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Abstract
The family Xeniidae (Octocorallia) constitutes an abundant benthic component on many Indo-West Pa-
cific coral reefs and is ecologically important in the Red Sea. The genus Ovabunda Alderslade, 2001 was 
recently established to accommodate previous Xenia species with sclerites comprised of a mass of minute 
corpuscle-shaped microscleres. The aim of the present study was to examine type material of Xenia species 
in order to verify their generic affiliation. We present here a comprehensive account of the genus Ovabun-
da, using scanning electron microscopy to depict sclerite microstructure. We assign three Xenia species to 
the genus: O. ainex comb. n., O. gohari comb. n., and O. crenata comb. n.; and synonymize several other 
species of Ovabunda. We provide a key to Ovabunda species and conclude that they are mainly confined 
to the Red Sea, with some occurrence in the West Indian Ocean.
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introduction

Members of the octocoral family Xeniidae form a major component of shallow cor-
al-reef communities in the tropical Indo-West-Pacific region, and in the Red Sea in 
particular (e.g., Gohar 1940; Benayahu 1990; Reinicke 1997). In the Red Sea, a re-
markably high number of 34 species have been recorded from the family prior to this 
revision, 24 of which were originally described from the region (Reinicke 1995, 1997). 
Some of these species have not been reported in any other region, thus emphasizing 
their high diversity and importance in the Red Sea.

The xeniids comprise for the most part small and soft colonies, which are often 
slippery due to the secretion of large amounts of mucus (Fabricius and Alderslade 
2001). A morphological feature unique to most of them is that the pinnules along the 
margins of the polyp tentacles are arranged in more than one longitudinal row. The 
number of pinnule-rows and the number of pinnules in the outermost row have been 
considered diagnostic features used for species identification (e.g., Hickson 1931a; 
Verseveldt and Cohen 1971; Benayahu 1990; Reinicke 1997). Several additional char-
acteristics have been considered of taxonomic value, such as the size, shape, and colora-
tion of the colonies, as well as polyp retractability and pulsation in live colonies (e.g., 
Gohar 1940; Verseveldt 1960; Reinicke 1995, 1997; Fabricius and Alderslade 2001).

Most xeniids feature a high density of sclerites in all parts of the colony, such as 
members of the genera Asterospicularia Utinomi, 1951; Sansibia Alderslade, 2000 (see 
Fabricius and Alderslade 2001) and Xenia including X. blumi Schenk, 1896; X. garciae 
Bourne, 1894 (see Gohar 1940) and X. benayahui Reinicke, 1995 (see Reinicke 1997); 
while other species have no sclerites or only a few (e.g., X. hicksoni Ashworth, 1899 and 
Heteroxenia ghardaqensis Gohar, 1940).

Over the years studies have revealed that a number of taxa have relatively sim-
ple sclerites in the form of round platelets, including those of the genera Cespitu-
laria Milne-Edwards & Haime, 1850; Heteroxenia Kölliker, 1874; Funginus Tixier-
Durivault, 1970; Sansibia Alderslade, 2000; Sarcothelia Verrill, 1928; Sympodium 
Ehrenberg, 1834 and Xenia Lamarck, 1816 (see also Fabricius and Alderslade 2001). 
This finding led to coining of the terms “general xeniid structure” (Gohar 1940: 95, 
99, 104, 107) and “xeniid type of sclerites” (Verseveldt 1970: 227; Verseveldt 1974: 
35). The majority of species descriptions of those genera thus did not depict sclerites, 
but rather presented the size range of their maximal diameter (e.g., X. crassa Schenk, 
1896 in Hickson 1931a; X. blumi and X. garciae in Gohar 1940; X. biseriata Verse-
veldt & Cohen, 1971 and X. faraunensis Verseveldt & Cohen, 1971). Similarly, in his 
original description of X. macrospiculata, Gohar (1940) provided the size range of the 
sclerites and their morphological features, referring to them as “generally spherical, 
rarely ovoid or of irregular roughly spherical shape but always with smooth surface”; 
and also noted for X. blumi sclerites: “They are mostly ovoid, rarely circular or el-
lipsoidal”. Later, Fabricius and Alderslade (2001: 53) argued that xeniid sclerites are 
“nearly always minute platelets or corpuscle-like forms, with a surface that generally 
appears almost smooth at the magnification of a light microscope”. Only a few studies 
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presented drawings of xeniid sclerites, such as those of Cespitularia mantoni Hickson, 
1931a and C. multipinnata Quoy & Gaimard, 1833 (Hickson 1931a: 168, fig. 5); C. 
taeniata May, 1899 (Utinomi 1950: 15, fig. 3f); X. kusimotoensis Utinomi, 1955: 264, 
fig. 1d; Fungulus heimi Tixier-Durivault, 1970: 324; Xenia macrospiculata (see Verse-
veldt 1971: 64, fig. 39c), and Sympodium caeruleum Ehrenberg, 1834 (see Klunzinger 
1877: 42, pl. III, fig. 5 from Ehrenberg’s unpublished drawings).

Over the last two decades the use of scanning electron microscopy (SEM) has re-
vealed microstructural features of xeniid sclerites, which were not visible under a light 
microscope. Benayahu (1990) presented sclerite images of the type of X. verseveldti 
Benayahu, 1990; and of his collected X. nana Hickson, 1931b whose surface micro-
structure revealed corpuscular aggregations of microscleres, recorded for the first time 
among octocorals. Subsequently, SEM images with similar features were presented for 
X. obscuronata Verseveldt & Cohen, 1971 (Reinicke 1995: 18, fig. 6h, i), X. benayahui 
Reinicke, 1995: 18, fig. 6g and X. faraunensis Verseveldt & Cohen, 1971 (Reinicke 
1997: 19, fig. 9a, b). A contrasting form, made of latticework matrix of calcite rods 
(sensu Alderslade, 2001) was demonstrated for the first time by Reinicke (1997: 19, figs 
7, 8, 10) for H. fuscescens Ehrenberg, 1834; Sympodium caeruleum Ehrenberg, 1834 
and X. umbellata Lamarck, 1816. It should be noted that the sclerites of H. fuscescens 
and Sympodium caeruleum were initially depicted by Reinicke 1995 (page 18, fig. 6e, 
f), but unfortunately the micrographs were of low quality. Reinicke (1997) assigned 
the two types of sclerites, featuring both corpuscular and dendritic structure, to Xenia, 
and concluded that their taxonomic significance remained to be studied. These find-
ings prompted the use of SEM for studying sclerites of the genera Anthelia Lamarck, 
1816 (see Reinicke 1997) and Asterospicularia Utinomi, 1951 (see Alderslade 2001). 
The latter study further used SEM to describe the genera Bayerxenia Alderslade, 2001; 
Ingotia Alderslade, 2001; Ixion Alderslade, 2001 and Orangaslia Alderslade, 2001.

The discovery of a corpuscular sclerite-type among previously described Xenia spe-
cies led Alderslade (2001) to establish the genus Ovabunda while retaining those with 
the dendritic surface in the original genus. Consequently, he assigned seven of the 
originally described Xenia species to the new genus. Those assignments were made 
based on examination of type colonies of X. benayahui and X. verseveldti by L.P. van 
Ofwegen and the last author of the current study. For the remaining species, the as-
signment was not based on examination of types, but rather on sclerite descriptions in 
Reinicke (1997) for X. biseriata Verseveldt & Cohen, 1971 (p. 18) and X. faraunensis 
(Fig. 9a, b), and in Reinicke (1995) for X. obscuronata (p. 18, fig. 6h, i). The assign-
ment of X. macrospiculata was based on examination of Red Sea material by the last 
author of the current study (Alderslade 2001: fig. 30), and that of X. arabica Reinicke, 
1995 was not justified by Alderslade.

In a later study, Janes (2008) depicted sclerites of Ovabunda benayahui, O. ham-
sina Reinicke, 1997 and O. impulsatilla Verseveldt & Cohen, 1971, as well as of his 
new species, O. aldersladei, all collected in the Seychelles and featuring Ovabunda-
type sclerites with corpuscular microstructure. Aharonovich and Benayahu (2011) 
employed high-resolution environmental SEM (ESEM) for a study of sclerites of type 
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material of O. biseriata, O. faraunensis and O. impulsatilla, which revealed how the 
microscleres adhere.

Establishment of the genus Ovabunda by Alderslade led us to examine type mate-
rial that was originally described as Xenia, in order to verify its generic affiliation. Not 
only were the types of the species assigned to Ovabunda by Alderslade examined, and 
their sclerites studied using SEM, but the types of a number of other nominal species 
of Xenia were also studied (see Table 1). Consequently, the current study has assigned 
three Xenia species to Ovabunda and retained 20 in the former genus; it also syn-
onymizes several other species and designates a neotype for Ovabunda macrospiculata. 
The findings of the study emphasize the importance of re-examination of type material 
and the use of SEM to study xeniid sclerite microstructure for taxonomic purposes.

Methods

The study examined ethanol-preserved type specimens obtained on loan from the British 
Museum of Natural History (BML); National History collections of the Hebrew Uni-
versity of Jerusalem (HUJ); Museum of Natural History, Wroclaw University, Poland 
(MNHHWU); The Naturhistorisches Museum Wien (NHMW); the Naturalis Bio-

table 1. List of Xenia type material examined during the current study along with corresponding mu-
seum numbers.

Species name Type Museum and museum number
Xenia actuosa Verseveldt & Tursch, 1979 Holotype RMNH Coel. 12866
Xenia antarctica Kükenthal, 1902 Syntype MNHHWU 63
Xenia bauiana May, 1899 Syntype ZMB 3673
Xenia blumi Schenk, 1896 Holotype SMF 44
Xenia crassa Schenk, 1896 Holotype SMF 39
Xenia delicata Roxas, 1933 Syntype ZMB 6908
Xenia fusca Schenk, 1896 Syntype SMF 40
Xenia garciae Bourne, 1894 Type BML 1921.11.18.1
Xenia grasshoffi Verseveldt, 1974 Holotype SMF 2616
Xenia kükenthali Roxas, 1933 Holotype ZMB 6917

Xenia lepida Verseveldt, 1971 Holotype RMNH Coel. 6703
Paratype RMNH Coel. 6704

Xenia membranacea Schenk, 1896 Holotype SMF 41
Xenia mucosa Verseveldt & Tursch, 1979 Holotype RMNH Coel. 12867
Xenia multispiculata Kükenthal, 1909 Syntype ZMB 6920

Xenia novaebritanniae Ashworth, 1900 Type BML 1962.7.20.148
Syntype BML 1962.7.20.149

Xenia plicata Schenk, 1896 Holotype SMF 45
Xenia rubens Schenk, 1896 Holotype SMF 46
Xenia sansibariana May, 1899 Syntype ZMB 3828
Xenia ternatana Schenk, 1896 Holotype SMF 43
Xenia viridis Schenk, 1896 Holotype SMF 42
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diversity Centre, formerly Rijksmuseum van Natuurlijke Historie, Leiden (RMNH); 
Senckenberg Naturmuseum Frankfurt (SMF); Zoologisches Museum Berlin (ZMB); 
and the Zoological Museum of Tel Aviv University (ZMTAU). Neotype material of O. 
macrospiculata was collected by the last author from the northern Red Sea, Gulf of Suez, 
Shag Rock from ~5 meters, 11 July 1986 and preserved in 70% ethanol.

Morphological features of the preserved colonies were recorded: colony height, 
numbers of branches, stalk length, width at colony-base, and width at the uppermost 
part below the capitulum where the polyps arise (Fig. 1). The number of rows of pin-
nules and number of pinnules in the outermost row were counted under a compound 
microscope from five to ten tentacles, as much as possible from different polyps. The 
polyps examined were the biggest within the colony and preferably from the mid-part 
of the capitulum, and not from the outer part which contains the newly grown and 
smaller polyps. In addition, the length of the anthocodiae – consisting of the polyp 
body and extended tentacles – the dimensions of the pinnules (length and width at 
base), and the distance between adjacent pinnules were recorded (Fig. 2).

To examine the sclerites, the tissue was treated with 10% sodium hypochlorite fol-
lowed by repeated rinses in distilled water. Wet preparations of the clean sclerites from 
polyps, colony stalk, the coenenchyme and canal walls within were examined and photo-
graphed under an Optishot Nikon light microscope at × 400 magnification. After com-
parison of these sclerites we concluded that there are no differences in appearance and 

Figure 1. Illustration of colony dimensions. a Colony height b Stalk length c Stalk width at base d Stalk 
width at uppermost part. Illustration adopted from Hickson (1931a).
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dimensions between sclerites in different colony parts. Therefore, only polyp sclerites were 
examined under SEM and presented in this paper. SEM stubs for polyp sclerites were 
prepared following Aharonovich and Benayahu (2011), and examined with a Jeol 840Å 
electron microscope. Measurements of sclerite images, taken by both light microscopy 
(images not presented) and SEM, were carried out using ImageJ 1.440 (National Institute 
of Health, USA). At least 20 randomly selected sclerites were measured for each colony 
in order to determine sclerite size variation. Number of sclerites measured is indicated 
in the text for each species. Since the sclerites are mostly spheroids, their dimensions are 
presented as the range of their minimal-to-maximal smallest diameters × range of their 
minimal-to-maximal largest diameters. The current study undertakes to clarify some con-
fusion that resulted from differences between Reinicke (1995) and Reinicke (1997) which 
can be found in some descriptions in the Remarks section (e.g. O. crenata, O. hamsina).

The zoogeographical species distribution is based on the examination of types and 
other material, unless specified otherwise in the text. Table 1 lists Xenia types that were 
examined by us and maintained their original generic affiliation.

Figure 2. Illustration of polyp dimensions. a Pinnule width at its base b Gap between adjacent pinnules; as-
terisk indicates magnified area. Illustration adopted from Encyclopedia Britannica, 11th Edition, Volume 3  
(http://www.digilibraries.com/html_ebooks/105312/34018 /www.digilibraries.com@34018@34018-
h@34018-h-7.htm).
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Results

Systematic section

Order Alcyonacea Lamouroux, 1812

Family Xeniidae Ehrenberg, 1828
http://species-id.net/wiki/Xeniidae

Genus Ovabunda Alderslade, 2001: 49–52.

Diagnosis. Colonies are small and soft with cylindrical stalks, undivided or branched, 
terminating in one or more domed polyp-bearing regions. Polyps are not retractile and 
are always monomorphic. Sclerites are oval spheroids, usually abundant in all parts of 
the colony, mostly up to 0.035 mm in maximal diameter, and comprised of a mass of 
minute corpuscle-shaped microscleres.

Key to species

1 Non-pulsating polyps in live colonies
1.1 One row of pinnules on each side of the tentacles
 6–7 pinnules in each row ........................................................O. benayahui
 12–18 pinnules in each row ..........................................................................

 ..................... O. verseveldti (No data on pulsation present in the literature)
1.2 Mostly one row, but sometimes two rows of pinnules on each side of the 

tentacles
 18–22 pinnules in the outermost row ............................................O. gohari
1.3 Two rows of pinnules on each side of the tentacles
 8–11 pinnules in the outermost row .................................... O. impulsatilla
 13–16 pinnules in the outermost row ........................................O. biseriata
 17–24 pinnules in the outermost row ................................... O. faraunensis
 24–29 pinnules in the outermost row ......................................... O. arabica
1.4 Mostly two, but sometimes three rows of pinnules in the outermost row
 12–16 pinnules in the outermost row ..........................................O. crenata
1.5 Three rows of pinnules on each side of the tentacles
 15–20 pinnules in the outermost row ............................................. O. ainex
1.6 Mostly three but sometimes four rows of pinnules in the outermost row
 17–22 pinnules in the outermost row ........................................ O. hamsina
2 Pulsating polyps in live colonies
2.1 Three rows of pinnules on each side of the tentacles
 14–18 pinnules in the outermost row ............................. O. macrospiculata
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Ovabunda ainex (Reinicke, 1997), comb. n.
http://species-id.net/wiki/Ovabunda_ainex
Fig. 3

Xenia ainex Reinicke, 1997: 45–48, figs 19a–b, plates 6, 26.

Material. Holotype: RMNH Coel. 23539, Sudanese Red Sea, Sanganeb Atoll, 20 
km off Port Sudan, southern-slope near jetty (19°21'33.81"N, 37°19'37.66"E), 6 m, 
April 1991, coll. G. B. Reinicke; paratype: RMNH Coel. 23540, same location, 5 
m S- jetty, October 1992, coll. G. B. Reinicke; additional material: RMNH Coel. 
23535, Red Sea, Gulf of Aqaba, Aqaba, Saudi Arabian border Bay (29°21'37.31"N, 
34°57'39.48"E), October 1989, coll. G. B. Reinicke; NHMW 2250, Saudi Arabia; 
holotype of X. crassa SMF 39, Indonesia, Ternate island, 1894, coll. Kükenthal; 
holotype of X. ternatana SMF 43, Indonesia, Ternate island, 1894, coll. Kükenthal.

Description. The holotype is 45 mm high; its stalk is 15 mm long and splits at the 
base into three branches, two of which split again into two, 22 and 18 mm above the 
colony base; the latter branches are 35 and 30 mm long, 8 and 10 mm wide at their 
base, 4 and 6 mm wide at their uppermost part, respectively. The third branch splits 
20 mm above the base into three branches, and is 40 mm long and 7 mm wide at its 
base and 5-7 mm wide at the uppermost part. The polyp’s body is up to 10 mm long, 
and the tentacles are up to 5 mm long, featuring three rows of pinnules on each side. 
The pinnules are relatively slender, up to 1 mm long and 0.08 mm wide, 17-20 in the 
outermost row with a space of one to two pinnule widths between adjacent pinnules. 
The spheroidal sclerites, typical regular Ovabunda sclerites, are scarce in all parts of the 
colony, measuring 0.011–0.030 × 0.018–0.042 mm in diameter (n=25), composed of 
a mass of corpuscle-shaped microscleres. The original description indicated non-pul-
sating polyps for the live colonies. The ethanol-preserved holotype is light yellowish-
beige, almost transparent.

The paratype is 20 mm long; its stalk is 15 mm wide at its base, splitting into two 
branches, each 5 mm long and 10 and 8 mm wide at the base. The polyp’s body is up 
to 5 mm long, and the tentacles up to 5 mm long, bearing three rows of pinnules and 
15–17 pinnules in the outermost row. The pinnules are 1.6 mm long and 0.16 mm 
wide, with a gap between adjacent pinnules ranging from one to three pinnule widths. 
The sclerites are Ovabunda-type, regular or irregular in shape (Fig. 3a, c), 0.012–0.026 
× 0.02–0.04 mm in diameter (n=21 sclerites). When two sclerites fuse they reach 
0.039 mm in maximum diameter (Fig. 3b). The original description indicated non-
pulsating polyps for live colonies. The ethanol-preserved colony is light beige.

Remarks. RMNH Coel. 23535 features polyps with three rows of pinnules on 
each side of the tentacles and 16–19 pinnules in the outermost row. The sclerites are 
Ovabunda-type, measuring 0.016–0.026 × 0.022–0.030 mm in diameter (n =13).

Reinicke (1997) noted under the species X. ainex n.sp. (p. 44): “nec Xenia terna-
tana; Kükenthal 1913: 8 (partim. NHMW 2250)” and “Xenia crassa; Reinicke 1995: 
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43, Fig. 32”. The description of X. ternatana given by Kükenthal (1913) indicated two 
rows of pinnules, with 18 pinnules on average, and sclerites measuring 0.017 mm in 
diameter, thus differing from the features of O. ainex (see above). The NHMW 2250 
specimen of X. ternatana was examined and found to match O. ainex, as stated by 
Reinicke (1997). X. crassa was suggested to be a synonym of O. ainex (Reinicke 1997). 
The current examination of the types of X. crassa and X. ternatana indicates that their 
sclerites distinctly differ from those of O. ainex, and thus those species’ original generic 
assignment should be retained.

Conclusions. Our findings confirm the original description of Reinicke (1997) 
of O. ainex, but the structure of its sclerites justifies the generic re-assignment of the 
species to Ovabunda.

Similar species. O. ainex is most similar to O. macrospiculata. Although they both 
have three rows of pinnules, the number of pinnules in the outermost row ranges from 
15–20 in O. ainex compared to 14–18 in O. macrospiculata. The major difference 
between them, however, is that O. macrospiculata has pulsating polyps in live colonies 
and O. ainex does not.

Distribution. Red Sea: Gulf of Aqaba, Sudan.

Figure 3. Scanning electron micrographs of polyp sclerites of Ovabunda ainex (Reinicke, 1997) paratype 
(RMNH Coel. 23540). a Regular sclerites b Fused sclerites c Irregular sclerite. Arrows indicate surface 
dents. Scale bar: 10 µm.
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Ovabunda arabica (Reinicke, 1995)
http://species-id.net/wiki/Ovabunda_arabica
Figs 4, 5

Xenia arabica Reinicke, 1995: 37, figs 47–49; 1997: 36, fig. 14
Ovabunda arabica; Alderslade 2001: 51
Xenia crista Reinicke, 1997: 38, figs 16a–b, plate 23, syn. n.

Material. Holotype: RMNH Coel. 18673, northern Red Sea, Gulf of Aqaba, Saudi Ara-
bian border bay, 20 km South of Aqaba (29°21'37.31"N, 34°57'39.48"E), 15 m, 12 No-
vember 1991, coll. G. B. Reinicke. Paratypes: RMNH Coel. 18675, northern Red Sea, 
Gulf of Aqaba, Nature Reserve (Aqaba), Marine science station (MSS), 10 km South of 
Aqaba (29°27'27.33"N, 34°58'24.19"E), 15 m, 4 November 1991, coll. G. B. Reinicke; 
RMNH Coel. 18676, location as above, 12 m, 5 November 1991, coll. G. B. Reinicke; 
additional material: holotype of X. crista RMNH Coel. 18677, northern Red Sea, Gulf 
of Aqaba, Nature Reserve (Aqaba), Marine science station (MSS), 10 km South of Aqaba 
(29°27'27.33"N, 34°58'24.19"E), 12 m, October 1989, coll. G. B. Reinicke; paratype of 
X. crista RMNH Coel. 18678, location as above, 15 m, October 1990, coll. G. B. Reinicke.

Description. The holotype is 45 mm high; its stalk is 15 mm long, 7 mm wide at 
its base and 7 mm wide at its upper part. The polyp’s body is 12 mm long, and tenta-
cles up to 11 mm long. The pinnules are 2 mm long and 0.2 mm wide at the base; the 
gap between adjacent pinnules is one pinnule wide. There are two rows of pinnules on 
each side and 24-25 pinnules in the outermost row. The sclerites are spheroids of the 
Ovabunda-type, measuring 0.028–0.036 mm at largest diameter.

One paratype (RMNH Coel. 18675) has a total height of 20 mm; its stalk is 16 
mm long, 10 mm wide at the base, and 18 mm wide at its uppermost part. The polyp’s 
body is 9 mm long; the tentacles are 6 mm long, featuring two rows of pinnules 2.2 mm 
long and 0.2 mm wide on each side, and 24–29 pinnules in the outermost row. The pin-
nules mostly feature a one pinnule width gap. Sclerites are Ovabunda-type, regular and 
pear- shaped (Fig. 4a, c), measuring 0.016–0.030 × 0.022–0.038 mm in diameter (n=27 
sclerites). Occasionally, two sclerites are fused (Fig. 4b), measuring up to 0.048 mm in 
diameter. The sclerites are more abundant on the aboral side of the tentacles than the oral 
one. The second paratype (RMNH Coel. 18676) has 2 rows of pinnules on each side of 
the tentacles, 24–27 in the outermost row. The sclerites are Ovabunda-type, measuring 
0.026–0.036 mm at maximal diameter. The original description indicated non-pulsating 
polyps for live colonies. Colour of the ethanol-preserved holotype is light brown.

Remarks. The number of rows of pinnules and pinnules in the outermost row 
correspond to the original description of the holotype and paratypes of X. arabica. 
Their sclerites are Ovabunda-type (Fig. 4) and, therefore, the species should be reas-
signed to that genus. Sclerite sizes given for the holotype and paratype in the original 
description exceed those obtained by us, as follows: holotype 0.043–0.053 mm vs. 
0.028–0.036 mm at the larger diameter, and paratypes (RMNH Coel. 18675) 0.039 × 
0.043 vs. 0.016–0.030 × 0.022–0.038 mm and (RMNH Coel. 18676) 0.043 × 0.051 
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vs. 0.026–0.036 mm, respectively. The larger size of 0.053 and 0.051 mm indicated by 
Reinicke (1997) falls within that of other Ovabunda species, such as O. crenata for the 
fused sclerites and O. gohari for larger and rare individual sclerites.

The holotype of X. crista (RMNH Coel. 18677) is 50 mm high and its stalk is 27 mm 
long, split into two branches 17 mm above its base. The branches are 10 mm long and 8 
mm wide at their base and uppermost part. The polyp’s body is up to 10 mm long. The 

Figure 4. Scanning electron micrographs of polyp sclerites of Ovabunda arabica (Reinicke, 1995) para-
type (RMNH Coel. 18675). a Regular sclerites b Fused sclerites c Pear-shaped sclerite. Arrow indicates 
surface irregularity, might represent the fusion area of two individual sclerites. Scale bar 10 µm.
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tentacles are up to 10 mm long; pinnules up to 1.5–2 mm long and 0.2 mm wide, featuring 
one pinnule-width gap between adjacent pinnules. The tentacles have two rows of pinnules 
on each side, with 22–30 pinnules in the outermost row. Sclerites are Ovabunda-type (Fig. 
5a), measuring 0.014–0.030 × 0.017–0.037 mm in diameter (n=48 sclerites). Occasion-
ally, two sclerites are fused, reaching a maximal diameter of 0.042 mm (Fig. 5b, c).

The paratype of X. crista (RMNH Coel. 18678) features tentacles with two rows of 
pinnules and 26–29 pinnules in the outermost row. The sclerites are Ovabunda-type, 
0.025–0.036 mm in maximal diameter. The original description of the species indi-
cated non-pulsating polyps in live colonies.

Figure 5. Scanning electron micrographs of polyp sclerites of Xenia crista Reinicke, 1997 holotype (RMNH 
18677). a Regular sclerites b–c Fused sclerites d White rectangle in c indicates magnified area. Scale bar 10 µm.
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Conclusions. Both the original description of X. crista and the current examination 
revealed two rows of pinnules; however, we found 22–30 pinnules in the holotype and 
26–29 in the paratypes, compared to 29–33 and 28–32, respectively, in the original de-
scription. The taxonomic features of X. crista overlap those of O. arabica and, therefore, 
they should be considered as synonyms, giving an alphabetical priority to O. arabica.

Similar species. O. arabica is most similar to O. faraunensis. Although they both 
have two rows of pinnules and both have non-pulsating polyps in living colonies, the 
number of pinnules in the outermost row ranges from 24–29 in O. arabica compared 
to 17–24 in O. faraunensis.

Distribution. Red Sea: Gulf of Aqaba.

Ovabunda benayahui (Reinicke, 1995)
http://species-id.net/wiki/Ovabunda_benayahui
Figs 6, 7

Xenia nana; Benayahu 1990: 117–118, fig. 3, table 1
Xenia benayahui Reinicke, 1995: 26–27, figs 1c, 15; 1997: 29, fig. 12, plate 16
Ovabunda benayahui; Alderslade 2001: 51; Janes 2008: 609–610, fig. 7

Material. Holotype and two paratypes (the holotype is the largest colony): 
RMNH Coel. 19664, northern Red Sea, Gulf of Aqaba, Saudi Arabian border bay, 
20 km south to Aqaba (29°21'37.31"N, 34°57'39.48"E), 21 m, 3 October 1989, coll. 
G. B. Reinicke; additional material: ZMTAU Co 26043, northern Red Sea, Gulf of 
Suez, Shag Rock (27°47'13.59"N, 34° 0'22.61"E), 14 July 1987, coll. Y. Benayahu; 
ZMTAU Co 26044, northern Red Sea, Gulf of Suez, Southern tip of Sinai, Shaab el 
Utaf (27°45'9.00"N, 34°10'18.00"E), 10 m, 8 July 1986, coll. Y. Benayahu.

Description. The holotype is 25 mm high; stalk is 10 mm long, 6 mm wide at colony-
base, and 15 mm wide at the uppermost part. The polyp’s body is up to 4 mm long, and 
the tentacles up to 4 mm long, featuring a single row of 6–7 pinnules along each edge. The 
pinnules are short, up to 0.7 mm long and 0.4 mm wide with a 0.2–0.3 mm gap between 
adjacent pinnules. The sclerites are Ovabunda-type spheroids (Fig. 6a) and measure 0.019–
0.035 × 0.027–0.041 mm in diameter (n=22 sclerites). When two sclerites are fused they 
measure up to 0.043 mm in maximal diameter (Fig. 6b). The original description indicated 
non-pulsating polyps in live colonies. The ethanol-preserved colony is light brown-beige.

Remarks. ZMTAU Co 26043, originally identified by Benayahu (1990) as X. nana, 
comprises 13 colonies up to 17 mm in height. Their stalks are not divided, and are up to 
8 mm long, 8 mm wide at the base, and 10 mm wide at the uppermost part. Polyp’s body 
reaches up to 1.4 mm in length, tentacles up to 1.6 mm, featuring a row of 5–6 closely set 
pinnules, 0.4 mm long and 0.16 mm wide. Sclerites are Ovabunda-type spheroids (Fig. 
7a), 0.016–0.029 × 0.020–0.039 mm in diameter (n= 34 sclerites); some are egg-shaped 
(Fig. 7c) and sometimes two spheroids are fused (Fig. 7b). ZMTAU Co 26044 comprises 
several disintegrated small colonies, similar in size to those of ZMTAU Co 26043. There 
are 5–7 pinnules in a single row on each side of the tentacles. The sclerites are Ovabunda-
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type, 0.015–0.031 × 0.022–0.039 mm in diameter (n=34 sclerites). Polyp pulsation was 
not noted by Benayahu (1990). The colonies (ZMTAU Co 26043–26044) were misiden-
tified as X. nana by Benayahu (1990) and should be reassigned to O. benayahui. The type 
of X. nana (BML 1939.6.12.9) was examined by the last author of the current paper and 
found to be of the genus Aldersladum Benayahu & McFadden, 2011.

Conclusions. The features of the holotype and paratypes of O. benayahui agree 
with the original description of the species, and the assignment to Ovabunda by Alder-
slade (2001) was confirmed in the current study.

Similar species. O. benayahui is most similar to O. verseveldti. Although they both 
have one row of pinnules, the numbers of pinnules in the outermost row ranges from 
6–7 in O. benayahui compared to 12–18 in O. verseveldti.

Distribution. Red Sea: Gulf of Aqaba, Southern tip of Sinai Peninsula; Seychelles 
(see Janes 2008).

Figure 6. Scanning electron micrographs of polyp sclerites of Ovabunda benayahui (Reinicke, 1995) holotype 
(RMNH Coel. 19664). a Regular sclerites b Fused sclerite. Arrows indicate surface dents. Scale bar 10 µm.
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Ovabunda biseriata (Verseveldt & Cohen, 1971)
http://species-id.net/wiki/Ovabunda_biseriata
Figs 8, 9

Xenia biseriata Verseveldt & Cohen, 1971: 60, table 1; Benayahu 1990 table 1 listed 
only; Reinicke 1997: 33, plate 20

Xenia obscuronata Verseveldt & Cohen, 1971: 60, table 1, fig 10; Benayahu 1990 table 
1 listed only; Reinicke 1997: 33, 35, plates 2, 4, 7, 21

Ovabunda biseriata; Alderslade 2001: 51; Aharonovich and Benayahu 2011
Ovabunda obscuronata; Alderslade 2001: 5, syn. n.

Material. Holotype and five paratypes: HUJ I Co. 72, northern Red Sea, Gulf of Aqa-
ba, Marsa Murach (29°25'34.44"N, 34°50'10.46"E), 1–4 m, 15 September 1969, coll. Y. 
Cohen; holotype of O. obscuronata HUJ I Co. 120, northern Red Sea, Gulf of Aqaba, 
Ras el Muqebla (29°24'1.20"N, 34°48'41.99"E), 12 m, 16 August 1971, coll. Y. Cohen; 
holotype of X. ternatana SMF 43, Indonesia, Ternate island, 1894, coll. Kükenthal.

Figure 7. Scanning electron micrographs of polyp sclerites of Ovabunda benayahui Reinicke, 1995 (ZM-
TAU Co 26043). a Regular sclerites b Fused sclerites c Egg-shaped sclerite d Rectangular sclerite. Arrow 
indicates surface crest. Scale bar 10 µm.
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Description. The holotype is 28 mm high, stalk is 15 mm long, 11 mm wide at 
its base and 10 mm wide at the uppermost part; it is attached to the skeleton of a stony 
coral. Polyp’s body reaches up to 8–10 mm, and the tentacles 6–7 mm, bearing pin-
nules up to 1 mm long and 0.24 mm wide, separated by less than a pinnule-width. Two 
rows of pinnules are aligned along each of the tentacles margins, with 13–15 pinnules 
in the outermost row. There are numerous sclerites, abundant in all parts of the colony 
except for the mid-line of the oral side of the tentacles, where they are scarce. The scle-
rites are Ovabunda-type (Fig. 8), measuring 0.013–0.029 × 0.018–0.039 mm in diam-
eter (n=100 sclerites). Rarely, two sclerites are fused, reaching a maximum diameter of 
0.048 mm and occasionally 0.060 mm. The paratypes are of similar size to the holotype, 
featuring tentacles with two rows of pinnules and 13–16 pinnules in the outermost row. 
The stalk of the smallest paratype is divided into two branches; the paratype tentacles 
bear two rows of pinnules with 10–12 pinnules in the outermost row. The sclerites of 
all paratype colonies are Ovabunda-type, ranging 0.018–0.025 × 0.023–0.039 mm in 
diameter. The original description of the species indicated non-pulsating polyps in live 
colonies. The preserved colonies are yellowish-light beige in colour.

Remarks. In general the original description of the species corresponds to the current 
findings. SEM micrographs of the holotype sclerites (Fig. 8) indicate that they are indeed 

Figure 8. Scanning electron micrographs of polyp sclerites of Ovabunda biseriata (Verseveldt & Cohen, 
1971) holotype (HUJ I Co. 72). Arrow indicates surface dents. Scale bar 10 µm.
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Ovabunda-type, and therefore further confirm the previous assignment to that genus (Al-
derslade 2001; Aharonovich and Benayahu 2011). The number of rows of pinnules, the 
number of pinnules in the outermost row, and the dimensions of the holotype colony of 
O. obscuronata (HUJ I Co. 120) correspond to the original description by Verseveldt and 
Cohen (1971). The sclerites are oval spheroids, Ovabunda-type, ranging 0.012–0.026 
× 0.018–0.041 mm in diameter (Fig. 9, n=61 sclerites). Rarely, two sclerites are fused, 
reaching a maximal diameter of 0.060 mm. The original description indicated a maxi-
mum diameter of 0.045 mm for the stalk sclerites, 0.060 mm for those of the anthoco-
diae and “irregular spicules” in the tentacles (Verseveldt and Cohen 1971: 60). The latter 
probably referred to fused sclerites, which were not identifiable under light microscopy. 
The original description of O. obscuronata indicated non-pulsating polyps in live colonies, 
similar to O. biseriata. The ethanol-preserved holotype is light brown in colour.

Reinicke (1997) noted under the description of X. obscuronata (p. 33): “nec Xenia 
ternatana; Kükenthal 1913: 8 (in part)”. The type of X. ternatana was examined dur-
ing the present study and its features do not agree with those of O. obscuronata. X. 
ternatana features platelets composed of dendritic rods, measuring up to 0.022 mm 
in maximal diameter. It should be noted that the description of X. ternatana by Kü-
kenthal also does not correspond to the features of O. obscuronata.

Figure 9. Scanning electron micrographs of polyp sclerites of Ovabunda obscuronata (Verseveldt & Cohen, 
1971) holotype (HUJ I Co. 120). Scale bar 10 µm.
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Conclusions. Examination of the holotype of O. biseriata and O. obscuronata re-
vealed certain similarities, as already noted in the original description (Verseveldt and 
Cohen 1971): two rows of pinnules, with 12–15 vs. 14–16 pinnules, respectively, in 
the outermost row. The original description noted differences in the size of sclerites; 
0.018–0.035 mm in O. biseriata vs. 0.045 mm in the stalk and anthocodiae and 0.060 
mm in the tentacles of O. obscuronata. The current examination revealed a similar size 
range in the two species (0.013–0.029 × 0.018–0.039 vs. 0.012–0.026 × 0.018–0.041, 
respectively). Therefore, it is concluded that O. biseriata and O. obscuronata are in fact 
synonyms, giving alphabetical priority to the former.

Similar species. O. biseriata is most similar to O. impulsatilla and O. faraunensis. 
Although they all have two rows of pinnules and non-pulsating polyps in living colo-
nies, the number of pinnules in the outermost row ranges from 13–16 in O. biseriata 
compared to 8–11 in O. impulsatilla and 17–24 in O. faraunensis.

Distribution. Red Sea: Gulf of Aqaba, Gulf of Suez, Sudan.

Ovabunda crenata (Reinicke, 1997), comb. n.
http://species-id.net/wiki/Ovabunda_crenata
Fig. 10

Xenia crenata Reinicke, 1997: 41–42, figs 3c, 15; plates 5, 25

Material. Holotype: RMNH Coel. 23538, Sudanese Red Sea, Sanganeb Atoll, 20 km 
off Port Sudan, S-slope near jetty (19°21'33.81"N, 37°19'37.66"E), 10 m, April 1991, 
coll. G.B. Reinicke. additional material: RMNH Coel. 23517, Sudanese Red Sea, 
Sanganeb Atoll, lagoon slope, TQ II station, 8 m, March 1991, coll. G.B. Reinicke; 
type of X. viridis SMF 42, Indonesia, Ternate island, 1894, coll. Kükenthal; type of 
X. blumi SMF 44, Indonesia, Ternate island, 1894, coll. Kükenthal.

Description. The holotype is 30 mm high and 10 mm wide at its base. The stalk 
splits into two branches. The first is 15 mm long, 6 mm wide at its base and 10 mm 
wide at its uppermost part; the second splits further into two branches, 15 and 7 mm 
long, each 5 mm wide at the base, and 10 and 7 mm wide at the upper part, respec-
tively. Polyp’s body is up to 5 mm long and the tentacles up to 5 mm long. The pin-
nules are mostly arranged in two rows, with an occasional third row. There are 12–16 
pinnules in the outermost row, 1 mm long and 0.14 mm wide, with a 0.2 mm space 
between adjacent pinnules. Sclerites are very scarce in all parts of the holotype; they 
are Ovabunda-type spheroids, measuring 0.012–0.028 × 0.018–0.036 mm in diame-
ter (n=35 sclerites). Occasionally, two sclerites are fused, reaching 0.050 mm in maxi-
mal diameter. SEM micrographs of sclerites were obtained only from the additional 
material due to low density of sclerites in the holotype. Reinicke (1997) recorded 
non-pulsating polyps for the species. The ethanol preserved holotype is light beige.

Remarks. RMNH Coel. 23517 is similar in size to the holotype. Polyp’s body is 
up to 2 mm long, with 2 mm long tentacles, mostly bearing two rows of 1 mm long 
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and 0.1 mm wide slender pinnules on each of the tentacle sides, and, rarely, a third 
row. The outermost row features 12–15 pinnules, up to one pinnule-width apart. Scle-
rites are of the Ovabunda-type, varying in shape from regular (Fig. 10a), egg-shaped 
(Fig. 10c) and more rectangular (Fig. 10d), ranging 0.016–0.026 × 0.028–0.040 mm 
(n=25 sclerites) in diameter. Occasionally, two sclerites are fused, reaching 0.047 mm 
in maximal diameter (Fig. 10b).

Reinicke (1997) noted under the description of X. crenata sp. n. (p. 41): “?Xe-
nia blumi Schenk 1896; Gohar 1940: 98, Plate 5” and “Xenia blumi Schenk 1896 
sensu Gohar –Reinicke 1995: 42, Fig. 31”. Reinicke (1997) also noted: “?Xenia viridis 
Schenk 1896; Benayahu 1990: 115 (listed)”. The description of X. blumi according 
to Gohar (1940) does not match O. crenata features. Examination of the types of 
X. blumi and X. viridis during the current study (see Table 1) revealed them to have 
platelet-shaped sclerites composed of dendritic rods, and to differ from O. crenata.

Figure 10. Scanning electron micrographs of polyp sclerites of Ovabunda crenata (Reinicke, 1997) 
(RMNH Coel. 23517). a Regular sclerites b Fused sclerites c Egg-shaped sclerites d Rectangular sclerite. 
Arrows indicate surface dents. Scale bar 10 µm.
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Conclusions. The original description of the holotype indicated three rows of pin-
nules, whereas the present examination revealed mostly two rows, with an indication of 
a third one. There is agreement between our findings and the original description regard-
ing the number of pinnules in the outermost row of the tentacles (12–16 vs. 12–15, re-
spectively). Sclerites correspond to the original description in size but are Ovabunda-type 
spheroids; therefore, it is concluded that the species should be assigned to Ovabunda.

Similar species. O. crenata is most similar to O. biseriata. Although they both have 
overlapping number of pinnules in the outermost row, 12–16 and 13–16, respectively, 
O. biseriata has two rows of pinnules and O. crenata occasionally presents a third row. 
They both have non-pulsating polyps in live colonies.

Distribution. Red Sea: Gulf of Aqaba, Sudan.

Ovabunda faraunensis (Verseveldt & Cohen, 1971)
http://species-id.net/wiki/Ovabunda_faraunensis
Fig. 11

Xenia faraunensis Verseveldt & Cohen, 1971: 62, table 1; Benayahu 1990 table 1 listed 
only; Reinicke 1997: 35, figs 3b, 9a-b, plates 2-4, 7, 22

Ovabunda faraunensis; Alderslade 2001: 51; Aharonovich and Benayahu 2011

Material. Holotype: HUJ I. Co. 140, northern Red Sea, Gulf of Aqaba, opposite 
Gezirat Fara’un (Coral Island) (29°27'46.95"N, 34°51'27.38"E), 18 m, 15 October 
1969, coll. Y. Cohen.

Description. The holotype is 16 mm high; its stalk is 6-10 mm long, 4 mm wide 
at the base and 7 mm wide at its uppermost part. Polyp’s body is up to 2-4 mm long 
and the tentacles 3-5 mm long, featuring two rows of pinnules on each side with 17-24 
pinnules in the outermost row. The sclerites are Ovabunda-type spheroids (Fig. 11a), 
measuring 0.013–0.028 × 0.019–0.033 mm in diameter (n=46 sclerites). Occasion-
ally, two sclerites are fused, reaching up to 0.044 mm in maximal diameter (Fig. 11b). 
Verseveldt and Cohen (1971) recorded non-pulsating polyps for this species. Colour 
of the ethanol-preserved holotype is beige.

Remarks. At the time of examination the holotype was dry, and therefore precise 
dimensions of the pinnules could not be obtained. The original description (Verseveldt 
and Cohen 1971: 62) indicated that: “The colony is 25 mm high. The stem is 15 mm 
high and 5–6 mm wide at the base, then narrows to 3–4 mm and widens again to 7 
mm or more at the beginning of the polyparium. The anthocodiae are up to 10 mm 
long... the tentacles are 5–6.5 mm long”. It is evident that the dimensions of the dried 
holotype are smaller than those of the original. The other features of the holotype re-
corded correspond to the original description, including two rows of pinnules, 17–24 
pinnules in the outermost row, and sclerite diameter up to 0.044 mm (vs. 17–23 and 
0.042 mm, in the original description). Reinicke (1997) presented a SEM micrograph 
of a single sclerite of O. faraunensis which later led Alderslade (2001) to assign it to the 
genus Ovabunda.
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Conclusions. The current examination of the holotype (Fig. 11) along with the 
examination of the holotype by Aharonovich and Benayahu (2011), further confirmed 
the previous assignment.

Similar species. O. faraunensis is most similar to O. arabica. Although they both 
have two rows of pinnules and both have non-pulsating polyps in living colonies, the 
number of pinnules in the outermost row ranges from 17–24 in O. faraunensis com-
pared to 24–29 in O. arabica.

Distribution. Red Sea: Gulf of Aqaba, Sudan (see Reinicke 1997).

Ovabunda gohari (Reinicke, 1997), comb. n.
http://species-id.net/wiki/Ovabunda_gohari
Fig. 12

Xenia gohari Reinicke, 1997: 30–31, plate 18

Material. Holotype: RMNH Coel. 23435 and a paratype: RMNH Coel. 23436 
northern Red Sea, Gulf of Aqaba, 10 km south to Aqaba, Nature Reserve (Agaba) 

Figure 11. Scanning electron micrographs of polyp sclerites of Ovabunda faraunensis (Verseveldt & 
Cohen, 1971) holotype (HUJ I. Co. 140). a Regular sclerites b Fused sclerite. Scale bar 10 µm.
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(29°26'29.03"N, 34°58'0.50"E), 10 m, November 1991 and 3 December 1991, re-
spectively; coll. G. B. Reinicke.

Description. The holotype is 25 mm high; the stalk is 15 mm long, 10 mm wide 
at its base and 20 mm wide at its uppermost part and is divided into two. Polyp’s 
body reaches 5 mm and the 11 mm long tentacles mostly feature a single row bearing 
19–22, 3 mm long and 0.2 mm wide pinnules. The gap between the pinnules is up to 
twice their width; occasionally a second row exists and then the outermost row bears 
19–22 pinnules. The gap between adjacent pinnules in the outmost row is almost twice 
their width, as in the case of a single row. The sclerites are Ovabunda-type spheroids, 
measuring 0.028–0.045 mm in diameter (Fig. 12).

Figure 12. Scanning electron micrographs of polyp sclerites of Ovabunda gohari (Reinicke, 1997) 
paratype (RMNH Coel. 23436). a Regular sclerites b Fused sclerite. Scale bar 10 µm.
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The paratype is 18 mm long. Its stalk is divided into two branches, 8 mm and 4 mm 
long; each branch is 3 mm wide at its base, and 5 and 4 mm wide at the uppermost part, 
respectively. Polyp’s body is up to 3 mm long, and tentacles 5–8 mm long, each have 
one row of 18–21 pinnules on each side; some small polyps have only 11–13 pinnules. 
The pinnules are up to 3 mm long and 0.24 mm wide at the base and the gap between 
the pinnules is up to twice their width. The sclerites (Fig. 12a) measure 0.015–0.035 
× 0.028–0.055 mm in diameter (n=30 sclerites). Occasionally, two sclerites are fused, 
measuring up to 0.060 mm in maximal diameter; the fusion of sclerites can be partial 
or almost complete (Fig. 12b). The sclerites are more abundant at the base of the pin-
nules along the tentacle midline compared to their distal part, and similarly at the aboral 
side of the tentacles compared to their oral side. The original description indicated non-
pulsating polyps in live colonies. The ethanol-preserved colony is light yellowish, beige.

Remarks. The current study confirmed the number of rows of pinnules and num-
ber of pinnules of the original description. Sclerite dimensions of the latter are larger 
than our findings, probably due to measurements that included fused sclerites.

Conclusions. The sclerites are Ovabunda-type spheroids and justify assignment 
to that genus.

Similar species. O. gohari is most similar to O. faraunensis. Although they both 
have overlapping number of pinnules in the outermost row, 18–22 and 17–24, respec-
tively, O. gohari has mostly one row of pinnules and O. faraunensis presents two rows 
of pinnules. They both have non-pulsating polyps in live colonies.

Distribution. Red Sea: Gulf of Aqaba, Sudan (see Reinicke 1997).

Ovabunda hamsina (Reinicke, 1997)
http://species-id.net/wiki/Ovabunda_hamsina
Fig. 13

Xenia hamsina Reinicke, 1997: 49-50; figs 20a–b, plate 30
Ovabunda hamsina; Janes 2008: 610–611

Material. Holotype: RMNH Coel. 23904, Sudanese Red Sea, Sanganeb Atoll, off 
Port Sudan, reef flat (19°21'33.81"N, 37°19'37.66"E), 6 April 1991, coll. G. B. Rein-
icke; paratypes: RMNH Coel. 23902, same data as above, April 1991; RMNH Coel. 
25906, same locality SW corner, 15 m; RMNH Coel. 23553, Sudanese Red Sea, 
Sanganeb Atoll, lagoon slope near TQ II, 12 m, October 1992, coll. G. B. Reinicke; 
additional material: RMNH Coel. 23552, same locality, W-slope, TQ IV, 12 m, 
April 1991, coll. G. B. Reinicke; RMNH Coel. 25903, same locality, SE corner, reef 
flat; RMNH Coel. 25905 SW corner, 15 m; RMNH Coel. 23907, near southern 
jetty, 10 m; all April 1991, all coll. G. B. Reinicke; RMNH Coel. 23908, Indian 
Ocean, Madagascar, 1960, coll. M. Cherbounier, MNHN Oct.A.1993.16; holotype 
of X. grasshoffi SMF 2616, northern Red Sea, Gulf of Aqaba, Elat, 1 January 1968, 
coll. Grasshoff M.
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Description. The holotype is 25 mm high and its stalk is 18 mm long, 15 mm wide 
at its base and 12 mm wide at its uppermost part. Polyp’s body reaches up to 2 mm 
long; tentacles 5 mm long featuring three rows of 1 mm long and 0.16 mm wide pin-
nules, 19-21 in the outermost row. An incomplete fourth row is occasionally present. 
The pinnules are separated by a two-pinnule width space. The sclerites are Ovabunda-
type (Fig. 13a), 0.015–0.025 × 0.016–0.035 mm in diameter (n=25). Occasionally, 
two sclerites are partially fused, reaching 0.034 mm in maximal diameter (Fig. 13b). 
The tentacles of the paratypes (RMNH Coel. 25902, 23533, 25906) bear three rows of 
pinnules on each side, with 19–22, 19–21 and 17–22 pinnules in the outermost row, 
respectively, and all feature Ovabunda-type sclerites. The original description indicated 
non-pulsating polyps in live colonies. The ethanol-preserved colony is light beige.

Remarks. The colonies RMNH Coel. 25905, 23907, 23908 feature three rows of 
pinnules with 17–22 pinnules in the outermost row. The tentacles of RMNH Coel. 
23552 have four rows of pinnules and 18–21 pinnules in the outermost row; RMNH 
Coel. 25903 has three rows of pinnules with an indication of a fourth row, and 19–22 
pinnules in the outermost row. All colonies feature Ovabunda-type sclerites.

Janes (2008) described O. hamsina from the Seychelles and the current findings 
confirm the assignment of O. hamsina to the genus Ovabunda based on sclerite 
microstructure.

Figure 13. Scanning electron micrographs of polyp sclerites of Ovabunda hamsina (Reinicke, 1997) 
holotype (RMNH Coel. 23904). a Regular sclerites b Fused sclerites. Scale bar 10 µm.
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Reinicke (1997) noted under the description of X. hamsina sp. n. (p. 49): “Xenia 
aff grasshoffi Reinicke, 1995: 59, Fig. 33”. The type of X. grasshoffi was examined by us 
(see Table 1), and found to have the type of sclerites found in Xenia and clearly differ-
ent from O. hamsina.

Similar species. O. hamsina is most similar to O. ainex. Although they both have 
overlapping number of pinnules in the outermost row, 17–22 and 15–20, respectively, 
O. ainex has three rows of pinnules and O. hamsina presents three and sometimes four 
rows of pinnules. They both have non-pulsating polyps in live colonies.

Distribution. Sudanese Red Sea, Madagascar, Seychelles (see Janes 2008).

Ovabunda impulsatilla (Verseveldt & Cohen, 1971)
http://species-id.net/wiki/Ovabunda_impulsatilla
Figs 14, 15, 16

Xenia impulsatilla Verseveldt & Cohen, 1971: 59–60, table 1; Verseveldt 1974: 2 
listed only; Benayahu 1990, listed only; Reinicke 1997: 32, plate 19

Xenia miniata Reinicke, 1997: 39–40 figs 17a-b, plate 24, syn. n.
Ovabunda aldersladei Janes, 2008: 613–614, figs 9–10, syn.n.
Ovabunda impulsatilla; Janes 2008: 611–613, fig. 8; Aharonovich and Benayahu 2011

Material. Holotype: HUJ I Co. 84 northern Red Sea, Gulf of Aqaba, near Solar 
Pond (Sinai), (29°25'44.43"N, 34°49'50.31"E), 2 m, 15 August 1969, Coll. Y. Co-
hen. Eight colonies on a sponge, one of them is the holotype. Additional material: the 
holotype of X. miniata: RMNH Coel. 23514, Sudanese Red Sea, Sanganeb Atoll, 20 
km off Port Sudan, W-slope, TQ IV, (19°21'33.81"N, 37°19'37.66"E), 12 m, March 
1991; paratypes of X. miniata: RMNH Coel 25412, RMNH Coel 25413, details 
as above, RMNH Coel. 25411, same location, SW-corner slope, TQ I, 12 m, March 
1991, coll. G. B. Reinicke; RMNH Coel. 6848, northern Red Sea, gulf of Suez, El 
Tur (28°14'10.99"N, 33°36'51.06"E), 6 July 1969, coll. L. Fishelson; RMNH Coel. 
6847, same details; RMNH Coel. 8938, same details, Abu Durbah (28°28'27.56"N, 
33°19'30.13"E); the holotype of O. aldersladei RMNH Coel. 38681, Indian Ocean, 
Seychelles, northern coast of Bird Island (03°42'S; 55°12'E), <30 m, 21 December 
1992, Tyro expedition; type of X. ternatana SMF 43, Indonesia, Ternate island, 
1894, coll. Kükenthal; type of X. garciae BML 1921.11.18.1, Indian Ocean, Chagos 
Archipelago, coll. Diego Garcia; RMNH Coel. 8938 Red Sea, Gulf of Suez, Abu 
Zanima; RMNH Coel. 6847, Red Sea, Gulf of Suez, El Tur, 6 July 1969, coll. L. 
Fishelson; RMNH Coel. 6848, same location, misidentified as X. miniata

Description. The now dry holotype is 18 mm high. The stalk is divided into two 
branches, 10 and 8 mm long, 6 and 4 mm wide at the base, and 8 and 4 mm wide at 
the uppermost part, respectively. Polyp’s body is up to 2–2.5 mm long, and tentacles 
up to 1.5–2 mm, featuring two rows of pinnules on each side, with 8–11 pinnules in 
the outermost row. The sclerites are Ovabunda-type (Fig. 14a) and are almost evenly 
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distributed in all parts of the colony, measuring 0.013–0.028 × 0.019–0.039 mm in 
diameter (n=36 sclerites). Occasionally, two sclerites are fused, measuring up to 0.045 
mm in maximal diameter (Fig. 14b). The original description stated that polyp pulsa-
tion in this species occurs in live colonies. The ethanol-preserved colony is light brown.

Remarks. At the time of examination the type was dry and, therefore, the dimensions 
of the pinnules are lacking and the current measurements do not reflect the original ones 
given by Verseveldt and Cohen (1971), who stated that “The colonies are 8–15 mm high 
and 10–15 mm wide. Three to four branches arise from a short stem 1–2 mm high. These 
branches, 2–3 mm high and 3–4 mm wide... The anthocodiae are 2 mm high and 1.2 
mm wide, and tentacles are up to 2 mm long”. We encountered three colonies, one with 
a branched stalk and two with undivided stalks. It is possible that they originally belonged 
to a colony that disintegrated. The current findings in general agree with the original de-
scription, although the maximal diameter of sclerites noted in the original description is 
larger than our findings (0.030 vs. 0.044 mm, respectively). A colony from the Seychelles 
was also assigned to O. impulsatilla by Janes (2008). The SEM micrographs of the holo-
type sclerites given by Aharonovich and Benayahu (2011), along with the current ones 
(Fig. 14), confirm that the species should be assigned to the genus Ovabunda.

Figure 14. Scanning electron micrographs of polyp sclerites of Ovabunda impulsatilla (Verseveldt & 
Cohen, 1971) holotype (HUJ I Co. 84). a Regular sclerites b Fused sclerites. Scale bar 10 µm.
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The holotype of X. miniata (RMNH Coel. 23514) features two rows of pin-
nules on each side of the tentacles, with 8–13 pinnules in the outermost row. The 
sclerites are Ovabunda-type, some regular (Fig. 15a), some pear-shaped (Fig. 15b) 
measuring 0.017–0.034 × 0.022–0.053 mm in diameter (n=30 sclerites). Occasion-
ally, two sclerites are fused, reaching 0.059 mm in maximal diameter (Fig. 15c). The 
paratypes of that species (RMNH 25411, 25412, 25413) feature tentacles with two 
rows, 11–13 pinnules in the outermost row and Ovabunda-type of sclerites, meas-
uring 0.018–0.030 × 0.024–0.034 mm in diameter (n=24 sclerites). Although the 
original description of X. miniata indicated three rows of pinnules in the holotype 
and paratypes, we found only two rows. The original description of the species indi-
cated non-pulsating polyps in live colonies. Colour of the ethanol preserved colony 
is beige. Consequently, we conclude that X. miniata should be synonymised with 
O. impulsatilla.

We also examined additional colonies that were identified by Reinicke (1997) 
as X. miniata. Specimen RMNH Coel. 6848 has two rows of pinnules, with 12–14 
pinnules in the outermost row; its sclerites are Ovabunda-type, reaching up to 0.051 
mm in maximal diameter. Based on sclerite size, number of pinnule rows and number 
of pinnules in the outermost row, this specimen should be reassigned to O. biseriata. 
Specimen RMNH Coel. 6847 has two rows of pinnules, with 10–11 pinnules in the 
outermost row; and its sclerites are also of the Ovabunda-type, reaching up to 0.045 

Figure 15. Scanning electron micrographs of polyp sclerites of Xenia miniata Reinicke, 1997 holotype 
(RMNH Coel. 23514). a Regular sclerites b Pear-shaped sclerite c Fused sclerites. Scale bar 10 µm.
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mm in maximal diameter. RMNH Coel. 8938 has two rows of pinnules, but with only 
8–9 in the outermost row; its sclerites are Ovabunda-type, reaching up to 0.047 mm 
in maximal diameter. Based on the number of rows of pinnules on the tentacles, the 
number of pinnules in the outermost row, and the size and microstructure of sclerites, 
the latter two colonies also belong to O. impulsatilla.

Figure 16. Scanning electron micrographs of polyp sclerites of Ovabunda aldersladei Janes, 2008 holo-
type (RMNH Coel. 38681). Arrow indicates surface crest. Scale bar 10 µm.
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Our measurements of the dimensions of the holotype of O. aldersladei (RMNH 
Coel. 38681) agree with those of the original description. It features 3 mm long pol-
yp’s body, 2 mm long tentacles, with two rows of pinnules on each side, and 8–12 
pinnules in the outermost row. The densely set pinnules are up to 0.6 mm long and 
0.2–0.3 mm wide and with almost no gap between adjacent pinnules. The sclerites are 
Ovabunda-type spheroids (Fig. 16), measuring 0.012–0.030 × 0.018–0.042 mm in 
diameter (n=46 sclerites). Janes (2008) did not mention polyp pulsation for that spe-
cies. The ethanol-preserved colony is light beige. The features of the holotype match 
the original description of O. aldersladei, except for sclerite size, which was found to 
be larger in our examination (up to 0.042 mm vs. up to 0.026 mm). The sclerites are 
indeed Ovabunda-type (Fig. 16), similar to those depicted by Janes (2008: fig. 10). 
Based on similarity between O. aldersladei and O. impulsatilla in number of rows (two 
in both), number of pinnules in the outermost row (8–12 and 8–11, respectively), and 
the size and microstructure of the sclerites it is concluded that the junior species O. 
aldersladei should be synonymized with O. impulsatilla, giving priority to the latter.

Reinicke (1997) noted under the description of X. miniata n.sp. (p. 39): “Xenia 
ternatana Schenk, 1896; Cohn 1908: 238 (ZMB 4991)” as well as: “nec Xenia ter-
natana; Kükenthal 1913: 8 (partim, NHMW C.16618)”. These two colonies were 
not examined in the current study. However, the type of X. ternatana was examined 
(see Table 1) and found to have Xenia type sclerites. Moreover, Reinicke 1997 noted: 
“Xenia garciae; Verseveldt 1970: 210 (RMNH Coel. 6846–6848); Verseveldt 1974:2 
(RMNH Coel. 8934, 8935, 8938); Reinicke 1995: 37, Fig 30”. Several of the above 
mentioned colonies were found to be O. impulsatilla (see above), whereas the type of 
X. garciae presents Xenia type sclerites and thus is not a synonym of O. impulsatilla.

Similar species. O. impulsatilla is most similar to O. biseriata. Although they 
both have two rows of pinnules and non-pulsating polyps in living colonies, the num-
bers of pinnules in the outermost row ranges from 8–11 in O. impulsatilla and 13–16 
in O. biseriata.

Distribution. Red Sea: Egypt, Sudan; Seychelles.

Ovabunda macrospiculata (Gohar, 1940)
http://species-id.net/wiki/Ovabunda_macrospiculata
Figs 17, 18, 19

Xenia macrospiculata Gohar, 1940: 96–98; Benayahu 1990 table 1 listed only; Reinicke 
1997: 42, plates 1–3, 29

Ovabunda macrospiculata; Alderslade 2001: 51, figs 29–30
Not Xenia macrospiculata; Verseveldt 1971: 64–65, fig. 39

Material. Neotype: ZMTAU Co 25635, northern Red Sea, Gulf of Suez, Shag Rock 
(27°47'1.48"N, 33°59'23.17"E), <5m, 11 July 1986, coll. Y. Benayahu. Paratypes: 
ZMTAU Co 35789 (field number A69) northern Red Sea, Gulf of Aqaba, Underwa-
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ter Restaurant (29°32'49.43N; 34°57'14.51"E), 5 m, 3 May 2010, coll. A. Halász; 
ZMTAU Co 35790 (field number A70) northern Red Sea, Gulf of Aqaba, The Inter-
university Institute of Marine Sciences in Eilat (IUI) (29°30'6.54"N; 34°55'4.44"E), 
22 m, 4 May 2010, coll. A. Halász; ZMTAU Co 35791 (field number A72), collec-
tion details as above, 9 m.

Description. The neotype is 20 mm high. Its stalk is 10 mm wide at its base, split-
ting into three branches, 7, 5 and 5 mm long; 5, 4 and 4 mm wide at the base and 
10, 6 and 7 mm wide at the uppermost part, respectively. Polyp’s body reaches up to 
2 mm and tentacles up to 5 mm, bearing three, occasionally two, rows of pinnules. 
The pinnules are 1 mm long and 0.2 mm wide, with less than a pinnule-width space 
between them, and there are 15–17 pinnules in the outermost row on each side of the 
tentacle. The sclerites are Ovabunda-type, both regular and pear-shaped, measuring 
0.015–0.025 × 0.023–0.041 mm (n=34, Fig. 17a, b). Occasionally two sclerites are 
fused, reaching 0.041 mm in maximal diameter (Fig. 17c).

The other specimens (ZMTAU Co 35789, 35790, 35791) are of similar size to 
the neotype; all with three rows of pinnules aligned on both sides of the tentacles, and 
14–18, 14–17 and 14–17 pinnules in the outermost row, respectively. Their sclerites 
are of the Ovabunda-type and vary in shapes from regular to irregular, pear-shaped 
or fused. Their size ranges through 0.016–0.025 × 0.023–0.043 mm; 0.014–0.03 × 
0.019–0.043 mm (Fig. 18) and 0.015–0.027 × 0.022–0.046 mm (Fig. 19) in diam-
eter, respectively (n=21 for each colony).

Figure 17. Scanning electron micrographs of polyp sclerites of Ovabunda macrospiculata (Gohar, 1940) 
neotype (ZMTAU Co 25635). a Pear-shape sclerite b Regular sclerites c Fused sclerite. Scale bar 10 µm.
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Figure 18. Scanning electron micrographs of polyp sclerites of Ovabunda macrospiculata (Gohar, 1940) 
paratype (ZMTAU Co 35790). a Regular sclerites b Irregular sclerite c Fused sclerites d Pear-shaped 
sclerite. Scale bar 10 µm.

Remarks. X. macrospiculata was originally described by Gohar (1940) from 
Ghardaqa, Egyptian Red Sea, as having pulsating tentacles, bearing three, occasion-
ally two, rows of pinnules, with 12–16 pinnules in the outermost row (and 10–14 
pinnules on the middle row, 0–10 on the oral one). That study did not indicate 
the museum in which the type was deposited. The last author of the current study 
searched in the museums listed in the Methods and found no trace of it; over time 
this type was probably lost. The designation of a neotype in this revision is thus 
necessary. The purpose of the designation is to clarify the species’ taxonomic status 
and its assignment to Ovabunda. Although the sclerites were described quite accu-
rately in the original description (0.024–0.036 mm in diameter, and “spicules fused 
in pairs”), SEM micrographs of the sclerites are essential as in the other species of 
the revision.

The neotype was collected in proximity to the collection site of the original speci-
men collected by Gohar. The neotype is located at ZMTAU, and available upon re-
quest for future examination.
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O. macrospiculata was also described by Verseveldt (1971: 64–65, fig. 39) from 
Nosy Be, Madagascar, referring to three and sometimes four rows of pinnules with 
12–16 pinnules in the outermost row, and sclerites 0.020–0.042 mm in maximal di-
ameter. Examination of RMNH Coel. 6702 from that study revealed that its tentacles 
have mostly four, rarely three rows of pinnules, and 14–16 pinnules in the outermost 
row (Reinicke 2013, pers. comm.). During our study the sclerites were examined and 
they are indeed Ovabunda-type, measuring up to 0.043 mm in maximum diameter, 
while fused sclerites are 0.055 mm in diameter. Based on the number of rows of pin-
nules and the number of pinnules at the outermost row, we conclude that it does not 
agree with O. macrospiculata.

Similar species. O. macrospiculata is most similar to O. ainex. Although they both 
have three rows of pinnules, the numbers of pinnules in the outermost row ranges 
from 14–18 in O. macrospiculata compared to 15–20 in O. ainex. The major difference 
between them is that O. macrospiculata presents pulsating polyps in live colonies and 
O. ainex does not.

Distribution. Red Sea: Gulf of Aqaba, southern tip of Sinai Peninsula.

Figure 19. Scanning electron micrographs of polyp sclerites of Ovabunda macrospiculata (Gohar, 1940) 
paratype (ZMTAU Co 35791). a Regular sclerite b Irregular sclerites c Fused sclerites. Arrows indicate 
surface dents. Scale bar 10 µm.
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Ovabunda verseveldti (Benayahu, 1990)
http://species-id.net/wiki/Ovabunda_verseveldti
Fig. 20

Xenia verseveldti Benayahu, 1990: 115–116, fig. 2, table 1; Reinicke 1997: 29–30, 
plate 16

Ovabunda verseveldti; Alderslade 2001: 49

Material. Holotype: ZMTAU Co 26048 and four paratypes: ZMTAU Co 31625 
northern Red Sea, Gulf of Aqaba, Dahab (28°30'34.21"N, 34°31'18.26"E), 1 m, 9 
November 1979, coll. Y. Benayahu.

Description. The holotype is 18 mm high; its stalk is 9 mm long, 5 mm wide at 
its base and 13 mm wide at its uppermost part. Polyp’s body is 1–4 mm long, and the 
tentacles 6 mm long, bearing 1.8 mm long and 0.2 mm wide pinnules separated from 
each other by a small gap, less than one pinnule width. A single row of 14–18 pinnules 
is aligned on each side of the tentacles. There are numerous sclerites in all parts of the 
colony, densely packed in the pinnules and scarce in the mid-line of the tentacles’ 
oral side. The sclerites are Ovabunda-type, varying in shape from regular spheroids 
(Fig. 20b) to egg-shaped (Fig. 20a) and more rectangular forms (Fig. 20c), measuring 
0.014–0.033 × 0.022–0.046 mm in diameter (n=45). Rarely, two sclerites are fused, 
reaching a diameter of up to 0.051 mm (Fig. 20d).

The four paratypes (ZMTAU Co 31625) are smaller than the holotype, 12–17 
mm high; the stalk is 10–15 mm long, 4–6 mm wide at the stalk base and 6–8 mm 
wide at the upper part. Polyp’s body is up to 5 mm long, and tentacles up to 3 mm 
long, featuring one row of 12–17 pinnules on each side. The pinnules are 1.2 mm long 
and 0.2 mm wide at their base, densely set in each row, almost touching each other. 
The sclerites are Ovabunda-type, measuring 0.018–0.030 × 0.022–0.049 mm in diam-
eter (n=38). Occasionally, two sclerites are fused, reaching a maximum size of 0.049 
mm. The original description did not mention polyp pulsation. The ethanol-preserved 
colonies are light brown.

Conclusions. The features of the holotype and paratypes agree with the original 
description of the species. The species was assigned by Alderslade (2001) to Ovabunda 
(see Introduction) and this is confirmed in the current study.

Similar species. O. verseveldti is most similar to O. benayahui. Although they both 
have one row of pinnules the numbers of pinnules in the outermost row ranges from 
12–18 in O. verseveldti compared to 6–7 in O. benayahui.

Distribution. Red Sea: Gulf of Aqaba, southern tip of Sinai Peninsula.

Discussion

The current study revises the genus Ovabunda Alderslade, 2001, following examina-
tion of relevant type material. Examination of the types has confirmed the previous 
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Figure 20. Scanning electron micrographs of polyp sclerites of Ovabunda verseveldti (Benayahu, 1990) 
holotype (ZMTAU Co 26048). a Egg-shaped sclerite b Regular sclerite c Rectangular sclerites d Fused 
sclerites e Irregular sclerite. Scale bar 10 µm.

assignment of the following four species to this genus: O. benayahui, O. faraunensis, O. 
hamsina, O. verseveldti (see Alderslade 2001; Janes 2008; Aharonovich and Benayahu 
2011). It synonymizes another three species: X. crista with O. arabica; O. obscuronata 
with O. biseriata; and X. miniata and O. aldersladei with O. impulsatilla. In addition, 
three Xenia species are assigned for the first time to this genus: X. ainex, X. crenata 
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and X. gohari, and a neotype is designated for the lost type of O. macrospiculata, thus 
bringing the total number of Ovabunda species to 11. Moreover, examination of an 
additional 22 Xenia types (see Table 1) out of the 58 species listed in WoRMS (http://
www.marinespecies.org/aphia.php?p=taxlist), including SEM of their sclerites, has fur-
nished the required data for revision of that genus (Halász et al. in prep.).

The first taxonomic revision of the family Xeniidae was that by Kükenthal in 1902, 
who presented 26 Xenia species and five Cespitularia. That revision used various mor-
phological features for the species description, such as colony dimensions, pinnule 
form, number of rows of pinnules and number of pinnules in the outermost row, and 
also specified the geographic distribution of each species. No details were given for the 
dimensions of the sclerites or their shape but occasionally their density or absence was 
noted. The subsequent revision by Hickson (1931a) listed 13 valid Xenia species, five 
Cespitularia, one Heteroxenia, and included a discussion of Sympodium. In that revi-
sion the number of rows of pinnules and the number of pinnules in the outermost row 
were presented for each species. Hickson pointed out the difficulty in counting the 
somewhat irregular rows along each edge of the tentacles, and referred to it as a general 
problem of the Xeniidae. In the current study we also encountered this difficulty (see 
Results: e.g., O. crenata and O. hamsina). Since Hickson’s study (1931a), no revision 
has been published on any genus of the family Xeniidae. The above-mentioned two 
revisions failed to establish a standardized template for species descriptions within the 
family, which most probably hindered further attempts to carry out such a revision.

Here we discuss the reliability of each of the characteristics used to diagnose spe-
cies, according to the order they appear in the species descriptions for each species. 
Colony dimensions as presented in the current study might in part be determined by 
age (Verseveldt 1960: 242) and environmental factors (Meestert et al. 2001) and also 
change according to collection and preservation conditions. Such dimensions might 
also exhibit a wide variation within a given species (Gohar 1940), therefore we doubt 
their value in species-specific taxonomic descriptions. However, pinnule length and 
width and the gap between adjacent pinnules are suggested here as a diagnostic trait: 
e.g. in O. arabica and its synonym X. crista, which had 1.8–2.2 mm long, 0.2 mm wide 
pinnules, with one pinnule-wide gap between adjacent ones. Similar to other studies 
(e.g., Gohar 1940, Verseveldt and Cohen 1971, Benayahu 1990, and Reinicke 1997), 
the number of pinnule rows and the number of pinnules in the outermost row are sug-
gested to be of major taxonomic importance for species distinction, and the key (see 
above) is mainly based on these features.

The application of SEM for octocoral taxonomic studies, and Xeniidae in particu-
lar, has significantly increased the resolution of sclerite imaging and led to the estab-
lishment of new taxa based on their microstructural features (e.g. Ovabunda Alder-
slade, 2001; Fasciclia Janes, 2008; Yamazatum Benayahu, 2010). In the current study, 
SEM revealed for Ovabunda species the full shape and size range of the spheroidal 
sclerites including fused ones. The latter type of sclerite is found in all species, although 
sometimes rare (as in the case of O. verseveldti). For each species the dimensions of the 
individual sclerites and the fused ones are presented, which together are necessary for 
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future species description. The range of the smallest diameter of the single Ovabunda 
spheroids was found to be similar in all the types, ranging 0.026–0.035 mm (e.g., 
O. ainex: Fig. 3, O. biseriata: Fig. 8). Their maximal diameter is mostly 0.035–0.040 
mm (e.g., O. benayahui: Figs 6–7; O. macrospiculata: Figs 17–19; O. gohari Fig. 12); 
and in some species, such as O. gohari (Fig. 12) and O. verseveldti (Fig. 20), they oc-
casionally reach a larger size, up to 0.046–0.055 mm. It is important to emphasize that 
these larger sclerites are rare in the above-mentioned types, which mainly have sclerites 
within a range of 0.035–0.040 mm. In order to present the actual range of sclerite sizes 
we measured at least 20 sclerites from each colony, a standard that we recommend for 
future studies. The lack of such a detailed account in past studies has led to taxonomic 
errors, as in the establishment of O. aldersladei (Janes 2008: sclerite maximal diameter 
range 0.018–0.026 mm), which is in fact a synonym of O. impulsatilla (sclerite maxi-
mal diameter range 0.018–0.042, Fig. 16). It should also be noted that only high-qual-
ity and sharp SEM images of Ovabunda sclerites reveal the morphological features of 
the sclerites, composed of corpuscular microscleres that are diagnostic for that genus. 
The current findings reveal that Ovabunda species feature spheroids of various sizes 
(e.g., O. benayahui: Fig. 6, O. gohari: Fig. 12), and shapes, some of which are regular, 
spherical (e.g. O. ainex: Fig. 3a, O. faraunensis: Fig. 11a) and others less so (e.g., O. 
macrospiculata: Fig. 18b; O. verseveldti: Fig. 20e; O. ainex: Fig. 3c). The sclerites in the 
latter species can be pear-shaped, or egg-shaped, or more rectangular (e.g. X. miniata: 
Fig. 15b, O. faraunensis: Fig. 20a; O. benayahui: Fig. 7d, respectively). Occasionally 
the sclerites feature surface dents or crests (e.g., O. crenata: Fig. 10; O. macrospiculata: 
Fig. 19c; O. ainex: Fig. 3; O. benayahui: Fig. 7). There is no apparent correlation be-
tween these different shapes and the different species and therefore sclerite shape has 
not been included in the key (see above). Prior to the current study, SEM micrographs 
and detailed sizes of fused sclerites were never recorded in Ovabunda species, and were 
recognized by light microscopy only in the original descriptions of O. macrospiculata 
(Gohar 1940) and O. obscuronata (Verseveldt and Cohen 1971). In most studies the 
fused sclerites were erroneously considered to be large individual sclerites, giving them 
a size of up to 0.060 mm in maximal diameter (e.g. O. benayahui, O. crenata: Reinicke, 
1997). In the case of the fused sclerites, the use of SEM has enabled the full range of 
shapes to be captured, including some that were almost fully fused and could not be 
detected using light microscopy (e.g., O. benayahui: Figs 6b and 7b; O. gohari: Fig. 
12b), partially fused figure-eight shapes (X. crista: Fig. 5b; O. impulsatilla: Fig. 14b), or 
spheroids with only a medial narrowing (O. hamsina: Fig. 13b). Undoubtedly, when 
measuring sclerites under a light microscope, the existence of both individual sphe-
roids and fused ones should be taken into account. The occurrence of fused sclerites 
and their significance to the taxonomy of the genus and other xeniid genera should be 
further examined.

Polyp pulsation of living xeniid colonies was first noted by Lamarck (1816) (in: 
Kremien et al. 2013) and later by Hickson (1931a: 154) and Gohar (1940: 82–83). 
This feature was considered indicative for species identification. Recently, Kremien et 
al. (2013) found that such pulsation increases photosynthesis, which in absolute en-
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ergy gain greatly surpasses the added metabolic cost. Since 1940 it has been noted in 
most descriptions of Xenia and Heteroxenia species (e.g. Gohar 1940, Verseveldt and 
Cohen 1971; Reinicke 1995, 1997). Among Ovabunda species the state of pulsation 
(absence/presence) in living colonies has been noted for all species (Gohar 1940, Ver-
seveldt and Cohen 1971; Reinicke 1995, 1997), except O. verseveldti. As in previous 
studies, we consider the pulsation state of living colonies an important characteristic 
and we recommend recording it when collecting colonies. Hickson’s revision (1931a) 
and several later publications (e.g., Benayahu 1990; Reinicke 1997; Janes 2008) noted 

Figure 21. Distribution map of type localities of Ovabunda species. Areas of small rectangles are represented 
in respective large ones: 1 Underwater Restaurant, Eilat 2 The Interuniversity Institute of Marine Sciences 
(IUI), Eilat 3 opposite Gezirat Fara’un 4 Solar pond 5 Marsa Murach 6 Marine Science Station, Jordan 7 Na-
ture reserve, Jordan 8 Saudi Arabia border bay 9 Dahab 10 Shag Rock 11 Shaab el Utaf 12 Sanganeb Atoll.
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the color of the colonies. We doubt color is of taxonomic value, however, since it can 
change with preservation, and also depends on the type and density of the symbiotic 
zooxanthellae (Berner et al. 1987, Siebeck et al. 2006). We have also noted that sclerite 
density and distribution affect tissue coloration (Reinicke 1997: 18).

The current study indicates that the Red Sea is the type locality of most Ovabunda 
species (Fig. 21). Some species, such as O. hamsina, O. impulsatilla, and O. macrospicu-
lata, were also recorded in the West Indian Ocean (e.g., Madagascar and the Seychelles). 
The possibility that the genus has a wider distributional range is not excluded, and re-
mains to be confirmed by re-examination of already collected material deposited in vari-
ous collections, or of freshly collected material from throughout the Indo-Pacific basin.

Re-examination and appropriate re-descriptions of octocoral type material, as con-
ducted in the current study, is highly important in an era of molecular phylogeny and in-
creasing phylogeographic studies, despite the difficulty or inability to extract DNA from 
the types themselves. This kind of comprehensive study based mainly on type material 
is a critical first step in the process of understanding phylogenetic relationships among 
species and genera, and their ecology. Due to similar morphologies in the case of Xenia 
and Ovabunda, further analysis is needed in order to reveal their radiation, especially in 
regions where they have a sympatric distribution. There is also a need to validate the cur-
rent Ovabunda species, through an integrated taxonomic effort, combining molecular 
genetic evidence of species boundaries, ecological, and reproductive differences.
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Abstract
The genus Primeuchroeus Linsenmaier, 1968 from China is revised and an illustrated identification key 
is produced for the first time. Three species are recorded from China, with one species, Primeuchroeus 
yongdaerianus Kim, new to China.
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introduction

Primeuchroeus Linsenmaier belongs to the tribe Chrysidini of the subfamily Chrysidinae 
(Kimsey & Bohart, 1991). Bohart (1988) revised the genus and divided it into five 
species-groups, with a key to all known species at that time. More detailed diagnosis 
and discussion of each species-group was published later by Kimsey and Bohart (1991). 
Linsenmaier (1997) considered three species, alces Linsenmaier, 1968, paradoxa Lin-
senmaier, 1968 and tenuimediata Linsenmaier, 1968 belonged to the genus Chrysis. 
However, we follow the systematics proposed by Kimsey and Bohart (1991).

ZooKeys 373: 43–56 (2014)

doi: 10.3897/zookeys.737.6556

www.zookeys.org

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

ReseARCh ARtiCle

Launched to accelerate biodiversity research

A peer-reviewed open-access journal



Na-sen Wei et al.  /  ZooKeys 373: 43–56 (2014)44

Presently 33 species of Primeuchroeus are known worldwide (Kimsey and Bohart 
1991; Kim 2013), of which 26 are from the Australian region, four are from the 
Oriental region, one is from the Palaearctic region, one is from both the Oriental and 
the Palaearctic regions, and one is from the Afrotropical region (Kimsey and Bohart 
1991; Madl and Rosa 2012; Kim 2013).

In China, before this study, only two species have been recorded from Taiwan by 
Tsuneki: Primeuchroeus crassiceps (Tsuneki, 1970) and Primeuchroeus kansitakuanus 
(Tsuneki, 1970). In this study, three species are recognized, with one new to China.

Materials and methods

All specimens were examined and described under stereomicroscope (Olympus SZ61). 
All photos were taken with a digital camera (CoolSNAP) attached to a Zeiss Stemi 
2000-CS stereomicroscope. Images were processed using Image-Pro Plus software.

Morphological terminology mainly follows Kimsey and Bohart (1991).
Abbreviations used in the descriptions as follows: F-I, F-II, F-III, etc. = flagel-

lum I, flagellum II, flagellum III and so on; MOD = midocellar diameter; MS = 
malar space, the shortest distance between the base of mandible and the margin of 
compound eye; S-II spots = two oval dark spots on metasomal sternum II; TFC = 
transverse frontal carina; T-I, T-II, T-III, etc. = metasomal tergum I, tergum II, 
tergum III and so on.

All specimens are kept in the Hymenopteran Collection, South China Agricultural 
University, Guangzhou, China (SCAU) and the Shanghai Entomological Museum, 
Chinese Academy of Science, Shanghai, China (SEM).

taxonomy

Genus Primeuchroeus Linsenmaier, 1968
http://species-id.net/wiki/Primeuchroeus

Primeuchroeus Linsenmaier 1968: 38. Type species: Chrysis papuana Mocsáry 1899. 
Linsenmaier 1982: 325; Bohart 1988: 21; Kimsey and Bohart 1991: 535; Kim 
2013: 95.

Papuachrysis Linsenmaier 1968: 52. Type species: Chrysis alces Linsenmaier 1968. Syn-
onymized by Kimsey and Bohart 1991.

Diagnosis. Scapal basin usually with fine transverse striae (Figs 3, 12, 21, 30). TFC often 
down-curved crescent, sometimes apparently double (Figs 21, 30), rarely flat or absent 
(Figs 3, 12). Subgenal area defined by carina. Mesopleuron without scrobal sulcus (Figs 6, 
15, 24, 33). Forewing with Rs short and ending abruptly (Figs 5, 14, 32), or Rs long and 
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nearly complete (Fig. 23). Lateral margin of T-III edentate (Figs 9, 18, 36), dentate, or 
convex basally (Fig. 27). Apex of T-III usually round (Figs 7, 16, 34) or obtusely angled 
medially (Fig. 25), rarely tridentate. Female T-IV with coarse transverse ridges.

Key to the Chinese species of Primeuchroeus Linsenmaier

1 Forewing with Rs long, about two times as long as stigma, and bent sharply 
in the middle (Fig. 23); lateral margin of T-III convex, with a small tooth 
basally (Fig. 27) ...............................................P. kansitakuanus (Tsuneki)

– Forewing with Rs short, about half as long as stigma, and ending obtusely 
(Figs 5, 14, 32); lateral margin of T-III nearly straight, without tooth basally 
(Figs 9, 18, 36) ...........................................................................................2

2 TFC absent (Figs 3, 12); pronotum with an obtuse angle on each lateral 
margin (Figs 4, 13) .................................................. P. crassiceps (Tsuneki)

– TFC distinct and double (Fig. 30); pronotum with an indistinct angle on 
each lateral margin (Fig. 31) .....................................P. yongdaerianus Kim

Primeuchroeus crassiceps (Tsuneki, 1970)
http://species-id.net/wiki/Primeuchroeus_crassiceps
Figs 1–18

Chrysis crassiceps Tsuneki 1970: 8.
Primeuchroeus crassiceps (Tsuneki, 1970): Bohart 1988: 23; Kimsey and Bohart 1991: 541.

Materials. 1♀ (SCAU), Yunnan, Gaoligongshan National Nature Reserve (24°49'N, 
98°46'E), 20–21.VII.2006, Jie Zeng, Juan-juan Ma & Bin Xiao leg., No. CP0038; 
4♀♀+2♂♂ (SCAU), Yunnan, Gaoligongshan National Nature Reserve, Mailongxia 
(25°50'23"N, 98°51'23"E), 17.VIII.2005, Kai Wu leg., No. CP0039–0044.

Description. Described after a female from Yunnan. Body length 4.3 mm (Figs 1, 
2). Forewing length 3.1 mm. MS = 0.7 MOD. F-I 2.0× as long as wide.

Head. Scapal basin deep and impunctate, with transverse striae and a round pit 
anteromedially (Fig. 3). F-I slightly longer than F-II (Fig. 3). TFC absent (Fig. 3).

Mesosoma. Pronotum with anterior declivity polished and impunctate between the 
two pits (Fig. 4); with an obtuse angle on each lateral margin (Fig. 4), with sublateral 
carina complete and lateral depression shallow (Fig. 6). Mesonotum with areolate 
punctures (Fig. 4). Mesopleuron without enlarged foveae along episternal sulcus 
(Fig.  6), without carina and projection (Fig. 6). Forewing with discoidal cell faint 
outwardly (Fig. 5); Rs short, 0.6 times as long as stigma, and ending obtusely (Fig. 5). 
Propodeal angle sharp and pointing backwards (Fig. 4).

Metasoma. T-I with sparser and considerably larger punctures than those on T-II 
and T-III (Fig. 7). S-II spots separated by 1.7 MOD (Fig. 8). T-III slightly bulging 
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before pit row (Fig. 9); apex of T-III round, without transparent rim (Fig. 7); lateral 
margin of T-III nearly straight, without tooth (Fig. 9).

Colouration. Head and mesosoma metallic green, blackish along notauli. Mandible 
brown, with metallic green basally. Antenna black, with scape, pedicel and basal F-I 
metallic bluish-green. Tegula metallic bluish-green. Leg metallic bluish-green, with 
inner surface of tibia and tarsus brown. Metasoma metallic blue, with T-I metallic 
greenish-blue.

Male. Body length 4.3 mm (Figs 10, 11). Forewing length 3.1 mm. MS = 0.7 
MOD. F-I 2.0× as long as wide. Subantennal space = 0.8 MOD. Differing from female 
as follows: vertex, mesosoma, T-I and T-II darker than those of female; forewing with 
discoidal cell more distinct than that of female (Fig. 14); apex of T-III rounder than 
that of female, without angle medially (Fig. 16).

Variation. Females (n = 5). Body length 3.5–4.4 mm. Forewing length 3.0–3.4 
mm. Rs 0.5–0.6 times as long as stigma. Metasoma with purple tints; F-I subequal to 
F-II. Males (n = 2). Body length 3.5–4.3 mm. Forewing length 3.0–3.1 mm.

Diagnosis. F-I slightly longer than F-II. TFC absent. Pronotum with an obtuse 
angle on each lateral margin. Forewing with Rs short, 0.6 times as long as stigma, 
ending obtusely. Lateral margin of T-III nearly straight, without tooth.

Figures 1, 2. Primeuchroeus crassiceps (Tsuneki, 1970), female from Yunnan. 1 Habitus, dorsal view 
2 habitus, lateral view.
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Distribution. China (Taiwan, Yunnan).
Biology. Unknown. Collected in July and August.
Remark. According to Bohart (1988), P. crassiceps belongs to the siamensis 

species-group.

Figures 3–9. Primeuchroeus crassiceps (Tsuneki, 1970), female from Yunnan. 3 Head, anterior view 
4 head, pronotum, mesonotum, metanotum, and propodeum, dorsal view 5 forewing 6 pronotum, meso-
pleuron and metapleuron, lateral view 7 metasoma, dorsal view 8 metasoma, ventral view 9 T-II and 
T-III, lateral view.
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Primeuchroeus kansitakuanus (Tsuneki, 1970)
http://species-id.net/wiki/Primeuchroeus_kansitakuanus
Figs 19–27

Chrysis kansitakuanus Tsuneki 1970: 9.
Primeuchroeus kansitakuanus (Tsuneki, 1970): Bohart 1988: 23; Kimsey and Bohart 

1991: 542.

Materials. 1♀ (SCAU), Zhejiang, Lin’an, Mt. Qingliangfeng (30°04'N, 118°52'E), 
9.VIII.2005, Hong-ying Zhang leg., No. 200603255; 1♀ (SEM) Fujian, Da’an 
(27°51'12.80"N, 117°54'24.42"E), 1.VII.1959, Gen-tao Jin & Yang-ming Lin leg., 
No. 34022850; 1♀ (SCAU), Hubei, Jingmen, Jingshan (31°1'1'N, 113°78'10"E), 
15.VII.2009, Yuan Ye leg., No. CP0029; 13♀♀ (SCAU), Hunan, Mt. Huping, 
Shinianzigou (29°55'38"N, 118°48'48"E), 9.VII.2009, Ya-li Tang leg., No. CP0002–
0014; 4♀♀ (SCAU), Hunan, Mt. Huping, Shinianzigou, 9.VII.2009, Shi-hong Wang 
leg., No. CP0015–0018; 1♀ (SCAU), Hunan, Mt. Huping, Zongfeng (29°55'N, 
118°48'E), 9.VII.2009, Shi-hong Wang leg., No. CP0019; 1♀ (SCAU), Hunan, Mt. 

Figures 10, 11. Primeuchroeus crassiceps (Tsuneki, 1970), male from Yunnan. 10 Habitus, dorsal view 
11 habitus, lateral view.
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Huping, Shuawu village (29°55'N, 118°48'E), 10.VII.2009, Li Ma leg., No. CP0020; 
1♀ (SCAU), Hunan, Huaihua (27°33'17"N, 109°59'53"E), VIII.2004, Jian-hua Zhou 
leg., No. CP0021; 2♀♀ (SCAU), Guangzhou, Wangzishan Forest Park (23°34'49"N, 
113°13'21"E), 20.V.2006, Ju-jian Chen & Zai-fu Xu leg., No. CP0030, 0031; 4♀♀ 
(SCAU), Guangzhou, Liuxihe Forest Park (23°44'31"N, 113°47'0"E), 20.VI.2004, 
Zai-fu Xu leg., No. CP0032–0035; 2♀♀ (SCAU), Guangdong, Chebaling National 

Figures 12–18. Primeuchroeus crassiceps (Tsuneki, 1970), male from Yunnan. 12 Head, anterior view 
13 head, pronotum, mesonotum, metanotum, and propodeum, dorsal view 14 forewing 15 pronotum, 
mesopleuron and metapleuron, lateral view 16 metasoma, dorsal view 17 metasoma, ventral view 18 T-II 
and T-III, lateral view.
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Figures 19, 20. Primeuchroeus kansitakuanus (Tsuneki, 1970), female from Guizhou. 19 Habitus, dorsal 
view 20 habitus, lateral view.

Nature Reserve (24°43'N, 114°14'E), 22–28.VII.2008, Zai-fu Xu leg., No. CP0036, 
0037; 1♀ (SCAU), Hainan, Mt. Wuzhi (18°51'N, 109°39'E), 15–16.V.2008, 
Jing-xian Liu leg., No. 200800155; 1♀ (SCAU), Guizhou, Tianzhu (26°54'32"N, 
109°12'22"E), VIII.2009, Yang-wen Wang leg., No. CP0001; 2♀♀ (SCAU), 
Guizhou, Mayang River, Dahe Dam (28°38'12"N, 108°17'13"E), 27.IX–2.X.2007, 
Jie-min Yao leg., No. CP0027, 0028; 3♀♀ (SCAU), Yunnan, Jinggu, Yunhai Reserve 
(23°29'37"N, 100°42'39"E), 3.X.2004, Jing-xian Liu leg., No. CP0022–0024; 1♀ 
(SCAU), Yunnan, Yingjiang, Taiping village (24°39'29"N, 97°51'9"E), 15.VIII.2005, 
Qiang Li leg., No. CP0025; 1♀ (SCAU), Yunnan, Chenggong, Luoyang (24°55'35'N, 
102°48'37"E), 8–19.VIII.2006, Qiang Li leg., No. CP0026.
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Description. Described after a female from Guizhou. Body length 7.0 mm 
(Figs 19, 20). Forewing length 4.6 mm. MS = 0.6 MOD. F-I 3.0× as long as wide.

Head. Scapal basin deep, with transverse striae and punctures, with a round pit 
anteromedially (Fig. 21). F-I dinstinctly longer than F-II (Fig. 21). TFC distinct and 
double (Fig. 21).

Figures 21–27. Primeuchroeus kansitakuanus (Tsuneki, 1970), female from Guizhou. 21 Head, anterior 
view 22 pronotum, mesonotum, metanotum, and propodeum, dorsal view 23 forewing 24 pronotum, 
mesopleuron and metapleuron, lateral view 25 metasoma, dorsal view 26 metasoma, ventral view 27 T-II 
and T-III, lateral view.
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Mesosoma. Pronotum with anterior declivity polished and impunctate between 
the two pits (Fig. 22); without angle on each lateral margin (Fig. 22), without 
sublateral carina, but with lateral depression deep (Fig. 24). Mesonotum with round 
punctures (Fig. 22). Mesopleuron with enlarged foveae along episternal sulcus 
(Fig. 24), with scrobal carina and a very small projection near scrobe (Fig. 24). 
Forewing with discoidal cell distinct (Fig. 23); Rs long, 2.4 times as long as stigma, 
sharply bent in the middle and nearly complete (Fig. 23). Propodeal angle sharp and 
pointing backwards.

Metasoma. T-I with sparser and considerably larger punctures than those on T-II 
and T-III (Fig. 25). S-II spots separated by 3.0 MOD (Fig. 26). T-III not bulging 
before pit row (Fig. 27); apex of T-III obtusely angled medially, without transparent 
rim (Fig. 25); lateral margin of T-III convex, with a small tooth basally (Fig. 27).

Colouration. Face metallic green. Mandible brown, with metallic green basally. 
Antenna black, with scape, pedicel and basal F-I metallic bluish-green. Vertex and 
mesosoma metallic bluish-green, with ocellar triangle, anterior part of pronotum, 
notauli, and metanotum black. Tegula blackish-brown. Leg metallic bluish-green, 
with tarsus testaceous. Metasoma metallic bluish-green.

Variation. Females (n = 40). Body length 5.0–7.0 mm. Forewing length 3.4–4.6 
mm. Rs 2.0–2.4 times as long as stigma.

Male. Unknown.
Diagnosis. F-I distinctly longer than F-II. TFC distinct and double. Forewing 

with Rs long, 2.0–2.4 times as long as stigma, and bent sharply in the middle. Lateral 
margin of T-III convex, with a small tooth basally.

Distribution. China (Zhejiang, Hubei, Hunan, Taiwan, Fujian, Guangdong, 
Hainan, Guizhou, Yunnan); Vietnam; Malaysia.

Biology. Unknown. Collected from May to October.
Remarks. According to Bohart (1988), P. kansitakuanus belongs to the ghilianii 

species-group.

Primeuchroeus yongdaerianus Kim, 2013, new to China
http://species-id.net/wiki/Primeuchroeus_yongdaerianus
Figs 28–36

Primeuchroeus yongdaerianus Kim 2013: 95.

Materials. 4♀♀ (SCAU), Yunnan, Gaoligongshan National Nature Reserve (24°49'N, 
98°46'E), 20–21.VII.2006, Jie Zeng, Juan-juan Ma & Bin Xiao leg., No. CP0045–
0048; 8♀♀ (SCAU), Yunnan, Gaoligongshan National Nature Reserve, Mailongxia 
(25°50'23"N, 98°51'23"E), 17.VIII.2005, Kai Wu leg., No. CP0049–0056.

Description. Described after a female from Yunnan. Body length 3.1 mm (Figs 
28, 29). Forewing length 2.5 mm. MS =1.2 MOD. F-I 2.5× as long as wide. 
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Head. Scapal basin deep and impunctate, with transverse striae and an elongate 
pit anteromedially (Fig. 30). F-I slightly longer than F-II (Fig. 30). TFC distinct and 
double (Fig. 30).

Mesosoma. Pronotum with anterior declivity polished and impunctate between two 
pits (Fig. 31); with an indistinct angle on each lateral margin (Fig. 31), with sublateral 
carina incomplete, and with lateral depression shallow (Fig. 33). Mesonotum with 
areolate punctures (Fig. 31). Mesopleuron without enlarged foveae along episternal 
sulcus (Fig. 33), without scrobal carina and projection (Fig. 33). Forewing with 
discoidal cell faint outwardly (Fig. 32); Rs short, 0.6 times as long as stigma, and 
ending obtusely (Fig. 32). Propodeal angle sharp and pointing backwards (Fig. 31).

Figures 28, 29. Primeuchroeus yongdaerianus Kim, 2013, female from Yunnan. 28 Habitus, dorsal view 
29 habitus, lateral view.
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Metasoma. T-I with sparser and considerably larger punctures than those on T-II 
and T-III (Fig. 34). S-II spots separated by 2.3 MOD (Fig. 35). T-III slightly bulging 
before pit row (Fig. 36); apex of T-III round, with broad testaceous transparent rim 
(Fig. 34); lateral margin of T-III nearly straight, without tooth (Fig. 36).

Colouration. Face metallic green, with yellow reflections. Mandible brown, with 
metallic green basally. Antenna black, with scape metallic green. Vertex, pronotum, 

Figures 30–36. Primeuchroeus yongdaerianus Kim, 2013, female from Yunnan. 30 Head, anterior view 
31 head, pronotum, mesonotum, metanotum, and propodeum, dorsal view 32 forewing 33 pronotum, 
mesopleuron and metapleuron, lateral view 34 metasoma, dorsal view 35 metasoma, ventral view 36 T-II 
and T-III, lateral view.
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mesonotum, and metanotum metallic bluish-green. with black colour. Tegula blackish-
brown, with metallic blue hints. Leg with coxa and femur metallic green; tibia mostly 
brown, with slight metallic reflections; tarsus brown. Metasoma mostly black, with 
metallic green reflections posteriorly and laterally on each segment.

Variation. Females (n = 12). Body length 2.6–4.1 mm. Forewing length 2.4–3.1 
mm. F-I subequal to F-II. Rs 0.6–0.7 times as long as stigma.

Male. No available specimens for this study.
Diagnosis. TFC distinct and double. Forewing with Rs short, 0.6 times as long 

as stigma, and ending obtusely. Lateral margin of T-III nearly straight, without tooth.
Distribution. China (Yunnan); Korea.
Biology. Unknown. Collected in July and August.
Remarks. According to Kim (2013), P. yongdaerianus belongs to the siamensis 

species-group. It is the first record to the Oriental region and to China. The specimens 
from Yunnan vary from those from Korea by tibia and tarsus brown, and with metallic 
blue on S-III.
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Abstract
A new genus and species of the large Neotropical pselaphine tribe Jubini is described from Manaus, Brazil, 
based on material preserved in the Natural History Museum, London. Morphogenia struhli gen. et sp. n. 
represents the possible sister taxon of the abundant and speciose genus Barrojuba Park, sharing with it the 
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the lateral margins of the pronotum that are typical of Barrojuba. The genus is also unusual among jubine 
genera in lacking the characteristic V- or Y-shaped gular carina. In contrast to the commonly-collected 
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introduction

The pselaphine tribe Jubini is an entirely Neotropical radiation and a major compo-
nent of the South American rove beetle fauna (Park 1942, 1952). The tribe is highly 
distinctive, with a wide mentum and maxillary cardos that project anteriorly, to the 
point that they are sometimes visible in dorsal view. A conspicuous V- or Y-shaped 
gular carina commonly adorns the underside of the triangular head, and the pronotum 
is also of a characteristic form, often abruptly constricted at the base.

Thirteen genera of Jubini have been described (Newton and Chandler 1989, 
Chandler 1999), with several, including Jubus Schaufuss, Sebaga Raffray and Barro-
juba Park being abundant and potentially very species rich elements of the Neotropical 
forest floor. Despite their ubiquity, and the accumulation of a mass of new material 
from collecting efforts over the past several decades, little work has been conducted on 
Jubini since the creation of the majority of genera over a century ago. One exception 
is the genus Barrojuba, erected by Park (1942) and subsequently revised by (Chandler 
1983, 1988), and now including fourteen species. Barrojuba is distinctive in possessing 
an overtly simplified and smoothly convex vertex, resulting from an evolutionary loss 
of sulci and an anterolateral repositioning of the vertexal foveae (the dorsal tentorial 
pits) to the vicinity of the postantennal notches.

Investigation of the pselaphine collection at the Natural History Museum, London 
(NHM), revealed undescribed jubine material collected during the 1990s from the 
Smithsonian Tropical Research Institute/INPA Biological Dynamics of Forest Frag-
ments Project in Manaus, Brazil. Among this material were specimens with apparent 
affinities to Barrojuba, but differing in crucial aspects that warrant their placement in 
a new genus. Here, the new genus is described and illustrated, its sexual dimorphism 
documented, and putative phylogenetic relationships discussed.

Methods

For morphological description, specimens were removed from mounts and relaxed in 
a Sodium Dodecyl Sulphate-based buffer with Proteinase K, and then transferred into 
ethanol for observation with stereo microscopy, or into 1:1 ethanol: glycerol for imaging 
with a Zeiss compound microscope. Genitalia and terminal segments were dissected and 
mounted in temporary glycerol slide mounts, and are stored in glycerol microvials pinned 
with their respective specimens. Photographs of specimens were taken by using a Vision-
ary Digital photomicrographic apparatus with Infinity optics and a Canon 60D camera, 
installed at the American Museum of Natural History, New York. Montage images were 
constructed from stacks using Helicon Focus. DNA from two paratype females was ex-
tracted according to a non-destructive protocol outlined previously (Parker and Maruyama 
2013). The symbol “//” is used to separate different data labels attached to the specimens. 
The terminology used to describe the foveal system follows Park (1942), as modified by 
Chandler (2001), except that the terms “mesoventral” and “metaventral” are used in place 
of “mesosternal” and “metasternal”, following the discussion of Herman (2013).
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taxonomy

Morphogenia gen. n.
http://zoobank.org/4368E5BC-73B0-443D-AE2C-020F58EFD36C
http://species-id.net/wiki/Morphogenia

Type species. Morphogenia struhli, here designated.
Diagnosis. Morphogenia, and its only species, M. struhli, can be distinguished 

from all other known jubine genera by the following combination of characters: (1) 
smoothly convex vertex lacking sulci, and afoveate due to anterolateral shift of vertexal 
foveae into vicinity of postantennal notches anterior to eyes; (2) absence of V- or Y-
shaped gular carina; (3) pronotum with margins smooth, lacking lateral spines, and 
with a simple, well-defined transverse antebasal sulcus in both sexes; (4) abdomen 
lacking fovea-like cuticular pockets at bases of tergites V–VII and sternites V–VII (but 
tergite IV and sternite IV with true mediobasal foveae present).

Description. Body length ~3 mm (Fig. 1). Form relatively flattened and broad-
ened posteriorly, with compact abdomen and elongate legs.

Head: Approximately triangular (Figs 1, 18), 1.3× wider than long; without dis-
tinct frontal rostrum and lacking prominent, raised antennal tubercles. Vertex smooth-
ly convex, devoid of foveae or sulci, lateral margins incised behind antennal sockets by 
postantennal notches (region enclosed by dashed line in Fig. 2). Antennae separated by 
1/3 maximum head width. Foveae of apparent homology to the vertexal foveae of oth-
er Pselaphinae shifted from vertex, situated instead on frontolateral margins, recessed 
into the top of postantennal notches (Figs 2, 5). Apodemes of tentorium extending 
from these foveae (Fig. 5) and converging on gular foveae with single opening (Fig. 3). 
Lateral margins of head smoothly rounded dorsoventrally, lacking ocular mandibu-
lar carina. Venter lacking any trace of gular carina (Fig. 3; a medial sutural line can 
be weakly detected). Antennae (Fig. 4) with 11 antennomeres, with club formed by 
enlarged antennomeres VIII–XI. Maxillary palpi comprised of five palpomeres, with 
small triangular palpomeres III and fusiform palpomeres IV (Fig. 3). Maxillary cardos 
projecting anteriorly, reaching slightly beyond sides of mandibles, with single long 
setae positioned at apex.

Thorax: Pronotum (Fig. 6) moderately transverse, 1.4× wider than head and simi-
lar in length, obcordate in shape, approximately semicircular before abrupt constric-
tion in basal quarter. Lateral margins before constriction smoothly rounded, without 
spines or teeth. Pronotal disc simple and convex, lacking foveae or sulci. Typical, deep 
and well-impressed antebasal sulcus present, demarcating point of pronotal constric-
tion. Lateral antebasal foveae present, median antebasal fovea absent. Prosternum with 
lateral procoxal foveae. Mesoventrite with single unpaired median mesoventral fo-
vea, lateral mesoventral foveae and lateral mesocoxal foveae. Metaventrite with lateral 
metaventral foveae, with median carina from 1/3 segment length to posterior margin.

Abdomen: Abdomen 2/3 length of elytra (measured along suture). Five tergites 
(IV–VIII) evident. Tergites with broad, angularly-projecting paratergites on segments 
III–VI and smaller paratergites on VII (Fig. 7). Tergite IV longest, 2.7× tergite V 
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length, with posterior tergites becoming shorter and narrower. Tergite IV with me-
diobasal foveae present in basal sulcus. Six sternites (III–VIII) evident; penial plate ap-
parently internalized, not externally visible, with genital aperture formed by contigu-
ous apical margins of tergite and sternite VIII (Figs 11, 12). Apical margin of sternite 
III entire, uninterrupted by metacoxae. Sternite IV longest, mediobasal foveae present. 
All tergites and sternites lacking fovea-like cuticular pockets at their bases (Fig. 7 shows 
bases of tergites V–VII revealed in cleared specimen).

Elytra: 1.3× longer than pronotum, broadening gradually until narrowing just 
before apices. With sinuate transverse basal carina; sutural foveae and single median 
basal foveae present but largely obscured by arcing of basal carina. Humeri indented 
by impressed bases of humeral sulci; humeral sulci extending length of elytra, with 
humeral foveae at base. Sutural striae entire.

Legs: All pairs of coxae contiguous. Coxae all carinate along length of external 
face. Procoxal length greater than half femoral length, procoxae strongly conically pro-
jecting ventrally. Mesocoxae shorter than procoxae, moderately conically projecting, 
orientated somewhat posteriorly. Metacoxae transverse-conical, spanning from ventral 
midline to metaventral margin, and projecting posteriorly. All trochanters short, with 
negligible separation of coxal apex and femoral base (“brachysceline” type). Femora and 
tibiae simple, lacking modifications. Profemora somewhat thickened. Tarsi (Figs 8, 9) 
3-segmented with short tarsomeres I; tarsomeres II longest. Metatarsi especially elon-
gate. Tarsi with two claws of equal size.

Etymology. Morphogens are gradient-forming molecules that specify positional 
information and govern tissue growth during animal development. The generic name 
acknowledges the pervasive role of morphogens in sculpting organismal morphology. 
The gender is feminine.

Morphogenia struhli sp. n.
http://zoobank.org/21B35D69-23FB-42AE-8601-80AEFEB986CE
http://species-id.net/wiki/Morphogenia_struhli

Type material. Holotype ♂: “88 1 // Leaf litter, Winkler method. Terra firmé fst. // 
BRAZIL: Manaus, A.M. INPA/Smithsonian Res. 2°25'S, 59°50'W, R. Didham, i. 
1994 // BMNH{E} 2003-84.”. Paratypes (2 ♀♀): “89 7 // Leaf litter, Winkler method. 
Terra firmé fst. // BRAZIL: Manaus, A.M. INPA/Smithsonian Res. 2°25'S, 59°50'W, 
R. Didham, i. 1994//BMNH{E} 2003-84 // (pink label) 0749”. “68 12 // Leaf litter, 
Winkler method. Terra firmé fst. // BRAZIL: Manaus, A.M. INPA/Smithsonian Res. 
2°25'S, 59°50'W, R. Didham, i. 1994 // BMNH{E} 2003-84”. All material is depos-
ited in the Coleoptera collection of the Department of Entomology, Natural History 
Museum, London.

Description. Body length 2.9 mm (Fig. 1). Holotype male somewhat teneral; body 
colour of female paratypes dark reddish-purple (e.g. Figs 17, 19) with appendages lighter 
in colour. Dorsal regions shiny, with shallow punctures and sparse setae in most areas.
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Head: Length 0.71 mm from occipital constriction to clypeus; width across widest 
point (posterior to eyes) 0.55 mm. Margins broadly and smoothly rounded from eyes 
to base (Figs 1, 18). Margins narrowing anterior to eyes before broadening slightly 
to clypeus. Setae sparse on vertex and becoming longer and denser towards clypeus. 
Anterolaterally-shifted vertexal fovea concealed in postantennal notches (region in-
dicated in Fig. 2) by several long, apically-directed setae (Fig. 5). Eyes (Fig. 2) large 
with ~105 ommatidia, broadly crescent-shaped with shallow ocular canthi at poste-
rior margin. Antennae received by triangular frontolateral excavations with carinate 
edges (Fig. 2). Antennal (Fig. 4) length 1.18 mm, with scape weakly transverse in 
dorsal view, pedicel slightly narrower and subquadrate. Antennomeres III–V subequal 
in width, slightly narrower and shorter than pedical, with segments becoming progres-
sively longer apically; VI and VII transverse and subequal in length; VII wider than VI 
and approaching width of segment VIII. Antennomeres VIII–X with carinate apical 

Figures 1–4. Morphogenia struhli sp. n. holotype male. 1 dorsal habitus 2 head, lateral view, with position 
of vertexal fovea (VF) indicated at dorsal extreme of postantennal notch (region enclosed by dashed line) 
3 head venter showing gular fovea (GF). Note the absence of a gular carina 4 right antenna, dorsal view.
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and basal margins, roughly obconical and equal in width. Antennomere VIII slightly 
longer than preceding three segments, 2/3 longer than wide; antennomeres IX and X 
0.7× length of VIII; XI longest, 1.8× length of VIII, with carinate basal margin, widest 
in apical half before tapering to apex. Antennomeres densely covered with apically-

Figures 5–15. Diagnostic characters of Morphogenia struhli sp. n. 5 compound micrograph of male 
head showing anterolaterally shifted vertexal fovea (VF) and apodemes of the tentorium 6 male pronotum 
with antebasal sulcus (AS) and lateral antebasal fovea (LAF) indicated 7 male dorsal abdominal segments 
showing absence of fovea-like cuticular pockets at the bases of tergites V–VII 8 male left protarsus with 
tarsomeres indicated. A magnified portion of the ventral face of tarsomere II shows the large spines of 
possible raptorial function 9 male left metatarsus with tarsomeres indicated. Note that tarsi in 8 and 9 are 
to the same scale. 10 male left hind tarsal claw, with arrow indicating internal spike 11 male tergite VIII 
12 male sternite VIII 13 dorsal view of aedeagus 14 female tergite VIII 15 female sternite VIII. In 11–15 
all structures are orientated with anterior to the top.
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directed setae. Apical pseudosegment of maxillary palpus continuous with external face 
of palpomere IV and pointing slightly mesially.

Thorax: Pronotum (Fig. 6) length 0.68 mm, width 0.77 mm at widest point. Disc 
region sparsely setiferous. Lateral margins behind antebasal sulcus with several long, 
laterally-projecting setae. Prosternum with medial region in front of procoxae with 
long setae covering setiferous lateral procoxal fovea. Episternal areas with moderately 
dense, shorter setae orientated somewhat dorsally. Short lateral prosternal carinae ex-
tending briefly from sides of procoxal cavities. Mesoventral plate moderately setifer-
ous, meso-epiventral regions largely glabrous. Metasternum with sparse, dorsoapically-
pointing aciculate setae.

Abdomen: Dorsal abdominal length (with segments contracted) 0.57 mm. Ter-
gite lengths: IV= 0.32 mm, V = 0.12 mm, VI = 0.10 mm. Apical margin of sternite 
IV with male-specific medially positioned small, round tubercle covered in small setae. 
Male tergite VIII (Fig. 11) with basal margin of sclerite weakly convex; with uniform 
moderately dense distribution of long setae. Sternite VIII (Fig. 12) with basal margin 
of sclerite strongly convex; mediobasal region with sparse, short setae becoming much 
denser towards apical margin; lateral areas of sternite with much longer setae of moder-
ate density. Apical margin of sternite VIII medially depressed to receive corresponding 
apex of tergite VIII.

Elytra and flight wings: Elytra with scattered, short setae. Elytral length along 
suture 0.87 mm; width at widest point 0.5 mm. Full flight wings present.

Legs: Femora brownish-red, slightly lighter than body; tibiae and tarsi lighter than 
femora, yellowish (Fig. 1). Tarsi of increasing relative length: protarsi 0.5× protibial 
length; mesotarsi 0.6× protibial length; metatarsi 0.7× metatibial length. Protarsomer-
es II 1.7× tarsomere III length (Fig. 8). Mesotarsomeres II 1.8× tarsomere III length. 
Metatarsomeres II especially long (Fig. 9), 2.3× tarsomere III length. All tarsal claws 
with inner spine present on ventral face (Fig. 10). Pro- and mesotarsi with additional 
spines on ventral side of tarsomeres II and III (Fig. 8).

Aedeagus: Length 0.43 mm, width 0.27 mm at widest point (Fig. 13). Asymmetric, 
dorsoventrally relatively flattened, with large spherical and very weakly sclerotized basal 
bulb. Lacking obvious remnants of parameres. Complex, more heavily sclerotized me-
dioapical piece with “hooked” apophysis extending apically from right side of basal bulb.

Sexual dimorphism. Female dimensions similar to male. Males with large cres-
cent shaped eyes (Fig. 16); female eyes very small and approximately oval, consisting 
of ~12 ommatidia (Fig. 17). Vertex of female head (Fig. 19) broader at base than that 
of male (Fig. 18). Antennal club (VIII–XI) twice as long as preceding segments com-
bined in male (Fig. 18), only 1/3 as long as preceding segments combined in female 
(Fig. 19). Medial sexual patch on sternite IV absent in female, and flight wings lacking. 
Female tergite VIII (Fig. 14) with basal margin of sclerites shallowly concave; with 
moderate density of long setae and two pairs of much longer setae. Female sternite 
VIII (Fig. 15) with basal margin of sclerite weakly convex; covered in moderate density 
of short setae and several pairs of much longer setae. Apex with internally-projecting 
cuticular protuberance.
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Etymology. The type species of Morphogenia is named in honour of Dr. Gary 
Struhl, developmental biologist, whose Drosophila studies have yielded great insights 
into the genetic control of animal development.

Biology. Morphogenia was collected from rainforest litter—the typical habitat of 
jubines. Like other pselaphines, jubines are most likely predators of soil microarthro-
pods. The spines on the ventral face of the pro- and mesotarsi of M. struhli (Fig. 8) 
may serve a raptorial function. Prior to photography, a filament protruding from the 
mouthparts of one female paratype was removed. A subsequent survey of jubine speci-
mens in a range of genera have revealed similar filaments, which appear to be dried, 
threadlike residues of glutinous secretions from the enlarged maxillary cardos that are 
characteristic of the tribe. Such structures suggest the evolution of a novel mode of 
feeding or prey capture in Jubini (J. Parker & C. Carlton unpublished observations).

Discussion

Phylogenetic relationships of Morphogenia

Creation of a new genus, Morphogenia, is supported by cladistic interpretation of the 
suit of adult character states presented by the NHM material. Among jubines, Mor-
phogenia appears to be allied to Barrojuba based on its putatively derived dorsal head 
morphology: the lack of sulci, and the proposed synapomorphy of anterolaterally shift-
ed vertexal foveae that sit in the post-antennal regions anterior to the eyes. A smoothly 
convex vertex is present in Arctophysis Reitter, another jubine genus, but here the ver-
texal foveae have been evolutionarily lost rather than repositioned, and vestiges of the 
apodemes of the tentorium remain connected to the medial vertex (visible in cleared 

Figures 16–19. Sexual dimorphism in head morphology 16 male head, lateral view 17 female head, 
lateral view 18 male head dorsal view 19 female head dorsal view. Arrows in 18 and 19 indicate extent 
of the antennal club.
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specimens). The dorsal head morphology of Barrojuba and Morphogenia is perhaps 
most closely approached by Endytocera Sharp, where the vertexal foveae sit somewhat 
anterolaterally on the head vertex, but are recessed into deep S-shaped sulci that extend 
from the gular region dorsally between postantennal notch and eye, merging apically 
at the interantennal area of the frons.

Despite their similar vertexal morphologies, Morphogenia and Barrojuba differ 
markedly in several important characters. Barrojuba lacks a typical (straight and simple) 
antebasal sulcus on the pronotum in the male sex. Instead, this part of the pronotum is 
variously modified and impressed (females of a few species have what approaches a typi-
cal sulcus; D.S. Chandler pers. comm.). In contrast, Morphogenia retains the plesiomor-
phic condition of a conventional antebasal sulcus in both sexes. A further autapomor-
phy of Barrojuba is the presence of large, fovea-like cuticular invaginations at the bases 
of tergites V–VII and sternites V–VIII. Such invaginations are absent in Morphogenia. 
Hence, Morphogenia possesses only one of three putatively derived character states of 
Barrojuba, arguing for its distinctiveness and proposed sister taxon status.

A large number of other characters of systematic utility separate Barrojuba and 
Morphogenia, in combination supporting the reciprocal monophyly of the two genera. 
However, for several such characters, whether these differences represent gains or losses 
in the respective genus is presently unclear. Barrojuba has tooth-like acuminations at the 
lateral edges of the pronotum that are absent in Morphogenia, but seemingly homolo-
gous structures are present in many jubine genera, implying a possible loss in Morpho-
genia. Most strikingly, Morphogenia lacks any trace of a V- or Y-shaped gular carina—a 
character found in all jubine genera except Balega Reitter, Pselaphomorphus Motschul-
sky, and Phamisus Aubé. Such an absence may again be consistent with a loss occurring 
in Morphogenia. The tarsal claws of Morphogenia are equal in size, while in Barrojuba 
they are unequal. Equally-sized claws are plesiomorphic in pselaphines, but instances of 
evolutionary reversal from inequality may have occurred (Parker and Maruyama 2013), 
and this character state varies among jubine genera, and even within them in the case 
of Jubus Schaufuss, the largest genus of the tribe (Park 1942). A further discrepancy be-
tween the two genera exists in the pattern of sexual dimorphism. In Barrojuba, the male 
antennal club is comprised of elongate antennomeres VII–XI or VIII–XI, depending on 
the species. The antennomeres of the female club are relatively less elongate than those 
of the respective male, and the club contains one fewer antennomere. In Morphogenia, 
the female antennomeres are again relatively less elongate than those of the male, but 
the number of antennomeres forming the club is equal in both sexes (four).

Interpreting transitions in these more broadly distributed or sexually dimorphic 
characters will require a thorough phylogenetic analysis of the entire tribe. Extensive 
collections of Neotropical pselaphines, accumulated from expeditions spanning dec-
ades, are housed in the Field Museum of Natural History, American Museum of Natu-
ral History, Louisiana State Arthropod Museum and University of Kansas Biodiversity 
Institute. Screening these collections for Morphogenia yielded no further specimens, 
implying that the genus may be relatively scarce or geographically localised. Fortunate-
ly, despite the age of the three known specimens, which were collected almost twenty 
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years ago, DNA extraction from the two female paratypes of M. struhli was successful. 
Partial gene sequences have been obtained that may help resolve the placement of the 
new genus in a future molecular phylogenetic analysis of Jubini.
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Abstract
We have updated the list of the lizard species present in Qatar and produced the first distribution maps based 
on two field surveys in 2012 and 2013. We used the QND95/Qatar National Grid with a grid of 10 × 10 km 
squares for mapping. Our results show the occurrence of 21 lizard species in Qatar, from the 15 species indi-
cated in the last biodiversity report conducted in 2004. The most abundant family found in Qatar is Gekko-
nidae with nine species (Bunopus tuberculatus, Cyrtopodion scabrum, Hemidactylus robustus, H. flaviviridis, H. 
persicus, Stenodactylus arabicus, S. slevini, S. doriae, Pseudoceramodactylus khobarensis), followed by Lacertidae 
with four species (Acanthodactylus schmidti, A. opheodurus, Mesalina brevirostris, M. adramitana), Agami-
dae with three species (Trapelus flavimaculatus, Uromastyx aegyptia, Phrynocephalus arabicus), Scincidae with 
two species (Scincus mitranus, Trachylepis septemtaeniata), and Varanidae (Varanus griseus), Sphaerodactylidae 
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(Pristurus rupestris) and Trogonophiidae (Diplometopon zarudnyi) with one species each. The species richness 
fluctuated largely across Qatar between one and eleven species per grid square. We believe that the lizard 
fauna records in Qatar are still incomplete and that additional studies are required. However, our study here 
fills a gap concerning lizard biodiversity knowledge in the Gulf Region.

Keywords
Reptilia, geographic distribution, species richness, inventory, maps, biodiversity, atlas

introduction

The rapid worldwide decline of reptiles has raised concerns about their conservation 
and the urgent need for action (Gibbons et al. 2000). A recent survey of the status of 
reptiles has shown that nearly one of five reptilian species are threatened with extinc-
tion and one of five classified as Data Deficient (Böhm et al. 2013). The decline of 
reptiles has been influenced by a variety of threats such as habitat loss, degradation 
and fragmentation, pet trade, invasive species, pollution, diseases and climate change 
(Böhm et al. 2013, Cox and Temple 2009, Gibbons et al. 2000). For the manage-
ment and conservation of reptiles, quality species and population data is required to 
understand and predict the potential impacts caused by human activities. Because the 
lack of occurrence data is limiting both our understanding of the species needs and 
the management options (Primack 2010), several global scale initiatives were initiated 
to compile the vast biodiversity datasets (e.g. Global Biodiversity Information Facility 
– GBIF, Encyclopedia Of Life – EOL). Such databases accompanied by the advances 
in computation and advanced analysis allow for the proper management of data based 
on scientific knowledge (Matin et al. 2012, Reese et al. 2005). Unfortunately, the data 
available in these global databases is spatially biased, mainly because only few countries 
are contributing the majority of data.

The state of Qatar is a peninsula with an area of 11,571 km2 that lies between 
24–27°N and 50–52°E (Figure 1). The peninsula projects 186 km north from Saudi 
Arabia and varies in width between 55 and 90 km. Much of the country is flat with 
a highest elevation of 103m. Global Land Cover v2.3 identifies 10 coverage catego-
ries in Qatar (Figure 1, ESA 2010). The soil consists of a low barren plain covered 
with rocks, sand or small dunes, arable land representing only 1.6% (Hutchinson 
Encyclopedia 2011). Qatar’s climate is hot and arid with an average annual mean 
temperature of 27 °C and 75 mm rainfall/year. There are no forests in Qatar and 
vegetation coverage is scarce with bushes and grasses of sporadic species and some 
Acacia trees (Batanouny 1981). Date palms and exotic vegetation is concentrated 
in farms across the country. Qatar has the highest density of camels in the Middle 
East (Richer 2008), however conservation measurements related to livestock man-
agement have been only recently implemented by the Ministry of the Environment 
(MOE) in Qatar. Qatar’s population has been increasing rapidly throughout the last 
decades, reaching currently 1.8 million inhabitants mainly concentrated (80%) in 
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the capital of the country (Doha) (Qatar Statistics Authority 2013). The economic 
growth of Qatar is closely related to ongoing increases of hydrocarbon extraction, 
since Qatar lies in a strategic location with major petroleum and gas deposits (Qatar 
Statistics Authority 2013). Human impact, including oil and gas extraction, popula-
tion growth and infrastructure development represent major threats for the survival 
of the sparsely and locally disseminated lizard populations, usually with low densi-
ties. As a Party of the Convention of Biological Diversity (CBD), Qatar has prepared 
a National Biodiversity Strategy and Action Plan clearly indicating the commitment 
to give priority to environmental issues towards sustainable development and pres-
ervation of biodiversity (MOE 2004).

The lizard fauna of Qatar is poorly known. Apart from the study of Mohammed 
(1988) who reports the presence of 16 lizard species in Qatar, there is no comprehen-
sive study available for the country. Additional information reporting the presence of 
lizards in the country is dispersed in several scientific publications (e.g., Arnold 1980a, 
1980b, Leviton et al. 1992, Castilla et al. 2011a, Metallinou et al. 2012) or the data 

Figure 1. Location of Qatar within the Arabian Peninsula, and general map of Qatar. Global Land 
Cover was obtained from GlobCover 2.3 (ESA 2010)
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is scattered in grey literature (Anonymous 2010, Nasher et al. 2009). To date there is 
not a single distribution map for any lizard species in Qatar, and very little is known 
about the biology and ecology of any of the Qatar lizard species except for some recent 
studies (Castilla et al. 2011a, b, Castilla et al. 2013, Martín et al. 2012, Herrel et al. 
2013, Valdeón et al. 2013a). The aim of the present study is (i) to provide an inventory 
of the lizard species present in Qatar, (ii) to map their distribution, and (iii) to conduct 
a preliminary analysis of spatial lizard richness.

Methods

Mapping species occurrences

The inventory of lizard species present in Qatar was conducted during 45 days of field 
work in October 2012 (15 days) and in March-May 2013 (30 days), with an aver-
age time of 6 hours per day spent searching for lizards (range 3–10 hours/day). The 
surveys were conducted in the mainland and in three islands. Halul Island (25.67N, 
52.40E) is in the E of Qatar at 81.5 km from the nearest coast in Al-Khor. Al Aaliya 
Island (25.41N, 51.56E) is situated at 2.5 km from the Eastern coast near Doha city. Al 
Saflia Island (25.34N, 51.58E) is also in the Eastern coast at a distance of 3.1 km from 
Doha. Al Aaliya and Al Saflia islands are separated by 5.5 km. The methods used for the 
inventory varied according to the habitat and time of the day, and are consistent with 
McDiarmid et al. (2012). The most used methods were active search during the day and 
night-torch surveys along transects. Most types of habitats were inventoried and special 
focus was given to searching under natural cover (rock-flipping) and artificial (i.e. litter) 
cover that often provided shelter to reptiles. On low traffic roads we conducted road sur-
veys, both during the day and night. We occasionally also used pitfall traps and artificial 
cover (i.e. cardboard) for short periods of time of less than 48 hrs. The geographic loca-
tion of each individual was taken on a Global Positioning System (GPS). When several 
individuals of the same species occurred within a short distance of one another, only 
one spatial data point for that given species was considered. This explains the difference 
between the number of species sightings and the higher number of lizards observed.

The majority of the data included in the final distribution maps come from our 
own surveys. However, we have also added three records from publications of Qatar 
University (Anonymous 2010, Nasher et al. 2009), and 41 records from local volun-
teers and photographers that accompanied their observations with clear photographs, 
GPS coordinates or grid square locations. The lizard species were identified based on 
morphological traits described in Arnold (1986) and Leviton et al. (1992). The most 
current changes in the nomenclature of the species were according to Fujita and Pa-
penfuss (2011), Moravec et al. (2006), Pyron et al. (2013) and Bauer et al. (2013). 
Lizard voucher specimens are deposited in the scientific collections of the Ministry of 
Environment in Qatar. The distribution data belongs to the Ministry of Environment 
of the State of Qatar and will be uploaded to GBIF in the future.
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Data management and analysis

To make the distribution maps we proceeded as follows. The GPS geocoordinates were 
exported to ArcGIS 10 (ESRI) to create a shapefile, which was projected to the official 
reference system in the country, QND95/Qatar National Grid (UPDA 2009). A regu-
lar grid with squares of 10 × 10 km was made following the Qatar National Grid, while 
adapting the traditional nomenclature of UTM (Universal Transversal Mercator) or 
MGRS (Military Grid Reference System) squares (NGA 2013) to the Qatar National 
Grid (Valdeón et al. 2013b). A similar spatial resolution of 100 km2 was previously 
used in several national and regional herpetological atlases (e.g. Arnold 1995; Godinho 
et al. 1999; Gosá and Bergerandi 1994; Oldham and Weller 2000; Pickard and Towns 
1988; Pleguezuelos et al. 2002).

Species richness per square was calculated as the number of species detected 
in each 10 × 10 km square. We used two relative measures as estimators of species 
abundance: (i) The percentage of daily sightings, measured as the number of days 
a certain species was observed from the total number of fieldwork days (n = 45), so 
we did not consider multiple sightings of the same species. (ii) The percentage of 
overall sightings. This was calculated as the number of times a species was observed 
from the total number of sightings (n = 617). We used presence-absence data for 
computing a species accumulation curve (SAC) and five non-parametric estimators 
of species richness (ICE, Chao 2, Jackknife 1, Bootstrap and Michaelis-Menten) 
using EstimateS 9 (Colwell 2013).

Results

During the 45 days of field surveys we observed a total of 865 individual lizards rang-
ing from 5 to 35 per day (average of 19 individuals/day). The total number of species 
sightings is lower (617), since for some species several individuals were located close 
together, usually under the same shelter.

We inventoried 21 species of lizards belonging to seven families: Gekkonidae with 
nine species, Lacertidae with four species, Agamidae with three, Scincidae with two 
and Varanidae, Trogonophiidae and Sphaerodactylidae with one species each (Table 
1). The number of lizard species observed per day ranged between 1 to 10 (average 
of 4.1 ± 2.1). In the island Al Saflia we only found two species (Pseudoceramodactylus 
khobarensis and Mesalina brevirostris), in Al Aaliya island we found three species (Pseu-
doceramodactylus khobarensis, Mesalina brevirostris and Hemidactylus robustus), and in 
Halul island we found five species (Hemidactylus persicus, H. flaviviridis, Cyrtopodion 
scabrum, Pristurus rupestris and Trachylepis septemtaeniata). Based on our measure-
ments of relative abundance, we found that four species of lizards appear to be the 
most abundant: Bunopus tuberculatus, Cyrtopodion scabrum, Uromastyx aegyptia and 
Mesalina brevirostris (Figure 2). The species accumulation curve approaches a plateau, 
suggesting that the majority of species present has been inventoried (Figure 3). The 
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table 1. Lizard species inventoried in Qatar during the surveys conducted in 2012–2013, and publica-
tions where the species (or other species probably mistaken with correct species) are recorded for the first 
time in Qatar.

Species Family First record in Qatar
Pristurus rupestris Blanford, 1874 (a) Sphaerodactylidae Ministry of Environment 2004
Pseudoceramodactylus khobarensis Haas, 1957 Gekkonidae Valdeón et al. 2013a
Stenodactylus arabicus (Haas, 1957) Gekkonidae Metallinou et al. 2012
Stenodactylus doriae (Blanford, 1874) (a) Gekkonidae Metallinou et al. 2012
Stenodactylus slevini Haas, 1957 Gekkonidae Arnold 1980b
Bunopus tuberculatus Blanford, 1874 (a) Gekkonidae Mohammed 1988

Cyrtopodion scabrum (Heyden, 1827) Gekkonidae Mohammed 1988
(cited as Gymnodactylus scaber)

Hemidactylus flaviviridis Rüppell, 1835 Gekkonidae Mohammed 1988
Hemidactylus persicus Anderson, 1872 Gekkonidae Castilla et al. 2013

Hemidactylus robustus Heyden, 1827 Gekkonidae Mohammed 1988
(cited as H. turcicus)

Scincus mitranus Anderson, 1871 Scincidae
Mohammed 1988  
(cited S. scincus, probably 
mistaken with S. mitranus) 

Trachylepis septemtaeniata (Reuss, 1834) Scincidae Mohammed 1988
(cited as Mabuya aurata)

Diplometopon zarudnyi Nikolsky, 1907 Trogonophiidae Mohammed 1988
Mesalina adramitana (Boulenger, 1917) Lacertidae Arnold 1980a

Mesalina brevirostris Blanford, 1874 (b) Lacertidae Mohammed 1988
(cited as Eremias brevirostris)

Acanthodactylus schmidti Haas, 1957 Lacertidae
Mohammed 1988
(cited A. scutellatus, probably 
mistaken with A. schmidti)

Acanthodactylus opheodurus Arnold, 1980 Lacertidae
Mohammed 1988
(cited A. boskianus, probably 
mistaken with A. opheodurus)

Varanus griseus (Daudin, 1803) Varanidae Mohammed 1988

Uromastyx aegyptia (Forskål, 1775) Agamidae Mohammed 1988
(cited as U. microlepis)

Phrynocephalus arabicus Anderson, 1894 Agamidae Mohammed 1988
(cited as P. nejdensis)

Trapelus flavimaculatus Rüppell, 1835 Agamidae Mohammed 1988
(cited as Agama flavimaculata)

use of non-parametric estimators of species richness supports this statement indicat-
ing that only 2–4 species of lizards remain to be discovered (estimator, mean value 
± standard deviation): ICE 23.61 ± 0.01, Chao 2 25.83 ± 5.86, Jackknife 1 25.83 ± 
2.01, Bootstrap 23.11, and Michaelis-Menten 24.63. The preliminary lizard species 
richness varied largely across Qatar between 1–11 species per grid square (Figure 4). 
The distribution maps for the 21 lizard species in Qatar are presented in Figures 5–13, 
and Figure 14 shows the photos of the lizards.
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Figure 2. Estimates of lizard species abundance based on a the proportion of sightings of a certain spe-
cies from the total number of sightings (n = 617), and b the presence of a species per day from the total 
number of fieldwork days (n = 45) (see methods for details).

Figure 3. Species accumulation curve (bold line) reflecting lizard species richness based on presence-
absence data for the whole country. The thin lines indicate the estimated error margins (95%).
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Figure 4. Lizard species richness at a resolution of 100 km2.
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Figure 5. Distribution of Diplometopon zarudnyi and Varanus griseus.
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Figure 6. Distribution of three agamid species (Phrynocephalus arabicus, Trapelus flavimaculatus, 
Uromastyx aegyptia).
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Figure 7. Distribution of Bunopus tuberculatus and Cyrtopodion scabrum.
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Figure 8. Distribution of the species of the genus Hemidactylus.



A preliminary report on the distribution of lizards in Qatar 79

Figure 9. Distribution of Pseudoceramodactylus khobarensis and Pristurus rupestris.
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Figure 10. Distribution of the species of the genus Stenodactylus.
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Figure 11. Distribution of the species of the genus Acanthodactylus.
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Figure 12. Distribution of the species of the genus Mesalina.
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Figure 13. Distribution of Scincidae species (Scincus mitranus and Trachylepis septemtaeniata).
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Figure 14. Photos of lizard species inventoried in Qatar (Author: Valdeón A, except for Diplometopon 
zarudnyi (Yamaguchi N)).
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Discussion

In this study we provide the first consistent list of lizard species for Qatar, and the first 
distribution maps based on field surveys. Our study fills a gap in the knowledge of 
lizard distributions in the Arabian Peninsula and in Qatar specifically. Except for the 
study of Mohammed (1988), previous data has not been systematic and only included 
anecdotal references (Arnold 1980b, Leviton et al. 1992, Metallinou et al. 2012, Sin-
daco and Jeremčenko 2008).

During our surveys we attempted to collect data throughout the entire country; 
however this was not possible due to difficulties of accessing certain areas (e.g. indus-
trial and private properties). The SE part of Qatar is difficult to access due to sandy 
soils and that was not fully sampled either. There are also differences in lizard species 
detectability due to differences in body size (e.g. maximum snout-vent length in 
Uromastyx aegyptia of 375 mm and only 32 mm in Pristurus rupestris (Meiri 2008)), 
behavior and period of activity (night or day). The lack of past information on the 
lizard species present in Qatar does not allow identifying allochtonous from native 
species. We consider species strictly associated with urban areas (e.g., Hemidactylus 
flaviviridis) as probably introduced, but further phylogeographic studies are required 
to elucidate their status. However, despite such difficulties, our lizard species inven-
tory seems to be nearly completed as indicated by the estimators of species richness 
and the SAC (Fig. 3). Nevertheless, it could be not surprising to find in Qatar ad-
ditional lizard species that occur in the vicinity of Qatar. The maps provided in 
Sindaco and Jeremčenko (2008) show that 13 lizard species are present near Qatar, 
including Ptyodactylus hasselquistii, Teratoscincus (scincus) keyserlingii, Phrynocepha-
lus maculatus, Pseudotrapelus sp., Trapelus ruderatus, T. pallidus, Chalcides ocellatus, 
Scincus scincus, Acanthodactylus boskianus, A. haasi, A. gongrorhynchatus, A. scutellatus, 
and Mesalina guttulata.

The preliminary species distribution maps provided in this study allow, neverthe-
less, for further analysis on distribution patterns of abundance, rarity, richness and 
assemblage composition at larger spatial scales (Elith et al. 2010, Baselga et al. 2012). 
The distribution data are also valuable for conservation planning and modeling species 
distribution at regional and global level (Sillero et al. 2005).

The reptiles of Qatar are threatened by the rapid human population growth that 
increased from several tens of thousand inhabitants to almost two million in the last 
century, habitat destruction caused by construction development, gas and oil extrac-
tion and transport facilities, and the introduction of alien species (especially cats). The 
human impact is unevenly distributed, with high human impact in and around Doha, 
moderate along the coast and low in the interior (WCS 2005). Qatar produces around 
2 million tons of solid municipal waste annually, corresponding to a daily generation 
rate of about 2.5 kg per capita that are disposed mainly through landfill and compost-
ing. This increase in solid waste generation not only results in the environmental pollu-
tion but also habitat destruction (Al-Maaded et al. 2012). There are 7790 km of roads 
(0.67 km road/km2), of which 90% are paved, and 571 cars per 1,000 people (2002 
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est) (Hutchinson Encyclopedia 2011). High traffic on roads, particularly in rural areas, 
can result in high mortality in reptile populations (e.g. Shepard et al. 2008). Road-
kills are frequent and while it is difficult to document it in small lizards, carcasses of 
larger lizards like Uromastyx are often found along roads. The response of lizards to the 
relatively recent human impact in Qatar provides an excellent example of the winner-
loser concept (McKinney and Lockwood 1999), with several species benefiting from 
man-made artificial habitats (e.g. Cyrtopodion scabrum, Hemidactylus flaviviridis, H. 
robustus). We estimate that human activities will result in changes in the ranges of the 
lizards of Qatar and stress the urgent need for a complete species inventory and map-
ping, as a background study for a future monitoring program.

Conclusion

The distribution maps presented in this paper as visualized occurrence records fill a gap 
in the knowledge of biodiversity in Qatar, and will help the prioritization of conserva-
tion efforts and the identification of important conservation areas for lizards. This study 
is a first step in updating the Qatar databases of lizards and wildlife, with the goal to 
make scientific biodiversity data available and useful for the international community.
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