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Abstract

A new species of the hermit crab genus Diogenes Dana, 1851 (Diogenidag), D. canaliculatus, is described and illustrated
on the basis of material from off the Kerala State, southern India. It isreferred to the D. edwardsii (De Haan, 1849) species
group, and compared with D. bicristimanus Alcock, 1905, D. fasciatus Rahayu & Forest, 1995, D. laevicarpus Rahayu,
1996 and D. moosai Rahayu & Forest, 1995. The characteristically sculptured left chela and the unarmed dorsal margins
of the propodi of the second and third pereopods distinguish the new species from these congeners.

K ey words: Diogenes canaliculatus, Kerala State

I ntroduction

The diogenid hermit crab genus Diogenes Dana, 1851 istypically characterized by the possession of an intercalary
rostriform process flanked by ocular acicles, representing a unique feature for Paguroidea, though several species
exhibits a tendency for reduction of this process, i.e., “Troglopagurus group” (McLaughlin 2005). Diogenes is
currently represented by 61 species (Asakura & Tachikawa 2010; McLaughlin et al. 2010; Komai et al. 2012),
most of which are distributed in shallow waters in the Indo-West Pacific region. Thanks to recent studies,
taxonomic ambiguities of previously described species have been substantially clarified (e.g., McLaughlin & Haig
1996; McLaughlin & Clark 1997; McLaughlin & Dworschak 2001; McLaughlin & Holthuis 2001; McLaughlin
2002; 2005; Siddiqui & McLaughlin 2003; Siddiqui et al. 2004; Korn et al. 2008; Komai et al. 2012), though
reappraisal of several specifies still remains necessary. From India and its adjacent waters, the following 19 species
of the genus have been recorded: D. alias McLaughlin & Holthuis, 2001, D. avarus Heller, 1865, D. bicristimanus
Alcock, 1905, D. costatus Henderson, 1893, D. custos (Fabricius, 1798), D. dubius (Herbst, 1804), D. fasciatus
Rahayu & Forest, 1995, D. investigatoris Alcock, 1905, D. karwarensis Nayak & Neelakantan, 1989, D. klaasi
Rahayu & Forest, 1995, D. lophochir Morgan, 1987, D. maclaughlinae Nayak & Neelakantan, 1985, D.
manaarensis (Henderson, 1893), D. miles (Fabricius, 1787), D. persicus (Nobili, 1905), D. planimanus Henderson,
1893, D. rectimanus Miers, 1884, D. tirmiziae Siddiqui & McLaughlin, 2003, D. violaceus Henderson, 1893 and
D. waltairensis Kamalaveni, 1950 (Henderson 1893; Alcock 1905; Kamalaveni 1950; Nayak & Neelakantan 1985,
1989; Thomas 1989; Siddiqui & McLaughlin 2003; Siddiqui et al. 2004; McLaughlin 2005; Reshmi & Bijukumar
2011).

In this paper, we describe one new species of Diogenes based on the material collected during the faunal
investigation along the coast of the Kerala State, southern India, carried out by the junior authors. Diogenes
canaliculatus n. sp., is referred to the D. edwardsii De Haan, 1849 species group (Asakura & Tachikawa 2010).
Affinities of the new species are discussed.

Material examined in this study is deposited in the Natural History Museum and Institute, Chiba (CBM),
Japan, and the museum collections of the Department of Aquatic Biology and Fisheries, University of Kerala
(DABFUK), India. General terminology follows McLaughlin et al. (2007), except for numbering of thoracic
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sternites. Shield length (dl), measured from the tip of the rostrum to the midpoint of the posterior margin of the
shield, indicates specimen size.

Taxonomic account
Genus Diogenes Dana, 1851

Diogenes canaliculatus n. sp.
(Figs 1-5)

? Diogenes bicristimanus. — Tirmizi & Siddiqui 1981: fig. 15; 1982: 52, figs 27, 28. — Siddiqui & Kazmi 2003: 89 (list).

Material examined. Holotype: male (s 5.4 mm), off Kollam, Kerala State, India 08°27.23'N, 75°15.58' E to
08°35.42'N, 75°40.25'E, 15-20 m, 22 February 2011, CBM-ZC 11428.

Paratypes: 4 males (sl 3.3-4.7 mm), same data as holotype, CBM-ZC 11429; 5 males (3 3.4-4.9 mm), same
data, DABFUK-AR-AN 20-24; 2 females (4. 2.6, 2.9), same data, DABFUK-AR-AN 25, 26.

Non-type: 3 males (sl 2.5-3.0 mm), same data as holotype, CBM-ZC 11430.

Description. Shield (Fig. 1A) 1.1 times longer than broad, suboctogonal; anterior margin between rostrum and
lateral projections slightly concave, smooth or bearing 1-4 tiny tubercles near each base of lateral projection;
anterolateral margins sloping, dightly tuberculate; posterior margin roundly truncate; dorsal surface with some
transverse spinulose ridges laterally (these ridges bearing short setag). Rostrum obtuse; lateral projections each
with small submarginal spinule. Anterior part of branchiostegite with row of about 10 small spines on dorsal
margin, anterior angle rounded; lateral surface with scattered tufts of setae.

Ocular peduncles (Fig. 1A) equa in length, about 0.7 times as long as shield, moderately stout, not inflated
basally; cornea not dilated, corneal width slightly less than 0.3 of peduncular length, subequal to basal width of
ocular peduncle; ocular acicles with straight or slightly concave mesial margins, nearly straight or slightly convex
anterolateral margin bearing 4—6 spinules or spines decreasing in size laterally and not extending to entire length of
lateral margin. Intercalary rostriform process not reaching distal end of ocular acicles, slightly broadened basally,
tapering to slender acute tip.

Antennular peduncle (Fig. 1A, B) overreaching distal corneal margin by 0.8-0.9 length of ultimate segment
and extending as far as distal margin of antennal peduncle. Ultimate segment 4.6 times longer than distal width,
subequal in length to penultimate segment, with some tufts of setae on dorsal surface; penultimate segment with
prominent tuft of long setae on dorsodistal margin; basal segment with row of minute granules on distolateral
margin.

Antennal peduncle (Fig. 1A, C) overreaching distal corneal margin by 0.8-0.9 length of fifth segment. Fifth
segment with rows of moderately long to long stiff setae on ventral surface; fourth and third segments unarmed;
second segment with strong spine at dorsolateral distal angle and small but prominent spine at dorsomesial distal
angle, ventrodistal margin with 1 or 2 spinules; first segment with row of denticles on distal margin laterally.
Antennal acicle slightly falling short of distolateral margin of fourth segment, terminating in simple or bifid spine,
bearing 57 strong accessory spines on mesial margin and some tufts of short stiff setae on both lateral and mesial
margins. Antennal flagellum (Fig. 1D) more than twice length of shield, articles with paired long, setulose setae
and few additional short setae, forming filtering apparatus.

Third maxilliped (Fig. 1E) moderately slender. Carpus unarmed on dorsodistal margin. Ischium-basis fused
segment with 4 strong, corneous-tipped spines (2 on ischium and 2 on basis) on mesial margin (Fig. 1F). Coxawith
2 or 3 spinules on mesial margin (Fig. 1F). Exopod slightly overreaching distal margin of merus.

L eft cheliped (Fig. 2) moderately large, not particularly elongate in male. Chela strongly compressed. Dactylus
distinctly longer than palm; upper margin with double row of small tubercles or spines (these becoming single row
in distal half); outer surface usualy with deep furrow medially and blunt ridge along cutting edge; cutting edge
sinuous, with single row of small blunt calcareous teeth increasing in size proximally; inner surface with median
row of tiny tubercles, row of small tubercles adjacent to upper margin, and shallow sulcus proximally. Palm shorter
than carpus; upper surface becoming wider distally, with scattered small spines or tubercles; outer surface covered
with rounded granules, substantially sculptured with 1 blunt ridge on midline extending onto fixed finger and
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shallow depressions or furrows, in particular, lower one-third forming deep furrow extending onto fixed finger;
longitudinal row of spines decreasing in size distally along upper one-third of outer surface, sometimes elevated in
ridge; afew prominent spines present proximally; lower margin slightly upturned, irregular double or triple row of
spines becoming smaller and single row distally, spines around proximo-lower angle particularly prominent; inner
surface glabrous, with faint longitudinal sulcus proximal to dactylar articulation. Fixed finger slightly deflexed;
cutting edge sinuous, with row of small, blunt, closely-set calcareous teeth. Carpus slightly longer than wide, with
single row of spines increasing in size distally on upper margin; outer surface convex, with scattered, numerous
small spines or spine-like tubercles and tufts of short stiff setae, dorsodistal margin denticulate; ventrolateral distal
angle with 1 or 2 small spines; inner (mesial) surface with cluster of small spines or tubercles adjacent to
distomesia angle, otherwise nearly smooth; ventral surface with tiny, low tubercles. Merus distinctly longer than
high; dorsal surface rounded, bearing numerous spinules often arranged in short transverse rows and tufts of short
stiff setae, dorsodistal margin spinulose mesialy; lateral surface with short spinulose ridges (each bearing 2—4
spinules), particularly numerous on upper two-thirds, distolateral margin smooth, ventrolateral margin sinuous,
with row of small spines increasing in size distally; mesial surface with several tufts of moderately short setae
dorsally and low tubercles ventrally, distomesial margin spinulose, ventromesial margin with row of small spines
or tubercles; ventra surface with scattered low tubercles and tufts of setae. Ischium with very low, blister-like
protuberances on ventral surface, ventromesial margin minutely denticul ate.

Right cheliped (Fig. 3) moderately stout, with numerous tufts of long setae, particularly on dorsal side; broad
hiatus between fingers. Dactylus gently arched, about 2.5 times longer than palm; dorsal surface with irregular
longitudinal row of spinules along midline in proximal half; mesial surface with several spinules or tubercles
adjacent to dorsal margin; ventral surface unarmed; cutting edge with row of tiny cal careous denticles. Palm about
half length of carpus; dorsal surface with few minute tubercles mesially, dorsomesial margin with row of spinules;
mesial surface with few spinules or short spinulose ridges dorsaly, distal margin (base of dactylus) denticulate;
ventral surface dlightly convex. Fixed finger gently curved, with few spinules on dorsal surface; cutting edge with
row of small, often acute, calcareous teeth. Carpus with row of spines increasing in size distally on dorsomesial
margin, dorsodistal margin with 1 small spine mesially; dorsolateral surface with several spinules or minute
tubercles arranged in 2 irregular longitudina rows; mesial surface with several short setose ridges dorsaly,
distomesial margin denticulate ventrally. Merus with short, transverse spinulose ridges or row of spinules and tufts
of long setae over entire length of dorsal margin, dorsodistal margin spinose; lateral surface with scattered minute
spinules dorsally, ventrolateral margin only delimited in distal part and with 3 or 4 small spines; mesia surface
nearly smooth, ventromesial margin with row of tiny spines; ventral surface with scattered very low protuberances
and tufts of setae. Ischium with few blister-like protuberances on ventral surface and with row of minute denticles
on ventromesial margin.

Ambulatory legs (Figs 4A, B, 5A, B) generally similar, but third pair slightly longer than second pair. Dactyli
about 1.3-1.4 times longer than propodi and 7.9-9.0 times longer than wide; dorsal margins unarmed, and each
with 2 rows of moderately long stiff setae (merging in single row in distal half); lateral surfaces nearly flat, each
with row of tufts of moderately short stiff setae dorsal to midline (second and right third) or with 2 rows of stiff
setae flanking midline (left third; ventral setae much shorter than dorsal setag); mesial surfaces dightly convex,
each with 2 rows of moderately long, stiff setae dorsally and ventrally; ventral margins each with tufts of or
individual stiff setae decreasing in length distally (second and right third) (Fig. 5D) or with row of short bristle-like
setae and row of short sparse setae distally (left third) (Fig. 5C). Propodi nearly straight or faintly curved; dorsal
surfaces unarmed, with tufts of long stiff setae; lateral and mesial surfaces each with rows of tufts of moderately
short to long stiff setae adjacent to dorsal and ventral margins, no conspicuous armature; ventral margin smooth,
with sparse tufts of setae (second and right third) or with row of low protuberances (left third). Carpi each with row
of small spines and tufts of setae on dorsal margin (spines smaller and fewer in third than in second; dorsodistal
spine strongest); lateral surfaces unarmed, with row of tufts of moderately long stiff setae on midline; mesial and
ventral surfaces with few setae. Meri with dorsal and ventra tufts of setae; dorsal margins each with row of
spinules at least on proximal half (second) or unarmed (third); lateral surfaces unarmed or with few minute
spinulose tubercles ventrally; mesial surfaces smooth; ventral surfaces each with row of spinules at least on
proximal half (second) or unarmed, ventrolateral distal margin with 1 minute spine (second) or unarmed (third).
Ischiawith small, blister-like protuberances on ventral surfaces; dorsal margins without conspicuous armature.

382 . Zootaxa 3613 (4) © 2013 Magnolia Press KOMAI ET AL.



A D

'
SN

-.---—gf

~—

L

~

—=

e
— -
11
RN

-
WSNam,

—
1]

FIGURE 1. Diogenes canaliculatus n. sp., holotype, male (sl 5.4 mm), CBM-ZC 11428. A, shield (including accessory lateral
lobes) and cephalic appendages, dorsal view (setae on left side omitted; tip of left antennal acicle damaged); B, left antennule,
lateral view; C, anterior part of left branchiostegite and antennal peduncle, lateral view; D, fifth segment of left antennal
peduncle and antennal flagellum, dorsal view; E, left third maxilliped, lateral view (setae omitted); F, same, ischium-basis and
coxa, inner (dorsal) view; G distal three segments of left fourth pereopod, lateral view (setae omitted); H, sixth thoracic
sternite, ventral view; |, telson, dorsal view (margina setae omitted). Scale bars: 2 mm for A, D, E; 1 mm for B, C, F.
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FIGURE 2. Diogenes canaliculatus n. sp., holotype, mae (s 5.4 mm), CBM-ZC 11428. A, left chela, outer view; B, same,
inner view; C, same, lower view; D, left cheliped, carpus, outer view; E, same, carpus and merus, lateral view; F, same, mesia
view. Setae omitted. Scale bar: 2 mm.
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FIGURE 3. Diogenes canaliculatus n. sp., holotype, male (d 5.4 mm), CBM-ZC 11428. A, right cheliped, mesial view; B,
same, lateral view; C, same, chela and carpus, dorsal view. Scale bar: 2 mm.

Fourth pereopods chelate (Fig. 1G). Dactyli reaching distal margins of propodi. Propodi each with distinctly
produced dorsodistal margin sometimes bearing 1 or 2 small spines; rasp consisting of numerous corneous scales
becoming larger marginally. Carpi each with small dorsodistal spine.

Anterior lobe of sixth thoracic sternite (of third pereopods) (Fig. 1H) faintly bilobed, each lobe with 1 or 2 tiny
spines anterolaterally and tufts of moderately long setae.

Pleon twisted or straight. Male with unpaired second to fifth pleopods, fifth pleopod longest; endopods absent;
exopods divided in 3 or 4 articles. Female with unpaired second to fifth pleopods, second to third unequally
biramous, fifth uniramous; second pleopods with endopod divided in 3 subequal articles and exopod divided in 4
unequal articles; third pleopods with endopod divided in 3 articles and exopod divided in 5 or 6 articles; fourth
pleopods with endopod divided in 4 articles and exopod divided in 6 or 7 articles.

Telson (Fig. 11) with small median cleft; terminal margin dlightly oblique on left, nearly transverse on right,
both with row of numerous spinules or small spines (row of spinules extending onto left lateral margin); left with
4-6 prominent submarginal spines laterally; right with 5 or 6 small spines on termina margin.

Variation. Three smaller, non-type specimens (sl 2.5-3.0 mm) inhabited in tusk shells, and thus the pleons are
straight.

Degree of the sculpture and armature on the outer surface of the left chelaisfairly variable among individuals,
and in particular, in the two smallest specimens, it is much less pronounced than in other larger specimens (sl 3.0
mm or more). Nevertheless, the sulci on the dactylus and on the lower part of the left palm are distinctly delimited
in the larger specimens (sl 3.0 mm or more).

Coloration. In formalin. Shield light brown or tan generally; posterior carapace translucent. Ocular peduncles
generdly light brown, with tinge of darker brown proximal to base of cornea; no distinct markings otherwise.
Antennular and antennal peduncles also light brown, without distinct markings. Chelipeds and ambulatory legs
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generally light brown; carpus and merus of left cheliped with tinge of darker brown on lateral to dorsal faces;
dactyli of ambulatory legs each with obscure brown spots proximally; propodi each brown transverse band at
midlength; carpi each with obscure brown patch on lateral face dorsally.

FIGURE 4. Diogenes canaliculatus n. sp., holotype, male (9 5.4 mm), CBM-ZC 11428. A, right second pereopod, lateral
view; B, same, mesial view (only mesial setae shown). Scale bar: 2 mm.

Distribution. Known with certainty only from southwest coast of India, depths 1520 m.

Remarks. Diogenes canaliculatus n. sp. is referred to the D. edwardsii species group because of the simple
intercalary rostriform process, the antennal peduncle distinctly longer than the ocular peduncle, and the presence of
paired long setae inserted on the ventral surfaces of articles of the antennal flagellum (Asakura & Tachikawa 2010).
It appears unique for that informal species group in the combination of the pronounced sculpture on the outer
surface of the left chela and the smooth dorsal margins of the propodi of the second and third pereopods. The
sculpture of the left chela consists mainly of longitudinal furrows on the outer surface of the dactylus and on the
lower part of the outer surface of the palm (extending onto the fixed finger and making the lower margin upturned),
a blunt ridge extending from the distal part of the palm to fixed finger, and a short ridge or a row of spines parallel
to the upper margin; in addition, there are frequently prominent spines proximally on the outer surface. In addition,
the presence of short bristle-like setae on the ventral margin of the dactylus of the left third pereopod may be aso
characteristic to the new species, since such an armature has not been described for other congeneric species.
Diogenes bicristimanus, known only from India, is apparently similar to the present new species in the genera
pattern of the sculpture of the left chela, but in D. bicristimanus, the left palm bears a distinct arcuate crest-like
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ridge extending from the lower proximal angle to the fixed finger along the midline (Alcock 1905: 72, pl. VI, fig.
1). The antennal acicle reaches or slightly overreaches the base of the corneain D. bicristimanus (cf. Alcock 1905:
pl. 7, fig. 1a), rather than falling short of it in D. canaliculatus n. sp. Furthermore, in D. bicristimanus, the antennal

flagellum carries only “a few lank setag” (Alcock 1905: 72), and this character sets D. bicristimanus apart from
members of the D. edwardsii species group.

FIGURE 5. Diogenes canaliculatus n. sp., holotype, male (d 5.4 mm), CBM-ZC 11428. A, left third pereopod, lateral view; B,

same, mesial view (setae omitted); C, same, dactylus, lateral view (only bristle-like setae shown); D, dactylus of right third
pereopod, lateral view. Scale bars: 2 mm for A, B; 1 mm for C, D.

Other speciesin the D. edwardsii species group characterized by the unarmed dorsal margins of the dactyli and
propodi of the second and third pereopods and the carpi of second pereopods armed with adorsal row of spines or
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spinulesinclude D. fasciatus from Indonesia to the Persian Gulf, D. laevicaprus Rahayu, 1996 from Singapore, and
D. moosai Rahayu & Forest, 1995 from Indonesia. Nevertheless, none of these latter species has a sculptured |eft
chelaasin D. canaliculatusn. sp.

Diogenes fasciatus seems to be characteristic in having a transverse row of proximal spines on the outer
surface of the left palm (Rahayu & Forest 1995). In D. canaliculatus n. sp., there are some proximal spines, but
these spines do not form a distinct transverse row.

Diogenes laevicarpusis readily distinguished from D. canaliculatus by the possession of a pronounced curved
crest extending from the lower proximal angle to the midline on the outer surface of the left palm, the presence of
three longitudinal rows of small spines on the outer surface of the right palm, and the unarmed dorsal margins of
the carpi of the third pereopods (except for a small dorsodistal spine) (Rahayu 1996). As described above, in D.
canaliculatusn. sp., theridge on the left palm, extending from the lower proximal angle, isnot clearly delimited on
the palm proper; the right palm is mostly unarmed except for adorsomesial row of spines; the dorsal margins of the
carpi of the third pereopods are armed each with arow of small spines or spinules.

Diogenes moosai differs from D. canaliculatus n. sp. in the shorter antennal peduncles with arelatively longer
antennal acicle, the absence of prominent spines on the proximal outer surface and lower margin of the left palm,
the presence of irregular rows of small spines on the dorsal surface of the right palm, and the much more slender
dactyli of the ambulatory legs (more than 10 timeslonger than wide versus 7.9-9.0 times) (Rahayu & Forest 1995).
The antennal peduncle overreaches the distal corneal margin by less than half-length in D. moosai, rather than
more than half length in D. canaliculatus n. sp.; the antenna acicle overreaches the distal end of the fourth
peduncular segment in D. moosai, rather than falling short of it in D. canaliculatus n. sp.

It is worth to mention about Diogenes avarus, because the species sometimes lacks dorsal spinules on the
propodi of the second pereopods (e.g., McLaughlin & Clark 1997; Rahayu & Komai 2000), though variable. The
convex outer surface of the left palm, sometimes elevated in the midline, and the lack of the bristle-like short setae
on the ventra margin of the dactylus of the left third pereopod immediately distinguish D. avarus from D.
canaliculatusn. sp.

Tirmizi & Siddiqui (1981; 1982) and Siddiqui & Kazmi (2003) recorded D. bicristimanus from Pakistan, but
these records were later referred to D. fasciatus by Siddiqui et al. (2004), though the latter authors did not actually
examine the specimens used by Tirmizi & Siddiqui (1981, 1982). We have noticed that our new species rather well
agrees with the description and figures of D. bicristimanus by Tirmizi & Siddiqui (1982), particularly in the
scul pture and armature of the left chela and the unarmed dorsal margins of the propodi of the second pereopods. It
is possible that the specimens identified with D. bicristimanus by Tirmizi & Siddiqui (1982) might actually
represent D. canaliculatus n. sp.

Etymology. Named after the longitudinal furrows on the outer surface of the dactylus and palm of the left
chela
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