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Abstract

In this paper, all seven hitherto known species of the hygromiid genus Monacha from Lebanon are briefly
characterised and illustrated, and distribution maps are supplied (Monacha (Monacha) syriaca (Ehrenberg,
1831), Monacha (Monacha) nummus (Ehrenberg, 1831), Monacha (Monacha) obstructa (L. Pleiffer, 1842),
Monacha (Monacha) crispulata (Mousson, 1861), Monacha (Monacha) solitudinis (Bourguignat, 1852),
Monacha (Monacha) bari Forcart 1981, and Monacha (Monacha) cf. compingtae (Pallary, 1929)). One spe-
cies, M. (M.) bari Forcart, 1981, is recorded for the country for the first time, and its relationship to M.
(M.) compingtae (Pallary, 1929) is discussed. Based on recently collected specimens, the genital organs of a
long time ignored species, Helix solitudinis Bourguignat, 1852 could be investigated. It is here re-described

as a Monacha species endemic for Lebanon.
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Introduction

The malacofauna of Lebanon has been the focus of malacologists since quite early on.
Among the earliest scientists collecting molluscs in this country, the famous German
zoologists Friedrich Wilhem Hemprich and Christian Gottfried Ehrenberg from Ber-
lin, who visited the area during their second voyage from 1821-1825, have to be men-
tioned. Their results were subsequently published by Ehrenberg (1828-1833). Since
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then, the country has been the target of many expeditions where zoological and/or
botanical objects were collected. Already at that time, Beirut served as “headquarters”
for collectors, and thus, nearby and easily accessible places like Wadi Beyrouth or Wadi
Nahr el Kelb became type localities of dozens of species.

At the beginning of the 20" century, a French expedition lead by Henri Gadeau
de KeRVILLE collected an enormous amount of continental molluscs from Syria in the
wider sense, which were treated in two large volumes by Germain (1921). These speci-
mens are housed in the MNHN in Paris. Later, the French malacologist Pallary, a keen
connoisseur of the malacofauna of Northern Africa and home-based in Oran, Algeria,
published some papers on the wider Palestinian area (Pallary 1929, 1939). Finally, the
famous Lebanese zoologists Henriette and George Thomé presented a small compre-
hensive volume covering the terrestrial malacofauna of Lebanon (Thomé and Thomé
1988). Since then, no papers dealing exclusively with Lebanon have been published,
and occurrences of continental molluscs have only been mentioned as by-products in
papers having another scope. Quite recently, Bossneck (2011) reported on the results
of his field trip to the country, where he (among others) mentioned two interesting
species of Monacha from the Lebanon Mountains. These findings stimulated the pre-
sent authors to amend these records with the results of their own research.

In Turkey, there is a large variety of species of the genus Monacha, where currently
54 species are known, with still several species remaining undescribed because of the low
number of specimens available, or of lack of anatomical data (Hausdorf 2000). Nonethe-
less, the mountains stretching towards the south house a few more species of the genus,
some of them are endemic, not well studied as of today, and have been only inadequately
illustrated thus far. It is also our aim to raise awareness of this more or less ignored group
of invertebrate animals living in Lebanon to local people, laymen as well as students.

Material and methods

This paper summarises data obtained during two excursions by the authors in Leba-
non in 2008 and 2011, and others by Bariche during the last years. Specimens were
collected by hand, and stored in the respective institutional collections. The section
“specimens examined” contains only information that has been personally confirmed
by the authors, i.e. none of the records have been retrieved from the literature. The
records of Boessneck have been verified by Hausdorf (and a few by Neubert), and
have been added to the distribution data. Finally, it also includes all data related to
the Monacha species from Lebanon, its vouchers can be found in the Pallary collection
housed at the AUBM. All specimens were checked by Neubert during his visit at the
AUBM in October 2011. Unfortunately, the whereabouts of the Thomé’s collection
remains unclear. Inquiries at the MHNG, at the MNHN, and even personal contact
of M. Bariche with the Thomés’ yielded no clarification. Thus, the voucher specimens
listed in the book by Thomé and Thomé (1988) are not available at the moment.
All measurements in mm.
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Abbreviations for institutions

AUBM American University of Beirut, mollusc collection, Lebanon.
MHNB  Naturhistorisches Museum Basel, Switzerland.

MHNG  Muséum d’histoire naturelle de la ville de Genéve, Switzerland.
MNHN  Museum national d’histoire naturelle Paris, France

MZL Muséum d’Zoologie, Lausanne, Switzerland.

NMBE Naturhistorisches Museum der Burgergemeinde Bern, Switzerland.
SMNS Staatliches Museum fiir Naturkunde Stuttgart, Germany

Abbreviations for technical terms

H shell height
D shell diameter
PH peristome height

PD peristome diameter

Results

Familia Hygromiidae Tryon, 1866
Subfamilia Monachainae Wenz, 1930 (1904)
Tribus Monachaini Wenz, 1930 (1904)
Genus Monacha (Monacha) Fitzinger, 1833

Monacha (Monacha) syriaca (Ehrenberg, 1831)
http://species-id.net/wiki/Monacha_syriaca
Figs 1-3

1831 Helix syriaca Ehrenberg, Symbolae Physicae: 7 [Berytum].

Specimens examined: NMBE 506363/1, Hlaliye, 33.8393°N, 35.636°E, 475 m alt.,
28.10.2011; NMBE 506362/2,Ajhbe, 34.0087°N, 35.7108°E, 1164 malt.,27.10.2011;
NMBE 506361/5, Aaramoun, 34.0153°N, 35.6973°E, 760 m alt., 27.10.2011; NMBE
506360/7, above Kfour, 34.0317°N, 35.6988°E, 895 m alt., 27.10.2011; NMBE
506359/3, Kfour, 34.0348°N, 35.6952°F, 817 m alt., 27.10.2011; NMBE 506358/2,
Adma, 34.0166°N, 35.6489°E, 85 m alt., 27.10.2011; NMBE 505184/1, above Kfour,
34.0317°N, 35.6988°E, 895 m alt., 27.10.2011 (preserved); NMBE 25914/3, Trablous
(= Tripoli), 34.43°N, 35.85°E, coll. Shuttleworth ex Verreaux; NMBE 508014/20, road
between Ain Et Tine and Machgara, 33.516°N, 35.644°E, 1080 m alt., 21.08.2008;
NMBE 508013/2, Jezzine, Mazrad el Mathané, 33.576°N, 35.519°E, 450 m alt.,
21.08.2008; NMBE 508012/2, Nahr Bisri, 33.58°N, 35.535°E, 400 m alt., 21.08.2008;
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Figures 1-2. Monacha (Monacha) syriaca. | NMBE 508006, Nahr Abu Ali close to Seraad,
D =10.12 mm. 2 NMBE 508001, Ain al Jdeidi, D = 11.12 mm. — x4, phot. E. Bochud.

NMBE 508011/64, Jezzine, W of village, steep slope, 33.546°N, 35.575°E, 940 m alt.,
21.08.2008; NMBE 508010/15, Nahr Ibrahim, Chouene, trail Chouene—Chouwan
Lake, 34.081°N, 35.785°E, 450 m alt., 20.08.2008; NMBE 508009/6, Nahr Ibrahim,
close to the estuary, 34.065°N, 35.643°E, 20.08.2008; NMBE 508008/1, Qanater al
Zbeideh, Nahr Beirut, 33.85°N, 35.556°E, 80 m alt., 19.08.2008; NMBE 508007/10,
Byblos, 34.122°N, 35.652°E, 20 m alt., 19.08.2008; NMBE 508006/72, Nahr Abu
Ali close to Seraad, 34.382°N, 35.93°E, 630 m alt., 19.08.2008; NMBE 508005/3,
Tourza, 34.281°N, 35.89°E, 870 m alt., 19.08.2008; NMBE 508004/32, Jazire,
Nahr al Qasimiyah (part of the Litani), 33.32°N, 35.288°E, 15 m alt., 18.08.2008;
NMBE 508003/2, Nahr al Damour, 33.704°N, 35.452°E, 20 m alt., 18.08.2008;
NMBE 508002/1, Nahr Kfar Matta at Jisr el Kadi, 33.721°N, 35.558°E, 260 m
alt., 17.08.2008; NMBE 508001/75, Ain al Jdeidi, 33.809°N, 35.63°E, 918 m alt.,
17.08.2008; NMBE 508000/1, Nahr el Kalb, upper reach of Nahr al-Kalb near
Daraya, 33.955°N, 35.706°E, 700 m alt., 16.08.2008; NMBE 507999/7, Nahr el
Kalb, Jeita Grotto, cave entrance, 33.944°N, 35.641°E, 90 m alt., 16.08.2008; NMBE
507998/2, Nahr el Kelb, road to Jeita Grotto, limestone slope, 33.947°N, 35.637°E,
115 m alt, 16.08.2008; AUBM-MOLL0470/5, Ghazir, 34.0302°N, 35.6701°E,
326 m alt., 25.10.2009; AUBM-MOLL0473/13, Habboub, 34.1284°N, 35.686°E,
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Figure 3. Distribution of Monacha (Monacha) syriaca.

420 m alt., 11.10.2009; AUBM-MOLL0476/7, Jeita, 33.9448°N, 35.6387°E, 88 m
alt., 26.09.2009; AUBM-MOLL0478/1, Nahr el Kelb, 33.9547°N, 35.5975°E, 30 m
alt., 26.09.2009; AUBM-MOLL0481/1, Hamat, 34.2967°N, 35.6768°E, 100 m alt.,
16.01.2010; AUBM-MOLL0482/4, Kfar Kouass, 34.1222°N35.6969°E, 630 m alt.,
11.10.2009; AUBM-MOLLO0485/3, Moultaa el Nahreyn, 33.7029°N, 35.4673°E,
110 m alt., 04.10.2009; AUBM-MOLL0487/5, Bteghrine, 33.9253°N, 35.7745°E,
1000 m alt., 07.10.2009; AUBM-MOLL0329/16, Jounieh, 33.3896°N, 35.6323°E,
coll. Pallary; AUBM-MOLLO0335/38, Tartous, 34.8905°N, 35.8707°E, coll. Pal-
lary; AUBM-MOLL0337/40, Beirut, 33.8526°N, 35.4296°E, coll. Pallary; AUBM-
MOLL0338/25, Tripoli, 34.4314°N, 35.8184°E, coll. Pallary.
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Diagnosis. shell depressed, with two white spiral bands, malleate teleoconch
sculpture, aperture reinforced by a strong white lip, apertural rim deep red, umbilicus
closed by columellar callus.

Description. shell depressed, with an elevated broad conical spire, basic shell col-
our deep brown to yellowish brown, usually with a white subsutural band and a second
white band at the shell’s periphery; two protoconch whorls, smooth; teleoconch with
a malleate sculpture (i.e. looks like markings of a small hammer) and very fine radial
growth lines, surface with a glossy shine; last whorl rounded to slightly compressed
forming a blunt shoulder; last whorl abruptly bent towards the aperture; aperture oval
and depressed, reinforced by a strong white lip; apertural rim sharply bounded, usually
deep red to brownish; umbilicus always closed by a small columellar callus.

Measurements (figured specimens). Fig. 1: H = 6.26; D = 10.12; PH = 3.17; PD
=5.38. Fig. 2: H=6.18; D = 11.12; PH = 3.59; PD = 6.11.

Distribution. This species is found widespread along the coastal areas in Lebanon.
It usually lives at lower altitudes, but can occasionally be found up to 1000 m in more
sheltered areas such as in the bottom of deep valleys.

Remarks. This species cannot be mistaken for any other species in the area due to
its characteristic colour pattern, teleoconch sculpture, and closed umbilicus.

Monacha (Monacha) nummus (Ehrenberg, 1831)
htep://species-id.net/wiki/Monacha_nummus
Figs 4, 5, 8

1831 Caracolla nummus Ehrenberg, Symbolae Physicae: 8 [Syrien].
1847 Helix oxygyra Charpentier, Zeitschrift fiir Malakozoologie, 4: 131 [Bei Nahr und
Kelb [sic!], zwei Lieues nordlich von Beirut, an Felsen].

Type specimens. oxygyra: syntype in MZL.

Specimens examined. NMBE 508022/6, Nahr Ibrahim, Chouene, trail Chou-
ene—Chouwan Lake, 34.081°N, 35.785°E, 450 m alt., 20.08.2008; NMBE 508021/2,
Nahr Ibrahim, at the road between Chouaya and Yahchouch, 34.064°N, 35.728°E,
780 m alt., 20.08.2008; NMBE 508020/3, Nahr Ibrahim, 34.079°N, 35.679°E,
80 m alt., 20.08.2008; NMBE 508018/1, Qanater al Zbeideh, Nahr Beirut, 33.85°N,
35.556°E, 80 m alt., 19.08.2008; NMBE 508017/5, Nahr Abu Ali close to Seraad,
34.382°N, 35.93°E, 630 m alt., 19.08.2008; NMBE 508016/20, Nahr el Kelb,
Jeita Grotto, cave entrance, 33.944°N, 35.641°E, 90 m alt., 16.08.2008; NMBE
508015/4, Nahr el Kelb, road to Jeita Grotto, limestone slope, 33.947°N, 35.637°E,
115 m alt., 16.08.2008; NMBE 506357/1, Wadi Abadieh, 33.8434°N, 35.6344°E,
310 m alt., 28.10.2011; NMBE 506356/4, Kfar Hbab, 34.006°N, 35.6552°F,
113 m alt.,, 27.10.2011; NMBE 506355/3, Kfour, 34.0348°N, 35.6952°E, 817 m
alt., 27.10.2011; NMBE 506354/12, Adma, 34.0166°N, 35.6489°E, 85 m alt.,
27.10.2011; NMBE 25953/5, Beirut, 33.8526°N, 35.4296°E, coll. A. Vogt ex Bohny;
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Figures 4-7. Monacha spp. 4 Monacha (Monacha) nummus, syntype Helix oxygyra Charpentier 1847,
D = 15.55 mm 5 Monacha (Monacha) nummus, NMBE 508105, Beirut, Nahr el Kalb, Jeita Grotto,
limestone rocks above entrance area to the cave, D = 16.15 mm 6 Monacha (Monacha) spiroxia (Bour-
guignat 1868), lectotype MHNG 15378, Turkey, Alexandrette (= Iskenderun), D = 13.4 mm 7 Monacha
(Monacha) carinata Hausdorf, 2000, holotype SMNS 50426, Turkey, Iskenderun, canyon of Sariseki,
Iskenderun, D = 20.2 mm. — x2, phot. Neubert, Richling.

AUBM-MOLL0466/9, AUBM-MOLL0478/1, AUBM-MOLL0480/13, Nahr el
Kelb, 33.9547°N, 35.5975°E, 30 m alt., 26.09.2009; AUBM-MOLL0468/8, AU-
BM-MOLL0470/2, AUBM-MOLL0489/1, Ghazir, 34.0302°N, 35.6701°E, 326 m
ale., 25.10.2009; AUBM-MOLL0476/5, Jeita, 33.9448°N, 35.6387°E, 88 m alt,,
26.09.2009; AUBM-MOLLO0552/2, Nahr Ibrahim, 34.0824°N, 35.802°E, 780 m alt.;
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Figure 8. Distribution of Monacha (Monacha) nummaus.

AUBM-MOLL0343/10, Nahr el Kelb, coll. Pallary; AUBM-MOLL0344/19, Tripoli,
34.4314°N, 35.8184°E, coll. Pallary; AUBM-MOLLO0345/9, Jounich, 33.3896°N,
35.6323°E, coll. Pallary.

Diagnosis. shell large, biconvex, periphery with a sharply bounded keel, umbilicus
narrowly opened, broad periomphalum.

Description. shell large and flat, biconvex, shell colour grey to brown; protoconch
consisting of two smooth whorls; teleoconch whorls with a dense pattern of white
ribs, that extend to the glossy underside of the shell; suture marked by a white sutural
thread; ca. six regularly increasing whorls, periphery with a sharply bounded crimped
keel, sometimes spire stepped because of whorls attaching somewhat below the keel
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during shell growth; last whorl not descending; aperture obliquely oval with an acute
palatal edge, sometimes with a faint white lip; peristomial rim sharply bounded and
simple; umbilicus always open, narrow, with a broad periomphalum.

Measurements. Syntype oxygyra: H = 5.91; D = 15.55; PH = 3.73; PD = 8.84.
Fig. 5: H = 6.53; D = 16.15; PH = 3.39; PD = 8.67.

Distribution. This species seems to be restricted to coastal regions in Lebanon.

Remarks. This species can easily be confused with other keeled species known
from the Levante area. To illustrate the differences, shells of M. (M.) spiroxia (Bour-
guignat, 1868) (Fig. 6) and M. (M.) carinata Hausdorf, 2000 (Fig. 7) are given. They
differ in that the last has a larger shell with a more flat spire and a less pronounced keel.
So far, these two species have only been recorded from the Hatay province of Turkey,
while M. (M.) nummus seems to be restricted to Lebanon. Monacha (M.) spiroxia dif-
fers from M. (M.) nummus by being smaller, having a white lip in the aperture, a much
narrower umbilicus and a teleoconch sculpture of small granules.

Monacha (Monacha) obstructa (L. Pfeiffer, 1842)
http://species-id.net/wiki/Monacha_obstructa
Figs 9, 10

1842 Helix obstructa L. Pfeiffer, Symbolae ad Historiam Heliceorum II: 35 [Tripoli].

Specimens examined. NMBE 508032/12, Jazire, Nahr al Qasimiyah (part of the
Litani), 33.32°N, 35.288°E, 15 m alt., 18.08.2008; NMBE 508031/32, Nahr al Da-
mour, 33.704°N, 35.452°E, 20 m alt., 18.08.2008; NMBE 508030/7, Nahr el Kalb,
Jeita Grotto, cave entrance, 33.944°N, 35.641°E, 90 m alt., 16.08.2008; AUBM-
MOLL0492/1, Campus of the American University Beirut, 33.9016°N, 35.4781°E,
26.09.2009.

Diagnosis. shell small, cream white, aperture with thick white labial callus, um-
bilicus closed, forming a characteristic funnel-shaped “pseudo-umbilicus”.

Description. shell medium sized, spire broadly conical and somewhat elevated;
protoconch consisting of 1.5 smooth whotls; teleoconch cream white, with faint rib-
lets and a malleate sculpture (compare to M. syriaca), and evenly rounded whorls; last
whorl slightly bending towards the aperture; aperture broadly oval, reinforced by a
thick white labial callus, well discernible from the outside as a thick white callosity;
peristomial rim sharply bounded, red; umbilicus closed, but last whorl forming a char-
acteristic funnel-shaped “pseudo-umbilicus”.

Measurements (Fig. 9): H = 6.68; D = 11.83; PH = 4.2; PD = 5.85.

Distribution. In Lebanon this species seems to be quite restricted, probably be-
cause it is confined to more arid or steppe-like areas like central Syria, where it is one
of the most abundant snail species. These environmental conditions are not present
in the western part of Lebanon with its humid and steep mountain slopes. However,
it is the most widespread species within Monacha. Its distribution ranges from Egypt
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Figures 9, 10. Monacha spp. 9 Monacha (Monacha) obstructa. NMBE 508031, Nahr al Damour,
D = 11.83 mm 10 Monacha (Monacha) crispulata, Jordan, Ajlune Castle, 25.06.2007, leg. Z. Amr,
D = 8.3 mm. — x4, phot. E. Bochud.

to Pakistan, and Turkey to Saudi Arabia (Neubert 1998), probably because it can be
easily distributed by human activities.

Remarks. This species is unmistakable for its funnel-shaped “pseudo-umbilicus”.
Subadult shells can be differentiated from M. syriaca by the uniformity of its cream
white shell.

Monacha (Monacha) crispulata (Mousson, 1861)
http://species-id.net/wiki/Monacha_crispulata
Figs 10, 11

1861 Helix crispulata Mousson, Vierteljahresschrift der Naturforschenden Gesellschaft
Ziirich 6: 12 [Jerusalem ex Roth].
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Figure | 1. Distribution of Monacha (Monacha) obstructa () and Monacha (Monacha) crispulata (A).

Specimens examined. NMBE 515473/1, Nahr al Damour, 33.704°N, 35.452°E,
20 m alt., 18.08.2008; NMBE 515474/1, Qanater al Zbeideh, Nahr Beirut, 33.85°N,
35.556°E, 80 m alt., 19.08.2008.

Diagnosis. shell small, teleoconch whorls with strong axial ribs, granules and
long hairs.

Description. shell small, spire slightly elevated; protoconch consists of 1.5 smooth
whorls; teleoconch greyish to brownish, with strong axial ribs, whorls covered by a
dense sculpture of small granules and very long, soft hairs; hair scars visible even in
eroded shells; suture moderately deep; last whorl slightly bending towards the aper-
ture; aperture broadly oval, reinforced by a white lip (discernible from the outside);
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peristomial rim sharply bounded; umbilicus open, partly covered by a triangular colu-
mellar callus.

Measurements (Fig. 11): H = 4.72; D = 8.3; PH = 2.08; PD =4.76.

Distribution. This seems to be a rare species in Lebanon. It has probably been
overlooked because of its small size, or even misidentified, because its hairs can easily
fall off, and the remaining shell is less characteristic. It is possible that this species is
more widespread.

Remarks. This species differs from all Lebanese Monacha species by its haired
shell. Even eroded shells can be identified when using higher magnifications to see the
axial ribs in combination with the granulated surface and remaining hair scars.

Monacha (Monacha) solitudinis (Bourguignat, 1852)
htep://species-id.net/wiki/Monacha_solitudinis
Figs 12-14, 17

1852 Helix solitudinis Bourguignat, Testacea novissimae...: 15 [Circa Heliopolim
Syriae (Baalbek) habitat].

1859 Helix solitudinis, — L. Pfeiffer, Monographia heliceorum viventium IV: 280.

1868 Helix solitudinis, — L. Pteiffer, Monographia heliceorum viventium V: 365.

1902 Helicella (Monacha) solitudinis, — Gude, Journal of Malacology, 9: 128.

1921 Helix (Monacha) solitudinis — Germain, Mollusques terrestres et fluviatiles de
Syrie I: 156.

1939 Metafruticicola solitudinis, — Pallary, Mémoires présentés a I'Institut d’Egypte
39: 8.

2011 Monacha sp., — Boessneck, Zoology in the Middle East, 54: figs 5a, 42, 48.

Type specimens. Figured syntype NHMG 16032a; second syntype NHMG 16032b;
Baalbek 34.0061°N, 36.2122°E.

Specimens examined. Bcharre, Jabal el Mekmel ca. 7 km SE of Bcharre, loose cal-
careous vegetation, 34.2138°N, 36.0683°E, 2600 m alt, leg. U. Boessneck et al.; NMBE
508041/1, NMBE 508044/12, AUBM-MOLL, Falougha above Soha water plant,
33.835°N, 35.756°E, 1610 m alt., 17.08.2008; NMBE 508043/3, Falougha next to Soha
water plant, 33.835°N, 35.752°E, 1474 m alt., 17.08.2008; NMBE 508042/8, Falougha,
33.8352°N, 35.7561°E, 1591 m alt., 29.10.2011; NMBE 515472/1, ditto (preserved).

Diagnosis. shell medium sized, with a white spiral band at the periphery of the last
whorl, aperture subrectangular, umbilicus open, cylindrical, penial papilla large and
stout, flagellum longer than epiphallus.

Re-description. shell medium sized, spire depressed; protoconch consists of 2
smooth whorls; shell colour light brown to yellowish brown with a white spiral band at
the periphery of the last whorl; teleoconch with a malleate sculpture and fine axial rib-
lets; suture deep, simple; teleoconch with up to seven densely coiled whortls; last whorl
slightly bending towards the aperture; aperture broadly subrectangular, reinforced by a
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collar of penial papilla

12b

Figure 12. Anatomical drawing Monacha (Monacha) solitudinis a NMBE 515472, situs of genital
organs, total length 10.9 mm b detail of atrium and penial papilla, not to scale. Abbreviations used:
ap = appendicula; at = atrium; bc = bursa copulatrix; ep = epiphallus; fl = flagellum; ped = pedunculus;

pp = penial papilla; vd = vas deferens.

small white lip; peristomial rim sharply bounded, simple; umbilicus open, cylindrical,
a triangular columellar callus is indicated.

Genital organs (Figs 12a, b): The only specimen that could be investigated was quite
strongly contracted; it is a species of Monacha sensu str., because the genitalia show an
appendicula, but the penial retractor muscle is missing. Penis very short (0.8 mm),
penial papilla large, stout with a central perforation completely filling the atrial lumen
(preservation artefact?), basis of the papilla with a strong collar (Fig. 12b); epiphallus
a thick-walled tube, its lumen filled with several finely crenulated pilasters (1.9 mm);
flagellum short (2.1 mm), but surmounting the length of the epiphallus; appendicula
(4.9 mm) branching off the atrium, subdivided in a thicker basal part, and a shorter
part with a narrower lumen; two glandulae mucosae poorly ramified, inserting in the
middle of the vagina; vesicle of bursa copulatrix large, hammer-like, pedunculus quite
long (4.7 mm); atrial lumen with two pilasters, one of them large, knob-like, the other
narrow and elongate; right ommatophoran retractor passes left to the genital organs.

Measurements. Syntype figured: H = 9.2; D = 14.6; PH = 4.81; PD = 7.92. Fig.
14: H=7.28; D = 13.31; PH = 4.34; PD = 7.32.

Distribution. This species has only been recorded from two localities in Lebanon
so far. The type locality Baalbek is not too far away and they were probably collected
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Figures 13-17. Monacha spp. |3 Monacha (Monacha) solitudinis. 13 syntype NHMG 16032a, Baal-
bek, D = 14.6 mm 14 NMBE 508041, Falougha above Soha water plant, D = 13.31 mm |5 Monacha
(Monacha) bari, paratype NHMB 11167a, Israel, Mt. Hermon, D = 10.13 mm 16 Monacha (Monacha)
bari, NMBE 508040, below Barouk Cedar Forest, D = 10.19 mm |7 Monacha (Monacha) cf. compingtae,
Aammiq, D = XX mm. — x4, phot. E. Bochud.
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on the way towards Baalbek. Both new localities are in the central chain of Mt. Leba-
non at high altitudes. The habitats are characterised by coarse limestone boulders with
interspersed subalpine grassland vegetation and is covered by snow during winter. In
October 2011, two living animals were found actively crawling over the rocks (ca.
10°C and heavy rainfall), while in August 2008, only dead shells were encountered.
Differential diagnosis. This species differs from all other species in the Levante area
by the shape of its umbilicus, which is cylindrical like a borehole. All other Monacha
species with an open umbilicus deeply differ by either having a keeled (M. nummus)
or a smaller and hairy shell (M. crispulata). Monacha bari and M. compingtae are con-
chologically similar to M. solitudinis, but these species have a narrow and almost closed
umbilicus (refer to the discussion of M. bari). Information on the genital organs of the
two latter species is scarce, only Hausdorf (2000: 84) reported on a subadult specimen
of M. compingtae from southern Turkey. In this species, the penial papilla is short (large
but stout in M. solitudinis), the epiphallus is longer than the flagellum (vice versa in M.
solitudinis), and the appendicula is much shorter than in M. solitudinis. The specimen
figured by Boessneck (2011) was re-investigated here; it matches the type specimen
from Baalbek quite well, it is somewhat larger than the specimens from Falougha.
Remark. The correct generic affiliation of this species remained unclear until now. In
his original description, Bourguignat compared it to his Helix camelina, which is a species
of the Oxychilidae; this text was uncritically copied by Pfeiffer (1859). Gude (1902) was
the first to list it under the genus Monacha, but without any justification for doing so.
Germain (1921), who remarked that this affiliation needs to be corroborated by an inves-
tigation of the genital organs, shared this point of view. Later, Pallary (1939) studied the
type specimen and concluded that it should be classified within the genus Metafruticiola.

Monacha (Monacha) bari Forcart, 1981
htep://species-id.net/wiki/Monacha_bari
Figs 15, 16, 18

1981 Monacha (Monacha) bari Forcart, Basteria, 45: 105, fig. 11a—d [Hermon, Ab-
stieg von der unteren Skiliftstation zum Nahal Arar (= Wadi Assal) 1600-1400 m
ii.M. (etwa 33°15'N, 35°15'E).

Type specimens. bari: paratype MHNB 11167a.

Specimens examined. NMBE 508040/11, below Barouk Cedar Forest,
33.7042°N, 35.6997°E, 1310 m alt., 29.10.2011; NMBE 508039/4, Qaroun Lake,
33.551°N, 35.682°E, 870 m alt., 21.08.2008.

Diagnosis. shell small, spire slightly elevated, teleoconch has a faint white spiral
band and fine axial riblets, umbilicus narrow closed by columellar callus.

Description. shell small, spire conical, slightly elevated; protoconch consists of 1.5
smooth whotls; shell colour light brown to reddish brown, sometimes with a faint white
spiral band at the periphery of the last whorl; teleoconch with fine axial riblets and a



16 Eike Neubert & Michel Bariche | ZooKeys 311: 1-18 (2013)

35°30'E 36°00'E 36°30'E

34°30'N

34°00'N

=z
Altitude 2
N o
3000 m: [l &
- 2000 m
1000 m
Oom
Z 1 km
— 50

Figure 18. Distribution of Monacha (Monacha) solitudinis (®), Monacha (Monacha) bari (A) and Mona-
cha (Monacha) cf. compingtae (V).

pattern of fine spiral threads (only visible under higher magnification); suture deep,
simple; teleoconch with up to seven tightly coiled whorls; last whotl slightly bending
towards the aperture; aperture broadly oval, reinforced by a white lip; peristomial rim
sharply bounded, simple; umbilicus narrow, closed by a triangular columellar callus.

Measurements. Paratype M. bari figured: H = 6.9; D = 10.13; PH = 2.83; PD =
5.5. Fig. 16: H = 6.05; D = 10.19; PH = 2.94; PD =6.05.

Distribution. This species is here recorded for the first time for Lebanon. It seems
to be restricted to higher altitudes up to the alpine region of the highest mountains in
the Eastmediterranean.
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Remarks. The coordinates of the type locality of M. bari given by Forcart are er-
roneous, in fact they should be approximately at 33.3088°N, 35.7596°E. After careful
examination of the paratypes of M. bari from the collection of Forcart (housed in the
Natural History Museum in Basel, Switzerland), the recently collected specimens from
Lebanon are here identified with this species. It is not possible to find any shell charac-
ter that could justify a separation of the populations on specific level.

Monacha (Monacha) cf. compingtae (Pallary, 1929)
Fig. 17

1929 Theba compingtae Pallary, Mémoires présentés a I'Institut d’Egypte 12: 7, pl. 1,
figs 4-6.
2011 Monacha cf. compingtae, Boessneck, Zoology in the Middle East, 54: figs 5a, 42, 48.

Specimens examined. Zgharta (Prov. North Lebanon), dry ruderal vegetation with cal-
careous stones in side valley of Nahr Abou Ali above the village, 34.3922°N, 35.8929°E,
80 m alt., leg. U. Boessneck et al.; Hadchit (Prov. North Lebanon), slopes of the Nahr
Quadicha, open calcareous fields, locally with loose vegetation und shrubs, partly rud-
erally impacted, 34.2459°N, 35. 9881°E, 1000-1250 m alt., leg. U. Boessneck et al.;
Aammiq (Prov. Bekaa), rocky open fields with loose vegetation at the edge of a wetland,
ruderally impacted, 33.7284°N, 35.7858°E, 870 m alt., leg. U. Boessneck et al.; Afqa
(Prov. Mount Lebanon), open calcareous fields with loose vegetation on single shrubs
near the cave, locally wet, 34.0671°N, 35.8291°E, 1160 m alt., leg. U. Boessneck et al.

This Monacha species was identified by Hausdorf (in Boessneck 2011) as M. (M.)
cf. compingrae (Pallary, 1929). We were able to check the specimen figured by Boess-
neck (2011, Fig. 5a) from Aammiq in order to compare it to the species we finally
identified as M. bari. Both species differ by the possession of a white subsutural spiral
band in Monacha cf. compingtae (not seen in any specimen of M. bari), and the tel-
eoconch sculpture, which is almost malleate in Monacha cf. compingtae, while M. bari
shows axial riblets combined with spiral threads.

Monacha compingtae was described from Tartus and Safita, both localities from
the coastal area in southern Syria. Later, Pallary (1939) extended the distribution
area of M. compingtae with more records from Syria (“kilométre 139 de la route
de Lattaquié a Alep” = probably somewhere NE of Idlib), “Koubba Cheikh Mok-
bel”, “entre Lattaquié et Kerdaha” and “Slenfé (Nahib Younes” = Slinfah 35.583°N,
36.7°E)). Hausdorf (2000: 84) reported this species from the Hatay area in south-
ern Turkey, which constitutes the northern part of the eastmediterranean moun-
tain ridge. In fact, this species is conchologically very similar to M. compingtae, the
two white spiral bands are already mentioned by Pallary in the original description.
However, he also mentions a transversal striation on the shell, which is not seen on
the specimen from Aammiq. It might well be that this taxon from Lebanon repre-
sents another yet undescribed species.
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Abstract

In Shear’s (1986) cladistic analysis of the Ischyropsalidoidea, he described the new genus Acuclavella
including four new species from the Pacific Northwest states of Washington and Idaho. Several of these
species descriptions were based on very limited sample sizes. Our recent field work has increased by more
than an order of magnitude both the number of specimens and known localities for Acuclavella. We
use this new material to interpret species limits in Acuclavella using morphometric analyses and DNA
sequence data from four gene regions. We sequence for the first time the protein-coding homolog of the
Wnt2 gene for phylogenetic reconstruction in Opiliones. Our multi-locus phylogeny corroborates a sister
relationship between Acuclavella and Ceratolasma, as hypothesized using morphology by Shear (1986).
Within Acuclavella, morphometric clusters and reciprocal allelic monophyly allows recognition of three
additional species: Acuclavella leonardi sp. n., A. sheari sp. n., and A. makah sp. n. This work also describes
the previously unknown male of Acuclavella guattuor, from specimens collected at the type locality. Our
research identifies a number of novel morphologies for Acuclavella, including females with four pairs of
spines, individuals with three pairs of spines on scute areas I-1II, and a population with two pairs of spines
disjunct from A. quattuor, which was diagnosed with this spination character. We were unable to assign
these populations to existing species, and conservatively do not yet recognize them as new. Intrageneric
morphometrics and phylogenetic inference in Acuclavella were often concordant. However, we demon-
strate that species delimitation signal would not be detected if only a single line of evidence were utilized.

Copyright Casey H. Richart, Marshal Hedin. This is an open access article distributed under the terms of the Creative Commons Attribution License
3.0 (CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

The genus Acuclavella was described in 1986 by Shear in his revision of the superfamily
Ischyropsalidoidea (Opiliones, Dyspnoi). In this work, four new species in the genus were
described (Shear 1986). These descriptions were based in large part on very small sample
sizes: Acuclavella cosmetoides Shear, 1986, the generic type species, was described from a sin-
gle male and female; A. shoshone Shear, 1986 was described from two males and one female;
and A. quattuor Shear, 1986 was described from a single female. Each of these three species
was known only from their respective type localities in northern Idaho, north of the Salmon
River. The fourth species, A. merickeli Shear, 1986, was represented by thirteen individuals.
Twelve of these (four males and eight females) were from the type locality also in Idaho north
of the Salmon River. The remaining individual was collected from the Cascade Mountains
of western Washington, and due to morphological similarity, was considered by Shear to be
conspecific with A. merickeli despite a geographic separation of over 500 kilometers.

The biogeographic situation in Acuclavella, with several short-range endemic spe-
cies from a small geographic area, coupled with an apparently widespread (but disjunct)
species, clearly invites further investigation. The biogeographic barriers separating the
Cascade Mountains from the Rocky Mountains of northern Idaho have promoted spe-
ciation in a variety of taxa (e.g., amphibians: Nielson et al. 2001, Steele et al. 2005;
arachnids: Derkarabetian et al. 2010; insects: Barr 2011). In addition, recent surveys
have uncovered populations of Acuclavella from the Olympic Peninsula of northwestern
Washington State, and from south of the Salmon River in Idaho. Cascade Mountain
and Olympic Peninsula ecoregions of western Washington have been shown to house
distinct species of non-vagile organisms (e.g., Good and Wake 1992). In Idaho, a habi-
tat corridor of Abies grandis, north-facing and high above the south side of the Salmon
River, may house unique populations of organisms that survived in an unrecognized
compartment of a structured Pleistocene glacial refugium (Brunsfeld and Sullivan 2006).

The goal of this paper is to use morphometrics and molecular phylogenetics to
investigate the validity of the four species hypothesized by Shear (1986), to delimit
potentially new species within Acuclavella, and to revise the genus as necessary. We
hypothesize that molecular phylogenies will reveal consistent reciprocal monophyly
conforming to Idaho versus Washington taxa. Furthermore, we expect that Acuclavella
populations from the two ecoregions in western Washington will show evidence of
molecular divergence. In Idaho, expectations are that a morphologically distinct new
population discovered south of the Salmon River will show molecular phylogenetic
divergence from the four northern species described by Shear (1986).
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Methods

Taxon sampling

Most fieldwork was conducted in the summer of 2008, with additional adult speci-
mens collected from May to September in 2006, 2007, and 2009 (Appendix I - Col-
lection Locality Information). Acuclavella are crenophilic denizens of small, perennial
water features such as headwater streams and seeps in the Zsuga heterophylla Zone and
the coastal Picea sitchensis Zone of the Pacific Northwest (Franklin and Dyrness 1988).
Appropriate habitat and microhabitat was targeted for specimen collection throughout
northern Idaho and western Washington, and collections include all type localities.
When encountered, at least one specimen from each locality was preserved for mo-
lecular analyses by placing specimens into 100% EtOH, and subsequently transferring
specimens to a -80° C freezer (following Vink et al. 2005).

Molecular data collection

Genomic DNA was extracted from two legs per specimen using the Qiagen DNeasy
kit, per manufacturer’s protocol. Currently, few genes are available for resolving
shallow phylogenetic relationships in Opiliones (reviewed in Hedin et al. 2010). In
this study, PCR amplification targeted four gene regions, including mitochondrial
protein-coding cytochrome oxidase I (COI), the 28S large subunit ribosomal RNA
(28S), nuclear protein-coding Elongation Factor-1 alpha (EF-1a), and the nuclear
protein-coding wingless (Wnt2). COl is a standard gene used for species-level delim-
itation in animals, and has been used extensively in opilionid phylogenetic studies
(e.g. Boyer et al. 2005, 2007; Thomas and Hedin 2008; Hedin and Thomas 2010;
Derkarabetian et al. 2010). 28S rRNA data has been used successfully to elucidate
deeper relationships in opilionid phylogenies (e.g. Boyer et al. 2007, Derkarabetian
et al. 2010, Giribet et al. 2010, Schénhofer and Martens 2010, Sharma and Giribet
2011), but generally evolves too slowly to resolve shallow relationships (e.g. Hedin
and Thomas 2010). EF-1o has been shown to have phylogenetic utility at two levels
(Hedin et al. 2010); in the region amplified for Acuclavella, more slowly evolving
exons bracket a relatively rapidly evolving intron. The Wnt2 gene region has been
used to reconstruct spider phylogenies (e.g., Blackledge et al. 2009, Satler et al.
2011), but is used here for the first time in Opiliones. PCR primer and amplifica-
tion conditions are available as a supplementary file (Appendix II - PCR Primer
Information). Amplicons were visualized on agarose gels, purified via polyethylene
glycol (PEG) precipitation or on Millipore plates, and Sanger sequenced at the San
Diego State University Microchemical Core Facility (http://www.sci.sdsu.edu/dna-
core/sdsu_dnacore.html) or at Macrogen USA.
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Phylogenetic analyses

Bi-directional Sanger reads were assembled into contiguous sequences using Se-
quencher v4.5 (Gene Codes Corporation, MI). EF-1o haplotypes were reconstructed
in PHASE (Stephens and Donnelly 2003) using an ingroup-only matrix with the
following parameter settings: 100 iterations, thinning interval of 1, burn-in of 100,
probability cut-off set to 0.70 (Harrigan et al. 2008). Haplotypes with nucleotides
inferred with probability values < 0.70 were left ambiguous. The PHASE input file was
converted from a FASTA alignment using SeqPHASE (Flot 2010). COI, EF-1a exon,
and Wnt2 gene regions were unambiguously aligned using amino acid translations
in MacClade v4.06 (Maddison and Maddison 2003). EF-1« intron and 28S rRNA
data were aligned using MAFFT (Katoh et al. 2005), utilizing the Q-INS-i alignment
algorithm strategy with parameters: BLOSUMG62 alignment scoring matrix, 200PAM
/ K=2 scoring matrix value, an opening gap penalty of 1.53, and an offset value of 0.1.
Regions of alignment uncertainty were removed from the 28S matrix with Gblocks
(Castresana 2000) with the following parameter settings: minimum length of a block
= 3, allowed gap position with half, minimum number of sequences used to identify a
conserved position and a flanking position 11 and 17 respectively, and 8 as the maxi-
mum number of contiguous non-conserved positions.

Individual gene trees were reconstructed using maximum likelihood and Bayes-
ian inference. Bayesian analyses were implemented using MrBayes v3.1.2 (Ronquist
and Huelsenbeck 2003) run on an XSEDE utilizing the CIPRES portal (Miller et al.
2010). Models of DNA sequence evolution used in Bayesian analyses were determined
using jModelTest v0.1.1 (Posada 2008, Guindon and Gascuel 2003). Likelihood scores
were computed with three substitution schemes (24 models), unequal base frequen-
cies, proportion of invariable sites, rate variation among sites, and used the BION]
algorithm of Gascuel (1997). The goodness of fit of alternative models was determined
using AIC (Akaike 1974) with CI set to 100%. Bayesian gene tree analyses were run
for 5 X 10° generations sampling every 1000 trees, using best-fit models of molecular
evolution. At this many generations, the average standard deviation of split frequencies
between runs was < 0.01. The first 40% of the sampled trees were discarded as burn-in,
and stationarity was confirmed visually using Tracer v2.4 (Rambaut and Drummond
2007). Maximum likelihood gene tree analyses were conducted using RAXML v7.2.8
(Stamatakis 2006), also on the CIPRES portal using the GTR + GAMMA model for
tree inference and bootstrapping (Stamatakis et al. 2008). The EF-1a data set was
partitioned by intron and exon, and the COI data was partitioned by codon position.
The Wnt2 and 28S matrices were not partitioned. Outgroup sequences were used to
root all gene trees.

All available DNA sequences, with the exception of apparently nuclearized copies
of COI (see Results), were concatenated for phylogeny reconstruction. The concat-
enated matrix was analyzed using both maximum likelihood (RAxML) and Bayesian
approaches (MrBayes v3.1.2) using a seven-partition strategy (EF-1a intron + exon,
Wnt2, 28S, individual COI codon positions). The Bayesian analysis was run for 1 X
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Table . Phylogenetic taxon sample and GenBank accession numbers.
Species / Voucher No. COI 28S EF-1c Wnt2
Acfquattuor_OP2230_DeVoto KF181730 KF181744 KF181759
Acfquattuor_OP2275_SplitCkTr KF181731 KF181760 KF181779
Acfquattuor_OP2284_SelwayRvRd KF181732 KF181761 KF181780
Acosmetoides_ OP2281_ 2ShadowsCk KF181745 KF181762
Acosmetoides_OP2296_FS250 KF181746 KF181763
Acosmetoides_OP2299_TribOrogrande KF181781
Acosmetoides_OP2319_MeadowCk KF181747
Acosmetoides_ OP2341_GooseCk KF181748
Aleonardi_OP2347_IronCk GQ870648 KF181749 GQ872169 KF181782
Aleonardi_OP2349_NFGobleCk KF181764
Aleonardi_OP2712_KjesbuRd KF181750 KF181765
Aleonardi_OP2714_UpperlronCk KF181728 KF181766
Americkeli_OP2237_FS443 KF181733 KF181751 KF181767
Americkeli_OP2245_FS443 KF181734 KF181783
Americkeli_OP2250_RedHorseCk KF181735 KF181768 KF181784
Amakah_OP1699_RubyBeach KF181736 KF181769
Amakah_OP2345_CedarCk GQ870647 KF181752 GQ872168
Amakah_OP2715_HokoFalls KF181737 KF181753 KF181770 KF181785
Amakah_OP2716_BrownesCk KF181738 KF181771
Amakah OP2719_YahooLkRd KF181772
Aquattuor_OP2242_GrouseCk KF181739 KF181773 KF181786
Aquattuor_OP2257_SlateCk KF181740 KF181754 KF181774
Aquattuor_OP2270_FS221 KF181729 KF181787
Asheari_OP2708_BurgdorfRd KF181741 KF181755 KF181775
Asheari_OP2709_BurgdorfRd KF181742 KF181776
Asheari_OP2720_FS592 KF181743 KF181756 KF181777 KF181788
Ashoshone_OP2316_EmeraldCkRd KF181789
Ashoshone_OP2323_Hobo KF181757 KF181778
Ceratolasma GQI12865 | JX573543 AF240864 | KF181790
Dendrolasma KF181727 GQI12771 AF240865
Hesperonemastoma JX573642 JX573548 AF240869 KF181791
Ischyropsalis JX573639 AF240870 JX573603 KF181792
Ortholasma GQ912870 | KF181758 | GQ872161
Sabacon JX573670 JX573551 AF240877 | KF181793
Taracus JX573680 JX573592 AF240881 KF181794

107 generations; tree sampling and burn-in were as above. Outgroup sequences for five
of six ischyropsalidoid genera (Ceratolasma, Taracus, Hesperonemastoma, Sabacon, and
Ischyropsalis) and two genera from Troguloidea (Dendrolasma and Ortholasma) were
used in concatenated phylogenetic analyses. These sequences were generated in-house
or downloaded from GenBank (see Table 1).
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Morphometric analyses

Specimen measurements were taken using an Olympus SZX12 dissecting microscope
with an ocular micrometer. Individuals with missing data (i.e., no Leg II) were ex-
cluded from analyses. Standard measurements (Acosta et al. 2007) of 16 characters
were determined for 261 individuals (131 males, 133 females); the measurement data,
including a figure showing our character measurements scheme, are available as a sup-
plementary file (Appendix III). Total body length was not measured due to the vari-
ation in length allowed by free tergites and sternites in individuals that are gravid or
have recently eaten; this measurement is known to vary with nutritional condition in
Opiliones (Acosta and Machado 2007).

Principle components analyses (PCA) and discriminant function analyses (DFA)
were carried out using SYSTAT 12 (Systat Software, Inc.). Though both PCA and
DFA are multivariate analyses, DFA is a validation approach that deals specifically
with the problem of separating predetermined groups. In taxonomy, DFAs are almost
exclusively used to differentiate between morphologically similar species that are dif-
ficult to identify from single characteristics (see Klimov et al. 2004, Seifert 2003,
Fisher 1936, Lubishew 1962). Multispecies delimitation via DFA, as done here, is
becoming more common (see Schlick-Steiner et al. 2006, Schénhofer and Martens
2008, Gebiola et al. 2012).

In taxonomy, PCAs are regularly employed for species delimitation. This utiliza-
tion has ranged from comparing the vector angles in a scatter plot of predefined species
groups (Hamm 2010), to mathematical inference of groups without a priori assign-
ment of samples to species (Ezard et al. 2010). Because a PCA has no intrinsic measure
of group exclusivity, the parameters of group recovery in morphospace need to be
defined. For purposes of this research we defined three PCA categories: a “recovered”
group clustered together and did not overlap with samples from other groups; a “near-
ly recovered” group clustered together with minimal overlap with other groups (one or
two individuals at the periphery of their respective group that are not enclosed within
another); a “not recovered” group failed to cluster exclusively. For these analyses, three
methods were employed to explore this morphospace: (1) hypothesized species were
compared pairwise; (2) all combinations of principle components explaining a signifi-
cant part of the variation in the data were explored; and (3) a nested approach where
if clusters of hypothesized species were recovered by initial analyses, further analyses
were conducted on those clusters. An in-depth discussion of morphometric methods is
available as a supplementary file (Appendix IV).

Due to sexual dimorphism, male and female specimens were analyzed separately
for all morphometric analyses. Since the data used to conduct PCAs were measured
in the same units (mm), analyses were conducted on both correlation and covariance
matrices. PCAs using covariance matrices tend to be dominated by characters showing
the most variability (Jolliffe 2002). In order to reduce possible excessive influence on
the principle components, variables were coded to have a mean of zero and variance of
one; analyses on this data are based on a correlation matrix. Analyses run on covariance
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matrices assume a multivariate normal distribution. This is often violated in taxonomic
studies where data consists of multiple species of varying morphological distinctive-
ness; outliers could represent members of an under-sampled group. All unusual meas-
urements were confirmed by repeated measurement, then included in analyses under
the assumption they do not excessively affect interpretation of the data.

Species delimitation

We initiated analyses with seven « priori hypothesized species, with species-level distinc-
tions based on geographic criteria or on preliminary specimen sorting (i.e., not morpho-
metrics). Geographic criteria were based on the results of work on amphibians endemic
to the disjunct mesic forests of the Pacific Northwest (Nielson et al. 2001), or the physi-
ogeographic regions of western Washington (Good and Wake 1992). Areas of expected
endemism included western Washington versus northern Idaho, as well as between Cas-
cade Mountain and Olympic Peninsula regions in Washington, areas separated by the
low valley of the Puget Trough. In Idaho, a morphologically diminutive population was
discovered south of the Salmon River; this group was also tested as a species.

North of the Salmon River in Idaho, A. merickeli and A. quattuor were distin-
guished using the diagnostic features outlined by Shear (1986). Due to a gradation of
intermediate morphologies spanning the diagnostic characters (Shear 1986) for A. cos-
metoides and A. shoshone (Appendix V: males Figure 1, females Figure 2), coupled with
the observation that the described morphologies of these species more or less occur
only at the type localities (Appendix V: males, Figure 3; females, Figure 4), an initial
attempt to distinguish these two species was abandoned. Since A. cosmeroides is the
type species for the genus, all morphotypes north of the Middle Fork Clearwater were
preliminarily identified as A. cosmetoides. A newly discovered population in northern
Idaho matched the diagnostic morphology of A. quattuor of having pairs of spines on
scute areas I and II. However, the new population is distributed between the Selway
and Lochsa rivers, whereas A. quattuor occurs between the South Fork Clearwater and
Salmon Rivers. This population was tested as a new species with the working name
Acuclavella cf. quattuor.

Cybertaxonomy

A cybertaxonomic approach was undertaken for enhanced dissemination of this work
(e.g., Miller et al. 2010). This work is available as an open access PDF (doi: 10.3897/
zookeys.311.2920). Molecular sequence data has been uploaded to GenBank (htep://
www.ncbi.nlm.nih.gov/Entrez; see Table 1 for accession numbers). Some species of
Acuclavella are difficult to diagnose using morphological characters alone. An ef-
fort has been made to facilitate DNA barcoding by uploading COI sequences to
the Barcode of Life Data Systems (BOLD) v. 2.5 (http://boldsystems.org). Aligned
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matrices and all phylogenetic trees have been deposited in the Dryad Digital Deposi-
tory (doi: 10.5061/dryad.16737). Anatomical images included in this publication
and many additional images have been deposited in MorphBank (http://www.mor-
phbank.net/?id=822371). A Keyhole Markup Language file (KML) for interactive
viewing of species distributions and collection information in Google Earth (htep://
earth.google.com) is available as a supplementary file (Appendix VI). All nomen-
clatural acts have been registered with ZooBank (http://www.zoobank.org). New
species described in this study are provided to Encyclopedia of Life (http://www.eol.
org) where interconnection of information is linked back to this open access, peer-
reviewed work.

Data resources

The data underpinning the analyses reported in this paper are deposited in the Dryad
Data Repository at doi: 10.5061/dryad.16737.

Results and discussion

Taxon sampling

Fieldwork resulted in the collection of 272 Acuclavella specimens from 61 localities.
Populations were sampled from throughout northern Idaho, as well as in the Cascade
Mountain and Olympic Peninsula physiogeographic regions of western Washington
(Figure 1). The first state records for Montana were secured from the Bitterroot Moun-
tains. Specimens were collected from the four type localities (Shear 1986), including
male specimens from the type locality of A. quattuor, which Shear originally described
from a single female. The vast majority of specimens were collected from beneath moist
woody debris near small perennial water features.

Although the overall geographic distribution of Acuclavella is now reasonably well-
known, additional collecting efforts in the following areas may prove fruitful: south of
known localities in Idaho, east into more inland areas of Montana, the Coast Range
of Oregon, and the Willapa Hills of Washington. For example, most animal taxa that
include populations in the Olympic Peninsula and Cascade Mountains are also found
in the Willapa Hills (e.g. Rhyacotriton, Good and Wake 1992; Octoglena anura, Shelley
et al. 2010).

DNA sequence characteristics

Mitochondrial COI DNA sequences for a geographical subset of Acuclavella specimens
were inconsistent with expectations of protein-coding gene evolution. These COI se-
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@ A. quattuor
O A. sheari

Figure 1. Distribution of Acuclavella. Black circles are localities where Acuclavella were specifically tar-
geted, but not encountered. Black crosses indicate localities where general surveys of litter invertebrates
(e.g., Opiliones, Diplopoda, terrestrial Gastropoda) were conducted and Acuclavella were not encoun-
tered. Blue lines point to labeled rivers. Type localities (T) from Shear (1986) are indicated with paddle
icons; green paddle = A. shoshone. Type localities of species described in this work are indicated with
inverted triangles. Image saved from Google Earth.

quence reads showed ambiguous nucleotides at individual sites, a large number of
mutations resulting in replacement amino acid substitutions, as well as insertions and
deletions. Some deletions resulted in frame-shift mutations resulting in stop codons.
These patterns of variation suggest that nuclearized copies of the mitochondrial COI
gene (NUMTs; White et al. 2008, Baldo et al. 2011) exist in Acuclavella.

Sequences showing evidence for nuclearization were discarded, resulting in the
removal of all sequences for individuals collected north of the Middle Fork Clear-
water River, including all A. cosmetoides and A. shoshone (sensu stricto). In addition
to apparent authentic COI sequences, we have multiple nuclear markers providing
a similar history for three new species, so our taxonomic conclusions should not be
compromised. The final COI matrix included 18 ingroup sequences (L = 1224 base-
pairs; Table 1). The first, second, and third codon positions included 34, 9, and 282
parsimony-informative characters in the ingroup. GenBank numbers for all mitochon-
drial gene sequences can be found in Table 1.

Gblocks removal of ambiguous sites in the 28S matrix resulted in a reduction
of alignment length from 1211 to 1173 positions. The aligned matrix included 26
parsimony informative characters for 14 ingroup sequences. For the EF-1o gene,
eight of 22 Acuclavella sequences showed signs of heterozygosity. Three of these
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individuals were ambiguous at a single base pair, two were ambiguous at two sites,
and remaining individuals were ambiguous at 3, 4, or 5 sites respectively. All hap-
lotypes were reconstructed using PHASE. The resulting aligned matrix consisted of
690 bp of exon data, and an 80 bp intron with gaps. The EF-1a exon contained 30
parsimony informative characters in the ingroup. The intron sequences did not have
outgroup representatives; there were 18 parsimony informative characters in the in-
tron. The Wnt2 gene matrix (L = 370) included 7 ingroup sequences, with only 4
parsimony informative characters. GenBank numbers for all nuclear gene sequences
can be found in Table 1.

Phylogenetic analyses

Models of evolution inferred from jModelTest are summarized in Table 2. These par-
tition-specific models were used in a Bayesian analysis of the concatenated matrix.
Figure 2 shows results from the Bayesian analysis and associated posterior probabilities;
the phylogeny resulting from the RAXML analysis is available in a supplementary file
(Appendix VII). The concatenated Bayesian and ML phylograms are congruent in
their strong support for a monophyletic Acuclavella. Ceratolasma is recovered as sister
to Acuclavella with strong support, confirming the hypothesis of Shear (1986). Deeper
phylogenetic relationships within Ischyropsalidoidea are beyond the scope of this re-
search, and no emendations to the current taxonomy are proposed, pending collection
of additional data.

Within Acuclavella, samples from Washington and Idaho are reciprocally mono-
phyletic in both ML and Bayesian analyses, with regional clades strongly-supported
and subtended by relatively long branches (Figure 2, Appendix VIII). Within Washing-
ton, both analyses recover samples from the Olympic Peninsula and southern Cascade
Mountains as monophyletic lineages separated by long branches with high support.
Both ML and Bayesian analyses also strongly support A. sheari as monophyletic and
sister to all other Idaho samples. Acuclavella cf. quattuor was recovered by both analy-

Table 2. Models of DNA sequence evolution as determined by jModelTest v0.1.1

Gene Model
COI 1st partition GTR+I+G
COI 2nd partition GTR+I+G
COI 3rd partition GTR+G
28S GTR+1+G
EF-1« intron GTR+G
EF-1a exon SYM+G
Wnt2 SYM+I
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Figure 2. Bayesian phylogram resulting from analysis of concatenated dataset. Numbers at nodes cor-
respond to Bayesian posterior probabilities. The outgroup topology is shown at bottom. The inset picture
is a female A. shoshone (sensu stricto) collected from the type locality (Shear 1986).

ses, but is not supported by either (PP = 0.52, BS = 13). No other molecular clades
are recovered conforming to other described species of northern Idaho Acuclavella. A
KML file has been created to more easily visualize where sequences used to construct
the Bayesian phylogeny occur in geographic space (Appendix VI).

All Bayesian individual gene trees had their longest branch separating Washing-
ton and Idaho genetic groups (Figure 3). The COI, EF-10, and 28S gene trees (Fig-
ure 3A, 3C, and 3D respectively) also show a deep split separating monophyletic A.
leonardi and A. makah samples. Acuclavella sheari was also recovered in each of the
individual trees, but with varied support and topological placement within a clade of
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Figure 3. Bayesian gene trees with posterior probabilities: A COI B Wnt2 € EF-1a D 28S. All trees
outgroup rooted (Appendix VII, Figure 1). RAXML concatenated phylogeny (Appendix VII, Figure 2)
and gene trees (Appendix VII, Figures 3-5) are also available.

Idaho samples. The COI gene tree shows significant support for a monophyletic A.
sheari, which is sister to all remaining Idaho sequences. This species is recovered as
monophyletic but without support by EF-1a and 28S gene trees. The Wnt2 gene tree
(Figure 3B) supports reciprocal monophyly of samples from Washington and Idaho,
but lacks phylogenetic signal within Idaho. The lack of structure for shallow evolu-
tionary events within Acuclavella, coupled with high support for most nodes within
Ischyropsalidoidea above the generic level, points to a deeper phylogenetic utility for
Wnt2 in Opiliones.
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Morphometric analyses

DFA and PCA morphometric analyses of male and female data sets most frequently
recovered Acuclavella sheari, followed by A. leonardi and A. makah. Undescribed mor-
phologies from northern Idaho clustered with samples of A. cosmetoides and A. shoshone
(sensu stricto) of Shear, 1986. Acuclavella merickeli was also frequently recovered in these
analyses. The two populations with two pairs of scutal spines on scute areas I and IT (4.
quattuor and A. cf. quartuor) were frequently recovered as distinct from other hypoth-
esized species, but were not recovered as morphometrically distinct from each other.

Since the group frequencies of hypothesized species varied greatly (Table 3), jack-
knifed classification of some data sets reduced the number of individuals used to define
a group to just two or three individuals. An assumption is made here that variation
seen within hypothesized species is normal in terms of representing the cluster. Male
Acuclavella are robustly discriminated by DFA analysis, with nearly all species correctly
classified with 100% accuracy. An exception is A. cf. quattuor, with two specimens
classified as an A. quattuor (classification error rate of 0.09). Results of DFAs are avail-
able Results of DFAs are available in Appendix IV. The analysis was repeated with a
jackknife classification resulting in successful discrimination of 94% of male individu-
als. Considering the high variation in group frequencies of hypothesized species (Table
3), analyses were rerun allowing prior probabilities of group membership. These analy-
ses resulted in very similar groupings (not shown).

Groupings based on female specimens were not recovered as frequently as male-
based groups. Females of A. leonardi, A. merickeli, and A. sheari were correctly discrim-
inated in the classification matrix. There was support for female samples of A. makah
and A. cosmetoides, with correct classification 93% and 97% of the time respectively.
About 25% of A. quattuor and A. cf. quattuor females were misclassified as the other
species. Results from the jackknifed classification matrix show similar, if slightly lower
percentages of correctly classified individuals. In this matrix, one A. sheari is misclassi-
fied as A. cosmetoides, and three A. cosmetoides are misclassified as A. sheari. This is likely
the result of convergent similarities — females of A. sheari and some A. cosmeroides (A.
shoshone sensu stricto) lack scutal spines.

Principle components analyses regularly recovered all hypothesized species of Acu-
clavella with the exception of A. cf. quartuor from A. quattuor. Figure 4 shows a graph
recovering or nearly recovering these species. Acuclavella sheari was most frequently re-
covered in morphospace, with strong evidence for A. leonardi and A. makah as morpho-
metrically distinct. Also well-supported, A. merickeli and A. cosmetoides were recovered in
PCA analyses. Acuclavella cf. quattuor and A. quartuor were regularly recovered as distinct
from other hypothesized species, but were not distinguishable from each other. Gener-
ally, analyses run on covariance matrices had more success of clustering hypothesized
species than analyses run on a correlation matrix. Similar to DFAs, males tended to be
recovered more frequently than females. Graphs plotting principle components from
all PCA analyses conducted (n=143), as well as a description of strategies employed to
explore morphospace, are available as a supplementary file (Appendix IV).
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Table 3. Sample sizes for PCA and DFA analyses.

Species Males Females Total
A. makah 10 14 24

A. leonardi 6 4 10

A. sheari 4 3 7

A. quattuor 14 17 28

A. merickeli 19 19 38

A. cf. quattuor 22 18 40
A. cosmetoides 56 58 114
Total 131 133 261

‘The number of individuals from each hypothesized species used in morphometric analyses.
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Figure 4. PCA bi-dimensional plot. PCA results of male data using a covariance matrix; plot of principle
components 2 and 3.

Difficulties with previously described species

Both phylogenetic and morphometric analyses strongly support three new species:
Acuclavella leonardi, Acuclavella makah, and Acuclavella sheari, but do not clearly sup-
port already recognized taxa within Idaho samples north of the Salmon River. Mo-
lecular and morphological data sets agree that phylogeographic structure associated
with the Salmon, Selway, and Lochsa Rivers exists, and morphological data suggests
differentiation across the South Fork Clearwater River. Although the number of indi-
viduals and known localities was greatly improved by this research, further specimen
and genetic sampling is needed to adequately test species limits in northern Idaho. In
particular, more rapidly-evolving genetic markers are needed for resolution of what is
likely a relatively recent evolutionary radiation in this region. A lack of phylogenetic
structure within most of northern Idaho, coupled with the finding that some of the
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undescribed morphologies cluster together with A. shoshone and A. cosmetoides, make
it possible that A. cosmetoides is a widespread and morphologically highly variable spe-
cies that encompasses A. shoshone. The same hypothesis may apply to the A. merickeli
plus A. quattuor lineage.

Though they lack molecular support, A. merickeli and A. quattuor are readily dis-
criminated by morphometric analyses (Figure 4). Since male A. quattuor were collected
from the type locality and agree with the diagnostics for females (Shear 1986), the male
for this species is here described and figured for the first time.

Biogeography

The Western Hemlock Zone (WHZ) (Franklin and Dyrness 1988) of northern Idaho
is disjunct from its coastal counterpart. This disjunction is explained by the orogeny of
the Cascade Mountains 8-5 MYA (Mitchell and Montgomery 2006), and subsequent
xerification of the Columbia Basin due to the rain shadow formed from this uplift
(Leopold and Denton 1987). Since this isolation, the WHZ in Idaho has been sub-
ject to the numerous glacial oscillations including alpine glaciers and continental ice
sheets (Gates 1983). During peak glaciation it is believed that organisms of the WHZ
were forced into compartmented refugia, either in valleys or south of glaciated regions
(Brunsfeld and Sullivan 2006, Nielson et al. 2006).

Reconstructed molecular phylogenies show that Acuclavella biogeography is large-
ly congruent with that seen in other dispersal-limited taxa of the Pacific Northwest.
The deep phylogenetic split between Washington and Idaho (Figures 2, 3) conforms
to the ancient vicariance hypothesis (Brunsfeld et al. 2001) seen in amphibians includ-
ing Ascaphus (Nielson et al. 2001), Dicamprodon (Steele et al. 2005), and Plethodon
(Carstens et al. 2004). Relatively long branches separate Acuclavella species from the
Cascade Mountain and Olympic Peninsula ecoregions of western Washington, which
is congruent with patterns seen in Rhyacotriton salamanders (Good and Wake 1992).

Natural history

Acuclavella are riparian obligate forest-dwellers. The vast majority of specimens were
collected within the channel wall of perennial headwater streams or in seep-like fea-
tures. Most specimens were found underneath large woody debris, though excavation
of woody sediment wedges (May and Gresswell 2003) or mats of moss adjacent to
these streams also resulted in securing individuals. Coniferous canopy cover is typically
consistent across these water features at northern Idaho localities. The dominant veg-
etation at Idaho sites included a canopy of Tsuga heterophylla and Thuja plicata, or Abies
grandis in southern areas. Washington localities typically had a riparian vegetation cor-
ridor along small streams dominated by Alnus rubra and Rubus spectabilis (Appendix I).
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The primary defense of Acuclavella appears to be one of crypsis. Their dark bod-
ies are cryptic against moist woody debris, onto which specimens adhere with out-
stretched legs. When detected, specimens are easily collected by grabbing onto an
outstretched leg; a hurried scramble is soon followed by limb rigidity. Autospasy was
not encountered. A strategy to overcome the crypsis of Acuclavella is to expose appro-
priate areas and wait a few minutes for animals to come out of thanatosis to scurry for
cover and appropriate microclimatic conditions. Acuclavella likely employ mechanical
defense via spination. When turning a cover object the first author placed the pad of
his finger directly on an individual; it felt like being pricked by a rose. It is likely that
heavy sclerotization of the integument and the ubiquitous hemispherical warts add to
the structural integrity of these spines. Though circumstantial, this proposal of heavy
sclerotization for mechanical defense is consistent with recent findings in other har-
vestmen (Souza and Willemart 2011).

Acuclavella appear to have an annual life cycle, with seasonal adults. Penultimate
stage subadult and adult animals have been collected in April and May; additionally,
a young instar was collected in mid October (CHR3435; same locality as CHR 1409;
Appendix I). Adults have been found from May to September. Mating was not en-
countered, nor was feeding. A single individual (CHR2403) (Appendix I) was found
dead in the web of a Pimoa spider (CHR2404).

Poor-person’s rainforest

Recent surveys of litter dwelling animals in mesic forests of the Pacific Northwest
have led to the discovery of many new species. Taxa include terrestrial gastropods
(Leonard etal. 2011, Leonard et al. 2003), millipeds (Shear and Leonard 2003, Shel-
ley and Shear 2006, Shear and Leonard 2007, Shelley et al. 2010), pseudoscorpions
(Mark Harvey personal communication), and Opiliones (this work, additional un-
described species). An appreciation of these creatures benefits society in numerous
ways. Taxonomic knowledge provides a better understanding of forest ecosystems, by
identifying potential nutrient recyclers and vertebrate prey items. Taxonomic knowl-
edge also provides future researchers with a baseline from which to compare trends —
in the words of Joseph Grinnell (1910) “this value will not, however, be realized until
the lapse of many years, possibly a century...”. There is promise of novel chemical
discovery in the repugnant secretions of harvestmen and millipeds. To some they
embellish the aesthetic beauty of our forests. Though many of these newly described
organisms are widespread, and without conservation concern, this is likely not true
for all taxa (e.g. Shear and Leonard 2004). It is important that surveys continue in
this geographic region and for litter faunas in particular. Litter dwellers are ideal
organisms for establishing or adding to a metric of biodiversity, and it is important
that true microendemics are identified; this information greatly informs conserva-
tion efforts (Harvey et al. 2011).
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Systematics

The genus Acuclavella, and species A. merickeli, A. cosmetoides, A. shoshone, and female
A. quattuor are described by Shear (1986); where descriptive information follows those
entries, it should be considered an addendum to his descriptions. Depository abbrevia-
tions: American Museum of Natural History (AMNH), California Academy of Sci-
ences (CAS), University of Washington Burke Museum (UWBM), personal collection
of primary author (CHR).

Genus Acuclavella Shear, 1986
htep://species-id.net/wiki/Acuclavella

Acuclavella Shear, 1986: 13. Type species Acuclavella cosmetoides Shear, 1986.

Description. The simple, distally tapering penis (Appendix VIII, Figure I) and
short ovipositor (Appendix III, Figure 2) morphologies are conserved across spe-
cies, with intraspecific variation seemingly as great as interspecific variation. Penis
sheath with two sclerotized bands. Metatarsus of leg II with or without false leg
articulations (Appendix IX). Distitarsi with three segments on legs I and II; distal
end of legs III and IV with two constrictions, each comprised of two segments.
All males with raised, glandular (Shear 1986), setose mound dorsally on basal arti-
cle of chelicerae, setae often capped with secretions (MorphBank image 822802);
mounds lacking in females. Chela teeth diaphanous, with two heavily sclerotized
teeth distally on fingers (MorphBank image 822817). All leg coxae with prolateral
and retrolateral tubercles in the form of distended clusters of warts (MorphBank
image 828524). Epistome of stomotheca horn-like, projecting outward (Morph-
Bank image 828520) to strongly decurved (MorphBank image 822815), without
apparent interspecific trends. Pseudotrachea of pedipalpal coxaphysis sclerotized
ctenoid (MorphBank image 822798).

Key to the species of Acuclavella. This dichotomous key should allow users to
identify the new species described herein. However, discovery of new morphologies
in northern Idaho not described by Shear (1986), and not ascribed to species herein,
are currently of uncertain placement at the species level. These morphologies include
females with pairs of spines on scute areas I-IV, individuals with three pairs of spines
on scute areas I-III, and individuals with pairs of spines on scute areas I-II which
are geographically and genetically distinct, but morphologically similar to Acuclavella
quattuor. For the purposes of this work, the four species named by Shear (1986) are
treated sensu stricto, and follow his diagnoses.

la Setose mounds dorsally on surface of cheliceral article I; males (Fig. 6) ....2
1b Without raised mounds on chelicerae; females.....ccuvveeeeeeeeeeeeeeeeeeean.. 8
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Paramedian tubercles acute spines on scute area II only (Fig. 9)............ 3
Paramedian tubercles acute spines on multiple scute areas (Fig. 11)......6
Ocularium height (ventral edge of eye to tip of ocularium) < 0.60 mm;
area II spine height < 0.50 mm from surface of tergite..........ccceeueinunnnes
........................................................................ Acuclavella sheari sp. n.
Ocularium and area II spine heights > 0.80 mm........ccccccccceivininnnnee. 4
Distal ends of leg femora, patellae, and tibiae distinctly light, contrasting
as light joints; palpi white or nearly so; with or without false leg articu-
lations on leg II metatarsi (Appendix IX); with or without distal, dark,
prolateral tubercle on palpal patellae; western Washington.................... 5
Distal ends of leg segments not light; palpi light brown or dark; with-
out false leg articulations and palpal tubercles; Idaho ..........c.c.cco.......
....................................................................... A. merickeli Shear, 1986
Leg II femur < 3.76 mm; Cascade Mountains ............ A. leonardi sp. n.
Leg II femur > 3.76 mm; Olympic Peninsula ............... A. makabh sp. n.
Paramedian tubercles raised into acute spines on scute areas I and II only
(Fig. 11); known distribution bracketed by the Salmon River and South
Fork Clearwater RiVer......oeeeeeeeeeeeeeeeeeeeeeeeeenn. A. quattuor Shear, 1986
Paramedian tubercles with acute spines on three or more scute areas;
scute area III always with such tubercles (Appendix V, Figure 1)........... 7
Paramedian tubercles not raised into spines on scute area I, paired spines
onareas I, IIL, and IV .cooumeveeeeeeeeieeeeee, A. cosmetoides Shear, 1986
Paramedian tubercles raised into acute spines on scute areas I — IV (four
pairs of abdominal spines........c.occcevveuerinucune A. shoshone (Shear, 1986)
Paramedian tubercles acute spines on scute area II only (Fig. 9)............ 9
Tubercles not as previous; if spines on area II only, greatly reduced.....11
AS COUPLET 4a ittt 10
As cOUPlet 4b.....oveuiiiiiiiiiiiic e A. merickeli
Known only from the Cascade Mountains of Washington State; no per-
ceived discriminating features...........ccoeeveiicininnnnnes A. leonardi sp. n.
Known only from the Olympic Peninsula of Washington State; no per-
ceived discriminating features...........cccocoveeucicininnnnnes A. makah sp. n.
As couplet 6a....enueuinieiiiniiiiecieccean A. quattuor Shear, 1986
Paramedian tubercles not as previous.........cocceveveevieniecincniecinincnnenns 12
As couplet 7a...ceeinineieiieic A. cosmetoides Shear, 1986
Paramedian tubercles not enlarged into spines, but paired, low, rounded
tubercles on all scutal areas (Fig. 9) ......ccooovviiiiiiiiiniiiiiiiiiis 13
Palpal femur < 0.88 mm; leg II tarsus < 3.92 mm; leg II femur < 2.75
mm; currently known south of Salmon River............ A. sheari sp. n.
Palpal femur > 0.90 mm; leg II tarsus > 3.95 mm; leg II femur >
2.72 mm, north of Middle Fork Clearwater River.......cccccecerennnnnee
................................................................... A. shoshone (Shear, 1986)



Three new species in the harvestmen genus Acuclavella... 37

Acuclavella leonardi sp. n.
urn:lsid:zoobank.org:act:3F79C21E-E37A-4FC5-92E3-170CA8D9481C
http://species-id.net/wiki/Acuclavella_leonardi
MorphBank images of specimens considered this species include:
Paratype AMNH, MorphBank Specimen Id: 822643, 1 image
Paratype CASENT9039218, MorphBank Specimen Id: 822508, 4 images
Paratype CASENT9039224, MorphBank Specimen Id: 822516, 2 images
SDSU OP2347, MorphBank Specimen Id: 822509, 1 image
SDSU OP2349, MorphBank Specimen Id: 822511, 3 images
SDSU OP2712, MorphBank Specimen Id: 822515, 1 image
SDSU OP2714, MorphBank Specimen Id: 822517, 3 images

Figure 5 and 6, Appendix VIII: Figure 1, Figure 2

Acuclavella merickeli Shear, 1986 (in part: specimen from Pg 21-22)

Type material. Male holotype (AMNH), and male (CAS, CASENT9039218)
and female (AMNH) paratypes from a tributary of Iron Creek, Forest Service Rd
25 4.6 miles south of FS Rd 300, Gifford Pinchot National Forest, Lewis County,
Washington; male paratype (UWBM, WA2392/6319) and female paratype (CAS,
CASENT9039224) from upper Iron Creek, FS Rd 28 0.1 miles E of FS 25, Gifford
Pinchot National Forest, Skamania County, Washington; female paratype (UWBM,
WA2391/6027) from a tributary of Goble Creek, Cowlitz County, Washington. Fur-
ther information on type localities can be found in Appendix I with the exception of
female paratype from Goble Creek. This specimen was collected by the first author
3 August 2005 and deposited in a research collection; this specimen was not used in
morphometric analyses, but is used to characterize the species in the description below.
This specimen was collected at a location accessed via S Goble Creek Rd; 2.0 miles
east of Rose Valley Rd turn right, 1.6 miles turn right, 0.6 miles park; N46.0963°,
W122.7607°, elevation 227 meters.

Etymology. The specific epithet is a patronym in honor of the naturalist and care-
ful observer William P. Leonard for his work on litter-dwelling organisms in the poor-
person’s rainforest of the Pacific Northwest.

Diagnosis. Distinguished from all Acuclavella except A. makah by the com-
bination of having paramedian tubercles as enlarged spines on area II only, and
having light, strongly contrasting ends to sclerotized leg segments, giving the ap-
pearance of banding. Also distinguished from these taxa in that false leg articula-
tions on the metatarsi of legs II are present, or single dark prolateral tubercles on
the palpal patellae are present, but these features are not consistently found in A.
leonardi. Scutes posterior to spines containing many raised mounds bearing warty
tubercles, more distinct than in A. makah. Though the height of scutal spines is
similar, the base of the spines in A. leonardi appears broader than in A. makah. Di-
agnostic COI sequences have been uploaded to the Barcode of Life Data Systems
(BOLD: ACUOP005-13).
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1 mm

Figure 5. Acuclavella leonardi. Top: male, CHR3325; bottom: female, CHR 2492.

Description of male. Body arched and convex dorsally (Figure 5); sides parallel
or nearly so when broader posteriorly. Nearly all of body heavily sclerotized black or
brown, with densely scattered hemispherical warts which irregularly house short setae
apically or posteriorly. Total length 4.18 mm (#=3, 3.88-4.35 mm), carapace length
1.22 mm (n=7, 1.10-1.35 mm), carapace width 2.53 mm (n=3, 2.44-2.65 mm),
length of fused tergites I-V 2.24 mm (#=7, 2.10-2.41 mm), scutum length 2.73 mm
(n=3, 2.65-2.85 mm), scutum width 2.63 mm (»=3, 2.55-2.75 mm).
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Eye tubercle at anterior edge of carapace prolonged into an acute spine lacking
hemispherical warts on distal half; standing 1.25 mm above the surface of the cara-
pace (#=3, 1.13-1.35 mm), 1.05 mm (»=7, 0.88-1.19 mm) from the ventral edge
of the eye to the tip of the tubercle. Eye color brown, brown-gray, or gray, located
basally on tubercle. Metapeltidial paramedian sensory cones raised into a sharp, acute
spine standing 0.26 mm (=7, 0.23—0.28 mm) above surface of the carapace, curving
slightly towards the midline; lateral to these spines clusters of warts form tubercles.

All scutal tergites with pairs of median tubercles, these prolonged into large spines
on area II only; lateral tubercles distinct. Tergite I with paired median tubercles as
raised mounds adorned with warts standing 0.09 mm (#=7, 0.08-0.13 mm) above
the scutal surface; two additional pairs of warty mounds reduce in size laterally. Me-
dian tubercles on area II tergite greatly enlarged into erect spines standing 1.04 mm
(n=7, 0.85—1.16 mm) above the surface of the scutum; lateral to these tubercles are
raised mounds adorned with warts. Area III tergite with three pairs of relatively large
tubercles in the form of raised mounds adorned with warts; these not decreasing in
size laterally; apical setae on each mound; median pair 0.06 mm above scutum (7=7,
0.03-0.08 mm). Tergite areas IV and V with three or four (UWBM) pairs of tubercles
in the form of raised mounds adorned with warts, these not decreasing in size later-
ally or posteriorly; setae as previous; area IV median tubercle height 0.06 mm (7=7,
0.05-0.08 mm). First free tergite (VI) with relatively large and numerous tubercles in
the form of raised warty mounds. Second free tergite (VII) as previous in the holotype
and paratype (CAS); paratype (UWBM) without tubercles. Free tergite VIII without
distinguishable tubercles, or with a median pair only (CAS paratype).

Abdominal sternite warty sculpturing strongest laterally and on posterior margins;
sternites brown. Sclerotized areas of genital operculum relatively setose. Prosomal ster-
num (7=1) length 0.19 mm, width 0.37 mm; brown; without setae. Labium weakly
to moderately sclerotized, wider than long or longer than wide (CAS); lengths: 0.14,
0.20, 0.08 mm, widths: 0.28, 0.16, 0.18 mm; light brown to brown; without setae.
Palpal endites setose, light brown or brown. Leg II endites bearing 1 or 2 (UWBM)
setae, leg IV bearing 1 setae in paratype only, all other endites without setae. Horn-
shaped process of epistome decurved, projecting 0.40 mm from sulcus (7=1).

Chelicerae brown or light brown (Figure 6); darker dorsally; article II with prolat-
eral and retrolateral striations of darker, more sclerotized cuticle; weakly so in paratypes.
Cheliceral measurements (7=3): article I length 1.14 mm (1.03—1.34 mm), width 0.41
mm (0.40-0.44 mm), article II length 1.32 mm (1.20-1.38 mm), width 0.38 mm
(0.35-0.38 mm), article III length 0.56 mm (0.53—0.60 mm). Dorsal surface of article
I with raised, glandular area dense with setae, these capped with a white secretion in
the CAS paratype; proximal end of article I with boss-like tubercles on retrolateral and
proventrolateral surfaces. Palpal coxae brown or light brown (UWBM paratype), with
2 seta-bearing tubercles. Palpal measurements given in Table 4. Trochanter (Figure 6)
brown, light brown, or pale brown, with 3 or 4 (UWBM paratype) seta-bearing tu-
bercles. Palpal femora brown or white; patella white without a dark diffuse band, with
dark, prolateral tubercles distally, bearing small trichia and setae distally; tibia white,
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0.5 mm

Figure 6. Acuclavella leonardi chelicerae and pedipalp. A right chelicera, retrolateral view B left cheli-
cera, prolateral view C right pedipalp, retrolateral view (A-C, male CASENT9039218) D left chelicera,
retrolateral view (female CASENT9039224).

with scattered setae and dense microtrichia; tarsus white, darkening distally, with ves-
titure of microtrichia and setae. Claw rudiment very small.

Leg measurements given in Table 4. Microsculpture of femora, patellae, and tibiae
scattered, distally elevated scales, bilobed scales not observed; scales subtend setae, oc-
casionally housing seta apically. Leg trochanters, femora, patellae, tibiae light brown,
dark brown, or black, lighter at joints; metatarsi of leg III with proximal one-third
to one-half light brown, brown, or black; leg IV with proximal three-quarters light
brown, brown, or black; proximal end of metatarsi of legs I and II pale brown, brown,
or black; remaining metatarsal areas pale brown; tarsi pale brown, darkening distally.
Scaled microsculpture subequal to darkened areas, remainder with setae and microtri-
chia. Metatarsi of leg II with false leg articulations (7=7).



Three new species in the harvestmen genus Acuclavella... 41

Table 4. Acuclavella leonardi palpus and leg measurements.

Male Female
Appendage Segment

mean Range n Mean Range n
trochanter 0.55 0.52-0.58 3 0.61 0.58-0.65 3
femur 0.94 0.84-1.00 7 0.94 0.90-0.98 5
Palpus patella 0.67 0.66-0.68 3 0.71 0.70-0.73 3
tibia 0.74 0.73-0.74 3 0.73 0.67-0.80 3
tarsus 0.69 0.67-0.72 3 0.66 0.64-0.68 3
trochanter 0.49 0.48-0.52 3 0.50  0.45-0.56 3
femur 2.37 2.28-2.44 3 2.25 1.96-2.60 3
Legl patella 0.88 0.88 3 0.87 0.84-0.92 3
tibia 1.60 1.48-1.72 3 1.46 1.44-1.50 3
metatarsus 2.17 1.84-2.36 3 2.19 2.04-2.28 3
tarsus 2.89 2.72-3.08 3 2.80 2.68-2.88 3
trochanter 0.57 0.52-0.60 7 0.55 0.52-0.56 5
femur 3.53 3.32-3.76 7 346  2.88-3.92 5
Leg I patella 1.02 0.96-1.08 7 1.00 0.92-1.08 5
tibia 2.38 2.16-2.60 7 2.36 2.12-2.60 5
metatarsus 3.70 3.44-4.05 7 3.69 3.28-3.96 5
tarsus 4.93 4.74-5.19 7 4.58  4.40-4.70 5
trochanter 0.48 0.48 3 0.54 0.52-0.60 3
femur 2.23 2.12-2.28 3 2.10 1.88-2.25 3
Leg 111 patella 0.85 0.80-0.88 3 0.84 0.80-0.88 3
tibia 1.57 1.56-1.60 3 1.50 1.48-1.52 3
metatarsus 2.49 2.40-2.56 3 2.38  2.24-2.45 3
tarsus 3.13 3.08-3.20 3 2.95 2.80-3.05 3
trochanter 0.57 0.52-0.64 3 0.58 0.55-0.64 3
femur 3.23 3.08-3.32 3 3.09 2.76-3.35 3
patella 1.03 0.96-1.08 3 0.99 0.96-1.00 3

Leg IV .
tibia 2.01 1.96-2.08 3 1.99 1.96-2.05 3
metatarsus 4.03 3.88-4.12 3 3.85 3.64—4.00 3
tarsus 4.09 4.08-4.12 3 3.87 3.76-4.99 3

All measurements in millimeters; 7 = sample size.

Penis length 2.48 mm (#=1), glans plate 0.37 mm, stylus 0.09 mm, stylus slightly
twisted, not decurved.

Description of female. Similar to male for nearly all characters. Total length 4.71
mm (7=3, 4.45-5.06 mm); carapace length 1.35 mm (7=5, 1.25-1.44 mm); cara-
pace width 3.01 mm (7=3, 2.81-3.13 mm); scutum length 3.63 mm (7=3, 3.19-4.30
mm); scutum width 3.70 mm (=3, 3.12-3.50 mm); length of fused sternites I-V 2.96
mm (n=5, 2.81-3.06 mm).

Eye tubercle height above surface of carapace 1.18 mm (7=3, 1.00-1.28 mm);
distance from ventral edge of eye to tip of spine 1.06 mm (#=5, 0.90-1.13 mm).
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Eye color dark brown, pink-gray, or light brown. Metapeltidial spine 0.22 mm (7=5,
0.18-0.25 mm).

Paramedian tubercles or tergite I height 0.08 mm (=5, 0.05-0.13 mm) above
surface of tergite; median tubercles raised mounds adorned with warts, two addition-
al pairs of warty mounds reducing in size laterally. Tergite II paramedian tubercles
greatly enlarged into erect spines standing 0.94 mm (7=5, 0.78—1.03 mm) above ter-
gite surface; lateral to these are raised mounds adorned with warts. Paramedian tuber-
cles of tergite II1 0.07 mm (7=5, 0.03-0.10 mm); IV 0.06 mm (7=5, 0.03-0.10 mm).
Tergite areas 111, IV, and V with three pairs of relatively large tubercles in the form
of raised mounds adorned with warts; these not decreasing in size laterally, decreasing
slightly posteriorly across tergites. First free tergite (VI) adorned with raised warty
mounds; tergites VII and VIII without discernable tubercles in paratypes (AMNH,
CAS), tergite VII of paratype (UWBM) with tubercles as in VI.

Sternites brown. Transverse furrow and membranous lateral sutures of genital
operculum less distinct than in other species. Prosomal sternum (7=1) length 0.18
mm, width 0.39 mm; pale-brown; without setae. Labium wider than long or subequal;
lengths: 0.10, 0.19, 0.13 mm; widths: 0.16, 0.18, 0.19 mm; moderately or weakly
sclerotized; brown; without setae. Palpal endites light brown. Leg II endites adorned
with 2 setae.

Horn-shaped process of epistome decurved, projecting 0.42 mm from sulcus.
Chelicerae brown or light brown; article I length 1.18 mm (7=3, 1.16-1.21 mm),
width 0.43 mm (0.42-0.44 mm); article II length 1.39 mm (1.34-1.42 mm), width
0.41 mm (0.38-0.43 mm); article III length 0.59 mm (0.58-0.62 mm). Article I with-
out raised glandular mound (Figure 6). Article II with 6 setae on prolateral dark area
at cleavage of corpus and fixed finger of chela; 15 setae on ventral surface of article II;
these patches discrete. Palpus dimensions in Table 4; coxae light brown or brown with
two seta-bearing tubercles; trochanters brown or pale brown with 4 or 5 seta-bearing
tubercles; only paratype (CAS) with tubercle on patella, only paratype (UWBM) with
partial diffuse band on patella.

Leg measurements given in Table 4. Leg trochanters, femora, patellae, and tibiae
brown to dark brown, lighter at joints; metatarsi of legs III with proximal one-half
brown, of leg IV with proximal three-quarters light brown to brown, proximal ends of
legs I and 1II light brown to brown, remaining metatarsal areas pale brown; tarsi pale
brown, darkening distally.

Opvipositor length 0.80 mm, width 0.44 mm; corona of setae at furcal base sur-
rounding lobes, apical setae on lobes; furca without dorsoventral differentiation.

Distribution and habitat. Acuclavella leonardi is found in the southern Cas-
cade Mountains of Washington State in the Cowlitz River (includes Iron Creek) and
Coweeman River (includes Goble Creek) watersheds in Lewis, Cowlitz, and Skamania
Counties (Appendix I). Found in coniferous forests with small perennial water-fea-
tures such as side-slope seeps, springs, and headwater streams; underneath stream-side
woody debris.
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Acuclavella makabh sp. n.

urn:lsid:zoobank.org:act:8C34D2F8-D211-42B7-B58A-A90285771589

http://species-id.net/wiki/Acuclavella_makah

MorphBank images of specimens considered this species include:
Holotype AMNH, MorphBank Specimen Id: 822644, 2 images
Paratype CASENT9039219, MorphBank Specimen Id: 822645, 3 images
CHR1536, MorphBank Specimen Id: 828519, 2 images
SDSU OP1699, MorphBank Specimen Id: 828516, 1 image
CHR2457.0, MorphBank Specimen Id: 822505, 4 images
CHR2457.1, MorphBank Specimen Id: 822506, 3 images
CHR2457.2, MorphBank Specimen Id: 822507, 3 images
CHR3387.0., MorphBank Specimen Id: 822647, 1 image
CHR3387.1, MorphBank Specimen Id: 822646, 1 image

Figure 7 and 8, Appendix VIII: Figure 1, Figure 2

Type material. Male holotype and female paratype (AMNH), and male and female
paratypes (CAS, CASENT9039219) from Brownes Creek, Clallam County, Washing-
ton; male and female paratypes (UWBM, WA2393/7641) from Yahoo Lake Road 1.4
miles east of Hoh-Clearwater Road, Jefferson County, Washington (Appendix I). An
additional specimen is housed at UWBM (WA0973/8147): Ahlstroms Prairie, Olym-
pic National Park, Clallam County, Washington, (NAD 1927) N48.157°, W124.704°,
elevation 40 meters; Rod Crawford (collected under permit), 16-17 July 1984.

Etymology. The specific epithet refers to the Makah Nation, which historically
occupied much of the known distribution of the species. The name Makah was given
to these people by their neighbors; it means “generous with food”. These people have
shared with many people access to their beautiful land, next to the rocks and gulls. For
more information on the Makah Nation see: http://www.makah.com.

Diagnosis. Distinguished from all Acuclavella except A. leonardi by the com-
bination of having paramedian tubercles on area II only, having light, and strongly
contrasting ends to sclerotized leg segments, giving the appearance of banding at
joints. Though not always present, false leg articulations on the metatarsi of legs
11, and single dark prolateral tubercles on the palpal patellae also diagnose it from
these species. Scutal tubercles lateral to paramedian tubercles tend to be on more
distinctive raised mounds in A. leonardi. Area 1l spines more narrow at base than
in A. leonardi. Best diagnosed from A. leonardi using molecular data. Diagnostic
COI sequences have been uploaded to the Barcode of Life Data Systems (BOLD:
ACUOP007-13).

Description of male. Body arched and convex dorsally (Figure 7), sides parallel
with equal scutum and carapace widths; nearly all of body heavily sclerotized, black,
with densely scattered hemispherical warts which irregularly house short setae api-
cally or posteriorly. Total length 4.11 mm (7=3; 4.05-4.20 mm), carapace length in
midline 1.26 mm (7=10; 1.05-1.44 mm), greatest carapace width 2.57 mm (n=3;
2.50-2.72 mm); length of fused scutes I-V in midline 2.33 (#=10; 2.20-2.48 mm),
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1 mm ’V

Figure 7. Acuclavella makah. Top: male, CHR2457.1; bottom: female, CASENT9039219.

scutum length in midline 2.74 (7=3; 2.60-2.90 mm) greatest scutum width 2.57 mm
(n=3; 2.50-2.72 mm).

Eye tubercle at anterior edge of carapace, prolonged anteriad into a sharp coni-
cal spine 1.27 mm (#=10; 1.05-1.45 mm) from ventral edge of eye to tip of spine;
1.58 mm above the carapace (7=3; 1.53-1.64 mm). Eyes light-brown to brown, lo-
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cated basally on tubercle. Surface of carapace evenly curved, posterior margin arcuate.
Metapeltidial paramedian sensory cones short, acute spines standing 0.19 mm (7=10;
0.13-0.25 mm) above the surface of the metapeltidium, shiny, lacking warts.

All scutal areas with pairs of paramedian tubercles. Area I paramedian tubercles
cluster of cuticular warts standing 0.04 mm above the surrounding scute (7=10;
0.025-0.075 mm), two additional pairs of warty tubercles reduce in size laterally.
Paramedian tubercles of area II rise to form large acute spines standing 1.37 mm above
the scutum surface (7=10; 1.13—1.75 mm); lateral to spines a pair of tubercles typically
small cluster of warts, though one individual (CHR1536) with lateral pair of short
spines. Scute areas III, IV, and V with three pairs of wart-clustered tubercles each;
paramedian pair largest, diminishing in size laterally along scute, and posteriorly across
scute areas. Paramedian tubercles of area III stand 0.03 mm (#=10, 0.03-0.05 mm)
above surface of the tergite; area IV tubercle height 0.04 mm (=10, 0.03-0.08 mm).
Holotype and paratype (CAS) with first free tergite (area VI) with barely distinguish-
able tubercle as median pair of enlarged warts, tergites VII and VIII without tubercles;
paratype (UWBM) tergite VI with median and lateral pair of enlarged warty tubercles,
tergite VII with barely distinguishable tubercles, these lacking on tergite VIIIL. Tergite
IX divided, triangular, bracketing tergite X, which forms the anal operculum.

Abdominal sternites with infrequent setae; warty sculpturing strongest on poste-
rior and lateral margins; brown to dark brown. Prosomal sternum length 0.14 mm
(=2, 0.13—0.16 mm), width 0.28 mm (0.26-0.30 mm); brown; without setae. La-
bium weakly sclerotized, wider than long, length 0.08 mm (7=3; 0.05-0.11 mm),
width 0.15 mm (0.13-0.17 mm); light brown to yellow-brown, without setae. Palpal
endites brown to yellow-brown, large, free, bearing many setae; leg II endite bearing
3 setae in holotype and paratype (CAS), 2 in paratype (UWBM); legs I, 111, IV en-
dites without setae. Epistome with horn-like anteriad projection, decurved or slightly
decurved, projecting 0.34 mm (#=2, 0.33-0.36 mm) from sulcus. Chelicerae basal
article (I) dark brown dorsally, middle article (IT) with prolateral and retrolateral stria-
tions of darker, more sclerotized striations. Article I length 1.18 mm (»=3, 1.06-1.30
mm), width (I) at widest point 0.41 mm (0.38-0.43 mm), article II length 1.40 mm
(1.34-1.46 mm), width (II) at widest point 0.40 mm (0.38-0.43 mm), article III
length 0.53 mm (0.50-0.57 mm). Article I with raised, setose glandular area on dor-
sal surface (Figure 8). Article I with boss-like tubercles proximally on proventrolat-
eral and retrolateral surfaces, one individual with proventrolateral tubercles bilobed;
proventrolateral tubercle may function to macerate food or manipulate food items in
conjunction with the epistome process. Cleavage of corpus and fixed finger housing 5
or 6 setae on prolateral side of article II; 12 or 15 setae on ventral surface of article I1;
these patches discrete. Palpal coxae yellow-brown to brown, with two seta-bearing tu-
bercles ventrally (Figure 8). Palpal measurements given in Table 5. Trochanter brown
to dark-brown with 3 (holotype) or 4 seta-bearing tubercles; femur white; patella white
without dark band medially, with prolateral, distal darkened tubercles; bearing micro-
trichia and small setae distally; tibia white with scattered setae and dense microtrichia;
tarsus white, usually darkening distally. Claw rudiment very small.
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0.5 mm

Figure 8. Acuclavella makah chelicerae and pedipalp. A right chelicera, retrolateral view B left chelicera,
prolateral view C right pedipalp, retrolateral view (A-C, male CHR2457-0) D left chelicera, retrolateral
view (female CHR2457-2).

Leg measurements given in Table 5. Trochanters, femora, patellae, tibiae black,
lighter at joints, with scattered, distally elevated scales which subtend short setae, scales
occasionally house setae apically or posteriorly. Metatarsi of leg III with proximal half
black or darkened; leg IV proximal three-quarters black or darkened; legs I and II
with proximal end darkened; remaining metatarsal areas pale-brown to yellow-brown.
Scaled-microsculpture subequal to darkened areas. Metatarsi and tarsi without tuber-
cles. Six of ten males with false leg articulations on metatarsi of leg II, including holo-
type. Leg claws single, black, not toothed, evenly curved.
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Table 5. Acuclavella makah palpus and leg measurements.

Male Female
Appendage  Segment

Mean Range n Mean Range n
trochanter 0.58 0.54-0.62 3 0.57 0.54-0.60 3
femur 0.95 0.90-0.98 10 0.98 0.88-1.05 14
Palpus patella 0.67 0.62-0.72 3 0.70 0.67-0.74 3
tibia 0.79 0.73-0.84 3 0.72 0.68-0.76 3
tarsus 0.73 0.71-0.76 3 0.68 0.67-0.68 3
trochanter 0.57 0.56-0.60 3 0.53 0.50-0.56 3
femur 2.67 2.60-2.72 3 2.46 2.36-2.56 3
Leg patella 0.97 0.92-1.00 3 0.90 0.88-0.92 3
tibia 1.75 1.72-1.76 3 1.57 1.55-1.60 3
metatarsus 2.36 2.24-2.44 3 2.13 2.08-2.20 3
tarsus 2.93 2.76-3.04 3 2.72 2.56-2.80 3
trochanter 0.60 0.56-0.64 10 0.61 0.56-0.64 14
femur 4.01 3.76-4.35 10 3.85 3.60-4.20 14
Leg Il patella 1.12 1.00-1.20 10 1.14 1.04-1.28 14
tibia 2.65 2.40-2.88 10 2.64 2.40-2.92 14
metatarsus 391 3.60-4.25 10 3.80 3.52-4.75 14
tarsus 5.11 4.55-5.50 10 4.62 4.25-4.94 14
trochanter 0.55 0.52-0.56 3 0.57 0.55-0.60 3
femur 2.47 2.32-2.56 3 2.21 2.12-2.32 3
patella 0.93 0.92-0.96 3 0.96 0.88-1.05 3

Leg 11T .
tibia 1.64 1.60-1.68 3 1.60 1.52-1.65 3
metatarsus 2.64 2.56-2.76 3 2.48 2.40-2.64 3
tarsus 3.16 3.00-3.32 3 2.95 2.85-3.12 3
trochanter 0.67 0.60-0.72 3 0.65 0.60-0.72 3
femur 3.64 3.52-3.80 3 3.34 3.16-3.60 3
patella 1.05 0.96-1.12 3 1.11 1.04-1.20 3

Leg IV -
tibia 2.32 2.32 3 2.30 2.16-2.44 3
metatarsus 4.16 4.05-4.30 3 3.99 3.76-4.25 3
tarsus 4.17 3.85-4.35 3 3.86 3.68-3.95 3

All measurements in millimeters; 7 = sample size

Penis 2.39 mm in length (#=2, 2.38-2.40 mm); glans plate length 0.34 mm (=2,
both 0.34 mm); stylus length 0.16 mm (0.14-0.17 mm). Shaft evenly tapered, broad-
ening slightly at glans; glans with scattered small setae; stylus spirally twisted, very
slightly decurved.

Description of female. Similar to male for nearly all characters. Total length 5.14
mm (7=3; 5.00-5.31 mm); carapace length 1.37 mm (#=14; 1.25-1.81 mm); cara-
pace width 3.16 mm (7=3; 3.00-3.31 mm); scutum length 3.82 mm (7=3; 3.63-3.94
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mm); scutum width 3.33 mm (7=3; 3.19-3.50 mm); length of fused sternites I-V 2.96
mm (7=14; 2.75-3.19 mm).

Eye tubercle height above surface of carapace 1.37 mm (7=3; 1.31-1.46 mm);
distance from ventral surface of eye to tip of spine 1.21 mm (#=14; 1.08-1.33 mm).
Eye color brown. Metapeltidial spine 0.16 mm (7=14; 0.10-0.23 mm).

Paramedian tubercles of tergite I height 0.06 mm (7=14; 0.03—0.10 mm) above
surface of tergite. Tergite II paramedian tubercles greatly enlarged spines standing
1.10 mm (n=14; 0.93-1.28 mm) above tergite surface; tubercles lateral to spines
warty mounds. Paramedian tubercle height of tergite IIT1 0.07 mm (7=14; 0.05-0.10
mm); IV 0.06 mm (z=14; 0.03—-0.08 mm). Tergites III, IV, V with three pair of
tubercles with median pair largest, reducing in size laterally along tergite and pos-
teriorly across tergites; the right median tubercle of tergite III of paratype (CAS)
enlarged into mound with diminished frequency of warts standing 0.22 mm above
carapace. First free tergite (IV) with median and lateral pair of enlarged warty tuber-
cles, or barely distinguishable median pair of enlarged warts; tergite VII without tu-
bercles, or tubercles barely distinguishable, or more noticeable; tergite VIII without
distinguishable tubercles.

Sternites brown. Prosomal sternum length 0.17 mm (#=2, 0.17-0.18 mm), width
0.32 mm (0.30-0.33 mm); dark brown. Labium wider (0.17 mm, 0.16 mm, 0.14
mm) than long (0.09 mm, 0.09 mm, 0.14 mm), or nearly equal; yellow-brown to light
brown. Palpal endites brown, yellow-brown, or light brown. Paratypes (AMNH, CAS)
with 3 setae on leg II endite; paratype (UWBM) with 2 setae. Horn-shaped process of
epistome decurved or projecting downward; length 0.48 mm (=2, 0.47-0.50 mm).

Chelicerae article I length 1.35 mm (7=3; 1.20-1.47 mm), width 0.45 mm (=3,
0.44-0.46 mm); article II length 1.49 mm (#=3; 1.48-1.50 mm), width 0.42 mm
(0.42—-0.43); article III length 0.59 mm (7=3; 0.56—0.60 mm). Article I without raised
glandular mound (Figure 8); prolateral side of cheliceral article II with 2 or 4 setae
at cleavage of corpus and fixed finger; 12 setae on ventral surface of article II; these
patches discrete. Palpus dimensions in Table 5; coxae brown with two seta-bearing
tubercles; trochanter brown to dark brown with 4 seta-bearing tubercles; only paratype
with tubercle on patella.

Leg measurements given in Table 5. Leg trochanters, femora, patellae, and tibiae
black, lighter at joints; metatarsi of leg III with proximal half black or darkened, leg IV
with proximal three-quarters black or darkened, proximal end of legs I and II black or
darkened, remaining metatarsal areas yellow-brown or pale brown; tarsi yellow-brown
or pale brown, darkening distally.

Opvipositor length 0.74 mm (=2, 0.72-0.77 mm), width 0.46 mm (0.44-0.47
mm); furca without dorsoventral differentiation; corona of setae at furcal base sur-
round lobes; apical setae on lobes.

Distribution and habitat. Known from the northwest areas of the Olympic Pen-
insula in Clallam and Jefferson Counties, Washington State (Appendix I). Found in
coniferous or riparian forests along small, perennial water-features such as headwater
streams, springs, and seeps; underneath woody debris and moss.
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Acuclavella sheari sp. n.
urn:lsid:zoobank.org:act:FC134B12-DA1C-4184-B9AB-6AC36E990BB5
htep://species-id.net/wiki/Acuclavella_sheari
MorphBank images of specimens considered this species include:
Holotype AMNH, MorphBank Specimen Id: 822513, 4 images
Paratype AMNH, MorphBank Specimen Id: 822512, 6 images
SDSU OP2708, MorphBank Specimen Id: 822514, 3 images
SDSU OP2720, MorphBank Specimen Id: 822518, 3 images
Figure 9 and 10, Appendix VIII: Figure 1, Figure 2

Type material. Male holotype (AMNH) and female paratypes (AMNH; CAS,
CASENT9039225; UWBM) from Burgdorf Road 12.4 miles northwest of Warren
Wagon Rd, tributary of Fall Creek, Payette National Forest, Idaho County, Idaho; two
male paratypes (CAS, CASENT9039217; UWBM, ID0016/5360) from Burgdorf
Road 16.6 miles northwest of Warren Wagon Road; otherwise as previous (Appendix I).

Etymology. The specific epithet honors Dr. William A. Shear, eminent milliped
and opilionid taxonomist. His influence has been important to the authors’ aspirations
to be systematic biologists, and we thank him sincerely, and with pleasure.

Diagnosis. Generally reduced dimensions overall. Males with one pair of scutal
spines on area II only; scutal spines < 0.50 mm, distance from ventral edge of eye
to tip of ocularium < 0.60 mm distinguishes it from other males with single pair of
spines. Females lack scutal spines. Diagnosed from spine-less A. shoshone (Shear, 1986
sensu stricto) females by having palpal femora < 0.88 mm, leg II tarsi < 3.92 mm, leg
II femora < 2.75 mm.

Description of male. Body arched and convex dorsally (Figure 9); sides broader
posteriorly. Nearly all of body heavily sclerotized black or dark brown, with densely
scattered hemispherical warts which irregularly house short setae apically or posteri-
orly; bilobed warts sporadic in holotype. Total length 3.90 mm (7=3, 3.68-4.06 mm),
carapace length 1.24 mm (7=4, 1.15-1.32 mm), carapace width 2.34 mm (n=3, 2.31-
2.36 mm); length of fused tergites I-V 2.26 mm (#=4, 2.16-2.31 mm), scutum length
2.61 mm (n=3, 2.32-2.81 mm), scutum width 2.60 mm (»=3, 2.55-2.63 mm).

Eye tubercle at anterior edge of carapace, hemispherical warts cover entirety of
ocular spine, prolonged into an acute spine standing 0.67 mm above the surface of
the carapace (7=3, 0.64-0.70 mm), 0.53 mm (n=4, 0.48-0.60 mm) from the ventral
edge of the eye to the tip of the tubercle, eye spine less acute than in other species of
Acuclavella. Eyes dark brown to brown, located basally on tubercle. Surface of cara-
pace evenly curved, posterior margin arcuate. Metapeltidial paramedian sensory cones
raised into sharp, acute spines standing 0.21 mm (7=4, 0.17-0.24 mm) above surface
of the carapace, curving slightly towards the midline, lacking warty microsculpture,
shiny; lateral to spines, clusters of warts form tubercles, missing in paratype (UWBM).

All scutal tergites with pairs of paramedian tubercles; relatively short, pointed
spines on area II only. Fused tergite I with paramedian tubercles as raised mounds,
relatively tall but not spike-like, standing 0.125 mm above the surrounding scute (7=4,
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1 mm

Figure 9. Acuclavella sheari. Top: male, CHR3254; bottom: female, CHR3404.

all 0.125), these adorned with warts; lateral to these, two additional raised mounds be-
come smaller away from the midline, these lacking in holotype. Paramedian tubercles
of area II form acute spine 0.39 mm above the scutum surface (7=4, 0.34-0.43 mm),
curved slightly posteriad; lateral to these are raised tubercles adorned with warts. Fused
tergites III, IV, and V with paramedian tubercles in the form of raised mound adorned
with warts; lateral to these, area III with 2 or 3 additional pairs of tubercles, area IV
with 1 or 2 additional tubercles, area V with 0 or 2 additional tubercles; these tend to
diminish in size away from the midline and posteriorly across tergites. Area III tubercle
height above tergite 0.081 mm (7=4, 0.075-0.10 mm); area IV tubercle height 0.075
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Figure 10. Acuclavella sheari chelicerae and pedipalp. A right chelicera, retrolateral view B left chelicera,
prolateral view C right pedipalp, retrolateral view (A—C, male CASENT9039217) D left chelicera, retro-
lateral view (female AMNH).

mm (all 0.075 mm). Free tergites without discernable tubercles, or tubercles occur in
single pairs as small warty mounds.

Abdominal sternites with infrequent setae; warty sculpturing strongest laterally
and on posterior margin; sternites brown, dark brown, or black. Sclerotized areas of
genital operculum relatively setose. Prosomal sternum (7=1) wider than long: length
0.19 mm, width 0.29 mm; dark brown; without setae. Labium weakly to well-scle-
rotized, wider than long (7=3):, length 0.09 mm (0.08-0.10 mm), width 0.16 mm
(0.13-0.19 mm), light brown to dark brown, darkness commensurate to sclerotization,
without setae. All coxae with endites. Palpal endites setose, light brown, dark brown,
or black. Leg II endite bearing 2 setae, other leg endites unadorned. Horn-shaped pro-
cess of epistome decurved, projecting 0.34 mm from sulcus.
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Chelicerae light brown, dark brown, or black; lighter individuals with article I
darker dorsally, article IT with darker, more sclerotized striations on prolateral and
retrolateral surfaces (Figure 10). Article I length 1.11 mm (7=3, 1.00-1.18 mm), width
0.39 mm (0.36-0.42 mm), article II length 1.21 mm (1.12-1.27 mm), width 0.40 mm
(all 0.40 mm), article III length 0.54 mm (0.52-0.56 mm). Dorsal surface of article I
with raised, glandular area dense with setae. Palpal coxae pale-brown, light brown, or
black, with 2 or 1 (UWBM) seta-bearing tubercles. Palpal measurements given in Ta-
ble 6. Trochanter (Figure 10) pale-brown or dark brown, with 2 (CAS), 3 (holotype),
or 4 (UWBM) seta-bearing tubercles; these reduced on later individual; femur pale-
brown, brown, or dark brown; patella pale-brown or brown, with (CAS) or without a
diffuse dark band on middle third, without darkened tubercle distally, bearing small
setae and microtrichia distally; tibiae pale brown or white (holotype), with scattered se-
tae and dense microtrichia; tarsus pale-brown or white (holotype), darkening to brown
distally. Claw rudiment very small to absent.

Leg measurements given in Table 6. Microsculpture of femora, patellae, and tib-
iae scattered, distally elevated scales, bilobed scales not observed; scales subtend setae,
occasionally housing seta apically. Trochanters, femora, patellae, tibiae black, or in
holotype, trochanters light brown, femora, patellae, and tibiae brown; metatarsi of
leg III proximal one-third to one-quarter brown or black; leg IV with proximal half
black or brown; proximal end of metatarsi on legs I and II black or brown, remain-
ing metatarsal areas pale brown or brown; all tarsi pale brown or brown, darkening
distally. Scaled microsculpture subequal to darkened areas, remainder with setae and
microtrichia. False leg articulations not observed. Leg claws single, black, not toothed,
evenly curved.

Penis length 2.94 mm (n=1); glans plate 0.31 mm, scattered small setae; stylus
0.13 mm, slightly spirally twisted and decurved.

Description of female. Similar to male, differing in dimensions, secondary sexual
characteristics, and dorsal armature. Total length 4.25 mm (7=3; 4.05-4.65 mm); cara-
pace length 1.325 mm (#=4, 1.05-1.45 mm), width 2.62 mm (=3, 2.35-3.05 mm);
scutum length 3.03 (#=3, 2.90-3.25 mm), width 3.23 mm (=3, 2.85-3.55 mm);
fused tergites I-V length in midline 2.81 mm (7=4, 2.20-3.10 mm).

Eye tubercle height above surface of carapace 0.67 mm (#=3, 0.56-0.73 mm), dis-
tance from ventral surface of eye to tip of spine 0.54 mm (n=4, 0.46-0.60 mm). Eye
color brown or gray. Metapeltidial spine 0.11 mm (=4, 0.08-0.15 mm), curving slightly
posteriad and towards the midline, lateral to these spines clusters of warts form tubercles.

Dorsal armature lacking. Dorsal adornment generally with median tubercles as
raised mounds adorned with warts, decreasing in size away from midline and posteri-
orly across tergites. Two lateral pairs of warts on areas III and IV, area V with median
pair of tubercles barely discernable, two pairs of lateral tubercles, or shallowly raised
mounds adorned with warts. Free tergites with tubercles in the form of clusters of
warts, or without discernable tubercles. Paramedian tubercles heights above the surface
of the tergite (7=4): of area I 0.07 mm (0.05-0.08 mm); area I 0.10 mm (0.08-0.15
mm); area III 0.06 mm (0.05-0.08 mm); area IV 0.05 mm (0.03-0.08 mm).
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Table 6. Acuclavella sheari palpus and leg measurements.

Appendage Segment Male Female
Mean Range n Mean Range n
trochanter 0.51 0.49-0.54 3 0.50 0.43-0.54 3
Femur 0.85 0.78-0.88 4 0.85 0.83-0.88 4
Palpus Patella 0.63 0.62-0.65 3 0.66 0.60-0.70 3
Tibia 0.74 0.72-0.75 3 0.73 0.65-0.79 3
Tarsus 0.70 0.67-0.71 3 0.65 0.59-0.68 3
trochanter 0.53 0.48-0.56 3 0.45 0.40-0.50 3
Femur 1.80 1.76-1.84 3 1.73 1.48-1.94 3
Leg Patella 0.87 0.84-0.92 3 0.81 0.68-0.91 3
Tibia 1.33 1.28-1.44 3 1.30 1.16-1.40 3
metatarsus 1.97 1.96-2.00 3 1.88 1.68-2.09 3
Tarsus 2.29 2.24-2.32 3 2.22 1.88-2.41 3
trochanter 0.57 0.56-0.60 4 0.52 0.44-0.63 4
Femur 2.53 2.48-2.64 4 2.52 2.16-2.75 3
Leg IT Patella 0.98 0.88-1.12 4 0.93 0.76-1.03 3
Tibia 1.96 1.88-2.08 4 1.90 1.64-2.09 3
metatarsus 2.99 2.88-3.12 4 3.00 2.56-3.24 3
Tarsus 3.67 3.64-3.72 4 3.65 3.20-3.92 3
trochanter 0.53 0.52-0.56 3 0.52 0.44-0.59 3
Femur 1.72 1.64-1.80 3 1.71 1.56-1.84 3
Leg 11T Patella 0.85 0.84-0.88 3 0.79 0.48-0.97 3
Tibia 1.33 1.20-1.48 3 1.43 1.32-1.56 3
metatarsus 2.21 2.16-2.28 3 2.18 1.84-2.38 3
Tarsus 2.56 2.52-2.64 3 2.53 2.20-2.84 3
trochanter 0.59 0.52-0.68 3 0.59 0.52-0.69 3
Femur 2.41 2.32-2.56 3 2.38 2.12-2.63 3
Leg IV Patella 0.96 0.88-1.04 3 0.89 0.80-0.94 3
Tibia 1.84 1.76-1.88 3 1.77 1.56-2.03 3
metatarsus 3.31 3.28-3.32 3 3.24 2.80-3.48 3
Tarsus 3.23 3.08-3.32 3 3.29 2.80-3.68 3

All measurements in millimeters; z=sample size

Sternites brown, black, or light brown. Prosomal sternum (7=1) length: 0.26 mm,
width 0.31 mm; light brown, without setae. Labium wider (0.13, 0.17, 0.16 mm) than
long (0.08, 0.09, 0.08 mm); light brown or pale brown. Palpal endites brown or pale
brown. Endites of leg I adorned with two or one (CAS) setae.

Chelicerae article I length 0.98 mm (=3, 0.92-1.06 mm), width 0.41 mm (0.37-
0.44 mm); article II length 1.31 mm (1.14-1.40 mm), width 0.43 mm (0.40-0.46
mm); article III length 0.57 mm (0.52-0.62 mm). Article I without raised glandular
mound (Figure 10). Article I darker dorsally, chelicerae light brown or black with ar-
eas of dark brown. Palpus dimensions in Table 6; coxae light brown, dark brown, or
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white, with two seta-bearing tubercles; trochanters light brown, dark brown, or white,
with three (AMNH) or four (CAS, UWBM) seta-bearing tubercles; femora and patella
pale brown, brown, or white, patella without both distal tubercles and diffuse bands;
tibiae white or pale-brown; tarsus white or pale-brown, fading to brown distally. Claw
rudiment very small (AMNH, UWBM), or absent.

Leg measurements given in Table 6. Leg trochanters brown, black, or pale-brown; fem-
ora, patellae, and tibiae dark brown, back, or pale brown; metatarsi of legs I1I with proximal
third brown, black, or pale-brown; leg IV metatarsi with proximal half brown, black, or
pale-brown; proximal end of legs I and II metatarsi brown, black, or pale-brown; remaining
metatarsal areas pale-brown, brown, or white; tarsi pale brown or white, darkening distally.

Ovipositor length 0.82 mm, width 0.46 mm (#=1); otherwise as A. makah.

Distribution and habitat. Known from north-facing, horizontal band of Abies
grandis forest above south shore of Salmon River. This habitat is mainly roadless,
though intersected by FS 592 and Burgdorf Road in Payette National Forest, Idaho
County, Idaho. Adults collected in June and September. Abies grandis, Pseudotsuga
mengziesii, and Picea engelmannii associated canopy cover; collected under woody de-
bris adjacent to headwater streams.

Acuclavella quattuor Shear, 1986

htep://species-id.net/wiki/Acuclavella_quattuor

MorphBank images of specimens considered this species include:
AMNH, MorphBank Specimen Id: 822462, 3 images
CHR2146.2, MorphBank Specimen Id: 822463, 3 images
CHR2146.5, MorphBank Specimen Id: 822464, 3 images
CHR2147.7, MorphBank Specimen Id: 822604, 1 image
SDSU OP2256, MorphBank Specimen Id: 822496, 3 images
SDSU OP2266, MorphBank Specimen Id: 822605, 1 image
CHR2180.0, MorphBank Specimen Id: 822606, 2 images
CHR2180.3, MorphBank Specimen Id: 822607, 1 image

Figure 11 and 12, Appendix VIII: Figure 1, Figure 2

Material examined. Males (AMNH; CAS, CASENT9039220; UWBM,
ID0013/5661) from the type locality: Slate Creek Road 10.2 miles east of US 95, Nez
Perce National Forest, Idaho County, Idaho.

Diagnosis. Diagnosed from all Acuclavella species except for A. cf. quattuor by
having two pairs of erect spines on tergites I and II; similar morphologically to A. cf.
quattuor, and is best diagnosed using molecular data: basepair 23 of the EF-1o intron
cytosine in A. cf. quattuor, adenine in A. quattuor; basepair 44 guanine in A. guattuor,
thymine or adenine in A. cf. quattuor (thymine if sequences aligned due to a 3 basepair
deletion in 40% of A. cf. guattuor at basepair 39-41).

Description of male. Body arched and convex dorsally (Figure 11); sides paral-
lel or slightly broader posteriorly. Nearly all of body heavily sclerotized, black, with

densely scattered hemispherical warts which irregularly house short setae apically or
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1 mm

Figure 1 1. Acuclavella quattuor. Male AMNH.

posteriorly. Total length 4.22 mm (=3, 4.06-4.45 mm); carapace length 1.35 mm
(n=14, 1.25-1.50 mm), width 2.60 mm (#=3, 2.56-2.64 mm); scutum length 2.84
mm (7=3, 2.56-3.25 mm), width 2.80 mm (7=3, 2.69-2.88 mm); length fused ter-
gites I-V 2.69 mm (n=14, 2.50-3.10 mm).

Eye tubercle at anterior edge of carapace, erect, spine-like, standing 0.98 mm
above the surface of the carapace (7=3, 0.94—1.05 mm), distance from ventral edge of
eye to tip of spine 0.84 mm (7=14, 0.65-0.93 mm). Eye color brown, on basal part of
ocularium. Surface of carapace evenly curved, posterior margin arcuate. Metapeltidial
paramedian sensory cones acute or blunt spines standing 0.28 mm (=14, 0.18-0.38
mm) above surface of carapace.

Scutum of opisthosoma rounded anteriorly, squared of posteriorly. All fused ter-
gites with paramedian pair of tubercles, these in the form of erect spines on areas I and
I1. Spines of tergites I and II curve posteriad, stand 0.82 mm (#=14, 0.65-1.05 mm)
and 0.91 (#=14, 0.70-1.12 mm) above the surface of the tergite respectively; tubercles
lateral to spines as small raised wart mounds; one of 14 males with lateral spines on
area II. Tergites I1I, IV, and V with four pairs of tubercles as raised areas adorned with
warts; paramedian tubercles of area III height 0.06 mm (#=14, 0.03-0.20 mm); area
IV paramedian tubercle height 0.05 mm (#=14, 0.03-0.08 mm); two individuals with
one of paramedian tubercles of area III spine-like, left side on one, right side on other.
First free tergite (VI) with small median tubercles in the form of enlarged shiny wart;
remaining free tergites without discernable tubercles.
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0.5 mm

Figure 12. Acuclavella quattuor chelicerae and pedipalp. Male CHR2146.5, A right chelicera, retrolat-
eral view B left chelicera, prolateral view C right pedipalp, retrolateral view.

Abdominal sternite warty sculpturing strongest laterally and on posterior margin;
sternites brown or dark brown. Genital operculum tongue-shaped, clearly delineated
by transverse furrow, lateral ends of furrow membranous suture, distal margin rebor-
dered, glossy. Prosomal sternum wider than long; length 0.18 mm (»=3, 0.17-0.21
mm), width 0.29 mm (7=3, 0.26-0.31 mm); pale brown or brown; without setae.
Labium moderately sclerotized, wider than long or dimensions subequal; length 0.11
mm (7=3, 0.09-0.13 mm), width 0.14 mm (0.13-0.16 mm); brown or dark brown;
without setae. Palpal endites setose; brown. Leg II endites bearing 2 (AMNH, CAS)
or 3 setac (UWBM), other leg endites glabrous. Horn-shaped process of epistome
strongly decurved; projecting 0.43 mm (=4, 0.41-0.44 mm) from sulcus.
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Table 7. Acuclavella guattuor male palpus and leg measurements.

Palpus Legl LegII LegIII Leg IV
Mean 0.53 0.61 0.61 0.51 0.64
Trochanter Range 0.52-0.54 0.60-0.62 0.56-0.68 0.48-0.56 0.56-0.75
n 3 3 14 3 3
Mean 1.01 2.31 3.14 2.00 2.88
Femur Range 0.95-1.10 2.20-2.44 2.72-3.44 1.96-2.04 2.76-3.00
n 14 3 14 3 3
Mean 0.67 0.97 1.08 0.95 1.10
Patella Range 0.64-0.73 0.92-1.03 1.00-1.20 0.92-1.00 0.96-1.20
n 3 3 14 3 3
Mean 0.83 1.54 2.21 1.54 2.11
Tibia Range 0.80-0.88 1.48-1.58 2.00-2.41 1.48-1.64 2.00-2.20
n 3 3 14 3 3
Mean - 2.36 3.55 2.61 3.98
Metatarsus ~ Range - 2.16-2.63 2.96-4.08 2.48-2.80 3.68-4.25
n - 3 14 3 3
Mean 0.77 2.74 4.71 3.10 4.04
Tarsus Range 0.73-0.85 2.48-3.03 3.90-5.25 2.76-3.28 3.56-4.31
n 3 3 14 3 3

All measurements in millimeters, 7=sample size.

Chelicerae light brown or brown; darker dorsally; article IT with darker, more scle-
rotized striations on prolateral and retrolateral surfaces (Figure 12). Article I length 1.21
mm (=3, 1.18-1.25 mm), width 0.44 mm (7=3, 0.42-0.45 mm); article II length 1.38
mm (7=3, 1.35-1.40 mm), width 0.41 mm (=3, 0.38-0.45 mm); article III length 0.59
mm (7=3, 0.58-0.60 mm). Article I dorsal surface with raised, glandular area densely
setose (Figure 12). Prolateral side of article II with dark sclerotization at cleavage of cor-
pus and fixed finger housing 6, 6, 5, 5 setae; ventral surface of article with 19, 20, 16, 23
setae; these patches discrete in three of four individuals examined. Palpal measurements
given in Table 7. Palpal coxae light brown or brown (Figure 12), with 2 seta-bearing
tubercles. Palpal trochanters light brown, brown, or dark brown; with 4 seta-bearing
tubercles. Femora and patella white or yellow-brown; patella without distal prolateral
tubercle, without diffuse dark band, bearing small setae and microtrichia distally. Tibia
white or pale yellow, with scattered setaec and dense microtrichia. Tarsi white or pale
yellow, darkening distally; with setae and dense microtrichia. Claw rudiment very small.

Leg measurements given in Table 7. Microsculpture of femora, patellae, and tibiae
scattered, distally elevated scales, bilobed scales not observed; scales infrequently house
seta apically or distally. Trochanters, femora, patellae, and tibiae dark brown to black;
metatarsi of leg III with proximal one-quarter brown or black, leg IV with proximal
one-half brown or black, proximal end of metatarsi of I and II brown or black, remain-
ing metatarsal areas brown; tarsi brown, darkening distally. Leg claws single, black, not
toothed, evenly curved.
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Penis length 2.49 mm (7=4, 2.35-2.55 mm); shaft evenly tapered, broadening slight-
ly at glans. Glans bearing scattered small setae; glans length 0.32 mm (=3, 0.29-0.36
mm). Stylus length 0.18 mm (=3, 0.16-0.19 mm); stylus spirally twisted, decurved.

For female description see Shear (1986).

Distribution and habitat. Acuclavella quattuor populations are bracketed by the
Salmon River to the south and the South Fork Clearwater River to the north, whereas
A. of. gquattuor is found north of the Selway River and south of the Lolo Trail Ridge.
Acuclavella quattuor habitats are dominated by Abies grandis and Picea englemanniis
microhabitat in litter, moss, and moist woody debris adjacent to headwater streams.

Acuclavella merickeli Shear, 1986

htep://species-id.net/wiki/Acuclavella_merickeli

MorphBank images of specimens considered this species include:
CHR2100.1, MorphBank Specimen Id: 822457, 2 images; type locality
CHR2100.2, MorphBank Specimen Id: 822597, 1 image
CHR2121.2, MorphBank Specimen Id: 822601, 3 images
CHR2121.4, MorphBank Specimen Id: 822602, 2 images
CHR2121.5, MorphBank Specimen Id: 822459, 3 images
CHR2140.0, MorphBank Specimen Id: 822460, 3 images
CHR2140.2, MorphBank Specimen Id: 822603, 1 image

Figures: Appendix IX

Diagnosis. For species descriptions see Shear 1986. Discriminated from other Acu-
clavella having a single pair of paramedian spines on tergite II by having relatively
homogenously colored leg segments, not giving the appearance of banding at leg joints
(from A. makah and A. leonardi) or by having scutal spines > 0.50 mm and ocularium
height from ventral edge of eye to tip of spine > 0.60 mm (from A. sheari).

Distribution and habitat. Acuclavella merickeli populations are bracketed to the
south by the South Fork Clearwater River and to the north by the Selway River; all lo-
calities in Nez Perce National Forest, Idaho County, Idaho. Coniferous habitat domi-
nated by Picea englemannii or Thuja plicata and Pseudotsuga menziesii; microhabitats
include moist woody debris and moss adjacent to small perennial water features such
as side-slope seeps and headwater streams.
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Appendix |

Collection Locality Information (doi: 10.3897/zookeys.311.2920.app1) File format:
Adobe PDF file (pdf).

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.

Citation: Richart CH, Hedin M (2013) Three new species in the harvestmen genus Acuclavella (Opiliones, Dyspnoi,
Ischyropsalidoidea), including description of male Acuclavella quattuor Shear, 1986. ZooKeys 311: 19-68. doi: 10.3897/
zookeys.311.2920.app1

Appendix Il

PCR Primer Information. (doi: 10.3897/z0o0keys.311.2920.app2) File format: Adobe
PDF file (pdf).

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.

Citation: Richart CH, Hedin M (2013) Three new species in the harvestmen genus Acuclavella (Opiliones, Dyspnoi,
Ischyropsalidoidea), including description of male Acuclavella quattuor Shear, 1986. ZooKeys 311: 19—68. doi: 10.3897/
zookeys.311.2920.app2
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Appendix Il

Male and Female Morphometric Data and Measurement Scheme. (doi: 10.3897/zook-
eys.311.2920.app3) File format: Microsoft Office Excel (xIsx).

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.

Citation: Richart CH, Hedin M (2013) Three new species in the harvestmen genus Acuclavella (Opiliones, Dyspnoi,
Ischyropsalidoidea), including description of male Acuclavella quattuor Shear, 1986. ZooKeys 311: 19-68. doi: 10.3897/
zookeys.311.2920.app3

Appendix IV

PCA Methods and Results. (doi: 10.3897/zookeys.311.2920.app4) File format: Adobe
PDF file (pdf).

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
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Abstract

Korean species of the genus Cymodusa Holmgren (Hymenoptera: Ichneumonidae: Campopleginae) are
reviewed. Four species of Cymodusa (Cymodusa) are reported from Korea, including one newly recorded
species, Cymodusa aenigma Dbar (1985), and three new species, Cymodusa koreana sp. n., Cymodusa
yeungnamensis sp. n. and Cymodusa geolimi sp. n. This genus is reported for the first time from Korea.
Descriptions with photographs of new species, line drawings of propodeum and metasomal tergites of the
Palacarctic species of the “australis” group and a key to the Korean Cymodusa species are provided.

Keywords
Cymodusa aenigma Dbar, Cymodusa koreana sp. n., Cymodusa yeungnamensis sp. n., Cymodusa geolimi sp. n.,
taxonomy

Introduction

The genus Cymodusa Holmgren (1859) is a moderately large genus in the subfamily
Campopleginae Forster with contains about 40 described species from the Eastern Palae-
arctic, Nearctic, Neotropical, Oriental and Western Palaearctic regions (Yu et al. 2012).

Copyright Jin-Kyung Choi et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Since Holmgren (1859) described Cymodusa leucocera, 38 species have been recorded.
Recently, Kolarov and Coruh (2008) and Kolarov and Yurtcan (2008) reported two new
species from Turkey. In the Eastern Palacarctic region there are 15 species (Yu et al. 2012).
This genus usually occurs among grasses and they are parasitoids of Lepidoptera (Kolarov
and Yurtcan 2008). One of the collecting sites was clothed in trees, herbaceous plants
and shrubs. The Palacarctic species have been reviewed and keyed by Dbar (1984, 1985).

Dbar (1985) recognizes four species groups, namely the “jaceki” group, “leucocera”
group, “australis” group and “convergator” group. The “australis” group includes eight
species, C. australis Smits van Burgst (1913), C. orientalis Uchida (1956), C. longit-
erebra Dbar (1985), C. tibialis Dbar (1985), C. rufiventris Dbar (1985), C. aenigma
Dbar (1985), C. parva Dbar (1985) and C. oculator Dbar (1985), in the Palaearctic
region as well as three species and one subspecies, C. dravida Gupta & Gupta (1974),
C. josephi Gupta & Gupta (1974), C. josephi malaise Gupta & Gupta (1974) and C.
shiva Gupta & Gupta (1974), in the Oriental region.

The “australis” group can easily be distinguished from the other species groups by
the following characteristics: temple very narrowed; areolet with the 2* recurrent vein
before the middle; 6* and 7* tergites deeply emarginate in dorsal view.

In this study, we report the “awustralis” group of Cymodusa for the first time from
Korea, including one newly recorded species and three new species.

Materials and methods

Materials used in this work were collected by sweeping and Malaise trapping, and were
deposited in the animal systematic laboratory of the Yeungnam University (YNU, Gyeo-
ngsan, Korea). Some specimens examined in this study were loaned by the Naturhistor-
iska Riksmuseet, Sektionen for Entomologi (Swedish Museum of Natural History De-
partment of Entomology) (NR, Stockholm, Sweden). Specimens were examined using
a stereo microscope (Zeiss Stemi SV 11 Apo; Carl Zeiss, Gottingen, Germany) and key
characters shown in the photographs were produced using a Delta imaging system (i-
Delta 2.6; iMTechnology, Daejeon, Korea). The morphological terminology is mostly
that of Gupta & Maheshwary (1977). Abbreviations are as follows. TD, type depository;
TS, type species; ZI, Zoological Institute, Academy of Sciences, St. Petersburg 199034,
Russia; GW, Gangwon-do; GB, Gyeongsangbuk-do; GN, Gyeongsangnam-do.

Results
Key to the Korean Cymodusa
1 Costula of propodeum complete (Fig. 5A); spiracle of propodeum very small

circle, its diameter shorter than carina linking spiracle to pleural carina (Fig.
LI) e Cymodusa aenigma
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- Costula of propodeum incomplete or absent (Fig. 51); spiracle of propodeum
large, its diameter longer than carina linking spiracle to pleural carina (Fig.

7 TSR 2
2 Mandible blackish brown (Figs. 4C and D); areolet of fore wing with stalk
(Fig. 4M) ..ooiiieiciciiiicccce e Cymodusa geolimi sp. n.
— Mandible yellowish brown (Figs. 3C); areolet of fore wing without stalk
(Fig. BL) it 3
3 Spiracle of propodeum large (Fig. 31); first to third flagellomeres to yellowish

brown (Fig. 3M); notaulus absent (Fig. 3F) ... Cymodusa yeungnamensis sp. n.
- Spiracle of propodeum small (Fig. 2H); all antennal flagellomeres blackish
brown; notaulus present as weak trace (Fig. 2F) ... Cymodusa koreana sp. n.

Family Ichneumonidae Latreille, 1802
Subfamily Campopleginae Forster, 1869

Genus Cymodusa (Cymodusa) Holmgren, 1859
htep://species-id.net/wiki/Cymodusa

Cymodusa Holmgren, 1859: 327. TS: Cymodusa leucocera Holmgren
Thersilia Schmiedeknecht, 1907: 598. TS: (7hersitia egregia Schmiedeknecht) = Cymo-

dusa leucocera Holmgren.

Diagnosis. Eyes densely setose. Inner margins of eyes strongly convergent ventrally.
Clypeus small; apical margin rounded; weakly convex, not separated from face. Man-
dible short, upper tooth as long as or longer than lower tooth. Hind basitarsus without
a median ventral row of close setae. Fore wing with areolet; nervulus opposite to basal
vein or distad of it. Thyridium longitudinally elliptic. Ovipositor straight, with dorsal
subapical notch.

CGymodusa (Cymodusa) aenigma Dbar, 1985
http://species-id.net/wiki/Cymodusa_aenigma
Figs 1, 5A, 6A

Cymodusa (Cymodusa) aenigma Dbar, 1985: 589. Holotype: female; TD: ZI.

Material examined. [Korea]: 2 females, Mureung valley, Samhwa-dong, Donghae-si
GW, Korea, 15 July—1 August 2005, MT (Malaise trap), ].W. Lee; 1 female, ditto,
9-17 August 2005, MT, J.W. Lee; 1 female, ditto, 31 August-10 September 2005,
MT, J.W. Lee.

Description. Female. Body length 6.1 mm.

Fore wing length 3.3-3.8 mm.
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Figure 1. Cymodusa (Cymodusa) aenigma Dbar, 1985 (female). A habitus in lateral view B head in lateral
view C head in frontal view D mandible E pronotum F mesopleuron in lateral view G mesoscutum in
dorsal view H propodeum I spiracle of propodeum J petiole in lateral view K thyridium L wings M 6®
and 7™ tergites in dorsal view N ovipositor. (Scale bar 1 mm for A; 0.5 mm for L; 0.2 mm for B, C, E-H,
J, K, M and N; 0.1 mm for Dand I).

Antenna with 34-35 flagellomeres.
Color. Head black. Scape and pedicel blackish brown. Mandible yellow, apically
brown; labial and maxillary palps pale yellow. Antenna blackish brown. Mesosoma
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black. Tegula brown. Fore leg yellow; mid leg yellowish brown; hind coxa black, tro-
chanter dark brown, femur and tibia brown, tarsus blackish brown. Metasoma black.
Thyridium reddish brown. 5% to 7* metasomal segments reddish brown. Ovipositor
yellowish brown.

Morphology. Head: Head finely and densely punctate. Occiput flat and polished.
Temple broad and convex, finely punctate. Mandible very short, upper tooth longer
than lower tooth (Fig. 1D). Ocelli slightly large; diameter of median ocellus 1.1 times
as long as distance between ocellus and eye; lateral ocellus separated from eye by 0.9
times lateral ocellus diameter.

Mesosoma: Pronotum covered with transverse striae (Fig. 1E); epomia distinct.
Mesoscutum finely and densely punctate; notaulus absent (Fig. 1G). Mesopleuron
roughly punctate, reticulate; postpectal carina complete; epicnemial carina short
sternaulus absent; speculum convex, impunctate, polished (Fig. 1F); scutellum finely
granulate. Propodeum with numerous transverse rugae and reticulate; basal area and
areola separated by anterior transverse carina (Fig. 1H); areola and petiolar area not
separated, impressed medially; costula complete (Fig. 5A); spiracle very small, round,
connected to pleural carina; distance between spiracle and pleural carina 1.7 times as
diameter of spiracle (Fig. 1I). Hind tibia with short spines; ratios between hind tarsal
segments 4.5: 2.2: 1.6: 0.8: 0.9. Fore wing with areolet; basal vein opposite nervulus
(Fig. 1L); nervellus not intercepted; discoidella absent.

Metasoma: Thyridium small, oval; separated from base of 2™ tergite by more than
3.0 times its diameter; distance between base of 2 tergite and thyridium 0.6 times
distance between base of 2™ tergite and spiracle (Fig. 1K). 6" and 7 tergites deeply
emarginate apically (Fig. IM). Ovipositor (Fig. 1N) shorter than metasoma, 1.4 times
as long as hind tibia.

Male. Unknown.

Distribution. Korea (new record), Japan, Russia (Khabarovsk, Primor’ye Kray).

Cymodusa (Cymodusa) koreana Choi & Lee, sp. n.
urn:lsid:zoobank.org:ac: AEEED4C3-D4B6-4E22-9E00-C20FB416D51E
htep://species-id.net/wiki/Cymodusa_koreana

Figs 2, SI, 6F

Material examined. Holotype: [Korea] (TD: YNU): 1 female, Unmunsa, Chungdo-
gun, GB, Korea, 21.V.1989, 1.S. Ye.

Paratypes: [Korea] (TD: YNU): 1 female, Gyeonbongsa, Ganseong, GW, Korea,
22 May 1992, ].W. Lee; 1 female, Mureung Valley, Samhwa-dong, Donghae-si, GW,
Korea, 20 September—2 October 2006, MT, J.W. Lee; 1 female, ditto, 28 August-10
September 2006, MT, ]J.W. Lee; 1 female, Yeungnam Univ., Gyeongsan-si, GB, 13
May 1985, E.S. Kim; 1 female, Mirimsan, Bonghwa-gun, 4 May 1997, ].C. Jeong,.

Description (female holotype). Body length 7.3 mm.

Fore wing length 4.1 mm.
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Figure 2. Cymodusa (Cymodusa) koreana Choi & Lee sp. n. (female). A habitus in lateral view B head

in frontal view € mandible D pronotum E mesopleuron in lateral view F mesoscutum in dorsal view G
propodeum H spiracle of propodeum I petiole in lateral view J ovipositor K thyridium L wings M 6" and
7" tergites in dorsal view. (Scale bar 1 mm for A; 0.5 mm for L; 0.2 mm for B, E-G, I-K and M; 0.1
mm for C, D and H).
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Antenna with 31-32 flagellomeres.

Color. Head, scape and pedicel black. Mandible yellow, apically brown. Labial and
maxillary palps pale yellow. Antenna blackish brown. Mesosoma black. Tegula yellow.
Fore leg yellow; mid leg yellowish brown; hind coxa black, trochanter dark brown, trochan-
tellus yellow, femur brown, tibia yellow medially, brown basally and apically, tarsus brown.
Metasoma black, tergites apically narrowly reddish brown. Thyridium reddish brown.

Morphology. Head: Head finely and densely punctate. Occiput flat and polished.
Temple broad and convex, finely punctate. Mandible very short, upper tooth as long
as lower tooth (Fig. 2C). Minimum distance between eyes 0.6 times as long as maxi-
mum distance (Fig. 2B). Ocelli small; diameter of median ocellus 0.9 times as long
as distance between ocellus and eye; lateral ocellus separated from eye by 1.3 times of
lateral ocellus diameter. Antenna with 31-32 flagellomeres, 1* flagellomere 1.3 times
as long as 2™ flagellomere.

Mesosoma: Pronotum with transverse striae ventrally (Fig. 2D); epomia weak. Mesos-
cutum finely and densely punctate; notaulus absent (Fig. 2F). Mesopleuron roughly punc-
tate, reticulate; postpectal carinae complete, epicnemial carina short; sternaulus absent.
Scutellum finely punctate; postscutellum broader than high. Propodeum with numerous
transverse rugae and reticulate; basal area and areola separated by anterior transverse ca-
rina; costula absent (Fig. 5I); areola and petiolar area not separated, impressed medially
(Fig. 2G); spiracle small, round, connected to pleural carina, distance between spiracle and
pleural carina 0.9 times as long as diameter of spiracle (Fig. 2H). Hind tibia with short
spines; ratio between hind tarsal segments 5.0: 2.2: 1.5: 0.9: 0.9. Fore wing with areolet;
basal vein opposite nervulus; nervellus not intercepted; discoidella absent (Fig. 2L).

Metasoma: Thyridium small, oval; separated from base of 2™ tergite by more than
2.0 times its diameter; distance between base of 2™ tergite and thyridium 0.5 times as
long as distance between base of 2™ tergite and spiracle (Fig. 2K). 6™ and 7* tergites
deeply emarginate apically (Fig. 2M). Ovipositor 1.5 times as long as hind tibia (Fig. 2]).

Male. Unknown.

Distribution. Korea.

Etymology. The specific name is derived from Korea, the locality of the type specimens.

Comments. This species is similar to C. rufiventris Dbar, 1985 in the structure of
the propodeum and costula, but the basal area is different, areolet is sessile and pen-
tagonal, and the metasoma is darker.

Cymodusa (Cymodusa) yeungnamensis Choi & Lee, sp. n.
urn:lsid:zoobank.org:act:2BF6F784-E72A-411C-BB6D-44DDD147738B
http://species-id.net/wiki/Cymodusa_yeungnamensis

Figs 3, 5], 6G

Material examined. Holotype: [Korea] (TD: YNU): 1 female, Yeungnam Univ., Gye-
ungsan-si, GB, Korea, 21 May 1990, M.]. Kim.
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Figure 3. Cymodusa (Cymodusa) yeungnamensis Choi & Lee sp. n. (female). A habitus in lateral view

B head in frontal view € mandible D pronotum E mesopleuron in lateral view F mesoscutum in dorsal
view G ovipositor H propodeum I spiracle of propodeum J petiole in lateral view K thyridium L wings
M antenna N 6% and 7% tergites in dorsal. (Scale bar 1 mm for A; 0.5 mm for L; 0.2 mm for B-H, J, K,
M and N; 0.1 mm for I).
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Paratype: [Korea] (TD: YNU): 1 female, Yeungnam Univ., Gyeungsan-si, GB,
Korea, 19 June 1992, G.Y. Lee.

Description (female holotype). Body length 6.9 mm.

Fore wing length 4.0 mm.

Antenna with 18+ flagellomeres, apical flagellomeres missing. (antenna with 32
flagellomeres at paratype)

Color. Head black. Scape and pedicel blackish brown. Antenna black, except 3 an-
tennal flagellomeres yellow. Mandible yellow, brown apically. Mesosoma black; tegula
brown. Fore leg yellowish brown; mid coxa black, brown apically, trochanter and tro-
chantellus yellow, femur to tarsus brown; hind coxa and trochanter black, trochantel-
lus yellow, femur blackish brown, tibia reddish brown, blackish brown basally and
apically, tarsus blackish brown. Metasoma blackish brown; petiole black. Thyridium
reddish brown. Ovipositor brown.

Morphology. Head: Head densely finely punctate; Vertex slightly punctate. Oc-
ciput flat and polished. Temple finely punctate and flat. Mandible very short, upper
tooth as long as lower one (Fig. 3C). Minimum distance between eyes 0.6 times as
long as maximum distance (Fig. 3B). Ocelli small; diameter of median ocellus 0.8
times as long as distance between ocellus and eye; lateral ocellus separated from eye by
1.6 times of lateral ocellus diameter. Antenna with 32 flagellomeres, 1% flagellomere
1.5 times as long as 2" flagellomere.

Mesosoma: Pronotum sparsely punctate; upper part reticulate; ventrally with trans-
verse striae (Fig. 3D); epomia absent. Mesoscutum closely and finely punctate; notau-
lus absent (Fig. 3F). Mesopleuron reticulate; postpectal carinae complete; epicnemial
carina reaching anterior margin of mesopleuron at its middle (Fig. 3E); epicnemial ca-
rina present; sternaulus absent. Scutellum closely punctate; postscutellum flat, broader
than high. Propodeum reticulated; basal area and areola not separated by anterior
transverse carina; costula present but incomplete (Fig. 5]); areola and petiolar area not
separated, impressed (Fig. 3H); spiracle round; connected to pleural carina; distance
between spiracle and pleural carina 0.7 times as long as diameter of spiracle (Fig. 31I).
Hind tibia with short spines; ratio between hind tarsal segments 5.1: 2.4: 1.6: 0.9:
1.0. Fore wing with areolet (Fig. 3L); basal vein opposite nervulus; nervellus not inter-
cepted; discoidella absent.

Metasoma: Thyridium separated from base of 2™ tergite by more than 3.0
times its diameter; distance between base of 2™ tergite and thyridium 0.5 times as
long as distance between base of 2™ tergite and spiracle (Fig. 3K). 6™ and 7" ter-
gites deeply emarginate apically (Fig. 3N). Ovipositor (Fig. 3G) 1.6 times as long
as hind tibia.

Male. Unknown.

Distribution. Korea.

Etymology. The specific name is derived from the locality of the type specimens.

Comments. This species is similar to C. aenigma Dbar, 1985, but the areolet is
not sessile and the basal 1% to 3 flagellomeres are yellow below (as in C. leucocera
Holmgren and C. distincta Cresson).
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Cymodusa (Cymodusa) geolimi Choi & Lee, sp. n.
urn:lsid:zoobank.org:act:78152C58-FD90-4622-B380-53174A5C55BC
http://species-id.net/wiki/Cymodusa_geolimi

Figs 4, 5K, 6H

Material examined. Holotype: [Korea] (TD: YNU): 1 female, Mureung valley, Sam-
hwa-dong, Donghae-si GW, Korea, 16-28 June 2005, MT, J.W. Lee.

Paratype: [Korea] (TD: YNU): 1 female, Gajoa-dong, Jinju-si, GN, Korea, 3-9
June 1989, J.W. Lee.

Description (female holotype). Body length 5.8 mm.

Fore wing length 3.4 mm.

Antenna with 31 flagellomeres.

Color. Head black. Scape and pedicel blackish brown. Antenna black. Mandible
yellow, brown apically. Mesosoma black; tegula brown. Fore leg yellowish brown;
mid coxa black, brown apically, trochanter and trochantellus yellow, femur to tarsus
brown; hind coxa and trochanter black, trochantellus yellow, femur blackish brown,
tibia reddish brown, blackish brown basally and apically, tarsus blackish brown. Meta-
soma blackish brown; petiole black. Thyridium reddish brown. Ovipositor brown.

Morphology. Head: Head closely and finely punctate. Vertex slightly punctate. Oc-
ciput flat and polished. Temple finely punctate and flac. Mandibles short, upper tooth as
long as lower one. Minimum distance between eyes 0.6 times as long as maximum dis-
tance (Fig. 4C). Ocelli small; diameter of median ocellus 0.9 times as long as distance be-
tween ocellus and eye; lateral ocellus separated from eye by 1.0 times lateral ocellus diam-
eter. Antenna with 31 flagellomeres, 1+ flagellomere 1.3 times as long as 2™ flagellomere.

Mesosoma: Pronotum sparsely punctate; upper part reticulated; lower part with
transverse striae; epomia absent. Mesoscutum closely and finely punctate; notaulus ab-
sent (Fig. 4G). Mesopleuron reticulate (Fig. 4F); postpectal carinae complete; epicne-
mial carina present; sternaulus absent. Scutellum closely punctate; postscutellum flat,
broader than high. Propodeum reticulate; basal area and areola separated by anterior
transverse carina (Fig. 5K); costula weak; areola and petiolar area not separated, im-
pressed; spiracle small, round; distance between spiracle and pleural carina 1.00 times
diameter of spiracle (Fig. 41). Hind tibia with short spines; ratio between hind tarsal
segments 4.4: 2.0: 1.3: 0.7: 0.9. Fore wing with areolet; basal vein opposite nervulus
(Fig. 4M); nervellus not intercepted; discoidella absent.

Metasoma: Thyridium separated from base of 2™ tergite by more than 4.0 times
its diameter; distance between base of 2™ tergite and thyridium 0.6 times as long as
distance between base of 2™ tergite and spiracle (Fig. 4L). 6™ and 7* terga deeply
emarginate apically (Fig. 4N); 7* tergite longer than 6™ tergite (Fig. 6H). Ovipositor
(Fig. 4K) shorter than metasoma, 1.7 times as long as hind tibia.

Male. Unknown.

Distribution. Korea.

Etymology. The species is named after the nickname of Dr. Jong-Wook Lee, who
collected the type specimens.
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Figure 4. Cymodusa (Cymodusa) geolimi Choi & Lee sp. n. (female). A habitus in lateral view B head in
lateral view € head in frontal view D mandible E pronotum F mesopleuron in lateral view G mesoscutum
in dorsal view H propodeum I spiracle of propodeum J petiole in lateral view K ovipositor L thyridium
M wings N 6% and 7% tergites in dorsal view. (Scale bar 1 mm for A; 0.5 mm for M; 0.2 mm for B-L and N).

Comments. This species is similar to C. oculator Dbar (1985) but differs by the
number of flagellar segments, developed clypeal fovea, basal area and areola not sepa-
rated, and a different color pattern.
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Figure 5. Propodeum, dorsal, of “australis” group. A Cymodusa aenigma B C. australis C C. longiterebra

D C. oculator E C. orientalis F C. parva G C. rufiventris H C. tibialis| C. koreana sp. n.) C. yeungnamensis
sp. n. K C. geolimi sp. n.
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Figure 6. 6" and 7% metasomal terga, dorsal, of “australis” group. A Cymodusa aenigma B C. longiterebra

C C. orientalis D C. rufiventris E C. tibialis F C. koreana sp. n. G C. yeungnamensis sp. n. H C. geolimi sp. n.
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Abstract

A new species of Nicrophorus in the nepalensis species-group, Nicraphorus efferens Sikes and Mousseau,
is described from Bougainville Island in the Solomon Islands archipelago. It is distinguished from the
known species of the genus Nicrophorus and its likely closest relative, Nicrophorus reticulatus Sikes and
Madge, based on external morphology. A comparison among the four Nicrophorus species known from
the Solomon Island archipelago and Papua New Guinea is presented.

Keywords
Nicrophorus, Silphidae, burying beetles, taxonomy, Solomon Islands, Papua New Guinea

Introduction

The nepalensis species group (Coleoptera, Nicrophorus) is the second largest species
group within the genus Nicrophorus. Species of this group are primarily montane in
regions of eastern Asia and the Malay Archipelago, ranging in longitude from 73°E

Copyright Derek S. Sikes, Tonya Mousseau. This is an open access article distributed under the terms of the Creative Commons Attribution License
3.0 (CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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(Pakistan) to 160°E (Guadalcanal) and latitude from 51°N (Ussuri, Russia) to 9°48'S
(Papua New Guinea) (Sikes et al. 2000). In the first descriptions of the species group,
Portevin (1926), who originally aligned its members, and Hatch (1927), who formally
recognized the species group, included five species: Nicrophorus nepalensis Hope, Nicro-
phorus podagricus Portevin, Nicrophorus heurni Portevin, Nicrophorus quadripunctatus
Kraatz, and Nicrophorus maculifrons Kraatz. Ruzicka et al. (2000) added two more spe-
cies to the group, Nicrophorus montivagus Lewis and Nicrophorus sausai Ruzicka, Héva,
and Schneider (Razi¢ka et al. 2000). Sikes (2003) removed N. sausai, but added Nicro-
phorus apo Arnett and Nicrophorus insularis Grouvelle. The most recent taxonomic and
phylogenetic work on the nepalensis species group is that by Sikes et al. (2006) who
included seven newly described species, bringing the total number of species in the
group to 15.

Only two species of Nicrophorus were known from the Solomon Islands archi-
pelago prior to this study: V. reticulatus Sikes and Madge and V. kieticus Mroczkowski
(Sikes et al. 2006). In this work, a third Nicrophorus species for the region, from Bou-
gainville Island, Papua New Guinea, is described. This new species is described within
the context of an ongoing revision of the subfamily (see Sikes and Peck 2000, Sikes
2003, Sikes 2005, Sikes et al. 2002, 2006, 2008, Mousseau and Sikes 2011).

Methods

The 6 adult specimens comprising the type series were borrowed from the Bernice
Pauahi Bishop Museum of Hawaii (BPBM). One paratype from this series will be
deposited in the BMNH. These were compared with specimens from the following
collections: FMNH — Field Museum of Natural History, Chicago, IL, USA; DSSC
— Derek S. Sikes Collection, University of Alaska Fairbanks, Fairbanks, AK, USA;
BMNH - Department of Entomology, The Natural History Museum, Cromwell Rd,
London, UK. Four of the type specimens were broken with parts associated on sepa-
rate pins. All nepalensis-group characters were coded independently by both authors
and any differences of opinion were discussed to reach a consensus. Morphological
data were managed using MacClade 4.04 OSX (Maddison and Maddison 2002) in
one NEXUS file. The description was prepared by editing the output generated by
use of the ‘export descriptions’ menu option of MacClade. Characters selected are
relevant to the subfamily Nicrophorinae so include some characters invariant within
the subfamily (synapomorphies of the subfamily) and invariant within the nepalensis
species group. Also included are absence character states (for example “Frons black,
without orange spot” — because an orange spot is common for species in this species
group). Specimen data were managed in MANTIS (Naskrecki 2001). Google Earth
build 6.1.0.5001 was used to georeference the type locality. The map was prepared
using SimpleMappr (Shorthouse 2010). A red determination label bearing a unique
alphanumeric code was placed on the pin of each specimen examined. These codes
are listed in the material examined data to provide unambiguous association of speci-
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mens with data. Habitus photos of V. reticulatus were captured using a Nikon D100
and a 60mm Nikkor lens at 22, using incandescent and fiber optic lights with a
tripod. Beetles were positioned in front of an 18% grey photography card to sim-
plify the exposure. Images of V. efferens were captured using a Leica DFC425 camera
mounted on a Leica MZ16 stereomicroscope in combination with Leica Application
Suite © software v.3.8.0; after the specimen had been washed in warm ddH,0O and
Ammonium Hydroxide prior to a ~-24h soak in acetone to remove grime and oils
thereby brightening the elytral pattern. Images were edited using Adobe Photoshop
v.7 to remove the background, stack images of multiple focal planes, and lighten the
images. Observations were made with a Leica MZ16 stereomicroscope (7.1x-115x
magnification, 1x planapochromatic objective/10x eyepieces, max resolution 420
Lp/mm, Leica Microsystems (Switzerland) Ltd.). Measurements were made using an
ocular micrometer in the MZ16 scope. The scanning electron micrograph of the /V.
reticulatus elytron was taken with an Environmental SEM (system 2020, version 3.53,
FEI company 1999), which, unlike standard SEM, does not require gold-coating of
specimens and thus is ideal for imaging type specimens. The SEM image of V. efferens
was taken with a Zeiss (LEO) EVO 60 using variable pressure as an alternative to high
vacuum and gold coating.

Data resources

The data underpinning the analyses reported in this paper are deposited at GBIE
the Global Biodiversity Information Facility, http://ipt.pensoft.net/ipt/resource.
do?r=type_specimen_data_for_new_species_nicrophorus_efferens.

Taxonomy

Nicrophorus efferens Sikes & Mousseau, sp. n.
urn:lsid:zoobank.org:act:7B4F8F2A-CC50-407A-BD15-CEC84EB706F6
htep://species-id.net/wiki/Nicrophorus_efferens

Figs 1, 2A,B, 3, 4

Holotype. Male (in BPBM), here designated, labeled “Bougainville: NE Mutahi.
700m 18 km S. E. Tinputz” / “8-14. II1. 1968” / “Tawi Collector BISHOP” / “Nicro-
phorus kieticus Mroczkouski [sic] det. S.B. Peck. 1993” / “HOLOTYPE Nicrophorus
¢fferens Sikes & Mousseau 2013 BPBM124189Nic” [red paper].

Paratypes. 5 Specimens. 2 Females, labeled “Bougainville: NE Mutahi. 700m
18 km S. E. Tinputz” / “15-21. III. 1968” / “Tawi Collector BISHOP” / “Nicro-
phorus kieticus Mroczkouski [sic] det. S.B. Peck. 1993” / “PARATYPE Nicropho-
rus efferens Sikes & Mousseau 2013 BPBM124190Nic” [red paper], this specimen’s
head is mounted on a card below the body (deposited in London, BMNH), BPBM-
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Figure 1. All georeferenced records for V. efferens (black square), IV. kieticus (black circles) and V. reticu-

latus (white triangle) in the Solomon Islands archipelago.

124191Nic, this specimen’s abdomen (genitalia missing) is mounted on a card on a
separate pin and its left elytron is mounted below the body on a card. 1 Female, labeled
“Bougainville: NE Mutahi. 700m 18 km S. E. Tinputz” / “8-14. III. 1968” / “Tawi
Collector BISHOP” / “Nicrophorus kieticus Mroczkouski [sic] det. S.B. Peck. 1993”
| “PARATYPE Nicrophorus efferens Sikes & Mousseau 2013 BPBM124192Nic” [red
paper], phoretic mites removed from body into genitalia vial on pin below body. 1
Female, labeled “Bougainville: NE Mutahi. 700m 18 km S. E. Tinputz” / “1-7. IIL
1968” / “& R. Straatman Collectors BISHOP MUSEUM?” / “Nicrophorus kieticus
Mroczkouski [sic] det. S.B. Peck. 1993” / “PARATYPE Nicrophorus efferens Sikes &
Mousseau 2013 BPBM124193Nic” [red paper], this specimen’s prothorax and head
are mounted on a card below the body. 1 Male, labeled “Bougainville: NE Mutahi.
700m 18 km S. E. Tinputz” / “1-7. III. 1968” / “Tawi Collector BISHOP” / “Nicro-
phorus kieticus Mroczkouski [sic] det. S.B. Peck. 1993” / “PARATYPE Nicrophorus
efferens Sikes & Mousseau 2013 BPBM124194Nic” [red paper], specimen broken and
mounted on two pins: hind legs and pygidium on card below body, on pin 2 genitalia
in vial with glycerin, head and prothorax on card.

Type locality. [Papua New Guinea]: Solomon Islands [Archipelago]: Bougainville:
NE Mutahi, SE Tinputz, 700m, [~ 5.716°S, 155.086°E +/- 2 km, WGS84] (Fig. 1).
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Measurements. (2 males, 4 females), pronotal width: male 5.02 - 5.87, 5.45 + 0.6
mm, female 5.34 — 6.42, 5.82 + 0.45 mm.

Diagnosis. Nicrophorus with center of abdominal sternite 3 between metacoxae
glabrous, with long erect brown setae lateral of center hidden above and exposed pos-
terior of coxae (shared with only four Nicrophorus species: N. distinctus Grouvelle, V.
apo Arnett, N. heurni Portevin, and N. reticulatus Sikes & Madge); epipleura black or
black throughout with some dark orange in the posterior dorsal portion (of these four,
shared with only V. reticulatus); elytral disc microsculpturing transverse, straight, nar-
row with breaks (Fig. 2A, B).

Description. Eight character states not shared with . reziculatus, the likely closest
relative of N. efferens, are indicated below by use of italics.

Head. Mandibles asymmetrical with dent receptive notch on right mandible.
Mandibles preapically wide, short, stout; with dorsal, ridged groove. Maxillary palpus
not elongate, concealed beneath mandible when mandibles open. Segment 1 of labial
palpus as long as segment 2. Labrum with bilateral pair of elongate setae in clusters.
Clypeal membrane orange, yellow or brown, not black. Female clypeal membrane
fasciform, male clypeal membrane campanulate and produced posteriorly and later-
ally enclosed by clypeus. Gula bar of large males reduced to thin strip, replaced by
membrane, not contiguous with submentum. Frontoclypeal (epistomal) suture pre-
sent. Gular sutures confluent, reducing gula to small triangle posterior of gula bar.
Antennomeres 2 and 3 fused making an 11 segmented antenna appear 10 segmented.
Antennal scape with posterior face flattened (fitting against eyes). Ridge surround-
ing antennal socket forming distinctly ridged lateral edge of clypeus. Antennal club
abrupt, large; basal segment black, apical 3 orange. Posterior of antennal club segments
unlike anterior, with large raised ridge, with sharp lateral edges. Basal antennomere of
club oval, transverse, not circular. Antennal club segment joints at edge of segments.
Antennomeres of club weakly emarginate. Frons black, without orange spot. Epicra-
nial sulci (grooves along inner margin of eyes) long, reaching posterior of eyes and usu-
ally joining. Postocular bulge present. Lateral margins of head of large males parallel,
or subparallel, giving rear of head a square appearance. Width across postocular bulge
of large males less than width across eyes. Post-ocular bulge of large males larger than
females. Posterior margin of eye of large males in lateral view sinuate. Width of eyes of
large males wide (width greater than or equal to halflength). Dorsum of neck with two
nonpunctate band(s). Microsculpture of frons absent (smooth, polished).

Thorax. Microsculpture of pronotum disc isodiametric. Pronotum of large males
orbicular. Anterior margin of pronotum straight or weakly concave. Pronotal anterior
impressions complete, with distinct inner arcs. Sezae on posterioventral portion of hy-
pomeron long, erect, sparse; filling region extending a third or less length between trochantin
and posterior margin, restricted to upper region of sclerite. Anterior corner of hypomeron
glabrous. Triangular depression at midpoint posterior margin of pronotum absent.
Pronotum disk black. Posterior of pronotum with flat margin or border. Seze present
on pronotum, brown to light-brown, short (ca. < 0.1mm), sparse, and restricted to
margins. Pair of ‘v’-shaped bumps present on posterior of pronotum. Medial groove
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Figure 2. Scanning electron micrographs of elytral microsculpture. A Nicrophorus efferens paratype
BPBM124191Nic, 500x, scale bar is 100 pm B N. ¢fferens 1500x, scale bar is 30 pm € Nicrophorus
reticulatus 500x scale bar is 100 um D V. reticulatus 1500x scale bar is 30 pm.

of pronotum present. Antemesosternal sclerite cordiform and bilobate. Elytral locking
device under apex of scutellum composed of single channel, without distinct, thin,
raised median ridge. Humerus immediately dorsal of epipleural ridge black. Humeral
setae present, short and not forming row. Epipleuron entirely black or black through-
out with some dark orange in the posterior dorsal portion. Posterior epipleural ridge
without isolated single-file row of contiguous preapical setae. Epipleural ridge distinct
and short, to tip of scutellum. Epipleuron glabrous, or with very sparse, extremely
small setae (ca. the size of a puncture). Lateral margin of elytron glabrous, or with
very sparse, extremely small setae (ca. the size of a puncture). Elytral surface without
long setae. Elytra bicolored and bifasciate. Elytron with costae not distinctly raised
but visible to naked eye. Region adjacent to apex of elytral suture black. Profile of
elytra in lateral view raised posteriorly. Anterior fascia of elytron without black spot,
small, triangular-square, just reaching 2nd costa. Posterior fascia between costae, an-
terior margin u -shaped between costae 1 and 2 (with bottom of u towards posterior).
Posterior fascia not touching lateral or posterior margins of elytron. Elytral posterior
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Figure 3. Dorsal and lateral habitus of adult males (at different scales). A small male (pronotal width
5.02 mm) with aedeagus everted, V. ¢fferens (holotype BPBM124189Nic), scale bar is 2 mm, fifth protar-
someres are missing B large male (pronotal width 6.6 mm) V. reticulatus (paratype BMNH000826), scale
bar is 5 mm € small male (pronotal width 5.19 mm) N. kieticus (BMNHO000809Nic) scale bar is 5 mm.

fascia without black spot. Elytral posterior fascia greatly reduced, far from suture, jag-
ged. Elytral microsculpture transverse straight, narrow with breaks. Elytral color varation
— greatly increased orange and all black forms unknown. Ventral surface of elytron
with golden sheen. Row of setae facing inward or downward on inner lateral margin
of elytra in posterior quarter along lateral ridge of elytron in a distinct, single file row.
Posterior margin of elytron with 5-7 clusters of very short, dark setae. Flange along mese-
pisternal anterior margin tapering gradually towards mesosternum. Metanotal subalare
with sharply rising, internally margined ridge along anteriomedial edge, anteriormedial
ridge narrow leaving a wide depression. Metepimeron constricted. Metepisternum
with upper third impunctate and glabrous. Metasternal pubescence medially (between
mesocoxae) and laterally, long, dark brown. Metasternum with long setae, bald patch
posterior of mesocoxae absent. Metepimeral posterior lobe with sparse, short brown
setae throughout lobe, or glabrous. Metasternum posterior margin edge glabrous. Fur-
cal arms of metendosternal apophysis directed posteriorly (forming acute angle with
main stalk). Laminae of metendosternal apophysis joining furcal arms to anterior pro-
jection of stem. Ventral laminae of metendosternal apophysis reaching from anterior
projection to bend in main stalk (anterior 3 fourths of entire length). Radial hinge of
wing notched. Apex of pterostigma of wing truncate-rectangular.

Abdomen. Pair of stridulatory files on tergite 5 present, files parallel, separated
by 2 or more file widths, touching posterior margin of tergite. Stridulatory file scraper
on venter of elytron near elytral apex (< 0.2mm). First abdominal spiracle slit short,
less than one third length of spiracle, in straight line with center line of spiracle. First
abdominal spiracle lobed, with small bulb projecting anteriorly. Posterior margins of
abdominal segments 3-6 with short setae (2-3 times longer than the distance between
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Figure 4. Genitalia. Female ovipositor (paratype BPBM124190Nic), A lateral B dorsal. Scale bar is 1
mm. Male aedeagus (holotype BPBM124189Nic) C lateral D dorsal. Scale bar is 500 pm.

adjacent setae). Center of sternite 3 between metacoxae glabrous, but with long erect
setae lateral of center under coxae. Spiracle of tergite six elongate, slit-like, and parallel
to lateral margin of tergite, or forming less than 30-degree angle with lateral margin.
Tergite seven with short depressed setae. Abdominal setae dark brown. Setae of rergite 9
of males (pygidium) brown.

Legs. Venter of protibia apex with lateral process. Anterior face of protrochantin
with regions of dense pubescence composed of short, recumbant golden setae. Anterior
of procoxae with short setae on basal half. Lateral margin of anterior of procoxae smooth,
without ridge or bump. Meso- and metatibia apical angle produced into lobe. Outer
margin of mesotibia straight or curved outwards. Inner margin of metatibia of large males
gradually curved outwards. Inner margin of metatibia with inner face not forming wide
channel entirely filled with dense long setae. Middle of outer margin of metatibia slightly
swollen in large males. Middle of inner face of metatibia of large males greatly widened
(2.5 or greater than width at base). Metatibia straight. Inner face of apex of metafemora
with circular or oval cluster of short setae occupying 1/4 to 1/2 of apical region. Inner
face of base of metafemora with single ridge separating medial setose area (area not de-
pressed) from lateral half. Female metafemora slender (length > 2.5 times greatest width).
Posterior/ventral face of metafemora flattened with ridged edges. Metatrochanter spine of
males short and subapical, apex pointing parallel (or almost parallel) to leg, straight, not
recurved dorsally. Metacoxae wider than long. Metacoxae with anterior line complete for
half or more of metacoxa. Posterior margin of metacoxae without white microsetae. Tar-
sal empodium bisetose. Venter of metatarsomere 1 glabrous medially, especially distally,
leaving narrow glabrous channel, with dense cluster of long setae at apex.
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Ovipositor. (Fig. 4A, B) Valvifer with claw. Proctiger (T'10) apex strongly lobed,
spatulate, not bifurcate. Spatula on proctiger (T'10) apex narrow (ca. equal to half the
width across widest region of metatarsomere 5). Proctiger (T10) lobe with pubescent
apex, ventral setae. Proctiger (T'10) venter of spatula apex smooth, lacking medial
keel-like ridge. Gonocoxite terminal claw absent. Dorsal ridge on proctiger (T'10) ab-
sent. Paraproct (T9) apex glabrous, with well-defined, raised ridge. Paraproct without
process. Valvifer claw glabrous, dentate; dentition composed of small rounded lobe
situated in the middle to distal third of the valvifer.

Aedeagus. (Fig. 4C, D). Paramere apex rounded, with setae laterally not reaching
the apical curve. Paramere ventral setal patch not composed of 5 evenly spaced setae
of identical length and not overlapping with apicolateral patch. Without 3rd para-
mere setal patch or paramere flange. Parameres not constricted behind apex. Parameres
evenly curved, tapering towards apex.

Variation. The holotype male and the largest female paratype has an epipleuron
mostly black throughout, but with some dark orange faintly visible in the posterior
dorsal portion. Two of the type specimens have no setae along the posterior margin of
the elytra, presumably they have been lost to abrasion.

Geographic Distribution. This species is only known from the type locality (Fig. 1).

Etymology. From the latin verb ‘effero’ to carry out for burial, bear to the grave,
bury; present participle in the nominative singular.

Discussion

This new species is likely closely related to one if not both of the Nicrophorus previously
known from the Solomon Islands archipelago (V. reticulatus [Figs 2, 3] and N. kieti-
cus, [Figs 1,3]) and may be the key to untangling the mystery of how they are related.
Two of its three diagnostic characters are likely synapomorphies between it and V.
reticulatus. Although the holotype and one paratype of the four known specimens of
N. reticulatus have entirely black epipleura, the two remaining paratypes have epipleura
mostly black throughout, but with a small region of dark orange in the posterior dorsal
portion. This weakly present orange region is present on two of the N. efferens type
specimens. These two species, along with V. kieticus, also share greatly shortened setae
along the posterior margins of abdominal sterna 3 to 6 and four highly reduced and
similar looking fasciae on the elytra (Fig. 3). However, V. efferens differs strongly from
N. kieticus in its possesion of most synapomorphies of the nepalensis group (Sikes et al.
2006) including orange antennal clubs and an epipleural ridge no longer than the tip
of the scutellum. Nicrophorus kieticus has black antennal clubs and a longer epipleural
ridge, among a total of 12 character states we have found that V. kieticus does not share
with members of the nepalensis group. Of 185 morphological characters coded for the
subfamily, N. efferens shares 95.7% of its character states with V. reticulatus, 92.4%
with V. heurni, a species restricted to the island of New Guinea, and 84.8% with V. ki-
eticus. The primary character that differentiates V. efferens from N. reticulatus is that the



92 Derek S. Sikes & Tonya Mousseau / ZooKeys 311: 83-93 (2013)

former has elytral microsculpturing typical of the nepalensis group (Fig. 2A, B) while
the latter is the only species of the group with isodiametric microsculpturing (Fig. 2C,
D). In the keys of Sikes et al. (2006) V. efferens would key out as N. reticulatus or N.
heurni so an additional couplet is necessary to key out this new species. Given the rarity
of these species in collections it would not be surprising if more new Nicrophorus species
await discovery at higher elevations of the Melanesian and Malay Archipelago islands.

1 Elytra with epipleuron partially or entirely black (Fig. 3A, B) .....cccceveneeene. 2
- Elytra with epipleuron entirely red—orange ...........ccccocevivvniccicinnniecnnne. 4
2 Elytral disc with strongly transverse microsculpturing (Fig. 2A, B) .......... 2.5
— Elytral disc with isodiametric microsculpturing (Fig. 2C, D) ... N. reticulatus
2.5 Elytra with epipleuron black with entire medial (dorsal) half orange........... 3
- Elytra with epipleuron entirely black (or black with some dark orange in the

posterior dorsal POrtion) .........ceceveererieininenieiineeeeeeeeee N. efferens
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