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Abstract

Dubinectes infirmus sp. n., Munnopsidae, is described from the Argentine Basin, southwest Atlantic,
at depths between 4586-4607 m. The new species is distinguished by a narrow rim of the pleotelson
posterior margin which is not raising over its dorsal surface; article 3 of the antennula is subequal in
length to article 2; distomedial lobes of male pleopod 1 are of same size as distolateral lobes; stylet
of male pleopod 2 is subequal in length to protopod; uropod exopod is more than a half of endopod
length. Some generic characters which are weakly pronounced in the new species or have different
state are defined more precisely in the revised diagnosis of Dubinectes. The modified diagnosis of the
genus, a key to the species of Dubinectes as well as the distribution of the genus are presented.

Keywords
deep sea, South Adlantic, taxonomy, Munnopsidae, Dubinectes, new species

Copyright Marina Malyutina, Angelika Brandt. This is an open access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.



2 Marina Malyutina & Angelika Brandt | ZooKeys 144: 1-19 (2011)

Introduction

Isopods of the family Munnopsidae were collected in 2009 during the DIVA 3
(Diversity of the Abyssal Atlantic) expeditions onboard RV Mezeor in 2009 in the
southwest Atlantic (M 79-1). Some known, rare munnopsid species originally de-
scribed from ANDEEP (Antarctic benthic DEEP-sea biodiversity: colonization
history and recent community patterns) collections, e.g. species of Microcope Ma-
lyutina, 2008 and Dubinectes Malyutina & Brandt, 2006, were identified in the
DIVA 3 samples taken from the Argentine Basin. The genus Dubinectes was erected
for four species from the southeast Atlantic and Weddell Sea: D. nodosus (Menzies,
1962) and D. acutitelson (Menzies, 1962), which were formerly placed in Eurycope
Sars, 1864 and D. intermedius Malyutina & Brandt, 2006 and D. acutirostrum
Malyutina & Brandt, 2006. Along with the known species, D. intermedius and D.
nodosus a new species of Dubinectes was found in the DIVA 3 samples. Though the
new species possesses the main diagnostic characters of the genus, some of these
characters have different state in contrast to other species of Dubinectes and this al-
lows to define more precisely the generic diagnosis. In this paper we describe a new
species, the fifth species of the genus, present the revised diagnosis of Dubinectes, a
key of the genus, new records of two known species, as well as the distribution of
the genus.

Material and methods

Specimens were collected using an epibenthic sledge (Brenke 2005) and then fixed in
pre-cooled 96% ethanol. The material was sorted in the laboratory and identified using
a Leica MZ 12 stereomicroscope equipped with a camera lucida, and drawn using an
Olympus SZX7 compound microscope, also equipped with a camera lucida.

The terminology and measurements mostly follow Wilson (1989). Total body
length was measured medially from the tip of the rostrum to the posterior tip of the
pleotelson. The dorsal view was used for measuring the width, while the length of body
segments was measured in lateral view. For the description of the body and pereopods
the holotype was used, for mouthparts and pleopods a male paratype was dissected and
for some details that the paratype lacked or were different from male, a female paratype
was used. Scale bars for total body figures are 1 mm.

Abbreviations

ZMH - Zoological Museum of Hamburg, Anl — antennula, An2 — antenna 2,
IMd - left mandible, rtMd — right mandible, Mx1 — maxilla 1, Mx2 — maxilla 2, Mxp
— maxilliped, P1-7 — pereopods 1-7, bP — basis of pereopod, Plp 1-5 — pleopods 1-5,
Ur — uropod.
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Taxonomy

Family Munnopsidae Lilljeborg, 1864
Subfamily Eurycopinae Hansen, 1916

Genus Dubinectes Malyutina & Brandt, 2006
http://species-id.net/wiki/Dubinectes

Dubinectes Malyutina & Brandt, 20006: 4.

Composition. D. acutitelson (Menzies, 1962) type species; D. nodosus (Menzies,
1962); D. acutirostrum Malyutina & Brandt, 2006; D. intermedius Malyutina &
Brandt, 2006; D. infirmus sp. n.

Key to the species of Dubinectes (see Fig. 1).

1 Cuticle of body strongly calcified; rostrum robust, about twice as long as
antennula article 1; anterolateral margins of pereonites 6, 7, pleotelson and
posterior rim of pleotelson projected, raised dorsally.......c.ccccvvriinicnnnnee. 2

- Cuticle of body weakly calcified; rostrum only slightly longer than antennula
article 1; anterolateral margins of pereonites 6, 7, pleotelson and posterior
rim of pleotelson weakly pronounced, not raised dorsally ...........ccccceeeeeeeee. 3

2 Rostrum with distal notch, ledge on anterolateral margins of head smooth;
lateral margins of pleopod 1 smooth........... D. acutitelson (Menzies, 1962)

- Rostrum pointed, ledge on anterolateral margins of head rectangular acute;
pleopod 1 with small distolateral ledge...........cccooviiiiiiiiiiiiiii,
.............................................. D. acutirostrum Malyutina & Brandt, 2006

3 Posterior rim of pleotelson not raising dorsally, rostrum tip rounded; anten-
nula article 3 subequal or shorter than article 2; distolateral and distomedial
lobes of male pleopod 1 subequal.......c..cccovvuieiniiiinuiuennne D. infirmus sp. n.

- Posterior rim of pleotelson raising dorsally, rostrum with distal notch; anten-
nula article 3 obviously longer than article 2; distolateral lobes of male pleo-
pod 1 longer than distomedial lobes .........cccccovviviiiiiiiiniiiiiin, 4

4 posterior rim of pleotelson with rounded posteroventral process...................
............................................... D. intermedius Malyutina & Brandt, 2006

- posterior rim of pleotelson narrow, ventral process almost absent..................
........................................................................ D. nodosus (Menzies, 1962)

Modified generic diagnosis. Pleotelson posterior margin surrounded with rim,
running perpendicular to margin. Uropod protopod bent at midlength, both mar-
gins angled: concave lateral inflexion and projected medial corner, bearing long se-
tae. Body deepest at head. Rostrum of head longer than antennula article 1, with
2 robust distal setae. Distomedial lobe of antennula article 1 reduced, shorter than
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Figure 1. Illustrations of the specific characters of the genus Dubinectes used in the Key and the Diagno-
sis. Vertical rows A, B, and C for each species include total views, male pleopods 1, 2, uropod and man-
dible: A D. acutitelson B D. nodosum, and C=D. infirmus sp. n.: | distal notch of rostrum 2 ledge of head
anterolateral margin; 3 projected, dorsally raised anterolateral margins of pereonites 6, 7 and pleotelson 3’
weakly pronounced, not dorsally raised anterolateral margins of pereonites 6, 7 and pleotelson 4 posterior
rim of pleotelson with vental process (A) and without process (B and C) 5 ledge of pleopod 1 distolateral
margin 6 concave lateral inflexion of uropod protopod 7 ridge between spine row and molar of mandible.
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distolateral projection. Head and pereonites 1-4 subequal in width, pereonite 1
longest, pereonite 4 nearly third of length of pereonite 1, pereonite 7 not longer
than pereonite 6. Mandible with high sharp ridge between short spine row and
broad molar; condyle longer than molar. Pereopods 1-4 subequal in length. Male
pleopod 1 distolateral and distomedial lobes well separated from each other by broad
notch, distolateral lobes produced, not narrower than distomedial lobes. Male pleo-
pod 2 protopod distal margin truncated; exopod inserting close to distal margin and
emerging posteriorly; endopod basal article twice as broad as stylet; stylet subequal
or longer than protopod.

Remarks. Before finding the D. infirmus sp. n. the key characters which helped
to easily determine known species of Dubinectes without dissection were the strongly
calcified integument of the body and the special shape of the pleotelson rim which is
well projected ventrally and rises over the dorsal surface. These external features are
only weakly pronounced in the new species. Nevertheless, it possesses these charac-
ters as well as the main set of diagnostic characters of Dubinectes. The new species has
a rim of a pleotelson even if it is narrow, a rostrum which is longer than antennula
article 1, a reduced distomedial lobe of the antennula article 1. The head and the
ambulosome of the new species are of equal width, the pereonites are progressively
shorter from 1 to 4; the coxa of pereopod 4 is broadest in lateral view; the mandi-
ble possesses a high sharp ridge between a short spine row and a broad molar; the
condyle is longer than the molar; the distal margin of the male pleopod 2 protopod
is truncated and the exopod is inserted close to the distal margin and emerged pos-
teriorly. There are some characters which differ the new species from others. These
are the shape of the distal margin of male pleopod 1, the length of the stylet of male
pleopod 2, the length of the antennula article 3 as well as the length of uropod exo-
pod. These characters in different states were suggested earlier as generic, but seem to
be just specific characters. Therefore, the description of D. infirmus sp. n. allows to
revise the diagnosis of the genus.

Distribution of the genus Dubinectes (Fig.10). The genus Dubinectes occurs in
the Southern hemisphere only in the South Atlantic Ocean. Species of the genus were
known from the southeast Atlantic and the Weddell Sea, Southern Ocean, from depths
ranging between 1121 and 4960 m. New records the DIVA 3 expedition from the
abyss of the Argentine Basin expand the geographical range for the genus to the south-
west Atlantic until 27° S latitude in the north. Geographically, D. nodosus is the most
widely distributed species of the genus. It is most eurybathic and has been sampled
between 1121 to 4976 m. It was collected in the Weddell Sea at almost every station
during the ANDEEP expeditions (Malyutina and Brandt 2007), but it was much less
abundant in the DIVA collections. All other species were recorded only from abyssal
depths between 4586 to 4976 m. D. acutirostrum and D. infirmus sp. n. are known
only from their type localities.
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Dubinectes infirmus sp. n.
urn:lsid:zoobank.org:act:86BOA7BB-DEDEF-45CF-9CE6-A7E19C29BAAB
htep://species-id.net/wiki/Dubinectes_infirmus

Figs 2-9

Material examined. Argentine Basin, RV Merzeor.

Holotype: (ZMH 42969), male (3.0 mm), DIVA 3 Station 534 16.07.2009
36°00.61'S, 49°01.55"W, 4586-4605 m.

Paratypes: (ZMH 42970) damaged male used for dissection of mouthparts and
pleopods, female 3.0 mm, male 3.1 mm, female 3.8 mm, mancas 2.5 and 2.1 mm, the
same sample from the same locality; (ZMH 42971) 1 male, 2 females and 2 mancas
(1.8-3.4 mm), Station 532, 15.07.2009 35°59.24'S, 49°00.86"W, 4605—4607 m.

Diagnosis. Rostrum of head with rounded apex; antennula article 3 subequal in
length to article 2; anterolateral margins of pereonites 6, 7, pleotelson and posterior
rim of pleotelson weakly pronounced, not raised dorsally; pleopod 1 distomedial lobes
of the same size as distolateral lobes; endopod stylet of male pleopod 2 subequal in
length to protopod. Uropod exopod more than half of endopod length.

Description. Holotype male: body (Fig. 2) length 2.8 times width of pereonite 5,
body height 0.25 of body length. Head length 0.55 times width; length behind anten-
nula insertion 1.1 antennula article 1 length; rostrum as long as proximal part of head,
distally convex, with 4 setae; clypeus 1.6 as wide and 0.5 as long as labrum. Pereonite
1 almost as wide as head, length 0.8 length of head behind antennula insertion; pere-
onites 1-4 subequal in width, shortening from 1-4, pereonite 4 length about half of
pereonite 1 length; anterolateral margins of pereonites 1-4 and anterior projections
of coxae acute, anterolateral angles of pereonite 4 slightly projected, terminating with
seta. Natasome length 0.5 body length, width 1.3 width of head; pereonite 5 longest,
lateral length 0.7 of lateral length of pereonites 6 and 7 together; pereonite 7 shortest,
0.8 times length of pereonite 5. Pleotelson length 0.9 width, slightly longer than head,
0.25 body length, preanal ventral ridge weakly projected, rounded terminally; antero-
lateral corners of pereonites 6, 7 and pleotelson acute, weakly projected, terminating
with seta. Proportions of habitus and body parts in females and juveniles (Figs 3, 8) are
equal to those of the holotype.

Antenna 1 of male (Fig. 4) article 1 1.05 times width, setation: 1 dorsal and 1
distolateral broom seta and 1 simple seta, 1 stout unequally bifid and 2 broom setae
distomedially; article 2 0.6 times length and 0.4 width of article 1, with 1 simple and
2 distal broom setae; article 3 0.7 length of article 2 with 2 simple setae, article 4
0.3 times length of article 3, article 5 twice as long as article 4, following 11 flagellar
articles subequal in length to article 4, some of the distal articles with an aesthetasc.
Antenna 1 of female (Fig. 9) article 2 length 0.65 times length of article 1, article 3
slightly longer (1.1) than article 1, article 4 length 0.35 times article 3 with broom seta
and aesthetasc distally; flagellum of 5 articles, last one with 1 aesthetasc and 5 setae.

Antenna 2 of female (Fig. 8) articles 1—4 subequal in size, length together 0.6 times
body length, scale on article 3 nearly half the length of article 4. Article 5 almost as
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Figure 3. Dubinectes infirmus sp. n. Paratype female (ZMH 42970) A body, dorsal view B body, lateral
view € pleotelson, ventral view.
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Figure 4. Dubinectes infirmus sp. n. Paratype male (ZMH 42970). Antennula and mandibles, right

mandible with detail of distal palp article.
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wide and 2.1 times as long as articles 1-4 together, with 3 stout medial setae and 2
small simple distolateral setae, article 6 narrower and 1.1 times as long as article 5, with
simple setae along article. Flagellum broken off, articles subequal in length to article 1.

Mandibles (Fig. 4) longitudinal outer keel of body weakly pronounced, incisor
process with 2 acute and 1 weak cusps; lacinia mobilis of left mandible triangular with
many denticles, 0.8 times length of incisor process; spine row with 5 and 6 spines on
left and right mandibles respectively; molar process 0.5 times as long and as broad
as incisor process on proximal part, ventral margin of triturative surface with a few
denticles and 3 setulose setae; ridge between spine row and molar with 1 pick; condyle
0.3 times body length, longer than molar; palp 0.9 times body length; article 1 with 2
distal setae, article 2 broadened at midlength, length 2.2 times article 1 length, with 3
stout distal setae and small marginal setae, article 3 0.75 of length and 1.15 of width of
article 2, with 3 long simple distal setae and long comb-like marginal setae.

Hypopharynx (Fig. 5) outer lobes 3.7 times as wide as inner lobes with dense distal
fine setae and four lateral setae each.

Maxilla 1 (Fig. 5) lateral endite 1.35 times as wide as mesial endite, with 12 distal
stout serrated setae, mesial endite distally with tuft of small slender setae and 1 long
setulate seta.

Maxilla 2 (Fig. 5) middle endite shortest, lateral endite longest, mesial endite with
dense tuft of distal setae, longest one setulate; lateral and mesial endites each with 2
long and 2 shorter distal setae.

Maxilliped (Figs 5, 9) basis 2.7 times width, endite with 3 coupling hooks (2 in
immature female), distal margin with 4-5 large fan setac and numerous simple slender
setae; palp article 2 margins almost straight, lateral margin 1.3 times longer than me-
dial margin; article 3 medial margin slightly convex, with low denticles and 5 setulose
setae, 1.2 times longer than medial margin of article 2; article 4 2 times longer than
articles 3 laterally, medial lobe almost not produced, with 4 distal setae, article 5 0.9
of article 3 laterally, with 7 distal setae. Epipod subequal in length to basis length 1.6
times width, lateral extension rounded, almost as broad as distal angle.

Pereopods 1-4 bases subequal in size. Pereopod 1 (Fig. 9) 0.3 times body length,
length ratios of ischium-propodus to basis: 0.5, 0.3, 0.9, 0.7, 0.2; basis with small se-
tae: 3 ventral and 1 dorsal; merus with 1 small ventral seta; carpus with 4 small ventral
and 3 dorsal setae; propodus only slightly narrower than carpus, with 3 ventral and 5
dorsal setae; dactylus with elongate claw, 3 slender setae proximally claw.

Pereopod 3 (Fig. 6) length ratios of ischium-propodus to basis: 0.5, 0.3, 1.0, 0.9,
0.75; basis with 1 plumose dorsal seta, ischium with 1 distoventral seta, merus with 1
distodorsal seta, carpus with 7 short unequally bifid ventral setae, 1 broom distodorsal
seta and 3 small dorsal setae, propodus 0.7 of carpus width, with 5 unequally bifid ven-
tral setae longer than these on carpus, 1 distodorsal seta and 5 small dorsal setae, dac-
tylus with elongated claw. Pereopod 4 (Fig. 6) slightly shorter and more slender than
pereopod 3, propodus longer and dactylus shorter than these in pereopod 3; length ra-
tios of ischium-propodus to basis: 0.5, 0.3, 1.05, 1.05, 0.6; basis with 4 plumose dor-
sal and 9 simple small ventral setae; ischium without setae, merus with 3 distal setae;
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Mxp

Mx1

Figure 5. Dubinectes infirmus sp. n. Paratype male (ZMH 42970). maxilliped, with detail of endite distal
margin, left maxilla 1 with detail of distal margin of lateral lobe, left maxilla 2 with detail of distal margin

of lateral lobe, hypopharynx.

carpus with 2 short unequally bifid ventral setae, 1 whip and 3 stout unequally bifid
distodorsal setae and 6 small dorsal setae; propodus 0.6 of carpus width, with 1 ventral
and 2 dorsal small simple setae, and1 broom seta, 2 whip and 2 small setae distally.
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Figure 6. Dubinectes infirmus sp. n. Holotype male (ZMH 42969). Pereopods 3-7 with enlarged details.

Pereopods 57 (Figs 6, 9) of same shape, decreasing from 5 to 7, with stout basis-
ischium, bases lengths about half of bases of perecopods 1—4; plumose marginal setae
on carpi elongate, longest setae length about 0.7 of carpus width; plumose marginal
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Figure 7. Dubinectes infirmus sp. n. Paratype male (ZMH 42970). Pleopods 1-5, right uropod.

13
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Figure 8. Dubinectes infirmus sp. n. A paratype female (ZMH 42970) body dorsal view B immature

female body dorsal view € body, lateral view.

setae on propodi stout, about half length of marginal setae on carpi; both articles with
the same set of short setae distodorsally: 2 stout unequally bifid, 1 broom and 1 whip
seta; dactyli with tiny claw and 2 setae distoventrally. Pereopod 5 length 0.65 pereopod
3 length; length ratios of ischium-carpus to basis: 1.3, 0.7, 1.6, 1.2, 0.6; basis with 5
dorsal broom setae; ischium with 5 dorsal plumose setae; merus with 3 small ventral
simple setae; carpus length 1.3 times width, with 19 dorsal and 10 ventral plumose
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Figure 9. Dubinectes infirmus sp. n. Paratype immature female (ZMH 42970). Maxilliped with details,
antennula, pereopod 1 and pereopod 6.
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elongate setae; propodus 1.3 times width, with 12 dorsal and 9 ventral plumose stout
setae; dactylus width 0.2 propodus width. Pereopod 6 length 0.9 pereopod 5 length;
length ratios of ischium-dactylus to basis: 1.05, 0. 5, 1.5, 1.0, 0.6; basis with 1 dorsal
and 3 ventral setae; ischium with 5 plumose dorsal and 3 simple ventral setae; merus
with 1 ventral seta; carpus length 1.3 times width, with 17 dorsal and 9 ventral plu-
mose elongate setae; propodus 1.7 times width, with 11 dorsal and 9 ventral stout
plumose setae; dactylus width 0.2 propodus width. Pereopod 7 length 0.7 pereopod
5 length, length ratio of ischium-dactylus to basis: 1.05, 0.5, 1.3, 1.0, 0.6; basis with
1 plumose ventral seta and 1 whip dorsal seta; ischium with 4 plumose dorsal and 2
ventral setae; merus with 2 small ventral setae; carpus 1.05 times width, with 16 dorsal
and 8 ventral elongate plumose setae; propodus 1.6 times width, with 10 dorsal and 5
ventral stout plumose setae; dactylus width 0.3 propodus width.

Pleopods (Fig. 7): pleopod 1 of male 2.25 times width, distal margin: lateral lobes
acute slightly projected laterally, with 5 distal small setae each; medial lobes rounded,
almost as wide as and slightly longer than lateral lobes, with 2 small distal setae each.
Pleopod 2 of male protopod length 1.7 times width, 0.75 as long and as wide as pleo-
pod 1, with 2 lateral submarginal setae, stylet of endopod length 0.9 protopod length,
exopod prominent and visible behind distal truncated margin of protopod, distolateral
hook rounded, with tuft of fine setae. Pleopod 3 endopod 1.3 times width, 3 distal plu-
mose setae only slightly shorter than endopod; exopod basal width 0.4 endopod width,
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length 1.1 endopod length, reaching beyond endopod distal margin, with dense row
of hair-like lateral setae and 1 distal simple seta, length 0.25 exopod length. Pleopod 4
endopod length 1.3 times width, exopod 0.4 of width and 0.9 of length of endopod,
with dense row of lateral slender setae, distal seta plumose, length 1.4 exopod length.
Pleopod 5 endopod length 1.4 times width.

Pleopod 2 of female as long as wide, with medial keel, 2 long simple setae proxi-
molaterally and 10 small simple setae on posterior margin (Fig. 3).

Uropod (Fig. 7) length 0.3 times pleotelson length; protopod as long as wide, with
5 long whip setae on medial projection and several distal setae, endopod 0.33 times
as wide and slightly longer than protopod, with 1 lateral and one distal broom and 6
whip setae; exopod length 0.7 times endopod length, with 4 setae distally.

Distribution. Southwest Atlantic: northern Argentine Basin at depths between
4586-4605 m.

Etymology. The epithet infirmus (Latin) refers to the state of the generic charac-
ters of the species, which are less obvious than in other species.

Remarks. Dubinectes infirmus sp. n. differs from the four other species of the genus
by weakly pronounced generic characters: a rim, surrounding the pleotelson posterior
margin is narrow, not raising over the dorsal surface; lateral margins of the head are
without an obvious ledge, anterolateral angles of pereonites 5-7 and pleotelson not
produced dorsally. Article 3 of male antennula in the new species is shorter than article
2, in females and juveniles it is slightly longer than article 2 in contrast to other species
which have article 3 nearly twice as long as article 2; pleopod 1 distolateral lobes are
subequal in size to the distomedial lobes (in other species they are broader and longer);
the endopod stylet of male pleopod 2 is subequal in length to the protopod (0.9) in
contrast to state in other species which is approximately two times the length of the
protopod; both endopod and exopod of the uropod are rather stout, shorter than in
other species, the exopod is 0.7 times the endopod length (0.35 — 0.5 in other known
species). The new species is the most similar to D. nodosus in body shape and size of the
rostrum, but the new species has a less calcified cuticle, a rounded tip of the rostrum, a
narrow posterior rim of the pleotelson, not raising dorsally, shorter article 3 of anten-
nula and another configuration of distal margin of pleopod 1 than in D. nodosus.

Dubinectes intermedius Malyutina & Brandt, 2006
http://species-id.net/wiki/Dubinectes_intermedius

Eurycope acutitelson Menzies, 1962: 143 (partim)
Dubinectes intermedius Malyutina and Brandt, 2006: 37, Figs 19-22.

Material examined. DIVA 3 Station 534, 16.07.2009, 36°00.61'S, 49°01.55'W,
4586—4605 m — 6 males; Station. 532, 15.07.2009, 35°59.24'S, 49°00.86"W, 4605—
4607 m — 1 male, 2 females and 2 mancas; Station 533—1, 15.07.2009, 36°00.20'S,
49°01.96'W, 4601.8 m — 1 female, 2 mancas.
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Distribution. Off Capetown: 41°03.5'S, 07°49'E, 4960 m; Weddell Sea:
64°59.20'S, 43°02.05'W, 4698 m.

Dubinectes nodosus (Menzies, 1962)
http://species-id.net/wiki/Dubinectes_nodosus

Eurycope nodosa Menzies, 1962: 145, Fig. 36 F-H.
Dubinectes nodosus Malyutina & Brandt, 2006: 27, Figs 12—18.

Material examined. DIVA 3, Station 533-1, 15.07.2009, 36°00.20'S, 49°01.96'W,
4601.8 m — 2 males, 1 females, 1 manca; Station 561, 27.07.2009 26°34.80'S,
35°13.89'W, 4482-4489 m — 1 male.

Distribution. Cape Basin: 36°34'-41°08'S, 14°08'E-09°56'W, 4672-4885
m; 47°39.87'S, 04°15.79'W, 2923 m; Weddell Sea: 62°58'-68°04'S, 38°47.75'-
51°31.61'W, 3053-4976 m; 65°20.17'S, 54°14.30'W, 1121 m; Argentine Basin:
36°00.20'S, 49°01.96'W,, 4601.8 m; off Brazil 26°34.80'S, 35°13.89"W,, 4482—4489 m.

Acknowledgements

We are very grateful to Dr. Saskia Brix from DZMB (German Centre for Marine Bio-
diversity Research) the responsible person for the DIVA EBS isopod collection who
kindly provided the new material for our study and created a map of the distribution of
the genus Dubinectes. Three anonymous reviewers helped to improve the manuscript
with their comments. The work was supported by the German Science Foundation for
financial support (DFG Br 1121/38-1, 1121/43-1), the Russian Foundation of Basis
Research (project 11-04-98586) and Ministry of Education and Science of Russian
Federation (grant 11.G34.31.0010).

References

Brenke N (2005) An epibenthic sledge for operations on marine soft bottom and bedrock.
Marine Technology Society Journal 39(2): 10-19. doi: 10.4031/002533205787444015

Hansen HJ (1916) Crustacea Malacostraca I1I: Isopoda. The Danish Ingolf Expedition 3(5): 1-262.

Lilljeborg W (1864) Bidrag til kinnedommen om de inom Sverige och Norrige férekomman-
de Crustaceer af Isopodernas underordning och Tanaidernas familj. Inbjudningsskrift till
Ahérande af de Offentliga Forelsninger. C.A. Leffler, Kongelige Academiska Boktryckare,
Uppsala, 31 pp.

Malyutina MV (2008) Microcope gen. nov. — a new deep-sea genus of Munnopsidae (Crustacea,
Isopoda, Asellota), with description of two new species from the Southern Hemisphere.

Zootaxa 1866: 555-574.



Dubinectes infirmus, a new species of deep-water Munnopsidae... 19

Malyutina MV, Brandt A (2006) A revaluation of the Eurycopinae (Crustacea, Isopoda, Mun-
nopsidae) with a description of Dubinectes gen. nov. from the southern Atlantic deep sea.
Zootaxa 1272: 1-44.

Malyutina MV, Brandt A (2007) Diversity and zoogeography of Antarctic deep-sea Mun-
nopsidae (Crustacea, Isopoda, Asellota). Deep-Sea Research Part I 54: 1790-1805. doi:
10.1016/j.dsr2.2007.07.017

Menzies R] (1962) The isopods of abyssal depths in the Atlantic Ocean. Vema Research Series
1: 79-2006.

Sars GO (1864) Om en anomal gruppe af Isopoder: Forhandlinger i Videnskabs-Selskabet i
Kristiania, 1863: 205-221.

Wilson GD (1989) A systematic revision of the deep-sea subfamily Lipomerinae of the isopod
crustacean family Munnopsidae. Bulletin of the Scripps Institution of Oceanography 27:
1-138.






A peer-reviewed open-access journal

ZooKeys 144:21-79 (201 1)

doi: 10.3897/z00keys.144.1648 $ZOOI<CVS

+
www.zookeys.org Launched to accelerate biodiversity research

Integrating field surveys and remote sensing data to
study distribution, habitat use and conservation status
of the herpetofauna of the Comoro Islands

Oliver Hawlitschek', Boris Briickmann', Johannes Berger', Katie Green?,
Frank Glaw'

| Zoologische Staatssammlung Miinchen (Bavarian State Collection of Zoology), Miinchhausenstr. 21, 81247
Miinchen, Germany 2 Bristol Conservation and Science Foundation, Comoros Project Office, Anjouan, Union
des Comores

Corresponding author: Oliver Hawlitschek (oliver.hawlitschek@gmx.de)

Academic editor: F Andreone | Received 1 June 2011 | Accepted 12 October 2011 | Published 3 November 2011

Citation: Hawlitschek O, Briickmann B, Berger J, Green K, Glaw F (2011) Integrating field surveys and remote sensing
data to study distribution, habitat use and conservation status of the herpetofauna of the Comoro Islands. ZooKeys 144:
21-79 doi: 10.3897/z00keys.144.1648

Abstract

We studied the non-marine reptile and amphibian species of the volcanic Comoro archipelago in the
Western Indian Ocean, a poorly known island herpetofauna comprising numerous microendemic species
of potentially high extinction risk and widespread, non-endemic and often invasive taxa. According to
our data, the Comoro islands are inhabited by two amphibian species and at least 28 species of reptiles
although ongoing genetic studies and unconfirmed historical records suggest an even higher species di-
versity. 14 of the 28 currently recognized species of terrestrial reptiles (50%) and the two amphibians are
endemic to a single island or to the Comoro archipelago. The majority of species are most abundant at
low elevation. However, a few endemic species, like the gekkonid lizards Paroedura sanctijohannis and
Phelsuma nigristriata, are more common in or even confined to higher altitudes. We created habitat maps
from remotely sensed data in combination with detailed species distribution maps produced using com-
prehensive data from field surveys between 2000 and 2010, literature, and historical locality records
based on specimens in zoological collections. Using these data, we assessed the conservation status of the
endemic terrestrial reptiles and amphibians according to the IUCN Red List criteria. Our results show
that although little area of natural forest remains on the Comoros, many species are abundant in degraded
forest or plantations. Competition and predation by invasive species appears to be the most important
threat factor for the endemic herpetofauna, together with habitat degradation and destruction, which
further favours invasive species. We propose the status Endangered for three species, Vulnerable for one
species, Near Threatened for six species, Least Concern for four and Data Deficient for two species. The
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endemic subspecies Oplurus cuvieri comorensis is proposed for the status Critically Endangered. Based on
the results of this study, seven areas of importance for reptile and amphibian conservation on the Comoros
are identified. This study shows how remote sensing data can contribute to increasing accuracy and objec-
tiveness of conservation assessments.

Résumé:

Nous avons étudié les reptiles et amphibiens non marins de 1"archipel volcanique des Comores, Océan
Indien occidental, une herpétofaune insulaire peu connue et comprenante 2 la fois de nombreuses es-
péces microendémiques a risque d’extinction potentiellement élevé, et des espeéces non endémiques a
grande aire de distribution, souvent invasives. D aprés nos données, 1’archipel des Comores est habité
par 2 espéces d’amphibiens et au moins 28 espéces de reptiles, bien que des études génétiques en cours
et des données historiques non confirmées suggerent une diversité spécifique plus élevée. 14 des 28 es-
peces de reptiles terrestres actuellement référencés (50%) et les 2 espéces d’amphibiens sont endémiques
d’une seule ile ou de "archipel. La majorité des espéces sont plus abondantes  basse altitude. Cependant
quelques especes endémiques comme les lezards Gekkonidae Paroedura sanctijohannis et Phelsuma ni-
gristriata sont plus communs ou confinés a l'altitude élevée. Nous avons réalisé des cartes des habitats 2
partir de données de télédétection ainsi que des cartes détaillées de distribution des espéces en combinant
des données obtenues au cours de mission de terrain entre 2000 et 2010, des données de la littérature et
des données de distribution historiques basées sur des spécimens de collections zoologiques. A partir de
ces données, nous avons évalué le statut de conservation des especes endémiques de reptiles terrestres et
d’amphibiens d apres les criteres de la liste rouge de |"'UICN. Nos resultats montrent que bien qu’il reste
de petites zones de forét naturelle aux Comores, beaucoup d’espéces sont abondantes dans les foréts de-
gradés et les plantations. La competition et la prédation par les espéces invasives apparait comme la plus
grosse menace pesant sur |herpétofaune endémique, aux quelles il convient d’ajouter les dégradations
et la destruction des habitats, qui en outré favorise les especes invasives. Nous proposons le statut En-
dangered (en danger) pour 3 especes, Vulnerable (vulnérable) pour une espece, Near Threatened (quasi
menacée) pour 6 espéces, Least Concern (preoccupation mineure) pour 4 et Data Deficient (données
insuffisantes) pour 2 especes. Le statut Critically Endangered (danger critique d’extinction) est proposé
pour la sous-espece Oplurus cuvieri comorensis. Sur la base de ces résultats, 7 régions d’importance pour
la conservation des reptiles et amphibiens des Comores sont identifiées. Cette étude montre comment
les données de télédétection peuvent contribuer a accroitre la précision et 'objectivité des estimations
de conservation.

Keywords
amphibians; area of occupancy; conservation planning; TUCN Red List; Landsat; protected areas; reptiles;
satellite imagery; Western Indian Ocean

Introduction

Island faunas are considered especially vulnerable to threats and extinction because
of the small areas occupied by species and the inability to compensate losses resulting
from environmental influences (Diamond 1984a, 1984b, Purvis et al. 2000, Cole et
al. 2005, Rodder et al. 2010, Lee and Jetz 2011). High extinction rates on islands have
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been documented for birds (Temple 1985) and reptiles (Case et al. 1992, Cheke and
Hume 2008).

In order to predict and prevent future extinctions, it is necessary to detect threat-
ened species and assess the degree of threat they are facing. The IUCN Red List has
become the reference to the status of threatened species worldwide and an important
tool in biodiversity monitoring and conservation planning (Stuart et al. 2004, Rodri-
gues et al. 2006, Vié et al. 2008, Hoffmann et al. 2010). Initially, Red List status as-
sessments were based solely on the experience and opinion of the assessors; no formal
criteria were available (Burton 2003). The first set of objective criteria was released in
IUCN (1994), and revised in IUCN (2001a), to be henceforth applied in Red List
assessments. These criteria are either based on known numbers of individuals or areas
inhabited by the species in question. While numbers of individuals may be reliably es-
timated or counted in large, conspicuous and well-known species, this is often difficult
if species are small, elusive or occur in remote areas. In such cases, the criteria based
on area are more useful. Buchanan et al. (2008) used remote sensing data to estimate
deforestation and its impact on the conservation status of birds in New Britain. To
date we know of no other attempts to directly link remote sensing information with
IUCN Red List assessments. We suggest that, in cases where sufficient distributional
data are available, remote sensing may provide an important contribution towards the
objectification of Red List assessments.

For a case study, we chose the Comoro archipelago in the Western Indian Ocean
(WIO). The WIO is a region in which particularly many extinction events of reptiles
have occurred. Half of the 20 reptile species listed as extinct in the [UCN Red List
were endemic to this area IUCN Red List of Threatened Species, Version 2010.4,
htetp://www.iucnredlist.org; downloaded on 27 October 2010). Due to the relative
scarcity of historical records and the absence of identifiable fossil and subfossil material
(but see Gerlach and Canning 2004 for a note on possible fragments of giant tortois-
es), no reliable hypotheses on possible past extinctions on the Comoros can be made.
Similarly, no information on possible threats to their endemic extant herpetofauna has
been available so far.

The Comoro archipelago consists of four major islands: Grand Comoro (1010
sqkm), Anjouan (424 sqkm), Mohéli (217 sqkm) and Mayotte (377 sqkm). They are a
result of hot-spot volcanism (Emerick and Duncan 1982) and were not connected to
each other or any other landmasses at any point in their geological history (Colonna et
al. 1996, Battistini and Verin 1984). Distances between the islands are from 50 to 90
kilometres and roughly 300 kilometres both to the East African coast and to Madagas-
car. According to various authors the archipelago’s oldest island, Mayotte, has an esti-
mated age of between 15 and 3.65 ma (million years) (Hajash and Armstrong 1972,
Montaggioni and Nougier 1981, Emerick and Duncan 1982, Nougier et al. 1986,
Bachélery and Coudray 1993). Climate on the Comoros is tropical and dominated by
monsoon and trade winds.

Seven families of terrestrial reptiles and one family of amphibians are recorded on
the Comoros. The highest species diversity is found in the geckos (14 species), fol-
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lowed by skinks (4 species), lamprophiid (3 species) and typhlopid snakes (3 species),
chameleons (2 species), one species of iguana (Oplurus cuvieri comorensis), and one spe-
cies of agamid lizard (Agama agama). Two species of amphibians are endemic, but still
await description (Vences et al. 2003). Sea turtles commonly use Comorian beaches for
reproduction but are not included in this study as we focus on the terrestrial herpeto-
fauna. The Nile Crocodile (Crocodylus niloticus) was reported to occur on the Comoros
by Benson (1960), but has not been observed since. Benson’s report probably refers to
an erratic specimen (Meirte 2004).

The iguana Oplurus cuvieri comorensis is endemic to Grand Comoro at subspecies
level, the nominate form inhabiting Madagascar (Miinchenberg et al. 2008). Each of
the four subspecies of Cryproblepharus boutonii (Scincidae) is endemic to one of the
four islands, while some other subspecies of the same species are distributed over a vast
area in the Indian and Pacific oceans (Rocha et al. 2006). Phelsuma v-nigra (Gekkoni-
dae) is endemic to the Comoros as a species, but Grand Comoro, Mohéli and Anjouan
each have one endemic subspecies (Rocha et al. 2009a).

As in many regions worldwide, natural habitats on the Comoros are threatened
by the impact of man. The archipelago was first colonized by man over a thousand
years ago (Allibert and Verin 1996, Cheke 2010, Msaidie et al. 2011). Today, the
Comoros are densely populated islands; calculated from numbers of various sources
(Central Intelligence Agency 2010, INSEE 2007), densities are about 325 inhabitants
per sqkm for Grand Comoro, 595 for Anjouan, 167 for Moheli and 533 for Mayotte.
In comparison, the numbers are 117 inhabitats per sgkm for metropolitan France
and 404 for the Netherlands, Europe’s most densely populated country. An estimated
growth rate of 2.7% makes the Comorian population one of the fastest growing on
earth. Due to requirements for construction, ylang ylang distillation, and agriculture,
most forests in easily accessible areas are lost, and the remaining forests are already
modified by activities of logging and agroforestry (Anonymus 2000, Kothari 2003).
Jolly and Fukuda-Parr (2000) calculated an average deforestation rate of 5.8% per
year for the period from 1990 to 1995, which is the fourth highest rate worldwide.

Due to increasing sea and air traffic, foreign species are regularly introduced and
sometimes become invasive. Most prominent among the invasive plants is the straw-
berry guava (Psidium littorale) on Grand Comoro, which has already had a devastat-
ing impact on native floras on Mauritius and Hawaii (Lowe et al. 2000, Tassin et al.
2006). Many animal species, among them rats, were already introduced in historical
times (Allibert et al. 1983, Atkinson 1985). Four species of Hemidactylus house geckos
inhabit the Comoros, all of which were probably introduced historically or recently
(Vences et al. 2004, Rocha et al. 2005). Several Hemidactylus species including those
occurring on the Comoro archipelago are considered invasive in many tropical areas
and Hemidactylus frenatus has probably led to the extinction of the endemic species of
Nactus geckos on the Mascarene Islands (Cole et al. 2005). A case of very recent in-
troduction is the agamid lizard Agama agama. According to Meirte (2004) this species
was introduced to Grand Comoro in 1998, and already in early 2000 it was found to
be abundant in parts of the capital Moroni (Wagner et al. 2009).
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In this paper, we present distribution maps for all terrestrial species of Comorian
reptiles and amphibians. Furthermore, we present the first complete terrestrial habi-
tat survey based on satellite imagery for the Comoros archipelago, which we utilised
to evaluate which habitats are of importance for the herpetological species. We also
present a key to the reptiles and amphibians of the Comoro Islands to facilitate future
identification. Based on these results, we use IUCN Red List criteria to assess the
conservation status of the Comorian reptiles and amphibians and propose areas of
particular conservational importance.

Methods

Locality data and species identification

Locality data on reptiles and amphibians was obtained from zoological collections,
field surveys, and literature. We surveyed all preserved Comorian specimens of terres-
trial reptiles and amphibians from the following collections: Natural History Museum,
London, United Kingdom (BMNH); Muséum National d’Histoire Naturélle, Paris,
France (MNHN); Senckenberg Forschungsinstitut und Naturkundemuseum Frank-
furt, Germany (SMF); Zoologisches Forschungsmuseum Alexander Koenig, Bonn,
Germany (ZFMK); Museum fiir Naturkunde Berlin, Germany (ZMB); Zoologische
Staatssammlung Miinchen, Germany (ZSM). In addition we discuss further records
of special interest fom the California Academy of Sciences, San Francisco (CAS) and
the Field Museum, Chicago (FMNH) which were traced by searches in the HerpNET
database (http://herpnet.org). Material from field surveys and museums were also used
for creation of the identification key.

Only reliable localities of safely identified specimens have been included in this
study. All recent locality data was collected in repeated field surveys in the Comoros in
2000, 2002, 2008 and 2010, with a total of 24 weeks of field work or obtained from
Carretero et al. (2005). We also visited historical localities in an attempt to confirm the
presence of the species historically recorded. To verify species identifications, voucher
specimens (deposited in ZSM) and / or tissue samples were collected and photographs
were taken. In the field, coordinates were stored with a Garmin (R) ETREX Venture
GPS.

Habitat classes

During the herpetological surveys, we also collected ground truthing data for habi-
tat mapping. Ten habitat classes were selected based on their different suitability as
habitats for reptiles and amphibians, and ease of identification both in the field and
in remote sensing applications. Where appropriate, classes were selected in accordance
with the IUCN habitats authority file (IUCN 2001b), and classification numbers of



26 Oliver Hawlitschek et al. | ZooKeys 144: 21-79 (2011)

this file are given in brackets. Basic information on Comorian vegetation was obtained
from Anonymus (2000), Pascal (2002) and Louette et al. (2004).

Closed Forest: Forest with little or no traces of human impact and a closed canopy.
The remote sensing classification does not allow the discrimination between areas of
undisturbed pristine forest and forest which has a closed canopy but is modified by low
intensity human activities such as limited agro-foresty, selective logging, and firewood
collecting. However, the methods applied here have already been used to discriminate
areas of forest under heavier human influence (Hayes and Sader 2001, Sader et al.
2001, Wilson and Sader 2002). Corresponsing classes in IUCN (2001b) are Tropical
Moist Lowland (1.6) and Tropical Moist Montane Forests (1.9)

Mangrove: Tropical Mangrove Forests (1.7), dominated by Rhizophora and Avi-
cennia trees, growing in estuaries and coastal areas.

Montane Dry Vegetation: Tropical High Altitude Shrubland (3.7), dominated by
Philippia (Erica) comorensis. Restricted to Mt. Karthala on Grand Comoro, at altitudes
of above 1400 meters.

Volcanic Rock: Areas covered by recent lava outflow. Vegetation is absent or very
scarce. Also includes large cliff and shore areas of volcanic rock.

Inland Water: Water bodies within the terrestrial surface of the islands that have
no connection to the sea. This includes freshwater (e.g. Lac Dziani Dzaha) as well as
other types of water (e.g. Lac Salé).

Degraded Forest: Tropical Heavily Degraded Former Forest (11.6) in forest areas
where logging, intensive agroforestry, and clearing for small plantations are present. It
also includes regenerating secondary forests. This habitat is distinguished from natural
forest types by a more open canopy and thus less reflectance in the near-IR bands in
relation to reflectance in the visible spectrum. Patches of crop plants are present, either
under the original canopy or in clearings. Neophyte stands are common.

Plantation: Areas widely dominated by plantations of arboreal and arbusteal crops
(11.3). Only isolated stands, single trees or nothing is left of the primary forest. In
relation to forest and degraded forest, near-IR reflectance is lower. This class does not
include pure open crop plantations (manioc, potato etc.). On the Comoros, however,
such crops are rarely planted in sufficiently large pure plantations to justify a separate
class. Patches of open crop plantations may be included in the classes “Plantation” or
“Dry / Low Vegetation”.

Dry / Low Vegetation: Characterized by complete or near complete vegetation
cover in dry areas. It is dominated by shrubby or herbaceous plants (Tropical Dry
Shrubland: 3.5), but may also contain stands of short trees or single larger trees, often
forming savanna-like structures (Dry Savanna: 2.1). Baobabs (Adansonia digitata) often
occur in this class. This class also includes plantations in dry areas, which are often to a
high degree mixed with natural vegetation (11.3). Near-IR reflectance is lower than in
other vegetation classes because of relatively low photosynthetic activity due to drought.

Openly Populated Area: Urban areas (11.5) with gardens (Rural Gardens: 11.4),
small plantations, and trees which often shade buildings. More than 50% vegetation
cover.
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Densely Populated Area: Denser urban areas (11.5), dominated by buildings and
infrastructure, with less than 50% vegetation cover.

Habitat and distribution maps

We created habitat maps of all four Comoro islands based on Landsat ETM+ im-
ages of 30 m resolution, purchased from Landsat.org, Global Observatory for Eco-
system Services, Michigan State University (http://landsat.org, 2007-09-20; images
et1610690228032, et1620680814032, et1620690520012, and et1630681114052,
years 2001 to 2007). Elevation data was obtained from SRTM-DEM images of 90
m resolution from the information technology center at the University of Tokyo
(htep://itc.u-tokyo.ac.jp/GIS, 2007-10-10; images S13E044, S12E043, S13E043, and
S13E045).

Habitat mapping was conducted using the maximum likelihood supervised clas-
sification in ENVI 4.3 to 4.7, ITT Industries, Inc., followed by manual processing in
ESRI ArcGIS 9.2 and 9.3. We based our supervised classification on ground verifica-
tion points collected in the field, using 10% to 25% of the available field points as
test points instead of training points. Further accuracy assessment of the classification
was conducted by visual comparison of habitat classes between the classified map,
topographic maps (1:25,000 for Mayotte and 1:50,000 for all other islands, © Insti-
tut Géographique National, France, 1993 and 1995) and GoogleEarth scenes (http://
earth.google.com/). We then used ArcGIS 9.2 to 10.0 to measure the areas covered by
the different habitat classes and to create distribution maps for all species.

Conservation assessments

We evaluated all endemic species of reptiles and amphibians in the Comoros using the
TUCN Red List criteria IUCN 2001a). These assessments are considered proposals for
a national conservation status as well as IUCN Red List status and are currently under
review at the CI-IUCN Biodiversity Assessment Unit. To allow an objective applica-
tion of this guideline, we calculated extent of occurrence (area potentially inhabitable
by a species) and area of occupancy (part of this area in which a species actually lives;
see [TUCN 2001a for further explanation) based on our habitat classification. Historical
records which could not be confirmed by surveys after 1999 were not included in these
calculations, because the habitat class of these localities may have changed between the
time of recording and today. Unless a species was known to be restricted to a certain
part of an island, we considered the total area of all islands inhabited by a species as
this species’ extent of occurrence. To calculate the area of occupancy, we subtracted all
area that was outside the species’ altitudinal range or that was covered by habitat classes
in which the species was not recorded from the extent of occurrence. For certain spe-
cies, habitat classes were excluded from the area of occupancy even if specimens had
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been observed there because they were considered unsuitable for maintaining a viable
population, as explained for each of these species in the discussion. Conservation as-
sessments and proposals of IUCN Red List status are presented under Discussion:
Conservation assessments.

Results

Distribution maps and species composition

We examined 680 historical specimens in herpetological collections which are known
to harbour significant material from the Comoro islands (BMNH, MNHN, SMEF,
ZFMK and ZMB), representing 306 localities recorded between 1845 and 1991. Of
all historical localities, 56 had very imprecise locality data (e.g., “Comoros”). 205 were
referable to one particular island of the archipelago. Only 45 had locality data precise
enough to be used for our distribution maps, and all but two of these could be con-
firmed in our field surveys. Thus, these rather precise historical records provided very
valuable support in our surveys. In our field surveys from 2000 to 2010, we collected
311 specimens and recorded 952 localities. We obtained another 133 locality records
collected in 2003 from Carretero et al. (2005). After exclusion of overlapping records,
a total of 1038 localities were used in our analyses and for the creation of the distribu-
tion maps (Appendix 1, 2).

Our data (Table 1) show that seven families of reptiles are present on the Co-
moros. 14 of the 28 recognized species of terrestrial reptiles (50%) and both amphib-
ian species (100%) are endemic to a single island or to the Comoros. Of the 36 taxa
of both groups recognized at species or subspecies level, 22 (66.7%) are endemic.
Within the Comoro archipelago amphibians have only been recorded on Mayotte,
where the two species are endemic, but to date undescribed. One species of blind-
snake (Zjphlops sp.) is probably undescribed. Photographs of the species and subspe-
cies are shown in Figs 5-9.

Habitat classification

Our habitat classification is supported by a total of 738 ground verification points.
Habitat maps are given in Figure 1. The results show that plantation (28%), degraded
forest and dry / low vegetation (each 27%) equally contribute to a total of 82% of
the land cover of the Comoros (Table 2 and Figure 2). Mayotte is clearly dominated
by plantation (38%), Grand Comoro by dry / low vegetation (36%), Anjouan (38%)
and Mohéli (35%) by degraded forest. Closed forest makes up only 9% of the total
land area of the Comoros (Figure 3). The largest areas remain on Grand Comoro
(68.5 sqkm) and cover only 7% of the island’s area. In proportion to island size, the
largest area of forest is detected on Mohéli with 16% (34.5 sqgkm), followed by Anj-
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Table I. An overview of species and subspecies of Comorian reptiles and amphibians. EI = Endemic to

this island, EC = Endemic to the Comoros, P = Present on this island, but not endemic.

Gd. Comoro

Anjouan

Mohéli

Mayotte

Typhlopidae:

Ramphotyphlops braminus

P

Typhlops comorensis

EC

EC

Typhlops sp.

EI

Lamprophiidae:

Leioheterodon madagascariensis

Liophidium mayottensis

EI

Lycodryas sanctijohannis

EC

EC

EC

Chamaeleonidae:

Furcifer cephalolepis

EI

Furcifer polleni

EC

EC

Gekkonidae:

Ebenavia inunguis

Geckolepis maculara

Hemidactylus frenatus

Hemidactylus mercatorius

a-AiacARacRiae]

a"AlavARacRiae]

Hemidactylus parvimaculatus

Hemidactylus platycephalus

sl iavARavRiaviRavhiae]

s~}

Paroedura sanctijohannis

o)

C

EC

Phelsuma comorensis

Phelsuma dubia

Phelsuma laticauda

=

Phelsuma nigristriata

EI

Phelsuma pasteuri

EI

Phelsuma robertmertensi

EI

Phelsuma v-nigra anjonanensis

Phelsuma v-nigra comoraegrandensis

Phelsuma v-nigra v-nigra

Iguanidae:

Oplurus cuvieri comorensis

Scincidae:

Amphiglossus johannae

Cryptoblepharus boutonii ater

Cryproblepharus boutonii degrijsii

Cryptoblepharus boutonii mayottensis

Cryproblepharus boutonii mohelicus

Trachylepis comorensis

Trachylepis striata

Agamidae:

Agama agama

Mantellidae:

Blommersia sp.

EI

Boophis sp.

EI
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Anjouan Grand Comoro

Mayotte Moheli
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Figure |. Habitats on the Comoro islands. Maps of habitat classes and relative land cover are given for
each island.
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Table 2. Land cover by habitat classes. The areas of each habitat class per island and as total are given in

square kilometres.

Anjouan Grand Comoro | Mayotte Mohéli Total
Inland Water 0.00 0.04 0.06 0.02 0.12
Mangroves 0.01 0.07 4.44 0.08 4.60
Volcanic Rock 0.00 73.23 0.00 0.00 73.23
Montane Dry Vegetation | 0.00 27.00 0.00 0.00 27.00
Dry / Low Vegetation 70.24 367.95 71.64 33.53 543.37
Closed Forest 46.60 68.48 27.47 34.47 177.02
Degraded Forest 161.27 212.64 95.06 74.84 543.81
Plantation 129.41 220.69 143.50 69.68 563.28
Openly Populated Area 13.22 3291 31.52 3.03 80.68
Densely Populated Area | 2.79 6.85 2.27 0.00 11.91

423.54 1009.85 375.96 216.65 2025.01

Total Land Cover Percent of Localities Number of Species

28%

27%

Inland Water
Dry / Low Vegetation

M Mangroves
M Closed Forest

27%

18%

24%

Volcanic Rock
Degraded Forest

W Openly Populated Area Wl Densely Populated Area

Figure 2. Land cover, localities and number of recorded species

[ Montane Dry Vegetation
Plantation

ouan with 11% (46.6 sqkm). Mayotte displays the smallest remaining area of forest

(27.5 sqkm, 7%).

Habitat use

Most specimens (27%) and species (25 species) out of the total number of 30 species
of reptiles and amphibians were recorded in the habitat class plantation (Figure 2). A
similarly high percentage of specimens was recorded in dry / low vegetation (24%), fol-
lowed by degraded forest (18%). Of specimen records, 14% were made in forest and
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Anjouan Grand Comoro
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Figure 3. Forest areas on the Comoros. For each level of altitude (in intervals of 100 m), the area occu-

pied by forest is given as percentage of the total area occupied by all habitat classes in this level.

13% in openly populated areas. The second highest numbers of species were recorded in
degraded forest (22) and in openly populated areas (21), followed by dry and low vegeta-
tion (19), forest (18), densely populated areas (11), mangroves (6) and volcanic rock (3).

Regarding altitude, almost half of all localities (48.9%) and 25 species (out of 30) were
recorded in altitudes below 100 m asl (Figure 4). The number of species recorded then
drops to 18 up to 200 m altitude and still 16 at elevations of up to 700 m. The relative
number of records decreases to around 10% up to 200 m and further to a single specimen
of Furcifer cephalolepis on the slope of Mt. Karthala, Grand Comoro, at 1135 m asl.

Distribution maps and distribution over habitats and altitude levels for all species
are given in Figs 10-19.
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Figure 4. Localities and number of species in relation to altitude.
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Table 3. Proposed Red List status, extent of occurrence (EOO) and area of occupancy (AOO) of reptile

and amphibian species endemic to the Comoros. EOO and AOO are given in sqkm. Endemic subspecies

that are not endemic at species level are marked with an asterisk (*).

Species Status EOO AOO
Typhlops comorensis DD 1433.5 ?
Typhlops sp. DD 1009.9 ?
Liophidium mayottensis EN Blabiii + B2abiii 376.0 65.2
Lycodryas sanctijohannis NT 2025.0 1737.4
Furcifer cephalolepis LC 1009.9 718.1
Furcifer polleni LC 376.0 371.5
Paroedura sanctijohannis EN Blabiii + B2abiii 2025.0 60.8
Phelsuma comorensis NT 250.1 183.5
Phelsuma nigristriata VU D2 376.0 24.8
Phelsuma pasteuri NT 376.0 127.0
Phelsuma robertmertensi EN Blabiii + B2abiii 376.0 98.9
Phelsuma v-nigra NT 1650.1 1368.2
Oplurus cuvieri comorensis * CR Blabv + B2abv 7.6 <7.6
Ampbhiglossus johannae LC 2025.0 1737.4
Cryproblepharus boutonii ater * LC ? ?
Cryptoblepharus boutonii degrijsii * LC ? ?
Cryptoblepharus boutonii mayottensis * NT ? ?
Cryptoblepharus boutonii mohelicus * LC ? 2
Trachylepis comorensis LC >2025.0 >1811.0
Blommersia sp. NT 376.0 297.6
Boophis sp. NT 376.0 297.6
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Figure 5. Species photographs. A Blommersia sp., ZSM 1706/2008, Mayotte B Boophis sp., ZSM
1711/2008, Mayotte C Ramphotyphlops braminus, ZSM 163/2010, Anjouan D Tjphlops comorensis,
MNHN 1895/126, Grand Comoro E Tjphlops sp., ZSM 361/2002, Grand Comoro F drawings of heads
of R. braminus, T, comorensis and Typhlops sp. (left to right) G Leioheterodon madagascariensis, Nosy Bo-
raha, Madagascar H Liophidium mayottensis, ZSM 1693/2008, Mayotte.
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Identification key

We created an identification key including all non-marine species and subspecies of
amphibians and reptiles on the Comoros. We also included species whose occurrence
on the Comoros could not be confirmed. For every species, the islands of its occur-
rence are indicated in round brackets (AN = Anjouan, GC = Grand Comoro, MA =
Mayotte, MO = Mohéli). The key is based on data published in Meirte (2004), Vences
et al. (2004), Glaw and Vences (2007) and unpublished data in Hawlitschek (2008)
and by E Glaw and V. Wallach.

1

2

Skin moist, no scales present; tail absent... Amphibians / Anurans (frogs), 2
Skin dry, covered with scales; tail present.........ccceeceivvciniecnennene. Reptiles, 3
Small species (adult snout-vent length 25-35 mm); tympanal region blackish;
hind limbs with distinct dark bands; relatively small eyes; iris silvery; adult
males with distinct femoral glands on ventral surface of thighs; only on May-
OLL vttt ettt ettt ettt ettt ettt ea et Blommersia sp. (MA)
Medium-sized species (adult snout-vent length 35-56 mm); tympanal region
beige to brown; hind limbs without or with indistinct dark bands; relatively
large eyes; iris reddish; adult males without femoral glands on ventral surface

of thighs; only on Mayotte.........cccccceeivniiiiiiniiecnen. Boophis sp. (MA)
Limbs and external ear opening absent ....................... Serpentes (snakes), 4
Limbs and external ear opening present.................... Lacertilia (lizards), 11

Worm-like snakes with burrowing habits; very small, total length ca. 100-
250 mm; scalation and coloration uniform all over body; eyes absent or only
visible as small black spots covered by scales...........ccoeueuenneee. Typhlopidae, 5
Typical snakes, ground- or tree-dwelling; medium-sized to large, adult total
length > 50 c¢m; one distinctly enlarged row of ventral shields and 17-23
dorsal scale rows at midbody; pupil of eyes clearly visible... other families, 7
Maximum total length 181 mm; 20 midbody scale rows; 261-364 total mid-
dorsal scales; superior nasal suture visible dorsally ..........ccccoeviniininine.

........................................ Ramphotyphlops braminus (AN, GC, MA, MO)

INOT as aDOVE ... Typhlops, 6
Maximum total length 245 mm; 22 midbody scale rows; 414-485 total mid-
dorsal scales .......ccoovveineiniiiee Typhlops comorensis (AN, GC)

Extremely small, known total length 68-70 mm; 18 midbody scale rows;
384-408 total middorsal scales; species poorly known...... Typhlops sp. (GC)
Dorsal coloration with dark and bright crossbands, dark bands at least twice
as broad as bright bands; less than 100 ventral scales; only on Grande Co-
moro, occurrence in need of CONIrMATION «.vveeveeeeeeeeeeeeeeee e eeeeeeeeeen
............................ Lycodon aulicus (Natricidae, GC — UNCONFIRMED)
Dorsal coloration other than 7 A); more than 150 ventral scales....................
........................................................................................ Lamprophiidae, 8
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Figure 6. Species photographs. A Lycodryas sanctijohannis, male, ZSM 38/2010, Anjouan B Lycodryas
sanctijohannis, female, ZSM 40/2010, Anjouan € Furcifer cephalolepis, male, Grand Comoro D Furcifer
polleni, male, Anjouan E Furcifer cephalolepis, female, Grand Comoro F Furcifer polleni, female, Mayotte
G Trachylepis comorensis, Mohéli H Trachylepis striara, ZSM 70/2010, Anjouan.



10

11

12

13

14

15

Integrating field surveys and remote sensing data to study distribution... 37

Robust, ground-dwelling and digging snake; rostral scale directed upwards;
total length of adults up to 150 cm; 23 dorsal scale rows ..........cccceceinnnnne.
....................................................... Leioheterodon madagascariensis (GC)
Slender, terrestrial or arboreal, non-digging snakes; rostral scale not directed
upwards; total length of adults up to 100 cm; 17-19 dorsal scale rows......... 9
Pupil round; head not broader than neck; coloration dorsally grayish, ven-
trally bright with small dark spots on each ventral scale; ground-dwelling.....
................................................................... Liophidium mayottensis (MA)
Pupil vertical; head distinctly broader than neck; ground- or tree-dwelling ...
............................................................................................... Lycodryas, 10
Mostly 19 dorsal scale rows (sometimes 17) at midbody; coloration sexually
dimorphic, males grayish, sometimes with dark spots or blotches, iris gray,
females uniformly orange or brown, iris brownish..........ccccccooovniiiinnns,
........................................... Lycodryas sanctijohannis (AN, GC, MA, MO)
17 dorsal scale rows at midbody, coloration brown with dark crossband .......
........................................ Lycodryas gaimardii (MA — UNCONFIRMED)
Eyes largely covered with skin and moving independently; prehensile tail;
tong-like hands and feet with two or three lateral fingers opposing inner fin-
TS 1ottt Chamaeleonidae, 12
Eyes not covered with skin; no prehensile tail; fingers and toes not fused.......
........................................................................................ other families, 13
Snout-vent length maximum 77 mm in males, 54 mm in females; rostral
crests with very distinctly enlarged scales, fusing anteriorly and reaching or
exceeding snout tip; distinctly elevated parietal crest; gular crest with dis-
tinctly enlarged cones........c.ccoovvvveciininiiiiennne. Furcifer cephalolepis (GC)
Snout-vent length maximum 104 mm in males, 63 mm in females; rostral
crests with weakly enlarged scales, poorly elevated, diminishing posterior to
snout tip; parietal crest visible, but not elevated; gular crest poorly devel-

OPEA vttt Furcifer polleni (AN, MA)
Head dorsally with enlarged, symmetrical scales distinct from scales following
POSEELIOLLY .. Scincidae / Lacertidae, 14

Head dorsally with scales similar to those following posteriotly.....................
........................................................................................ other families, 21
Dorsal scales granular, ventral scales cycloid and overlapping, forming a dis-
tinct collar of enlarged scales in the throat region.........c.cccovieiiiinnnnnee.
............................... Meroles knoxii (Lacertidae, AN — UNCONFIRMED)
Scales uniformly cycloid and overlapping..........ccoccocciininnnes Scincidae, 15
Body cylindrical, head and tail not clearly distinct from body; limbs small;
coloration light brown with dark brown spots............ccccccvvniiiiinnnnne.
............................................. Amphiglossus johannae (AN, GC, MA, MO)
Body fusiform, distinct neck, tail distincly less broad than body, lizard-like
appearance; ground coloration dark brown to black.........ccccooeeiiinnnn 16
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Figure 7. Species photographs. A Cryptoblepharus boutonii ater, Grand Comoro B Cryproblepharus
boutronii mohelicus, ZSM 1680/2008, Mohéli C Cryptoblepharus boutonii mayottensis, ZSM 1703/2008,
Mayotte D Cryproblepharus boutonii degrijsii, ZSM 63/2010, Anjouan E Amphiglossus johannae, ZSM
54/2010, Anjouan F Phelsuma laticauda, Anjouan G Phelsuma dubia, Mayotte H Phelsuma robertmerten-
si, Mayotte.
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Medium-sized, often robust lizards, total length up to more than 200 mm;
scale rows around midbody 28 t0 39........cccciiiiiiiiinnnn Trachylepis, 17
Small lizards, less than 100 mm total length; dorsoventrally depressed; colora-
tion blackish, often with white stripes; scale rows around midbody 21 to 29;
only in rocky intertidal regions ..................... Cryptoblepharus boutonii, 18
Common lizard; coloration dark with patterns of brighter spots; never with
white Stripes......cocoevervrreennnes Trachylepis comorensis (AN, GC, MA, MO)
Coloration blackish with two white lateral stripes.. Trachylepis striata (AN)
Coloration uniformly black ............... Cryptoblepharus boutonii ater (GC)
White STIIPES PLESEIIT «euveveuvevineeriiieiesiieieateteiere ettt ettt en et esens 19
Black with two white lines along the body .........cccoviiiiinniiiiie
................................................ Cryptoblepharus boutonii mohelicus (MO)
More than two white lines present ........occeevveineennciniccnicrccecees 20

Ventral surface of fingers and toes with adhesive lamellae, allowing move-
ment on vertical surfaces; total length never exceeding 160 mm; usually not

ground-dwelling .........c.ccooviiiiinnniiiiceees Gekkonidae, 22
Adhesive lamellae absent; total length up to 500 mm; ground-dwelling,
climbing only on rough surfaces; robust lizards................ other families, 38
Dorsal ground color green, sometimes in shades of olive or brownish, often
with pattern in red; pupil round; diurnal ........ccooeeviiiineinnne Phelsuma, 23
Dorsal ground color brown or grey, green and red colors absent; pupil verti-
Caly NMOCTUINIAL. oot eeeeeeeas 31
Dark lateral stripe along body present..........cccccceiviniiciiinnnicccinn 24
No dark lateral stripe Present......c.coecoveeeerieicrinieinieicrineineceseeseecenes 25
Neck dorsally without dark stripes, limbs dorsally marbled with bright spots,
tail dorsally with dark spots......c.cccceveinincnnnee Phelsuma comorensis (GC)
Neck dorsally with three dark stripes, limbs dorsally not marbled, tail with
narrow dark crossbands...........cccoeeiiiinnnn Phelsuma nigristriata (MA)
Dorsal ground color rather green with olive, brown or turquoise shades than
dEeP GIEEN ....cviiiiiiiiiiii e 26
Dorsal ground color deep green ........ccooueiiiiiiiiiiiiiiiiicicc 27

Flanks with brighter spots, dorsum dark green or brown, with orange median
line (sometimes interrupted), sometimes with blue blotch on neck...............
.................................................................. Phelsuma robertmertensi (MA)
No bright spots on flanks, often red dots on dorsum, no median line, tail
often bluish..ccouveeeeeeeeeeeeeeieeeeeeee, Phelsuma dubia (AN, GC, MA, MO)
Numerous small yellowish or golden spots dorsally in neck region and on tail;
three large red blotches posteriorly on dorsum ..........ccccocvviiiiiiiinnnne.

................................................... Phelsuma laticauda laticauda (AN, MA)
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Figure 8. Species photographs. A. Phelsuma nigristriata, Mayotte B Phelsuma comorensis, Grand Comoro
C Phelsuma pasteuri, Mayotte D Phelsuma v-nigra anjouanensis, Anjouan E Phelsuma v-nigra comoraegran-
densis, Grand Comoro F Phelsuma v-nigra v-nigra, Mohéli G Ebenavia inunguis, ZSM 68/2010, Anjouan
H Paroedura sanctijohannis, ZSM 98/2010, Mayotte.
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Neck and tail not yellowish or golden, dorsum with numerous smaller red
dOtS AN SPOLS ..vveitiiiiiciieiet e 28
Blue spot on neck; gular region uniformly bright.. Phelsuma pasteuri (MA)
No blue color elements dorsally; gular region with more or less visible pattern
in the form of @ V7 et Phelsuma v-nigra, 29
Ventral side yellow, dorsal side green with relatively large red dots ................
................................................................. Phelsuma v-nigra v-nigra (MO)
Ventral side whitish, dorsal red dots smaller......ccueeeeeeeeeoeeeeeeeeeeieeeeeeeeean. 30
Dorsal side green to bluish, small red dots, sometimes with red median line.
............................................... Phelsuma v-nigra comoraegrandensis (GC)
Dorsal side green, red dots very small, sometimes forming a reticulated pat-
tern or absent.......c.ceeievrieueueucennnn. Phelsuma v-nigra anjouanensis (AN)
Scales rather large, cycloid, overlapping, can be shed when touched; tubercles
and striped color patterns absent... Geckolepis maculata (AN, GC, MA, MO)
Scales small, granular, in part tubercular; sometimes with striped color
oAU + PPN 32
Adhesive lamellae covering entire ventral side of digits, in double rows of
several pads each; when resting, ventral side of body usually in contact with
substrate; colors brown during day, grayish, whitish or pinkish at night........
.......................................................................... Hemidactylus | Gehyra, 33
Adhesive lamellae only in two pads near tips of the toes; when resting, ventral side
of body usually lifted from substrate; colors always brownish other genera......37
Body and tail smooth, no tubercles present; coloration grey, sometimes pink-
ISP Gehyra mutilata (UNCONFIRMED)
Body and tail covered with tubercles; coloration grey to brownish; very common
in urban areas and plantations, rare in natural habitats........... Hemidactylus, 34
Maximum snout-vent length of adults 55 mm; 2 to 8 rows of tubercles along
the back, with 7 to 24 tubercles per row; dorsal side of body mostly uniformly
white, beige or yellowish at night, pattern of dark stripes and spots visible
during the day .......ccccocueenee Hemidactylus frenatus (AN, GC, MA, MO)
Pattern of dark stripes and spots mostly also visible at night; 8 or more rows
of tubercles along the back, with 21 or more tubercles per row ................. 35
Maximum snout-vent length of adults 51 mm; dorsal side covered with rela-
tively prominent brown and whitish tubercles; 3 to 5 dorsal rows of brown
spots often visible; 14 to 17 rows of tubercles along the back, with 23 to 30
tubercles per row......cccceveueennee. Hemidactylus parvimaculatus (AN, MO)
Snout-vent length of adults up to more than 51 mm; dorsal side usually with
pattern of brighter and darker colors, but no whitish tubercles present.....36
Maximum snout-vent length of adults 59 mm; original tail with whorls of
spiny, enlarged scales extending far into the distal half of the tail; males with
25 to 32 femoral pores; 8 to 16 rows of tubercles along the back, with 25 to
37 tubercles per row; cranial depression extending anteriorly from between
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Figure 9. Species photographs. A Hemidactylus frenatus, ZSM 116/2010, Mohéli B Hemidactylus parvi-
maculatus, ZSM 370/2002, Mohéli C Hemidactylus mercatorius, ZSM 121/2010, Anjouan D Hemidac-
tylus platycephalus, Anjouan E Geckolepis maculata, ZSM 83/2010, Anjouan F Oplurus cuvieri comorensis,
Grand Comoro G Agama agama, male, Grand Comoro H Agama agama, juvenile, Grand Comoro.
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the eyes less distinct than in 36 B) ......cccciiiiiiiiiiiicccccces
......................................... Hemidactylus mercatorius (AN, GC, MA, MO)
- Maximum snout-vent length 85 mm; original tail with whorls of spiny, en-
larged scales largely restricted to the proximal part of the tail; males with 41
to 59 femoral pores; 8 to 14 rows of tubercles along the back, with 21 to 31
tubercles per row; cranial depression extending anteriorly from between the
eyes more distinct than in 36 ..o
...................................... Hemidactylus platycephalus (AN, GC, MA, MO)
37 Small, slender geckos, maximum snout-vent length 40.8 mm; flanks darker
than dorsum, with sharpest contrast in head region; never with crossbands on
body o Ebenavia inunguis (AN, GC, MA, MO)
- Medium-sized geckos with robust heads, maximum snout-vent length 66.9
mm; four bright crossbands on dorsum, best visible at night; coloration of
flanks not clearly distinguished from that of dorsum.........ccccccoeviiiinnine,
.......................................... Paroedura sanctijohannis (AN, GC, MA, MO)
38 Neck with crest of spiny scales; scales on tail similar to those on body; males
with contrasting black and orange color pattern........... Agama agama (GC)
- Crest of spiny scales on neck absent; tail with enlarged scales, spiny..............
................................................................ Oplurus cuvieri comorensis (GC)

Discussion

Unconfirmed records and taxonomic comments

For all the species records given in Table 1 at least one voucher specimen for each island
was either collected during our surveys or traced in natural history collections. The
only exception is Hemidactylus mercatorius on Mohéli, of which we do not know of any
voucher specimen. The following species of terrestrial reptiles were previously recorded
in the Comoros, but were not confirmed during our study.

Lycodon aulicus

Specimens of the Wolf snake Lycodon aulicus were neither available for examination
nor observed. The locality of one specimen, CAS 135119, collected by E.J. Mor-
ris and traced by a search in the HerpNET database, is given as “Moroni, hospital
ground North of Moroni”. During our field surveys, we searched at the hospital
ground and interviewed employees, but could not find any evidence for an extant
population of this species. Another specimen, also traced by HerpNET (FMNH
205907), was collected by J. Visser in 1973 on Grand Comoro, but no further
information about this specimen is available. The presence of this species possibly
resulted from a single introduction event and no evidence of an extant population
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Figure 10. Distribution maps, and distribution over habitat and altitude classes, for Agama agama, Am-
phiglossus johannae and Blommersia sp.
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of L. aulicus is known to exist. Lycodon aulicus capucinus, now often considered as
distinct species L. capucinus, is an invasive species on the Mascarene islands (Cheke
and Hume 2008).

Lycodryas gaimardii and Lycodryas maculatus

No unambiguous records of these species on the Comoros exist. Historical records
and their possible taxonomic implications will be discussed in an upcoming paper on
Lycodryas sanctijohannis (Hawlitschek et al., unpublished data, see also Hawlitschek
2008).

Gehyra mutilata

This nocturnal gecko, similar in appearance to the genus Hemidactylus, is widespread
in the Indian Ocean area and considered an invasive species in many regions (Denny
et al. 2005, Witmer et al. 2007, Rocha et al. 2009b). Its existence on the Comoros was
apparently first suspected by Blanc (1971), without indicating any specific island, and
subsequently by Cole (1992) and Paris (1999), but was never confirmed. During our
field surveys in the Comoros, we did not detect any signs of the presence of this species,
and did not find any voucher specimens in the studied collections.

Meroles knoxii

As described in Giinther (1879), the single Anjouan specimen of the lacertid liz-
ard Meroles knoxii was collected by C.E. Bewsher together with other material
from Anjouan, including the type specimens of Paroedura sanctijohannis and Ly-
codryas sanctijohannis. While many localities from this period are doubtful, this
latter fact supports the assumption that this specimen was indeed collected on
Anjouan. However, as no other report of M. knoxii from the Comoros has come
to be known since, the status of this species on Anjouan remains uncertain and its
possible presence on the Comoros is in need of confirmation. For biogeographi-
cal reasons it is very unlikely that this species colonized the Comoros by natural
dispersal but it may be that at some point, M. knoxii was introduced to this island
but later became extinct. In another case, the scincid lizard Trachylepis striata
remained hidden for several decades (e.g. Brygoo 1981, Meirte 2004), and it was
rediscovered only in 2003 at Anjouan (Carretero et al. 2005). This demonstrates
that the future rediscovery of species, whose occurrence on the Comoros is con-
sidered dubious is possible, and even the presence of yet unknown reptile species
cannot be excluded.
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Hemidactylus mabouia and H. brooki

The Comorian populations of Hemidactylus which were formerly assigned to H. ma-
bouia (Blanc 1971, 1972, Meirte 2004) are now assigned to H. mercatorius and H.
platycephalus (Vences et al. 2004, Carretero et al. 2005, Rocha et al. 2010b). The Co-
morian populations formerly assigned to H. brooki (Carretero et al. 2005) are now
assigned to H. parvimaculatus (Bauer et al. 2010, Rosler and Glaw 2010).

Land cover changes and state of the natural vegetation

Similar to other tropical oceanic islands, the Comoros were likely covered by large
areas of forest before the arrival of man (Pascal 2002, Louette et al. 2004). Today, as
shown by the present results, land cover of natural or near natural forest on the Co-
moros is classified at less than 7%. As the remote sensing classification relies mainly
on photosynthetic activity and canopy closure, minor modifications from selective
logging or agro-forestry may be undetected. This means that the less than 7% coverage
of this class of forest contains pristine undisturbed forest but may also comprise areas
where significant human impact is present.

Opening of the forest canopy is one of the prime factors inducing changes in forest
microclimate and understory vegetation and thus affecting the species composition of
the fauna (Chen et al. 1999, Jennings et al. 1999). Large areas still covered with forest
vegetation are heavily degraded and their canopy has been opened. Areas where in-
tensive logging has taken place are often cultivated with arborescent crops, small-scale
plantations of other crops and neophyte stands. In lowland areas, forests have been
replaced by extensive crop plantations. On Anjouan, Mayotte and Mohéli, the largest
forest areas remain in the highest altitude ranges. Only on Grand Comoro, they are
replaced by montane dry vegetation in altitudes too high for tropical forest (Figure 3).

Nearly a third of the area of the Comoros is covered by dry and low vegetation.
This definition includes natural types of non-forest vegetation as well as crop stands
and areas in which erosion and devegetation has led to soil fatigue to such an extent
that crops cannot be grown (called “Padzas”). It can be assumed that even before the
arrival of man, dry and low vegetation already made up a certain proportion of the Co-
morian vegetation. However, large areas which are now covered by dry / low vegetation
were originally covered by dry forests, of which today only fragments are left (Pascal
2002, Louette et al. 2004).

Habitat use and the impact of altitude

As mentioned above, it is assumed that the Comoros were originally covered largely by
rainforest. This might lead to the assumption that forest and other original vegetation
classes host a larger diversity than secondary vegetation, since plantation and degraded
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Figure 12. Distribution maps, and distribution over habitat and altitude classes, for Furcifer cephalolepis,
Furcifer polleni and Geckolepis maculata.
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forest are the results of human impact of the last millennium. However, relatively
low numbers of species were recorded in closed forest. This may be attributed to the
relatively small area occupied by this habitat, but this alone cannot easily explain why
fewer species were recorded in natural forests than in plantations, degraded forests, dry
and low vegetation and even in urban areas.

Several reasons for this pattern can be discussed. (1) Introduced species, mainly
among the genera Hemidactylus and Phelsuma, are adapted to anthropogenic habitats,
abundant, and easy to observe, and therefore make up a large part of the total records. (2)
As several studies have shown (Fredericksen and Fredericksen 2002, Bell and Donnelly
2006), degraded habitats generally seem to show a higher diversity especially of reptiles
than undisturbed forest in similar areas. This is explained with the higher diversity in
microhabitats, as patches of original forest remain very close to a system of clearings and
secondary vegetation, and the higher proportion of insolated sites, which is important
for ectothermic animals. (3) For similar reasons, many reptile species are less abundant
in closed forest areas and prefer perch sites higher above the ground, where insolation is
higher. This makes observation more difficult. (4) The possibility of extinction should
be considered. Lowland forest areas have probably been deforested over a long period of
time, and species restricted to these habitats may have already gone extinct. (5) At least
on Grand Comoro, regular volcanic eruptions of the Mt. Karthala might have disturbed
the evolution of reptile communities specialized on undisturbed forest.

Of the endemic species recorded, most are more abundant in secondary habitats
than in pristine forest (Figure 5). The endemic reptiles Amphiglossus johannae, Furcifer
cephalolepis, Lycodryas sanctijohannis, and Phelsuma v-nigra were all most commonly re-
corded in plantations or degraded forests. This is also true for both endemic amphibian
species in Mayotte. There are only two endemic reptile species whose preference for pris-
tine forest habitats can be supported by a significantly large number of records. These are
the geckos Paroedura sanctijohannis and Phelsuma nigristriata. Nearly all P sanctijohannis
on Anjouan, Grand Comoro and Mohéli were observed in undisturbed forests, while
on Mayotte this species was also commonly found in degraded habitats. 2 nigristriata
is known almost exclusively from pristine forests on Mayotte and largely depends on
Pandanus plants as microhabitat which are restricted to relatively undisturbed forest.
Only few, mainly juvenile, specimens were observed in neighbouring degraded habitats.

As shown in Figure 3, the majority of all species are most abundant in the low el-
evation ranges. However, a few endemic species are more common in or even confined
to higher altitudes. Namely, these are Phelsuma comorensis and Furcifer cephalolepis
on Grand Comoro and Phelsuma nigristriata and P pasteuri on Mayotte. Paroedura
sanctijohannis is almost exclusively found at high altitudes on all islands but Mayotte,
where it covers the entire altitudinal range. In Paroedura sanctijohannis and Phelsuma
nigristriata, this preference for higher altitudes can probably be explained by the avail-
ability of suitable habitat, since as stated above these are species more or less dependent
on forest. Climate may also play a role especially for P nigristriata, P comorensis and P
pasteuri (B. Briickmann et al., unpublished data).
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Figure 13. Distribution maps, and distribution over habitat and altitude classes, for Hemidactylus frena-
tus, Hemidactylus mercatorius and Hemidactylus parvimaculatus.
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Potential factors of threat for endemic Comorian reptiles and amphibians

The majority of endemics among the Comorian herpetofauna appear to have adapted
to the habitat changes imposed by man. Paroedura sanctijohannis and Phelsuma ni-
gristriata are the only species for which a true dependency on pristine forests can be
postulated. Even these two species can also be found in degraded habitats, albeit in
lower densities.

A much more potent threat for Comorian endemics may be competition by in-
vasive species. In 1998, according to Meirte (2004), the agamid lizard Agama agama
was introduced to Grand Comoro. It has since established a dense population in the
capital Moroni, but has not yet been observed outside urban areas. While it may be a
competitor to or even predator on other local species, the species most affected may be
the Comoro iguana Oplurus cuvieri comorensis, which resembles the agama in habitus
and ecology. The Comoro iguana inhabits only a narrow strip of rocky cliffs along the
northeast coast of Grand Comoro. If the agama expands its range and reaches that of
the Comoro iguana, there would be no areas of refuge for the latter species. If both
species prove to be direct competitors, this might lead to the extinction of O. cuvieri
comorensis.

An even more evident situation of direct competition is that of the diurnal Phelsuma
geckos, which are present on the Comoros with five endemic and two introduced spe-
cies. While 2 comorensis on Grand Comoro, as well as the Mayottean species, seem to
prefer habitats where invasive Phelsuma species are rare or absent, P v-nigra resembles the
invasive species in terms of distribution and preferences. Focused studies are necessary
to address the situation of competition between the various Comorian Phelsuma species.

The overwhelming majority of nocturnal geckos that can be observed on the Co-
moros belong to introduced species. These are the four species of Hemidactylus, all of
which cover more or less extensive distribution ranges in the tropics. Three of these
species are rarely seen outside urban and plantation areas of low altitudes, but A.
platycephalus has colonized all available types of habitats including undisturbed forests
and has been observed in altitudes of over 600 m. On Anjouan, Grand Comoro and
Mohéli, the endemic and nocturnal Paroedura sanctijohannis inhabits almost exclusive-
ly areas above this altitude. This could be explained by possible exclusion from lower
altitudes through competition from H. platycephalus. Only on Mayotte, P sanctijohan-
nis regularly occurs in syntopy with H. platycephalus.

While P sanctijohannis currently inhabits areas in elevations too high for compet-
ing invasive species, this may change if global warming would allow these competitors
to colonize areas at higher altitudes. Raxworthy et al. (2008) describe the phenom-
enon of “upslope displacement” of habitat areas, which particularly can affect endemic
highland species often restricted to mountaintops. With an increase in temperature,
the lower distribution limit of these species rises; if it rises up to a level higher than
the point of highest elevation in the species’ habitat area, the entire habitat of the con-
cerned species is lost, leading to extinction.
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Figure 14. Distribution maps, and distribution over habitat and altitude classes, for Hemidactylus plat-

yeephalus, Leioheterodon madagascariensis and Liophidium mayottensis.
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No studies have yet been undertaken concerning the impact of predatory mammals
on the Comorian herpetofauna. Tenrecs (Zenrec ecaudatus) inhabit all islands of the
Comoro archipelago and were probably introduced in historical times (Louette et al.
2004), although this is unclear. This species mainly feeds on invertebrates but to some
extent also on small, ground-dwelling vertebrates. On the Comoros, typhlopid snakes,
skinks and frogs might form part of its nurriture. Two introduced species of viverroid
carnivores may be stronger predators on reptiles: the Small Indian Civet (Viverricula
indica) on Mayotte and the abundant Small Asian Mongoose (Herpestes javanicus auro-
punctatus) on Grand Comoro. They prey on a variety of small animals; in both species,
insects and other invertebrates make up the largest part of the diet, but they also feed
on amphibians and reptiles, including snakes (see Chuang and Lee 1997 for Viverricula
and summary in Hays and Conant 2007 for Herpestes). Thus, both species, although this
has not yet been proven, may also prey on reptiles, especially snakes, on the Comoros
and therefore reduce the populations of these reptile species. The species most strongly
affected might be the terrestrial Mayotte endemic snake Liophidium mayottensis.

These observations suggest that competition and predation by invasive species pose
a more serious threat to Comorian endemic reptiles than destruction of the remaining
natural habitats. However, habitat degradation and destruction, extension of settle-
ments and intensification of land use also create more suitable conditions for invasive
species and should therefore also be considered an important threat factor.

Several endemic Comorian reptile species have been subject to international trade
as pets. Data are available only for species listed on the CITES appendices (UNEP-
WCMC 2011). According to this database, a considerable number of animals was
exported from the three islands of the Union of the Comoros. 22004 specimens of
the day gecko Phelsuma comorensis and 23850 specimens of P v-nigra are listed for
the period of 2000 to 2010. The numbers for Mayotte endemics are much lower at
2000 specimens for P nigristriata, 100 for P pasteuri and 280 for P robertmertensi.
The situation of the chameleons of the genus Furcifer is similar: 14420 specimens of
E cephalolepis from Grand Comoro were listed as exported since 2000, but only 1560
specimens of £ polleni from Mayotte.

The relatively low export numbers of species from Mayotte are unlikely to have a
significant impact on populations. For species endemic to the islands of the Union of the
Comoros, these numbers are much higher. In the Union of the Comoros, little effort is
required to obtain export permits for CITES-listed species in relation to Madagascar or
Mayotte, where recent quotas for commercial export numbers are relatively low or even
zero for most species. This condition may have directed pet traders to exploit popula-
tions in the Union of the Comoros more intensively. For comparison, 16252 Phelsuma
madagascariensis and 14963 P laticauda, among the most popular vivarium species of
the genus Phelsuma, are listed in the same period (2000 to 2010). These numbers are
lower than those from the Comorian species. Notably, in the period of 1990 to 1999,
export numbers of the Malagasy species were five-fold higher than in the following dec-
ade (91083 and 95391, respectively). The decrease of export in Malagasy species may
have been a further incentive to exploit the populations of other countries.
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Figure 15. Distribution maps, and distribution over habitat and altitude classes, for Lycodryas sanctijo-

hannis, Oplurus cuvieri comorensis and Paroedura sanctijohannis.
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It is difficult to assess the impact of the export of specimens for pet trade on the
wild populations of the species concerned. Our results show that the relatively heav-
ily exploited species Phelsuma comorensis and P v-nigra are more abundant in their
natural habitats than the less heavily exploited species from Mayotte. This suggests
that the collection of specimens so far did not have a significantly negative effect on
their populations. The chameleon Furcifer cephalolepis from Grand Comoro, which has
been much more intensely exploited than its relative from Mayotte, £ polleni, is also
less often observed in the wild than its congener. This could indicate that collection of
specimens for pet trade in high numbers may negatively influence the populations of £
cephalolepis. Since no reliable data on the abundance of this species before its exploita-
tion is available, we have no means of investigating this speculation.

Amphibians are globally threatened by the chytrid fungus Batrachochytrium den-
drobatidis (Daszak et al. 2003, Weldon et al. 2004, Mendelson et al. 2006, Skerratt
et al. 2007, Wake and Vredenburg 2008, Rodder et al. 2009), which has led to mas-
sive reductions and even extinctions of amphibian populations. So far, no amphibian
population declines have been noticed on Mayotte and surveys for this fungus have
not been conducted. It is unknown how strongly it might affect the endemic anuran
species, but reviewing its impact on other amphibian species worldwide, it must be as-
sumed to cause severe losses among Mayotte’s amphibians if introduced.

Conservation assessments

We evaluate all species of reptiles and amphibians endemic to the Comoros against the
criteria for Red List categories in [IUCN (2001a). These assessments are proposals for
national conservation status and are also currently under review at the CI-IUCN Bio-
diversity Assessment Unit for inclusion in the IUCN Red List (P. Bowles, pers. comm.
2011-05-17 to 2011-09-06). Some endemic reptile species from the Comoros were
previously evaluated by other authors and were all given the status “Least Concern”.
Our results do not always confirm these assessments, and we propose changing the Red
List entries to better reflect the threat situations of these species.

We also present an assessment of Trachylepis comorensis although a population of
this species is known on the islet of Nosy Tanikely, Madagascar (Khler et al 1997). Ad-
ditionally, genetic studies by Mausfeld-Lafdhiya et al. (2004) and Rocha et al. (2010a)
show that the subspecies 7" maculilabris casuarinae from Casuarina Island off the coast
of North Mozambique is nested within 7 comorensis. According to these studies, how-
ever, the two non-Comorian areas were probably colonized with human aid, and the
Comoros are the centre as well as the original distribution range of 7. comorensis.

Taxonomic units below species level currently do not receive any status in the
IUCN Red List. Nevertheless, we present assessments for the endemic subspecies of
Oplurus cuvieri and Cryproblepharus bouronii. The Comoro Iguana Oplurus cuvieri co-
morensis was already considered a separate species by Meirte (1992, 2004). Miinchen-
berg et al. (2008) later found no genetic divergence between the Comorian and the
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Figure 16. Distribution maps, and distribution over habitat and altitude classes, for Phelsuma comorensis,
Phelsuma dubia and Phelsuma laticauda.
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Malagasy O. cuvieri and it is now considered a subspecies. We agree with this view but
still evaluate the Red List status of O. cuvieri comorensis because we recognize the differ-
ences in morphology and behaviour to the nominate form (Meirte 1992) and because,
according to our evaluation, it is the most threatened reptile taxon on the Comoros.
Several subspecies of Cryproblepharus boutonii, including those from the Comoros,
have been treated as species (Horner 2007). We follow Rocha et al. (2006) in consider-
ing all WIO forms as subspecies.

Although TUCN does not support Red List assessments for undescribed species, we
here provide an evaluation of their national conservation status applying the Red List Cri-
teria, in order to help inform assessment of these species once they are formally described.

A summary of the assessments is given in Table 3. Future taxonomic studies may
reveal further endemic species on the Comoros, possibly in the genera Ebenavia, Geck-
olepis, Lycodryas and Paroedura.

Oplurus cuvieri comorensis

This iguana inhabits only rocky shores in a very small area on Grand Comoro. We
measured the length of coastline potentially inhabitable for O. cuvieri comorensis as
38 km. Assuming that the iguana inhabits areas as far away as 200 m from the coast,
which is probably not true for most of its range, this would mean an extent of occur-
rence of roughly 7.6 sqkm. The actually inhabited area (area of occupancy) is even
smaller, as not all coastal areas are colonized. The two foremost threatening factors
are competition with invasive species and collection of individuals by locals for food
and entertainment (Meirte 2004 and pers. obs.), which cause a continuing decline in
number of mature individuals (CR Blbv + B2bv). If the invasive Agama agama extends
its range to the North of Grand Comoro, the entire range of O. cuvieri comorensis will
be affected.

According to IUCN (2001a), “locations” are areas where “a single threatening event
can rapidly affect all individuals of the taxon present”. Thus, all known localities of
O. cuvieri comorensis can be considered a single location (CR Bla+B2a) because of the
uniformity of the habitat and the short distances in between. According to the facts
presented, the status of Critically Endangered (CR Blabv + B2abv) is proposed for O.
cuvieri comorensis.

Typhlops comorensis and Typhlops sp.

Due to their cryptic and fossorial habits virtually nothing is known on the biology,
distribution and ecology of both putatively endemic Zyphlops species. Typhlops como-
rensis is known from only a few specimens, and only two were recorded in our surveys.
Typhlops sp. is a very tiny species known from only very few individuals (including
ZSM 361/2002 and 362/2002) from the area around Moroni, the capital of Grand
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Figure 17. Distribution maps, and distribution over habitat and altitude classes, for Phelsuma nigris-

triata, Phelsuma pasteuri and Phelsuma robertmertensi.
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Comoro. It is likely to represent a new, undescribed species (Wallach pers. comm.) but
current knowledge does not exclude the possibility that this species has been acciden-
tally introduced from somewhere else. There are no indications that these two species
are restricted to the remaining undisturbed forest areas or that R. braminus or any other
possibly introduced species impose high pressure on them. With regards to the poor
knowledge available the status Data Deficient appears appropriate for both species.

Liophidium mayottensis

Only two localities of this terrestrial and diurnal snake endemic to Mayotte were available
for this analysis and therefore no specific statements about its biology, distribution and
population size can be made. As no specific data on the distribution of this snake is available
and one of the two specimens was caught in forest, it should be assumed that L. mayortensis
will be affected by a further degradation and fragmentation of its habitat and probably also
by the introduced carnivorous Small Indian Civet (Viverricula indica). While the total area
of Mayotte (376.0 sqkm) is recognized as extent of occurrence, we conservatively assume
that L. mayottensis is restricted to an area in central Mayotte forming a single location,
where both observations were made. Assuming that plantation and closed forest, where
specimens have been observed, and degraded forest as “intermediate” are suitable habitat
classes, we calculate an area of occupancy of 65.2 sqkm. Therefore, the status Endangered
(EN B1labiii + B2abiii) is applied for this very rarely encountered and poorly known species
that should become a focal species for future studies and monitoring programs.

Lycodryas sanctijohannis

This largely arboreal and nocturnal snake was observed in a variety of habitat classes on all
islands (extent of occurrence 2025.0 sgkm, area of occupancy 1737.4 sqgkm) and seems
to be well adapted to living in natural forests as well as in plantation and urban areas. Its
French vernacular name “serpent des cocotiers” (coconut palm snake) was probably given
by locals who frequently encounter this snake while collecting coconuts. Thus, further
destruction of the remaining natural vegetation is unlikely to affect the species’ area of
occurrence. Considering the crepuscular and mostly tree dwelling habits of this snake, the
low number of observations does not necessarily point to a population decline or general
rareness. The fact that locals state to observe, on average, about one snake per day per vil-
lage (pers. observation), may even mean that L. sanctijohannis is still relatively abundant.
Potential threats for this species may come in further extension of the infrastructure in set-
tlements and intensification of horticulture, which may lead to the result that these areas
are less suitable as habitats for L. sanctijohannis, and subpopulations will be isolated from
each other by habitat fragmentation (EN B1biii). Snakes are regularly killed by farmers
and planters, and extension of settlements and intensification of horticulture will also in-
crease this threat factor. Since none of these threats is imminent and the species is unlikely
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to be strongly affected by the introduced species (carnivores, rats, tenrecs, other reptiles or
birds) at present, the status Near Threatened is proposed.

Furcifer cephalolepis

Current listing: Least Concern (Carpenter 2009)

This chameleon inhabits various habitats on Grand Comoro, in an area of oc-
cupancy of 718.1 sgkm. It is most common at the mountain of La Grille. Since £
cephalolepis is also abundant in plantation and degraded forest, deforestation cannot be
considered an imminent threat. However, relatively high export numbers from 2000 to
2010 could have had a negative impact on this species, although this cannot be proven
at present. We therefore propose to maintain the status Least Concern, but note that
future monitoring programs, if implemented, should also regard this species.

Furcifer polleni

Although limited to a much smaller extent of occurrence and thus also area of occu-
pancy (371.5 sqkm) than £ cephalolepis, F polleni from Mayotte island is more com-
monly observed and inhabits a variety of habitats from pristine forest to gardens in
densely populated areas. Blanc (1971, 1972, and cited in Raxworthy et al. 2002) re-
ports F polleni for Mohéli, but not for Mayotte. We have found no indications of a
presence of this species on Mohéli and consider this record erroneous, in accordance
with Meirte (2004). An allochthonous population on Anjouan, which is not consid-
ered for the calculation of area of occurrency, is so far only known from gardens in the
town of Hombo (Meirte 2004 and pers. obs.). Export numbers from 2000 to 2010
were relatively low (1562 specimens) and significant threats were not observed. We
propose to assign the status Least Concern to £ polleni.

Paroedura sanctijohannis

This nocturnal gecko is exposed to a greater risk than many other Comorian rep-
tile species. While the Mayotte population shows no clear preference for any habitat
or altitudinal range, the populations of the other three islands are almost exclusively
restricted to high altitude forest which is subject to ongoing deforestation. Another
potential threat to which P sanctijohannis may be subjected in the future, due to its
apparent restriction to mountain summits, is upslope displacement of its suitable habi-
tats induced by global warming (Raxworthy et al. 2008). Increasing temperatures may
also lead to an upslope displacement of its potential invasive competitor Hemidactylus
platycephalus which is currently restricted to elevations below the distribution range of
P sanctijohannis on Grand Comoro, Mohéli, and Anjouan. As the area recorded for
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P sanctijohannis on these three islands is already reduced to a narrow range just below
the summits of the mountains concerned, there is little buffer zone for displacement
left. While the extent of occurrence is calculated to be 2025.0 sqkm, the area of occu-
pancy is much smaller. Since mostly erratic juvenile specimens were observed outside
closed forest, we assume that this habitat is not suitable for maintaining viable and
reproducing populations. We calculate the area of occupancy as the sum of all areas of
closed forest in which P sanctijohannis was observed, plus the dry vegetation on Saziley
peninsula of Mayotte, resulting in a severly fragmented area of 60.8 sqkm. This quali-
fies for the category Endangered, although it is much closer to Critically Endangered
(below 10 sqkm) than to Vulnerable (500 sqgkm). The status Endangered (EN Blabiii
+ B2abiii) is proposed for P sanctijohannis.

Phelsuma comorensis

Current listing: Least Concern (Ineich 2009b)

This day gecko is restricted to a relatively small area on Grand Comoro, the mountain
of La Grille, where it can be found in considerable abundance in degraded forests as well
as in areas which are subject to heavy human influence, including banana plantations and
open urban areas. An erratic individual was also observed near the capital Moroni, but no
populations outside the La Grille area are known. Therefore, an extent of occurrence of
250.1 sgkm and an area of occupancy of 183.5 sqkm are calculated (EN B1biii+B2biii),
and La Grille can be considered a single location (EN Bla+B2a). Phelsuma comoren-
sis lives syntopically with the invasive species P dubia throughout most of its range, al-
though strong competition has not been observed so far. Further human development
and population growth may lead to intensification of agriculture and horticulture, and
to unpredictable general changes in land use including intensified use of pesticides which
could lead to strong degradation of its area of occupancy. This would qualify the species
for the status Endangered (EN Blabiii + B2abiii). We therefore propose the status Near
Threatened.

Phelsuma nigristriata

As discussed above, among the Comorian day geckos P nigristriata is the species most
dependant on the remaining natural forest vegetation. Excluding the altitude level be-
low 100 meters, where P nigristriata was not observed, the remaining area covered by
the habitat class forest on Mayotte is calculated as 24.83 sgkm. This qualifies for the
IUCN criteria Endangered with less than 500 sqgkm (EN B2), but is relatively close to
the limit of 10 sqkm for the status Critically Endangered (CR B2). A small number of
presumably erratic juvenile specimens was also observed in degraded forest, however,
we assume that natural forests are necessary to maintain viable and reproducing popu-
lations. The forest areas are severly fragmented, and due to the high rates of human
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Figure 20. Proposed areas of conservational importance for the herpetofauna on the Comoro islands.

population growth on Mayotte, there is a high risk that increased degradation of pristine
forests will lead to a continuing decline in the extent and quality of this habitat. This
might drive the population of P nigristriata to Critically Endangered in a very short time
(criterion VU D2). We therefore propose the status Vulnerable (VU D2) for this species.

Phelsuma pasteuri

Among the species of Phelsuma endemic to Mayotte, P pasteuri appears to be best
adapted to degraded habitats, as discussed above. In areas of human influence, especially
plantations, there is potential high competitive pressure imposed by P laticauda, thus
natural forest should be seen as the more adequate habitat for 2 pasteuri. We calculate
an area of occupancy of 127.0 sqgkm, which brings this species close to meeting the
criteria for the status Endangered (EN Blabiii + B2abiii). Only few specimens were ex-
ported for the pet trade (100 specimens). Currently, the status Near Threatened should
be applied.
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Phelsuma robertmertensi

As discussed above, P robertmertensi is found mainly in mangroves and coastal tree
stands, but also in the forest at Choungui on Mayotte. Despite the formal protection
of mangroves and forests on Mayotte, these preferred habitats should still be consid-
ered threatened by human activities and fragmentation. An area of occupancy of 98.9
sqkm is calculated for P robertmertensi. Almost the entire population of this species
inhabits areas where individuals are exposed to competition by the introduced P /ati-
cauda. As defined by this threat, the species is considered to occur at a single location.
The status Endangered (EN Blabiii + B2abiii) should be assigned.

Phelsuma v-nigra

Current listing: Least Concern (Ineich 2009¢)

On all the islands where 2 v-nigra subspecies occur, they inhabit a variety of habitats
in a total area of occupancy of 1368.2 sqkm and live in sympatry with at least one in-
troduced species of Phelsuma. Though partially more abundant in higher altitude zones
than the competitor P dubia (and probably also P laticauda on Anjouan), as shown by
the results discussed above, no evidence clearly points to a decline of this species (EN
B1bv). Elucidating this situation by long-term observations would be desirable. Moreo-
ver, many localities of P v-nigra are situated in plantations and urban areas, so currently
the area suitable for this species does not appear to be subjected to fragmentation and
degradation (EN Blabiii). Therefore, the status Near Threatened (EN Blabiii + B1bv)
appears appropriate for this species and should also be applied to all subspecies.

Amphiglossus johannae

Current listing: Least Concern (Ineich and Meirte 2009)

Amphiglossus johannae was observed on all islands in many different habitat classes,
including habitats under human influence, and altitudes. Given the cryptic and fos-
sorial habits of this skink a relatively high abundance cannot be excluded. No threat
factors are currently visible. The status Least Concern should be maintained.

Cryptoblepharus boutonii subspecies

Current listing: Cryptoblepharus ater: Least Concern (Ineich 2009a)

Cryproblepharus boutonii subspecies occupy an ecological niche unusual for
reptiles. They live in rocky tidal zones, a habitat comprising little area and sub-
jected to continuous change, as suitable areas may appear and disappear with ero-
sion and tides. It is difficult to measure extent of occurrence and area of occupancy
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using our methodology, since rocky tidal zones are patchy and hard to detect using
Landsat imagery. The subspecies C. b. ater (Grand Comoro), C. b. degrijsii (Anj-
ouan) and C. b. mohelicus (Mohéli) are regularly observed in suitable habitats, also
inhabit harbours and shores near settlements and are common in syntopy with
potentially competitive Trachylepis comorensis and — on Grand Comoro — Agama
agama. We propose the status Least Concern for these subspecies. In contrast, C. &.
mayottensis in Mayotte could often not be detected in seemingly suitable habitats
and was never recorded in harbours, which raises the suspicion of a past decline
in area, extent or quality of its habitat (EN B1biii). We propose the status Near
Threatened for this subspecies.

Trachylepis comorensis

On all islands, 7 comorensis is widespread and occurs in primary forest as well as
in areas under heavy human influence. In addition to the Comoros, it inhabits
only small islets. No signs of reduction or fragmentation of the area of occupancy
or population decline can be detected. The status Least Concern is applied to this
species.

Blommersia sp. and Boophis sp.

Both anuran species treated here were recorded from various habitat classes, mainly
classes under heavy human influence. Areas of occupancy of 297.6 sqkm were cal-
culated for both species. Threats by habitat degradation or population declines can
neither be observed nor inferred. However, the populations of both species might
rapidly break down in the case of the introduction of the amphibian chytrid fungus,
which is considered one of the prime factors of the global amphibian decline as has
already been introduced to many previously unaffected areas (Daszak et al. 2003,
Weldon et al. 2004, Mendelson et al. 2006, Skerratt et al. 2007, Wake and Vreden-
burg 2008, Rédder et al. 2009). This might lead to a classification of Endangered
(EN Blbv + B2bv). At present, the status Near Threatened should be applied for
both species.

Areas of conservational importance and future measures

In this section, we propose seven areas of highest importance for the conservation of
the Comorian herpetofauna. Our proposals are based on the distributions of native,
threatened species, on the occurrence of natural vegetation types and on the degree of
potential threats. Figure 20 shows these proposed areas.
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Studies concerning o- and B-diversity of birds and butterflies on Anjouan have
been undertaken by the ECDD (Engagement Communautaire pour le Developpe-
ment Durable, BP 279, Mutsamudu, Anjouan, Comoros; Marsh et al. 2010) that
highlight areas of conservational importance for these groups. As stated in this paper,
“using just one taxon when prioritising areas for conservation may lead to a poor rep-
resentation of wider diversity”. Therefore, we underline that in order to benefit the
Comorian fauna as a whole, further taxa and factors must be taken into consideration
for the planning of protected areas.

Rocky cliffs along the north-eastern coast of Grand Comoro

This area encompasses an almost linear habitat of coastal cliffs of volcanic rocks. It
stretches over a length of about 38 km from the area of Ivouani southwards to Itsik-
oudi. This is the only habitat of the Comoro iguana Oplurus cuvieri comorensis. This
taxon inhabits the mostly vertical cliff structures, but also neighbouring areas of vol-
canic rock which extend several hundreds of meters inland. The only other reptile spe-
cies detected in this habitat were Cryproblepharus boutonii and Trachylepis comorensis.
Since the cliff structures do not border the coastline continuously, O. cuvieri comorensis
cannot be observed along the entire area of the coast. Instead, the cliff areas are home
to subpopulations divided by unsuitable habitats.

Further studies should be undertaken to estimate the population size of O. cuvieri
comorensis, to detect all of its subpopulations and to infer the degree of separation
of these subpopulations. Additionally, the development of the agama population on
Grand Comoro should be closely monitored. O. cuvieri comorensis is currently pro-
tected by Comorian law. Nevertheless, efforts should be made to ensure the effective-
ness of this protection by preventing the regular capture of individuals by locals for
food, entertainment or for the international pet trade. This could be achieved by com-
munication with authorities in the local village communities and particularly by the
participation of locals in the works mentioned above.

La Grille (Grand Comoro)

Grand Comoro is an island of two volcanoes, the northern, older, and lower of which
is called La Grille. Aside from several reptile species widespread on Grand Comoro, La
Grille is home to the microendemic Phelsuma comorensis and probably to the largest
population of Paroedura sanctijohannis on Grand Comoro. Further endemic species
present at La Grille are Furcifer cephalolepis, which is very common in this area, and
Lycodryas sanctijohannis. Forest, of a total area of 747 hectares, remains only in the
highest elevations. The mountain is populated up to areas of around 600 m, but planta-
tions and degraded forests with understory crop planting are common up to near the
peaks. While 2 comorensis mainly inhabits plantations and urban areas and seems not
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immediately threatened, P sanctijohannis is found only in or near the forest. Increasing
deforestation pressure by a growing population might thus lead to the loss of what to
our current knowledge forms the core habitat of the Grand Comoro population of this
species.

Efforts should be undertaken to halt the deforestation on La Grille. The popula-
tions of P comorensis and P sanctijohannis should be monitored, especially as 2 como-
rensis might be exposed to threats by international pet trade and the introduction of
further invasive species.

Central mountain and forest ridge on Mohéli

The largest continuous area of natural and near-natural forest on the Comoros is the
forest covering the slopes of Mt. Karthala, Grand Comoro. However, these forests
mainly correspond to altitudes of over 1000 m asl and are thus hardly suitable for most
reptile species. The second largest forest area is the forest growing on the central moun-
tain ridge of Mohéli. This forest extends from altitudes of around 500 m asl to the peak
at 790 m, encompassing an area of about 3190 hectares. It is home to the native reptile
species Paroedura sanctijohannis, Phelsuma v-nigra and Lycodryas sanctijohannis.

The forest on Mohéli’s mountain ridge should be considered one of the most im-
portant forest areas for conservation on the Comoros not only due to its biodiver-
sity, but also due to its still relatively untouched state. Since Mohéli is more sparsely
populated than the other islands of the archipelago, the future rate of deforestation is
also expected to be lower. Measures to protect this forest and to halt logging and un-
derplanting would benefit not only reptiles, but also many other groups of organisms
(Louette et al. 2004).

Forests on Anjouan: Mt. Ntingui, Pomoni

Anjouan is the island of the Comoro archipelago most densely populated. Forest re-
mains in higher altitudes and in inaccessible areas. Large parts of the forested areas are
in elevations too high for reptiles. In lower altitudes, remarkable forests can be found
at the north-western slope of Mt. Ntingui, on the way from Mutsamudu, and above
Pomoni. There, pristine forests already grow around 600 m asl. Paroedura sanctijohan-
nis is relatively common there. Though not considered endemic, Geckolepis maculata,
a species rather rare on the Comoros, is regularly observed above Pomoni. Further en-
demics are Lycodryas sanctijohannis and Phelsuma v-nigra. The forest at Ntingui, up to
about 1000 m asl, covers an area of about 198 hectares, at Pomoni about 940 hectares.

It is currently unknown if the populations of P sanctijohannis at Mt. Ntingui and
Pomoni are separated or if there is gene flow between them. This gene flow might be
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facilitated either by a more or less closed corridor of suitable habitat between these
areas or by a sufficiently large number of wandering individuals (which have also been
observed in degraded forest areas). To protect P sanctijohannis and G. maculata on
Anjouan, measures should be taken to protect these two forest areas.

Mzt. Benara (Mayotte)

As also stated in Pascal (2002), the forest at Mt. Benara is one of the best conserved
on Mayotte. Two of the three endemic species of day geckos, Phelsuma nigristriata and
P pasteuri, are very common there. Mt. Benara is also the only high-altitude forest
on Mayotte in which Paroedura sanctijohannis has been observed and the top of this
mountain is one of only two known locality records for the endemic species Liophidi-
um mayottensis. The chameleon Furcifer cephalolepis, the two endemic amphibians Boo-
phis sp. and Blommersia sp. and the non-endemic but rare Ebenavia inunguis are also
present at Mt. Benara. The forest area is about 185 hectares.

Mt. Benara is already a forest protection area, and on Mayotte, all endemic reptile
species are protected. Nevertheless, the importance of Mt. Benara for reptile protection

should be emphasized.

Mt. Choungui and Dapani (Mayotte)

Due to its isolation in the drier southern part of Mayotte, the forest at Mt. Choun-
gui and Dapani is distinguished from other forests of similar altitudes on Mayotte
by its vegetation and fauna (Pascal 2002). Most conspicuous among the reptiles is
the endemic Phelsuma robertmertensi, otherwise a species of coastal habitats. There
are also populations of Paroedura sanctijohannis and Furcifer cephalolepis. This for-
est encompasses around 233 hectares. Similarly to Mt. Benara, Mt. Choungui is a
protected area.

Dry forest and bush on the Saziley peninsula (Mayotte)

In our classification, the vegetation at Saziley was assigned the habitat class “dry
/ low vegetation”. This is because, in contrast to forest of the habitat class “closed
forest”, this vegetation consists of low trees and bushes which even in their natu-
ral state form a canopy only partly continuous and less dense than humid forests
do. Saziley is the most remarkable habitat of Paroedura sanctijohannis, being the
only place where this species has been recorded at sea level and in a dry area. It is
furthermore remarkable because a population of P sanctijohannis exists in syntopy
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with the invasive Hemidactylus platycephalus. The non-endemic but rare Geckolepis
maculata also occurs.

Saziley is not a forest protection area, but is protected and closely monitored be-
cause of its beaches, which are breeding sites of marine turtles. As in the cases of Mt.
Benara and Mt. Choungui, the importance of Saziley peninsula for reptile protection
should be emphasized. Saziley is a peninsula of about 593 hectares.

Conclusions

On the Comoro islands, only fragments of the original forest vegetation are left, mostly
at high altitudes. However, reptiles and amphibians are more common and species-rich
in non-natural habitats, especially plantations, and urban areas are home to a remark-
able diversity. This can in part be attributed to the high number of invasive, anthropo-
philous species. However, many native species are recorded commonly outside the
natural forests. Paroedura sanctijohannis and Phelsuma nigristriata appear to be the only
reptiles for which pristine forest is of high importance as habitat. As most species show
little dependency on natural habitats, loss of these habitats alone could be identified as
a strong threat factor only for the two forest species. The most important threat factor
at present is invasive species, primarily among the genera Hemidactylus, Phelsuma and
Agama, and mammals. Therefore, habitat degradation and destruction remain an im-
portant threat factor, as it creates more suitable conditions for invasive species.

The use of satellite imagery, ground truthing, and species distribution maps allowed
us to reliably estimate habitat availability and thus Area of Occupancy according to the
criteria of IUCN (2001a). According to our evaluation, three endemic species are pro-
posed for the status Endangered, one for Vulnerable, six for Near Threatened, and two
for Data Deficient. Four species are proposed for the status Least Concern. The single
most threatened taxon, though endemic only as a subspecies, is the Comoro iguana
Oplurus cuvieri comorensis.

In comparison to Madagascar, where conservation is in the focus of international at-
tention (Kremen et al. 2008), the Comoros are in urgent need of plans and measures for
conservation of their native biodiversity. Legislation already provides nominal protection
for the Comorian species on the international (CITES regulations for genera Furcifer and
Phelsuma) and national level (see Anonymus 2000, Louette et al. 2004). However, any
measures can be effective only if the local communities are conscious of the value of bio-
diversity and its fragility, and they participate in translating these measures into action.
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Abstract
A poorly known spiders species, Titanoeca lehtineni Fet, 1986, from southwestern Central Asia is rede-
scribed and diagnosed.

Keywords

Titanoeca, Turkmenistan, redescription, spider

Introduction

Titanoeca lehtineni was described on the basis of 923 and 49 specimens from seven lo-
calities collected in south Turkmenistan (Fet 1986). Besides Turkmenistan 7 lehtineni
has been reported from southern Kazakhstan (Zyuzin and Tarabaev 1994; Zyuzin et al.
1995). The original description was short and included only three figures: two figures
of the male palp and one of the epigyne. The vulva and details of the bulbus as well as
complex tibial apophysis were not depicted. For this reason, and because the original
description was in Russian, the species is more completely redescribed here in a more
accessible format.

Copyright Mikhail M. Omelko. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Materials and methods

Specimens were photographed using an Olympus Camedia E-520 camera attached to
an Olympus SZX16 stereomicroscope at the Zoological Museum, University of Turku.
Photographs were taken in dishes with paraffin on the bottom. Images were montaged
using “CombineZP” image stacking software. Different sized holes were made in the
paraffin to keep the specimens in the correct position. All measurements are in mm. The
label is spelled like in the original, although some names and administrative units names
have changed. Specimens are deposited in the Zoological Museum of the Moscow State
University (ZMMU) and in the Siberian Zoological Museum (SZM) in Novosibirsk.

Taxonomy

Titanoeca lehtineni Fet, 1986
htep://species-id.net/wiki/Titanoeca_lehtineni

Figs 1-10

T. [ Fet, 1986: 65, f. 1-3 (3Q).

Material examined. TURKMENISTAN: 23 169 (ZMMU), Mary Area, Kushka (now
= Serhetabad) Distr., ca 18 km S of Kyzyldzhar kordon (=field station), ca 1 km ESE of
Eroilanduz Salt Lake, 375 m, 35°39'40"N 61°50'13"E, 7.04.2002 (A.V.Gromov); 1&
(SZM), Kopetdagh Reserve, Kalinskiy Zakaznik, 18.05.1987 (V.Dubatolov).

Note. According to the original description the types were deposited in the Zoo-
logical Institute in Sankt Petersburg (ZISP) and in the Zoological Museum of the
Moscow State University (ZMMU). Paratypes in ZMMU were not found (Mikhailov,
personal communication) and were not searched for in ZISP. I am sure about the cur-
rent identification because the material studied was collected from within the same
area that the type series originated.

Diagnosis. This species can be easily recognized from all other congeners and even
all species of Titanoecidae by its very long embolus which forms several coils (Figs 2,
5), and the weakly sclerotized epigyne (Fig. 9) with extremely long insemination ducts
(Figs 6-8, 10).

Description. Total length (312) 3.25-3.5/3.5-4.6. Carapace: 1.45/1.68 long,
1.13/1.23 wide. Males (Fig. 4) and females uniformly brown, without any pattern.
Tibiae and metatarsi in male with ventral spines (Fig. 4).

Palp as in Figs 1-3, 5. Femur shorter than cymbial length and even shorter than
tegulum (Fig. 2). Tibial apophysis large on dorsal and prolateral sides. Tegulum wider
than long (Fig. 1), embolus well visible in ventral, pro- and retrolateral views.

Epigyne as in Figs 6-10. Epigyne is weakly sclerotized and has no distinct margins.
It is also lighter than other parts of the abdomen. Therefore, the adult female could eas-
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Figures 1-5. Male of Tizanoeca lehtineni. | palp, ventral 2 palp, retrolateral 3 palp, dorsal 4 habitus,
lateral 5 palp, prolateral.

ily be mistaken for a juvenile specimen. Vulva complicated, with relatively small round
receptacula in the anterior part, long insemination ducts forming at least seven coils
and strongly sclerotized fertilization ducts.

Comments. The specimens examined are slightly smaller than the specimen meas-
ured by Fet (1986): 3.75/5.0 total length, 1.75/2.0 long, 1.38/1.0 wide. It seems that
the width of the female carapace was measured incorrectly in the original description.
None of Titanoecidae have the carapace twice as long as it is wide. Although the type
series of this species is fairly large, variation in size was not mentioned by Fet (1986).

This species has exceptionally long insemination ducts compared to other species
in this family. They appear to correspond to the very long embolus in the male. Insemi-
nation ducts in 7. lehtineni are longer than in Nurscia sequerai (Simon, 1892) (cf. fig.
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Table 1. Length of leg segments in male and female (J/9)

Femur Patella Tibia Metatarsus Tarsus Total
1 1.35/1.33 0.52/0.60 1.17/0.95 1.05/0.90 0.58/0.55 4.67/4.33
I 1.13/1.13 0.43/0.50 0.83/0.75 0.85/0.75 0.50/0.50 3.74/3.63
111 0.97/1.05 0.38/0.45 0.70/0.65 0.73/0.76 0.48/0.40 3.26/3.31
v 1.17/1.25 0.43/0.53 0.97/1.0 0.88/0.87 0.45/0.43 3.90/4.08

Figures 8-10. Epigyne of Titanoeca lehtineni. 6,9 ventral view 7, 10 dorsal view 8 caudal view. 6-8, 10

after maceration. Left receptaculum was broken during maceration.

6 in Hubert 1966). 7. lehtineni also has an unusual position of the receptacula in the
anterior part of epigyne, far from epigastric furrow.

Distribution. So far this species is known from southern and southwestern Turk-
menistan and southwest Kazakhstan. Its occurrence in western Uzbekistan and north-
eastern Iran is highly likely.
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