Oak Flat Rd., bridge over Tamarack Creek, 37.7278, -119.7143, coll.
E. Ciaccio, M. Hedin, A. Rivera, 29 Sept 2017 (SDSU_G2561-2563, 3I). Mariposa
County, Yosemite NP, vic Bridalveil Falls, 37.7167, -119.6519, coll. E. Ciaccio, 3
August 2017 (SDSU_G2515-2518, 4I). Mariposa County, Yosemite NP, near Yo-
semite Falls, 37.7491, -119.5965, coll. E. Ciaccio, M. Hedin, A. Rivera, 29 Sept
2017 (SDSU_G2564-2566, 21, 2F, 2M). Mariposa County, Yosemite NP, near Yo-
semite Falls, 37.7491, -119.5965, coll. M. Hedin, K. Crandall, 27 June 1992 (SDSU_
H0015-H0016, 2I). San Joaquin River drainage (SAN): Fresno County, Sierra NE
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Figure 1 1. California taxa male palp comparison, prolateral views. H. kastoni A Ney Springs (SDSU_
TAC000191); H. bernardino B Mtn Home (SDSU_G2931) € Mtn Home (SDSU_G2932); H. xo-
mote D Tule River (SDSU_G2289) E Alder Creck (SDSU_G2600) F Belknap Springs (SDSU_G2300);
H. petrunkevitchi KINGS lineage G Mill Flat (SDSU_G2554); H. petrunkevitchi KAW lineage H Mineral
King Road (SDSU_TAC000192); H. petrunkevitchi YOSE lineage | Yosemite (SDSU_G2568). Median
apophysis highlighted by arrows. For specimens E and I the bulb has rotated during specimen prep; these
two images are retrolateral views, subsequently flipped in Photoshop. Detailed specimen information
provided in Suppl. material 2.

Huntington Lake Rd., Balsam Creek turnout, 37.1884, -119.2591, coll. E. Ciaccio,
31 July 2017 (SDSU_G2510-2514, 11, 4F). Fresno County, Sierra NF, Snowslide
Creek on Huntington Lake road, 37.2029, -119.2367, coll. E. Ciaccio, 10 Sept 2017
(SDSU_G2557-2560, 11, 3F). Kings River drainage (KING): California, Fresno
County, Sierra NF, McKinley Grove Rd., Bear Creek turnout, 37.0411, -119.1202,
coll. E. Ciaccio, B. Hernandez, S. Torres, J. Waters, 24 July 2017 (SDSU_G2557—
2560, 41, 1M). Fresno County, Sierra NE McKinley Grove Big Trees Area, 37.0224,
- 119.1066, coll. E. Ciaccio, 10 Sept 2017 (SDSU_G2555, G2556, 11, 1F). Fresno
County, Bretz Mill, Providence Creek, 37.0427, -119.2371, coll. E. Ciaccio, 31 July
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2017 (SDSU_G2505-2509, 2M, 3F). Fresno County, Kings Canyon NP, dam at
Sheep Creek on Don Cecil Trail, 36.7840, -118.6784, coll. E. Ciaccio, 9 Sept 2017
(SDSU_G2551, 1I). Fresno County, Kings Canyon NP, Road’s end permit station,
Bubbs Creek/Zumwalt Meadow trail jct, 36.7918, -118.5871, coll. E. Ciaccio, 9 Sept
2017 (SDSU_G2549-2550, 11, 1F). Fresno County, Mill Flat OHYV staging area, Mill
Flat Creek, 36.7452, -119.0047, coll. E. Ciaccio, 30 July 2017 (SDSU_G2502-2504,
3I). Fresno County, Sequoia NE Mill Flat OHV Staging Area, 36.7471, -119.0046,
coll. E. Ciaccio, 9 Sept 2017 (SDSU_G2552-2554, M, 2F). Fresno County, Sequoia
NE Ten Mile Rd., at bridge N of Hume Lake, 36.7838, -118.9006, coll. E. Ciac-
cio, 8 Sept 2017 (SDSU_G2546-2548, I, 2F). Fresno County, Sequoia NE, Ten Mile
Rd., Landslide Creek turnout, 36.7625, -118.8801, coll. E. Ciaccio, 29 July 2017
(SDSU_G2497-2501, 11, 2M, 2F). Fresno County, Sequoia NE Hwy 245 at Mill
Creek, ~1 mi S of Hwy 180 Jct, 36.7145, -118.9879, coll. E. Ciaccio, 30 July 2017
(SDSU_G2542-2545, 21, 2F). Kaweah River drainage (KAW): Tulare County, Sequoia
NP, Hwy 198, Big Fern Springs, 36.5382, -118.7751, coll. M. Hedin, 12 July 1993
(SDSU_H0020-H0022, 31I). Tulare County, Sequoia NP Hwy 198, Big Fern Springs,
36.5382, -118.7751, coll. E. Ciaccio, 17 August 2016 (SDSU_G2261-G2265,
1M, 3E 1I). Tulare County, Sequoia NE Forest Rte 14S11, Boulder Creek turnout,
36.7342,-118.77306, coll. E. Ciaccio, 29 July 2017 (SDSU_G2492-G2496, 1M, 4F).
Tulare County, Sequoia NP, Hwy 198 near Lodgepole CG, Marble Fork Kaweah Riv-
er, 36.6037, -118.7392, coll. E. Ciaccio, 29 July 2017 (SDSU_G2487-G2491, 4M,
1F). Tulare County, Sequoia NP, Mineral King Rd., Squirrel Creek pullout, 36.4428,
-118.7694, coll. E. Ciaccio, 28 July 2017 (SDSU_G2482-G2486, 3M, 1E 1I). Tulare
County, Sequoia NP, Atwell-Hockett Trail, bridge on trail, 36.4584, -118.6564, coll.
E. Ciaccio, 16 August 2016 (SDSU_G2256-G2260, 3M, 1E 11). Tulare County, Se-
quoia NP, bridge over Marble Fork on road to Crystal Cave, 36.5759, -118.7860, coll.
E. Ciaccio, 17 August 2016 (SDSU_G2266-G2270, 4F, 11). Tulare County, Sequoia
NP, Ladybug Trail, upstream from bridge at start of trail, 36.35005, -118.76238, coll.
E. Ciaccio, B. Hernandez, S. Torres, 3 Sept 2016 (SDSU_G2273-G2278, 2M, 3FE,
11). Tulare County, Sequoia NP, Middle Fork Trail, 36.5416, -118.7074, coll. E. Ciac-
cio, 18 August 2016 (SDSU_G2271, 1I). Tulare County, Sequoia NP, Middle Fork
Trail, Mehrten Creek, 36.5457, -118.6920, coll. E. Ciaccio, B. Hernandez, S. Torres,
4 Sept 2016 (SDSU_G2284-G2288, 2M, 2F, 11). Tulare County, Sequoia NP, Middle
Fork Trail, near Mehrten Creek, 36.5456, -118.7036, coll. E. Ciaccio, 16 August 2016
(SDSU_G2272, 1I). Tulare County, Sequoia NP, Mineral King Road, turnout on the
road, 36.45346, -118.6923, coll. E. Ciaccio, 18 August 2016 (SDSU_G2251-2255,
5F). Tulare County, Sequoia NP, Mineral King Road, crossing of Redwood Creek, W
of Awwell Mill CG, 36.4533, -118.7036, coll. M. Hedin, 24 August 2009 (SDSU_
TAC000192- TAC000193, 1F, 1M). Tulare County, Sequoia NP, South Fork Kaweah
River, jnct of Cedar Creek and South Fork Kaweah River, 36.3551, -118.7335, coll.
E. Ciaccio, B. Hernandez, S. Torres, 4 Sept 2016 (SDSU_G2279-G2283, 1M, 3F,
11). Tulare County, Sequoia NP, below Atwell Mill CG, along Kaweah River, 36.4584,
-118.6561, coll. M. Hedin, 23 August 2009 (SDSU_HO0842- H0844, 1F, 1M, 1I). See
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also Suppl. material 2 for locality (including elevation) and natural history information
for specimens examined.

Remarks. Catley (1994) provided no formal diagnosis for H. petrunkevitchi (and
original diagnoses only compared H. petrunkevitchi to the easily distinguishable H.
kastoni), but offered the following differences from H. bernardino in his keys to males
and females - length of male PTaL relatively long (0.99-1.10 mm); index of shape of
male palpal median apophysis (= vertical height of distal edge of apophysis x length of
ventral border of apophysis) large (0.02-0.03) and strongly notched at proximal edge;
apex of the conductor in tight whorl with large inwardly directed distal apophysis.
Spermathecal bulbs large, diameter of largest not less than 0.11 mm; median ducts of
greater length than lateral ducts. We have commented above on the shape of the apex
of the male conductor (Fig. 10), the shape of the male palpal median apophysis (Figs
11, 12), and a PTaL which overlaps in length (Table 5). Similarly, we view the relative
size of spermathecal bulbs, and relative length of median versus lateral ducts as quali-
tatively similar (Fig. 13).

Distribution and habitat. /. petrunkevitchi was previously known from a handful
of locations in the west-central Sierra Nevada, and our work has greatly expanded our
distributional knowledge for this species (Fig. 9). All previous taxonomic publications
involving this species examined only northern specimens (Kaweah River drainage and
northwards), which here retain the name H. petrunkevitchi.

Conservation. Of all the basins in the southern Sierra Nevada, the Kaweah and
Kings populations appear to occupy the most contiguous habitat, as reflected in both
nuclear phylogenies and STRUCTURE results (Figs 2-5, 9). The Yosemite and San
Joaquin populations, which are geographically isolated and particularly genetically
divergent, deserve close monitoring. While all Yosemite populations lie within the
boundaries of Yosemite National Park, this does not strictly assure future persistence.
Populations in Yosemite Valley occur only in deep breakdown “caves”, and in our expe-
rience spiders are not abundant. Both known San Joaquin populations occur in habitats
that have recently burned as part of the devastating 2020 Creek Fire, again likely chang-
ing the nature of the canopy structure (and thus microclimatic conditions) in this area.

Hypochilus xomote Hedin & Ciaccio, sp. nov.
http://zoobank.org/7AF45D16-59AC-4E3D-B846-3DD14D4BSBBE
Figs 9-14

Type material. Holotype male (SDSU_TAC000658) from California, Kern Coun-
ty, upstream of Cedar Creek campground, off Hwy 155, Sequoia National Forest,
35.7508, -118.5807, elevation ~ 1520 meters, coll. M. Hedin, 4 October 2021 (MCH
21_091). Deposited at the University of California Davis Bohart Museum of Ento-
mology. Paratype females (SDSU_TAC000659, TAC000660) and paratype male
(SDSU_TAC000661) from same collecting event (MCH 21_091). Deposited at the
Denver Museum of Nature and Science.
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Figure 12. California taxa male palp comparison, retrolateral views. /. kastoni A Ney Springs (SDSU_
TAC000191); H. bernardino B Mtn Home (SDSU_G2931) € Mtn Home (SDSU_G2932); H. xo-
mote D Tule River (SDSU_G2289) E Alder Creek (SDSU_G2600) F Belknap Creek (SDSU_G2300);
H. petrunkevitchi KINGS lineage G Mill Flat (SDSU_G2554); H. petrunkevitchi KAW lineage H Mineral
King Road (SDSU_TAC000192); H. petrunkevitchi YOSE lineage | Yosemite (SDSU_G2568). For speci-
mens E and I the bulb has rotated during specimen prep; these two images are prolateral views, subse-
quently flipped in Photoshop. Detailed specimen information provided in Suppl. material 2.

Etymology. xomote, from the Native American Yowlumni tribal word for south,
providing a name for the southern-most known Hypochilus populations in the Califor-
nia Sierra Nevada. The X of xomote is pronounced as a “breathy, hissy sort-of H” (Vera
and Clark 2002). Language translation from the Tule River Yokuts Language Project
(Vera and Clark 2002), representing the language of the Yowlumni Yokuts. Members
of the larger Yokuts people historically occupied the southern San Joaquin Valley and
adjacent Sierran foothills, including the Tule River basin; the Yowlumni occupied a
smaller region near the valley outlet of the Kern River (see Fig. 9).

Diagnosis. CdL of intermediate length (Table 5), longer than H. bernardino but
shorter than H. petrunkevitchi, although barely so for geographically adjacent KAW
populations of H. petrunkevitchi.

Genetic data. SRA Accession numbers: SAMN21239432-SAMN21239434.

Description. Male holotype — Total length 7.5. Cephalothorax 3.0 long, 2.4
wide: clypeus 0.10. Eye diameters: AME 0.125, ALE 0.225, PME 0.175, PLE 0.20.
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Chelicerae pale yellow to white, dusky markings at base; promarginal cheliceral teeth
5, cheliceral formula 52314, retromarginal cheliceral teeth two; one distal, one proxi-
mal, both very small. Endites and labium white to pale yellow; sternum with dusky
pigmentation, small unpigmented patches circling sparse weak setae; coxae whitish;
trochanters with proximal and distal pigmented patches; all legs yellow tan with bro-
ken dark annulations on femora and tibiae; prolateral proximal aspect of femur 1 with
~ 20 unpigmented weak setae; leg 1 > 20 x length of cephalothorax. Abdomen dorsally
pale yellow- white with darker maculations over the entire surface, clothed with sparse
hairs, with multiple transverse rows of small weak setae. Palpal tarsus (left) (0.875),
palpal tibia short (1.875), thickened proximally (width 0.5), PTW/PTL = 0.267. Con-
ductor length (0.55), conductor tip loosely whorled with very small distal apophysis
in retrolateral view. Leg formula 1243; spination (only surfaces bearing spines listed):
pedipalpal femur: none; tibia: many dorsal, many prolateral, few to none retrolateral;
tarsus: setose with five closely appressed black spines on retrolateral surface of apical
spur. Femur I-many prolateral/dorsal; legs II-IV one dorsal proximally. Trichobothrial
distribution: all legs with one trichobothria distally on tibia and metatarsus.

Female paratype (SDSU_TAC000659): Total length 11.8, cephalothorax 3.8
long, 3.1 wide; clypeus 0.20. Eye diameters: AME 0.175, ALE 0.275, PME 0.225,
PLE 0.20. Clypeal area, lateral aspects of head, and foveal area with dusty maculations.
Pedipalp pale yellow-white, legs pale yellow-white with femora and tibiae of all legs
with broken dark rings and conspicuous dark spots, first leg > 9 x length of cephalo-
thorax. Chelicerae pale yellow, dusky on front proximal surface. Spermathecae with
convoluted ducts and relatively large receptacula (e.g., Fig. 13F). Leg formula 1243;
spination (only surfaces bearing spines listed): pedipalpal femur: few distal and dor-
sal; tibia: few dorsal and prolateral, few to none retrolateral; metatarsus: stronger and
denser than other pedipalp elements. Femur I-many prolateral/dorsal; legs II-IV one
dorsal proximally. Trichobothrial distribution: pedipalpal tibia with a series of dorsal
trichobothria; all legs with one trichobothria distally on tibia and metatarsus.

Other material examined. Tule River drainage: California, Tulare County, Sequoia
NE Balch Park Road, Jenny Creek, 36.2843, -118.7335, coll. E. Ciaccio, 28 July 2017
(SDSU G2477-2481, 5F). Tulare County, Sequoia NE, Hwy 190 turnout, Belknap
Creek, 36.1534, -118.5977, coll. E. Ciaccio, 23 Sept 2016 (SDSU G2296-G2300,
4F, M). Tulare County, Mountain Home State Forest, Hidden Falls campground,
36.2585, -118.6631, coll. E. Ciaccio, 28 July 2017 (SDSU G2472-G2476, 2F, 3]).
Tulare County, Sequoia NE, Hwy 190, Mclntyre Creek turnout, 36.1509, -118.5831,
coll. E. Ciaccio, 27 July 2017 (SDSU G2467-2471, 3E 2I). Tulare County, Sequoia
NE North Fork Middle Fork Tule River, 36.2082, -118.6488, coll. E. Ciaccio, 24 Sept
2016 (SDSU G2307-G2311, 4E M). Tulare County, Sequoia NF, Road 208, North
Fork Middle Fork Tule River, 36.1879, -118.6775, coll. E. Ciaccio, 23 Sept 2016
(SDSU G2301-2306, SF, 1I). Tulare County, Sequoia NE Hwy 190, Middle Fork
Tule River, 36.1556, -118.6688, coll. E. Ciaccio, 23 Sept 2016 (SDSU G2289-2295,
11, 1M, 5F). Tulare County, Sequoia NE Forest Route 21594, Windy Creek turnout,
36.0810, -118.6055, coll. E. Ciaccio, 27 July 2017 (SDSU G2462-2466, 4F, 11).
Cedar Creek drainage: Kern County, Sequoia NF, Alder Creek campground, north
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Figure 3. Comparative female spermathecal morphology for California taxa. . bernardino A Foresee Creek
(SDSU_G2893); H. petrunkevitchi YOSE lineage B Yosemite (SDSU_G2564); H. xomote € Jenny Creek
(SDSU_G2477) D Windy Creek (SDSU_G2465) E Belknap Creek (SDSU_G2296) F Alder Creek (SDSU_
G2601); H. petrunkevitchi KAW lineage G Ladybug Trail (SDSU_G2275) H Mineral King Road (SDSU_
G2485); H. petrunkevitchi KINGS lineage | Mill Creek (SDSU_G2543) ] Providence Creek (SDSU_G2508);
H. petrunkevitchi SAN lineage K Snowslide Creek (SDSU_G2557) L Balsam Creek (SDSU_G2415). Scale

bars shown for select specimens. Detailed specimen information provided in Suppl. material 2.
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Figure 14. Habitat, web, and live specimen digital images for H. xomote. From Kern County, vicinity

Alder Creek campground, along Cedar Creek, 5-6 Sept 2020 (see Suppl. material 2) A large S-facing
granite boulder, on the north side of Cedar Creek. Spider aggregations found in shaded areas, at white
arrow B web of an adult female € image of live adult female D image of live adult male.

side of campground along Cedar Creek, 35.7201, -118.6138, coll. E. Ciaccio & T.
Bougie, 26 March 2018 (SDSU G2600-2602, 1M, 2F). Kern County, Sequoia NF,
Alder Creek campground, north side of campground along Cedar Creek, 35.7201,
-118.6125, coll. M Hedin & O. Hedin, 5 Sept 2020 (SDSU_TAC000657, 2M). Kern
County, Hwy 155, Cedar Creek campground, Hwy 155, 35.7500, -118.5810, coll.
E. Ciaccio & T. Bougie, 25 March 2018 (SDSU G2596-2599, 41). Kern County, up-
stream of Cedar Creek campground, off Hwy 155, Sequoia National Forest, 35.7508,
-118.5807, elevation ~ 1520 meters, coll. M. Hedin, 4 October 2021 (MCH 21_091,
1M, 4F).

Distribution and habitat. Known only from the upper Tule River and upper
Cedar Creek drainages, at the southern end of the California Sierra Nevada mountains
(Fig. 9). We hypothesize that higher elevation xeric ridges (Dennison Mountain ridge
in particular) separate the distribution of this species from Kaweah River drainage
populations of H. petrunkevitchi. Populations of H. xomote sp. nov. are predicted to
be present in the White River drainage that lies between the Tule and Cedar Creek
drainages (Fig. 9), although collecting efforts in this drainage have failed thus far. We
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have collected these spiders on shaded granite boulders, in mineshafts, and in stream
culverts, generally near water along rivers or streams, in conifer or mixed oak/conifer
forests (Fig. 14; Suppl. material 2). See also Suppl. material 2 for locality (including
elevation) and natural history information for specimens examined.

Conservation. Specimens are more abundant and populations appear more se-
cure in the densely forested and higher elevation / higher laticude Tule River drainage.
Specimens are less abundant and populations appear more fragmented in the lower
elevation and more southerly Cedar Creek drainage. Recent large fires have occurred
in both drainages.
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Appendix I

Authors: Erik Ciaccio, Andrew Debray, Marshal Hedin

Data type: xslx. file

Explanation note: Specimens used in phylogenomic analysis.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/z00keys.1086.77190.suppl1

Supplementary material 2

Appendix II

Authors: Erik Ciaccio, Andrew Debray, Marshal Hedin

Data type: xslx. file

Explanation note: Specimens examined and used for study of morphology.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/z00keys.1086.77190.suppl2



A peer-reviewed open-access journal

ZooKeys 1086: 205-206 (2022)

doi: 10.3897/zookeys. 1086.77554 $ZOOI<€VS

https://zookeys.pensoft.net Launched to accelerate biodiversity research

Corrigendum: The distribution and behavioral
characteristics of plateau pikas (Ochotona curzoniae).
ZooKeys 1059: 157-171. https://doi.org/10.3897/
zookeys.1059.63581

Jun Qiu'?, Cang Ma?, Ying-Hui Jia*, Jin-Zhao Wang?, Shou-Kai Cao?, Fang-Fang Li'*

| State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining, 810016, China
2 State Key Laboratory of Hydroscience &Engineering, Isinghua University, Beijing, 100084, China 3 School
of Water Resources and Electric Power, Qinghai University, Xining, 810016, China 4 College of Water Re-
sources & Civil Engineering, China Agricultural University, Beijing, 100083, China

Corresponding author: Fang-Fang Li (liff@cau.edu.cn)

Academiceditor: Jesus Maldonado | Received 3 November2021 | Accepted 12 January 2022 | Published 17 February 2022

http://zo0bank.org/E3507 CBD-AF90-4182-96FC-7144F7BC6460

Citation: Qiu ], Ma C, Jia Y-H, Wang J-Z, Cao S-K, Li F-F (2022) Corrigendum: The distribution and
behavioral characteristics of plateau pikas (Ochotona curzoniae). ZooKeys 1059: 157-171. https://doi.org/10.3897/
zookeys.1059.63581. ZooKeys 1086: 205-206. https://doi.org/10.3897/z00keys.1086.77554

Thanks to the letter by Li (2021), the authors were made aware of a mistake regarding
the surface temperature reported in the paper above. The surface temperature reported
in the paper refers to the temperature recorded in images detected by the temperature
receptors of the field infrared camera, which did not reflect the actual surface tempera-
ture. As there was no shelter to the field infrared camera in alpine meadow grasslands,
the temperature of the camera increased rapidly under direct sunshine. Thus, the con-
clusion that the preferable temperature for pikas may be approximately 31-35°C was
incorrect, and the temperature reported in Figure 6 was also therefore incorrect. As
there was no equipment to measure the surface temperature in the observation, it is
difficult to restore the original surface temperature values. The data in Figure 6 should
only be used to compare the behavior characteristics of plateau pikas at different rela-
tive temperatures.

The authors would like to declare that the temperature in the paper refers to the
temperature recorded in images detected by the field infrared camera’s temperature
receptors, and does not reflect the actual surface temperature. The historic high air

Copyright Jun Qiu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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temperature in Dari County was 23.2°C (Wang et al. 2018), so the temperatures
cited in the paper can only be taken as a reference of the temperature of the cameras
in the sun.

The authors would like to acknowledge Dr. Wen-Jing Li for pointing out this dis-
crepancy in surface temperatures.
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