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Three new coastal crabs, Parasesarma aurifrons n. sp., P. sanguimanus n. sp. and P. gemmatum n. sp.
(Sesarmidae), are described from Taiwan and the Philippines. Parasesarma aurifrons is morphologically
similar to P. ungulatum (H. Milne Edwards, 1853), P. liho Koller, Liu & Schubart, 2010, and P. obliquefrons
(Rathbun, 1924); P. sanguimanus most closely resembles P. cricotus (Rahayu & Davie, 2002); and P.
gemmatum is related to P. lenzii (De Man, 1895), but they can be distinguished by a suite of characters,
including the structures of the chelipeds, gonopods and vulvae. The three new species are also supported
by genetic data from the mitochondrial cytochrome oxidase subunit | (CO/). Two species, P. lenzii and

P. dumacense (Rathbun, 1914), are also recorded from Taiwan for the first time. The poorly known P,
obliquefrons (Rathbun, 1924) from Samoa is figured for the first time as part of the comparisons and its
taxonomically important gonopod structures are illustrated.

Key words: COI/, Taxonomy, New species, Parasesarma aurifrons, P. sanguimanus, P. gemmatum, P,
obliquefrons, Morphology, Mitochondrial cytochrome oxidase subunit I.

BACKGROUND

Parasesarma De Man, 1895 is the most species-
rich genus in the Sesarmidae Dana, 1851, with 68
recognised species. Most of the species of Perisesarma
De Man, 1895 were transferred to the genus by Shahdadi
and Schubart (2017) (see also Shih et al. 2019). In
Taiwan, nine species of this genus have been reported,
with one, P. cognatum Rahayu & Li, 2013, recently
synonymised with P. /iho Koller, Liu & Schubart, 2010
(Ng et al. 2001 2017; Hsu and Shih 2018; Li et al. 2018
2019; Shih et al. 2019).

Recent intensive surveys in the Hengchun
Peninsula in southern Taiwan found three species that
could not be identified with known congeners. In this
study, we describe them as new, with one species also
occurring in the Philippines. Molecular evidence from
mitochondrial cytochrome oxidase subunit I (COI) was
also used to support the taxonomy.

MATERIALS AND METHODS

Specimens examined are deposited in Muzium
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Zoologicum Bogoriense in the Indonesian Institute
of Sciences, Jakarta, Indonesia (MZB); Zoological
Collections of the Department of Life Science,
National Chung Hsing University, Taichung, Taiwan
(NCHUZOOL); National Museum of Marine Biology
and Aquarium, Pingtung, Taiwan (NMMBA); National
Museum of Natural Science, Taichung, Taiwan
(NMNS); The Naturalis Biodiversity Center, Leiden,
The Netherlands (NNM) (which now includes the
collections of the Zoological Museum of the University
of Amsterdam); Ryukyus University Museum, Fujukan,
University of the Ryukyus, Okinawa, Japan (RUMF);
U.S. National Museum for Natural History, Smithsonian
Institution, Washington D.C., USA (USNM); and
Zoological Reference Collection of the Lee Kong
Chian Natural History Museum, National University of
Singapore (ZRC). Measurements, in millimetres, are of
the maximum carapace width and length. The following
abbreviations are used: CW = carapace width, CL =
carapace length; G1 = male first gonopod; G2 = second
male gonopod, P2-P5 = first to fourth ambulatory legs,
respectively.

Sequences of COI from related or morphological
similar species of Parasesarma were included in this
study (Table 1). The sequences were obtained following
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the method described by Shih et al. (2016) after
verification with the complimentary strand. Sequences
of the different haplotypes have been deposited in the
DNA Data Bank of Japan (DDBJ) (accession numbers
in Table 1).

The best-fitting model for sequence evolution
was determined by PartitionFinder (vers. 2.1.1; Lanfear
et al. 2017), selected by the Bayesian information
criterion (BIC). The obtained best model (GTR + G)
was subsequently used for a Bayesian inference (BI)
analysis. The BI analysis was performed with MrBayes
(vers. 3.2.3; Ronquist et al. 2012). The analyses were
run with four chains for 10 million generations and
four independent runs, with trees sampled every 1000
generations. The convergence of chains was determined
by the average standard deviation of split frequency
values below the recommended 0.01 (Ronquist et al.
2019) and the first 800 trees were discarded as the
burnin accordingly. The maximum likelihood (ML)
analysis was conducted in RAXML (vers. 7.2.6;
Stamatakis 2006). Because RAXML does not accept
the GTR + I model, the second best model, GTR + G
(i.e., GTRGAMMA), was used with 100 runs, and the
best ML tree wad found by comparing the likelihood
scores. The robustness of the ML tree was evaluated

Table 1. The haplotypes of COI gene of specimens in the genus Parasesarma used in this study. See MATERIALS
AND METHODS for abbreviations of museums or universities

Species Locality Sample Catalogue no. of Haplotype of COI Access. no.

size NCHUZOOL (unless of COI

indicated)

P. affine China: Xiamen, Fujian 1 ZRC 2002.0561 affine (SE China; W Taiwan) LC490891
Taiwan: Danshuei, New Taipei City 1 15426 affine (SE China; W Taiwan) LC490891
Taiwan: Keya R. estuary, Hsinchu City 1 15505 affine (SE China; W Taiwan) LC490891
P. anambas Indonesia: Teluk Baruk, Anambas 1 ZRC 2003.0726 (paratype) anambas 1 (Anambas, Indonesia) LC510452
China: Sanya, Hainan 1 15514 anambas 2 (Hainan, China) LC510453
P. aurifrons n. sp. Taiwan: Baoli R. estuary, Hengchun, Pingtung 1 15533 aurifrons 1 (Pingtung, Taiwan)  LC510454
Taiwan: Baoli R. estuary, Hengchun, Pingtung 1 15534 aurifrons 2 (Pingtung, Taiwan) ~ LC510455
P. bengalense India: Kerala 1 ZRC 2017.0521 bengalense (Kerala, India) LC510456
Thailand: Phuket 1 - bengalense (Phuket, Thailand) ~ KX400901
P. bidens Japan: Iriomote, Ryukyus 1 15509 bidens (Japan) LC510457
Japan: Miyako, Ryukyus 1 15510 bidens (Japan) LC510458
Japan: Nagasaki 1 15511 bidens (Japan) LC510459
Japan: Okinawa, Ryukyus 1 15506 bidens (Japan) LC510460
Japan: Iriomote, Ryukyus 1 15709 bidens (Japan) LC510461
Taiwan: Caiyuan, Penghu 1 15507 bidens (SW Taiwan) LC510462
Taiwan: Gueishandao, Yilan 1 15508 bidens (NE Taiwan) LC510463
P. cricotus Indonesia: Kamora R., Irian Jaya 1 - cricotus 1 (Papua, Indonesia) KX400897
Indonesia: Kamora R., Irian Jaya 1 - cricotus 2 (Papua, Indonesia) KX400898
P. dumacense Philippines: Cebu 1 ZRC 2008.0833 dumacense 1 (Cebu, Philippines) LC510464
Philippines: Cebu 1 - dumacense 2 (Cebu, Philippines) KX400929
Taiwan: Dongsha, Kaohsiung 1 15704 dumacense 1 (Dongsha, Taiwan) LC510465
P. foresti Indonesia: Ajkwa R., Irian Jaya 1 - foresti 1 (Papua, Indonesia) KX400885
Indonesia: Portsite, Irian Jaya 1 ZRC 2002.0608 foresti 2 (Papua, Indonesia) LC510466
P. gemmatum n. sp. Taiwan: Dingtanzih, Hengchun, Pingtung 1 15532 gemmatum 1 (Pingtung, Taiwan) LC510467
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Table 1. (Continued)
Species Locality Sample Catalogue no. of Haplotype of COI Access. no.
size NCHUZOOL (unless of COI
indicated)
Taiwan: Siatanzih, Hengchun, Pingtung 1 15531 gemmatum 2 (Pingtung, Taiwan) LC510468
P, guttatum Kenya: Gazi 1 - guttatum (Kenya) KX400903
P. kuekenthali Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 15711 kuekenthali 1 (S Taiwan) LC510469
Taiwan: Dongsha I., Kaohsiung 1 15702 kuekenthali 2 (Dongsha, Taiwan) LC510470
Taiwan: Dongsha I., Kaohsiung 1 15703 kuekenthali 3 (Dongsha, Taiwan) LC510471
P, kui Taiwan: Gangkou R., Hengchun, Pingtung 1 NMNS-7779-015 kui (Pingtung, Taiwan) LC490887
P, lenzii Indonesia: Sumatra 1 NNM Crus. D. 102653 lenzii (Sumatra, Indonesia) MF564014
Cocos (Keeling) Islands 1 ZRC 2018.1373 lenzii (Cocos-Keeling) MK584922
Taiwan: Dingtanzih, Hengchun, Pingtung 1 15643 lenzii (Pingtung, Taiwan) LC510472
Taiwan: Dingtanzih, Hengchun, Pingtung 1 15642 lenzii (Pingtung, Taiwan) LC510473
Taiwan: Dingtanzih, Hengchun, Pingtung 2 15645 lenzii (Pingtung, Taiwan) LC510474,
LC510475
Taiwan: Siangjiaowan, Hengchun, Pingtung 1 15644 lenzii (Pingtung, Taiwan) LC510476
P. liho Taiwan: Meilun, Hualien 1 15027 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Dulanwan, Taitung 2 15025 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Niousi, Hengchun, Pingtung 1 15031 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 NMMBCD 3976 liho 2 (S Taiwan; C Philippines) LC490882
Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 15028 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Gangkou R. estuary, Hengchun, Pingtung 2 NMMBCD 3976 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 NMMBCD 3975 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Baoli R. estuary, Hengchun, Pingtung 1 15024 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Houwan, Hengchun, Pingtung 1 15022 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Houwan, Hengchun, Pingtung 2 15022 liho 1 (S Taiwan; C Philippines) LC490881
Taiwan: Houwan, Hengchun, Pingtung 1 15425 liho 1 (S Taiwan; C Philippines) LC490881
Philippines: Kawasan, Cebu 1 15034 liho 2 (S Taiwan; C Philippines) LC490882
Philippines: Kawasan, Cebu 1 ASIZCR liho 1 (S Taiwan; C Philippines) LC490881
Philippines: Kawasan, Cebu 1 ASIZCR liho 1 (S Taiwan; C Philippines) LC490881
P, nr. lividum Japan: Ishigaki, Ryukyus 1 RUMF-ZC-3779 nr_lividum (Ishigaki, Japan) LC510477
P. macaco Baoli R., Hengchun, Pingtung, Taiwan 1 NMNS-7779-005 macaco (Pingtung, Taiwan) LC490888
P. maipoense Vietnam: Dong Rui, Quang Ninh 1 15512 maipoense (N Vietnam) LC510478
Vietnam: Red River Delta 1 ZRC 2009.0800 maipoense (S Vietnam) LC510479
P. obliquifrons Samoa: Pago Pago 1 USNM 45913 (holotype) obliquifrons (Samoa) LC510480
P. paucitorum 1 - paucitorum (Sulawesi, Indonesia) LC490885
Taiwan: Baoli R. estuary, Hengchun, Pingtung 1 15515 pictum (Taiwan) LC490890
Taiwan: Baoli R. estuary, Hengchun, Pingtung 1 15516 pictum (Taiwan) LC490890
Taiwan: Chihdong, Penghu 1 15517 pictum (Taiwan) LC490890
Taiwan: Hanbao, Changhua 1 15518 pictum (Taiwan) LC490890
Taiwan: Houlong, Miaoli 1 15519 pictum (Taiwan) LC490890
Taiwan: Houwan, Hengchun, Pingtung 1 15520 pictum (Taiwan) LC490890
Taiwan: Houwan, Hengchun, Pingtung 1 15521 pictum (Taiwan) LC490890
Taiwan: Nangan, Matsu 1 15427 pictum (Taiwan) LC490890
Taiwan: Chaishan, Kaohsiung 2 15522 pictum (Taiwan) LC490890
Taiwan: Siangjiaowan, Hengchun, Pingtung 2 15523 pictum (Taiwan) LC490890
Taiwan: Yanshuei R. estuary, Tainan 1 15524 pictum (Taiwan) LC490890
P. sanguimanus n. sp. Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 15525 sanguimanus (Pingtung, Taiwan) LC510481
Taiwan: Gangkou R. estuary, Hengchun, Pingtung 1 15714 sanguimanus (Pingtung, Taiwan) LC510482
P. semperi Indonesia: Tipoeka, Irian Jaya 1 - semperi 1 (Papua, Indonesia) KX400910
Indonesia: Tipoeka, Irian Jaya 1 - semperi 2 (Papua, Indonesia) KX400911
P. tripectinis Taiwan: Dajia, Taichung 1 15703 tripectinis (W Taiwan) LC490889
Taiwan: Miaoli 1 15526 tripectinis (W Taiwan) LC490889
P. ungulatum Taiwan: Hengchun, Pingtung 1 15530 ungulatum (S Taiwan; Borneo) ~ LC510483
Malaysia: Labuan 1 15527 ungulatum (S Taiwan; Borneo)  LC510484
Malaysia: Mersing, Johor 1 15528 ungulatum (Johor, Malaysia) LC510485
Singapore 1 ZRC 2011.0500 ungulatum (Singapore) LC510486
Total 85
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by 1000 bootstrap pseudoreplicates under the model
GTRGAMMA.

RESULTS

TAXONOMY

Family Sesarmidae Dana, 1851
Genus Parasesarma De Man, 1895

Parasesarma aurifrons n. sp.
(Figs. 1A, B, 2A-D, 3,4, 11A)
urn:lsid:zoobank.org:act:DA0C9021-6010-41B8-9CAB-
4EA210F38FCO

Parasesarma aff. ungulatum — Li and Chiu 2013: 81.

Material examined: Holotype: 48 (10.4 x 8.5 mm)
(NCHUZOOL 15602), Gangkou River (= R.) estuary
(21°59'16.1"N 120°50'29.7"E), Hengchun, Pingtung,
Taiwan, coll. J.-J. Li, 25 Mar. 2016. Paratypes: Taiwan:
Gangkou R. estuary, Hengchun, Pingtung: 2 ¢ ¢ (10.4
x 8.2 mm, 13.6 x 11.0 mm) (NCHUZOOL 15611), coll.
J-J.Li, 7 Jun. 2012; 1 & (12.7 x 10.2 mm), 1 & (12.3
x 10.4 mm) (NCHUZOOL 15605), coll. J.-J. Li, 11 Apr.
2015; 1 & (14.2 x 10.9 mm) (ZRC 2019.1075), coll. J.-J.
Li, 17 May 2015; 1 & (12.4 x 10.2 mm) (NCHUZOOL
15610), coll. J.-J. Li, 15 Jul. 2015; 1 & (10.1 x 8.2 mm)
(ZRC 2019.0819), coll. J.-J. Li, 18 Aug. 2015; 2 & &
(11.2 x 8.8 mm, 12.1 x 10.3 mm) (NCHUZOOL
15603), coll. J.-J. Li, 1 May 2016; 1 % (12.4 x
10.0 mm) (NCHUZOOL 15606), coll. J.-J. Li, 24 May
2016;2 ¢ 2 (13.6 x 11.1 mm, 13.8 x 11.2 mm), 2 ovig.
? % (11.1 x 9.3 mm, 14.0 x 11.6 mm) (NCHUZOOL
15609), coll. J.-J. Li, 15 Jun. 2016; 3 4 & (11.0-12.4
% 9.6-10.4 mm) (NCHUZOOL 15607), coll. J.-J. Li,
20 Jun. 2016; 1 & (12.0 x 10.0 mm) (NCHUZOOL
15608), coll. J.-J. Li, 24 Jul. 2016; 9 & & (9.8-11.1 x
8.2-9.5mm), 4 ¢ ¢ (10.7-11.5 x 8.4-9.1 mm), 1 ovig.
% (11.8 x 10.2) (ZRC 2019.0822), coll. J.-J. Li, 11 Jul.
2017;4 & & (8.4-13.2 x 7.0-10.6 mm) (NCHUZOOL
15604), coll. J.-J. Li, 15 Jun. 2019. Baoli R. estuary
(22°03"27.1"N 120°42'28.4"E), Hengchun, Pingtung:
1 & (12.4 x 11.0 mm) (ZRC 2019.0823), coll. J.-J. Li,
6 Aug. 2015; 1 & (12.6 x 10.6 mm) (NCHUZOOL
15533), coll. P.-Y. Hsu et al., 4 Sep. 2017; 1 ovig. ¢
(11.0 x 9.2 mm) (NCHUZOOL 15534), coll. P.-Y. Hsu
etal., 18 Mar. 2018.

Other material: Taiwan: Gangkou R. estuary,
Hengchun, Pingtung: 1 £ (10.6 x 8.5 mm)
(NCHUZOOL 15616), coll. J.-J. Li, 27 Jun. 2012; 2
43 8 (10.1 x 8.9 mm, 10.9 x 9.2 mm) (NCHUZOOL
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15615), coll. J.-J. Li, 18 May 2015; 1 £ (11.4 x
9.6 mm) (NCHUZOOL 15618), coll. J.-J. Li, 1 Jun.
2015; 1 & (11.3 x 9.2 mm), 1 ¢ (9.9 x 8.1 mm)
(NCHUZOOL 15621), coll. J.-J. Li, 5 Aug. 2015; 1
3 (11.7 x 9.7 mm) (NCHUZOOL 15619), coll. J.-J.
Li, 15 Aug. 2015; 1 & (11.0 x 9.0 mm) (NCHUZOOL
15620), coll. J.-J. Li, 24 Sep. 2015; 2 & & (10.7 x
8.9 mm, 11.4 x 9.5 mm) (NCHUZOOL 15617), coll. J.-J.
Li, 7 Jul. 2016;2 & & (10.1 x 6.2 mm, 10.8 x 6.2 mm)
(NCHUZOOL 15612), coll. J.-J. Li, 2 Dec. 2016; 1 ¢
(11.5 x 9.4 mm) (NCHUZOOL 15613), coll. J.-J. Li, 17
Jul. 2017; 1 & (11.0 x 9.1 mm) (NCHUZOOL 15614),
coll. J.-J. Li, 11 Aug. 2017. Philippines: 1 ovig. ¢ (11.6
x 9.7 mm) (NCHUZOOL 15622), Kawasan, Cebu, coll.
J.-J. Li, 6 Sep. 2018.

Comparative material: Parasesarma ungulatum
(H. Milne Edwards, 1853): 2 & & (14.3 x 11.0 mm,
19.6 x 15.6 mm) (ZRC 1999.0566), Chonburi, eastern
Thailand, coll. P. K. L. Ng, 29 Sep. 1998. Parasesarma
obliquefrons (Rathbun, 1924): holotype 4 (12.8 x
11.3 mm) (USNM 45913a), in fresh water, Pago Pago,
Samoa, coll. 28 Jul. 1902; 4 4 4,9 £ & (5 ovig.)
(USNM 45913b), same data as holotype.

Diagnosis: Carapace (Figs. 1A, 2A, 3A, 4A)
almost squarish in dorsal view, 1.2 times broader
than long; front (Fig. 3B) with margin straight in
dorsal view; external orbital tooth triangular, directed
obliquely outwards, representing point of greatest width
of carapace; lateral margins straight, slightly converging
posteriorly, without trace of tooth or indentation behind
external orbital tooth. Male chela (Figs. 3C, D, 4B-
D) with 2 transverse pectinate crests on upper surface;
distal crest composed of 14—19 high corneous teeth;
second crest well developed, shorter than proximal
crest, with 8 or 9 corneous teeth; dactylus with 12—15
asymmetrical tubercles on upper surface, proximal
4 to 5 tubercles large, remaining tubercles smaller,
distal tubercle almost indiscernible. Ambulatory legs
(Figs. 1A, 2A, 3A) slender; P3 and P4 about 1.5 times
carapace width; merus of P3 2.1 times as long as broad;
upper margin with acute subdistal spine; propodus
of P3 2.4 times as long as broad; dactylus of P3 0.8
times length of propodus. Male pleon (Figs. 1B, 11A)
relatively broad, telson semicircular, somite 6 almost
twice as long as wide, lateral margins slightly convex.
G1 (Figs. 3E, F, 4E) straight, relatively stout; apical
process very short, corneous part short, ending in
truncated tip; setae long, simple, originating at base of
apical process. Vulva (Figs. 3G, 4F) near anterior edge
of sternite 5, with central operculum, oval shaped.

Description of holotype male: Carapace (Fig.
3A) almost squarish in dorsal view, 1.2 times broader
than long; regions well defined, separated by shallow
grooves; upper surface laterally with oblique striae,
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Fig. 1. Colour in life of three new species of Parasesarma from southern Taiwan. (A, B) P. aurifrons n. sp., paratype male (12.4 x 10.2 mm,
NCHUZOOL 15610); (C, D) P. sanguimanus n. sp., paratype male (17.6 x 15.1 mm, NCHUZOOL 15626); (E, G) P. gemmatum n. sp., holotype male
(15.7 x 13.1 mm, NCHUZOOL 15639); (F) P. gemmatum n. sp., paratype female (14.8 x 12.4 mm, NCHUZOOL 1 ). A, C, E, F, dorsal views; B,
D, G, ventral views.
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otherwise smooth; postfrontal region well delimited,
separated into 4 lobes by shallow but distinct grooves;
median lobes almost as wide as lateral lobes; front (Figs.
3B, 4A) deflexed downwards, margin straight in dorsal
view; supraorbital margin gently convex; external
orbital tooth triangular, directed obliquely outwards,
representing point of greatest width of carapace; lateral
margins straight, slightly converging posteriorly,
without trace of tooth or indentation behind external
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orbital tooth. Cornea (Fig. 3A) reaching tip of external
orbital tooth. Basal articles of antennae and antennules
adjacent, not separated by septum; basal antennular
article swollen; antennal flagellum relatively long,
entering orbit. Third maxilliped with ischium bearing
shallow median sulcus; merus with distinct submedian
ridge; exopod slender, tip reaching half-length of outer
margin of merus, flagellum long.

Male chelipeds (Figs. 3C, D, 4B-D) relatively

Fig. 2. Colour in life of three new species of Parasesarma from southern Taiwan in the field. (A-D) P. aurifrons n. sp. (specimens not collected); (E)
P. sanguimanus n. sp. (specimen not collected); (F) P. gemmatum n. sp. (paratype male, 14.8 x 12.4 mm, NCHUZOOL 15532). A, B, E, on riverbed
from Gangkou R. estuary; C, D, climbing on vegetations (Gangkou R. estuary, Pingtung, Taiwan); F, climbing on an eroded coral reef under a coastal
forest (east coast to Tanzih Fishing Port, Pingtung, Taiwan).

© 2019 Academia Sinica, Taiwan
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large, robust. Merus with carinate outer margin, without
subdistal spine; inner margin with small granules ending
in large subdistal protuberance; outer surface with dorsal
striation, ventrally tuberculate. Carpus with inner angle
not produced. Palm with 2 transverse pectinate crests
on upper surface; distal crest composed of 15 (right
chela) and 14 (left chela) high corneous teeth; distal
crest well developed, shorter than proximal crest, with
10 (right chela) and 8 (left chela) corneous teeth; crests
followed by several tubercles; rows of small tubercles
below second crest; outer and inner surfaces of palm

page 7 of 23

with numerous granules. Fingers each with chitinous
tip, with distinct proximal hiatus; cutting edges each
with row of rounded teeth; fixed finger smooth on outer
surface; dactylus with 12 asymmetrical tubercles (both
chelae) on upper surface, tubercles short, gradually
sloping distally; proximal 4 tubercles large, distal 8
tubercles smaller, last tubercle almost indiscernible.
Ambulatory legs (Fig. 3A) slender, laterally
flattened; P3 and P4 subequal, longer than others, about
1.5 times carapace width. Merus of P3 2.1 times as
long as broad; upper margin with acute subdistal spine.

Fig. 3. Parasesarma aurifrons n. sp., southern Taiwan. (A-D) holotype male (10.4 x 8.5 mm, NCHUZOOL 15602); (E-F) paratype male (14.2 x
10.9 mm, ZRC 2019.1075); (G) paratype female (13.8 x 11.2 mm, NCHUZOOL 15609). A, dorsal view; B, frontal view; C, D, right chela; E, F, left
G1; G, vulvae. C, outer view; D, inner view; E, ventral (pleonal) view; F, dorsal (sternal) view.
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Meri of P2—P5 each with transverse striae on upper
surface. Carpi of P2—P5 each with 2 accessory carinae
on outer surface. Propodus of P3 2.4 times as long as
broad, with striae on inferior proximal portion of outer
surface, dorsal and ventral margins with short stiff setae.
Dactylus of P3 0.8 times length of propodus, slightly
curved distally, terminating in acute calcareous tip;
dorsal and ventral margins with short stiff setae.
Thoracic sternites 1-3 completely fused. Male
pleon (Fig. 11A) relatively broad, all somites free.
Telson semicircular, evenly rounded, as long as
preceding somite. Somite 6 almost twice as long as
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wide, lateral margins slightly convex. Somites 3—5 more
trapezoidal, lateral margins of somites 4 and 5 straight,
lateral margins of somite 3 strongly convex. Somites
1 and 2 very narrow longitudinally. G1 (Fig. 4E)
straight, relatively stout; apical process short, corneous
part short, ending in truncate tip; setae long, simple,
originating at base of apical process. G2 shorter than
quarter length of G1.

Female characters: Chelipeds relatively small,
pectinate crest on palms indistinct, dactylar tubercles
low; pleon wide, rounded, telson semicircular, base half
embedded in distal margin of somite 6; vulva (Figs.

Fig. 4. Parasesarma aurifrons n. sp., southern Taiwan. (A—E) holotype male (10.4 x 8.5 mm, NCHUZOOL 15602); (F) paratype female (13.8 x
11.2 mm, NCHUZOOL 15609). A, carapace dorsal view; B-D, right chela; E, left G1 dorsal (sternal) view; F, left vulva. B, outer view; C, dorsal
view of palm and dactylar finger; D, lateral view of pectinated cristae on palm. Scale bars: A-C, E, F = 1.0 mm; D = 0.5 mm.
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3G, 4F) near anterior edge of sternite 5, with central
operculum, oval shaped.

Variation: The number of teeth on the two
transverse pectinate crests of the palms are variable with
14-19 (distal part) and 8 or 9 (proximal part). Some
male specimens with some teeth on the two transverse
pectinate crests are weak, probably due to damage
or abrasion, but they can be observed by the residual
trace. The number of tubercles on the upper surface of
chelipedal dactyli is 12—15. The vulvae are near or close
to anterior edge of sternite 5, and the central operculum
is relatively raised in larger specimens (CW > 11.0 mm).

Colour in life: Carapace dark brown with a
transverse golden-yellow band on frontal region,
cheliped and ambulatory legs light brown, palm yellow
to orange (Figs. 1A, B, 2A-D). The carapace of some
female specimens is yellow, which makes the transverse
golden-yellow band on the frontal region less obvious.

Distribution: So far known from Taiwan (estuaries
of Baoli R. and Gangkou R.) and the Philippines
(Kawasan, Cebu).

Etymology: The name “aurifrons” refers to the
frontal band which is golden yellow in life. The name is
used as a noun in apposition.

Ecological notes: In the Gangkou R. estuary,
southern Taiwan, P. aurifrons is partly sympatric with
P kuekenthali (De Man, 1902), Sesarmops intermedius
(De Haan, 1835) and Neosarmatium indicum (A. Milne-
Edwards, 1868). Ovigerous females were found from
June to September, suggesting that summer is the main
reproductive season. We found that individuals will
climb to the adjacent vegetation during high tide (Fig.
2C, D) and stay on the mudflat or in burrows during
low tide. This behaviour is similar to the niche shifting
behaviour reported in the Indian P. plicatum (Latreille,
1806) to escape from potential aquatic predators (Shanij
et al. 2016). Ng and Schubart (2017: 663) also noted
that Pseudosesarma crassimanum (De Man, 1887)
also sometimes climbs low shrubs, especially at night,
although it usually forages on the ground.

Remarks: Li and Chiu (2013: 81) depicted several
ovigerous females of “Parasesarma aff. ungulatum”
from Hengchun Peninsula, Pingtung, southern Taiwan,
with a yellow band on its front. While their material
superficially resembles P. ungulatum (H. Milne
Edwards, 1853) from Sulawesi and Papua, Indonesia
and eastern Thailand (Rahayu and Ng 2010: fig. 8), Li
and Chiu (2013) noted that the general carapace and
ambulatory leg features appeared somewhat different.
Direct comparisons of both now show that they are
different species.

The most important characters to distinguish P.
aurifrons and P. ungulatum are the mature adult size
(max. CW 15.4 mm versus 21.4 mm), the ratio of CW/
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CL of carapace (1.2 versus 1.3), and the length of
ambulatory legs (relative more elongated versus relative
shorter) (cf. Rahayu and Ng 2010). In addition, the
length of the Gl tip is also proportionately shorter in P,
aurifrons (Figs. 3E, F, 4E) (longer in P. ungulatum; cf.
Rahayu & Ng 2010: fig. 10A-D).

In the BI tree (Fig. 13; see below), P. aurifrons
is close to P. liho Koller, Liu & Schubart, 2010, P.
paucitorum Rahayu & Ng, 2009, and P. obliquifrons
(Rathbun, 1924), despite its different appearance.
Parasesarma aurifrons can easily be separated from
P. liho by its life coloration, especially the golden
frontal band (Figs. 1A, 2A, B) (versus absent in P.
liho); relatively broader carapace (width to length ratio
1.2, Figs. 1A, 4A) (versus 1.1 in P. [iho), the dorsal
surface is glabrous without distinct setae (Figs. 1A,
4A) (versus surface rougher with distinct setae in P,
liho), and the ambulatory propodi are proportionately
shorter (Figs. 1A-B, 2A) (versus distinctly longer in P,
liho) (cf. Koller et al. 2010; Shih et al. 2019). The latter
species, however, has a different colour in life (it lacks
the distinct golden frontal band) and the ambulatory
propodus and merus are proportionately more elongate
and slender (cf. Rahayu and Ng 2009: figs. 1A, 3A).

Parasesarma obliquifrons is a poorly known
species described from Samoa, but it has never been
figured and its affinities are uncertain. Rathbun (1924:
127) recorded one holotype male 12.8 x 11.3 mm
(USNM 45913), but made no mention of any other
material. The USNM contains one bottle labelled
USNM 45913, but it contains a total of five male and
nine female specimens. The largest male matches the
measurements and description in Rathbun (1924: 127-
128) and is clearly the holotype. The other specimens
are not types, as they were not mentioned at the time
of description. The holotype, including the important
G1 structure, is figured here for the first time (Figs. 5,
6). Parasesarma aurifrons can be distinguished from
P. obliquefrons in having the frontal margin straighter
and the median cleft hallow to almost not visible in
dorsal view (Figs. 3A, 4A) (versus frontal margin
distinctly sinuous with the median cleft pronounced
in P. obliquefrons; Fig. 5A); the dorsal surface of the
cheliped dactylus has 12 smaller tubercles (Figs. 3C, D,
4C) (versus dactylus with only 5 or 6 low, broad, simple
tubercles in P. obliquefrons; Fig. SE, F); the male pleon
is relatively wider (Figs. 1B, 11A) (versus relatively
narrower in P. obliquefrons; Fig. 5C); and most
significantly, the G1 is proportionately more slender
and the corneous distal part is directed more obliquely
laterally (Figs. 3E, F, 4E) (versus G1 proportionately
stouter with the corneous distal part directed more
vertically in P. obliquefrons; Fig. 6A-D).
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Fig. 5. Parasesarma obliquefrons (Rathbun, 1924), holotype male (12.8 x 11.3 mm) (USNM 45913a), Samoa. (A) dorsal view; (B) frontal view; (C)
ventral view; (D) left chela; (E) dorsal view of right chela; (F) dorsal view of left dactylar finger.
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Parasesarma sanguimanus n. sp.
(Figs. 1C, D, 2E, 7A, B, E, F, 1, I, K, 8A-D, 11B)
urn:1sid:zoobank.org:act:552ACCAF-91F2-4519-9E01-

0DBAS89F2F4D

Material examined: Holotype: 1 & (15.2 x
13.0 mm) (NCHUZOOL 15623), Gangkou R. estuary
(21°59'16.1"N 120°50'29.7"E), Hengchun, Pingtung,
Taiwan, coll. J.-J. Li, 8 Jul. 2017. Paratypes: Taiwan:
Gangkou R. estuary, Hengchun, Pingtung: 1 & (12.3
x 10.0 mm) (NCHUZOOL 15632), coll. J.-J. Li,
10 Apr. 2014; 3 & & (14.1-14.6 x 12.0-12.1 mm)
(NCHUZOOL 15625), coll. J.-J. Li, 10 Apr. 2015;
33838 (12.1-14.6 x 9.9—-11.7 mm) (NCHUZOOL
15629), coll. J.-J. Li, 11 Apr. 2015; 1 & (15.5 x
13.0 mm) (NCHUZOOL 15630), coll. J.-J. Li, 18 May
2015; 1 & (17.5 x 14.2 mm) (NCHUZOOL 15525),
coll. J.-J. Li, 15 Jun. 2015; 1 & (19.0 x 15.6 mm)
(NCHUZOOL 15628), coll. J.-J. Li, 7 Jul. 2015; 1 &
(18.5 x 15.9 mm) (NCHUZOOL 15624), 1 & (17.6
x 15.1 mm) (NCHUZOOL 15626), coll. J.-J. Li, 8
May 2016; 1 & (18.4 x 15.0 mm) (ZRC 2019.1080),
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coll. J.-J. Li, 14 May 2016.1 % (12.0 x 9.8 mm)
(NCHUZOOL 15631), coll. J.-J. Li, 21 Mar. 2016; 3
3 & (5.9-7.4 x 2.9-47 mm), 1 female (4.3 x 1.9 mm)
(ZRC 2019.0821), coll. J.-J. Li, 18 Jun. 2016; 1 & (13.8
% 11.6 mm) (NCHUZOOL 15627), coll. J.-J. Li, 17 Jul.
2017; 1 & (16.7 x 13.9 mm) (ZRC 2019.0820), coll. J.-
J. Li, 7 Jul. 2018; 1 & (13.2 x 10.9 mm) (NCHUZOOL
15714), coll. J.-J. Li, 28 Aug. 2018. Baoli R. estuary
(22°03'30.5"N 120°42'29.8"E), Hengchun, Pingtung:
1 & (19.0 x 15.3 mm) (NCHUZOOL 15633), coll. J.-J.
Li, 24 Jul. 2014.

Comparative material: Parasesarma bidens (De
Haan, 1835): 2 & & (18.1 x 14.9 mm, 29.4 x 24.9 mm)
(NCHUZOOL 15634), Okinawa, Japan, coll. J.-J. Li,
18 Jul. 2016; 5 & & (28.9-31.6 x 23.0-25.6 mm)
(NCHUZOOL 15635), Kyushu, Japan, coll. T. Naruse
etal, 3 Oct. 2017;5 & & (15.7-25.5 x 12.6-21.7 mm)
(NCHUZOOL 15636), Sicao, Tainan, Taiwan, coll.
J.-J. Li, 4 Oct. 2015;2 & & (16.5 x 13.6 mm, 18.5
x 15.8 mm) (NCHUZOOL 15637), Baoli R. estuary,
Taiwan, coll. J.-J. Li, 19 Mar. 2016; 2 & & (16.7 x

Fig. 6. Parasesarma obliquefrons (Rathbun, 1924), holotype male (12.8 x 11.3 mm) (USNM 45913a), Samoa. (A) left G1 (dorsal view); (B) distal
part of left G1 (dorsal view); (C) left G1 (ventral view); (D) distal part of left G1 (ventral view); (E) left G2. Scale bars: A, C, E= 1.0 mm; B, D =

0.5 mm.
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13.4, 18.8 x 15.3 mm) (ZRC 2002.0561), Xiamen,
Fujian, China, coll. P. K. L. Ng, 22 Sep. 2002; 10 4 &
(13.6-17.3 x 14.2-11.6 mm), 1 ¢ (14.7 x 11.9 mm)
(NCHUZOOL 15638), Kinmen, Taiwan, coll. J.-J. Li,
2 Jul. 2017. Parasesarma cricotus (Rahayu & Davie,
2002):2 & & (18.7x 4.9 mm, 19.2 x 15.0 mm), 2 ¢ ¢
(12.8 x 10.3, 16.9 x 3.5 mm) (MZB), Tipocka River,
Papua, Indonesia, coll. D. L. Rahayu, 14 Mar. 2017.
Parasesarma foresti (Rahayu & Davie, 2001): 1 & (23.3
% 19.4 mm) (ZRC 2002.0608), Tipocka, Portsite, Papua,
Indonesia, coll. Gesang, 13 Aug. 2002. Parasesarma
indiarum (Tweedie, 1940): 1 & (24.1 x 20.7 mm) (ZRC
2013.1613), Pasir Ris Park mangroves, Singapore, coll.
B. Y. Lee, 28 Oct. 2011; 1 ¢ (24.9 x 19.8 mm) (ZRC
2000.1982), Mandai mangroves, Singapore, coll. C. D.
Schubart and N. Sivasothi, 25 Jul. 2000. Parasesarma
semperi (Biirger, 1893): 2 4 & (20.8 x 17.8 mm, 23.5
% 19.5 mm) (ZRC 2015.0464), Sungcolan inlet, fringe
mangroves, Panglao, Bohol, Philippines, coll. Panglao
2004 Expedition, 4 Jul. 2004. Parasesarma nr. lividum
(A. Milne-Edwards, 1869): 1 & (23.5 x 19.6 mm)
(RUMF-ZC-3779), Miyara R., Ishigaki Island, Ryukyu
Islands, Japan, coll. T. Maenosono, 26 Mar. 2016.

Diagnosis: Carapace (Figs. 1C, 7A) squarish in
dorsal view, 1.2 times broader than long; front with
margin straight in dorsal view; external orbital tooth
triangular, directed obliquely outwards, representing
point of greatest width of carapace; lateral margins
straight, slightly converging posteriorly, without trace of
tooth or indentation behind external orbital tooth. Male
chela (Figs. 7E, F, 8A, B) with 2 transverse pectinate
crests on upper surface; distal crest composed of 13-19
high corneous teeth; second crest well developed,
shorter than proximal crest, with 9—16 corneous
teeth; dactylus with 10—12 asymmetrical tubercles on
upper surface, proximal tubercle smallest but distinct.
Ambulatory legs (Figs. 1C, 7A) slender; P3 and P4
about 1.6 times carapace width; merus of P3 2.3 times
as long as broad; upper margin with acute subdistal
spine; propodus of P3 3.1 times as long as broad;
dactylus of P3 1.3 times length of propodus. Male pleon
(Figs. 1D, 11B) relatively broad, telson semicircular,
somite 6 almost twice as long as wide, lateral margins
slightly convex. G1 (Figs. 71, J, 8C) straight, relatively
stout; apical process very short, corneous part short,
ending in truncate tip; setaec long, simple, originating
at base of apical process. Vulva (Figs. 7K, 8D) near
anterior edge of sternite 5, with central operculum, oval
shaped, protruded.

Description of holotype male: Carapace (Fig.
7A) almost squarish in dorsal view, 1.2 times broader
than long; regions well defined, separated by shallow
grooves; upper surface laterally with oblique striae,
otherwise smooth; postfrontal region well delimited,
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separated into 4 lobes by shallow but distinct grooves;
median lobes almost as wide as lateral lobes; front (Fig.
7B) deflexed downwards, margin straight in dorsal view;
supraorbital margin gently convex; external orbital tooth
triangular, directed obliquely outwards, representing
point of greatest width of carapace; lateral margins
straight, slightly converging posteriorly, without trace
of tooth or indentation behind external orbital tooth.
Cornea exceeding tip of external orbital tooth (Fig. 7A).
Basal articles of antennae and antennules adjacent, not
separated by septum; basal antennular article swollen;
antennal flagellum relatively long, entering orbit. Third
maxilliped with ischium bearing shallow median sulcus;
merus with distinct submedian ridge; exopod slender,
tip reaching half-length of outer margin of merus,
flagellum long.

Male chelipeds (Figs. 7E, F, 8A, B) relatively
large, robust. Merus with carinate outer margin, without
subdistal spine; inner margin with small granules ending
in large subdistal protuberance; outer surface with dorsal
striation, ventrally granulate. Carpus with inner angle
not produced. Palm with 2 transverse pectinate crests on
upper surface; distal crest composed of 17 (right chela)
and 14 (left chela) high corneous teeth; second crest
well developed, shorter than proximal crest, with 13
(right chela) and 10 (left chela) corneous teeth; crests
followed by several tubercles; rows of small tubercles
below second crest; outer and inner surfaces of palm
with numerous granules. Fingers each with chitinous
tip, with distinct proximal hiatus; cutting edges each
with row of rounded teeth; fixed finger smooth on outer
surface; dactylus with 12 asymmetrical tubercles (both
chelae) on upper surface, proximal tubercle smallest but
distinct.

Ambulatory legs (Fig. 7A) slender, laterally
flattened; P3 and P4 subequal, longer than others, about
1.6 times carapace width. Merus of P3 2.3 times as long
as broad; upper margin with acute subdistal spine. Meri
of P2—P5 with transverse striac on upper surface. Carpus
of P2-P5 with 2 accessory carinae on outer surface.
Propodus of P3 3.1 times as long as broad, with striae
on inferior proximal portion of outer surface, dorsal and
ventral margins with short stiff setae. Dactylus of P3
1.3 times length of propodus, slightly curved distally,
terminating in acute calcareous tip; dorsal and ventral
margins with short stiff setae.

Thoracic sternites 1-3 completely fused. Male
pleon relatively broad, all somites free. Telson
semicircular, evenly rounded, as long as preceding
somite. Somite 6 almost twice as long as wide, lateral
margins slightly convex. Somites 3—5 more trapezoidal,
lateral margins of somites 4 and 5 straight, lateral
margins of somite 3 strongly convex. Somites 1 and 2
very narrow longitudinally. G1 straight, relatively stout
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Fig. 7. (A, B, E, F) Parasesarma sanguimanus n. sp., holotype male (15.2 x 13.0 mm, NCHUZOOL 15623), southern Taiwan; (I, J) P. sanguimanus n.
sp., paratype male (18.4 x 15.0 mm, ZRC 2019.1080), southern Taiwan; (K) P. sanguimanus n. sp., paratype female (13.8 x 11.6 mm, NCHUZOOL
15627), southern Taiwan; (C, D, G, H) P. cricotus (Rahayu and Davie, 2002) (male, 19.2 x 15.0 mm, MZB), Papua, Indonesia. A, C, dorsal views; B,
D, frontal views; E, F, left chela; G, H, right chela; I, J, left G1; K, vulvae. E, G, outer views; E, F, dorsal (sternal) views; I, ventral (pleonal) view; J,
dorsal (sternal) view.
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(Fig. 8C); apical process very short, corneous part short,
ending in truncated tip; setae long, simple, originating
at base of apical process. G2 shorter than quarter length
of G1.

Female characters: Chelipeds relatively small,
pectinate crest on palms indistinct, dactylar tubercles
low; pleon wide, rounded, telson semicircular, base
half embedded in somite 6; vulva (Figs. 7K, 8D) near
anterior edge of sternite 5, with central operculum, oval
shaped, protruded.

Variation: The number of teeth on the two
transverse pectinate crests of the palms are variable
with 13—-19 (distal part) and 9-16 (proximal part). Some
male specimens with some teeth on the two transverse
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pectinate crests are weak, probably due to damage
or abrasion, but they can be observed by the residual
trace. The number of tubercles on the upper surface of
chelipedal dactyli varies 10— 12.

Colour in life: Carapace and cheliped dark gray
(palm exception). Cheliped palm outer surface deep red,
inner surface yellowish orange (Figs. 1C, D, 2E).

Distribution: So far known from the estuaries
of Baoli R. and Gangkou R. in Hengchun, Pingtung,
southern Taiwan.

Etymology: The name is derived from the Latin
“sanguineus” for blood-red, and “manus” (for hand);
alluding to the deep-red palm of the species in life. The
name is used as a noun.

Fig. 8. (A—C) Parasesarma sanguimanus n. sp., holotype male (15.2 x 13.0 mm, NCHUZOOL 15623), southern Taiwan; (D) P. sanguimanus n. sp.,
paratype female (12.0 x 9.8 mm, NCHUZOOL 15631), southern Taiwan; (E, F) P. cricotus (Rahayu & Davie, 2002), male (19.2 x 15.0 mm, MZB),
Papua, Indonesia; (G) P. cricotus (Rahayu & Davie, 2002), female (16.9 x 3.5 mm, MZB), Papua, Indonesia. A, B, E, left dactylar finger; C, F, left
G1s ventral (pleonal) views; D, G, left vulvae. A, outer view; B, E, dorsal views. Scale bars = 1.0 mm.
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Ecological notes: The habitat and behaviour
of P. sanguimanus are generally similar to those of
P. aurifrons n. sp. except that most specimens were
collected closer to the water’s edge.

Remarks: Among the Taiwanese Parasesarma
species (Ng et al. 2001 2017), the only other species
with two anterolateral teeth on the carapace is P. bidens
(De Haan, 1835). Parasesarma sanguimanus n. sp. is
found sympatrically with P. bidens and their morphology
is superficially similar, but can be distinguished by
the deep-red outer surface of the palm in life (Fig. 2E)
(versus yellow to orange in P. bidens) and the ringed
grooves on the upper surface of the dactylar tubercles
(Figs. 7F, 8B) (versus without grooves in P. bidens) (cf.
Li and Chiu 2013: 54).

Among the Indo-West Pacific Parasesarma, P.
foresti (Rahayu & Davie, 2002), P. indiarum (Tweedie,
1940), P. holthuisi (Davie, 2010), P. guttatum (A.
Milne-Edwards, 1869), P. brevicristatum (Campbell,
1967) and P. dussumieri (A. Milne-Edwards, 1853) have
a similar number of male dactylar tubercles (11-13) to P,
sanguimanus, but none of them have ringed grooves on
the tubercles (cf. Davie 2010; Rahayu and Davie 2002).
Species which have similar grooves on the dactylar
tubercles however, have distinctly fewer tubercles: P,
semperi (Biirger, 1893) has 7 or 8 dactylar tubercles
(cf. Biirger 1893; Davie 2010; Shahdadi et al. 2018);
and male P. maipoense (Soh, 1978) has 5-8 dactylar
tubercles (cf. Soh 1978; Ng et al. 2010).

According to the BI tree (Fig. 13; see below), P.
sanguimanus is sister to P. cricotus (Rahayu & Davie,
2002). Their morphologies are superficially similar,
both possessing 11 or 12 dactylar ringed tubercles in
males and with a similar colour in life (Rahayu and
Davie 2002). Parasesarma sanguimanus, however,
can be distinguished by its more rounded dactylar
tubercles (especially the second to fifth tubercles) (Fig.
8B) (versus relatively ovate in P. cricotus; Fig. 8E); a
proportionately wider G1 tip (Figs. 71, J, 8C) (versus
more narrow in P. cricotus; Fig. 8F); and the relatively
smaller and lower female operculum of the vulva
(Figs. 7K, 8D) (larger in P. cricotus; Fig. 8G). Both
species can be separated in the field by the coloration of
carapace; P. cricotus has clear light spots on the gastric
region and frontal region (Rahayu and Setyadi 2009: 53;
also see Fig. 7C), but these are absent in P. sanguimanus
(Fig. 1C).

Parasesarma gemmatum n. sp.
(Figs. 1E-G, 2F, 9, 10, 11C)
urn:lsid:zoobank.org:act: ASFOE575-86C0-41 AB-A7BB-
4B9F0002926A

Material examined: Holotype: 8 (15.7 x 13.1 mm)
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(NCHUZOOL 15639), Dingtanzih, Hengchun,
Pingtung, Taiwan, coll. J.-J. Li, 13 Jun. 2019. Paratypes:
Taiwan: Hengchun, Pingtung: 1 & (14.8 x 12.4 mm)
(NCHUZOOL 15532), Dingtanzih, coll. J.-J. Li, 21
Aug. 2018; 1 & (12.8 x 10.5 mm), 1 ovig. ¥ (11.7
x 9.8 mm) (ZRC 2019.1076), Tanzih Fishing Port,
coll. J.-J. Li, 3 Jun. 2019; 1 ovig. ¥ (14.2 x 11.7 mm)
(NCHUZOOL 15640), Tanzih Fishing Port, coll. J.-J.
Li, 24 Sep. 2018; 1 ¢ (14.4 x 10.4 mm) (NCHUZOOL
15531), Siatanzih, coll. J.-H. Lee, 31 Aug. 2012;2 ¢ ¢
(8.7 x 7.1 mm, 11.6 x 9.1 mm), 1 ovig. ¥ (12.8 x
10.4 mm) (NCHUZOOL 15641), Tanzih Fishing Port,
coll. J.-J. Li, 27 May 2019; 1 & (15.0 x 12.4 mm)
(NCHUZOOL 15707), Tanzih Fishing Port, J.-J. Li,
28 Jun. 2019; 1 & (14.7 x 11.9 mm) (NCHUZOOL
15708), east coast to Tanzih Fishing Port, J.-J. Li., 4 Jul.
2019.

Comparative material: Parasesarma anambas
Yeo, Rahayu & Ng, 2004: paratype: 1 & (8.1 x
7.1 mm), 1 ¥ (4.2 x 3.4 mm) (ZRC 2003.0726), Teluk
Baruk, Anambas, eastern Pulau Siantan, 15 Mar. 2002;
1 & (10.1 x 8.0 mm) (NCHUZOOL 15514), Sanya,
Hainan, China, coll. H.-T. Shih, 28 Jun. 2004.

Diagnosis: Carapace (Figs. 1E, F, 9A, C, 10A)
almost squarish in dorsal view, 1.2 times broader
than long; front with margin gently concave in dorsal
view; external orbital tooth sharp triangular, directed
obliquely outwards, representing point of greatest width
of carapace; lateral margins straight, slightly converging
posteriorly, without trace of tooth or indentation behind
external orbital tooth. Male chela (Figs. 1E, G, 9A, E,
F, 10B, C) with 3-5 transverse granules row on upper
surface, not pecinated, not corneous; outer and inner
surfaces of palm with numerous granules; dactylus upper
surface with 14-22 asymmetrical tubercles, starting at
proximal or subproximal part of finger. Ambulatory legs
(Figs. 1E-G, 9A—C) slender, P3 and P4 about 1.6 times
carapace width; merus of P3 2.8 times as long as broad;
upper margin with acute subdistal spine; meri of P2—P5
each with transverse striae on upper surface; propodus
of P3 3.3 times as long as broad; dactylus of P3 1.2
times length of propodus. Male pleon (Figs. 1G, 10G, H,
11C) relatively broad; telson semicircular, base central
edge embedded in distal margin of somite 6; somite 6
0.6 to 0.7 times as long as wide, lateral margins slightly
convex. G1 (Figs. 9G, H, 10D, E) straight, relatively
stout; apical process short, corneous part wide, ending
in truncated tip; setae long, simple, originating at base
of apical process. Vulva (Figs. 91, 10F) near anterior
edge of sternite 5, with central operculum, cone-shaped.

Description of holotype male: Carapace (Fig.
1E) almost squarish in dorsal view, 1.2 times broader
than long; regions well defined, separated by shallow
grooves; postfrontal region well delimited, separated
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Fig. 9. Parasesarma gemmatum n. sp., southern Taiwan. (A, B, E, F) paratype male (14.8 x 12.4 mm, NCHUZOOL 15532); (C, D) paratype
female (14.4 x 10.4 mm, NCHUZOOL 15531); (G, H,) paratype male (15.0 x 12.4 mm, NCHUZOOL 15707); (I) paratype female (12.8 x 10.4 mm,
NCHUZOOL 15641). A, C, dorsal views; B, D, ventral views; E, F, right chelipeds; G, H, left G1; I, vulvae. E, outer view; F, inner view; G, ventral
(pleonal) view; H, dorsal (sternal) view.
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into 4 lobes by shallow but distinct grooves; median
lobes slightly broader than lateral lobes; front deflexed
downwards, margin gently concave in dorsal view;
supraorbital margin slightly convex; external orbital
tooth sharp triangular, directed obliquely outwards,
representing point of greatest width; lateral margins
straight, slightly converging posteriorly, without trace
of tooth or indentation behind external orbital tooth.
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Cornea (Fig. 1E) exceeding tip of external orbital tooth.
Basal articles of antennae and antennules adjacent, not
separated by septum; basal antennular article swollen;
antennal flagellum relatively long, entering orbit. Third
maxilliped with ischium bearing shallow median sulcus;
merus with distinct submedian ridge; exopod slender,
tip reaching half-length of outer margin of merus,
flagellum long.

Fig. 10. Parasesarma gemmatum n. sp., southern Taiwan. (A, C-F, H) paratype male (14.8 X 12.4 mm) (NCHUZOOL 15532); (B, G) holotype male
(15.7 x 13.1 mm) (NCHUZOOL 15639); (F) paratype female (14.2 x 11.7 mm, NCHUZOOL 15640). A, carapace; B, C, right dactylar finger; D, E,
left G1; F, left vulvae; G, H, pleon. A—C, dorsal views; D, F, G, H, dorsal (sternal) view; E, ventral (pleonal) view. Scale bars: A—C, F-H = 1.0 mm; D,
E=0.5 mm.

© 2019 Academia Sinica, Taiwan



Zoological Studies 58: 40 (2019)

Male chelipeds (Figs. 1E, 10B) relatively large,
robust. Merus with carinate outer margin, without
subdistal spine; inner margin with small granules
ending in large subdistal protuberance; outer surface
with dorsal striation, ventrally tuberculate. Carpus with
inner angle not produced. Palm with 3 transverse non-
pecinated granule rows on upper surface, not corneous;
outer and inner surfaces of palm with numerous
granules. Fingers each with chitinous tip, with distinct
proximal hiatus; cutting edges each with row of rounded
teeth; fixed finger smooth on outer surface; dactylus
upper surface with 22 asymmetrical tubercles, proximal
9 tubercles oval shaped, each with dorsal keel; distal 5
tubercles rounded, smooth.

Ambulatory legs (Figs. 1E) slender, laterally
flattened; P3 and P4 subequal, slightly longer than
others, about 1.6 times carapace width. Merus of P3
2.8 times as long as broad; upper margin with acute
subdistal spine. Meri of P2-P5 each with transverse
striae on upper surface. Carpi of P2—-P5 each with 2
accessory carinae on outer surface. Propodus of P3 3.3
times as long as broad, with striae on inferior proximal
portion of outer surface, dorsal and ventral margins
with short stiff setae. Dactylus of P3 1.2 times length of
propodus, slightly curved distally, terminating in acute
calcareous tip; dorsal and ventral margins with short
stiff setae.

Thoracic sternites 1-3 (Fig. 1G) completely
fused. Male pleon (Figs. 10G, 11C) relatively broad, all
somites free. Telson semicircular, evenly rounded, as
long as preceding somite, base central edge embedded
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in distal margin of somite 6. Somite 6 almost 0.6 times
as long as wide, lateral margins slightly convex. Somites
3—5 more trapezoidal, lateral margins of somites 4
and 5 straight, lateral margins of somite 3 strongly
convex. Somites 1 and 2 very narrow longitudinally. G1
straight, relatively stout; apical process short, corneous
part wide, ending in truncated tip; setae long, simple,
originating at base of apical process. G2 shorter than
quarter length of G1.

Female characters: Chelipeds (Fig. 9C, D)
relatively small, granules on palms indistinct, dactylar
tubercles low; pleon (Fig. 9D) wide, rounded, telson
semicircular, base half embedded in distal margin of
somite 6; vulva (Figs. 91, 10F) near anterior edge of
sternite 5, with central operculum, cone-shaped.

Variation: Based on the male specimens examined,
the length of the row of granules on dactylar upper
surface is variable, being longer and reaching to the
palm (Fig. 10B) in larger specimens, but is relatively
shorter and not reaching the palm (Fig. 10C) in
smaller crabs. The length of male somite 6 is relatively
shorter (0.6 times as long as wide; Fig. 10G) in largest
specimens (the holotype), but is proportionately longer
(0.7 times as long as wide; Fig. 10H) in smaller ones.

Colour in life: Carapace and ambulatory legs dark
greenish-brown, with yellowish-green patches; cheliped
yellow, fingers with orange tips (Figs. 1E-G, 2F).

Distribution: Only known from southern Taiwan.

Etymology: The species name is derived from the
Latin “gemmatus” which means covered in small gems,
alluding to the light-coloured jewel-like spots on the

Fig. 11. Male pleon of three new species of Parasesarma from southern Taiwan. (A) P. aurifions n. sp., holotype male (10.4 x 8.5 mm) (NCHUZOOL
15602); (B) P. sanguimanus n. sp., paratype male (14.1 x 12.1 mm, NCHUZOOL 15625); (C) P. gemmatum n. sp., holotype male (15.7 x 13.1 mm,

NCHUZOOL 15639). Scale bars = 1.0 mm.
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carapace.

Ecological notes: Parasesarma gemmatum was
only found in eroded limestone with many crevices in
supratidal zone, located on the outer edge of coastal
forest. The species is sometimes sympatric with P, lenzii
(De Man, 1895) (see DISCUSSION) and Chiromantes
leptomerus Davie & Ng, 2013 from Taiwan.

Remarks: Parasesarma gemmatum is superficially
most similar to P. lenzii (De Man, 1895) (sece
Comparative material) in having a similar coloration,
especially the yellowish-green patches, but the margins
of the patches are indistinct in the former (Fig. 1F) and
distinct in the latter (Shahdadi et al. 2019b: fig. 3). In
the external morphology, P. gemmatum can most easily
be separated from P. lenzii by the dorsal surface of the
male chela possessing rows of non-pectinated granules
that do not have corneous tips (Fig. 10C) (versus with
pectinated crests of corneous granules in P. lenzii and all
other Parasesarma species; Shahdadi et al. 2019b: fig.
1C); the base of the male telson is partially embedded
in the distal margin of somite 6 (Fig. 10F—-G) (versus
base not embedded in somite 6 in P. lenzii; Shahdadi
et al. 2019b: fig. 1E); the male Gl is relatively stouter
(Figs. 9G, H, 10D, E) (versus Gl more slender in P.
lenzii; Shahdadi et al. 2019b: fig. 1F-G); and the female
vulva has a cone-shaped operculum protruding upwards
(Figs. 91, 10F) (versus with triangular operculum which
protrudes downwards in P. lenzii; Shahdadi et al. 2019b:
fig. 2D). The latter species is also shown to be present
in Taiwan, as a new record (see later).

The absence of a pectinated crest of granules
on the dorsal surface of the male chela (Fig. 10C) is a
unique character of P. gemmatum; all other congeners
have this feature distinct, even if not all the granules
are pectinated. There is precedence; in the West African
Guinearma Shahdadi & Schubart, 2017, two of the
species have distinct pectinated crests, with the crest of
one taxon, G. kamermani (De Man, 1883) composed
only of simple granules (Shahdadi et al. 2019a).

According to the BI tree (Fig. 13), P. anambas
Yeo, Rahayu & Ng, 2004, from Anambas, Indonesia
and Hainan, China, is sister to P. gemmatum n. sp.
Both species are similar in carapace shape and G1
morphology, but P. gemmatum without transverse
pectinate crests on upper surface of palm (Fig. 10C)
(versus three transverse pectinate in P. anambas; Yeo
et al. 2004: fig. 2b); the upper surface of the cheliped
dactylus lined with closely spaced 22 tubercles (Fig.
10B) (versus more distantly spaced 17 tubercles in P.
anambas; Yeo et al. 2004: fig. 2b); and the Gl is stout
with the corneous distal process short and wide (Figs.
9G, H, 10D, E) (versus G1 slender, corneous distal
process strongly produced and long in P. anambas; Yeo
et al. 2004: fig. 2f).
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Parasesarma lenzii (De Man, 1895)
(Fig. 12A, B)

Sesarma (Parasesarma) lenzii De Man, 1895: 199, pl. 30 (35).

Sesarma (Parasesarma) lenzii — Tesch 1917: 168 (list).

Sesarma lenzii — Tweedie 1950: 131.

Parasesarma lenzii — Seréne 1968: 108 (list); Ng et al. 2008: 222 (list);
Shahdadi & Schubart 2017: 536 (list); Cannicci et al. 2007: 91—
97 (list), fig. 3; Ng et al. 2008: 222 (list); Shahdadi et al. 2019b:
740, figs. 1-3.

Parasesarma sp. 2 — Li and Chiu 2013: 83.

Parasesarma aff. lenzii — Ng et al. 2016: 261.

Material examined: Taiwan: Hengchun,
Pingtung: 18 (18.6 x 16.5 mm) (NCHUZOOL 15642),
Dingtanzih, Hengchun, coll. P.-Y. Hsu et al., 3 Mar.
2018; 1% (13.6 x 11.3 mm) (NCHUZOOL 15643),
Dingtanzih, coll. P.-Y. Hsu et al., 3 Sep. 2017; 1 ¢ (16.5
x 14.2 mm) (NCHUZOOL 15644), Siangjiaowan, coll.
J-J. Li, 5 Sep. 2012; 2% ¢ (13.0 x 11.2 mm, 20.3 x
17.5 mm) (NCHUZOOL 15645), Dingtanzih, coll. P.-
Y. Hsu et al.,, 27 Aug. 2018; 2 & & (18.6 x 16.6 mm,
14.6 x 12.0 mm), 1 ¥ (12.0 x 9.7 mm) (NMNS), Tanzih
Fishing Port, coll. J.-J. Li, 10 Apr. 2019; 1 & (19.5 x
17.4 mm, 15.4 x 13.5 mm) (NMNS), Tanzih Fishing
Port, coll. J.-J. Li, 4 Jul. 2019; 1 2 (16.5 x 13.7 mm)
(ZRC 2019.1077), Dingtanzih, coll. J.-J. Li, 28 Aug.
2018; 1 & (14.1 x 11.8 mm) (ZRC 2019.1078), Tanzih
Fishing Port, coll. J.-J. Li, 20 Aug. 2018; 8 & &
(11.2-18.3 x 10.0-16.3 mm) (ZRC 2019.1079), Tanzih
Fishing Port, coll. J.-J. Li, 29 Sep. 2018. See Shahdadi
et al. (2019b: 740) for other material examined.

Remarks: The species was originally listed as
“Parasesarma sp. 2” in Li & Chiu (2013: 83) but
comparions with material of P. lenzii from the Indian
Ocean (see Shahdadi et al. 2019) show that all the
specimens are morphologically identical. Genetically it
also clusters with specimens from Sumatra and Cocos
(Keeling) Islands (Fig. 13), differing in only 1 or 2 bp.
Previously, P. lenzii s. str. was only from the known
from the eastern Indian Ocean, including Penang
(Malaysia), northern Sumatra (Indonesia) and Cocos
(Keeling) Islands (Shahdadi et al. 2019b). Our study
extends the distribution of this species 4600 km to
Taiwan in the East Asian Arc.

Parasesarma dumacense (Rathbun, 1914)
(Fig. 12C, D)

Sesarma (Parasesarma) dumacensis Rathbun, 1914: 80; Tesch 1917:
146.

Parasesarma dumacense — Ng et al. 2008: 222; Rahayu & Ng 2010:
15, figs. 11-14; Maenosono & Naruse 2015: 3, figs. 2A-C, 3,
11A, B.

Material examined: 1 & (13.9 x 11.1 mm)

© 2019 Academia Sinica, Taiwan



Zoological Studies 58: 40 (2019)

(NCHUZOOL 15704), coll. C.-Y. Chi et al., 12 Jun.
2019; 1 & (23.9 x 19.1 mm) (NCHUZOOL 16088),
coll. C.-Y. Chi et al., 19 Aug. 2019. See Rahayu & Ng
(2010: 15) for additional material.

Remarks: This species was previously only
reported in Luzon and Cebu, Philippines (Rathbun
1914; Rahayu and Ng 2010), as well as the Ryukyus,
Japan (Maenosono and Naruse 2015). Parasesarma
dumacense is sister to P. ungulatum, but the
phylogenetic relationship of the two species is not clear
(Fig. 13). The species has been treated at length by
Rahayu and Ng (2010) and there is no need to elaborate
on its taxonomy here.

DNA ANALYSIS

The molecular analysis of the COI marker, with
658 base pairs, comprised 23 species of Parasesarma
from 85 specimens (Table 1). The BI tree, with ML
support values on the nodes (Fig. 13), shows that the
three new species in this study are well supported
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genetically. Parasesarma sanguimanus is distinct, but
closely related to P. bidens and P. cricotus. The three
species form a main clade with P. bengalense and P.
guttatum. Parasesarma aurifrons is sister to P. liho,
although the node is only moderately supported. The
two species and P. paucitorum form a main clade, sister
to another main clade, composed of P. lenzii, P. kui Li,
Rahayu & Ng, 2018, and P. macaco Li, Rahayu & Ng,
2018. Parasesarma gemmatum is sister to P. anambas,
but their phylogenetic positions cannot be confirmed
from the tree at the moment.

DISCUSSION

The reconstructed COI tree (Fig. 13) is basically
similar to that in Shahdadi and Schubart (2017: fig.
12A). Parasesarma sanguimanus is closely related to
P. bidens from the East Asian Arc (i.e., the main islands
of Japan, the Ryukyus and Taiwan) and P. cricotus from
Papua, Indonesia. It is worth noting that the molecular

Fig. 12. Coloration in life. (A, B) Parasesarma lenzii (De Man, 1895), male (CW about 15 mm, not collected) from Tanzih Fishing Port, Hengchun,
Pingtung, Taiwan; (C, D) P. dumacense (Rathbun, 1914), male (23.9 x 19.1 mm, NCHUZOOL 16088) from Dongsha Island, Taiwan.

© 2019 Academia Sinica, Taiwan



Zoological Studies 58: 40 (2019)

analysis showed P. bidens is composed of several
clades, but no obvious morphological differences can
be found (personal observation). The species in the “P.
bidens” group will need to be completely reappraised
with material from the known range of all its members,
and the taxonomic revision is now being done (C. D.
Schubart, personal communication). Parasesarma
aurifrons, P. liho (from the East Asian Arc to the
Philippines and Sulawesi, Indonesia), and P. paucitorum
(Sulawesi) form a main clade, sister to another main
clade composed of P. lenzii and members of the P.
leptosoma complex (see Li et al. 2018; Shahdadi et al.
2019b; Shih et al. 2019).

Komai et al. (2004) recorded “P. semperi” from
Iriomote, Ryukyus, Japan, but its genetic relationship
is different from the P. semperi s. str. (including types)
and similar to P. lividum (P. nr. lividum; Shahdadi et
al. 2018). In our study, the specimen from Ishigaki,
Ryukyus also showed such a genetic pattern (Fig. 13).
As such, we follow Shahdadi et al. (2018) and treat it

Bl /ML
support values

1/95
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as “P. nr. lividum” provisionally, and require further
study to confirm its identity. Parasesarma kuekenthali
(De Man, 1902) was described from the type locality
in Halmahera, Indonesia (De Man 1902: 534), and
Li (2015) reported it from southern Taiwan. This
species is now also recorded from Dongsha Island in
the northern South China Sea (male, 14.8 x 11.8 mm,
NCHUZOOL 15702, coll. H.-T. Shih, 2 Sep. 2011
(identified as “P. pictum” in Shih 2012); male, 10.9 x 8.9
mm, NCHUZOOL 15703, coll. C.-Y. Chi et al., 12 Jun.
2019) (Table 1). The genetic data support the present
identification of the two specimens (Fig. 13).

CONCLUSIONS

In our study, three new species, viz. Parasesarma
aurifrons n. sp., P. sanguimanus n. sp., and P.
gemmatum n. sp. described from Taiwan and the
Philippines, which are also supported by the evidence

1/100 ; bidens (SW Taiwan)
41/97'__L bidens (NE Taiwan)
1178 bidens (Japan) (x5)

0.02
0.98/63

1/81 1/97[ cricotus 1 (Papua, Indonesia) (KX400897)
cricotus 2 (Papua, Indonesia) (KX400898)

L— sanguimanus (Pingtung, Taiwan) (x2)

1/99 — bengalense (Phuket, Thailand) (KX400901)
_| F bengalense (Kerala, India)
-/58 guttatum (Kenya) (KX400903)

~ semperi 1 (Papua, Indonesia) (KX400910)

_|

0.99/74

1/100L semperi 2 (Papua, Indonesia) (KX400911)
1/100 — foresti 1 (Papua, Indonesia) (KX400885)

L— foresti 2 (Papua, Indonesia)

nr_lividum (Ishigaki, Japan)

0.5/-

0.77/66

0.99/50

1/100

1/98

affine (SE China; W Taiwan) (x3) (LC490891)

ungulatum (Johor, Malaysia)
—1/100‘__r— ungulatum (Singapore)
ungulatum (S Taiwan; Borneo) (x2)
dumacense 1 (Cebu, Philippines)
1/100 r'-dumacenseZ (Cebu, Ph|||pp|nes) (KX400929)
L dumacense 1 (Dongsha Taiwan)
kuekenthali 2 (Dongsha, Taiwan)

kuekenthali 3 (Dongsha, Taiwan)
L kuekenthali 1 (S Taiwan)

0.68/83 liho 1 (S Taiwan; C Philippines) (x15) (LC490881)
0.72/66 liho 2 (S Taiwan; C Philippines) (x2) (LC490882)
1198 1/99 — aurifrons 1 (Pingtung, Taiwan)
aurifrons 2 (Pingtung, Taiwan)

1/100

1/87

paucitorum (Sulawesi, Indonesia) (LC490885)
obliquifrons (Samoa)
lenzii (Sumatra, Indonesia) (MF564014)
lenzii (Pingtung, Taiwan) (x5)
lenzii (Cocos-Keeling) (MK584922)

0.75/78

0.87/-

0.99/50 0.65/-

0.94/67 — kui (Pingtung, Taiwan) (LC490887)
macaco (Pingtung, Taiwan) (LC490888)

1/100 + gemmatum 1 (Pingtung, Taiwan)
1/100 I—[ gemmatum 2 (Pingtung, Taiwan)
|

1/93 —~ anambas 2 (Hainan, China)

- anambas 1 (Anambas, Indonesia)

11100 ————— tripectinis (W Taiwan) (x2) (LC490889)

pictum (Taiwan) (x13) (LC490890)

1/100 ~ maipoense (S Vietnam)
- maipoense (N Vietnam)

Fig. 13. A Bayesian inference (BI) tree for species of Parasesarma, based on the cytochrome ¢ oxidase subunit I (COI) gene. Probability values at
the nodes represent support values for Bl and maximum likelihood (ML). For haplotype names, see table 1.
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from COI. In addition, P. lenzii (Pingtung, Taiwan) and
P. dumacense (Dongsha Island, Taiwan) are also newly
recorded from Taiwan.
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