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Abstract

Updated data on the distribution, ecology and taxonomy of Euphaedra cyparissa (Cramer) and Euphaedra
sarcoptera (Butler) are presented. Three new subspecies of E. cyparissa and one of E. sarcoptera are described
and their geographic distribution is presented. The monophyly of the genus Euphaedra sensu Hecq is as-
sessed based on morphological, in particular male and female genitalia, and behavioural traits. Possible
evolutionary reasons for the convergence of colour pattern between the sympatric subspecies of E. cypar-
issa and E. sarcoptera are discussed.
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Introduction

Recent years have witnessed a rising interest in advanced studies focusing on species-
rich African brush-footed butterflies (Nymphalidae). Examples include ongoing stud-
ies, combining molecular, ecological and morphological data, on the genus Cymorhoe
Hiibner (Van Velzen et al. 2007, 2009, 2013) and Bicyclus Kirby used as one model
group for modern research on genetics and evolutionary ecology (Monteiro and Pierce
2001; Conceicao et al. 2011). From this perspective, one of the most speciose African
butterfly genera, Euphaedra Hiibner with nearly 200 recognized species, remains unex-
plored. This is due to the taxonomic complexity, but most of all to the unstable species-
level systematics involved. The latter is a result of the tradition of basing Euphaedra tax-
onomy on simple descriptions of wing colour patterns. It is striking that descriptions
of new species of Euphaedra have not usually been accompanied by in-depth morpho-
logical analysis, nor by ecological (with the honourable exception of Amiet 2004) or
biogeographic support, not to mention genetic data (Hecq 1984, 1997, 1999, 2012;
Faravel 2002). The morphology of female genitalia of Euphaedra remained until re-
cently nearly completely unexplored and was not used with any alpha-taxonomy or
in assessing the phylogenetic relations within the genus (Pyrcz et al. 2011). One of
the major problems when dealing with species-level Euphaedra taxonomy is the huge
variation in individual colour pattern evident within some species, on occasion more
important to the naked eye than intraspecific differences, compounded by apparently
rather frequent intraspecific hybridization producing viable individuals. This, coupled
with wide geographic ranges, apparent pattern convergence between sympatric species
and the lack of strong, quantitative characters, often impedes reliable recognition of
species, which has led to the description of numerous species which are in fact merely
individual variations of polymorphic species, or possibly natural hybrids (Hecq 2012).
The above mentioned systematic problems effectively hampered any comprehensive
studies within this group according to modern evolutionary biology approach, for ex-
ample using molecular data (Wahlberg et al., in prep.). At this stage, the genus requires
more detailed studies at the lower taxonomic level, such as species groups or subgenera,
to help prepare the ground for a more broad based revision.

The subgenus Euphaedra was delimited by Hecq (1976) in an attempt to break
down the extremely diverse genus Euphaedra sensu Hiibner into several related, pos-
sibly monophyletic groups designated as subgenera. His work relied strongly on col-
our patterns, such as forewing subapical bands and hindwing underside elements as
valid characters, and some characters of male genitalia, especially the configuration of
cornuti on the vesica and shape of the apical part of valva. According to Hecq (1976)
the subgenus Euphaedra is identified by the elongated forewing apex and the absence
of red scaling on the hindwing underside. Subsequent authors, to a different degree,
recognized the entities raised by Hecq, among others, D’Abrera (2004), Larsen (2005)
and Vande Weghe (2010). The two species making up the subgenus Euphaedra sensu
Hecq, E. cyparissa (Cramer 1775) and E. sarcoptera (Butler 1871), present some appar-
ent morphological and, indeed, behavioural characters that set them apart from other
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congeners. Schultze (1920) pointed out their less developed, slender thorax. A striking
colour pattern element - the pinkish ventral basal patch - present on the forewing in
E. sarcoptera and absent in E. cyparissa makes the immediate separation between the
two species unambiguous (Larsen 2005). They are sympatric through most of their
range in West and Central Africa. However, E. sarcoptera occurs as far east as western
Tanzania, whereas E. ¢yparissa does not extend into the Congo basin. Both species are
widely polytypic. Distribution of the three subspecies of E. ¢yparissa described so far is
puzzling, being either widely disjunct and/or without any apparent geographical pat-
tern. Larsen (2005) discusses three or possibly four subspecies of E. ¢yparissa but in the
headings of the species he highlights only two, the nominate and ssp. 7zz; Hecq. In the
accompanying text, however, he also mentions aurara Carpenter and suggests that the
Central African Republic population possibly represents a separate subspecies. Vande
Weghe (2010) simply illustrates all green specimen, presumably from Gabon, and
basically quotes Larsen (op. cit).

Material and methods

Adults of Euphaedra were collected using entomological nets and fruit-baited traps.
Type specimens deposited in major collections were examined. Male and female geni-
talia were dissected and compared. Standard dissection protocols were applied, consist-
ing in soaking the abdomens in a warm 10% KOH solution for 35 min., cleaning out
of scales and internal organs in distilled water, and staining genital organs with chlora-
zole black. Genital preparations were placed in glycerol microvials, and pinned under
their respective specimens. Photographs of adults were made with an Olympus E-500
digital camera and microscopic structures were photographed under an Olympus ster-
eomicroscope SZX9 equipped with a Nikon Digital sight Ds-Fil camera. Plates were
composed with Adobe Photoshop 9. Abbreviations used: FW: forewing; HW: hind-
wing; D: dorsum; V: venter; TL: Type locality.

Collections consulted

ABRI African Butterfly Research Institute, Nairobi, Kenya

BMNH  The Natural History Museum (formerly British Museum of Natural His-
tory), London, UK

DK Dieuwko Knoop, Tel Aviv, Israel and Boyl, The Netherlands

GF Gilles Faravel, Pradons, France

HWG Haydon Warren-Gash, Pressac, France

MIIZ Muzeum i Instytut Zoologii Polskiej Akademii Nauk, Warszawa, Poland

MRAC  Musée Royal de 'Afrique Centrale, Tervuren, Belgium

MZU]J Muzeum Zoologiczne Uniwersytetu Jagielloniskiego, Krakéw, Poland

RW Robert Warren (currently in DK)
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SZS Szabolcs Sifidn, Sopron, Hungary

SMTD Senckenberg Naturhistorische Sammlungen Dresden Museum fiir Tierkunde
PhO Philippe Oremans, Montigny-le-Tilleul, Belgique

TL Torben Larsen (data base)

WP Tomasz Wilhelm Pyrcz (to be deposited in MZU]J)

Results

Taxonomic accounts

Euphaedra cyparissa cyparissa (Cramer)
htep://species-id.net/wiki/Euphaedra_cyparissa_cyparissa
Figs 1A, 1B, 3A, 3B, 9A

Papilio cyparissa Cramer, [1775], in Cramer, [1775-1776]: 63, pl. 39. Figs D, E.
Papilio cato Fabricius, 1787: 12 (unnecessary replacement name)

Type-locality. Sierra Leone

Material examined. 1 &: Sierra Leone, Guma, 01.03.1982, prep. genit.
10/09.05.2012, J. Lorenc; 1 §: same data, prep. genit. 11/09.05.2012, J. Lorenc; 1 ¢:
Sierra Leone, Guma Valley, 400 m, 11.1991; 1 Q: Sierra Leone, no locality, no date; 1
d': Ivory Coast, Abidjan (erroneous locality), 1966, S. Collins leg.; 1 @: same data (er-
roneous locality), ABRI; 6 &' and 2 Q: Sierra Leone, Guma, 01.111.1982, H. Warren-
Gash leg.; 1 &' Guinea, Diecke, 07.2000, HWG; 1 & and 5 Q: Sierra Leone, SMTD;
4 &: Guinée, Guinée forestiere, Province de Yomou, Forét classée de Diecke, 1-26.
I11.2003, leg. Ph. Leonard and E. Vingerhoedt; 3 4 and 1 Q: same data but VI.2003;
2 & same data but I11.2005, PhO; 3 & and 1 Q: Guinée, Forét classée de Diecké, GF;
2 & and 2 Q: Liberia, Mount Swa, Sz. Sfidn leg, MZU]J ;5 1 &'+ same data, ABRI.

Diagnosis. Upperside colour black and apple green with a delicate yellow sheen,
somewhat more prominent on the HWD median area.

Redescription. Male (Figs 1A, 1B). Head: eyes lustrous, chocolate brown, naked;
vertex black with a tuft of short, black hair; labial palpi covered with dense, short, bright
yellow hairy scales; antennae half the length of costa, slender, gradually widening into
a flattened club, in its widest part only twice as wide as shaft, dorsally black, ventrally
bright yellow, covered with sparse sales along most of its length except for terminal
segments. Thorax: black, dorsally sparsely covered with black and brown hair, denser
laterally, with some violet blue scales on patagium and mesoscutum; tegulae covered
with black, grey and brown hair; some longer and denser grey hair on metascutum; legs
femora covered with black, tibiae and tarsi with sandy yellow scales. Abdomen: totally
covered with dense, black scales, and some bluish scales on first, second and third seg-
ments dorsally (apparent only in fresh specimens), and over the entire length laterally.
FWD: (length: 31-33 mm, mean: 32, n=9) with an elongated apical part, and gently
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Figure 1. Adults, males: A Euphaedra cyparissa cyparissa Mount Swa, Liberia (dorsum) B Euphaedra
cyparissa cyparissa Mount Swa, Liberia (venter) € Euphaedra cyparissa nimbina Mont Nimba, Guinea,
holotype (dorsum) D Euphaedra cyparissa nimbina Mont Nimba, Guinea, holotype (venter) E Euphaedra
cyparissa tai Tai, Ivory Coast (dorsum) F Euphaedra cyparissa tai Tai, Ivory Coast (venter).

convex outer margin; most of wing surface black; costa from base to apex dusted with
dark blue; a rich green area from wing base to two-thirds of anal margin, marginally en-
tering discal cell along lower part and at base of cell Cul-Cu; a large, roughly oval rich
green subapical patch with a marginal bluish sheen, extending widely from subcosta
costa to vein M3, with sharply defined zigzagging basal limit, with an incision along
vein M3, and a diffused outer limit; fringes grey. HWD oval with a gently scalloped
outer margin; rich green, with a golden yellow overcast in outer one-third, a black mar-
ginal area gradually narrowing from roughly 4-5 mm at apex to 2 mm at tornus where
heavily suffused with blue; fringes grey. FWV mostly bottle green, slightly lighter than
on the FWD subapical patch, a series of large irregular black discal patches, at wing
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base, mid cell, cell end, an elongated black patch extending across cells M3-Cul and a
large, roughly half-moon shaped patch in Cul-Cu2; a diffused subapical golden yellow
patch; a row of seven, roughly oval submarginal patches, two tornal patches in Cul-
Cu2 and Cu2-1/2A irregular and at least twice as big as the remainder. HWV golden
green, with an elongated basal pinkish patch extending from costal margin to Rs to
one-fourth costa, edged with black; four black median spots, two of which in discal cell,
and a row of eight large, roughly oval black submarginal patches; marginal area darker
bottle green and black. Male genitalia (Fig. 9A). Tegumen one and a half the length of
uncus, considerably elongated basally; uncus slender, slightly arched downwards with a
sharp tip; gnathos long, one-fourth longer than uncus; pedunculus prominent; saccus
flattened in lateral view; valvae with a smooth dorsal surface; aedeagus the length of
valva+saccus, tubular and straight, with a sharp distal extremity and prominent cornuti.

Female (Figs 3A, 3B): Sexual dimorphism slight, recognized from the male by the
larger size (FW length: 40 mm, n=2). Female genitalia. Examined, but damaged and
unsuitable for taxonomical use.

Range. The known range of this subspecies extends from Sierra Leone, Liberia to
SE Guinea. The pair in ABRI labeled as coming from Abidjan represent a conundrum.
However, given the extensive research and collecting by one of the authors (HWG) in
the Abidjan area without encountering any other specimens, we have concluded that
they must be mislabeled. Larsen (2005) illustrated a male of the nominate subspecies
identified as “green form from Ghana”, but this particular specimen comes from Sierra
Leone (ABRI collection, examined). He also identified another specimen from Ghana
as E. cyparissa cyparissa, which clearly does not belong to the nominate subspecies but
to the new subspecies described below.

Euphaedra cyparissa tai Hecq, 1986
htep://species-id.net/wiki/Euphaedra_cyparissa_tai
Figs1E, 1E, 4A, 4B, 9B, 10D

Euphaedra cyparissa tai [sic] Hecq, 1986: 42, figs. 11, 16, 17.

Type-locality. Tai Forest (Forét de Tai), Ivory Coast

Material examined. 12 J: Ivory Coast, Tai, 13-14.05.2000, S. Collins leg.; 1
d': same data, prep. genit. 07/09.05.2012, J. Lorenc; 1 Q: same data; 1 Q: same data,
prep. genit. 08/09.05.2012, J. Lorenc; 1 &+ same data but X11.1998, K. Adams leg.,
ABRI; 2 & Ivory Coast, Tai, 12.1.1999, H. Warren-Gash leg.; 1 3. Ivory Coast, Tai,
13.1.1999, H. Warren-Gash leg.; 1 & and 1 Q: Ivory Coast , Tai, XI1.1998, K. Adams;
2 3 and 1 Q: Ivory Coast, Tai, 02.1.2000, H. Warren-Gash leg.; 1 & and 1 @: Ivory
Coast, Tai, 13.V.2000, H. Warren-Gash leg., HWG.

Diagnosis. Upperside colour black and pine green.

Redescription. Male (Figs 1E, 1F): Head, thorax and abdomen: identical to other
subspecies. FWD: length 35-37 mm, mean: 36 mm, n=19 with an elongated apical
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part, and gently convex outer margin; most of wing surface black; costa from base to
apex dusted with dark blue; a bottle green area from wing base to tornus, marginally
entering discal cell; a large, roughly rectangular bottle green subapical patch with a
bluish sheen, extending widely from subcostal to vein Cul, with sharply defined zig-
zagging basal limit, without any incision along vein M3, and somewhat diffused outer
limit; fringes grey. HWD oval with a gently scalloped outer margin; bottle green,
gradually turning bluish green from vein M3 towards tornus and anal margin, with a
black marginal area with a strong dark blue flush, gradually narrowing from roughly
4-5 mm at apex to 1 mm at tornus; fringes grey. FWV mostly bottle green, slightly
lighter than on the upperside, a series of black spots, at wing base, mid cell, cell end,
the latter two elongated, a half-moon one in mid cell Cul-Cu2; two black elongated
patches and four spots, two enclosing basally and distally a bottle green patch, and
two large, roughly half-moon tornal patches in Cul-Cu2 and Cu2-1/2A; HWV green
with a strong yellow overcast gradually more prominent towards anal margin and tor-
nus, with an elongated basal pinkish patch extending from costal margin to Rs to
one-fourth costa, edged with black; two black discal spots, and a row of eight large,
roughly oval black submarginal patches; marginal area darker bottle green and black.
Male genitalia (Fig. 9B): Not differing noticeably from the nominotypical, except for
a small, sharp apical tip on the valvae.

Female (Figs 4A, 4B): Sexual dimorphism slight, recognized from the male by the
larger size (FW length: 43 mm, n=3). Female genitalia (Fig. 10D): Bursa copulatrix very
large, roughly oval; no signa; ductus bursae (0.10 mm) approximately the same width
over the whole length, half the length of bursa; antrum, here referred as to colliculum
(Razowski 1996), slat like with gently folded edges, strongly sclerotized, one-third the
length of ductus bursae, shorter than in other subspecies; ductus seminalis joins the col-
liculum at the entrance of ductus bursae; lamella postvaginalis slat-like; papillae anales
three times as long (0.14 mm) as wide in lateral view, compressed in ventral view; apo-
physe posteriores as long as the width of papillae anales; von Siebold organ prominent
(but smaller than in some species of the E. ceres group (Pyrcz et al. 2011).

Range. The known distribution is limited to the Tai National Park in western
Ivory Coast. The same pine green colour can be found in E. sarcoptera styx (see below)
and also in the local population of E. judith Weymer, the latter probably deserving a
separate subspecific status (Pyrcz et al. in prep.).

Euphaedra cyparissa nimbina Pyrcz & Warren-Gash, ssp. n.
http://species-id.net/wiki/Euphaedra_cyparissa_nimbina

Figs 1C, 1D, 3C, 3D, 9C, 10C

Type-locality. Mount Nimba, Guinea

Material examined. Holotype J: Guinea, Mont Nimba, I11.1996, ABRI; Para-
types: (21 &'and 9 9): 1 &' Guinea, Mt. Nimba; 1 J': same data; 1 9 same data, prep.
genit. 09/09.05.2012, J. Lorenc; 1 3. Ivory Coast, Mont Nimba, 01.1998, S. Collins
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leg., ABRI; 2 &' Guinée, Nimba, 1.1998; 2 & and 1 Q: Guinée, Nimba, VI1.1998; 1
Q: Guinée, Nimba, X.1998; 1 & and 1 9: Guinée, Labé, Fouta Djalon, X.1998; 1 &:
Guinea, Sérédou, VI.1999; 5 & and 1 Q: Guinea, Mont Nimba, V1.2000, HWG; 1
d': Guinée, Mont Nimba, 02.V.1998, ex HWG; 1 &' same data but VI1.2000; 1 Q:
same data; MZUJ; 7 &: Guinée, Mt. Nimba, VIL.2004, E. Vingerhoedt leg.; 3 @:
same data, PhO.

Diagnosis: Upperside black and golden green, similar to E. sarcoptera ferrea ssp.
n., little difference in shade between basal area and subapical patch, except for its
slightly more prominent yellow shade.

Description. Male (Figs 1C, 1D): Head, thorax and abdomen: identical to other
subspecies. FWD: (length: 34—42 mm, mean: 38.5 mm, n=16) with an elongated api-
cal part and gently convex outer margin; most of wing surface black; a golden green
area from wing base to two-thirds of anal margin, covering lower one-third of discal
cell, enclosing a mid discal cell black spot; a large, roughly rectangular golden yel-
low subapical patch with a greenish overcast along inner and outer margin, extending
widely from subcosta to vein Cul, with sharply defined zigzagging basal limit and
somewhat diffused outer limit; fringes grey. HWD oval with a gently scalloped outer
margin; uniform golden green, a black marginal area with a dark blue flush, roughly
4-5 mm wide with smooth and sharply defined basal edge (compared to more diffuse
and zigzagging in the nominate); fringes grey. FWV mostly golden green, a series of
black spots, at wing base, mid cell, cell end, the latter two elongated, a half-moon
one in mid cell Cul-Cu2; two black elongated patches and four spots, two enclosing
basally and distally a rich yellow patch, and two large, roughly oval tornal patches in
Cul-Cu2 and Cu2-1/2A. HWYV golden green with, with an elongated basal pinkish
patch extending from costal margin to Rs to one-fourth costa, edged with black; two
black discal spots, and a row of eight large, roughly oval black submarginal patches;
marginal area darker bottle green and black. Male genitalia (Fig. 9C): Does not differ
noticeably from the nominotypical, except for a small, sharp apical tip on the valvae.

Female (Figs 3C, 3D): Sexual dimorphism slight, recognized from the male by
the larger size (4350 mm, mean: 46 mm, n=5). Female genitalia (Fig. 10C): Bursa
copulatrix large, oval; no signa; ductus bursae (0.19 mm) narrow, approximately the
same width over the whole length, two-thirds the length of bursa; colliculum wide,
slat like with folded edges, strongly sclerotized, one-third the length of ductus bursae;
ductus seminalis joins the colliculum at the entrance of ductus bursae; lamella post-
vaginalis small, slat-like; papillae anales three times as long (0.14 mm) as wide in lateral
view, compressed in ventral view; apophyse posteriores as long as the width of papillae
anales; von Siebold organ prominent (but smaller than in some species of the E. ceres
group (Pyrcz etal. 2011).

Etymology. The subspecific epithet of this taxon derives from its type locality, the
massif of Mount Nimba (1750 m) on the Ivory Coast — Guinea border.

Range. The range is apparently disjunct with most specimens coming from the
lower slopes of Mont Nimba and the surrounding area, and two collected in the Fouta
Djalon range in northern Guinea, the latter record needs confirmation.
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Euphaedra cyparissa aurantina Pyrcz & Oremans, ssp. n.
htep://species-id.net/wiki/Euphaedra_cyparissa_aurantina
Figs 2A, 2B, 3E, 3E 9D, 10A, 10B

Type-locality. N. Awasso, Bibiani, Western Region, Ghana

Material examined. Holotype ': Ghana, Western, Bibiani, N. Awasso, 250-400
m, 02.1V.2007, MZU]J; Paratypes (127 Jand 29 Q): 7 3: Ivory Coast, Abengourou,
XI1.1993, S. Collins leg., (1 3. prep. genit. 03/09.05.2012, J. Lorenc); 1 3 Ivory
Coast, Abengourou, 13.V.1973 ; 1 @: Ivory Coast, Abengourou, 04.XII.1970, J. Kiel-
land leg., prep. genit. 03/09.05.2012, J. Lorenc; 1 @: Ivory Coast, Abengourou; 1
Q: Ivory Coast, Abengourou, S. Collins leg.; 1 3 Ivory Coast, Danane, 1V.1973,
S. Collins leg.; 1 §: same data but IV.1977; 1 @: same data but IV.1970 (all 3 spe-
cimens from « Danane » possibly mislabeled) ; 3 J': Ghana, Ankasa, XI.2003, Vor-
gas/Yevu leg.; 1 @: Ghana, Bia, XI1.2003, Vorgas/Yevu leg.; 1 @: same data, prep.
genit. 06/09.05.2012, J. Lorenc; 13 &'+ Ghana, Bia, XI1.2003, Vorgas/Yevu leg.; 7 o
Ghana, Bia, [11.2003; 1 9: Ghana, Bibiani, IV.2007, Vorgas/Yevu leg.; 1 &: Ghana,
Bibiani, IV.2007, SY leg.; 1 §: Ghana, Bonkro, XI.2005, Vorgas/Yevu leg.; 5 3
Ghana, Cape 3 Points, 1.2004, R. Vorgas leg.; 1 ©: same data but 1.2006, 1 & Gha-
na, Kibi, XI1.1996, S. Collins leg.; 1 &'+ Ghana, Kibi, S. Collins leg.; 1 & Ghana,
Mate, 11.2002, Vorgas/Yevu leg.; 1 &'+ same data but I11.2002; 1 &: Ghana, Mpasaso,
VII.2004, Vorgas/Yevu leg.; 1 Q: same data but V.2004, prep. genit. 02/09.05.2012,
J. Lorenc; 1 &: Ghana, Nkwakwa, 04.1X.2000; 1 Q: Ghana, Nkwakwa, IV.2000, S.
Collins leg.; 3 &'+ Ghana, Sagamase, Kibi, X.2010, S. Collins leg.; 3 &' same data but
XI1.2000; 2 &' same data but [X.2003; 2 &' same data but 1.2002; 1 &3 same data but
1.2001; 3 &: same data but XI1.1997; 1 &: same data but IV.2003; 1 &: same data
but VII.1998; 1 Q: same data but 1.2002; 1 Q: same data but 1.2003; 11 &: Ghana,
Tano Ofin, I11.2002, Vorgas/Yevu leg.; 1 & same data, prep. genit. 01/09.05.2012,
J. Lorenc; 13 &: same data but 1.2004; 3 &' same data but 11.2002; 1 J: same data
but X.2009; 1 & same data but IX.2002; 1 J: same data but XI1.2003; 1 ' same data
but IX.2001; 1 &: same data but I11.2001; 4 &' same data but 11.2001, R. Vorgas leg.;
1 &: same data but Vorgas/Yevu leg.; 1 & same data but S. Collins leg.; 1 &' same
data but XI1.2001, S. Collins leg.; 4 & same data but I11.2001; 1 &: Ghana, Tano
Ofin, 1.2011; 1 9: same data but IV.2011; 2 @: same data but IT1.2002, Vorgas/Yevu
leg.; 1 Q: same data but I1.2002; 1 @: same data but I1.2001, R. Vorgas leg.; all ex
coll. ABRI; 2 & Ghana, Kyebi (Kibi) District, Eastern Region, Segyimaase, forestry
access road, Atewa Range, 29.111-04.1V.2005, Séfidn, Sz., Csontos, G. and Kormos,
B.leg; 1 & same data but 13-21.X.2007, S4fidn, Sz. leg., SZS; 1 Q: Ghana, Eastern
Region, Asuom Amanfrom, Amanfrom Forest, Kade District, 20-24.111.2005, Sifidn,
Sz., Csontos, G. and Kormos, B. leg., SZS; 1 &+ Ghana, Western, Bibiani, N. Awas-
s0, 250-400 m, 01.IV.2007; 1 Q: Ghana, Eastern Region, Atewa Forest, Sagymasse
trail, 400-500 m, 16-27.X.2008, G. Csontos and Sz. Séfidn leg., MZUJ; 1 Q: Ivory
Coast, Banco, 11.XI1.1999, H. Warren-Gash leg.; 1 @: Ivory Coast, South-West, Ft
de Dassioko, 31.XI1.1997, H. Warren-Gash leg.; 1 3 Ivory Coast, Foret d’Azagny,
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E

Figure 2. Adults, males: A E. cyparissa aurantina Bibiani, Ghana, holotype (dorsum) B E. cyparissa

aurantina Bibiani, Ghana, paratype (venter) C E. cyparissa aurata Isheri, Nigeria (dorsum) D E. ¢yparissa
aurata Isheri, Nigeria (venter) E E. cyparissa nominalina Mongoumba, R. C. A, holotype (dorsum) F E.
cyparissa nominalina Mongoumba, R. C. A., holotype (venter).

10.111.2001, H. Warren-Gash leg.; 1 d Ivory Coast, Foret d’Azagny, 06.1.2001, H.
Warren-Gash leg., HWG; 14 & and 7 Q: Kibi, Ghana, XII.2012, local collector leg.,
Ph.O;2 & and 1 Q: same data, MZU].

Diagnosis. Upperside black and golden green with a yellow subapical patch
strongly suffused with green, compared to the slightly suffused patch in Euphaedra
cyparissa aurata.

Description. Male (Figs 2A, 2B): Head, thorax and abdomen: identical to other
subspecies. FWD: (length: 34—38 mm, mean: 37 mm, n=4): with an elongated apical
part, and gently convex outer margin; most of wing surface black; costa from base to
apex dusted with dark blue; a yellow green area with a golden sheen from wing base
to two-thirds of anal margin, slightly entering discal cell and base of cell Cul-Cu2;
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Figure 3. Adults, females: A E. cyparissa cyparissa Guma, Sierra Leone (dorsum) B E. ¢yparissa cyparissa
Guma, Sierra Leone (venter) C E. ¢yparissa nimbina Mont Nimba, Guinea, paratype (dorsum) D E.
cyparissa nimbina Mont Nimba,Guinea, paratype (venter) E E. cyparissa aurantina Atewa Forest, paratype
(dorsum) F E. ¢yparissa aurantina Atewa Forest, paratype (venter).

a large, roughly rectangular yellow subapical patch heavily dusted with green scales,
with sharply defined zigzagging basal limit and somewhat diffused outer limit; fringes
grey. HWD oval with a gently scalloped outer margin; predominantly golden green,
gradually turning bluish green from vein M3 towards tornus and anal margin, with a
blackish marginal area with a strong dark blue flush, gradually narrowing from roughly
4-5 mm at apex to 1 mm at tornus, leaving a dark blue submarginal dot in cell Cul-
Cu2; fringes grey. FWV mostly green yellow except for a large rich yellow subapical
patch with some greenish overcast in apical part, a series of black spots, at wing base,
mid cell, cell end, the latter two elongated, a half-moon one in mid cell Cul-Cu2; two
black elongated patches and four spots, two enclosing basally and distally a mostly
rich yellow patch suffused with green yellow in its apical part, and two large, roughly
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E

Figure 4. Adults, females: A E. ¢yparissa tai Tai, Ivory Coast (venter) B E. ¢yparissa tai Tai, Ivory Coast
(venter) C E. cyparissa aurata Isheri, Nigeria (dorsum) D E. cyparissa aurata Isheri, Nigeria (venter) E E.
cyparissa nominalina Borgen Dolphin Platform, paratype (dorsum) F E. cyparissa nominalina Borgen
Dolphin Platform, paratype (venter).

square tornal patches in Cul-Cu2 and Cu2-1/2A; HWV mostly rich yellow with an
elongated basal pinkish patch extending from costal margin to Rs to one-third costa,
edged with black; two black discal spots, and a series of smaller patches forming a
gradually shrinking row from mod costa to discal cell end, a row of eight large, mostly
rectangular black submarginal patches; marginal area steely blue. Male genitalia (Fig.
9D): Not differing noticeably from the nominotypical subspecies.

Female (Figs 3E, 3F): Sexual dimorphism slight, recognized from the male by
the larger size (FW length: 43 mm, n=3). Female genitalia (Figs 10A, 10B): Bursa
copulatrix large, oval; no signa; ductus bursae (0.21-0.24 mm) longer than in other
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subspecies, narrow, approximately the same width over the whole length, same length
as bursa; colliculum slat like with gently folded edges, strongly sclerotized, one-third
the length of ductus bursae; ductus seminalis joins the colliculum at the entrance of
ductus bursae; lamella postvaginalis small, slat-like; papillae anales three times as long
(0.9-0.13 mm) as wide in lateral view, compressed in ventral view; apophyse posteri-
ores as long as the width of papillae anales; von Siebold organ prominent (but smaller
than in some species of the E. ceres group (Pyrcz et al. 2011).

Etymology. The epithet of this taxon is an allusion to its resemblance to the next
subspecies, Euphaedra cyparissa aurata.

Range. A widely distributed subspecies found in coastal forests in the Ivory Coast
and Ghana, and also in inland forests in eastern Ivory Coast and Ghana.

Euphaedra cyparissa aurata Carpenter, 1895
http://species-id.net/wiki/Euphaedra_cyparissa_aurata
Figs 2C, 2D, 4C, 4D, 9E, 10E

Euphaedra cyparissa var. aurata Carpenter, 1895: 305.
Euphaedra cyparissa aurata Hecq, 1999: 4, 5

Type-locality. Lokoja, Nigeria

Material examined. 1 & Nigeria, Butatong, Calabar, 14.X1.1995, S. Collins leg.;
1 9: same data but 14-18.X1.1995; 2 &' Nigeria, east, T. Davey leg.; 1 : same data;
18: Nigeria, Lagos, IX.1957, J. Boorman leg.; 1 ©: same data but X.1962; 3 & Ni-
geria, Mamu Forest, IV.1966, S. Collins leg.; 1 @: same data; 8 3 Nigeria, Obudu,
09-12.X1.1995, S. Collins leg.; 1 & same data, prep. genit. 12/09.05.2012, J. Lorenc;
2 Q: same data; 1 Q: same data, prep. genit. 13/09.05.2012, J. Lorenc; 1 O Nigeria,
Okrasa, Calabar, S. Collins leg.; 1 @: Nigeria, Old Ekuri Calabar, 24-28.X1.1995, S.
Collins leg.; 2 ?: Nigeria, Olokomeji, IX.1957, J. Boorman leg.; 2 &'+ Cameroon, Eb-
0go, IV.1983, S. Collins leg., prep. genit. 16/09.05.2012, J. Lorenc, ABRI; 3 Q: Nige-
ria, Isheri F., X11.1989, II-111.1990, A. A. Knoop Lindeboom leg; 2 3 Nigeria, Oban
X1.1995, T. B. Larsen leg.; 1 d': Nigeria, Anambra F. R., VIL.1962, St. Leger leg.; 6 J:
Nigeria, Isheri F., IV.1988, 11.1989, IV.1989, XI1.1989, 11.1990, A. A. Knoop Linde-
boom leg.; 1 3. Nigeria, Isheri F., I1.1991, D. P. Knoop leg. DK; 2 3. Nigeria, Isheri
Forest, 29.111.1989, A. Knoop leg.; 3 &'+ same data but 09.V.1990; 1 & same data but
23.1.1990; 1 &3 same data but 14.11.1990; 1 &' same data but 09.IV.1990; 2 Q: same
data but 1.1990; 1 Q: same data but 10.I111.1990; 1 Q: same data but 05.IV.1989; 1
Q: same data but 18.11.1990; 1 J: Nigeria, Olokomeji, 16.V.1988, A. Knoop leg.; 1
J': same data but 20.IV.1988; 1 Q: same data; 13: Nigeria, Anambra State, Nsukka,
28.1X.1982, J. Wojtusiak leg.; 1 J': same data but 01.11.1983; 2 & no data, MZUJ;
18: Nigeria, Olokomeji, 13.V.1989, leg. A. Knoop; 1 @: same locality, 20.1V.1988,
leg. A. Knoop, PhO; 1 @: Gabon, Mondah, VIII.1993, leg. G. Faravel, GF.
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Diagnosis. Upperside colour black and mint green with a golden yellow subapical
patch, usually with little or no green overcast.

Redescription. Male (Figs 2C, 2D): Head, thorax and abdomen: identical to
other subspecies. FW length 29-41 mm, mean: 36 mm, n=42 (one exceptionally
small specimen, 25 mm, was examined). FWD: with an elongated apical part, and
gently convex outer margin; most of wing surface black; costa from base to apex dust-
ed with dark blue; a yellow green area from wing base to two-thirds of anal margin,
slightly entering discal cell and base of cell Cul-Cu2; a large, roughly rectangular rich
yellow subapical patch dusted along the edges with yellow green scales, with sharply
defined zigzagging basal limit and somewhat diffused outer limit; fringes grey. HWD
oval with a gently scalloped outer margin; predominantly steely bluish with some
green yellow scaling in discal cell and in cells M1-M2 and M2-M3, with a blackish
marginal area with a strong dark blue flush, gradually narrowing from roughly 4-5
mm at apex to 1 mm at tornus, leaving a dark blue submarginal dot in cell Cul-Cu2;
fringes grey. FWV mostly green yellow except for a large rich yellow subapical patch
with some greenish overcast in apical part, a series of black spots, at wing base, mid
cell, cell end, the latter two elongated, a half-moon one in mid cell Cul-Cu2; two
black elongated patches and four spots, two enclosing basally and distally a mostly
rich yellow patch suffused with green yellow in its apical part, and two large, roughly
square tornal patches in Cul-Cu2 and Cu2-1/2A; HWV mostly rich yellow with an
elongated basal pinkish patch extending from costal margin to Rs to one-third costa,
edged with black; two black discal spots, and a series of smaller patches forming a
gradually shrinking row from mod costa to discal cell end, a row of eight large, mostly
rectangular black submarginal patches; marginal area steely blue. Male genitalia (Fig.
9E): Not differing noticeably from the nominotypical except for a small, sharp apical
tip on the valvae.

Female (Figs 4C, 4D): FW length: 40-48 mm. Sexual dimorphism slight, recog-
nized from the male by the larger size (FW length: 39—47mm, mean: 44mm, n=16).
Female genitalia (Fig. 10E) Bursa copulatrix large, rounded; no signa; ductus bursae
(0.16 mm) narrow, approximately the same width over the whole length, two-thirds
the length of bursa; colliculum slat like with gently folded edges, strongly sclerotized,
half the length of ductus bursae; ductus seminalis joins the colliculum at the entrance
of ductus bursae; lamella postvaginalis small, slat-like; papillae anales three times as
long (0.11 mm) as wide in lateral view, compressed in ventral view; apophyse posteri-
ores as long as the width of papillae anales; von Siebold organ prominent (but smaller
than in some species of the E. ceres group (Pyrcz et al. 2011).

Range. Found in the rain forests throughout southern Nigeria, western Came-
roon and Gabon. An individual (a female) collected by Faravel in Mondah, Gabon,
is tentatively associated with this subspecies although it is lighter orange on the FW
and HWD, and is therefore similar to E. cyparissa nimbina and also to E. sarcoptera
nipponicorum, with which it was confused by Vande Weghe (2010). More sampling
from southern Cameroon and Gabon is needed to evaluate the subspecific status of
this population.
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Euphaedra cyparissa nominalina Pyrcz & Knoop, ssp. n.
htep://species-id.net/wiki/Euphaedra_cyparissa_nominalina
Figs 2E, 2F, 4E, 4F, 9F, 10F

Euphaedra cyparissa [Cramer], Vande Weghe, 2010: 115, fig. 15 (male, dorsum), 304-305.

Type-locality. Mongoumba, Central African Republic

Material examined. Holotype : Central African Republic, Mongoumba,
VIL.1969, ABRI; Paratypes (5 & and 4 @): 1 &: Central African Republic, Bangui,
VIII.2000, S. Collins, prep. genit. 14/09.05.2012, J. Lorenc; 1 &+ Central African
Republic, near Bangui, 12.11.1969, ]. Kielland leg.; 2 & Central African Repub-
lic, Bomoloto, R. Loanye, VII.1985, S. Collins leg.; 1 @: Central African Republic,
Mongoumba, 19.VIL.1969, S. Collins leg.; 1 $: same data prep. genit. 15/09.05.2012,
J. Lorenc; 1 @: Central African Republic, no locality, ABRI; 1 @: Off Shore Nigeria,
Platform Borgen Dolphin, 4°18'9835 N, 8°22'00°32 E, VIIL. 2005, ex coll. P. Kowal-
ski, MZUJ; 1 & Cameroon, SE, Moloundou, 500 m, 25.VI1.1989, E. Joly leg., PhO.

Diagnosis. Upperside colour black and olive drab, same as in the nominate E.
cyparissa, compared to golden green in E. cyparissa aurata and E. cyparissa aurantina, or
pine green in E. ¢yparissa tai; differing from the widely separated geographically nomi-
nate E. ¢yparissa only in the slightly wider FWD subapical patch towards costal margin.

Description. Male (Figs 2E, 2F): Head, thorax and abdomen: identical to other
subspecies. FWD: (length 32—-36 mm, mean: 34.9 mm, n=6) with an elongated apical
part, and gently convex outer margin; most of wing surface black; costa from base to
apex dusted with dark blue; a rich green area from wing base to three-fourths of anal
margin, entering discal cell along lower part from base to root of vein Cul, enclosing
a black mid cell spot; a large, roughly rectangular bottle green subapical patch with
a bluish sheen, extending widely along costa, with sharply defined zigzagging basal
limit, without any notable incision along vein M3, and a diffused outer limit; fringes
grey. HWD oval with a gently scalloped outer margin; rich green, gradually turning
bluish green from vein M3 towards tornus and anal margin gradually narrowing from
roughly 4-5 mm at apex to 2 mm at tornus; fringes grey. FWV mostly bottle green,
slightly lighter than on the FWD subapical patch, a series of black spots, at wing
base, mid cell, cell end, the latter two elongated, extending across cells M3-Cul and
Cul-Cu2; a row of seven, roughly oval submarginal patches, two tornal patches in
Cul-Cu2 and Cu2-1/2A twice as big as the remainder. HWV golden green, with an
elongated basal pinkish patch extending from costal margin to Rs to one-fourth costa,
edged with black; two black discal spots, and a row of eight large, roughly oval black
submarginal patches; marginal area darker bottle green and black. Male geniralia (Fig.
9F): Not differing noticeably from the nominotypical.

Female (Figs 4E, 4F): Sexual dimorphism slight, recognized from the male by
the larger size (FW length 50 mm, n=1). Female genitalia (Fig. 10F): Bursa copulatrix
large, rounded; no signa; ductus bursae (0.22 mm) narrow, approximately the same
width over the whole length, two-thirds the length of bursa; colliculum slat like with
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gently folded edges, strongly sclerotized, half the length of ductus bursae; ductus semi-
nalis joins the colliculum at the entrance of ductus bursae; lamella postvaginalis small,
slat-like; papillae anales three times as long (0.12 mm) as wide in lateral view, com-
pressed in ventral view; apophyse posteriores slightly longer than the width of papillae
anales; von Siebold organ prominent (but smaller than in some species of the E. ceres
group (Pyrcz etal. 2011).

Etymology. The epithet of this taxon is an allusion to its resemblance to the nomi-
notypical subspecies.

Range. On present knowledge, the range of this subspecies is limited to the CAR
and eastern Cameroon, though its distribution pattern indicates it also occurs in adja-
cent areas of the DRC. The individual collected on an offshore platform in the Gulf of
Guinea is an extraordinary finding. It is also a proof that E. ¢yparissa is prone to long
distance dispersal. Other butterfly species collected on the same platform were typi-
cal dispersalists, including Danaus, Acraea and Melanitis. It is nonetheless surprising
to find in that area an individual which clearly matches the phenotype of E. ¢yparissa
nominalina, whereas the distribution pattern would rather suggest the presence of the
subspecies E. cyparissa aurata along the Atlantic coast of Cameroon.

Euphaedra sarcoptera sarcoptera (Butler, 1871)
htep://species-id.net/wiki/Euphaedra_sarcoptera_sarcoptera
Figs 5A, 5B, 7A, 7B, 11A

Romaleosoma sarcoptera Butler, 1871: 81, pl. 31, fig. 2.
Euphaedra sarcoptera (Butler); Aurivillius, 1925: 186.

Type-locality. Ghana “Gold Coast”

Material examined. 1 &: Western Ghana, Bibiani, N. Awaso, 250-400 m,
09.IV.2007, ABRI; 1 &: same data, prep. genit. 04/20.06.2012, J. Lorenc; 1 §: Nsukka,
Anambra State, Nigeria, 04.X11.1982, leg. ]J. Wojtusiak, prep. genit. 02/20.06.2012,
J. Lorenc; 1 @: Banco N. P., Ivory Coast, 18.1X.1999, H. Warren-Gash leg., prep.
genit. 05/20.06.2012, J. Lorenc, MZU]J; 1 &'+ Ghana, Oda Big Tree, XI1.2010, Séfidn,
Sz. leg., SZS; 1 & Ghana, Eastern Region, Asuom Amanfrom, Amanfrom Forest,
Kade District, 20-24.111.2005, Sifidn, Sz., Csontos, G. and Kormos, B. leg., SZS;
1 &: Ivory Coast, Alepe-Yaya, 06.11.1999, H. Warren-Gash leg.; 1 " Ivory Coast,
Alepe-Yaya, 12.XI1.1999, H. Warren-Gash leg. 1 3. Ivory Coast, Lamto, 05.X1.2000,
H. Warren-Gash leg.; 2 d and 2 Q: Ivory Coast, Alepe, 21.1.2000, H. Warren-Gash
leg.; 1 9: Ivory Coast, Alepe, 07.1.2001, H. Warren-Gash leg.,, HWG; 1 d and 1 @:
Ivory Coast, Teapleu, V.1977; 10 &4 and 3 @: Guinée, Guinée forestiére, Province
de Yomou, Forét classée de Diecke, V1.2003, Eric Vingerhoedt leg.; 1 ¢': Cameroon,
Douala, IX.1996, leg. P. Prouvost; 1 &'+ Cameroon, no exact locality, 11.1997, E.
Vingerhoedst, 1 &'+ Cameroon, Ebogo, 1.1994, T. Garnier leg., PhO; 40 d and 28 Q:
Ghana; 2 & and 2 Q: Ivory Coast; 1 J: S. Nigeria, Ewohimi, 29.X1.55, J. Boorman;
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Figure 5. Adults, males: A E. sarcoptera sarcoptera male, Bibiani, Ghana (dorsum) B E. sarcoptera sar-
coptera, Bibiani, Ghana (venter) C E. sarcoptera ferrea Mont Nimba, Guinea, holotype (dorsum) D E.
sarcoptera ferrea Mont Nimba, Guinea, holotype (venter) E E. sarcoptera styx, Tai, Ivory Coast (dosum)
F L. sarcoptera styx, Tai, Ivory Coast (venter).

1 &: no label; 2 &: Cameroon, Ebogo, Mbalmayo, X.2001; 1 &'+ Cameroon, Ebogo,
11.1994, S. Collins leg., ABRI; 1 &'+ Ghana, Kibi Atewa Mts., 11.2007., J. Boersma;
1 male & : Nigeria, Ewohimi, 1.1955, J. St. Leger leg., DK ; 2 3. Nigeria, Sapoba,
11,1967, J. Riley leg., ex Cornes and Riley coll., DK; 2 & and 2 Q: Liberia, Mount
Swa, Sz. Séfidn leg, MZUJ; 1 & same data, ABRI; 1 &: same data, SSS.

Diagnosis. Upperside ground colour predominantly golden green, with the ex-
ception of the light yellow subapical patch.

Redescription. Male (Figs 5A, 5B): Head: eyes lustrous, golden brown, naked;
vertex black with a tuft of short, black hair with a bluish sheen; labial palps covered
with dense, short, bright yellow hairy scales; antennae half the length of costa, slender,
gradually widening into a flattened club, in its widest part only twice as wide as shaft,
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dorsally and ventrally all black, covered with sparse white and black sales along most of
its length except for terminal segments. Thorax: black, dorsally sparsely covered with
black and brown hair, denser laterally, with some violet blue scales on patagium and
mesoscutum; tegulae covered with black hair; some longer and denser black hair on
metascutum; legs femora, tibiae and tarsi with black scales. Abdomen: totally covered
with dense, black scales, ventrally with some grey scales. Wings (FW length: 35-39
mm, mean: 37 mm, n=8) with an elongated apical part, and gently convex outer mar-
gin; most of wing surface black; costa from base to apex dusted with dark blue; a
golden green area from wing base to two-thirds of anal margin, covering lower half of
discal cell; a prominent mid discal cell black round spot; a large, elongated light yel-
low subapical patch suffused with green, extending widely from subcosta costa to vein
Cul, with a nearly straight basal limit marked by an incision along vein M3, and a dif-
fused outer limit; fringes grey and black. HWD oval with a gently scalloped outer mar-
gin; rich golden green, with a diffuse golden postdiscal patch and a strong shiny blue
overcast in outer one-third from vein Cu2 to anal margin; submarginal and marginal
area black with a strong blue sheen gradually narrowing from roughly 4 mm at apex
towards tornus and transforming into rectangular patches, the last of which in Cu2-
1-2A detached; fringes grey and black. FWV golden green, slightly lighter than on the
FWD; basal to mi-cell area purple; a series of black patches, a rounded postbasal spot,
a wide mid cell bar, a similar bar along discal cell distal margin, a series of half-moon
shaped patches along basal limit of a diffused subapical light yellow patch, a large
half-moon shaped patch in mid cell Cul-Cu2, and a series of submarginal patches,
five smaller from costa to cell M3-Cul and two larger, oval, in Cul-Cu2 and Cu2-1-
2A. HWYV golden yellow, with an elongated basal purple patch extending from costal
margin to Rs to one-fourth costa, edged with black; six black median spots, four of
which in discal cell, and a row of eight large, roughly oval black submarginal patches;
marginal area darker bottle green and black. Male genitalia (Fig. 11A): Tegumen same
length as uncus, slightly arched; uncus stout, tip slightly curved downwards; gnathos
long, same length as uncus; pedunculus prominent; saccus flattened in lateral view;
valvae with a smooth dorsal surface and blunt apex; aedeagus as long as valvae, tubular
and straight, with a sharp distal extremity and prominent cornuti.

Female (Figs7A, 7B): Sexual dimorphism slight except for the larger size of the
female (FW length: 41-45 mm, mean: 43 mm, n=5) and duller dorsal colours. Female
genitalia: not examined.

Range. The nominate subspecies is widely distributed from central Liberia across
Ivory Coast, Ghana and Nigeria and into Cameroon and northern Gabon, in both
in perhumid coastal forests and drier forests in the interior. It is phenotypically quite
stable throughout with the notable exception of the Mount Swa population in Liberia
where all green individuals were detected flying alongside typically patterned ones.
Such an individual variation may be explained by phenotype selection to a heterog-
enous environment of patchy rain forest and savanna. Nevertheless, it remains to be
confirmed that the green and typical morphs are indeed syntopic and we cannot ex-
clude the possibility that the green morph represents a separate parapatric subspecies.
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Euphaedra sarcoptera styx Larsen & Warren-Gash, 2003
htep://species-id.net/wiki/Euphaedra_sarcoptera_styx
Figs SE, SE GE, GE 7E, 7E, 11C

Euphaedra sarcoptera styx Larsen & Warren-Gash, 2003: 97.

Type-locality. Tai Forest, Ivory Coast

Material examined. 1 ' Ivory Coast, Tai, 12.1.1999, H. Warren-Gash leg.; 3 o
Ivory Coast, Tai, 02.1.2000, H. Warren-Gash leg.; 1 3. Ivory Coast, Tai, XII.1998,
K. Adams leg.; 1 @: Ivory Coast, Tai, 01-10.IV.2001, H. Warren-Gash leg., HWG;
13: Ivory Coast, Moyen Cavally, Tai Forest, IV.2001, prep. genit. 03/09.11.2012,
J. Lorenc, HWG; 1 &: same data but 02.1.2000, MZUJ; 1 &: Tai, Ivory Coast,
13—-14.VII1.2001, S. Collins; 1 &: same data but 13.1X.2001; 1 &: same data but
13-14.V.2000 (paratype E. sarcoptera styx); 1 & Tai Forest, H. Warren-Gash leg.,
12.1.1999 (paratype E. sarcoptera styx); 1 3 Tai Ivory Coast, 13-14.V.2000, S. Col-
lins leg.; 1 @: same data but 13—-14.VIIL.2001, S. Collins leg., ABRI.

Diagnosis. Upperside ground colour black and pine green.

Redescription. Male (Figs 5E, 5F, 6E, 6F): Head, thorax and abdomen same
to the nominate subspecies. Wings: FW (length 36-39 mm, mean: 37.8 mm, n=0)
with an elongated apical part, and gently convex outer margin; most of wing surface
black; costa from base to apex dusted with dark blue, suffusing a black mid-discal
cell black patch; pine green area from wing base to tornus, covering most of Cu2-
1A and half of Cul-Cu2; a large, elongated lawn green subapical patch, extending
widely from subcosta costa to vein Cul, with the basal limit marked by an incision
along vein M3, and a diffused outer limit, not reaching outer margin; fringes grey
and black. HWD oval with a gently scalloped outer margin; pine green grey except
for the row of submarginal black, roughly rectangular patches, with a strong blue
sheen gradually narrowing from roughly 4 mm at apex to cell Cul-Cu2; fringes
grey and black. FWV pine green, with a delicate golden overcast in subapical area;
basal to mid-cell area pink; a series of black patches, a rounded postbasal spot, a
wide mid cell bar, a similar bar along discal cell distal margin, four rectangular and
one elongated patches in postdiscal area, a half-moon shaped patch in basal area of
cell Cul-Cu2, and a series of submarginal patches, five smaller from costa to cell
M3-Cul and two larger, roughly oval, in Cul-Cu2 and Cu2-1-2A. HWV golden
yellow dusted with pine green in median area, with an elongated basal pink patch
extending from costal margin to Rs to one-third costa, edged with black; six or seven
median spots, four of which in discal cell, the one along costal margin considerably
larger than the remainder, and a row of eight large, roughly oval black submarginal
patches; marginal area darker pine green and black. Male genitalia (Fig. 11C): Tegu-
men same length as uncus, with a flat dorsal surface; uncus stout, aligned with the
dorsal surface of shoulder, tip sharp, both tegumen and uncus longer than in the
nominate subspecies; gnathos long, same length as uncus; pedunculus prominent;
saccus flattened in lateral view; valvae with a smooth dorsal surface and blunt apex;
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aedeagus as long as valvae tubular and straight, with a sharp distal extremity, slightly
longer than in the nominate subspecies, and prominent cornuti.
Female (Figs 7E, 7F): Sexual dimorphism slight except for the larger size of the fe-
male (FW length: 40—41 mm, mean: 40.5 mm, n=2). Female genitalia: not examined.
Range. Known distribution is limited to the Tai National Park in western Ivory Coast.

Euphaedra sarcoptera ferrea Pyrcz & Warren-Gash, ssp. n.
http://species-id.net/wiki/Euphaedra_sarcoptera_ferrea
Figs 5C, 5D, 7C, 7D, 11E, 12B

Type-locality. Mount Nimba, Guinea

Material examined. Holotype &: Guinée (Guinea), Mont Nimba, VI.1998, ex
HWG, MZUJ; Paratypes (7 dand 4 9): 5 Jand 1 9: Guinée, Mont Nimba, VI.1998;
1 Q: same data but VI1.2000, HWG; 2 J: same data but 02.V.1998, ex HWG; 1 Q:
same data but 02.V.1998, ex HWG, prep. genit. 01/09.11.2012, J. Lorenc, 1 @: Ivory
Coast, Azagny N. P., 13.VIII, 1999 (mislabeled), H. Warren-Gash leg., MZU]J.

Diagnosis. Upperside ground colour golden yellow, same as in E. sarcoptera nip-
ponicorum, differing from the golden green of the nominate subspecies, pine green of
E. sarcoptera styx or apple green of E. sarcoptera cyparissoides, differing from E. sarcop-
tera nipponicorum, widely separated geographically, only in the narrower FWD sub-
capical elongated golden yellow patch.

Description. Male (Figs 5C, 5D): Head, thorax and abdomen same as in the
nominate subspecies. FW (length 38-40 mm, mean: 39 mm, n=6) with an elongated
apical part, and gently convex outer margin; most of wing surface black, suffused with
blue except for outer margin and apex, a black mid-discal cell black patch; golden
green area from wing base to four-fifths of anal margin, covering most of discal cell; a
large, elongated golden green subapical patch, extending from subcosta costa to vein
Cul, with the basal limit marked by an incision along vein M3, and a diffused outer
edge, not reaching outer margin; fringes grey and black. HWD oval, compressed to-
wards tornus, with a gently scalloped outer margin; golden green grey except for a
black submarginal and marginal area, gradually narrowing from roughly 4 mm at apex
towards tornus, where suffused with greenish blue scales; fringes grey and black. FWV
pine green, lustrous, with a yellow overcast, except for the marginal area, more promi-
nent in subapical area where forming a diffused elongated patch; basal to mid-cell area
pink; a mid-cell bar, and a similar one along discal cell distal margin; four black, half-
moon shaped patches along basally to the subapical yellow area, an elongated patch
in mid cell Cul-Cu2, and a series of submarginal patches, five smaller from costa to
cell M3-Cul and two larger, oval, in Cul-Cu2 and Cu2-1-2A. HWYV golden yellow
dusted with pine green along costa, with an elongated basal pink patch extending from
costal margin to Rs to one-third costa, edged with black; six or seven median spots,
four of which in discal cell, the one along costal margin considerably larger than the
remainder; a row of eight large, roughly oval black submarginal patches; marginal area
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Figure 6. Adults, males: A E. sarcoptera cyparissoides holotype (dorsum) B E. sarcoptera cyparissoides
holotype (venter) € E. sarcoptera nipponicorum Mbandaka, Congo (dorsum) D E. sarcoptera nipponico-
rum Mbandaka, Congo (venter) E E. sarcoptera sarcoptera-styx cline, Mount Swa, Liberia (dorsum) F E.
sarcoptera sarcoptera-styx cline, Mount Swa, Liberia (venter).

pine green and black. Male genitalia (Fig. 11E): Tegumen same length as uncus, with
a flat dorsal surface; uncus stout, slightly arched, with a sharp tip pointing downwards,
tegument and uncus approximately the same length as in the nominate subspecies;
gnathos long, same length as uncus; pedunculus prominent; saccus flattened in lateral
view; valvae with a smooth dorsal surface with an elongated distal extremity ending
with a sharp tip, differing in this respect from the blunt valvae of the nominate subspe-
cies and szyx; aedeagus as long as valvae tubular and straight, with a sharp distal extrem-
ity, sensibly longer than in the nominate subspecies or szyx, and prominent cornuti.
Female (Figs 7C, 7D): Head, thorax and abdomen abdomen same as in the nomi-
notypical subspecies. Wings: FW (length 42-46 mm, n=3) with an elongated apical
part, and gently convex outer margin; most of wing surface black; costa from base to
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Figure 7. Adults, females: A E. sarcoptera sarcoptera Nsukka, Nigeria (dorsum) B E. sarcoptera sarcoptera
Nsukka, Nigeria (venter) C E. sarcoptera ferrea Mont Nimba, Guinea, paratype (dorsum) D E. sarcoptera
ferrea Mont Nimba, Guinea, paratype (venter) E E. sarcoptera styx Tai, Ivory Coast (dorsum) F E. sar-
coptera styx Tai, Ivory Coast (venter).

apex dusted with dark blue; a golden yellow area from wing base to two-thirds of anal
margin, covering lower half of discal cell; a prominent mid discal cell black round
spot; a large, elongated golden yellow subapical patch, extending widely from subcosta
costa to vein Cul, with an irregular basal limit marked by an incision along vein M3,
and a diffused outer limit, not reaching outer margin; fringes grey and black. HWD
subtriangular with a gently scalloped outer margin; golden yellow, from Rs to costal
margin dull brown; submarginal and marginal area black with a strong blue sheen,
gradually narrowing from costa, where some 4 mm wide, to tornus, where blue takes
over black; fringes grey and black. FWV green yellow, except for basal one-third where
free of green and in subapical area where forming a large, diffuse patch; basal to median
area purple; a series of black patches, a small rounded postbasal spot, a wide mid cell
bar, a similar bar along discal cell distal margin, four patches along basal limit of a dif-
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fused subapical light yellow area, two outer triangular, two central rectangular, a large
irregularly shaped patch in mid cell Cul-Cu2, and a series of submarginal patches,
five smaller from costa to cell M3-Cul and two larger, one rounded and one oval, in
Cul-Cu2 and Cu2-1-2A. HWV golden yellow, with an elongated basal purple patch
extending from costal margin to Rs to one-fourth costa, edged with black; six black
median spots, three of which in discal cell, and a row of eight large, roughly oval black
submarginal patches; marginal area darker bottle green and black. Female genitalia
(Fig. 12B): Bursa copulatrix very large, larger than the rest of genital body, oval, no
signa; ductus bursae narrow, gradually widening towards the opening of bursa, one-
third the length of bursa; colliculum narrow, slat like with folded edges, , one-third the
length of ductus bursae; ductus seminalis joins the colliculum at the entrance of ductus
bursae; lamella postvaginalis very small, slat-like; papillae anales three times as long as
wide in lateral view, compressed in ventral view, apophyse posteriores one and half as
long as the width of papillae anales; von Siebold organ prominent.

Etymology. The subspecific epithet of this taxon derives from iron in Latin, fer-
rum. The type locality, the massif of Mount Nimba on the Ivory Coast — Guinea bor-
der, is rich in iron ore. Iron ore mining is a serious threat for the unique ecosystem of
this mountainous area of West Africa.

Range. Distribution limited to the Mount Nimba area. Considered that south-
ern Ivory Coast was extensively sampled for several years, also by one of the authors
(HWG), we believe that one paratype was labeled as from “Azagny” by error.

Euphaedra sarcoptera cyparissoides Hecq, 1979
htep://species-id.net/wiki/Euphaedra_sarcoptera_cyparissoides
Figs GA, 6B

Euphaedra sarcoptera cyparissoides [sic] Hecq, 1979: 31.

Type-locality. Ketta Forest, Ouesso, Moyen Congo

Material examined. Holotype J': Ketta Forest (Ouesso), A.E.F. Moyen Congo,
T. H. E. Jackon, VII.1959; 2 3 same data as the holotype, MRAC; 1 &': S Cameroon,
Mintom, 11.2009, P. A., ABRI.

Diagnosis. Upperside ground colour black and apple green.

Redescription. Male (Figs 6A, 6B): Head, thorax and abdomen same as in the
nominate subspecies. Wings: FW (length 38-39 mm, n=2) with an elongated apical
part, and gently convex outer margin; most of wing surface black almost completely
outcasting a black mid-discal cell black patch; apple green area from wing base to
three-fourth of anal margin, marginally entering the base of Cu2-1A and discal cell;
a large, elongated apple green subapical patch a shade lighter, extending widely from
subcosta costa to vein Cul, with the basal limit marked by an incision along vein M3,
and a diffused outer limit, not reaching outer margin; fringes grey and black. HWD
oval, compressed towards tornus, with a gently scalloped outer margin; apple green
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Figure 8. Adults, females : A E. sarcoptera nipponicorum Kigoma, Tanzania (dorsum) B E. sarcoptera
nipponicorum Kigoma, Tanzania (venter) C E. sarcoptera nipponicorum Mbandaka, Congo (dorsum)
D E. sarcoptera nipponicorum Mbandaka, Congo (venter) E E. sarcoptera nipponicorum Mbandaka, Congo
(dorsum) F E. sarcoptera nipponicorum Mbandaka, Congo (venter).

grey except for the grey costal and black submarginal area gradually narrowing from
roughly 4 mm at apex to cell Cul-Cu2; fringes grey and black. FWV apple green, with
a golden overcast in subapical area where forming a diffused patch; basal to mid-cell
area pink; a series of black patches, a rounded postbasal spot, a wide mid cell bar, a
similar bar along discal cell distal margin, four rectangular and one elongated patch
in postdiscal area, a streak in basal area of cell Cul-Cu2, and a series of submarginal
patches, five smaller from costa to cell M3-Cul and two larger, roughly oval, in Cul-
Cu2 and Cu2-1-2A. HWV golden yellow dusted with apple green in median area,
with an elongated basal pink patch extending from costal margin to Rs to one-third
costa, edged with black; six or seven median spots, four of which in discal cell, the one
along costal margin considerably larger than the remainder, and a row of eight large,
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Figure 9. Male genitalia (in lateral view, acdeagus extracted): A E. cyparissa cyparissa Guma, Sierra Leone
B E. cyparissa tai Tai, Ivory Coast C E. cyparissa nimbina Mont Nimba, Guinea D E. cyparissa aurantina
Abengourou, Ivory Coast E E. cyparissa aurata Ebogo, Cameroon F E. cyparissa nominalina Bangui,
Central African Republic.
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100 m % y 100 ym

Figure 10. Female genitalia (in lateral view): A E. cyparissa aurantina Mpasso, Ghana E c¢yparissa
aurantina Abengourou, Ivory Coast; 1 4. 8. Nigeria, Ewohimi, 29.XI.55, J. Boorman; 1 & no label; 2
&'+ Cameroon, Ebogo, Mbalmayo, X.2001; 1 &'+ Cameroon C E. cyparissa nimbina Mont Nimba, Gui-
nea D E. ¢yparissa tai Tai, Ivory Coast E E. cyparissa aurata Obudu, Nigeria F E. cyparissa nominalina
Mongorimba, R.C.A.
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roughly oval black submarginal patches; marginal area dark green and black. Male
genitalia: not examined.

Female: Not examined

Range. This subspecies was described from Ouesso in Congo, and apart from the
holotype there are only a couple of other specimens known. Hecq (1979) mentions it
from RCD and Cameroon. We could confirm its presence in SE Cameroon based on
a specimen in ABRI. The reports from RDC might well refer to the next subspecies.

Euphaedra sarcoptera nipponicorum (Carcasson), 1965
htep://species-id.net/wiki/Euphaedra_sarcoptera_nipponicorum
Figs 6C, 6D, 8A-F 11B, 11D, 11F 12A, 12C

Najas sarcoptera nipponicorum Carcasson, 1965: 132, fig. 4.
Euphaedra sarcoptera nipponicorum (Carcasson); Ackery et al. 1995: 414.

Type-locality. Ititye Camp, Mihuno, 25 miles east of Kigoma, Western Province, Tanzania.

Material examined. 3 ©: Kasye Forest, Kigoma, Tanzania, I11.1990, leg. local dea-
ler, ex coll. P. Boyer, MZUJ; 3 d:R.CA., Bangui, C.A.R., VIIL.2000, S. Collins leg.;
1 4: R.C.A., Bangui, IX.2000, S. Collins leg., 2 & and 1 : R.C.A., Bangui, IV.2004,
S. Collins leg.; 1 &+ R.C.A., Bomoloto, R. Longamp, VII.1985, S. Collins leg.; 2 ©:
R.C.A., Bangui, VII1.2000, S. Collins leg.; 1 9: R.C.A., 1.2004, S. Collins leg.; 2 J:
R.D.C. (NW), Lukolela, Congo River, V.2012; 11 & and 10 Q: Tanzania, ABRI; 1 J:
Congo, Province de 'Equateur, Mbandaka, 12.11.1998, prep. genit. 01/04.12.2012,
J. Lorenc; 1 &: same data, prep. genit. 05/04.1.2012, J. Lorenc; 1 §: same data but
XII1.1997, prep. genit. 08/04.12.2012, J. Lorenc; 1 3. Congo, Province de I'Equateur,
Environ de Mbandaka — Kuluboku, 27.1V.1995, prep. genit. 06/04.1.2012, J. Lorenc;
1 @: same data but 15.X1.1995, prep. genit. 07/04.12.2012, J. Lorenc; 1 a4 Congo,
Province de 'Equateur, Lukolela, 26.X.1993, prep. genit. 03/04.12.2012, J. Lorenc;
1 & same data but 27.X.1993, prep. genit. 04/04.12.2012, J. Lorenc; 1 J: same data
but XI.1993, PhO; 1 &: Sandoa, Katanga, R.D.C., Sandoa, 16.I .1991; 1 & same
data but 30.X.1920; 1 &: Kafakumba, Katanga, R.D.C., VII.1939; E.G. Overlaet
leg.; 2 & same data but 11.1939; 1 &3 same data but IX.1933; 1 &: Kinda, Katanga,
R.D.C, 31.111.1916; 1 &: same data but 31.VII.1916; 1 &: Montamba, 24.V.1916;
1 & Kondué, East Kasai, R.D.C., no date, E. Luja leg.; 1 & Tshilolo, Sankuru, East
Kasai, 10.II1.1951, Dr. Vallard leg.; 1 @: Kafakumba, Katanga, R.D.C., 11.1939, F.
G. Overlaet leg.; 1 @: same data but I11.1939; 1 Q: same data but IV.1939; 1 §: same
data but IX.1933; 1 @: Kinda, 27.11.1916, F. G. Overlaet leg., MRAC.

Diagnosis. Upperside ground colour golden yellow, same as in ferrea.

Redescription. Male (Figs 6C, 6D): Head, thorax and abdomen same as in of the
nominate subspecies. Wings: FW (length: 37-43 mm, mean: 40,3 mm, n=18) with
an elongated apical part, and gently convex outer margin; most of wing surface black;
costa from base to apex dusted with dark blue; a golden yellow area with a light green
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Figure | 1. Male genitalia (in lateral view, aedeagus extracted): A E. sarcoptera sarcoptera Bibiani, Ghana
B E. sarcoptera nipponicorum Mbandaka, Congo € E. sarcoptera styx Tai, Ivory Coast D E. sarcoptera
nipponicorum Mbandaka, Congo E E. sarcoptera ferrea Mont Nimba, Guinea F Euphaedra sarcoptera
nipponicorum Mbandaka, Congo.
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suffusion from wing base to two-thirds of anal margin, covering lower half of discal
cell; black postbasal and mid discal cell black round spots connected to black costal
area; a large, elongated golden yellow subapical patch, extending from subcosta costa,
progressively widening to space M2-M3, then narrowing and reaching to vein Cul,
with an irregular basal limit marked by an incision along vein M3, and a diffused outer
limit, not reaching outer margin; fringes grey and black. HWD subtriangular with a
gently scalloped outer margin; golden yellow, from Rs to costal margin dull brown;
submarginal and marginal area black with a strong blue sheen, gradually narrowing
from costa, where some 4 mm wide, to tornus, where greenish-blue takes over black
and leaves one black spot in Cul-Cu2 free; fringes grey and black. FWV green yellow,
except for diffuse are in mid cell Cu2-1A-2A where free of green and in subapical area
where forming a large patch shaped as on the upperside; basal to median area purple;
a series of black patches, a rounded postbasal spot, a wide mid cell bar, a similar bar
along discal cell distal margin, a series of four, moon-shaped patches along basal limit
of a diffused subapical light yellow area, a large moon-shaped patch in mid cell Cul-
Cu2 coupled with a minute spot in Cu2-1A-2A, and a series of submarginal patches,
five small from costa to cell M3-Cul and two large, roughly oval, in Cul-Cu2 and
Cu2-1A-2A. HWYV golden yellow, with an elongated basal purple patch extending
from costal margin to Rs to one-fourth costa, edged with black; six to seven black
median spots, three or four of which in discal cell, and a row of eight large, roughly
oval black submarginal patches; marginal area darker bottle green and black. Male
genitalia: (Figs 11B, 11D, 11F) Tegumen same length as uncus, with a dome-like dor-
sal surface; uncus stout, more so than in other subspecies, slightly arched, with a sharp
tip pointing downwards; gnathos long, same length as uncus; pedunculus prominent;
saccus flattened in lateral view; valvae with a smooth dorsal surface with a blunt distal
extremity ending with a small tip; aedeagus as long as valvae tubular and straight, with
a sharp distal extremity, longer than in the nominate subspecies or szyx, approaching
the length of nimbta, and prominent cornuti.

Female (Figs 8A—F): Sexual dimorphism slight except for the larger size of the
female (FW length: 40-51 mm, mean: 47,5 mm, n=10). Female genitalia (Figs 12A,
12C): Bursa copulatrix very large, larger than the rest of genital body, oval, no signa;
ductus bursae wide, of same width throughout, one-third the length of bursa; collicu-
lum short and weakly sclerotized; ductus seminalis joins the colliculum at the entrance
of ductus bursae; lamella postvaginalis very small, slat-like; papillae anales three times
as long as wide in lateral view, compressed in ventral view, apophyse posteriores one
and half as long as the width of papillae anales; von Siebold organ prominent.

Range. This subspecies was described from the now largely destroyed Kasye forest
in western Tanzania. It is however widely distributed across the Congo Basin south
to Katanga (Shaba). The individuals coming from the area of Mbandaka in the west-
ern part of the Congo Basin are attributable to this subspecies. They present however
an unusual, apparently individual variation in the ground colour of the upperside,
ranging from orange-yellow, through typically golden yellow to yellow with a strong
green overcast. Such an apparent individual variation, quite common in some species
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Figure 12. Female genitalia (in lateral view): A E. sarcoptera nipponicorum Kigoma, Tanzania B Euphae-
dra sarcoptera ferrea Mont Nimba, Guinea € Euphaedra sarcoptera nipponicorum Mbandaka, Congo.
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Figure 13. Distribution map: A West Africa, west of the Dahomey Gap B West Africa east of the
Dahomey Gap, and central Africa € Congo Basin
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of Euphaedra sensu lato, has been also observed in the Mount Swa population of E.
sarcoptera. We refrain from further actions until more thorough sampling in the west-
ern Congo Basin confirms the differently patterned individuals are either syntopic or
represent parapatric subspecies.

Discussion

Distribution and ecology

In terms of geographical range, the two species are largely sympatric, though, as noted
above, E. sarcoptera stretches further south and east, into the Congo basin and the
eastern shores of Lake Tanganyika. The six subspecies of E. ¢yparissa and the four of E.
sarcoptera are discrete, in the sense of no overlap, and morphologically clearly distinct.
Examination of the genitalia makes it clear that only two species are involved.

The apparent gaps in the range of E. ¢yparissa are puzzling. This is particularly
striking in Nigeria where there are (or there were, since most of the western forests
have now been logged down) strong populations in Yorubaland. There are however
no records from the localities situated further south and east on the western bank of
the river Niger. This is despite long-term and intensive collecting in the Okomu forest
(Edo) by Wojtusiak, Knoop, Larsen and other researchers, or in Ajebandele (Ondo)
by Pyrcz. East of the river Niger the pattern is equally unusual. Only one specimen
was collected by Wojtusiak in Nsukka during five years of sampling. Larsen, however,
collected several in the Oban Hills. Specimens are known from the Obudu range, and
the riverine forests near Calabar. In Ghana and Ivory Coast the species seems to be
widespread but local, distributed from Danané in north-western Ivory Coast to the At-
ewa Range in the Eastern Region of Ghana (Larsen 2006a; Larsen et al. 2007). Larsen
(2005, 2006b) reports E. cyparissa from the Volta region but only as older records,
probably from the collection of Father Theodor Maessen and we have not seen any
specimens collected recently which would confirm its presence in the mountains on
the border of Ghana and Togo. It is uncommon in eastern Sierra Leone and it has only
recently been found in Liberia (Mount Swa), where it seems to be strongly localized.
In its eastern range, E. cyparissa appears to be extremely scarce and local. In Cameroon,
records are limited to two specimens from Ebogo, an intensively sampled locality, in
the superb ABRI collection, while Vande Weghe (2010) reports it as very rare from a
unique locality in northern Gabon. There are more frequent reports from CAR, how-
ever, compared to other Euphaedra sensu lato this species is far less frequently collected.

E. sarcoptera has a much wider geographic range but its distribution is also appar-
ently disjunct. It is local and rare in Liberia (Mount Swa), while slightly commoner
in some localities west of the Dahomey Gap, in particular in Ivory Coast and Ghana.
However east of it, in southern Nigeria, with the exception of Sapoba, it is exceedingly
rare, more so than its congener E. ¢yparissa. In fact, in four years of sampling by Woj-
tusiak in the forests of SE Nigeria only one specimen was collected, whereas the senior
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author (TP) despite of many years of collecting in the SW never came across it. Lees
(1989) mentions it from Korup and most specimens in the BMNH are from the Niger
Delta. Also in Cameroon E. sarcoptera is exceedingly seldom encountered. However,
in some areas of the western Congo Basin and in Katanga it is locally rather frequently
met. There are very few reports from the central Congo basin despite rather extensive
collections of other species of Euphaedra.

In terms of habitat, the ecological preferences of E. ¢yparissa are inconsistent. Van-
de Weghe (2010) states briefly that E. cyparissa is a “deep forest” species, whereas Lars-
en (2005) considers it a rain forest edge, disturbed forest and even a gallery savannah
species. He reports it “in small fragments of forests where few forest floor butterflies
survive”. It seems that both authors may in fact be correct. In our experience, most
E. cyparissa have been collected on the fringes of secondary or primary mangrove and
riverine forests in good condition, whether it be humid forest typical of the localities
in Sierra Leone, or much of the Ivory Coast, or the drier inland forests of the eastern
Ghana and Nigeria. The size of the forest is less important than the condition of what
remains. Furthermore, and curiously, some populations of E. ¢yparissa appear to be
lower montane, in particular E. ¢yparissa nimbina and the local population of E. cypar-
issa aurata found in the Obudu massif on the Nigeria-Cameroon border. E. sarcoptera
occurs in similar habitats but Larsen (2005) points out that it is more strictly tied to
forest than E. cyparissa which is possibly the case for West Africa. In the southern part
of the Congo Basin however E. sarcoptera occurs apparently in riverine forests in a
predominantly savanna land. Both species have recently been observed hill-topping
on forested hilltops in Liberia (Mount Swa), a behaviour not reported for any other
Euphaedra. Males perch rather high on leaves of trees in the lower canopy level or on
the edge of forest gaps (615 m high) in the afternoon hours (14-15.00), they chase
all passing Euphaedra, often involved in intraspecific and occasionally in interspecific
interactions. The larval food plants of E. ¢yparissa and E. sarcoptera are unknown there-
fore their habitat preferences based on their hosts cannot be asserted.

COlOlll' patter n convergence

Itis interesting to observe that where the two species fly sympatrically, as they do through
much of their range, the wing colour markings in one species are closely matched by
the other. There are two plausible explanations for that. Either, it is a parallel evolution
reflecting an adaptation to a particular forest light structure, a common background. In
fact, all green populations are found in rain forest (Euphaedra cyparissa tai, E. sarcoptera
styx, E. cyparissa nominalina, E. sarcoptera cyparissoides), the yellow ones (Euphaedra
sarcoptera nipponicorum, E. cyparissa ferrea, E. sarcoptera nimbina) typically occur in
drier and often more patchy forests. The second explanation would involve a mimicry
scenario, implying that one of the species is the model, whereas the other the mimic.
Euphaedra are not known to be obnoxious and unpalatable to predators, however the
chemistry of this genus has not been investigated so far, so some level of toxicity cannot
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be ruled out. Such geographic pattern of colour convergence recalls classical examples
of Miillerian mimicry among sympatric species and subspecies of many Ithomiines and
Heliconius in the neotropical region. Pyrcz (in prep.) suggests another explanation for
mimicry among palatable species, involving colour convergence to the most abundant
pattern in a given area involving the process of anti-apostatic selection.

The validity of the subgenus Euphaedra sensu Hecq

Apart from the slender body and elongated wings, we did not find any other outstand-
ing morphological characters in E. cyparissa and E. sarcoptera that would set them apart
from other Euphaedra sensu lato. Male and female genitalia are typical of Euphaedra
sensu lato compared to species of the “ceres” group for example (Pyrcz et al. 2011) or
to the “eleus” group (Pyrcz et al., in prep.). The shape and the configuration of the
vesica cornuti of E. sarcoptera and E. cyparissa do not present unequivocal, qualitative
characters distinguishing the two species from other Euphaedra sensu lato. As between
the two species, the external similarity of E. ¢yparissa and E. sarcoptera in terms of
wing shape and colour patterns is striking. There are however significant differentiating
characters, apart from the presence or absence of the pinkish basal patch on the FWV.
In particular, the antennae of E. ¢yparissa are chestnut — orange on the underside while
those of E. sarcoptera are black. In the male genitalia of E. ¢yparissa, the tegumen ex-
tends considerably basally, which is an exclusive character among the examined species
of Euphaedra sensu lato, while in E. sarcoptera it is moderately elongated in the same
way as in other species of Euphaedra sensu lato. The uncus of E. cyparissa is particularly
slender and long while that of E. sarcoptera is average in length and thickness for spe-
cies of Euphaedra sensu lato. In the female genitalia E. cyparissa and E. sarcoptera differ
more from each other than the subgenus Euphaedra sensu stricto from Euphaedra sensu
lato. 'The most noticeable character of E. sarcoptera is the particularly large corpus
bursae and massive, yet short, ductus bursae, compared to the rather average in size
homologous structures of E. cyparissa.

The most interesting trait of E. cyparissa and E. sarcoptera is arguably their unique
behaviour, particularly striking for any naturalist with African rain forest experience.
Whereas other Euphaedra sensu lato fly rapidly very close to the ground, E. ¢yparissa
and E. sarcoptera flutter slowly, often several meters above the ground, and never keep
to the understory. Larsen (2005) quotes Fermon’s trapping result in Ghana where she
collected many individuals in traps placed at 12 — 25 m above the ground in the forest
canopy, which is justified by recent observations of hill-topping behaviour and display-
ing of males of both species on and above the lower canopy level. The senior author
of this paper also observed the courtship behaviour of E. ¢yparissa tai in Tai National
Park Forest (August, 1983), during which the two sexes flew up to some 3-5 metres
above the rest of the group and engaged in a typical Nymphalid courtship behaviour
(Thornhill and Alcock 1983).
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Conclusion

In the light of this study, previously published articles and the ongoing research on the
taxonomy of Euphaedra sensu lato (Pyrcz et al., in prep.), the morphological differences
between the species in the subgenus Euphaedra sensu Hecq and other subgenera of Eu-
phaedra sensu lato are insufficient alone to warrant it a separate taxonomic status. We
found no characters in the external or genital morphology exclusive of E. sarcoptera and
E. ¢yparissa which could be considered as solid qualitative synapomorphies sustaining its
possible monophyly. However, there is a case for retaining the subgenus resting on behav-
ioural grounds. The two species present unique features, involving territoriality and mat-
ing strategies, and the occurrence in the forest subcanopy. This study emphasizes as well
the need for taking into account also other comparative and phylogenetically valuable
characters than those so far available in the research on the genus Euphaedra sensu lato.
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Abstract

Species of the genus Placospongia are common within the tropical Indo-West Pacific, demonstrating a
wide variety of colors and either branching or encrusting growth forms. A revision of Indo-West Pacific
Placospongia was undertaken based on a redescription of the holotypes of species of Placospongia from the
Indian Ocean and Western Pacific and an examination of an additional 103 specimens of Placospongia
ssp. collected from Indonesia (including Vosmaer and Vernhout 1902 material), Seychelles, India, Singa-
pore and Micronesia. One mitochondrial (COI) and one nuclear (ITS) marker were subsequently used
to differentiate species. All Placospongia species are characterized by selenasters and tylostyles in two size
classes. The combination of microsclere diversity and morphology as well as megasclere size were shown
to be informative morphometric characters, supported by molecular evidence. Live coloration and growth
form is shown to be unreliable for diagnoses. The study of holotypes found that P mixta is a valid species
and that two genus transfers are necessary: Geodinella anthosigma is a Placospongia and R labyrinthica is
a Geodia. A new species is also described from an anchialine pool in Indonesia, Placospongia santodomin-
goae sp. n.; bringing the total fauna of Placospongia species in the Indo-West Pacific to five: Placospongia
anthosigma, Placospongia carinata, Placospongia mixta, Placospongia melobesioides, and Placospongia santo-
domingoae sp. n. An identification key is given. Two additional species, possibly morphologically cryptic,
have been identified by molecular markers.

Copyright Leontine E. Becking. 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

Species of the genus Placospongia in the tropical Indo-West Pacific occur in a wide
variety of habitats such as marine lakes, coral reefs and mangroves. They may dis-
play a variety of colors and growth forms, from encrusting to branching (Figs 1,
2). Generally only two species have been recorded in species checklists within the
Indo-West Pacific (e.g. Burton 1959, Hooper and Wiedenmeyer 1994, Hooper et
al. 2000, Becking et al. 2006, de Voogd et al. 2008, de Voogd et al. 2009): Pla-
cospongia melobesioides Gray 1867, and Placospongia carinata (Bowerbank 1858).
A recent collection of over 100 Placospongia specimens during fieldtrips by the
author to Indonesia in 2006 (Sulawesi), 2007 (Papua), 2008, 2009 (Berau), and to
Micronesia in 2010 (Yap) revealed, however, that there were more than two species
present in these faunas.

The taxonomic literature records six valid species of Placospongia worldwide, of
which there are three from the Indian Ocean and Western Pacific: P. carinata (type
locality “South Sea”, presumably in the Pacific), Placospongia labyrinthica Kirkpatrick

Figure 1. In situ underwater images of Placospongia spp. in Indonesia, displaying natural variation in color
and growth form of live specimens. A Placospongia mixta (by L.E. Becking) B Placospongia carinata (by
L.E. Becking) € Placospongia carinata (by L.E. Becking) D Placospongia melobesioides (by N.J. de Voogd).
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1903 (type locality East London, South Africa, Indian Ocean), P. melobesioides (type
locality Borneo, Pacific). In 1900 Thiele described the species Placospongia mixta
from Ternate (Indonesia), which was later synonymized with P. carinata by Vosmaer
and Vernhout in 1902. Vosmaer and Vernhout (1902) based their conclusions on
a review of 26 specimens collected during the Siboga expedition to Indonesia, and
this collection is presently housed at the Naturalis Biodiversity Center (Leiden, The
Netherlands). Subsequently, according to the World Porifera Database (van Soest et
al. 2011) Geodinella anthosigma Tanita and Hoshino 1989 (type locality Sagami Bay,
Japan) should be transferred to the genus Placospongia, and P. labyrinthica should in
fact be transferred to the genus Geodia. These suggested genus transfers have, how-
ever, not yet been published in the peer-reviewed literature. A molecular phylogeny
constructed using the internal transcribed spacer region (ITS) indicated that there
were nine evolutionary lineages worldwide within the genus Placospongia of which
there were five distinct clades in the Indo-Pacific (clades C3, C4, C5, C6 & C9) that
may represent five species (Nichols & Barnes 2005). The authors did not investigate
the spicule morphology of the specimens in their study, therefore it is unclear which
species name can be assigned to the different clades.

w
10cm
(2]

0 5cm
— e —— " ° I N .

[

Figure 2. Gradation of external coloration in preserved specimens. A Placospongia mixta RMNH POR.
4492 B Placospongia mixta RMNH POR. 4113 C Placospongia carinata RMNH POR. 4482 D Pla-
cospongia carinata RMNH POR. 4483 E Placospongia mixta RMNH POR. 3979 F Placospongia melobe-
sioides RMNH POR. 4114.
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The objectives of the present study were to revise the genus Placospongia in the In-
do-West Pacific by examining the holotypes of P. melobesioides, P. carinata, P. mixta,
as well as 103 specimens of Placospongia spp. that were collected from Indonesia (in-
cluding the Vosmaer & Vernhout material), Singapore, Seychelles, Madagascar, and
Micronesia. In order to obtain a full view of the species from the Western Pacific and
Indian Ocean the holotypes of the temperate species G. anthosigma, and P. labyrinthica
were also examined. Subsequently it was determined if growth form and color can be
used as diagnostic characteristics to identify different species of Placospongia in the
field. Finally, the aim was to provide species names to the five clades of Indo-Pacific
Placospongia as published by Nichols and Barnes (2005) by combining their published
ITS sequences from GenBank with ITS sequences from identified species of Indo-
Pacific Placospongia.

Material and methods

Specimens from Indonesia were collected via snorkeling in marine lakes and man-
groves, and scuba diving in reefs. For a detailed description of marine lakes in Indo-
nesia see Becking et al. (2011). Where possible material was preserved in 96% ethanol
for DNA analysis, and voucher specimens were preserved in 70% ethanol and depos-
ited in the collections of the Naturalis Biodiversity Center, Leiden, The Netherlands
(RMNH POR.). Records were made on the external morphology, skeletal architec-
ture and spicules of all material. Spicule dimensions were measured of a subset of
specimens indicated in Table 1, based on 25 measurements (unless noted otherwise)
and given in the text as minimum-average-maximum. The following dimensions were
measured: tylostyles length x shaft width x head width; selenasters length x width;
streptasters total length x ray length; spherasters diameter; rhabds length x width.
Only fully developed spicules were measured. To study the skeletal architecture hand-
cut perpendicular sections of the choanosome were made. The sections were air-dried,
mounted in Durcupan” ACM on a microscope slide, and studied under a Leica high
power microscope. Spicule preparations were made by dissolving the organic tissue of
a small fragment of the specimen in commercial bleach, after which the spicules were
washed >10 times with distilled water and once with 96% ethanol. The spicules were
air-dried on microscope slides and mounted with Durcupan” ACM. The spicules were
also mounted on aluminium stubs, coated with gold-palladium and studied with a Jeol
Scanning Electron Microscope.

DNA extractions were made with Qiagen DNEasy animal blood and tissue extrac-
tion kit following the manufacturer’s protocol. The polymerase chain reaction (PCR)
reaction volume was 25 yl and contained 5 4l Phire ® Hot Start reaction buffer, 1 unit
Hotstart Phire® Hot Start DNA polymerase (Finnzymes), 2 sl 1 mM dNTPs (Gibco),
1 yl DNA template (5-20 ng) and 0.625 4l of 10mM each primer. The standard
DNA-barcoding fragment of the mitochondrial cytochrome oxidase subunit I (COI)
fragment was amplified by using a specific forward primer designed by the author for
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Placospongia P-COI-F: GCA GG ATG ATA GGA ACA GGW TTT AG and the
degenerated reverse primer from Folmer et al. (1994) designed by Meyer et al. (2005):
dgHCO2198: TAA ACT TCA GGG TGA CCA AAR AAY CA. Temperature re-
gime: 94°C for 30s; followed by 35 cycles of 94°C for 5s; 50°C for 5s; 72°C for 12 s;
followed by 71°C for 1 min). ITS was amplified with primers from Worheide (1998)
RA2: GTC CCT GCC CTT TGT ACA CA and ITS2.2: CCT GGT TAG TTT
CTT TTC CTC CGC). PCR products were purified and sequenced by Macrogen
Inc (Korea and The Netherlands). The poriferan origin of the obtained sequences was
verified through BLAST searches (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Sequences
were handled in SEQUENCHER 4.10.1 (Gene Codes Corporation) and aligned with
CLUSTALW and MUSCLE implemented in DAMBE (Xia and Xie 2001). Species of
the family Spirastrellidae were selected as outgroup for the phylogenetic analyses. For
the COI genetree four specimens of Spirastrella aff. decumbens (RMNH POR. 4505,
4589, 4614) were taken. For the ITS genetree sequences of species from Spirastrel-
lidae were taken from GenBank, as well as ITS sequences of Indo-Pacific Placospongia
spp- from the study by Nichols & Barnes (2005), for GenBank accession numbers see
Figure 11. The best-fit DNA substitution model was selected by the Akaike Informa-
tion Criterion deployed in jMODELTEST v. 0.1.1 (Posada 2008) and this model
(HKY for COI and GTR+G+I for ITS) was used for subsequent Bayesian and maxi-
mum likelihood phylogeny inferences. Phylogenetic reconstructions were performed
under Bayesian inference criteria implemented in MrBayes v. 3.1.2. (Huelsenbeck and
Ronquist 2001). Each analysis comprised two independent runs of four Metropolis-
coupled Markov-chains, sampled at every 1000* generation at the default temperature
(0.2). Analyses were terminated after the chains converged significantly as indicated
by an average standard deviation of split frequencies <0.001. Convergence was also
checked in Tracer v. 1.5.0 (Rambaut and Drummond 2007). For comparison, maxi-
mum likelihood bootstrap analyses were conducted using MEGA v. 5.01 (Tamura et
al. 2011) using a heuristic search with 1000 bootstrap replicates. Within-group and
between-group uncorrected p-distances were calculated in MEGA.

Abbreviations used in this manuscript: Naturalis Biodiversity Center, Leiden, The
Netherlands (RMNH POR.), the Zoological Museum of the University of Amster-
dam (ZMA Por.), Zoologisches Museum fiir Naturkunde an der Universitit Hum-
boldt zu Berlin, Berlin, Germany (ZMB), The Natural History Museum, London,
United Kingdom (BMNH).

Taxonomy

Phylum Porifera Grant, 1836

Class Demospongiae Sollas, 1885
Order Hadromerida Topsent, 1894
Family Placospongiidae Gray, 1867
Genus Placospongia Gray, 1867
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Placospongia Gray, 1867
http://species-id.net/wiki/Placospongia

Type species: Placospongia melobesioides Gray, 1867 by monotypy

Description, amended from Systema Porifera (Hooper and van Soest 2002).
Encrusting to branching growth forms. Small encrustations of 3 ¢cm? to large sur-
faces of >2m? to branching individual with total size of up to 45c¢m in length and
branch diameter between 0.25-1.5cm. Total size of specimens is hard to establish as
parts of the body may be encrusting within cracks. Dried material is hard, alcohol
preserved and live specimens remain compressible as the choanosome is of more pli-
ant material than the cortex. The surface is made up of smooth cortical plates sepa-
rated by contractible grooves which form a kind of network on the surface while
these are firmly closed in preserved specimens. See Vosmaer & Vernhout (1902)
and Riitzler (2002) for an extensive description of the genus. In live specimens
grooves are open and oscules are visible inside contractile ridges, running between
plates. Live color white, cream, orange, reddish brown to dark black-brown (Fig. 1,
2) and come color is usually retained after alcohol preservation. The contact lines
between the plates ridge up slightly and are generally a different shade of the color
of the plates.

Skeleton. the cortical plates consist of densely packed selenasters and can also
contain auxiliary microscleres. Developmental stages of selenasters occur throughout
the choanosome. Tylostyle tracts support the margins of the cortical plates. In branch-
ing specimens radial tylostyle tracts run from the centre core (consisting of densely
packed selenaster) to the cortical plates, in encrusting specimens tracts run in direction
from substrate to cortex. The sharp ends of the smaller tylostyles are projected beyond
the cortex surface. Microscleres occur in the cortex and scattered in choanosomal
skeleton. For a detailed description of external morphology and anatomy see Vosmaer
and Vernhout (1902).

Spicules. Megascleres are tylostyles in two size classes, microscleres are selenasters,
and can include choanosomal and ectosomal spirasters (slender-spined streptasters and
acanthose microrhabds), spherasters, and/or spherules. Selenasters often remain pig-
mented after treatment with bleach or nitric acid.

Placospongia anthosigma (Tanita & Hoshino, 1989)
http://species-id.net/wiki/Placospongia_anthosigma

Figure 3

Geodinella anthosigma Tanita & Hoshino, 1989: Fig. 16, Plate III Fig. 1

Material examined. Holotype. NSMT-Po R288 (National Museum of Nature
and Science, Tokyo, Japan), Japan, Kannonzuka-dashi, Amadaiba, Sagami Bay,
62-67m. depth.
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Figure 3. Placospongia anthosigma holotype (NSMT-Po R288) A type specimen (image taken from

website database of the Museum of Nature and Science, Tokyo, Japan) B seclenaster € large tylostyle
(head and blunt end) D spheraster E spirasters referred to as ‘anthosigma’ by Tanita & Hoshino (1989).

Description. Holotype NSMT-Po R288 encrusting specimen in three pieces of
1-2cm?* and 5mm thick, beige to pink in alcohol (Figure 3A).

Spicules. Megascleres large tylostyles with blunt point 520-797-930 x 15-18-20 x
18-20-23 ym, small tylostyles with blunt point 250-320-410 x 10-12-18 x 13-14-18
p#m; microscleres selenasters 85-90-98 x 70-73-80 ym, spherasters 15-19-25 ym, stout
spirasters with two or three contortions and acanthose spines spirally placed on shaft
8-11-18 x 3-4.5-5 um (Fig. 3)

Skeleton. As description of genus with addition that spirasters form a layer
over and amidst the selenaster cortex and are also prevalent in choanosomal tissue.
Spherasters amidst selenaster cortex and dispersed in choanosome.

Distribution. Type locality Sagami Bay, Eastern Japan, presently not recorded
from any other locality.

Ecology. On rock substrate in deep temperate waters.

Remarks. Originally described by Tanita and Hoshino (1989) as Geodinella
anthosigma. Geodinella is no longer a valid genus. Geodinella anthosigma should
be transferred to the genus Placospongia based on the external morphology with
the characteristic cortical plates and the presence of selenasters, tylostyles and
spherasters. Placospongia anthosigma is distinguished from the other Indo-Pacific
Placospongia spp. by the presence of contorted, spirally ornamented spirasters re-
ferred to by Tanita and Hoshino (1989) as ‘anthosigma’ and the small class of tylo-
styles with blunt points.
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Placospongia carinata (Bowerbank, 1858)
http://species-id.net/wiki/Placospongia_carinata
Figures 4, 5

Geodia carinata Bowerbank, 1858: plate XXV Fig. 19.
Geodia carinata Bowerbank, 1874: plate XLVI Figs 1-5.

Material examined. Holotype. “South Sea”: BMNH R1228 - 86¢g - Bk.1390 (slide),
R1275 - PEO1 - Bk1390 (slide).

Vosmaer and Vernhout (1902), Siboga expedition: RMNH POR. 755; RMNH
POR. 754; RMNH POR. 744. Other material: RMNH POR. 4484, RMNH POR.
3943, RMNH POR. 3944, RMNH POR. 4485, RMNH POR. 3945, RMNH POR.
3946, RMNH POR. 3947, RMNH POR. 3948, RMNH POR. 3949, RMNH POR.
3950; RMNH POR. 3951, RMNH POR. 3952, RMNH POR. 3953, RMNH POR.
3954, RMNH POR. 3955, RMNH POR. 4482, RMNH POR. 3956, RMNH POR.
3957, RMNH POR. 4483, RMNH POR. 3958; ZMA Por. 8813ZMA Por. 09578;
ZMA Por. 11367, ZMA Por. 16584, ZMA Por. 10727, ZMA Por. 1818, ZMA Por.
10481, ZMA Por. 20735; ZMA POR.9189. (See Table 2 for full details per specimen)

Description. Reviewed material is encrusting and/or branching. External mor-
phology follows the description of the genus. Color of live specimens can be purple
brown, chocolate brown, milk coffee brown, orange brown, orange, cream, or white
(Fig. 1, 2). Color of choanosome is pale beige. After preservation in ethanol specimens
retain some color of the live coloration.

Spicules. Holotype slide with spicules R1228-86g-Bk.1390 (BMNH) and slide
with thick section R1275-PE01-Bk1390 (BMNH) (Fig. 4): megascleres large straight
tylostyles with blunt ends 500-710-820 x 10-13-15 x 10-15-18 um, small straight
tylostyles with sharp ends 140-317-450 x 5-8-25 x 8-9-13 pum; microscleres selenasters
80-90-98 pm, streptasters with varying number of (spined) rays (5-10) with bifurcat-
ing endings or tufts 23-34-43 x 8-15 um, acantho microrhabds 8-12-18 x 1-2.5 um,
spherasters absent. The range within the examined material (Table 1 & Fig. 5): megas-
cleres large tylostyles 540-990 x 8-18 x 10-18 ym, small tylostyles 175-550 x 3-10 x
3-13 pum; microscleres selenasters 50-85 x 35-70 pum, streptasters 15-48 x 5-18 ym,
acanthose microrhabds 5-18 x 1-2.5 ym, spherasters absent.

Skeleton. As description of genus with addition that microrhabds form a layer
over and amidst the selenaster cortex and are also prevalent in choanosomal tissue.
Spirasters scattered in choanosome.

Distribution. East African coast to eastern Indonesia (Fig. 9 , Table 2). Originally
described from the ‘South Sea’, presumably the South Pacific Ocean. This has been
interpreted by some (Riitzler 2002, van Soest et al. 2011) to be Palau or Vanuatu, but
this remains speculative. Based on the reviewed material and literature the minimal
distribution is from Madagascar (Lévi 1956), to the Seychelles, and across Indonesia
to the Aru Islands (Table 2). Distribution may extend further East.
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Figure 4. Placospongia carinataslide of holotype (BMNH, R1228, 86g, Bk.1390; R1275, PEO1, Bk1390).
A large tylostyle (scale=200 ym) B small tylostyle (scale=50 pm) C selenaster (scale=50 ym) D close up

of large tylostyle (scale=50 pm) E close up of small tylostyle F streptasters (scale=50 ym) G acanthose
microrhabds H original slide of thick section of holotype I original slide of spicules of holotype.

Ecology. Depth 0—45m. In Indonesia rarely found in reef environment, but high
abundance in marine lakes. Possibly higher prevalence in reefs in Eastern Africa, based
on the ZMA Por. collection from the Seychelles and the publication from Madagascar
(Lévi 1956).

Remarks. The Bowerbank description from 1858 should be considered as the
original description of ‘Geodia carinata’, now accepted as P. carinata, with plates
XXV Fig. 19 and XXVI Fig. 10 representing the streptasters (“arborescent elon-
go-subsphero-stella”). Subsequently in 1874 Bowerbank published a more exten-
sive description of “Geodia carinata” including a drawing of the streptasters (Fig.
3, p.299) and spined microrhabds (“minute multiangulated cylindrical retentive
spicula”, fig.2, p.299) that he described as characteristic of the species. In neither
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Figure 5. Placospongia carinata (RMNH POR. 4483). A selenaster B large tylostyle (head and blunt
end) € small tylostyle (head and hastate end) D streptasters, E. acanthose microrhabds.

publication registration numbers were provided, however. The habitus drawing
in Fig. 5, p299 of Bowerbank publication in 1874 is identical to the specimen
BMNH95.6.7.1 that I received from the BMNH after requesting the holotype
for P. carinata. In addition, I received the slides of spicules (codes: R1228, 86g,
Bk.1390) and of the thick cut (codes: R1275, PEO1, Bk1390) that were labeled
to belong to the holotype (Fig. 5). Upon inspection I discovered that the speci-
men BMNH 95.6.7.1 is in fact a P. melobesioides, while the two slides do indeed
represent P. carinata containing the characteristic streptasters with bifurcating end-
ings and the microrhabds as indicated in the Bowerbank images and in the images
taken from these slides in Fig. 5. The slides clearly do not come from the specimen
BMNH 95.6.7.1. In the 16 years between Bowerbank’s 1858 and 1874 publica-
tions, I fear that there has been some exchange or misinterpretation of the labels of
the specimens resulting in the incorrect assignment of specimen BMNH 95.6.7.1
to the slides and as the holotype of P. carinata. This specimen BMNH 95.6.7.1,
furthermore, has two labels attached to it: one with “Geodia carinata”, and one with
“Placospongia melobesioides”. According to Bowerbank (1874) three specimens had
been reviewed for his manuscript: one received from his friend Mr. Thos. Ingall
in 1854, one placed by Dr. Baird from the coral to the sponge collection in the
BMNH, and one specimen purchased by Bowerbank in 1864. The first mentioned
specimen is presumably the holotype, but as this specimen has not been located, I
propose to designate the slides R1228- 86g-Bk.1390 and R1275-PE01-Bk1390 as
representing the holotype of P. carinara.
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Placospongia melobesioides Gray, 1867
http://species-id.net/wiki/Placospongia_melobesioides
Figure 6

Placospongia melobesioides Gray (1867): Figs 1-4.

Material examined. Holotype. BMNH 52.4.1.14, Indonesia, Borneo island.

Vosmaer and Vernhout (1902), Siboga expedition: RMNH POR. 756, RMNH
POR. 761, RMNH POR. 758, RMNH POR. 757, RMNH POR. 760, RMNH
POR. 759. Other material:: RMNH POR. 4497, RMNH POR. 4496, RMNH
POR. 4495, RMNH POR. 4114, RMNH POR. 3978, RMNH POR. 3977, RMNH
POR. 3976, RMNH POR. 3942, RMNH POR. 3941, RMNH POR. 3940, RMNH
POR. 3939, RMNH POR. 3938, RMNH POR. 3937, RMNH POR. 3935, RMNH
POR. 3934, RMNH POR. 3933, RMNH POR. 3932, RMNH POR. 3177, RMNH
POR. 3166, RMNH POR. 3154, RMNH POR. 2464, RMNH POR. 2463, ZMA
Por. 13097, ZMA Por. 10459 (See Table 3 for full details per specimen)

Description. Holotype BMNH 52.4.1.14 dry, chalky white angular branches,
hard. Other examined material encrusting to branching, hard, thicker specimens
slightly compressible. External morphology follows the description of the genus. Size
ranging between 5-50 cm, though encrusting specimens may be larger growing within
crevices. Ectosome color in life ranging from purple, dark black brown, chocolate
brown, orange brown to light beige (Fig. 1, 2). Choanosome pale beige. After preserva-
tion color of ectosome is similar to live color.

Spicules. Holotype BMNH 52.4.1.14 (Fig. 6): Megascleres large straight tylo-
styles with blunt ends 670-880-1010 x 10-13-18 x 10-16-20 um, small concave to
straight tylostyles with sharp ends 205-293-420 x 5-10-13 x 5-10-13 um. Microscleres
selenasters 58-63-68 x 45-52-68 um, spherasters 15-17-18 pm (five measurements,
not abundant), spherules 1-2-3 ym. The range within the examined material (Table
1): large tylostyles 460-1040 x 5-16 x 8-18 ym, small tylostyles 190-470 x 3-13 x 3-15
p#m, selenasters 45-83 x 30-65 ym, spherules 1-3 ym, spherasters only found in singles
in some individuals 15-20 gm. Streptasters and microrhabds absent.

Skeleton. As description of genus with addition of sporadic spherasters lodged
amidst selenasters in cortex and high abundance of spherules in choanosome and cortex.

Ecology. Depth: 0-45m. Reefs, rocky shores, reefflats, mangroves, and marine
lakes.

Distribution. Type locality: Borneo. Distribution from Seychelles to Micronesia
(Fig. 9, Table 3). Possibly further east to Central Pacific.

Remarks. In the original description by Gray (1867) there is no mention of two
size classes of tylostyles. I reexamined the original slide and conclude that the holo-
type does contain two size classes of tylostyles. The Systema Porifera indicates that the
holotype has two size classes, the large 720-963-1200 x 13-14.1-19 pm and the small
350-438.8-560 x 8-9.1-10.5 pm, based on 10 measurements per spicule type (Riitzler
2002). These measurements deviate from the holotype measurements in the present
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Figure 6. Placospongia melobesioides holotype (BMNH 52.4.1.14). A Holotype with two labels B se-
lenaster € large tylostyle (head and blunt end) D small tylostyle (head and hastate end) E spheraster

F spherules.

study that were based on 25 measurements per spicule type (670-880-1010 x 10-13-
18 um and 205-293-420 x 5-10-13 pm respectively), and also deviate from the range
of sizes within the examined material of this study (Table 1). There is great variation in
tylostyle length and spherasters are only sporadically present, often absent.

Placospongia mixta Thiele 1900
http://species-id.net/wiki/Placospongia_mixta
Figure 7

Placospongia mixta Thiele, 1900: Plate III, Fig. 25.

Material examined. Holotype. ZMB 3204, Indonesia, Moluccas, Ternate.
Vosmaerand& Vernhout (1902), Siboga expedition: RMNH POR. 753,
RMNH POR. 751, RMNH POR. 745, RMNH POR. 742. Other material: RMNH
POR. 4494, RMNH POR. 4493, RMNH, POR. 4492, RMNH POR. 4491, RMNH
POR. 4490, RMNH POR. 4489, RMNH POR. 4113, RMNH POR. 4112, RMNH,
POR. 3979, RMNH POR. 3975, RMNH POR. 3974, RMNH POR. 3973, RMNH
POR. 3972, RMNH POR. 3971, RMNH POR. 3970, RMNH POR. 3969, RMNH
POR. 3968, RMNH POR. 3967, RMNH POR. 3966, RMNH POR. 3965, RMNH
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Figure 7. Placospongia mixta holotype (ZMB 3204). A selenaster B large tylostyle (head and blunt end)
C small tylostyle (head and hastate end) D spheraster E streptasters F microacanthose microrhabds.

POR. 3964, RMNH POR. 3963, RMNH POR. 3962, RMNH POR. 3961, RMNH
POR. 3960, RMNH POR. 3959, RMNH, POR. 3163, RMNH POR. 3158, RMNH
POR. 3157, RMNH POR. 3155, RMNH POR. 3148, ZMA Por. 10495, ZMA Por.
896 (See Table 4 for full details per specimen)

Description. Holotype ZMB 3204 encrusting, size 5 x 2.5 cm and thickness 1-5
mm (as described by Thiele, now very small fragment), white after preservation in al-
cohol. The majority of the reviewed material is encrusting with a thickness of 4-10mm,
but branching specimens also occur. External morphology follows the description of
the genus. Color of the ectosome can be red, orange, brown orange, dark brown, choco-
late brown, milk coffee brown, cream, or white (Fig. 1, 2). Color of choanosome is pale
beige. After preservation in ethanol color is similar to live specimens, but lighter shade.

Spicules. Holotype ZMB 3204 (Fig. 6) Megascleres large straight tylostyles with
blunt/rounded point 355-672-940 x 7.5-12-17.5 x 7.5-16-20 um, small straight ty-
lostyles with sharp point 165-226-275 x 2.5-6-7.5 x 2.5-8-10 pum; microscleres sele-
nasters 55-70-75 x 42.5-55-72.5 pm, spherasters (abundant) 20-25-30 um, streptasters
typically with well developed axis and with 4-9 rays with hastate tips, rays are smooth
or can be spined, but do not have bifurcations of the tips 15-24-32.5 x 2.5-8-12.5 pmy;
acanthose microrhabs with straight or zig-zag axis 5-7-10 x <2.5 gm. The range within
the examined material (Table 1): large tylostyles 460-1250 x 8-23 x 10-25 ym, small
tylostyles 120-430 x 3-15 x 2-15 pm, selenasters 50-85 x 22-73 ym, spherasters 13-30
pm, streptasters 15-35 x 2-15 ym, rays 5-18 x 1-2.5 ym .
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Skeleton. As description of genus with addition that microrhabds form a layer
over and amidst the selenaster cortex and are also prevalent in choanosomal tissue.
Streptasters scattered in choanosome. Spherasters amidst selenasters in cortex and scat-
tered in choanosome.

Distribution. East African coast to eastern Indonesia (Fig. 9, Table 4). Possibly
further east to Central Pacific. Pulitzer-Finali (1993) identified a ‘P. carinata’ from
East Africa (Mombasa) that fits the description of P. mixta based on the length of the
tylostyles (up to 1200 #m) and the presence of spherasters, but no P. mixta specimens
were observed in the Seychelles material deposited at ZMA.

Ecology. Depth 0—45m. Common in reefs, also occurs in marine lakes.

Remarks. In 1900 Thiele described a new species named P. mixta, which was
originally identified as P. melobesioides by Kieschnick (1896). The specific epithet
mixta was given because the specimen contained a mixture of spicules: both spirasters
like P. carinata as well as large spherasters like P. intermedia and P. melobesioides,
which are absent in P. carinata. In 1902 Vosmaer & Vernhout decided that P. mixta
was a junior synonym of P. carinata, because they saw no distinction between the
different shapes of streptasters and stated that spherasters are never very abundant
— in some ‘exceedingly rare and in some we failed to find them at all’ — and could
therefore not be seen as a distinguishing character. The specimens that were studied
by Vosmaer and Vernhout (1902) were collected in Indonesia during the Siboga Ex-
pedition (1899-1900) and are housed in the collection of the Naturalis Biodiversity
Center (Leiden, The Netherlands). In the present study these specimens were reexam-
ined. After inspection, the specimens labeled ‘P. carinata’ could be clearly and con-
sistently divided into two species: P. carinata without spherasters, with streptasters
displaying bifurcating tips, and tylostyles up to 980 ym, and P. mixta with abundant
spherasters, with streptasters displaying hastate tips, and tylostyles up to 1250 ym. In
none of the specimens of Vosmaer & Vernhout (1902), nor of the other specimens
reviewed for this study was there a mixture of the two types of streptasters. These two
species also show molecular distinction in both mitochondrial and nuclear markers

(Fig. 10, 11, Table 6, 7).

Placospongia santodomingoae sp. n.
urn:lsid:zoobank.org:act:3C4F2599-15C0-4075-BD3B-8C6439C8F821
http://species-id.net/wiki/Placospongia_santodomingoae

Figure 8

Holotype. RMNH POR. 4486, Indonesia, East Kalimantan province, Maratua island,
Buli Halo anchialine pool, 02°11'16.4"N, 118°37'06.4"E, 0—1m. depth, xi.2008, coll.
N.K. Santodomingo & Estradivari, #BER128/mol1147. Paratypes. RMNH POR.
4487, Indonesia, East Kalimantan province, Maratua island, Buli Halo anchialine
pool, 02°11'16.4"N, 118°37'06.4"E, 0—1m. depth, xi.2008, coll. N. K. Santodomin-
go & Estradivari; RMNH POR. 4488, Indonesia, East Kalimantan province, Marat-
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Figure 8. Placospongia santodomingoae sp. n. (RMNH POR. 4486). A ethanol preserved specimen B se-

lenaster C large tylostyle (head and blunt end) D small tylostyle (head and hastate end) E microrhabds.

ua island, Buli Halo anchialine pool, 02°11'16.4"N, 118°37'06.4"E, 0—1m. depth,
xi.2008, coll. N. K. Santodomingo & Estradivari, #BER128/1156.

Description. Holotype and paratypes are branching and encrusting, size 8cm in
length. Total size of specimens iz situ is hard to establish as parts of the body may be
encrusting within cracks. Alcohol preserved and live specimens are hard but slightly
compressible. The surface is made up with typical Placospongia cortical plates separated
by contractible grooves which form a network on the surface. Oscules are present in
the grooves. Live color of holotype was dark brown, the paratypes were orange, and
these colors were mostly retained after alcohol preservation (Fig. 8A).

Spicules. Holotype (Fig. 8) megascleres large straight tylostyles with blunt point
430-605.5-660 x 13-15.5-20 x 13-18.1-23 pm, small straight tylostyles with sharp point
240-261.3-290 x 5-7.2-8 x 5-8.8-10 um; microscleres selenasters 80-84.8-90 x 60-67.3-
75 pm, acanthose microrhabds 8-12.3-18 x 2.5-2.7-3.5 um. Range of the paratypes
(Table 1) large straight tylostyles with blunt point 430-760 x 13-20 x 15-23 pm, small
straight tylostyles with sharp point 190-380 x 5-13 x 8-15 um, microscleres selenasters
63-93 x 58-75 pm, acanthose microrhabds 5-20 x 2.5-3.5 ym.

Skeleton. The cortical plates consist of densely packed selenasters, microrhabds
form a layer over and amidst this selenaster cortex and are also prevalent in choano-
somal tissue. Developmental stages of selenasters occur throughout the choanosome.
Tylostyle tracts support the margins of the cortical plates in radial tracts from the cen-
tre core (consisting of densely packed selenaster) to the cortical plates. The sharp ends
of the smaller tylostyles can be projected beyond the cortex surface.
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Distribution. Presently only recorded from Buli Halo anchialine pool on Maratua
island, Berau, East Kalimantan, Indonesia (Fig. 9). For a full description of the pool,
see Becking et al. (2011)

Ecology. Depth 0—2m. occurs in anchialine pool, can be exposed to air during low
tide and can tolerate great fluctuations in salinity (from 24 to 33 %o).

Etymology. Named in honor of Nadiezhda K. Santodomingo, the collector of the
types, for her years of tireless work in marine science including anchialine research.

Remarks. Placospongia santodomingoae sp. n. is similar to P. carinata, yet lacks
streptasters and has shorter tylostyles. Placospongia santodomingoae sp. n. likewise dif-
fers from P. mixta by the absence of streptasters as well as the absence of spherasters.
Placospongia santodomingoae sp. n. differs from P. anthosigma by the absence of an-
thosigma, and by having hastate endings of the smaller tylostyles.

Geodia labyrinthica (Kirkpatrick, 1903)
http://species-id.net/wiki/Geodia_labyrinthica

Placospongia labyrinthica Kirkpatrick 1903: Plate V Fig. 1a—b, Plate VI Fig. 1a—f.

Reviewed material. Holotype. BMNH 02.11.16.1, South Africa, East London Coast,
33°06'30"S, 028°11'E.

Spicules. Megascleres styles, oxea; microscleres sterrasters, chiasters

Remarks. This species was originally described as ‘Placospongia labyrinthica’, but
does not have the characteristic cortical plates of Placospongia. The specimen further-
more has sieve pores, sterrasters with star-like plates, euasters, styles and oxea charac-
teristic of the Geodiidae. In the original description, Kirkpatrick (1903) stated “the
presence of chiasters is so exceptional that I thought at first that I had to deal with a
geodine sponges, but there were no triaenes to be found” and as a result placed this
species in the Placospongia rather than Geodia. Genus transfer to Geodia is, however,
required as suggested on the World Porifera Database (van Soest et al. 2011).

Identification key for Indo-Pacific species of Placospongia

1 Streptasters abSENt.. . c.veiruiriiiiiriiicieierceeece e 2
- SELEPLASTELS PLESEIIT .eeuveniirieireurereienie sttt ettt st nen e resre e enene e 3
2 Spherules Present....coocerecrineinieenirieiniecrc e P. melobesioides
- Spherules absent....c.covruevuiuiininiieicicc e 4
3 Streptasters have rays with birfurcating ends...........cccccccevnnnies P. carinata
- Streptasters have rays with hastate ends, spherasters present............ P. mixta
4 Spherasters present, microrhabds with short spines spirally places on shaft....

............................................................................................... P anthosigma

- Spherasters absent, acanthose microrhabds present.....2 santodomingoae sp.n.
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Figure 9. Distribution of Placospongia spp. in the Indo-West Pacific. Location of symbols is approximate.

Genetic data analysis

All sequences were submitted to GenBank with accession numbers KC848421 - 41
(Table 5). Final alignments (excluding primers) were obtained for the sponge Pla-
cospongia of 581 bp for COI with three genetic variants (28 individuals) and 13 poly-
morphic sites. The three genetic variants correspond to the three species 2 melobe-
sioides, P mixta, and P, carinata that represent monophyletic groups which are strongly
supported by both Bayesian and maximum likelihood inference methods (Fig. 10).
There was no intra-specific variation within each species, regardless of geographic lo-
cality. The inter-specific p-distances ranged between 0.5-2.1% (Table 6). There were
11 substitutions between P melobesioides and P carinata, 12 substitutions between 2
melobesioides and R mixta, and three substitutions between P mixta and P carinata.
The specimens of P carinata and of P santodomingoae sp. n. had identical genotypes
for COI. No molecular work could be done on the dried holotype of Placospongia
anthosigma and fresh material was not available.

Final alignments (excluding primers) of 720 bp were obtained for ITS with 18
genetic variants from the present study (22 individuals). An additional 27 genetic vari-
ants from GenBank (for GenBank accession numbers see Fig. 11) were included in
the phylogenetic analysis. The ITS sequences represented five clades that were strongly
supported by both Bayesian and maximum likelihood inference methods (Fig. 11).
These five divergent clades (see Table 7 for uncorrected p-distances) correspond to the
clades C3, C4, C5, C6, and C9 as presented by the study of Nichols & Barnes (2005).
Clade C9 represents specimens of the species P. melobesioides, clade C5 P. mixta, and
clade C4 P. carinata. Clades C6 is represented by one specimen from the Solomon
Islands (QM317896) and clade C3 by one specimen from Bynoe Harbour, Northern
Territory, Australia (QM303439); none of the samples that were sequenced in the
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Table 5. Specimens of Placospongia studied for DNA analysis. Genbank accession numbers provided for
sequences of Cytochrome Oxidase I (COI) and internal transcribed spacer region (ITS).

Registration number Species CO1 ITS
RMNH POR. 4482 P carinata KC848441 KC848429
RMNH POR. 4483 P carinata KC848441 KC848427
RMNH POR. 4484 P carinata KC848441 KC848428
RMNH POR. 4485 P carinata KC848441 KC848429
ZMA Por. 10727 P carinata KC848441 -
ZMA Por. 11367 P carinata KC848441 -
RMNH POR. 2464 P melobesioides KC848439 -
RMNH POR. 3942 D melobesioides KC848439 KC848422
RMNH POR. 3976 P melobesioides KC848439 -
RMNH POR. 4114 P melobesioides KC848439 KC848426
RMNH POR. 4495 P melobesioides KC848439 KC848436
RMNH POR. 4496 D melobesioides KC848439 KC848436
RMNH POR. 4497 P melobesioides KC848439 KC848437
RMNH POR.3166 P melobesioides KC848439 KC848422
ZMA Por. 10459 P melobesioides KC848439 KC848438
RMNH POR. 3158 P mixta KC848440 KC848421
RMNH POR. 3960 P mixta KC848440 KC848423
RMNH POR. 3979 P mixta KC848440 -
RMNH POR. 4113 P mixta KC848440 KC848425
RMNH POR. 4489 P mixta KC848440 -
RMNH POR. 4490 P mixta KC848440 KC848433
RMNH POR. 4491 P mixta KC848440 KC848433
RMNH POR. 4492 P mixta KC848440 KC848434
RMNH POR. 4493 P mixta KC848440 KC848435
RMNH POR. 4494 P mixta KC848440 KC848435
RMNH POR. 4486 P santodomingoae sp. n. KC848441 KC848430
RMNH POR. 4487 D santodomingoae sp. n. KC848441 KC848431
RMNH POR. 4488 P, santodomingoae sp. n. KC848441 KC848432

Table 6. The number of base differences per site from averaging over all Cytochrome Oxidase I (COI) se-
quence pairs between Placospongia spp. groups are shown (uncorrected p-distances). Standard error estimate(s)
are shown above the diagonal in italic. The analysis involved 30 nucleotide sequences. There was no within-
group difference. Spirastrella aff. decumbens was used as outgroup in the phylogenetic inference (see Fig. 10).

% p-distance COI P. melobesioides | P. mixta | P. carinata | Spirastrella aff. decumbens
P melobesioides * 0.6 0.6 1.3

P mixta 2.1 * 0.3 1.2

P carinata 1.9 0.5 * 1.3

Spirastrella aff. decumbens 12.2 11.5 11.7 *

present study fell into either C3 or C6 clade. The specimens of P. santodomingoae sp. n.
represented a separate lineage within the P. carinata clade (C4) which was supported by
Bayesian inference, but not by maximum likelihood analysis. The p-distance between
P. carinata specimens and the specimens of P. santodomingoae sp. n. was 0.6%.
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Table 7. The number of base differences per site from averaging over all internal transcribed spacer (ITS) se-
quence pairs between Placospongia spp. groups are shown (uncorrected p-distances). Standard error estimate(s)
are shown above the diagonal. All positions with less than 5% site coverage were eliminated. Black cursive along
the diagonal indicates within-group uncorrected p-distance. The analysis involved 73 nucleotide sequences. C9,

C5, C6, C4, C3 refer to five clades in the Indo-West Pacific Placospongia as presented in Fig. 11.

% p-distance ITS | P .melobesioides| P. mixta | P. carinata Rsant:;la;mngoae C9 |[C5/C6|C4|C3
P melobesioides 0.1 1.3 1.4 1.4 03|1313|13|13
P mixta 13.8 0.7 0.9 0.9 1.2102105/09|0.9
P carinata 14.7 6.3 0.4 0.2 1.3109(09|02|0.9
j; “;”’”d””””g”” 13.2 5.8 0.6 1.6 1309|109 03|09
C9 0.9 13.5 14.6 13.6 0112121212
C5 13.5 0.9 6.6 6.1 12910.710.5|0.8| 0.9
C6 14 2.2 6.4 6.1 13.212.210.110.8|0.8
C4 14.8 6.3 0.5 0.9 14.316.3| 6 |0.4]|0.8
C3 15.2 7.1 6.1 5.9 14.516.9/6.3|5.6|0.9

1/100 |— Placospongia melobesioides

| _[ Placospongia mixta
0-975 1 pracospongia carinata

Spirastrella aff. decumbens RMNH4505,4589,4614

Ll
0.0 0.025

Figure 10. Bayesian/maximum likelihood phylograms of Cytochrome Oxidase I (COI) sequences from
Indo-Pacific Placospongia spp. See Table 5 for GenBank accession numbers. Only posterior probabilities
of >90 and maximum likelihood values of >70 indicated. Scale bar indicates substitutions/site.

Discussion
Different species

In the Indo-West Pacific at least five species of the genus Placospongia can be identified
based on spicule morphology: P. anthosigma, P. carinata, P. mixta, P. melobesioides,
and P. santodomingoae sp. n.. Placospongia melobesioides, P. carinata, and P. mixta can
be distinguished with the DNA barcode marker (COI) and a nuclear marker (ITS).
The species P. santodomingoae sp. n. and P. carinata have the same sequence of COI.
The sequence variation of COI in sponges can be low (e.g. Worheide 2006, Xavier et
al. 2010, Poppe et al. 2011) and this is also the case in species of Placospongia, e.g. only
0.5% nucleotide distance between the species P. mixta and P. carinata. There is further-
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75|

I Placospongia sp.; Berau Indonesia AY562081

Placospongia sp.; Papua New Guinae AY562072

Placospongia sp.; Papua New Guinae AY562073

Placospongia sp.; Papua New Guinae AY562074

- Placospongia sp.; Papua New Guinae AY562076

Placospongia sp.; Papua New Guinae AY562077

- Placospongia sp.; Palau AY562078 . g
Placospongiasp; Paau AYS62075 Placospongia mixta C5
Placospongia sp.; Papua New Guinae AY562075

P. mixta; Sulawesi Indonesia RMNH3158

{F! mixta; Ternate Indonesia RMNH4113

- P. mixta; marine lake Berau Indonesia RMNH4489

P mixta; Berau Indonesia RMNH4491, marine lake Berau Indonesia RMNH4490

P. mixta; Berau Indonesia RMNH4492

096/| - P mixta; Raja Ampat Indonesia RMNH4494, 4493

P. mixta; marine lake Berau Indonesia RMNH3960
P ia sp.; Berau ia AY562080

Placospongia sp.; Berau Indonesia AY562082

Placospongia sp.; Solomon islands AY562083

11100 | | Placospongia sp.; islands AY562084 P/aCOSpongia Sp. C3

0.92)88 L Placospongia sp.; Solomon islands AY562085

0.99 /90

P, santodomingoae sp.n.; pool Berau, Indonesia RMNH4488
0991 P santodomingoae sp.n.; pool Berau, Indonesia RMNH4486
P. santodomingoae sp.n.; pool Berau, Indonesia RMNH4487
11100 [Polymastia Sp AY562096
LLPolymastia sp AY562097
Polymastia sp AY562098
// Spirastrella hartmani AY562089

F

7/ - Spirastrella hartmani AY562090

ISpirastrella hartmani AY562091, AY562093
pi h | AY562094

Spirastrella hartmani AY562095

J[Spirastrella hartmani AY562086

0.99/99

0.876 . .
Spirastrella hartmani AY562087

Spirastrella hartmani AY562088

igure | 1. Bayesian/maximum likelihood phylograms of genotypes of the internal transcribed spacer re-

gion of nuclear ribosomal operons (ITS) of Indo-Pacific Placospongia spp. found in this study and related
species from the same genus collected from GenBank. Clades C3, C4, C5, C6 & C9 refer to the clades
presented in the study by Nichols & Barnes (2005). Taxon labels are organized as follows: Specimen -
Locality - Genbank code or RMNH POR. Number. Only posterior probabilities of >90 and maximum
likelihood values of >70 indicated. Scale bar indicate substitutions/site.
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more no intraspecific variation in COI within each of the Placospongia species, not even
between populations at 1000s of km distance from each other (e.g. specimens from the
Seychelles are identical with specimens from Indonesia). The phylogenetic inference
based on the ITS sequences does show a supported clade of P. santodomingoae sp. n.
within the clade of P. carinata (Fig. 11), though the degree of divergence between the
two species is low (0.6%) (Table 7). Placospongia santodomingoae sp. n. should, how-
ever, be designated as a new species based on the spicule morphology: the absence of a
distinguishing spicule type (streptasters) and consistently shorter and thicker tylostyles
(maximum 760 x 20 pm) compared to P. carinata (maximum 980 x 17.5 um) are
valid arguments to distinguish a separate species within this genus. The specimens of P.
santodomingoae sp. n. were collected from an anchialine pool. This kind of isolated envi-
ronment has previously been shown to contain small, rapidly evolving populations, and
many rare species across a large spectrum of taxa (e.g. Holthuis 1973, Tomascik & Mah
1994, Dawson & Hamner 2005, Becking et al. 2011, Becking et al. iz press). The diver-
gence of P. santodomingoae sp. n. from P. carinata is likely too recent to be expressed in
the molecular markers that were used. Other, faster evolving, molecular markers might
show a more distinct separation between species, but for the present significant mor-
phometric differences in spicules are reliable characters in separating these sister species.

A molecular phylogeny using the internal transcribed spacer region (ITS) showed
that there were five distinct clades within the genus Placospongia in the Indo-West
Pacific (clades C3, C4, C5, C6 & C9) (Nichols & Barnes, 2005). Nichols & Barnes
(2005) indicated that their results presented a conundrum that “specimens collected
from Indonesian marine lakes that have been isolated from the surrounding marine
environment since the Pleistocene are undifferentiated from individuals collected from
the Seychelles indicating that populations from these geographically disparate regions
are, or have recently been, connected by gene flow despite the lack of evidence of con-
nectivity between these lakes and nearby reefs.” It is important to note here that the au-
thors did not investigate the spicule morphology of the specimens in their study, while
it is in fact the spicules that can largely explain the presented conundrum. In the pre-
sent study over 30 specimens from the marine lakes Kakaban and Maratua and the ad-
jacent reefs have been reviewed as well as the specimens from the ZMA Por. collection
that were used in the Nichols & Barnes (2005) study. Clade C4 represents the material
from the Seychelles (ZMA Por.11367) together with the marine lakes and can all be
morphologically identified as P. carinata sensu stricto. The samples from the lakes and
the Seychelles are thus conspecific, but the populations of the two locations are neces-
sarily connected by gene flow. Subsequently clade C9 is P. melobesioides (specimens
from Indonesia, Miscronesia and the Seychelles) and clade C5 is of P. mixta (specimens
from Indonesia, Palau and Papua New Guinae). This explains three of the five clades
from the Indo-West Pacific and leaves two undetermined: clade C3 represented by
one specimen from Bynoe Harbour, Northern Territory, Australia (QM303439), and
clade C6 represented by one specimen from the Solomon Islands (QM317896). The
morphology of these specimens should be further studied in order to correctly identify
the species and determine if they may represent morphologically cryptic species.
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Natural variation

Each of the five species of the genus Placospongia in the Indo-West Pacific can be dis-
tinguished based on the composition and morphology of spicules. The external mor-
phology, however, does not allow species distinction. The most common species from
the tropical Indo-West Pacific (2 melobesioides, P mixta, and P carinata) can have both
encrusting and branching growth forms displaying a variety of colors from white to dark
brown. The only observed consistent pattern was that all the red specimens belonged to 2
mixta, while all the dark black-brown specimens belonged to P melobesioides. These two
colors may be useful for field identifications, yet both species can also display the range
of other colors (white, cream, beige, light brown) as well. The density of canals/ridges (or
size of cortical plates) appears to be related to environment as this is higher in specimens
from high sediment locations such as the marine lakes than in specimens from the reefs
(Fig. 1, 2). Within each species there is also some natural variation in the range of tylo-
style length and spicule morphology. The streptaster morphology varies within species
and even within individuals. Within one individual the number of rays can vary from
4-10 (Figs 3, 4) and between individuals the decoration and size of spines can be diverse.
For example the streptasters of P carinata specimens from Haji Buang marine lake are
micro-acanthose while the specimens from other locations are not. Spherasters are always
present and abundant in P mixta and P anthosigma, but are in low abundances or absent
in P melobesioides, as has been indicated previously by Vosmaer & Vernhout (1902). In 2
carinata and P santodomingoae sp. n. spherasters are always absent.

Ecology and distribution

P melobesioides and P mixta are common in the reef environment. Most of the collected
material from the reefs in Indonesia were one of these two species. P carinata appears to
be rare in the reefs, in Indonesia at least, while it is highly abundant in the marine lakes
Haji Buang and Kakaban in East Kalimantan, Indonesia. Placospongia santodomingoae sp.
n. is restricted to an anchialine pool. Placospongia anthosigma was not found in any of the
examined collections from the tropical Western Pacific, this species is restricted to more
temperate and deeper waters. Placospongia melobesioides is indicated in the Systema Por-
ifera to have a distribution from the Indo-West Pacific to the Tropical Adantic (Riitzler
2002). Both P melobesioides and P carinata have been recorded from the Adantic (e.g.
de Laubenfels 1936, Hechtel 1976, Coelho and Mello-Leitao 1978, Pulitzer-Finali 1986,
Gonzélez-Farfas 1989), which would imply that these are pantropical species. Recent mo-
lecular and more detailed morphological studies have, however, shown that many cosmo-
politan sponge species are in fact species complexes either delineated by morphology or
molecules (e.g. Reveilleud et al. 2010, Xavier et al. 2010). Van Soest (2009) has indicated
that there are at least five species of Placospongia in the Caribbean that are morphologi-
cally different from the holotypes of P melobesioides and P carinata. Rua et al. (2006) and
Nichols and Barnes (2005), furthermore, show that there are distinct lineages in the Carib-
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bean and Western Pacific, that are not shared between the two regions and that most likely
represent undescribed species in the Caribbean. Considering these results as well as the
large geographic distance between the Caribbean and the type localities of 2 melobesioides
and P carinata (both Indo-West Pacific), it is highly unlikely that these species occur in the
Tropical Adantic. Further revision of the Atantic and Eastern Pacific material will shed
more light on this issue.

Future biodiversity surveys and species checklists both in the Atlantic as well as in
the Pacific are advised to check the spicule morphology of Placospongia specimens in
order to identify species, as the external morphology and color will not give an indica-
tion to the number of species. The different Placospongia spp. can occupy the same type
of habitats in the tropics. An example of such sympatry is represented in Kakaban lake
where in the 4 km? area of the marine lake the three common tropical species of Pla-
cospongia co-exist side by side. Neglecting to review the spicule morphology would mean
possibly missing the true diversity of species that are present in the location of study.
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Abstract

A new species of palm-pitviper of the genus Bothriechis is described from Refugio de Vida Silvestre
Texiguat in northern Honduras. The new species differs from congeners by having 19 dorsal scale rows at
midbody, a bright green dorsal coloration in adults, the prelacunal scale fused to the second supralabial,
and in representing a northern lineage that is sister to B. lateralis, which is distributed in Costa Rica and
western Panama and is isolated from the new taxon by the Nicaraguan Depression. This represents the
15th endemic species occurring in Refugio de Vida Silvestre Texiguat, one of the richest herpetofaunal
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sites in Honduras, itself being the country with the highest degree of herpetofaunal endemism in Central
America. We name this new species in honor of a Honduran conservationist slain in fighting against illegal
logging, highlighting the sacrifices of rural activists in battling these issues and the critical importance of
conservation in these areas.

Resumen

Una nueva especie de tamagds verde del género Bothriechis se describe del Refugio de Vida Silvestre
Texiguat en el norte de Honduras. La nueva especie difiere de sus congéneres por tener filas de 19 escamas
dorsales en la mitad del cuerpo, una brillante coloracién verde en la porcidn dorsal del cuerpo en adultos,
la escama prelacunal fusionada con la segunda supralabial, y en representacién del linaje del norte que es
clado hermano de B. lateralis, la cual se distribuye en Costa Rica y el Occidente de Panamd y estd aislada
del nuevo taxén por la Depresion de Nicaragua. Representa la decimoquinta especie endémica encontrada
en el Refugio de Vida Silvestre Texiguat, uno de los lugares mds ricos de herpetofauna en Honduras, el
pais con el més alto grado de endemismo de la herpetofauna en Centroamérica. Nombramos esta nueva
especie en honor a un conservacionista Hondureno asesinado en contienda contra la tala ilegal, desta-
cando los sacrificios de los activistas rurales luchando frente a estos problemas y la importancia critica de
la conservacién en estas dreas.

Keywords
Bothriechis guifarroi sp. n., Bothriechis lateralis, Bothriechis marchi, Central America, conservation, cryptic
species, endemic, Honduras, Pico Bonito National Park, Texiguat Wildlife Refuge

Palabras claves
Bothriechis guifarroi sp. n., Bothriechis lateralis, Bothriechis marchi, Centroamérica, conservacién, ende-
mismo, especies cripticas, Honduras, Parque Nacional Pico Bonito, Refugio de Vida Silvestre Texiguat

Introduction

In the past decade, a steady stream of taxonomic discoveries have come out of the
Chortis Highlands of Mesoamerica, a biogeographic region found to the south and
east of the tectonic boundary between the Chortis and Mayan Blocks and north of the
Nicaraguan Depression (Townsend 2011, Townsend et al. 2011). Fifty new species of
amphibians and reptiles have been described from the region’s montane forests since
2000 (Cadle 2012, Cadle and Savage 2012, McCranie and Hedges 2012, Rovito et al.
2012), with literally dozens more awaiting description (Townsend 2011).

Our knowledge of the taxonomic diversity of Mesoamerican pitvipers has also
greatly increased since the turn of the century (e.g. Campbell and Flores-Villela 2008,
Jadin et al. 2011). Three species of endemic pitvipers have been described from the
Chortis Highlands since 2000: Azropoides indomitus Smith & Ferrari-Castro 2008,
Bothriechis thalassinus Campbell & Smith 2000, and Cerrophidion wilsoni Jadin,
Townsend, Castoe & Campbell 2012. Two of these three taxa, B. thalassinus and C.
wilsoni, had previously been concealed within more widespread taxa only to be re-
vealed by more focused sampling and phylogenetic analyses.
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The green palm-pitvipers (genus Bothriechis) of Mesoamerica have long been a
source of taxonomic uncertainty and confusion (Campbell and Lamar 2004). Ambi-
guities among type specimens and localities, the imprecise provenance of many avail-
able specimens, disjunct distributions limited to fragmented highland forests, and
misleading external morphology have all contributed to a lack of taxonomic resolution
among populations currently assigned to two species from the Chortis Highlands; Bo-
thriechis marchi (Barbour and Loveridge 1929) and B. thalassinus. As currently under-
stood, these two taxa inhabit a number of disjunct localities in the Chortis Highlands
(Campbell and Lamar 2004, McCranie 2011a). Available molecular data for these two
taxa are limited to a single sample assigned to each nominal form, which indicate the
two are sister species nested within a Nuclear Central American clade (also including
B. aurifer, B. bicolor, and B. rowleyi) that is, in turn, sister to the highland Bozhriechis
(i.e. B. lateralis and B. nigroviridis) found in lower Central America (Taggart et al.
2001, Castoe and Parkinson 2006, Castoe et al. 2009).

Bothriechis marchi sensu lato is known from localities in the Cordillera Nombre
de Dios, Cordillera de Merenddn, and Sierra de Sulaco of Honduras and adjacent
areas of Guatemala, with B. thalassinus being found in the Cordillera de Merendén
of Guatemala and Honduras, Cerro Santa Bdrbara and nearby highland forests in
Honduras, Cerro del Mono in eastern Guatemala, and the highlands around the El
Salvador-Guatemala-Honduras border area (Campbell and Lamar 2004; McCranie
2011a). Both of these taxa include a number of allopatric highland populations that
have not been assessed using phylogenetic methods. Of interest here are popula-
tions from the Cordillera Nombre de Dios, found within and around Refugio de
Vida Silvestre Texiguat and Parque Nacional Pico Bonito. These two cloud forest
reserves are each recognized for their diverse endemic herpetofauna (McCranie and
Castafieda 2005; Townsend et al. 2012) and are taxonomically and biogeographi-
cally distinctive from that of the northern Cordillera de Merendén, which includes
the vicinity of the type locality of B. marchi in the Sierra de Omoa (Townsend
and Wilson 2008).

Two expeditions in 2010 provided the first herpetofaunal inventory of the ex-
tensively forested windward portions of Refugio de Vida Silvestre Texiguat, one of
the most endemism-rich highland forests in Mesoamerica (Townsend et al. 2012).
During two visits to the windward side of Refugio de Vida Silvestre Texiguat in
June and July 2010, we collected a series of arboreal pitvipers representative of
those assigned to B. marchi. Phylogenetic analyses revealed that the population
from Refugio de Vida Silvestre Texiguat is not conspecific with the nominal taxon
B. marchi, nor are they part of the Nuclear Central American clade containing B.
marchi and B. thalassinus. Remarkably, this population is shown to represent a rel-
ict northern lineage that is most closely related to B. lateralis from Costa Rica and
western Panama. We herein describe the Refugio de Vida Silvestre Texiguat popu-
lation of Bothriechis as a new taxon, and discuss the implications for systematics,
biogeography, and conservation.
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Materials and methods

Field-based sampling

The type series was collected during sampling in the vicinity of La Liberacién (15.53°N,
87.29°Wj; camp established at 1,030 m elevation) during 10-21 June (11 participants;
1,320 person-hours sampling) and 26 July—2 August 2010 (13 participants; 880 person
hours). Tissue samples were preserved in SED buffer (20% DMSO, 0.25 M EDTA,
pH 7.5, NaCl saturated; Seutin et al. 1991, Williams 2007) and whole specimens in
10% formalin and later transferred to 70% ethanol. Specimens were deposited in the
Carnegie Museum of Natural History (CM), Museum of Vertebrate Zoology, Univer-
sity of California Berkeley (MVZ), National Museum of Natural History, Smithsonian
Institution (USNM), and Amphibian and Reptile Diversity Research Center, Univer-
sity of Texas at Arlington (UTA).

DNA extraction, amplification, and sequencing

Genomic DNA was isolated from muscle tissue taken from eleven specimens of Bozh-
riechis using a Qiagen DNeasy extraction kit and protocol. Four mitochondrial gene
fragments (NADH dehydrogenase subunit 4 (ND4), cytochrome b (cyt 4), 12S rRNA,
and 16S rRNA) were independently PCR-amplified as described in multiple studies
(Knight and Mindell 1993; Arévalo et al. 1994; Parkinson et al. 1997; Parkinson et
al. 2002) using Promega GoTaq” Green master mix, the primer pairs ND4 + LEU,
Gludg + AtrCB3, L1091 + 12E, and 16SF + 16SR, and annealing temperatures 48°C,
48°C, 50°C, and 45°C, respectively. Sequencing was performed in both forward and
reverse directions using the PCR primers on a Beckman Coulter automated capillary
sequencer, and sequence chromatographs were edited using Sequencher 4.2. Sequences
for each gene were aligned separately, first automatically using the program MUSCLE
(Edgar 2004), and then manually rechecked using Se-Al v2.0al1. Gaps in alignments
were treated as missing data. No internal stop codons were found in the two protein-
coding gene fragments. Novel sequences from this study were deposited in GenBank
(KC847255-289).

Previously published sequences of Bothriechis were downloaded from GenBank
and combined with new sequence data generated in this study (Table 1). Representa-
tives of two Mesoamerican genera from the diverse sister clade to Bothriechis (which
contains Atropoides [Mesoamerica], Bothriopsis [South America], Bothrocophias [South
Americal, Bothrops [Mexico to South Americal, Cerrophidion (Mesoamerica], and Por-
thidium [Mexico to South America]) were selected for use as outgroups to root our Bo-
thriechis phylogeny (Castoe et al. 2005, 2009; Daza et al. 2010): Azropoides mexicanus
and Cerrophidion wilsoni, both of which are sympatric with Bozhriechis in Refugio de
Vida Silvestre Texiguat (Townsend et al. 2012).
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Table I. Taxa, vouchers, locality data, and GenBank accession numbers for sequences used in this study.
Novel sequences from this study are indicated in boldface; country codes used as follows: CR = Costa
Rica; EC = Ecuador; GT = Guatemala; HN = Honduras; MX = Mexico; NI = Nicaragua.

. GenBank Accession Numbers
Taxon Locality Voucher ND4 ot h 125 168
. . HN: Atldntida:
Atropoides mexicanus Texiguat USNM 578906 | KC847289 | KC847271 | KC847268 | KC847255
Bothriechis aurifer GT: UTA R-35031 |DQ305483 | DQ305466 | DQ305425 | DQ305448
Bothriechis bicolor GT: UTA R-34156 | DQ305484 | DQ305467 | DQ305426 | DQ305449
HN: Addndida: |- o 50070 — | KC847280 — KC847260
Texiguat
HN: Addndda:| o o00305 | | kes47279 | | KC847258
Texiguat
HNT:;:;‘;‘:‘*‘*’ USNM 579873 | KC847286 | KC847274 | KC847267 | KC847262
HNT:::IT;‘;M* USNM 579874 | KC847288 | KC847282 | KC847266 | KC847263
o . | HN: Atldntida:
Bothriechis guifarroi Texiguat USNM 579875 | KC847287 | KC847281 | KC847265 | KC847264
HN: Addndda:| oy ps70876 | | kesazeze| — _
Texiguat
HN: Addndida: | o\ s70877| | kesazazs|  — —
Texiguat
HN: Addndda:| oy rs70g78 | | kesaz2ry — KC847261
Texiguat
HN: Addndda:| 0y g 60303 | | kes7275| | KC847259
Texiguat
Bothriechis lateralis CR: Acosta |MZUCR-11155| U41873 | AY223588 | AF057211 | AF057258
GT: Zacapa:
Cerrodel | UTA R-52959 | DQ305486 | DQ305469 | DQ305428 | DQ305451
Bothriechis marchi Mono
HN:Corés: |y 063604 | — | KC847283|  — —
Sierra de Omoa
Bothriechi CR: San
omrecon Gerondo de |MZUCR-11151| AY223635 | AY223589 | AF057212 | AF057259
nigroviridis
Dota
L. , MX: Cerro
Bothriechis rowleyi Badl JAC 13295 | DQ305485| DQ305468 | DQ305427 | DQ305450
CR: Cariblancol 7 150p 11149 AY223636 | AY223590 | AF057213 | AF057260
de Sarapiqui
EC: Pichincha | FHGO Live coll | AF292611 | AF292573 — —
Bothriechis schlegelii HN;(E;’:“: UF 157577 | KC847285 | KC847272 | KC847270 | KC847257
NI Jinotega: | (b 166874 | KC847284 | KC847273 | KC847269 | KC847256
Bosawas
Bothriechis .
cupercillaris CR: San Vito — DQ305487 | DQ305470 | DQ305429 | DQ305452
Bothriechis
e GT: Zacapa | UTA R-52958 | DQ305482 | DQ305465 | DQ305424 | DQ305447
. ., .| HN: Olancho:
Cerrophidion wilsoni Botaderos UTA R-52953 | JQ724172 | JQ724159 | JQ724146 | JQ627132
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Phylogenetic analyses

Bayesian inference (BI) and maximum likelihood (ML) were implemented to recon-
struct phylogenies for the Borhriechis ingroup taxa. To identify appropriate models
of nucleotide substitution for both analyses, we used the program MrModeltest v2.2
(Nylander 2004), run in PAUP* v4.0b10 (Swofford 2002). We used Akaike infor-
mation criterion (AIC) to select the best-fit models, as estimated by MrModeltest
(Table 2). The four gene fragments were concatenated (2,263 total bp), and this
combined dataset was partitioned by gene and codon position (for cyt-b and ND4),
resulting in a total of eight partitions as was shown to be justified in analysis of a
similar dataset that included these four fragments from these species (Castoe and
Parkinson 2006). Stems and loops were not partitioned separately due to a lack of
informative characters.

Phylogenetic analyses using BI were conducted with MrBayes v3.0b4 (Ronquist
and Huelsenbeck 2003). Two simultaneous BI runs were conducted (with the default
Markov chain Monte Carlo [MCMC] settings), and run for a total of 5.0 x 10° gen-
erations per run, sampling trees and parameters every 100 generations. We used PSRF
values (output by MrBayes), together with plots of cold chain likelihood values and
parameter estimates visualized in Tracer v1.5.4 (Rambaut and Drummond 2009), to
confirm stationarity and convergence of MCMC runs. Based on this evaluation, the
first 1.5 x 10° generations from each run were discarded as burn-in.

Phylogenetic relationships were inferred using ML as implemented in RAxXML
7.2.8 (Stamatakis 2006, Stamatakis et al. 2008), using the same partitioning scheme
described above for BI. Tree support was assessed using the rapid-bootstrapping algo-
rithm with 1000 non-parametric bootstraps; all ML estimates and tests were run under
the GTRCAT model, as models available for use in RAXML are limited to variations
of the general time-reversible (GTR) model of nucleotide substitution.

Morphological data collection

We examined 34 preserved specimens of Bothriechis for this study (Appendix). Defini-
tions of scale counts and morphological features follow Campbell and Lamar (2004)
and bilateral characters are reported as right/left. Unsexed juvenile specimens were
considered separately from adult males and females. For the holotype, we dissected and
removed the partially everted hemipenis at the base. We then filled the hemipenis with
warm water using a blunt-tipped syringe needle in order to attempt full eversion. We
then removed the water and injected hot petroleum jelly with blue wax-dye until near
maximum expansion was achieved. Finally, we tied the hemipenes and stored them
in 70% ethanol. This procedure is modified from that of Myers and Cadle (2003)
and Zaher and Prudente (2003) and is further described and illustrated in Smith and
Ferrari-Castro (2008) and Jadin and Smith (2010). Hemipenial terminology follows
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Table 2. Results from « priori model selections based on Akaike information criterion (AIC) conducted
in MrModeltest 2.2 (Nylander, 2004) for partitions of the dataset.

Partition Total characters | Parsimony-informative characters Best-fit model
ND4 1* pos 222 39 GTR+I'
ND4 2 pos 222 9 GTR+I
ND4 34 pos 222 128 GTR+I'
Cyt b 1* pos 231 33 GTR+I'
Cyt b 2™ pos 231 12 HKY+I
Cyt b 3" pos 231 134 GTR+I+I"

128 409 60 GTR+I"
16S 495 39 GTR+I

Dowling and Savage (1960), Keogh (1999), and Savage (2002). Comparative morpho-
logical data on related species was taken primarily from Campbell and Lamar (2004)
and Soldrzano (2004). Color names and codes used in descriptions of coloration in life
are from Kohler (2012); color notes in life were derived from a series of photographs
of the holotype and paratypes.

Results

Bayesian and Maximum Likelihood phylogenetic analyses produced congruent topo-
logical results. Our phylogeny (Fig. 1) is generally congruent with those of Castoe
et al. (2009) and Daza et al. (2010), recovering two clades of nominal Bothriechis
schlegelii (one Mesoamerican, one from Ecuador) rendered paraphyletic with respect
to B. supraciliaris, and showing strong support for a B. marchi—B. thalassinus clade and
a B. aurifer—B. rowleyi clade, together forming a B. aurifer—B. bicolor—B. marchi—B.
rowleyi—B. thalassinus clade that geographically corresponds to Nuclear Central Amer-
ica (Fig. 1). Both of our analyses recovered a weakly supported clade that includes
the Costa Rica/Panama taxa B. lateralis and B. nigroviridis, along with the Bothriechis
population from Refugio de Vida Silvestre Texiguat, Honduras. Within this primarily
southern clade, nine samples from Refugio de Vida Silvestre Texiguat show virtually
no genetic divergence from one another, and form a monophyletic group with a well-
supported (PP = 1.0; bs = 100) sister clade to B. lateralis from Costa Rica and western
Panama (Fig. 1).

Based on the phylogenetic results, we examined morphological variation among
populations of Bothriechis marchi sensu lato, which confirm the evolutionary and taxo-
nomic distinctiveness of the Texiguat population as well as its apparent morphological
aflinity with a specimen from Parque Nacional Pico Bonito, approximately 75 km to
the east of Refugio de Vida Silvestre Texiguat. We present the following description of
this relict northern lineage as a new species.
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Figure 1. Phylogeny of palm-pitvipers (genus Bothriechis), showing strong support for a species-level
clade of the Texiguat population (Bozhriechis sp. n.) that is sister to B. lateralis. The tree was estimated
from a Bayesian 50% majority-rule consensus composed from a concatenated mitochondrial dataset
(ND4, cyt b, 128, and 16S; total of 2263 bp). Numbers at nodes represent values of Bayesian posterior
probabilities (PP, left) and Maximum Likelihood bootstraps (BS, right). Nodes supported by = 95% PP
and > 70 BS are considered highly supported.
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Systematics

Bothriechis guifarroi sp. n.

urn:lsid:zoobank.org:act: IFC0661F-B08B-4D0D-85CC-DAEAB502D0DB
http://species-id.net/wiki/Bothriechis_guifarroi

Figs 2-3, 5-6

Bothrops nigroviridis (in part): Meyer 1969: 420.
Bothriechis marchi (in part): Campbell 1982: 381.
Bothrops marchii (in part): Wilson and Meyer 1985: 120.

Holotype. UTA R-60303 (Figs 2, 3), an adult male from La Liberacion (Fig. 4A,C),
15.5302°N, 87.2939°W (DD), 1,015 m elevation, Refugio de Vida Silvestre Texiguat,
Departamento de Adédntida, Honduras, collected 25 July 2010 by the field team of
E. Aguilar, A. Contreras, L. Gray, L.A. Herrera-B., M. Medina-Flores, A. Portillo, A.
Stubbs, and J. H. Townsend. Original field number JHT 3243. Genbank accession
numbers: 16S (KC847259), cyt b (KC847275).

Paratypes (8): HONDURAS: Departamento de Atldntida: Refugio de Vida Sil-
vestre Texiguat: adult female (USNM 579875) collected 19 June 2010, two adult
females (USNM 579876-77) collected 29 July 2010, and two unsexed neonates
collected 18 June 2010 (USNM 579873-74), all from Cerro El Chino (Fig. 4B),
15.5225°N, 87.2802°W (DD), 1,360-1,450 m elevation, southeast of La Liberacién.
Two males (CM 156870 and MVZ 269305) collected 28 July 2010 from a ridge-top
trail above La Liberacidén, 15.5418°N, 87.2891°W (DD), 1,290 m elevation. One male
(USNM 579878) collected 30 July 2010 from La Liberacién (Fig. 4A, C), 15.5302°N,
87.2939°W (DD), 1,015 m elevation.

Referred specimens (4). HONDURAS: Departamento de Addntida: AMNH
46949 from “Tela,” collected sometime before April 1932; USNM 319942 from
Quebrada de Oro, Parque Nacional Pico Bonito. Departamento de Yoro: Refugio de
Vida Silvestre Texiguat: USNM 337488-89 from 2.5 airline km north-northeast of
La Fortuna. See Remarks.

Definition. Bothriechis guifarroi is distinguished from all nine congeners by the
following combination of features: dorsal scales in 19-19-15 rows; ventrals in males
162—-166 (163.8), in females 158-166 (164.0), 162—166 (164.0) in neonates; sub-
caudals in males 60—68 (63.0), in females 60-63 (61.0), 62—68 (65.0) in neonates;
intersupraoculars (3—7); superciliary scales absent; prelacunal scale fused to second
supralabial on both sides; two known color patterns in juveniles, one brown (with a
pale paraventral stripe and a series of short darker dorsal blotches and a dark brown
postocular stripe bordered by yellow on its lower edge) and the other green (with a
series of pale blue blotches and a deep blue postocular stripe bordered by pale blue on
its lower edge); dorsal coloration in adults green with pale blue trim on anterior edges
of dorsal scales, and pale blue postocular stripe with green along the keels in center of
stripe; and iris pale green, pale gray, or pale tan.
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Figure 2. Photographs in life of the adult male holotype of Bothriechis guifarroi (UTA R-60303), with
lateral and dorsal views of the head. Photographs by JHT.

Diagnosis. Bothriechis guifarroi can be distinguished from the other members of
the genus Bothriechis as follows (B. guifarroi features indicated first, those for species
compared next): B. aurifer (distributed at moderate and intermediate elevations from
extreme east-central Chiapas, Mexico, to east-central Guatemala) — adult color pat-
tern (green vs. black-bordered yellow blotches on green background and prominent
black postocular stripe) and juvenile color pattern (green with pale blue blotches or
brown with pale paraventral stripe and dark dorsal blotches vs. pale lime green with
black-bordered yellow blotches); B. bicolor (occurring marginally at low upward to
intermediate elevations from southeastern Chiapas, Mexico, to south-central Guate-
mala) — number of dorsal scales at midbody (19 vs. 21) and condition of prelacunal
and second supralabial scales (fused vs. separate); B. lateralis (moderate to marginally
high elevations from northwestern Costa Rica to western Panama) — number of dor-
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sal scale rows at midbody (19 vs. modal number of 23), adult color pattern (green vs.
green with pale paravertebral bars and paraventral stripe), and juvenile color pattern
(bi-morph pattern of green with blue dorsal blotching or brown with pale paraventral
stripe and short unicolor dark blotches vs. uni-morph pattern of brown ground color
with pale paraventral stripe and short bicolor dark and pale blotches); B. marchi (found
marginally at low elevations up to intermediate elevations in northwestern Hondu-
ras and adjacent Guatemala) — condition of prelacunal and second supralabial scales
(fused vs. separate), number of subcaudals in females (60—63 vs. 46—57); B. nigroviridis
(moderate to intermediate elevations from north-central Costa Rica to west-central
Panama) — adult color pattern (patternless green vs. green with very heavy black
mottling), juvenile color pattern (green with pale blue blotches or brown with pale
paraventral stripe and a series of short darker dorsal blotches vs. green with heavy
black mottling), iris color (pale green, pale gray, or pale tan vs. almost black), numbers
of ventral scales in both sexes (162—166 and 158-166 vs. 143—158 and 134-158),
numbers of subcaudal in both sexes (60-68 and 60—63 vs. 49-56 and 44—58), and
condition of prelacunal and second supralabial scales (fused vs. separate); B. rowleyi
(moderate to intermediate elevations from extreme southeastern Oaxaca to northwest-
ern Chiapas, Mexico) — condition of prelacunal and second supralabial scales (fused
vs. almost always separate), iris color (pale green, pale gray, or pale tan vs. yellow), and
juvenile color pattern (green with pale blue blotches or brown with pale paraventral
stripe and a series of short darker dorsal blotches vs. pale yellowish green with brown or
purple dorsal blotches); B. schlegelii (low to intermediate elevations from northwestern
Chiapas, Mexico, southward through Central America and into northwestern South
America as far as extreme western Venezuela and extreme northern Peru) — lack of
superciliary scales in the former and their presence in the latter, number of suprala-
bials (10-12, usually 10 vs. 7-10, usually 8), number of midbody dorsal scale rows
(19 vs. 21-25, usually 23), and adult color pattern (green vs. extremely variable color
and pattern involving ground color of yellow, pink, brown, gray, or green and dorsal
blotching of a sizable array of colors, but sometimes absent; contrasting postocular
stripe absent vs. present); B. supraciliaris (moderate to intermediate elevations from
southwestern Costa Rica to west-central Panama) — lack of superciliary scales in the
former and their presence in the latter, number of midbody dorsal scale rows (19 vs.
21-23, usually 23), number of ventral scales in both sexes (162-166 and 158166 vs.
145—150 and 141-148), number of subcaudal scales in both sexes (60-68 and 60-63
vs. 48-54 and 45-52), and adult color pattern (green vs. extremely variable color
and pattern involving ground color of shades of green, brown, or maroon and dorsal
blotching of an array of colors contrasting with that of the ground color; contrasting
postocular stripe absent vs. present); B. thalassinus (moderate to intermediate eleva-
tions from extreme eastern Guatemala and extreme northwestern El Salvador to west-
ern Honduras) — number of midbody dorsal scale rows (19 vs. 21-23, usually 21),
and condition of prelacunal and second supralabial scales (fused vs. separate).
Description of holotype. An adult male (Figs 2, 3) with hemipenes partially
everted, left removed; rostral broader than high (4.38 x 3.26 mm); 2 internasals an-
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Figure 3. Dorsal, lateral, and ventral aspects of the head of the holotype of Bothriechis guifarroi (UTA
R-60303). Photographs by RCJ.
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teriorly; 2/2 canthals; 4 posterior intercanthals; supraoculars slightly more than two
times as long as broad; 5 intersupraoculars; many scales on head of large size, includ-
ing large, flat frontal and parietal scales; interrictals 25; single loreal, longer than high,
bounded by upper two preoculars, canthal above, prelacunal and prefoveals below,
and nasal; prefoveals 3/3, subfoveals 1/1; prelacunal and second supralabial fused; pre-
oculars 3/3, upper largest, middle large and in contact with supralacunal; suboculars
2/2; postoculars 2/2; supralabials 10/10; mental broader than long (4.39 x 3.29 mm);
infralabials 11/11; chin shields contacting first four pairs of infralabials; gulars between
chin shields and first preventral 6/4; dorsal scale rows 19-19-15; preventrals 2; ventrals
161; cloacal scute undivided; 65 undivided subcaudals; tail spine short and blunt.

Measurement of holotype. Total length 734 mm; tail length 136 mm, compris-
ing 18.5% of total length; head 29.8 mm from front face of rostral to posterior end of
mandible; head 19 mm at broadest point; neck 7 mm directly behind jaws.

Hemipenis description of holotype. The partially everted left hemipenis of the
holotype is described. Hemipenis at least 20 mm in total length and 13 mm in maxi-
mum width at level of crotch; on sulcate side base with several rows of small spines
(< 0.5 mm) followed by rows of larger spines and hooks extending for 5 mm, largest
protruding ca. 3.5 mm; asulcate side with minutely spined base up to 7 mm before
level of bilobation; numerous small mesial spines (< 0.5 mm) arranged in rows present
for 4 mm to the calyces, with peripheral section of each lobe containing nine spines
and hooks (= 2 mm), five of which border lower rim of calyces; calyces follow spines
and hooks distally; calyces scalloped, at least 10 rows at least 7 mm to apex of hemi-
penis on asulcate side; sulcus spermaticus deep and bifurcating ca. 4 mm before site
of bilobation and extending upwards through spines and calyces likely to tip of each
lobe; sulcus spermaticus bordered by two, occasionally three, columns of minute scales
to the beginning of calyces, which form the border likely to the apex of the lobes.
Although the majority of the hemipenial characters of this specimen are reported, the
lack of a fully everted hemipenis leaves information on the total length and the nature
of the calyces incomplete.

Coloration of holotype in life. Middorsal scales of the holotype Yellowish Spec-
trum Green (Color 128), fading to Light Grass Green (Color 109) laterally and be-
coming Chartreuse (Color 89) ventrolaterally, with Medium Greenish Yellow (Color
88) ventral scales; dorsal body scales edged anteriorly in Light Caribbean Blue (Color
163), with up to approximately one-fourth of the anterior end of some scales edged in
blue; skin concealed between dorsal scales Spectrum Violet (Color 186); postoccipital
stripe Light Caribbean Blue (Color 163), with keel and adjacent portion of three scales
that lie within the postoccipital stripe Light Emerald Green (Color 142); terminal por-
tion of tail Plumbeous (Color 295); iris Pale Bluish Gray (Color 287) with fine black
reticulations most heavily concentrated around the pupil.

Color pattern of holotype in preservative. Scales on dorsal surfaces of the head
and body blue-green, becoming more green laterally and yellow-green to yellow ven-
trally. Tail is mostly green with some grayish blue-green at the dorsal base. Pupil is
cloudy and pale, surrounded by lime green iris heavily speckled with black.
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Figure 4. Habitat in the vicinity of the type locality of Bothriechis guifarroi, La Liberacién, Refugio

de Vida Silvestre Texiguat, Honduras; A riparian vegetation along the Rio Jilamito, 1,015 m elevation
B small seepage pond near the top of Cerro El Chino, 1,380 m elevation € premontane rainforest with
the clearing around La Liberacién (1,030 m elevation) visible in the foreground. Photographs by JHT.

Variation in paratypes. We discuss scutellational variation in the three adult male
paratypes first, the three adult females next, and finally the two unsexed neonates. Scutel-
lation varies as follows (range followed by mean): ventrals (162-166 [164.3], 158-166
[161.7], 162 and 166); subcaudals (60—68 [64.0], 60—63 [61.0], 62 and 68); ventrals +
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subcaudals (222-233 [228.3], 221-226 [222.7], 228 and 230); cloacal scute entire in all
specimens; dorsal scale row formula 19-19-15, with the reduction to 15 rows occurring
at ventrals 114-162; supralabials (10-11 [10.2], 10—11 [10.2], 10-10 and 12-11);
infralabials (10-12 [11.0], 10-13 [11.7], 11-11 and 12-11); preoculars 2-2 in all speci-
mens, except 3-3 in CM 156870; postoculars 2—2 in all specimens, except 3—2 in MVZ
269305 and 4—4 in CM 156870; suboculars 2—3 [2.5], 2-3 [2.7], 2—2 and 3—4; relative
tail length (0.184-0.223 [0.199], 0. 167-0.182 [0.176], 0.179 and 0.194).

Two juvenile color patterns are present in this species (Fig. 5), one we refer to as
a “green phase”, the other as a “brown phase.” Both juvenile phases have distinctively
colored tail-tips, presumably used in caudal luring, and well-differentiated postocular
stripes. The green phase (USNM 579874) has a Chartreuse (Color 89) dorsal ground
color with Light Turquoise Green (Color 146) edging on the dorsal scales as well as on
a series of irregular middorsal blotches, a Pale Green (Color 99) venter, and a Char-
treuse (Color 89) head with a Jet Black (Color 300) postocular stripe, bordered above
and below by Light Turquoise Green (Color 146); tip of tail Cobalt Blue (Color 180);
the iris is Pale Neutral Gray (Color 296) with fine darker reticulations. The brown
phase (USNM 579873) has a Robin Rufous (Color 29) ground color middorsally and
anteriorly, becoming Salmon Color (Color 58) laterally and posteriorly, with a series
of irregular Ferrunginous (Color 35) middorsal blotches, a Pale Buff (Color 1) ventral
surface of head and venter becoming gradually darker (Pale Pinkish Buff [Color 3])
posteriorly, a Dark Salmon Color (Color 59) head with a Chestnut (Color 30) postoc-
ular stripe, bordered above and below by Light Buff (Color 2); tip of tail Sepia (Color
286); a Pale Buff (Color 1) paraventral stripe is present on the lower half of the first
dorsal scale row and the lateral edge of the ventrals; dark speckling along lateral edge of
the ventrals; the iris is Chamois (Color 84) with fine darker reticulations.

The type series of B. guifarroi demonstrates considerable variation in the condi-
tion and shape of the scales on the dorsal surface of the head (Fig. 6), a characteristic
often considered diagnostic among Bothriechis (Campbell and Smith 2000, McCranie
2011a). Two adult females (USNM 579875 [Fig. 6C] and USNM 579877 [Fig. 6A]),
one adult male (MVZ 269305 [Fig. 6B]), and one neonate (USNM 579873 [Fig. 6F])
all have multiple enlarged, unkeeled, plate-like scales present anterior to the posterior-
most edge of the orbits; one adult female ([Fig. 6D]), one adult male ([Fig. 6E]), and
one neonate (Fig. 6G) all have smaller keeled scales present anterior to the posterior-
most edge of the orbits. As a result of demonstrating essentially the full range of dorsal
head scale conditions in the type series, we do not consider this characteristic to be of
value in diagnosing B. guifarroi from other congeners.

Etymology. The specific name guifarroi is a patronym used to honor our colleague
and friend, Honduran environmental leader Mario Guifarro of Olancho. Don Mario
fearlessly led grassroots efforts to stop illegal logging in the indigenous Tawahka ter-
ritory of eastern Honduras, despite repeated assassination attempts and threats on his
own life and those of his compatriots. Don Mario was murdered on 15 September
2007, ironically Honduras’ Independence Day, while leading a mission to demarcate
the boundaries of the Tawahka-Asangni Biosphere and stave off further illegal defor-
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Figure 5. Paratypes of Bothriechis guifarroi in life; A USNM 579874, green-phase juvenile B USNM
579873, brown-phase juvenile € close-up of head of USNM 579874 D close-up of head of USNM
579873 E USNM 579875, female paratype photographed in situ at Cerro El Chino, 1,420 m eleva-
tion. Photographs by JHT.

estation. On 21 July 2008, the only witness to Mario’s assassination, his son Shamir
Guifarro Ramirez, was also murdered, along with Mario’s father-in-law, Henry Arturo
Chacén, and mother-in-law, Nelda Ochoa, after they were followed out of the city of
Juticalpa by unknown assailants.

Distribution. Populations genetically confirmed to represent Bothriechis guifarroi
are found between 1,015-1,450 m elevation in the western portion of the Cordillera
Nombre de Dios, Department of Atldntida, Honduras, within the boundaries of Refu-
gio de Vida Silvestre Texiguat (Fig. 7). These localities lie within the Premontane Wet
Forest and peripherally in the Lower Montane Wet Forest formations of Holdridge
(1967; as applied by McCranie and Wilson 2002).

Natural history. The holotype was found coiled at 2130h approximately 2.5 m
above the ground among old leaf sheaths in the crown of a medium-sized understory



A relict lineage and new species of green palm-pitviper (Squamata, Viperidae, Bothriechis)... 93

Figure 6. Variation in dorsal head scales among paratypes of Bothriechis guifarroi; A USNM 579877,
adult female B MVZ 269305, adult male € USNM 579876, adult female D USNM 579875, adult female
E USNM 579878, adult male F USNM 579873, neonate G USNM 579874, neonate. Photographs by JHT.

palm in gallery forest alongside the Rio Jilamito (Fig. 4A). Anurans of the genera Du-
ellmanohyla and Ptychohyla were abundant in the immediate vicinity of the holotype.
Two adult males (CM 156870 and MVZ 269305) were collected along a ridge on the
north side of La Liberacion on the night of 28 July 2010. CM 156870 was active on
a small tree from 0.5-1.5 m above the ground; the second snake (MVZ 269305) was
sitting coiled on the ground at the edge of the trail, and attempted to escape by crawl-
ing across the path when we approached. In the immediate vicinity of these snakes
were numerous Craugastor rostralis active on the ground and Bolitoglossa sp. active on
low vegetation. Two neonates were collected on the same night (2100-2200 h) on 18
June 2010, and an adult female (USNM 579875) was collected the next night, in an
area of elfin forest at 1,380 m on the ridge called Cerro El Chino (Fig. 4B) above the
remote ranch locality La Liberacién (at 1,030 m). The brown-phase neonate (USNM
579873) was found atop a large, similarly-colored dead palm frond, while the green-
phase neonate (USNM 579874) was sitting in essentially the same ambush position
as USNM 579873, but on top of a living green frond. Amphibian species collected in
the immediate vicinity of B. guifarroi include Bolitoglossa sp., Nototriton sp., Craugas-
tor rostralis, Plectrohyla chrysopleura, and Prychohyla spinipollex. Twelve Bolitoglossa sp.
were encountered the same night as the two neonates, all while active on or around
dead and living palm fronds in the immediate vicinity of the neonates.

Remarks. Townsend et al. (2012: 107) included a photograph of the holotype
of Bothriechis guifarroi as “Bothriechis marchi.” Bothriechis guifarroi is typically distin-
guished from B. marchi by having the prelacunal scale fused to the second supralabial;
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Figure 7. Geographic distribution of selected Bothriechis species and populations discussed in the text; locali-
ties are based on data published herein and those of Campbell and Lamar (2004), McCranie (2011a), and Sav-
age (2002); red diamond = type locality of B. guifarroi in Refugio de Vida Silvestre Texiguat; black diamond =
referred population of B. guifarroi from Parque Nacional Pico Bonito; circles = Bothriechis sp. inquirenda popu-
lations for the Sierra de Sulaco; squares = B. marchi; triangles = B. thalassinus, inverted triangles = B. lateralis.

however, one male paratype of B. guifarroi (CM 156870) has the right prelacunal
separated from the second supralabial (they are fused on the left side). Also, one speci-
men of B. marchi IMCZ R-33335) from the “mountains west of San Pedro Sula” also
has fused prelacunals and second supralabials on both sides, and another specimen
(MCZ R-32030) from “La Cumbre” has the left prelacunal separated from the second
supralabial (with them fused on the right side).

We tentatively refer four additional specimens to Bothriechis guifarroi: two from a
locality on the leeward side of Refugio de Vida Silvestre Texiguat (USNM 337488-89,
from 2.5 airline km NNE of La Fortuna, Dept. Yoro, 1,550 m elevation), one from the
central portion of the Cordillera Nombre de Dios (USNM 319942, from Quebrada
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de Oro in Parque Nacional Pico Bonito, Dept. Atldntida, 1,090 m elevation), and one
from “Tela” (AMNH 46949). All four specimens also have fused prelacunals and second
supralabials on both sides. USNM 319942 was collected as a juvenile and raised in cap-
tivity (Wilson and McCranie 1992; McCranie 2011a), and exhibited a similar juvenile
color pattern as USNM 579873 before undergoing an ontogenetic shift in coloration to
the bright green pattern exhibited by the type series of B. guifarroi. Campbell and Lamar
(2004: plates 385-386) also provided illustrations of juvenile B. marchi s.l. that demon-
strated two color morphs similar to those exhibited by B. guifarroi; however these two
individuals were captive born in the Houston Zoo and known only from “Honduras.”
AMNH 46949 was collected sometime during or before 1932 by Douglas March
of the Lancetilla Serpentarium, just outside of the seaside city of Tela. While the
“Tela” locality is considered erroneous (Wilson and McCranie 1992), it is possible that
AMNH 46949 was obtained from somewhere in the nearby western portion of the
Cordillera Nombre de Dios. Given that at least some highland taxa found at both RVS
Texiguat and Parque Nacional Pico Bonito are endemic sister species (e.g., Oedipina
gephyra and O. petiola; McCranie and Townsend 2011), we refer USNM 319942 to
B. guifarroi with the understanding that phylogenetic evaluation of the Pico Bonito
population might eventually show those animals to represent a distinct taxon.

Discussion

Conservation status of Bothriechis guifarroi. With the description of Bothriechis
guifarroi, there are now at least three species of palm pitvipers endemic to the Chortis
Highlands, including B. marchi and B. thalassinus, with the potential for additional
undescribed taxonomic diversity pending phylogenetic evaluation of allopatric popula-
tions in central Honduras. Based on the IUCN Red List criteria (2012), B. guifarroi
should be classified as Critically Endangered (Blabliii]+2abliii]) due to its limited
known area of occurrence and the potential for anthropogenic damage to its habitat.
According to the algorithm developed by Wilson and McCranie (2004a), we calcu-
lated the Environmental Vulnerability Score (EVS) for B. guifarroi as 5+8+5=18, allo-
cating it to the category of a high vulnerability species. Given this conservation status,
B. guifarroi becomes the 48" member of the critically endangered endemic component
of the Honduran herpetofauna (Wilson et al. 2012), and the tenth snake species and
the first viperid species so designated. This species also warrants immediate considera-
tion for protection under CITES, given its potential for exploitation in the pet trade.
The vicinity of the type locality of B. guifarroi is part of the relatively large and intact
premontane rainforests and cloud forests of Refugio de Vida Silvestre Texiguat, one
of the most important areas of herpetofaunal endemism in Mesoamerica (Townsend
et al. 2012). While deforestation in the leeward portion of Refugio de Vida Silves-
tre Texiguat has been documented since at least the early 1990’s (see summary in
Townsend etal. 2010), Townsend et al. (2012) reported that the windward portion of
the reserve contained a large intact expanse of virtually undisturbed forest. In late 2012,
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a plot was cleared in the upper Rio Jilamito watershed to the south of La Liberacién,
marking the first time farmers from adjacent Yoro had crossed into the Rio Jilamito
watershed and illegally cleared land (L. Herrera-B., pers. comm.). This is an ominous
development, particularly in light of the recent drastic reduction in financial support
for conservation efforts in Refugio de Vida Silvestre Texiguat, which had funded the
training and employment of a team of local park guards during 2010-2012.

Herpetofaunal Endemism in the Chortis Highlands. Whereas Nuclear Central
America has long been accepted as a region of high biodiversity and endemicity, some
observers have further recognized the western and eastern portions of this highland
block as distinct biogeographic entities (Johnson 1989; Campbell 1999; Townsend
2006, 2009). Eastern Nuclear Central America has been shown to have a distinctive
component of endemic biodiversity, particularly in amphibians and reptiles (Wilson
and Johnson 2010); however, molecular characterization of evolutionary diversifica-
tion patterns in this region has been limited to a few studies of a restricted taxonomic
breadth and broader geographic focus (e.g. Castoe et al. 2009). This region is geo-
graphically analogous to the Chortis Block, an allochthonous geological formation that
currently forms the only modern continental portion of the Caribbean Tectonic Plate
and the largest terrestrial segment of the contemporary Central American land bridge
(Rogers 2003; Marshall 2007). The Chortis Block has a challengingly complex his-
tory, and recently has been the subject of increased focus, and sometimes contentious
debate, within the geological research community (James 2007; Mann et al. 2007;
Ortega-Gutiérrez et al. 2007; Silva-Romo 2008; Mordn-Zenteno et al. 2009).

The majority of the geographical extent of the Chortis Highlands is found within
the political boundaries of Honduras, the country with the highest degree of her-
petofaunal endemism of any Central American nation (Wilson and Johnson 2010).
Townsend and Wilson (2010) reported 91 endemic species (47 amphibians and 44
reptiles) from Honduras. Since that work went to press, an additional ten endemic
species have been described from Honduras, including three new plethodontid sala-
manders (V. picucha, Townsend et al. 2011; N. romamorum, Townsend et al. 2010;
Oedipina petiola, McCranie and Townsend 2011), a new black iguana (Crenosaura
praceocularis, Hasbin and Kohler 2009), a new skink (Marisora roatanae; Hedges and
Conn 2012), two new dwarf geckos (Sphaerodactylus guanajae and S. leonardovaldesi;
McCranie and Hedges 2012), and three new colubrid snakes (Omoadiphas cannula,
McCranie and Cruz-Diaz 2011; Tantilla psittaca, McCranie 2011b; Tantilla olympia,
Townsend et al. 2013). With these species included, the total stands at 101 species,
making B. guifarroi the 102nd described herpetofaunal species endemic to Honduras.

Bothriechis marchi and the status of populations from Yoro. We recognize
Bothriechis marchi sensu stricto as occurring in localities in the Cordillera de Merendén
in the Honduran departments of Cortés and Santa Bdrbara along the border with
Guatemala, as well as for at least one isolated locality in eastern Guatemala (Fig. 7).
This Guatemalan locality, Cerro del Mono in Departamento de Zacapa, previously
was the source of the only sequenced sample assigned to B. marchi (UTA R-52959;
Castoe and Parkinson 2006). Although the population of Bothriechis from Cerro
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del Mono does not agree morphologically with the typical form of B. marchi (E.N.
Smith, pers. comm.; see Plates 422-424 in Campbell and Lamar 2004, as B. thalas-
sinus), the sequence data attributed to UTA R-52959 are not notably divergent from
a sample of typical B. marchi (MVZ 263604) collected from the Sierra de Omoa in
northern Honduras (Fig. 1).

The type localities of Bothriechis marchi and B. thalassinus are both in the Sierra
de Caral, within approximately 20 km of one another on opposite sides of the Guate-
mala/Honduras border (Campbell and Lamar, 2004) suggesting that the two species
occur either in parapatry or sympatry in the limited forest remaining in that mountain
range (the type locality of B. marchi is not precise; Wilson and McCranie [1992]
restricted it to the forested hills above El Oro, Departamento de Santa Bérbara). Indi-
viduals of both taxa in the Sierra de Caral exhibit a primarily green dorsal coloration,
with some scattered bluish middorsal blotches (Campbell and Smith, 2000; Campbell
and Lamar, 2004: plate 425). While the presence of B. thalassinus has not been con-
firmed by vouchered specimens from the Sierra de Omoa, the proximity of the Sierra
de Caral and the Sierra de Omoa in northwestern Honduras and the similarity in
coloration exhibited between these nominal taxa in that vicinity suggest the possibility
that B. thalassinus may have gone unnoticed in the Sierra de Omoa. We have evaluated
photographs of over a dozen individuals of green Borhriechis from the Sierra de Omoa
encountered as part of an expedition-tourism operation in that area over the past five
years, and have noted considerable variation in head scalation in the photographs.
Unfortunately, none of the photographed individuals were collected nor were genetic
samples taken to allow for more detailed evaluation of the Bozhriechis of the Sierra de
Omoa. In addition to the nominal form of B. marchi, it is likely that more than one
species of Bothriechis occurs in sympatry or parapatry in the Sierra de Omoa, possibly
including B. thalassinus and/or an unidentified sister taxon of B. guifarroi. Focused
sampling and phylogenetic analysis of Bothriechis from the Sierra de Omoa is needed
to better characterize the taxonomic diversity present in that mountain range.

Paraphyly in Bothriechis marchi sensu lato in terms of populations from the Cor-
dillera de Merendén and the Cordillera Nombre de Dios, the latter now known to
represent B. guifarroi, calls into question the taxonomic status of populations from iso-
lated localities in the Sierra de Sulaco in Departmento de Yoro (Fig. 7). These popula-
tions are represented in collections by one specimen from Cerro de Pajarillos (USNM
561085), three specimens from the Montana de Mataderos (FMNH 21777, MCZ
R-38785-86), 14 specimens from “Portillo Grande” near Montafia Macuzal (FMNH
34732-35, 35895, 35999-601, 37217, 38542, 41621; MCZ R-38789-91), and two
specimens from “Subirana Valley” (FMNH 21892, MCZ R-38788). Four of these
specimens examined by us for this paper (MCZ R-38785-86, 38790-91) differ from
B. guifarroi in having 21-19-15 dorsal scale rows (versus 19-19-15) and having vary-
ing conditions of fusion of the prelacunal and second supralabial (fused on both sides
in MCZ R-38790, separate on both sides in MCZ R-38786, and fused on one side and
separate on the other in MCZ R-38785 an R-38791). Given the considerable phyloge-
netic diversification presented by analysis of B. guifarroi and B. marchi s. 5., we cannot
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justify assignment of the Yoro populations to either taxon in the absence of molecu-
lar characterization of those populations. Therefore, we tentatively refer to the Yoro
populations as Bothriechis species inquirenda pending collection of fresh material and
phylogenetic characterization. Efforts to secure this material are currently underway.

Evolutionary and biogeographic implications. The phylogenetic position of B.
guifarroi has significant implications for our understanding of the biogeography and
evolution of palm-pitvipers. Crother et al. (1992) first presented a phylogenetic hy-
pothesis for the genus Bothriechis supporting an eyelash pitviper clade (B. schlegelii and
B. supraciliaris) that is sister to a clade containing the remaining species of Bothriechis,
all of which have highland-associated distributions (typically <1,000 m elevation; Fig.
7). Castoe et al. (2009) and Daza et al. (2010) provided the most recent phyloge-
netic estimates for nine species of Bothriechis, as part of a comparative phylogeographic
study of three co-distributed, predominantly Mesoamerican genera of pitvipers. Their
phylogenetic hypotheses supported the contention of Castoe and Parkinson (2006)
that Bothriechis lateralis is the sister group to the Nuclear Central American highland
species of the genus (B. aurifer, B. bicolor, B. marchi, B. rowleyi, and B. thalassinus) and
rejected the Crother et al. (1992) and Taggart et al. (2001) estimates that B. lateralis
is the sister clade to B. bicolor. Our phylogenetic hypothesis also supports a Nuclear
Central American clade, with B. marchi and B. thalassinus in the Chortis Highlands
comprising a group that is sister to B. aurifer, B. bicolor, and B. rowleyi from the Nu-
clear Central American highlands to the west.

The Cordillera Nombre de Dios, which includes Refugio de Vida Silvestre
Texiguat and Parque Nacional Pico Bonito, is home to a distinct endemic biota that,
in many cases, bears little resemblance to the endemic communities found in other
nearby cloud forests (Wilson and McCranie 2004b). While published phylogenetic
datasets of taxa endemic to the Cordillera Nombre de Dios are limited, evidence is
beginning to accumulate that this region, and Refugio de Vida Silvestre Texiguat in
particular, represents a paleo-refugium where relict lineages have accumulated and per-
sisted while disappearing elsewhere in northern Central America. Bothriechis guifarroi
provides the best evidence to date in support of the paleo-refugium hypothesis, given
its phylogenetic relationship with B. lateralis and B. nigroviridis from southern Central
America and lack of close evolutionary relationships with other taxa from Nuclear
Central America. Another recently described species from Refugio de Vida Silvestre
Texiguat, the moss salamander Nozozriton tomamorum, is morphologically and phy-
logenetically more closely associated with the Costa Rican taxon V. richardi than it
is with members of the northern N. barbouri group, which includes an undescribed
taxon that occurs in sympatry with V. zomamorum (Townsend et al. 2010). Isthmohyla
insolita, another Texiguat endemic, is one of only two Isthmohyla in northern Central
America (the other being /. melacaena from the Sierra de Omoa; neither species has
been subjected to phylogenetic analysis), with the remaining 13 species restricted to
highlands of Costa Rica and Panama (Kéhler 2011).

Castoe et al. (2009) estimated that Lower Central American and Nuclear Cen-
tral American Bothriechis diverged at the Nicaraguan Depression between 5.73-9.87
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mybp, based on the hypothesis that B. lateralis represented the sister lineage to the
Nuclear Central American clade. Given the discovery of B. guifarroi, the timing of di-
vergence across the Nicaraguan Depression could be much more recent, similar to that
seen between Cerrophidion sasai and C. wilsoni (3.06—6.03 mybp; Castoe et al. 2009).
Alternatively, it is possible that a Lower Central American Bothriechis (i.e., B. guifarroi,
B. lateralis, B. nigroviridis) may have split from Nuclear Central American taxa via the
Nicaraguan Depression earlier than suggested by Castoe et al. (2009) and Daza et al.
(2010). Following additional sampling and the evaluation of populations presently re-
ferred to as B. sp. inquirenda, a reevaluation of Mesoamerican pitviper biogeography is
warranted, and may shed further light on the complicated biogeographic relationship
between northern and southern Central America.
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Appendix

Specimens examined; museum acronyms follow Sabaj-Pérez (2012).

Bothriechis guifarroi (12) — Honduras: ATLANTIDA: Quebrada de Oro, USNM
319942; “Tela,” AMNH 46949; La Liberacién, CM 156870, MVZ 269305,
USNM 579873-78, UTA R-60303. YORO: 2.5 airline km NNE of La Fortuna,
USNM 337488-89.

Bothriechis marchi (19) — Honduras: CORTES: “near Cofradia,” MCZ 28014; “La
Cumbre,” AMNH 46954-57, MCZ 32029-31; Sierra de Omoa, MCZ 33334—
36, 33560-64, USNM 83454. SANTA BARBARA: “Quimistdn,” MCZ 27260,
27510; “between Cofradia and Quimistdn,” MCZ 27567-68, UMMZ 90677
(was MCZ 27569); “Santa Barbara,” MCZ 28014.

Bothriechis thalassinus (3) — Honduras: COPAN: Quebrada Grande, KU 203094;
OCOTEPEQUE: 21.7 km east of Nuevo Ocotepeque, LSUMZ 23821; SANTA
BARBARA: southeastern slope of Cerro Santa Barbara, LSUMZ 11638.

Bothriechis sp. inquirenda (4) — Honduras: YORO: Montafas de Mataderos, MCZ
38785-86; Portillo Grande, MCZ R-38790-91.






