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ABSTRACT
Xanthid crabs of the genus Tweedieia Ward, 1935, are among the most charismatic decapod
cryptofauna in Indo-West Pacific coral reefs. Ornamentation of granules and setae, in
combination with color pattern, range from snowflake-like with purple spots to gem-like
magenta. The genus and three recognised species (7. odhneri (Gordon, 1934); T. laysani
(Rathbun, 1906) and T. brevidactyla Dai & Yang, 1998) are revised, and new diagnoses and
figures are provided. The COI barcoding gene of 38 specimens was sequenced and used to
generate maximum likelihood and neighbour-joining trees. Tweeedieia brevidactyla is here
synonymized with 7. odhneri. Tweedieia now comprises only two species, differentiated by
morphological characters and sequence data. Tweedieia odhneri ranges from the western
Indian Ocean to Hawai'i and French Polynesia, while the rare 7. laysani is only recorded
from the Hawaiian Islands. These crabs appear to favor clear, oligotrophic, oceanic waters
and are common on oceanic islands and rare around continents and large islands of

Australasia.
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INTRODUCTION
Crabs of the genus Tweedieia Ward, 1935 are chelate jewels of tropical, Indo-West Pacific
reefs. The coloration—white and purple flecked, bright magenta, pale pink, or vibrant yellow
and red—is striking, especially combined with the diagnostic, densely setose walking legs
and strongly sculptured carapaces (see Poupin, 2018: fig. 17M). Tweedieia species live in
reef interstices such as in dead branching coral, or under reef rocks. Although widespread,

members of the genus are relatively uncommon in museum collections, probably because of



their preference for undersampled, cryptic habitats. The genus currently comprises three
species: T. laysani (Rathbun, 1906), T. odhneri (Gordon, 1934), and T. brevidactyla Dai &
Yang, 1998 (cf. Ng et al., 2008).

Ward (1935) described Tweedieia based on a new species, 1. noelensis, from
Christmas Island in the Indian Ocean. In his publication, Ward (1935) provided only a short
description of Tweedieia, which focused mostly on the morphology of the front and orbits but
did not make comparisons with other xanthid genera or species. Tweedieia noelensis was
subsequently synonymized with Phymodius odhneri Gordon, 1934 (described from
Macclesfield Bank in the South China Sea) by Balss (1938) without comment. Seréne (1971)
subsequently transferred Phymodius laysani Rathbun, 1906, to Tweedieia, with Dai & Yang
(1998) describing a third species, 7. brevidactyla, from the Nansha Islands (= Spratly Islands)
in the South China Sea.

While the genus is generally accepted (see Serene, 1984), the taxonomy of the three
species is not always clear as the identities of 7. odhneri and P. laysani appear confused, at
least on the basis of the literature. Additionally, the validity of 7. brevidactyla is suspect as
the authors did not compare it with 7. odhneri even though both were described from the
same area (South China Sea).

COI sequence data and examination of specimens throughout the Indo West-Pacific
have shed light on the confusing taxonomy of the group. The present revision clarifies the
identities of the three species, adding new morphological and genetic data, as well
documenting variation. As a result, Tweedieia is now restricted to two species, with detailed
figures and diagnoses provided for their identification. Hawaiian endemicity and continental

exclusion are discussed in light of compiled range data of the two species.

MATERIAL AND METHODS



Specimens were examined from the collections of the Beijing Natural History Museum,
Beijing (BNHM); Florida Museum of Natural History, Gainesville (UF); Zoological
Reference Collection of the Lee Kong Chian Natural History Museum, National University
of Singapore (ZRC); Muséum National d'Histoire Naturelle, Paris (MNHN); Royal Belgian
Institute of Natural Sciences (RBINS INV); The Natural History Museum, London (NHM);
and U.S. National Museum of Natural History, Smithsonian Institution, Washington D.C.
(USNM).

Morphological examination was done using a Leica MZ16 light microscope. The right
first and second male gonopods (G1, G2) were removed for examination unless the specimen
was damaged, in which case the left one was removed. Two specimens were selected for
scanning electron microscopy of their G1s, including the holotype of 7. laysani. Specimens
were cleared of mucus and debris following Felgenhauer (1987) and dehydrated through a
graded ethanol series followed by two changes in HMDS (hexamethyldisilazane).
Dehydrated specimens were mounted on stubs using Elmer’s glue and coated with 25 nm
60:40 gold:palladium using a Cressington Sputter Coater 108auto. Images were produced
using a Leica Stereoscan 440 at the USNM Imaging Laboratory.

The DNA barcoding gene COI was sequenced to assess genetic variation across
morphological variants and geographic populations, as this gene has been useful in
delineating many crab species (Chu et al., 2015), including xanthoids (e.g., Lai ef al., 2011;
Lasley et al., 2013; Thoma et al., 2014; Lasley et al., 2015). The following species were
selected as outgroups based on morphological diversity within Xanthidae and previous
phylogenetic analyses (Lai et al., 2011; Lasley et al., 2015): Panopeus herbstii H. Milne
Edwards, 1834, Etisus demani Odhner, 1925, Pilodius pilumnoides (White, 1848), and Cymo

quadrilobatus Miers, 1884. Outgroup and some ingroup taxa with published sequences from



previous taxonomic studies were culled from GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) (Table 1).

Various methods for amplification were used, with the majority of samples sequenced
as described in Lasley ef al. (2015). Sequences were checked for stop codons and aligned
using MUSCLE, implemented in Geneious 8.1.9 (https://www.geneious.com). Specimens
sequenced and GenBank accession numbers are provided in Table 1.

Maximum Likelihood trees were generated using RAXML-HPC BlackBox 8.2.12
(Stamatakis, 2014) in the computer cluster of CIPRES (CyberInfrastructure for phylogenetic
RESearch project) (http://www.phylo.org; Miller ef al., 2010). The GTRGamma + I model of
nucleotide substitution was selected and the analysis was conducted with 1,000 bootstrap
replicates. A Neighbor-Joining analysis using the Tamura-Nei genetic distance model was
also performed in Geneious 8.1.9 with 1,000 bootstrap replicates. Genetic distances were also
calculated in Geneious 8.1.9.

The nomenclature and terminology used follows Ng et al. (2008) and Davie et al.
(2015). The nomenclature for carapace regions follows Dana (1851) and Seréne (1984).
Measurements provided (in millimetres) are of the maximum carapace width and length,
respectively. The following abbreviations are used: coll. = collected by; G1 = male first

gonopod; G2 = male second gonopod; stn. = station.

RESULTS
Maximum likelihood (ML) and Neighbor-Joining (NJ) analyses resulted in phylogenetic trees
with two well-supported, reciprocally monophyletic clades (Fig. 1). Clade 1 included two
specimens that match the morphology of, and are topotypical with, 7. laysani. Clade 2
included specimens from across the known range of Tweedieia (Western Indian Ocean to

Hawaiian Islands and French Polynesia) and comprised specimens with morphological



features spanning 7. odhneri and T. brevidactylus. The shortest interclade distance was
17.3%. Intraspecific distances were 0.6% (only two sequences) and 0—4.3% for 7. laysani and

T. odhneri, respectively.

TAXONOMY
Family Xanthidae MacLeay, 1838

Tweedieia Ward, 1935

Tweedieia Ward, 1935: 22. — Balss, 1938: 61. — Seréne, 1971: 911; 1984: 252. — Davie,

2002: 525. —Nget al., 2008: 197.

Type species: Tweedieia noelensis Ward, 1935, by monotypy; subjective junior synonym of

Phymodius odhneri Gordon, 1934.

Diagnosis. Carapace transversely ovate to hexagonal, ca. 1.3—1.5 times broad as long; dorsal
surface granular; regions defined by deep furrows, 2M and 3M prominent, well defined; front
with wide medial lobes separated by notch, small lateral lobes merging with orbital angle.
Anterolateral margin with 4 low, obtuse teeth apart from exorbital angle. Basal antennal
article with elongated anterolateral angle extending partially into orbital hiatus, flagellum free
to enter orbital hiatus. Adult chelipeds equal, short, edge of merus reaching just beyond edge
of carapace in dorsal view; external surface of carpus granular; chela short, stout, fingers
short, less than half length of palm, tips of fingers rounded, spatuliform, median part of
occlusal margins with tuft of stiff setae. Ambulatory legs relatively short, covered with thick,
plumose setae; merus length at most 2 times maximum width; dactylo—propodal locking

mechanism well developed, formed by lamellar extension of distal margin of propodus that



slides beneath a bulbous flange on dactylus; tip of dactylus with chitinous, distal spine,
without large secondary, downward directed calcareous spine. Male pleonal somites 3—5
completely fused, sutures not visible; anterior margin of male telson reaching beyond
imaginary line between posterior margin of first ambulatory leg sternal condyles. Thoracic
sternites 6, 7 delimited by sulcus. Pleonal somite 6 locking with round press-button on
sternite 5, midway between sutures 4/5 and 5/6. G1 stout, tapering 3/4 distance to curved tip,
with distal long, simple setae, numerous short spines, apex curved, long, open, tip rounded.

G2 short, distally spatulate.

Remarks. Morphologically, Tweedieia is most similar to Cyclodius Dana, 1851 (a senior
subjective synonym of Phymodius A. Milne-Edwards, 1863; cf. Davie, 2002: 520-521) in
having spoon-tipped chelae and carapace regions that are well defined by deep furrows, with
2M and 3M distinct. The shape of the carapace in Tweedieia, however, is less transversely
ovate, appearing more quadrate, with the dorsal surface covered in fine granules, often
overlayed by scattered coarse granules (versus transversely ovate, with the exception of
Cyclodius nitidus (Dana, 1852), and usually smooth in Cyclodius). Tweedieia also differs in
having relatively shorter chelipeds, with the merus just extending beyond the anterolateral
edge of the carapace in dorsal view; the chelae are distinctly shorter and stouter with the short
fingers less than half the length of the palm; there are prominent brushes of stiff setae along
the median parts of the occlusal margins of both fingers; and the G1 is diagnostic, with the
structure curved and the tip open (versus proportionately longer chelipeds, longer chelae,
longer fingers with the occlusal margins glabrous, and the G1 relatively straighter in
Cyclodius (e.g., Seréne, 1984: pl. 35, figs. 153-158).

The subfamilial placement of Tweedieia in the Xanthidae remains uncertain. Lai et al.

(2011) did not treat the genus in their phylogenetic overview of the Xanthidae. Lasley et al.



(2015) regarded the genus as incertae sedis after excluding it from Chlorodiellinae Ng &
Holthuis 2007. Despite its similarity to Cyclodius, genetic trees place Tweedieia outside the
Chlorodiellinae as presently defined. That being said, the status of the Chlorodiellinae is also
problematic, and some genera have already been transferred out (see Mendoza & Manuel-
Santos, 2012; Lasley et al., 2013). Chlorodiellinae may just be a junior synonym of a
redefined Etisinae Ortmann, 1893, but more work will need to be done to confirm this. For
practical purposes and until the composition of these subfamilies can be clarified, we
provisionally place Tweedieia in the Chlorodiellinae.

The type species of the genus is Tweedieia noelensis Ward, 1935, by original
monotypy and designation. Balss (1938: 61) synonymised Tweedieia noelensis Ward, 1935,
under 7. odhneri (Gordon, 1934) without comment. Seréne (1971) mistakenly gave priority
to Ward’s species name but later corrected this (Seréne 1984: 252). Ward’s (1935)
description was published in a volume that was incorrectly dated as 1934 (Low et al., 2009).
Seréne (1971) was the first to transfer “Phymodius laysani” to Tweedieia.

The taxonomy of the two oldest species has been confusing, at least from the
literature. In describing the first species, Phymodius laysani, Rathbun (1906: 858)
commented that it was unusual and differed from other members of the genus “in the
granulation of the (carapace) surface, in the union of the frontal and orbital angles, in the
equal chelipeds, and indistinct spooning of the fingers”. Gordon (1934: 33) agreed, treating
her new species, P. odhneri, and the allied P. laysani, as “atypical species” of Phymodius.
She suggested that the two species may need to be referred to a new subgenus or genus but
did not take any formal action. Ward (1935), in describing Tweedieia and T. noelensis, did
not realize his new genus and new species were close to P. odhneri and P. laysani, and made
no mention of them. The concepts of P. odhneri and P. laysani were also unclear. In

describing P. odhneri, Gordon (1934) was gifted a comparative specimen of “P. laysani”



from Balss which had belonged to Pesta. No locality was indicated for Pesta’s specimen, but
it probably was from Hawai'i as Pesta (1933) had earlier recorded the species from there.
Gordon (1934: 47) listed three differences between 7. odhneri and T. laysani: 1) “a deeper
carapace with a wider frontal notch”; 2) “the anterior border of the buccal cavern is much less
regular, being deeply concave on either side of the median line and the palatal ridges are
much less pronounced”; and 3) “the fingers of the chela are considerably shorter and less
hollowed at the tips”. The problem here is that we do not believe Gordon’s specimen of “P.
laysani” is actually this species; her figures (Gordon, 1934: figs. 20c, d, 23b, c, 25a, b)
indicate that it is actually morphologically closer to P. odhneri. Comparing figures of
Gordon’s specimen with Rathbun’s (1906) holotype of P. laysani, we can discern clear
differences in their chelar, G1, and buccal cavern morphology. This would explain why the
three differentiating characters listed by Gordon are all minor ones.

Rathbun (1911) also reported a large specimen of “P. laysani” from the Chagos
Archipelago in the western Indian Ocean that she said differed from her Hawaiian material in
having a broadly U-shaped gap between the frontal lobes and in the pattern of grooves and
lobules on the carapace. The commentary on variation in P. laysani was picked up by Guinot
(1964: 85) in her report of another questionable specimen from the same area — this one
from Aldabra — where she documented correspondence between herself and Gordon in
which they both questioned the morphological limits of the two species, particularly 7.
laysani. The implication was that a third species might exist with her identifying the material
as “Phymodius aff. laysani”. However, Guinot (1964: 86) remarked, “seule la comparaison
d'exemplaires des Hawai'i, des Chagos, du specimen determiné par PESTA, et enfin de celui
récolté a l'ile Aldabra permettra d'envisager la création d'une espece nouvelle. L'étude de
cette question fera l'objet d'une publication ultérieure.” In short, these three authors were

aware of significant variation but were wary of describing a third species without the



examination of more specimens. Interestingly, neither Guinot nor Gordon made the
connection between the western Indian Ocean material to P. odhneri from Christmas Island

and the South China Sea.

Key to the species of Tweedieia

- Carapace transversely hexagonal; anterolateral teeth anteriorly directed, relatively discrete
with interdenticular clefts deeper; frontal notch narrow; carpus of cheliped without distinct,
broad, transverse furrow on outer margin; dactyli of chelae slightly curved; external and
superior surface of chelae evenly covered with numerous smaller granules........... T. laysani
- Carapace transversely ovate; anterolateral teeth triangular, low with interdenticular clefts
wide, shallow; frontal notch broad; carpus of cheliped with broad, transverse furrow on outer
margin; dactyli of chelae strongly curved distally; external and superior surface of chelae
with large, nodular granules, with one emergent nodular granule on propodus at superior

junctions with dactylus and carpus.............oooiiiiiiiiii T. odhneri

Tweedieia odhneri (Gordon, 1934)

(Figs. 2, 3B, 4)

Phymodius laysani, Rathbun, 1911: 226. — Pesta, 1933: 280. — Gordon, 1934: 47, fig. 23 c, 25
a. — Balss, 1938: 55. — Edmondson, 1946: 296, fig. 179d; 1962: 280, fig. 23c. — Holthuis,
1953: 24. — Guinot, 1964: 85, fig. 37 a, b.; 1967c: 267. — Seréne, 1968: 81. — Dai et al.,
1986: 311, pl. 44(5), fig. 167 A(2). — Chen and Lan, 1978: 275, fig. 8:1, pl. VI, fig. 23. —

Dai & Yang, 1991: 335, pl. 44(5), fig. 167 A(2). Not P. laysani Rathbun, 1906.
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Phymodius odhneri Gordon, 1934: 43, fig. 20 c, 22,23 b, 24, 25 b, ¢ [Type locality =
Macclesfield Bank]. — Balss, 1938: 61. — Forest & Guinot, 1961: 104. — Guinot, 1964:
85. — Serene, 1968: 81 [list]; 1984: 253, fig. 164, pl. 37E.

Tweedieia noelensis Ward, 1935: 22, pl. 1, fig. 2 [Type locality = Christmas Island, Indian
Ocean]. — Serene, 1971: 111.

Tweedieia odhneri, Balss, 1938: 61. — Seréne ef al., 1976: 18. — Peyrot-Clausade, 1977a: 27;
1977b: 213. — Poupin, 1996: 57. — Guinot, 1985: 451. — Davie, 2002: 526. — Ng et al.,
2008: 197.

Phymodius aff. laysani, Guinot, 1964: 85, pl. 10, fig. 3.

Tweedieia laysani, Seréne, 1971: 112. — Takeda, 1972: 20, pl. I, fig. E. — Seré¢ne, 1984: 253—
254, fig. 165, 166, pl. 37 F. — Dai et al., 1986: 311, pl. 44(5), fig. 167 A(2). — ?Peyrot-
Clausade, 1989: 112. — Dai & Yang, 1991: 335, pl. 44(5), fig. 167 A(2). — ?Poupin,
1996: 57. Not P. laysani Rathbun, 1906.

Tweedieia brevidactyla Dai & Yang, 1998: 317, fig. 1(1-6) [Type locality = Zhubi Reef,
Nansha Islands (= Subi Reef, Spratly Islands)]. — Ng et al., 2008: 197.

Tweediea [sic] odhneri, Mendoza et al., 2014: 295.

Type material examined: 1 male, 10.3 X 7.3 (NHM 1935.5.21.12) (holotype of Tweedieia
noelensis Ward, 1935), Christmas Island (Indian Ocean), coll. M. W. F. Tweedie
[photographs examined]. — 1 holotype male, 9.8 x 7.1 mm, 1 paratype male, 9.6 x 6.7 mm, 1
paratype female, 8.1 x 6.1 mm (NHM 1935.1.28.19-21) (types of Phymodius odhneri
Gordon, 1934), Macclesfield Bank, coll. P. Bassett-Smith, Esq., H. M. S. Penguin
[photographs examined]. — 1 paratype female, 5.9 x 4.5 mm (RBINS INV 113725) (paratype
of Phymodius odhneri Gordon, 1934), Macclesfield Bank, coll. P. Bassett-Smith, Esq., H. M.

S. Penguin [photographs examined]. — 1 paratype female, 9.5 x 7.5 mm (BNHM CB 03297)

11



(paratype of Tweedieia brevidactyla Dai & Yang, 1998), Zhubi Reef, Nansha Islands (= Subi

Reef, Spratly Islands), coll. Y. Cai, 9 April 1994 [photographs examined].

Other material examined: Mozambique Channel: 1 female, 6.5 X 5.0 mm (UF 20738),
MEPA-00761, JDNO-17, 5 m, 17.0747° 42.7661°, from old dead Pocillopora, fore reef
slope, Juan de Nova, coll. H. Bruggemann, 29 April 2009. — 1 female, 8.5 x 6.3 mm (UF
21130), stn. GLOR-2, -11.59088333° 47.2851333°, 7—14 m, reef platform and shallow
canyons, Glorioso Islands, coll. H. Bruggemann, M. Malay, J. Rousse, G. Galves, 4 May
2009. — 2 males, 7.8 x 6.0 mm — 8.6 x 6.5 mm (UF 21143), stn. GLOR-2, -11.59088333°
47.2851333°, 7-14 m, reef platform and shallow canyons, Glorieuses Island, coll. H.
Bruggemann, M. Malay, J. Rousse, G. Galves, 4 May 2009. — 1 male, 8.8 x 6.7 mm (MNHN
1U-2009-2679), 15-20 m, Mayotte, coll. 2009.

Seychelles: 1 female, 9.2 x 6.6 mm (MNHN B. 6777), 40 m, entre Johny Channel et la
Grande Passe, Aldabra, coll. Calypso Exp., 25 May 1954.

Chagos Archipelago: 1 male, 13.1 x 9.5 mm, 3 females, 7.8 x 5.8 mm — 10.5 x 7.6 mm, 1
juvenile (ZRC 2013.0781), CH0774, 10 m approx., dead branching coral heads, outer reef,
Egmont Islands, coll. C. Head, H. Koldeway, 1 March 2013. — 1 male, 9.9 x 7.6 mm, 1
female, 9.7 X 7.3 mm, 1 juvenile (ZRC 2013.0783), CH0742, 10 m approx., dead branching
coral heads, outer reef, Egmont Islands, coll. C. Head, H. Koldeway, 1 March 2013. — 1 male,
10.0 x 7.3 mm (ZRC 2013.0773), CH0853, 10 m approx., dead branching coral heads, outer
reef, Diego Garcia, coll. C. Head, H. Koldeway, 5 March 2013. — 1 male, 12.2 X 8.6 mm
(ZRC 2013.0785), CH0801, 10 m approx., dead branching coral heads, outer reef, Egmont
Islands, coll. C. Head, H. Koldeway, 1 March 2013. — 1 male, 10.3 x 7.4 mm (ZRC

2013.0780), CH0223, 10 m approx., dead branching coral heads, outer reef, Salomon Island,
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coll. C. Head, H. Koldeway, 20 February 2013. — 1 male, 11.3 x 7.9 mm (USNM 41260),
near reef, Salomon Island, coll. J. Gardine, Sealark Expedition, Sealark R/V, 1905.
Maldives: 1 female, 11.9 x 6.8 mm (UF 39632), MALD-225, MG-20, 3.0613° 72.9311°, 10
m, forereef, E side of Dharanboodhoo Island, coll. J. Moore, 12 May 2014. — 1 female, 9.8 x
7.4 mm (UF 39693), MALD-348, MG-26, 3.077° 72.969°, 12 m, Magoodhoo Island, left of
pass on outer reef, coll. Marco, 14 May 2014.

Cocos (Keeling) Islands: 1 female, 6.4 x 4.8 mm (ZRC 2013.1667), Stn. CK18, photo, 5.7
m, 12°05.675'S 96°53.175'E, daytime, diving, narrow channel connecting lagoon and ocean,
the Rip, SW of Direction Island, coll. 22 March 2011.

Christmas Island (Indian Ocean): 1 male, 6.9 x 5.1 mm (ZRC 2013.1668), Stn. CI-D17-
2011 (187), 3—-16.6 m, S10° 27.906' E105° 36.465', submarine cave, afternoon, Thunderdome
Cave, coll. 30 March 2011. — 1 male, 5.2 x 4.1 mm (ZRC 2013.1666), Stn. CI-D18-2011, 5—
16 m, S10° 27.729' E105° 37.283', reef slope and crest, Rhoda Wall, off Rhoda Beach, coll.
30 March 2011. — 1 male, 7.4 x 5.5 mm (ZRC 2013.1669), Stn. CI-D16(139), photo
DSC5647-5652, coll. 1 February 2010.

Indonesia: 1 male, 9.6 x 7.9 mm, 1 female, 7.3 x 5.8 mm (MNHN B. 6708), {le de Banda
Neira, coll. Seréne, Rumphius III, 30 January 1975. — 1 male, 4.0 x 3.1 mm (ZRC
2013.1597), Stn. BL11-013, BALI-0380, 22—24 m, rubble extraction, reef wall/steep slope,
coral reef with sea grass and sand, Sombu, Wangi-Wangi Island, Sulawesi, coll. 24 June
2011. — 1 male, 6.3 x 4.7 mm (USNM 134579), coral head, Lembek Strait, Celebes Island,
Greater Sunda Islands, Sulawesi, coll. A. Herre, 21 June 1929.

Mariana Islands: 1 female, 8.6 x 6.4 mm (UF 2567), stn. ZZZ-087046, 13.5° 144.8°, 50—
100 m, among rocks, Orote Point, SE Side, Guam Island, coll. H. Conley, F. Schroeder, 30
December 2001. — 1 female, 8.0 X 6.0 mm (UF 763), stn. ZZZ-015453, 13.5° 144.8°, 20-25

m, under rock, reef slope, Orote Peninsula, SW side, Guam Island, coll. G. Paulay, 27
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February 1998. — 1 female, 6.4 x 5.2 mm, 1 male, 5.9 x 4.6 mm, 2 juveniles (UF 56802),
MAU-416, NOAA MAU-09A, 20.030° 145.208°, 17 m, forereef, Maug Island, coll. 1 May
2009 — 20 April 2011. — 1 male, 6.4 x 4.9 mm, 1 female, 6.3 x 5.1 mm (UF 56566), MAU-
004, NOAA MAU-11B, 20.013° 145.209°, 12 m, forereef, Maug Island, coll. 30 April 2009
— 19 April 2011. — 1 male, 5.5 x 4.1 mm, 1 juvenile (UF 56825), PAG-611, NOAA PAG-
01A, 18.107° 145.786°, 11 m, forereef, Pagan Island, coll. 13 April 2011 — 20 April 2014.
Wake Island: 1 female, 8.4 x 6.3 mm (UF 8564), Bonito-Wake-09, 2745 ft, 19.2712°
166.6512°, forereef, coll. V. Bonito, 31 November — 1 December 2005. — 1 female, 6.5 x 4.8
mm (UF 8561), stn. Bonito-Wake-04, 19.30782° 166.59378°, 4559 m, forereef, coll. V.
Bonito, 31 November 2005. — 1 male, 8.1 X 6.0 mm (UF 37042), stn. Kim-WAK-St-07, 50—
70 m, in dead Pocillopora, ocean side of atoll, coll. S. Kim, 24 March 2009.

Marshall Islands: 1 male, 6.8 X 5.3 mm, 1 female, 7.0 x 5.3 mm (USNM 1181279), Bock
Island, Rongerik Atoll, coll. F. M. Bayer, F. C. Zimmerman, 19 August 1947.

Kiribati: 1 male, 11.4 x 8.3 mm (USNM 93981), Onotoa Atoll, Gilbert Islands, coll. P.
Cloud, 23 August 1951. — 1 male, 12.7 x 9.6 mm (UF 50873), PHOE-0287, PHX-018, -
3.118°-171.093°, 40-58 feet, reef slope, rubble, coral, hard substrate with sand in valleys,
NW corner of island, Lone Palm, Enderbury Island, Phoenix Islands, coll. R. Lasley, 9
September 2015. — 1 female, 7.5 x 6.9 mm (UF 51011), PHOE-0460, PHX-028, -3.579° -
171.523°, 60 ft, steep reef slope, rubble, coral, Progathius Point, Bimie Island, Phoenix
Islands, coll. R. Lasley, 12 September 2015. — 2 ovigerous females, 9.9 x 7.3 mm — 9.9 x 7.6
mm (UF 51406), PHOE-0934, PHX-052, -4.491° -172.137°, 40 ft, rubble, scattered corals,
farside, Orona Island, Phoenix Islands, coll. R. Lasley, 20 September 2015. — 1 male, 11.3 X
8.4 (UF 51494), PHOE-1047, -3.60272° -174.12219°, 45 ft, hard substrate, coral rubble,

southern point, McKean Island, Phoenix Islands, coll. R. Lasley, 22 September 2015.
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American Samoa: 1 male, 7.0 x 5.8 mm (UF 56830), ROS-677, NOAA ROS-04A, -14.560°
-168.160°, 14 m, forereef, Rose Atoll, coll. 13 March 2008 — 4 March 2010. — 1 juvenile (UF
56829), ROS-670, NOAA ROS-04C, -14.560° -168.160°, 13.7 m, forereef, Rose Atoll, coll.
13 March 2008 — 4 March 2010. — 1 male, 6.8 x 4.9 mm (UF 56799), TUT-401,

NOAA TUT-22B, -14.366° -170.763°, 12 m, forereef, Tutuila Island, coll. 24 February 2010
—3 April 2012.

Cook Islands: 1 female, 9.6 x 7.1 mm (UF 1368), stn. EPASS, -21.233333° -159.766667°,
1-30 m, Avarua Pass, Rarotonga Island, coll. C. Meyer, 18 October 2001.

Johnston Atoll: 1 female, 9.6 x 6.7 mm (USNM 1181278), outer reef, NW side of island,
coll. F. Bayer, 28 Aug 1947.

Hawaiian Islands: 1 female, 5.0 x 3.9 mm, 1 male 4.8 x 3.6 mm, 1 juvenile (UF 56812),
KUR-372, NOAA KUR-12B, 28.382° -178.324°, 9.8 m, forereef, Kure Atoll, coll. 30
September 2008 — 18 September 2010. — 1 male, 4.5 x 3.5 mm, 8 juveniles (UF 56811),
KUR-341, NOAA KURI12A, 28.382° -178.324°, 10 m, forereef, Kure Atoll, coll. 30
September 2008 — 18 September 2010. — 1 female, 11.2 x 8.1 mm (USNM 64184), Pearl and
Hermes Reef, coll. P. Galtsoff, 23 July 1930 (identified as 7. laysani by M. Rathbun). — 1
male, 6.9 x 5.4 mm (UF 56809), LIS-23B, NOAA Lis-R10A, 25.945° -173.954°, 15 m,
forereef, Lisiansky Atoll, coll. 5 October 2008 — 24 September 2010. — 1 male, 12.9 x 8.7
mm (UF 12047), BRRS-185, FFS-0025, 40 ft, 23.8617° -166.1852°, rubble extraction, fore
reef, French Frigate Shoals, coll. G. Paulay ef al., 12 October 2006. — 4 males, 13.2 X 8.9 mm
—4.8 x 3.7 mm, 5 females, 9.9 x 7.0 mm — 4.5 x 3.3 mm (UF 12342), stn. FFS-0091,
23.8733° -166.2347°, 15 m, back reef, French Frigate Shoals, coll. R. Brainard, B.
Zgliczynski, 16 October 2006. — 1 male, 11.4 x 8.1 mm (UF 12116), stn. FFS-0088, 23.8733°
-166.2347°, 15 m, under rocks, back reef, French Frigate Shoals, coll. G. Paulay, S. McKeon,

J. Starmer, T. Lotufo, S. Godwin, J. Martin, J. Maragos, 16 October 2006. — 1 male, 13.3 x
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9.1 mm (UF 12343), stn. FFS-0091, 23.8733° -166.2347°, 15 m, back reef, French Frigate
Shoals, coll. R. Brainard, B. Zgliczynski, 16 October 2006. — 1 ovigerous female, 13.2 x 9.1
mm (USNM 64185), Sta. 41, in coral, Bird Islands, coll., P. Galtsoff, 26 July 1930 (identified
as T. laysani by M. Rathbun). — 1 juvenile (UF 56800), KAU-749, NOAA KAU-08A,
22.167° -159.680°, 12.5 m, forereef, Kauai Island, coll. 5 November 2008 — 27 October 2010.
— 1 male, 7.6 x 5.7 mm (ZRC 2000.0509), Moku Manu Island, north of Makapu Peninsula,
Oabhu, coll. R. De Felice & S. Coler, 26 January 2000. — 9 juveniles (UF 56819), HAW-495,
NOAA HAW-24B, 19.038° -155.883°, 14.6 m, Hawai'i Island, coll. 1 November 2008 — 12
October 2010.

Line Islands: I female, 10.7 < 7.6 mm (UF 10452), MSR-326, KINF20-DP, 6.3801° -
162.4137°, 35 ft, outer reef slope, dead Pocillopora ?verrucosa head, S shore of atoll (W or
KINBY), Kingman Reef, coll. M. Malay, 30 August 2005. — 1 female, 7.8 x 6.3 mm (UF
10595), MSR-155, KINF16-DP, 6.3796° -162.3648°, 40 ft, outer reef slope, from dead
Pocillopora ?verrucosa, S shore of atoll, Kingman Reef, coll. M. Malay, 28 August 2005. — 1
male, 11.8 x 8.7 mm (UF 10836), stn. Clam Gardens-001-DP, 6.39079° -162.34189°, 13.5 m,
from dead Pocillopora Tverrucosa head, lagoon?, W of Channel Buoy of La Paloma Pass,
Kingman Reef, coll. M. Malay, 29 August 2005. — 1 male, 11.5 x 8.4 mm (UF 10505), stn.
KINF20-DP, 6.3801° -162.4137°, 35 m, from dead Pocillopora ?verrucosa head, outer reef
slope, S shore of atoll (w of Kinb9), Kingman Reef, coll. M. Malay, 30 August 2005. — 1
female, 7.5 x 4.9 mm (UF 10590), stn. KINF16-DP, 6.3796° -162.3648°, 40 m, from dead
Pocillopora ?verrucosa head, outer reef slope, S shore of atoll, Kingman Reef, coll. M.
Malay, 28 August 2005. — 1 female, 4.3 x 3.3 mm (UF 10527), stn. KINF16-DP, 6.3796° -
162.3648°, 40 m, from dead Pocillopora ?verrucosa head, outer reef slope, S shore of atoll,
Kingman Reef, coll. M. Malay, 28 August 2005. — 1 male, 11.1 x 8.0 mm (UF 13806), stn.

PALB10-DP, 5.8663° -162.0581°, 0—16 m, in dead Pocillopora head, outer reef slope, S side
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of atoll, Palmyra Atoll, coll. M. Malay, 22 August 2005. — 1 female, 6.1 x 4.5 mm (UF
10502), stn. GP-Loc-848-DP, 5.8693° -162.0757°, 9—15 m, from dead Pocillopora
Mverrucosa head, outer reef slope, SSW side of Atoll, Palmyra Atoll, coll. G. Paulay, N.
Knowlton, 18 August 2005. — 1 male, 11.2 x 8.1 mm, 1 female, 11.2 x 7.9 mm (UF 10504),
stn. GP-Loc-841-DP, 3.8418° -159.3608°, 10—-15 m, from dead Pocillopora ?verrucosa head,
outer reef slope, W side, S of main reef pass, Tabuaeran Atoll, coll. G. Paulay, N. Knowlton,
12 August 2005. — 1 female, 8.4 x 6.4 mm (UF 10510), stn. GP-Loc-841-DP, 3.8418° -
159.3608°, 10-15 m, from dead Pocillopora ?verrucosa head, outer reef slope, W side, S of
main reef pass, Tabuaeran Atoll, coll. G. Paulay, N. Knowlton, 12 August 2005. — 1 juvenile
(UF 10553), BTAB-704, TABB9-DP, 3.8681° -159.3742°, 35 ft, outer reef slope, from dead
Pocillopora ?verrucosa head, W side of Atoll, N of Main Reef Pass, Tabuaeran Atoll, coll.
G. Paulay, N. Knowlton, 15 August 2005. — 1 male, 9.6 x 7.1 mm, 2 ovigerous females, 9.2 x
6.9 mm — 10.2 x 7.6 mm (UF 10594), stn. GP-Loc-836-DP, 1.8563° -157.5539°, 10-20 m,
from dead Pocillopora ?verrucosa head, outer reef slope, ca. 1 mile E of SW point, along S
side of atoll, Kiritimati Atoll, coll. G. Paulay, N. Knowlton, 9 August 2005.

French Polynesia: 1 male, 7.3 x 5.8 mm (UF 16335), stn. MIB_200, -17.47638° -
149.83266°, 4-7 m, extracted from large piece of dead Acropora, outer reef slope, spur &
groove zone, between Cook's Bay and Sheraton, removal site 2 of SMc, Moorea Island,
Society Islands, coll. S. McKeon, J. Moore, A. Anker, V. Ivanenko, 10 November 2008. — 1
female, 9.9 x 7.3 mm (UF 13861), stn. ZZZ-017503, -17.5° -149.8°, in dead Pocillopora
head (#5), Moorea Island, Society Islands, coll. L. Plaisance, June 2006. — 1 female, 9.7 x 7.2
mm (UF 29165), stn. BIZ-623, -17.52192° -149.7622°, 15 m, broken rubble, forereef, N side
of ferry channel, Moorea Island, Society Islands, coll. D. Uyeno, 22 November 2010. — 1
male, 8.2 x 6.3 mm, 1 juvenile, 3.6 x 2.7 mm (UF 29257), stn. BIZ-668, -17.52945° -

149.76203°, 15-20 m, in/on rubble, Vaire Pass, S of ferry entrance, Moorea Island, Society
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Islands, coll. C. Glasby, 30 November 2010. — 1 male, 10.0 x 7.3 mm (UF 35434), stn.
GAMG-42, -23.1489° -134.846°, 14 m, leeward fore reef, Tauna Island, Gambier Islands,
coll. J. Moore, 1 February 2013. — 1 male, 8.0 x 5.9 mm (UF 35518), stn. GATE-66, -23.329°
-134.506°, 20 m, leeward fore reef, Temoe Atoll, Gambier Islands, coll. J. Moore, 9 February

2013.

Diagnosis: Carapace transversely ovate, ca. 1.3—1.4 times broad as long; dorsal surface
granular; regions projecting, defined by deep furrows; anterolateral regions rounded,
separated by deep broad depressions; region adjacent to tooth 3 large, confluent with tooth;
posterolateral regions separated by broad furrows. Front sinuous; medial lobes subtriangular
to convex, separated by wide, deep U-shaped notch; lateral lobes small, separated from
medial lobes by concavity. Anterolateral margin with 4 low, obtuse, subtriangular teeth apart
from exorbital angle with interdenticular clefts wide, shallow. Chelipeds equal, stout; external
surface of carpus with nodules and distinct broad furrow near junction with propodus.
Extensor margin of ambulatory meri lined with large conical granules. G1 stout, tapering
abruptly 3/4 distance to recurved tip, distal anterodorsal surface covered with numerous long
setae, numerous short spines on distal dorsal and ventral surfaces, twisting along long axis

distally, apex recurved, pointing ventrally to ventromesially; long, hollowed, tip rounded.

Remarks: Gordon (1934) described 7. odhneri from three males and two females collected
from Macclesfield Bank in the South China Sea, the holotype male being 9.8 x 7.1 mm. Our
material from nearby, Indonesia and Christmas Island, agree very well with the excellent
description and figures by Gordon (1934), and we have no doubts of their conspecificity. As
discussed above, we are confident that her specimen of “P. laysani” is almost certainly 7.

odhneri s. str. A comment on the proportions of the chelar fingers, which she used to separate
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the two taxa (supposedly shorter in 7. odhneri), however, is necessary. Several specimens in
the 7. odhneri clade we examined actually have conspicuously long chelar dactyli (e.g., UF
12047, UF 8564, UF 37042, UF 13861, and UF 1368), while other specimens in the same
clade have significantly shorter chelar dactyli (e.g., UF 35518 and UF 12413). Furthermore,
this clade contains individuals that show variations in the relative width of the frontal notch,
Gordon’s first distinguishing character. For example, several specimens have a wide notch
and low submedian lobes (UF 10594 and UF 39693), whereas many others have a relatively
narrow notch with more projecting submedian lobes (e.g., UF 10453 and UF 10452). The
notch tends with be narrower in smaller individuals and most specimens have a frontal notch
that is intermediate. That being said, and even accounting for variation, the median notch is
always distinctly wider than that in 7. laysani.

G1 morphology is relied upon heavily in distinguishing xanthid species (e.g., Seréne
1984) and is thus worthy of comment. Tweedieia odhneri has a G1 that twists along the long
axis at the distal one-fourth of its length, somewhat coincident with the narrowing of the G1°s
girth (versus without significant twisting in 7. /aysani). The degree of torsion varies in 7.
odhneri, which is mostly attributable to size. Small individuals generally lack the degree of
torsion of large individuals. Specimens of the same size, however, can have different degrees
of torsion (e.g., UF 12413 and UF 35518). This character does not correspond with other
variable characters, such as the length the chelar dactyli. For example, the large male
specimen, UF 40468, with short chelar dactyli has a twisted G1, whereas the small male
specimen, UF 12413, with short chelar dactyli has a relatively flat G1. Variation in small
specimens is displayed in Sereéne’s (1984: fig. 164, 165) figures of Tweedieia G1s, the latter
(fig. 165) of which is a reproduction of Guinot’s (1964: 37a-b) figure and is incorrectly
identified, in both publications, as 7. laysani. Given the variation, identification of specimens

based on G1 morphology should be done with caution.
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The synonymy of 7. odhneri (Gordon, 1934) with T. noelensis Ward, 1935, suggested
by Balss (1938) is not in doubt. We have examined photographs of the holotype specimen of
T. noelensis and four members of the type series, including the holotype, of 7. odhneri. These
photographs are sufficiently detailed as to leave no doubt about their conspecificity.
Furthermore, high resolution photos of one of the female paratypes of 7. odhneri (RBINS
INV. 113725) at the Royal Belgian Institute of Natural Sciences are available to view online

(http://virtualcollections.naturalsciences.be/) (Fig. 4C-D).

Tweedieia brevidactyla Dai & Yang, 1998, was described from one male (7.2 x 5.6 mm)
and one paratype female (9.5 x 7.5 mm) from the Nansha Islands (= Spratly Islands) in the
South China Sea. Their description was very brief, and they only compared it with 7. laysani.
On the basis of their figures (Dai & Yang, 1998: fig. 1-7) and our study of the photographs of
the paratype female (BNHM CB 03297) (Fig. 4A-B) (the holotype male could not be found),
we have no doubt that 7. brevidactyla is a junior synonym of 7. odhneri; all their diagnostic
characters agree, including in the structure of the G1. It is also important to note that
Macclesfield Bank, the type locality of 7. odhneri, close to Subi Reef, the type locality of T.
brevidactyla, with both sites in the center of the South China Sea; and it is therefore a bit
surprising why the authors did not compare their new taxon with 7. odhneri. Although no
type or topotypic specimens of 7. brevidactyla were available for examination or sequencing,
a specimen from relatively nearby (Sulawesi, Indonesia) was recovered within the 7. odhneri
clade (Fig. 1).

The phylogeny comprised specimens from throughout the Indo-West Pacific, from the
Hawaiian Islands and French Polynesia to the Western Indian Ocean, including important
historical localities like the Glorioso Islands (near Aldabra), the Chagos Archipelago,
Hawai'i, and Christmas Island. Specimens from these localities fall within the morphological

variation of 7. odhneri outlined above. Given these genetic and morphological data,
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specimens, in addition to synonymies, that have been questioned based on morphological
variation in the literature are assigned to 7. odhneri including: 1) Gordon’s (1934: figs. 20c,
d, 23b, c, 25a, b) “Phymodius laysani” specimen, likely from the Hawaiian Islands, that was
gifted to her by Balss and had previously belonged to Pesta; 2) Rathbun’s (1911) “Phymodius
laysani” specimen from the Chagos Archipelago; and 3) Guinot’s (1964: 85) “Phymodius aff.

laysani” specimen from Aldabra Island.

Distribution: Tweedieia odhneri occurs on reefs across the Indo-West Pacific from islands in
the western Indian Ocean to the Hawaiian Islands and the Gambier Islands, but it is relatively
rare around large islands and continents, including Australia, Southeast Asia, and the Coral
Triangle. Some of the records in the coral triangle come from small oceanic islands or reefs,
including the type specimens of 7. odhneri and T. brevidactyla, both from the South China

Sea (see Discussion).

Tweedieia laysani (Rathbun, 1906)

(Figs. 3A,5)

Phymodius laysani Rathbun, 1906: 858, fig. 19, pl. 12, fig. 8 [Type locality: Laysan,
Hawai'i]. — 7Edmondson, 1923: 1552; 1925: 44. — ?Amerson & Shelton, 1976: 76. —
?Titcomb et al., 1979: 364. — ?Coles et al., 1999: 159. — ?Coles et al., 2001: 53. —
?DeFelice et al., 2002: 30, 72. — Forest & Guinot, 1961: 104.

Tweedieia laysani, 7DeFelice et al., 1998: 16. — ?Coles et al., 2002: 271, 334. — ?Godwin &
Bolick, 2006: 39, 49. — Ng et al., 2008: 197. — Castro, 2011: 93 (in part).

Not Phymodius laysani, Gordon, 1934: 47, fig. 23 c, 25 a. — Balss, 1938: 55. — Edmondson,

1946: 289, fig. 179d; 1962: 280, fig. 23c. — Holthuis, 1953: 24. — Guinot, 1964 fig. 37 a,
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b.; 1967c: 267. — Seréne, 1968: 81. — Dai et al., 1986: 311, pl. 44(5), fig. 167 A(2). —
Chen and Lan, 1978: 275, fig. 8:1, pl. VI, fig. 23. — Dai & Yang, 1991: 335, pl. 44(5),
fig. 167 A(2). All Tweedieia odhneri (Gordon,1934).

Not Tweedieia laysani, Sereéne, 1971: 112. — Takeda, 1972: 20, pl. 1, fig. E. — Seréne, 1984:
253-254, fig. 165. — Dai et al., 1986: 311, pl. 44(5), fig. 167A(2). — Dai & Yang, 1991:

335, pl. 44(5), fig. 167 A(2). — Poupin, 1996: 57. All Tweedieia odhneri (Gordon, 1934).

Type material examined. holotype male, 8.2 x 5.8 mm (USNM 29530), Laysan, Hawaiian

Islands, coll. U.S. Fish Commission, Steamer Albatross, May 1902.

Other material examined: Hawaiian Islands: 1 male, 10.2 X 7.4 mm, 1 female, 10.3 x7.4
mm (UF 45738), BKON-113, KANI024C, 21.475° -157.799°, 1-2 m, in rubble, limestone
bench, patch coral and rubble, S. of Kapapa Island, Kaneohe Bay, Honolulu, coll. IZ Team,
25 May 2017. — 1 juvenile, 5.4 x 4.4 mm (UF 45651), BKON-0737, KANI-022A, 21.477° -
157.795°, 4-6 m, outer reef slope in rubble, NE side of Kapapa Island, Kaneohe Bay,

Honolulu, coll. IZ Team, 25 May 2017.

Diagnosis: Carapace transversely hexagonal, ca. 1.5 times broad as long; dorsal surface
granular; regions defined by deep furrows; anterolateral regions separated by deep, broad
depressions, region adjacent to anterolateral tooth 3 small, separated from tooth by
depression; posterolateral regions separated by narrow furrows. Medial lobes of front gently
convex, separated by V- or narrow U-shaped notch; lateral lobes narrow. Anterolateral
margin with 4 teeth, apart from exorbital angle, teeth discrete with interdenticular clefts
relatively deep; tooth 1 low, obtuse; teeth 2, 3 projecting, anteriorly directed; tooth 4 small,

triangular. Chelipeds equal, stout; external surface of carpus with large granules; external
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surface of propodus granulate with few granules arranged in transverse rows externally;
dactylus short, relatively straight, tip rounded. Extensor margin of ambulatory legs granulate.
G1 stout, tapering gradually % distance to curved tip, distal anterodorsal surface lined with
long simple setae, numerous short spines on distal dorsal and ventral surfaces, without

significant longitudinal torsion, apex pointing ventrally; long, hollowed, tip rounded.

Remarks: Tweedieia laysani s. str. is a rare species that is apparently restricted to the
Hawaiian Islands. As discussed earlier, many early records of “Phymodius laysani” (or
“Tweedieia laysani™) are actually T. odhneri. Tweedieia odhneri, however, has a very wide
Indo-Pacific range, occurring from the Hawaiian Islands and French Polynesia to the Western
Indian Ocean, and varies in characters that have been used to diagnose the species. Accepting
these precepts and applying them at critical stages in the literature resolves considerable
confusion.

As stated above, Gordon’s (1934) specimen of “P. laysani” from an unspecified
location, as well as Rathbun’s (1911) material from Chagos, is almost certainly 7. odhneri.
The wide U-shaped median frontal cleft is a reliable diagnostic character to distinguish 7.
odhneri, and this is supported by our extensive morphological examination combined with
COI analyses (Fig. 1). The T. laysani holotype as well as three conspecific individuals (UF
45738, UF 45651) all have a narrow median notch of the front (Figs. SA—C). All other
specimens examined, including specimens from Chagos, have a relatively broad notch. This
character, although it varies in degree in 7. odhneri, is always relatively broad in the species
and corresponds with a suite of characters that further distinguish it from 7. laysani (see
Remarks for 7. odhneri). Guinot’s (1964) specimen of “Phymodius aff. laysani”, and likely
the other specimen she obtained from Edmondson that was mentioned in the publication, fall
within the range of morphological variation exhibited by 7. odhneri (see Remarks for T.

odhneri). Although it is possible that the Johnston Atoll specimen that Guinot obtained from
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Edmondson is a true 7. laysani, it is unlikely for two reasons: 1) the figure (Guinot, 1964: fig.
37a-b) provided of the Johnston Atoll specimen’s G1 is much closer to that of 7. odhneri; and
2) another specimen (USNM 1181278) examined from Johnston Atoll is 7. odhneri. It is
interesting that specimens previously reported by Edmondson (1946: 289, fig. 179d; 1962:
280, fig. 23c) from the Hawaiian Islands all appear to be 7. odhneri as well, at least based on
what we have examined, although 7. /aysani is also present in the islands. Furthermore, her
correspondence with Gordon reported in the publication indicates that Guinot’s
understanding of the species was based, at least in part, on Gordon’s understanding of the two
species’ morphological limits.

As discussed earlier, we believe Pesta’s (1933) specimen of “P. laysani” from Hawai'i
used by Gordon (1934) is probably 7. odhneri instead. There are a number of records of “T.
laysani” from the Hawaiian Islands by Amerson & Shelton (1976), Titcomb et al. (1979),
DeFelice et al. (1998), Coles et al. (2001), DeFelice et al. (2002), Coles et al. (2002) and
Godwin & Bolick (2006) which may all be 7. odhneri instead. Their material will need to be
re-examined to ascertain their identity. As such, we treat Castro’s (2011) record of “T.
laysani” as also a composite one as he included old reports of the species as well as the
original description of the species by Rathbun (1906).

Guinot’s (1964) restraint from describing a third species until more specimens could
be examined was astute given what we now know about the species. Subsequent reports of 7.
laysani were probably also based on Gordon’s perception of the two species—i.e., authors are
most likely confusing 7. odhneri with T. laysani. This is especially evident in Seréne’s (1984)
monograph of Indian Ocean xanthids. In a footnote, Crosnier noted the difficulty in using
Serene and other authors’ diagnoses to identify specimens (Seréne, 1984: 253). For variation

within 7. odhneri, see remarks for the species.
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Only four specimens of 7. laysani s. str. are known, the holotype and three other
specimens from the Hawaiian Islands (UF 45651, UF 45738). Tweedieia laysani differs from
T. odhneri in the following features: 1) frontal median notch shallow and narrow (versus
relatively broad in 7. odhneri) (Figs. 2A—C, 5A—C); 2) relatively broad, transversely
hexagonal carapace with anterolateral margins more conventionally arcuate and a more
angular border with the posterolateral margin, giving the anterior carapace a more fan-shaped
aspect (versus relatively narrow, transversely ovate carapace with rounded lateral margins in
T. odhneri) (Figs. 2B, 5B); 3) anterolateral teeth anteriorly directed and relatively discrete
with interdenticular clefts relatively deep (versus triangular and low with interdenticular
clefts wide, shallow in 7. odhneri) (Figs. 2B, 5B); 4) carpus of cheliped with relatively
narrow, shallow transverse furrow on outer margin (versus carpus of chelipeds with broad
transverse furrow on outer margin in 7. odhneri) (Figs. 2A, E-F; 5A, E-F); 5) movable
fingers of the chelae relatively straight (versus curved movable fingers in 7. odhneri) (Figs.
2E-F, 5E—F); and 6) external and superior surface of chelae evenly covered with smaller
granules (versus external and superior surface of chelae with larger, nodular granules, with
one emergent granule each at junctions of dactylus and carpus on superior margin) (Figs. 2A,
E-F; 5A, E-F).

The rarity of 7. laysani and ubiquity of T. odhneri is reaffirmed by the large
metabarcode dataset assembled by the NOAA ARMS (Autonomous Reef Monitoring
Structures) project (Timmers, 2021). This program placed ARMS at sites across the west and
central Pacific, including throughout the Hawaiian Islands, on outer reef slope habitats
around 15 m depths. ARMS were processed by identifying large mobile animals that
colonized the structures and sequencing smaller mobile and sessile biomass from the units
(see Leray & Knowlton, 2015). All Tweedieia specimens captured in these ARMS were T.

odhneri, and a selection from across the localities are reported above. The metabarcode data
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from these efforts also only have reads of 7. odhneri COI sequences from all sites,
specifically Timor, Mariana Islands (Guam, Pagan, Maug), Wake, Samoa (Rose Atoll,
Tutuila), Line Islands (Kingman, Palmyra, Jarvis), and Hawaiian Islands (Kure, French
Frigate Shoals, Pearl & Hermes, Lisianski, Kauai, Oahu, Hawai'i) (M. Timmers, pers.
comm.). The lack of 7. laysani in this record reaffirms the restriction and rarity of this species
and suggests that the two species of Tweedieia may occur in different habitats in the
Hawaiian Islands. Both recent samples of 7. laysani come from shallow, nearshore waters,
while collections of 7. odhneri are typically from outer reef slopes at 10-30 m, the same

habitat that the NOAA ARMS program sampled.

Distribution. Tweedieia laysani is only known from the Hawaiian Islands (see Discussion).

DISCUSSION
The revised taxonomy presented here underscores the importance of integrative taxonomy,
utilizing historical literature and collections, and need for new, broadscale collections.
Tweedieia now comprises two species, half the species previously described. Furthermore,
understanding of the geographic distributions of 7. laysani and T. odhneri has dramatically
changed. Tweedieia laysani is a rare species only known from Laysan and Oahu, Hawaiian
Islands. Tweedieia odhneri, on the other hand, is widespread from the Western Indian Ocean
to French Polynesia and the Hawaiian Islands, where it co-occurs with 7. laysani.

Relatively recent expeditions targeting reef cryptofauna, particularly those deploying
ARMS or with intensive sampling of coral rubble, indicate that 7. odhneri is abundant in
oceanic reef systems in both the Pacific and Indian Oceans. Interestingly, similar expeditions
in the Great Barrier Reef and Western Australia have produced no 7. odhneri specimens. In

addition to the type material of 7. brevidactyla and T. odhneri from the South China Sea,
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only four specimens are known from SE Asia, including the Coral Triangle: 3 specimens
reported by Serene (1971, 1984) from the Philippines, Vietnam, and Indonesia, and one
specimen collected by the first author in Sulawesi, Indonesia. The species is also represented
in the ARMS metabarcode record from East Timor. No additional material from continental
Asia or the Indo-Australian Archipelago (IAA) are known. These data indicate that the
species is rare on continental reef systems. Most of the Tweedieia were collected on the outer
reef slope, the part of the reef system directly exposed to clear, oceanic waters, and appear to
be rare or absent from reef flats and lagoons, habitats more impacted by terrigenous
influences, even though the latter are much better sampled habitats. This affirms the
preference by these species for clear, oligotrophic, oceanic waters.

Continental exclusion and oceanic distributions straddling the IAA have been
recorded in other decapod crustaceans, such as various sesarmids, ocypodids, the coconut
crab, Birgus latro, various hermit crabs and lobsters (George, 1974; Lavery et al., 1996;
Malay & Paulay, 2010; Paulay & Starmer, 2011; Ma et al., 2018; Schubart & Ng, 2020).
Habitat preference for clear, oligotrophic waters or competition or predation in these highly
diverse reefs are likely drivers of oceanic restriction (e.g., see Malay & Paulay, 2010, Paulay

& Starmer, 2011), with the former more likely for Tweedieia.
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List of captions

Figure 1. Maximum likelihood tree inferred from COI sequences. Catalogue numbers are
included. Numbers indicate maximum-likelihood and neighbour-joining bootstrap support,

respectively.

Figure 2. Tweedieia odhneri, male, 11.3 x 7.9 mm (USNM 41260), Salomon Island. Dorsal
view (A). Carapace, dorsal view (B). Frontal view (C). Thoracic sternum (D). Right chela,

external view (E). Right chela, external view (F).

Figure 3. First male gonopods of Tweedieia species: internal detail, external detail, and
external full. Scale bar measurements presented left to right. Tweedieia laysani, holotype
male (USNM 29530), Laysan, Hawaiian Islands, right G1, 200um, 200um, 200um (A).
Tweedieia odhneri male (ZRC 2013.0781), Chagos Archipelago, right G1, 200um, 200um,

Imm (B).

Figure 4. Tweedieia brevidactyla, paratype female, 9.5 x 7.5 mm (BNHM CB 03297),
Nansha Islands (= Spratly Islands). Dorsal view (A). Ventral view (B). Tweedieia odhneri,
paratype female, 5.8 x 4.5 mm (RBINS INV. 113725), Macclesfield Bank. Dorsal view (C).
Ventral view (D). C-D downloaded from Royal Belgian Institute of Natural Sciences
(http://virtualcollections.naturalsciences.be/virtual-collections/recent-

invertebrates/crustacea/malacostraca/decapoda/phymodius-odhneri-gordon-1934).

Figure 5. Tweedieia laysani, holotype male, 8.2 x 5.8 mm (USNM 29530), Laysan,
Hawaiian Islands. Dorsal view (A). Carapace, dorsal view (B). Frontal view (C). Thoracic

sternum (D). Right chela, external view (E). Right chela, external view (F).
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