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Abstract. The genus Breviturma, a group of brittle stars inhabiting intertidal and shallow subtidal zones,
includes eight recognized species distributed mainly across the Indo-West Pacific. This study describes
a new species, Breviturma securis sp. nov., from Taiwan. The new species is distinguishable from its
congeners through both morphological and molecular evidence, including disc granule density, arm
spine sequences, and distinctive color patterns on the dorsal disc and dorsal arm plates. Phylogenetic
analyses based on 16S rRNA and COI genes support its unique status, revealing interspecific divergence
distances of 18.27-26.66% between B. securis and other congeners in the Indo-West Pacific. Based on
the distribution patterns of its congeners, B. securis is expected to be widely distributed in other regions
of the Indo-West Pacific. A newly recorded species, Breviturma krohi (Stohr, Boissin & Hoareau, 2013),
from Taiwan is also reported.

Keywords. Breviturma securis sp. nov., Breviturma krohi, East Asia, 16S rDNA, cytochrome ¢ oxidase
subunit [ (COI).
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Introduction

Breviturma was originally established as a subgenus of the genus Ophiocoma Agassiz, 1836 by Stohr
et al. (2013) to include species formerly belonging to the “brevipes group” (i.e., Ophiocoma brevipes
Peters, 1851, O. dentata Miller & Troschel, 1842, and O. doederleini De Loriol, 1899) as defined
by Devaney (1970). Stohr et al. (2013) reviewed the brevipes group and described a new species,
O. (B.) krohi Stohr, Boissin & Hoareau, 2013. In O’Hara ef al. (2018), this subgenus was elevated to
generic level. Furthermore, species in the “pica group” (i.e., O. longispina H.L. Clark, 1917, O. pica
Miiller & Troschel, 1842, and O. pusilla (Brock, 1888)) as defined by Devaney (1970) as well as
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O. paucigranulata Devaney, 1974 were reclassified from Ophiocoma to Breviturma based on molecular
evidence (O’Hara ef al. 2019). Hence, this genus currently contains eight valid species.

Most species of Breviturma are widely distributed in the tropical and subtropical regions of the Indo-
West Pacific, with only B. paucigranulata found in the Caribbean Sea (Devaney 1970, 1974; Clark &
Rowe 1971; Stohr et al. 2013). Three species of Breviturma, B. brevipes, B. dentata, and B. pica, have
been recorded in Taiwan, including the Penghu Archipelago, Siaoliouciou, and Lanyu (Orchid Island).
All were found in intertidal and shallow subtidal zones of rocky shores or coral reefs (Applegate 1984;
Chao et al. 1991; Hung 2000; Chao 2002; Huang & Lee 2021; Shih ef al. 2023).

Research on ophiuroids in Taiwan has been limited, particularly since the study by Chao (2002).
Although some recent studies have been published (e.g., Huang & Lee 2021; Shih et al. 2023), over two
decades have passed without comprehensive taxonomic assessments concerning Taiwanese ophiuroids.
This study contributes to knowledge of ophiuroid diversity by describing a new species and reporting a
new record of Breviturma, utilizing both morphological and molecular evidence.

Material and methods

Institutions acronyms

NCHUZOOL = Zoological Collections of the Department of Life Sciences, National Chung Hsing
University, Taichung, Taiwan
National Museum of Natural Science, Taichung, Taiwan

NMNS

General abbreviations

ASp = arm spine

DAP = dorsal arm plate
DD = disc diameter

L = length

OS = oral shield

W = width

Sample collection and preservation

Specimens of Breviturma spp. were collected from several localities from Taiwan (Table 1; Fig. 1) and
preserved in 95% ethanol after being anesthetized with a MgCl, seawater solution. All specimens were
deposited in NCHUZOOL. In addition, specimens from NMNS were also examined.

Morphological data

The disc granules, oral shields, dorsal arm plates, and arm spines were examined and measured using
a stereo microscope (Stemi SV 6, ZEISS) equipped with an HDMI camera (XCAMA4K, ToupTek).
Detailed morphological traits were assessed as follows: the density of granules on the dorsal central
disc was counted within an area of 1 mm?; the length-to-width ratio of the oral shied was measured,
the 15" arm segment was selected to determine the width-to-length ratio of the dorsal arm plate, and
the proportion of the length of the second dorsalmostarm spine to that of the first dorsalmost arm spine
was also calculated. The measured values mentioned above were analyzed for correlation with DD
using Pearson’s correlation coefficient (r) and Linear Regression Model. All statistical analyses were
performed using SAS ver. 9.4 (SAS Institute Incorporation 2013).

One of the paratypes was selected to obtain the ossicles. The specimen was immersed in a 12% NaOCl
solution to dissolve the skin and muscle tissue. Afterward, the ossicles were collected, washed with
distilled water, and dried in an oven at 40°C. The dried ossicles were mounted on aluminum stubs with
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Fig. 1. Collection sites of species of Breviturma Stohr, Boissin & Hoareau, 2013, shown as red empty
circles and red outlines, on Taiwan’s main island and its offshore islets.
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Table 1 (continued on next page). Specimens and 16S, COI haplotypes of species of Breviturma Stohr,
Boissin & Hoareau, 2013 used in this study. Sequences available from GenBank were marked with *.

Catalog no.
Species Locality NCHUZOOL
(unless indicated)

16S 16S CoI COI
Haplotype  Access. no. Haplotype Access. no.

B. brevipes Taiwan, Penghu, Dongyupingyu 17279 Bbl PV166621 BbCl1 PV165750
Taiwan, Taitung, Lanyu 17278 Bb2 PV166620 BbC2 PV165749
B. dentata Taiwan, Penghu, Dongyupingyu 17283 Bdel PV166626 BdeCl PV165755
Taiwan, Pingtung, Siaoliouciou 17281 Bde2 PV166623 BdeC2 PV165752
Taiwan, Pingtung, Hengchun 17282 Bde3 PV166625 BdeC3 PV165754
Taiwan, Pingtung, Hengchun 17282 Bde4 PV166628 BdeC4 PV165757
Taiwan, Taitung, Lyudao NMNS 005750-00014 Bde5 PV166627 BdeC6 PV165756
Taiwan Taitung, Lanyu, 17280 Bde6 PV166622 BdeC5 PV165751
Taiwan, Taitung, Lanyu 17344 Bde7 PV166624 BdeC7 PV165753
B. doederleini France, Reunion Island - Bdo KF662939* BdoC KF662924*
B. krohi Taiwan, Penghu, Dongjiyu 17274 Bkl PV166636 BkC1 PV165765
Taiwan, Penghu, Dongjiyu 17275 Bk2 PV166638 BkC2 PV165767
Taiwan, Pingtung, Siaoliouciou 17258 BKk3 PV166631 BkC3 PV165760
Taiwan, Pingtung, Hengchun 17273 Bk4 PV166641 BkC4 PV165770
Taiwan, Pingtung, Mudan 17272 BkS PV166640 BKkC5 PV165769
Taiwan, Taitung, Chenggong 17260 Bk6 PV166634 BkC6 PV165763
Taiwan, Taitung, Chenggong 17260 Bk7 PV166630 BkC7 PV165759
Taiwan, Taitung, Lanyu 17266 BkS8 PV166635 BkC8 PV165764
Taiwan, Taitung, Lanyu 17261 Bk9 PV166633 BkC9 PV165762
Taiwan, Taitung, Lanyu 17263 Bk10 PV166632 BkC10 PV165761
Taiwan, Taitung, Lanyu 17259 Bkl11 PV166629 BkCl11 PV165758
Taiwan, Taitung, Lanyu 17266 Bk12 PV166639 BkC12 PV165768
Taiwan, Taitung, Lanyu 17265 Bkl13 PV166637 BKkC13 PV165766
France, Reunion Island [holotype] Bk14 KF662935* BkC14 KC759787*
B. pica Taiwan, Taitung, Lanyu 17274 Bpi PV166653 BpiC PV165782
B. pusilla Australia - - - BpuC KU895185*
g‘) Ylf;;”’ Taiwan, Penghu, Dongyupingyu 17256 Bsl PV166652 BsCl PV165781
Taiwan, Penghu, Dongyupingyu 17255 Bs2 PV166647 BsC2 PV165776
Taiwan, Penghu, Dongyupingyu 17256 Bs3 PV166651 BsC3 PV165780
Taiwan, Penghu, Dongjiyu 17250 Bs4 PV166650 BsC4 PV165779
Taiwan, Pingtung, Siaoliouciou 17239 BsS PV166643 BsC5 PV165772
Taiwan, Pingtung, Siaoliouciou =~ NMNS 005621-00012 Bs6 PV166648 BsC6 PV165777
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Table 1 (continued). Specimens and 16S, COI haplotypes of species of Breviturma Stohr, Boissin &
Hoareau, 2013 used in this study. Sequences available from GenBank were marked with *.

Catalog no.

Species Locality NCH[.JZ(.)OL Ha;lf:ype Accigss. no. Ha[?l(o)tlype Acc(seg.l no.
(unless indicated)
f; .SESZ.”S Taiwan, Pingtung, Hengchun 17240 Bs7 PV166645 BsC7 PV165774
Taiwan, Pingtung, Hengchun 17247 Bs8 PV166646 BsC8 PV165775
Taiwan, Taitung, Lanyu 17232 [holotype] Bs9 PV166642 BsC9 PV165771
Taiwan, Taitung, Lanyu 17234 [paratype] Bs10 PV166644 BsC10 PV165773
Taiwan, Taitung, Lanyu 17237 [paratype] Bsll1 PV166649 BsCl11 PV165778
outgroups
O. mixta South Korea, Jeju Island - Om NC _045937* OmC NC _045937*
O. scolopendrina  Taiwan, Penghu, Dongjiyu 17303 Os PV166654 OsC PV165783

double-sided adhesive tape and photographed using a scanning electron microscope (SEM, TM 3000
Tabletop Microscope, HITACHI).

Molecular analyses

Genomic DNA was extracted from the tube feet, arm muscle and gonad using the BioKit Tissue &
Cell Genomic DNA Purification Kit (Bio-GT150). A portion of the 16S rRNA gene, approximately
490 basepair (bp) in length, was amplified via polymerase chain reaction (PCR) using the universal
primers 16Sar and 16Sbr (Palumbi 1991). The cytochrome ¢ oxidase subunit I (COI) gene (655 bp) was
amplified using the echinoderm-specific hybrid primers COIceF and COIceR (Hoareau & Boissin 2010).
PCR conditions for the primers included 40 cycles of denaturation at 94°C for 50 s, annealing at 46°C
for 70 s, and extension at 72°C for 60 s, followed by a final extension at 72°C for 10 min. Sequences
were obtained using automated Sanger sequencing (Applied Biosystems 3730x]1 DNA Analyzer, USA).

Sequences of the different haplotypes were deposited in GenBank (accession numbers are provided in
Table 1). Additional sequences of congeners available in GenBank were also included in our analyses.
Species of other genera within the same family, including Ophiomastix mixta Liitken, 1869 and
Ophiocoma scolopendrina (Lamarck, 1816), were selected as outgroups, with the former’s sequences
obtained from GenBank and the latter’s from our collection (Table 1). For the GenBank sequences
that were shorter than ours or lacked the 16S gene, missing data were designated with ‘?°. The best-
fitting models for sequence evolution of individual datasets in the combined 16S+COI sequences were
determined using the Bayesian information criterion (BIC) in PartitionFinder ver. 2.1.1 (Lanfear et al.
2017). The selected models, both GTR+G+I, were applied to Bayesian inference (BI) and maximum
likelihood (ML) analyses. BI analysis was conducted in MrBayes ver. 3.2.7 (Ronquist et al. 2012) with
an MCMC run using 4 chains for 10 million generations, sampling every 1000 generations. Convergence
of the chains was assessed by achieving an average standard deviation below 0.01, with the first 1400
trees discarded as burn-in. ML analysis was performed in the IQ-TREE ver. 2.3.6 (Minh et al. 2020)
with 30000 ultrafast bootstrap replicates. Genetic distances of COI between species, based on Kimura
(1980) 2-parameter (K2P) model, were calculated in MEGA ver. 12 (Kumar et al. 2024) using the
pairwise deletion option.
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Results
Systematic account

Class Ophiuroidea Gray, 1840
Order Ophiacanthida O’Hara, Hugall, Thuy, Stéhr & Martynov, 2017

Family Ophiocomidae Ljungman, 1867

Diagnosis

The disc ornaments vary among genera: spherical granules in Ophiocoma and Breviturma, conical
granules in Ophiocomella A.H. Clark, 1939 and Ophiomastix Miiller & Troschel, 1842, and slender
spines in Ophiomastix. Both oral papillae and tooth papillae are present. The dental plate is entire. One
or two tentacle scales are present.

Genus Breviturma Stohr, Boissin & Hoareau, 2013

Diagnosis

The disc is more or less densely covered with fine, rounded granules, which extend ventrally into the
interradial area. Dorsal arm plates are oval or elliptical. The number of arm spines is identical on both
sides of the arm. The shape of the arm spines varies among species: slender and elongated in Breviturma
longispina, B. paucigranulata, and B. pica; hollow and fragile in B. pusilla; short and thick in B. brevipes,
B. dentata, B. doederleini, and B. krohi. Two tentacle scales are present.

Breviturma securis sp. nov.
urn:lsid:zoobank.org:act: C8B521E9-09DA-4D3B-98C6-8AB7C388EOFD
Figs 24

Ophiocoma brevipes — Chao et al. 1991: 118-119 (in part), fig. 1c—d. — Hung 2000: 167 (in part),
fig. 522. [non O. brevipes Peters, 1851].

Breviturma sp. — Ryanskiy 2020: 33, unnumbered fig.

Ophionereis sp. — Ryanskiy 2020: 36, unnumbered fig.

Ophiodermatidae sp. — Ryanskiy 2020: 48, unnumbered fig.

Breviturma aff. dentata — Shih et al. 2023: 125 (in list).

Diagnosis

The dorsal disc is densely covered with fine granules (Fig. 2C) that extend seamlessly to the ventral
side. The oral shields are subequal in length and width (Figs 2D, 3C), while the adoral shields are spear-
shaped (Figs 2D, 3D). There are four oral papillaec and 10-12 tooth papillae (Fig. 2D). The dorsal arm
plates are transversely elliptical (Figs 2E, 3G). The number of arm spines ranges from three to four, with
the second dorsalmost arm spines on the 15"-18" arm segments being the longest and exhibiting slightly
swollen tips (Fig. 2E-F). The ventral arm plates are pentagonal (Figs 2F, 3H), each bearing two oval
tentacle scales on its lateral sides (Fig. 2D, F). The coloration of the dorsal disc is variegated, ranging
from yellowish-gray to greenish-gray (Figs 2A, 4), with a dark, axe-shaped central pattern on the dorsal
arm plates (Figs 2E, 4). The arms are transversely banded (Figs 2A, 4), with the arm spines showing a
light gray base color and irregular, darker annulation (Fig. 2E—F). The ventral side is uniformly light in
color (Fig. 2B).
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Etymology

The species name securis is derived from the Latin word meaning ‘axe’, referencing the axe-shaped
dark patterns on the dorsal arm plates. The name is used as a noun in apposition.

Type material

Holotype
TAIWAN - Taitung County * (DD = 14.99 mm); Lanyu, Hongtou; 22°01'19.4" N, 121°33'29.7" E;
depth <1 m; 28 Sep. 2022; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17232.

Paratypes

TAIWAN — Taitung County * 1 spec. (DD = 12.00 mm); same data as for holotype; NCHUZOOL
17233 « 3 specs (DD = 8.72—15.74 mm); Lanyu, Hongtou; 22°01'19.4" N, 121°33'29.7" E; depth <1 m;
11 Mar. 2023; K. Chang et al. leg.; NCHUZOOL 17234 « 1 spec. (DD = 9.40 mm); Lanyu, Hongtou;
22°01'19.4" N, 121°3329.7" E; depth <1 m; 22 May 2023; K. Chang et al. leg.; NCHUZOOL 17235
* 1 spec. (DD = 4.43 mm); Lanyu, Langdao; 22°04'52.9" N, 121°32'07.9" E; depth 7 m; 4 Jul. 2023;
K. Chang et al. leg.; NCHUZOOL 17236 * 4 specs (1 spec. disc and 1 arm dissected, 4 arms in ethanol)
(DD =10.24-14.70 mm); Lanyu, Dongcing; 22°03'23.1” N, 121°33'56.8" E; depth <1 m; 13 Sep. 2023;
K. Chang et al. leg.; NCHUZOOL 17237 » 1 spec. (disc broken); Lanyu, Langdao; 22°04'45.3" N,
121°31'47.9" E; depth <1 m; 15 Sep. 2023; K. Chang et al. leg.; NCHUZOOL 17238.

Other material examined

TAIWAN — Penghu County ° 2 specs (DD = 11.77-12.31 mm); Wang’an, Dongjiyu; 23°1524.9" N,
119°39'59.4" E; depth <1 m; 22 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17248 « 2 specs
(DD = 12.85-13.91 mm); Wang’an, Dongjiyu; 23°1520.5" N, 119°40'03.1" E; depth <1 m; 22 Apr.
2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17249 ¢ 2 specs (DD = 7.67-16.00 mm); Wang’an,
Dongjiyu; 23°15'12.0" N, 119°40'02.9" E; depth <1 m; 23 Apr. 2024; K. Chang and Y.-C. Hsu leg.;
NCHUZOOL 17250 ¢ 1 spec. (DD = 7.69 mm); Wang’an, Dongjiyu; 23°15'02.9" N, 119°39'54.0" E;
depth <1 m; 23 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17251 ¢ 8 specs (DD = 8.07—
11.39 mm); Wang’an, Dongjiyu; 23°1524.9" N, 119°39'59.4" E; depth <1 m; 24 Apr. 2024; K. Chang
and Y.-C. Hsu leg.; NCHUZOOL 17252 ¢ 1 spec. (DD = 9.56 mm); Wang’an, Dongjiyu; 23°1520.5" N,
119°40'03.1" E; depth <1 m; 25 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17253 « 1 spec.
(DD = 14.47 mm); Wang’an, Dongyupingyu; 23°15'19.1” N, 119°30'40.0" E; depth <1 m; 26 Apr.
2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17254 3 specs (DD = 9.92—-13.75 mm); Wang’an,
Dongyupingyu; 23°1521.0" N, 119°30'45.9" E; depth <1 m; 26 Apr. 2024; K. Chang and Y.-C. Hsu
leg.; NCHUZOOL 17255 < 5 specs (DD = 12.38-17.65 mm); Wang’an, Dongyupingyu; 23°15'19.1" N,
119°30'40.0" E; depth <1 m; 27 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17256 ¢ 4 specs
(DD = 8.58-12.23 mm); Wang’an, Dongyupingyu; 23°1529.1" N, 119°30'46.5" E; depth 1 m; 28 Apr.
2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17257. — Pingtung County * 1 spec. (DD =10.87 mm);
Siaoliouciou, Duzaiping; depth <1 m; 5 Sep. 2007; K.-S. Lee leg.; NMNS 005621-00012 « 2 specs
(DD =9.39-14.15 mm); Siaoliouciou, Shanfu Fishery Harbor; 22°2024.4" N, 120°21'46.2" E; depth <1
m; 12 Feb. 2023; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17239 ¢ 6 specs (DD = 8.64—-14.61 mm);
Checheng, Huangjin Beach; 22°04'52.6" N, 120°42'06.2" E; depth <1 m; 25 Feb. 2024; K. Chang et al.
leg.; NCHUZOOL 17242 « 2 specs (DD = 13.53—15.23 mm); Hengchun, Nanwan; depth 1 m; 10 Jan.
1991; S.-M. Chao leg.; NMNS 002270-00012 « 1 spec. (DD = 13.38 mm); Hengchun, Tiaoshih, Kenting
Great Tide Pool; 26 Jul. 2005; S.-M. Chao and S.-T. Huang leg.; NMNS 004875-00025 ¢ 15 specs (DD
= 4.75-15.50 mm); Hengchun, Houbihu; 21°56'18.9” N, 120°44'43.6" E; depth <1 m; 25 Dec. 2023;
K. Chang et al. leg.; NCHUZOOL 17240 « 7 specs (DD = 3.61-10.98 mm); Hengchun, Wanlitong;
21°59'45.6" N, 120°42'16.5" E; depth <1 m; 26 Dec. 2023; K. Chang et al. leg.; NCHUZOOL 17241 »
1 spec. (DD = 9.60 mm); Hengchun, Dingtanzih; 21°55'56.8" N, 120°44'42.2" E; depth <1 m; 26 Feb.
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2024; K. Chang et al. leg.; NCHUZOOL 17243 « 1 spec. (DD = 8.76 mm); Hengchun, Dingtanzih;
21°55'54.2" N, 120°44'42.9" E; depth 8 m; 26 Feb. 2024; K. Chang ef al. leg.; NCHUZOOL 17244 «
1 spec. (DD = 6.58 mm); Hengchun, Wanlitong; 21°59'44.4" N, 120°42'22.2" E; depth <1 m; 26 Feb.
2024; K. Chang et al. leg.; NCHUZOOL 17245 < 5 specs (DD = 3.96—-13.93 mm); Hengchun, Wanlitong;
21°59'42.4" N, 120°42'22.3" E; depth 5 m; 28 Feb. 2024; K. Chang et al. leg.; NCHUZOOL 17247 «
1 spec. (DD = 13.75 mm); Mudan, Gangzaibi; 22°08'49.8" N, 120°53'32.4" E; depth <1 m; 27 Feb. 2024;
K. Chang et al. leg.; NCHUZOOL 17246. — Taitung County ° 1 spec. (DD = 11.37 mm); Chenggong,
Duli; 23°01'14.7" N, 121°20'08.0" E; depth <1 m; 15 Oct. 2024; K. Chang et al. leg.; NCHUZOOL
17338 < 5 specs (DD = 6.42—10.79 mm); Donghe, Dulan; 22°51'51.7" N, 121°12'34.9" E; depth <1 m;
16 Oct. 2024; K. Chang ef al. leg.; NCHUZOOL 17339.

Comparative material examined

Breviturma brevipes (Peters, 1851)

TAIWAN - Penghu County ¢ 1 spec.; Wang’an, Dongjiyu; 23°1524.9" N, 119°39'59.4" E; depth <1 m;
22 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17289 « 3 specs; Wang’an, Dongyupingyu;
23°1529.1" N, 119°30'46.5" E; depth 1 m; 28 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL
17279. — Pingtung County * 2 specs; Hengchun, Wanlitong; 21°59'42.4" N, 120°42'22.3" E; depth
5 m; 28 Feb. 2024; K. Chang et al. leg.; NCHUZOOL 17288. — Taitung County ¢ 1 spec.; Lanyu,
Langdao; 22°04'45.3" N, 121°31'47.9" E; depth <1 m; 25 May 2023; K. Chang and Y.-C. Hsu leg.;
NCHUZOOL 17285 « 2 specs.; Lanyu, Longmen Harbor; 22°00'16.5” N, 121°34'52.7" E; depth
7 m; 24 May 2023; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17278 1 spec.; Lanyu, Langdao;
22°04'52.9" N, 121°32'07.9" E; depth 7 m; 4 Jul. 2023; K. Chang et al. leg.; NCHUZOOL 17286
1 spec.; Lanyu, Langdao; 22°04'45.3" N, 121°31'47.9" E; depth <1 m; 6 Jul. 2023; K. Chang and Y.-
C. Hsu leg.; NCHUZOOL 17287.

Description

Holotype

DD 14.99 mm (Fig. 2A-B). Dorsal disc and radial shields densely covered with spherical granules
(279 per mm?, Figs 2A, C, 5A), extending ventrally to distal end of oral shields (Fig. 2D). Oral shields
subequal in length and width, L/W ca 1.1 (Figs 2D, 5B), broadest mid-part, lateral edges slightly convex,
converging distally. Madreporite enlarged, rounded. Adoral shields spear-shaped; adradial edge covered
by oral shield, proximal abradial edge slightly concave (Fig. 2D). Four rectangular oral papillae per jaw
half, distal-most widest. Lyman’s ossicles slender, posterior to distal-most oral papillae. 10-12 rounded
tooth papillae on jaw tip (Fig. 2D). Genital slits extend from oral shields to disc margin. Five arms.
Dorsal arm plates transversely elliptical, W/L ca 2.2 (Figs 2E, 5C), slightly convergent proximally,
straight distally, rounded laterally. Arm spines freestanding, cylindrical, tapering terminally (Fig. 2E-F).
Second dorsalmost arm spines on 15"-18™ arm segments longest, slightly swollen at tip. Arm spines
sequence of proximal 20 segments: 3, 3,3, 3,4,4,4,4,4,4,4,4,4,4,4(3),4(3), 3, 3, 3, 3. First ventral
arm plates rounded-triangular, W>L (Fig. 2D); following plates pentagonal, subequal in width, length,
convex distally, proximally lateral edges concave for tentacle scales (Fig. 2F). Two equal oval tentacle
scales, slightly longer than wide, arranged in a narrow angle (Fig. 2F).

Ossicles
One paratype, NCHUZOOL 17237. DD = 14.70 mm. Radial shields triangular, with all tips rounded
(Fig. 3A). Adradial genital plate bar-like, slightly longer than abradial genital plate, proximal three
quarters flattened, thin, distal end thicker, with an articulation for abradial genital plate (Fig. 3B1).
Abradial genital plate slightly bended, flattened thoroughly except for distal end (Fig. 3B2). Oral genital
plate thin, C-shaped (Fig. 3B3). Oral shields pear-shaped, L/ W = 1.4, widest near middle part (Fig. 3C1).
Madreporite enlarged, round, distal hole large, one oval hydropore at distal lateral edge (Fig. 3C2).
Adoral shields spear-shaped, sharp at distal end, adradial and abradial sides slightly concave (Fig. 3D).
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Dental plate outer part with five tooth sockets, dorsalmost two penetrated (Fig. 3E1), outer ventral
part with nine small tooth papillae sockets, inner ventral half with five horizontal ridges (Fig. 3E2).
Oral plates abradial side with well-defined horizontal muscle flanges (Fig. 3F1), adradial side with
strong folds (Fig. 3F2). Dorsal arm plates transversely elliptical, W/L = 1.67, slightly convex distally,
proximal lateral edges convergent (Fig. 3G). Ventral arm plates pentagonal, subequal in length and
width, distal edge strongly convex, proximal edge with an angle of about 90°, lateral edges with notches
on each side for tentacles and tentacle scales (Fig. 3H). Lateral arm plates strongly arched, outer side
with four arm spine articulations (Fig. 311), inner ventral part with a perforation (Fig. 312). Vertebrae
subequal in height and width, articulation zygospondylous, dorsal and ventral grooves present, dorsal
lateral edge smooth and rounded, ventral lateral edge convergent (Fig. 3J).

Paratypes and non-type variations
Paratypes DD 4.43-15.74 mm, non-types DD 3.61-17.65 mm. Disc granules denser in smaller
individuals, reaching 408 /mm? (Fig. 5A). Oral shields ratios stable across all sizes (Fig. 5B). W/L ratios

Fig. 2. Breviturma securis sp. nov., holotype (NCHUZOOL 17232). A-B. Fresh color. A. Dorsal.
B. Ventral. C—F. Ethanol preserved color. C. Granules on central dorsal disc. D. Oral section. E. Proximal
dorsal arm. F. Proximal ventral arm. Scale bars: A-B = 30 mm; C-D = 1 mm; E-F = 3 mm.
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A

dist €4— prox
abr

dist €— prox

Fig. 3. SEM images of Breviturma securis sp. nov., paratype (NCHUZOOL 17237). A-F. Ossicles
from disc. A. Radial shield. B. Genital plates: B1. Adradial genital plate. B2. Abradial genital plate.
B3. Oral genital plate. C. Oral shields, inner view: C1. Normal plate. C2. Madreporite. D. Adoral shield.
E. Dental plates: E1. Outer view. E2. Inner view. F. Oral plates: F1. Abradial view. F2. Adradial view.
G-J. Ossicles from proximal arm. G. Dorsal arm plate. H. Ventral arm plate. I. Lateral arm plates:
I1. Outer view. I12. Inner view. J. Vertebrae: J1. Proximal view. J2. Distal view. Abbreviations: abr =
abradial; adr = adradial; dist = distal; dors = dorsal; prox = proximal; vent = ventral. Scale bars = 1 mm.
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Fig. 4. Breviturma securis sp. nov. A—F. In situ. A-D. Adults. E-F. Juveniles. G-H. A specimen
(NCHUZOOQOL 17241) with a parasitic snail (Eulimidae sp.) attached at the base of an arm. G. Ventral
view. H. Dorsal view.
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of dorsal arm plates lower in young individuals, higher in larger specimens (Fig. 5C). Four arm spines
from proximal arm segments in almost all examined specimens, five arm spines in only two specimens.
Second dorsalmost arm spines from 15"—18" arm segment of most large individuals prominently
elongated, swollen, absent in smaller individuals (Fig. 5D). For the detailed results, see Morphological
analyses on Breviturma securis sp. nov.

Coloration

In life, the dorsal disc and ventral interradial areas exhibit a yellowish-gray to greenish-gray coloration,
variegated with lighter and darker patches. These regions are adorned with discontinuous short dark lines
that never form a reticular pattern (Figs 2A, 4A-D). In juveniles, a dark ‘star’ may occasionally appear
at the center of the disc but never connects to the arm base (Fig. 4E-F). Dorsal arm plates share the
disc’s background color but feature a dark ‘axe-shaped’ pattern in the center, the ‘axe bit’ is at proximal
side and the ‘axe poll’ is at the distal side (Fig. 2E). Darker plates occur every two to three segments
on both the dorsal and ventral arm plates, giving the arms a transversely banded appearance (Figs 2A,
4A-F). Arm spines are light gray with irregular darker annulations (Fig. 2E—F). Oral shields, jaws, and
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Fig. 5. Morphological measurements of Breviturma securis sp. nov. A. Granule densities on the dorsal
central disc within an area of 1 mm? B. Length-to-width ratios of the oral shield (OS). C. Width-
to-length ratio of the dorsal arm plates (DAP) from the 15" arm segment. D. Ratio of the length of
the second dorsalmost arm spine (ASp) to that of the first dorsalmost arm spine at 15" arm segment.
Markers: hollow squares represent the holotype; solid black squares represent paratypes; solid gray dots
represent other examined specimens.
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ventral arm plates are very light in color, either white or creamy yellow (Fig. 2B, D, F). Tentacle scales
are white, occasionally exhibiting tiny dark dots (Fig. 2D, F). Tube feet are white (Fig. 2D, F).

Ecological and behavioral notes

This species inhabits sandy substrates beneath rocks, ranging from the intertidal zone to shallow
subtidal depths of up to 8 m. It is highly sympatric with other brittle stars, including B. dentata, B. krohi,
Ophiocoma scolopendrina, and Amphipholis squamata (Delle Chiaje, 1828). On one occasion, an
individual was parasitized by a snail (Eulimidae sp.) attached at the base of an arm (Fig. 4G—H).

Distribution

Reunion Island; Taiwan; Papua New Guinea.

Remarks

Breviturma securis sp. nov. was previously misidentified as B. brevipes in Taiwan, including in academic
literature (e.g., Chao et al. 1991) and in field guides (Hung 2000). The photographs for B. brevipes
in those publications obviously match the new species in both morphology and coloration, showing
strong arm spines, a greenish base color, variegated dark and light spots, and a conspicuous dark
‘axe’ pattern on the dorsal arm plates. For the same reasons, in a field guide to tropical Indo-Pacific
echinoderms (Ryanskiy 2020), three records were identified as Breviturma sp., Ophionereis sp., and
Ophiodermatidae sp., respectively; all should be referred to this new species. In our previous work (Shih
et al. 2023), the new species was recorded from Lanyu, Taiwan, under the name Breviturma aft. dentata
because of the presence of four strong arm spines, yet it exhibited a completely different coloration from
the typical B. dentata (Milller & Troschel, 1842). The specimens from Lanyu are now designated as the
holotype and paratypes in this study.

Furthermore, three specimens labeled as “Ophiocoma brevipes” archived in the NMNS (see Other
material examined under Breviturma securis sp. nov.) were reexamined and confirmed to belong to this
new species. These two species can be distinguished by their coloration and the number of AS on the
proximal arm segments (see Discussion).

Breviturma krohi (Stohr, Boissin & Hoareau, 2013)
Fig. 6

Ophiocoma (Breviturma) krohi Stohr, Boissin & Hoareau, 2013: 17-20, figs 2g-1, 4k—o, 5c, f, 1,1, 0, 1, 6.

Ophiocoma sp. nov. — Hoareau et al. 2013: 2.

Ophiocoma (Breviturma) krohi — Boissin et al. 2016: 283, fig. 3i.
Ophiocoma krohi — Conand et al. 2018: 118 (in list).

Breviturma krohi — Fortaleza et al. 2020: 288, fig. 3b.
Breviturma cf. krohi — Shih et al. 2023: 125 (in list).

non Ophiocoma brevipes Peters, 1851 — Stohr et al. 2008: 553, figs Se—f.

Diagnosis
The dorsal disc is densely covered with fine granules that extend seamlessly to the oral side. The oral
shields are trapezoidal, while the adoral shields are unevenly triangular. There are four oral papillae and
eight to ten tooth papillae. The dorsal arm plates are oval in shape. The arm spines are tapering, with
numbers ranging from three to five; the proximal arm segments consistently have five spines. The ventral
arm plates are pentagonal, each bearing two oval tentacle scales on its lateral sides. The coloration is
yellowish-brown, with dark brown patterns on the dorsal disc (Fig. 6A, C, E-F). Some of these patterns
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are pentamerously symmetrical, while others are uniformly dark. The central patterns on the dorsal arm
plates are also dark. The arms are transversely banded (Fig. 6), with the arm spines being dark gray. On
the oral side, the coloration is light, with tiny dark spots scattered across the surface (Fig. 6B, D).

Material examined

TAIWAN — Penghu County ¢ 10 specs (DD = 4.03—-12.17 mm); Wang’an, Dongjiyu; 23°1524.9" N,
119°39'59.4" E; depth <1 m; 22 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17274 « 1 spec.
(DD = 8.68 mm); Wang’an, Dongjiyu; 23°1524.9” N, 119°39'59.4" E; depth <1 m; 24 Apr. 2024;
K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17275 « 5 specs (DD =7.67—12.13 mm); Wang’an, Dongjiyu;
23°15'24.9" N, 119°39'59.4" E; depth <1 m; 25 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL
17276 « 2 specs (DD = 10.90-11.01 mm); Wang’an, Dongyupingyu; 23°1529.1" N, 119°30'46.5" E;
depth 1 m; 28 Apr. 2024; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17277. — Pingtung County °
2 specs (DD = 6.05-9.36 mm); Siaoliouciou, Shanfu Fishery Harbor; 22°2024.4" N, 120°21'46.2" E;
depth <1 m; 12 Feb. 2023; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17258 ¢ 1 spec. (DD = 10.99 mm);
Checheng, Huangjin Beach; 22°04'52.6” N, 120°42'06.2" E; depth <1 m; 25 Feb. 2024; K. Chang
et al. leg.; NCHUZOOL 17270 ¢ 3 specs (DD = 7.27-9.12 mm); Hengchun, Houbihu; 21°56'18.9" N,
120°44'43.6" E; depth <1 m; 25 Dec. 2023; K. Chang et al. leg.; NCHUZOOL 17269 2 specs (DD =
10.46-12.06 mm); Hengchun, Wanlitong; 21°59'44.4" N 120°42'22.2" E; depth <1 m; 26 Feb. 2024;
K. Chang et al. leg.; NCHUZOOL 17271 « 6 specs (DD = 3.95-12.73 mm); Hengchun, Wanlitong;
21°59'42.4" N, 120°42'22.3" E; depth 5 m; 28 Feb. 2024; K. Chang et al. leg.; NCHUZOOL 17273
* 1 spec. (DD = 12.27 mm); Mudan, Gangzaibi; 22°08'49.8" N, 120°53'32.4" E; depth <1 m; 27 Feb.
2024; K. Chang et al. leg.; NCHUZOOL 17272. — Taitung County ° 2 specs (DD = 6.21-9.43 mm);
Chenggong, Jihuei; 23°07'00.4" N, 121°23'50.1" E; depth <1 m; 11 Apr. 2023; K. Chang et al. leg.;
NCHUZOOL 17260 « 6 specs (DD = 6.81-11.73 mm); Donghe, Dulan; 22°51'51.7" N, 121°12'34.9" E;
depth <1 m; 16 Oct. 2024; K. Chang et al. leg.; NCHUZOOL 17337 ¢ 1 spec. (DD = 6.20 mm); Lanyu,
Dongcing; 22°04'29.2" N, 121°34'04.3" E; depth <1 m; 15 Mar. 2023; K. Chang et al. leg.; NCHUZOOL
17259 < 4 specs (DD = 9.00-12.99 mm); Lanyu, Longmen Harbor; 22°00'16.5" N, 121°34'52.7" E;
depth 7 m; 23 May 2023; C.-H. Chang et al. leg.; NCHUZOOL 17261 « 3 specs (DD = 9.44—12.07 mm);
Lanyu, Longmen Harbor; 22°00'16.5" N, 121°34'52.7" E; depth 7 m; 24 May 2023; K. Chang and
Y.-C. Hsu leg.; NCHUZOOL 17262 « 1 spec. (DD = 17.17 mm); Lanyu, Langdao; 22°04'45.3" N,
121°31'47.9" E; depth <1 m; 25 May 2023; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17263 * 1 spec.
(DD =13.57 mm); Lanyu, Langdao; 22°04'45.3" N, 121°31'47.9" E; depth <1 m; 6 Jul. 2023; K. Chang
and Y.-C. Hsu leg.; NCHUZOOL 17264 ¢ 1 spec. (DD = 11.36 mm); Lanyu, Dongcing; 22°03'23.1" N,
121°33'56.8" E; depth <1 m; 6 Jul. 2023; K. Chang et al. leg.; NCHUZOOL 17265 « 8 specs (DD =
4.94-13.23 mm); Lanyu, “Jimavonot” [Jade Maiden Rock]; 22°04'53.6" N, 121°31'05.7" E; depth 8 m;
7 Jul. 2023; K. Chang and Y.-C. Hsu leg.; NCHUZOOL 17266 ¢ 1 spec. (DD = 15.58 mm); Lanyu,
Langdao; 22°04'45.3" N, 121°31'47.9" E; depth <1 m; 15 Sep. 2023; K. Chang and Y.-C. Hsu leg.;
NCHUZOOL 17267 « 1 spec. (DD = 8.45 mm); Lanyu, Hongtou; 22°01'19.4" N, 121°33'29.7" E; depth
<1 m; 15 Sep. 15; K. Chang et al. leg.; NCHUZOOL 17268.

Ecological and behavioral notes

This species inhabits sandy substrates beneath rocks, ranging from the intertidal zone to shallow subtidal
zone. In Taiwan, it is highly sympatric with other brittle stars, including B. dentata, B. securis sp. nov.,
Ophiocoma scolopendrina, and Amphipholis squamata.

Distribution

Indo-West Pacific: Reunion Island; Okinawa Islands, Japan; Taiwan; Philippines; Palau; Mariana
Islands; Wake Island; Samoa; Niue; Hawaii; Society Islands, Polynesia.
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Fig. 6. Breviturma krohi (Stohr, Boissin & Hoareau, 2013). A-B. Ethanol preserved specimen
(NCHUZOOL 17274), DD = 11.40 mm. C-D. Ethanol preserved specimen (NCHUZOOL 17266),
DD = 4.94 mm. E-H. B. krohi, in situ. Scale bars: A—B = 30 mm; C-D = 10 mm.
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Remarks

Breviturma krohi with uniformly dark color pattern sometimes can be confused with B. dentata in
appearance. While these two species can be separated using 1) the arm spine numbers from proximal
arm segments, which are four or five (Stohr ef al. 2013; our material) (vs four in B. dentata); 2) the W/L
ratios of dorsal arm plates, which are lower in B. krohi (ca 1.8) (Stohr et al. 2013) (vs 2.0 in B. dentata);
and 3) the maximum disc diameter of this species, which is 17.17 mm in our material (vs 28 mm in
B. dentata).

Morphological analyses on Breviturma securis sp. nov.

A total of 75 specimens of Breviturma securis sp. nov. were examined for morphological measurements.
The densities of granules ranged from 125 to 408 per mm? (N = 74, Fig. 5A). A significant negative
correlation with disc diameter was observed (Pearson’s r = —0.66, p <0.0001), as well as a significant
linear relationship (Linear Regression: R* = 0.43, F(1, 72) = 54.98, p <0.0001). The L/W ratios of
oral shields ranged from 0.95 to 1.42 (N = 76, Fig. 5B). However, no significant correlation with disc
diameter was observed (Pearson’s r = —0.17, p = 0.14). The W/L ratios of the 15" dorsal arm plates
ranged from 0.93 to 2.21 (N =75, Fig. 5C), showing a significant positive correlation with disc diameter
(Pearson’s r = 0.89, p <0.0001) and a significant linear relationship (Linear Regression: R* = 0.79, F(1,
73)=270.29, p <0.0001). Finally, the ratio of the second dorsalmost arm spine length to that of the first
dorsalmost arm spine in the 15" arm segment ranged from 0.99 to 2.07 (N = 75, Fig. 5D). This trait
also exhibited a significant positive correlation with disc diameter (Pearson’s r = 0.46, p <0.0001) and a
significant linear relationship (Linear Regression: R = 0.21, F(1, 73) = 19.12, p <0.0001).

Molecular analyses

A molecular analysis was conducted, using 39 sequences. Of these, 35 sequences of 16S and COI genes
of Breviturma spp. were derived from our collections. Combined sequences of B. doederleini and the
holotype of B. krohi were obtained from GenBank, and for each species the 16S and COI were from
the same individuals. The data of B. pusilla were limited to COI due to the absence of the 16S gene in
GenBank (Table 1).

The phylogenetic tree topology shows that species of Breviturma form a well-supported clade.
Furthermore, both B. securis sp. nov. and B. krohi are strongly supported as distinct clades and are
identified as sister species (Fig. 7). Sequences of B. krohi from its holotype (Bk14 and BkC14) and our
collections form a unified clade (Fig. 7). The K2P nucleotide divergence distances and bp differences
among species of Breviturma are shown in Table 2. The average intraspecific K2P distance for B. krohi
and B. securis is 1.74% and 1.04%, respectively, with average bp differences of 11.23 and 6.76. The
K2P distances between B. krohi and other congeners range from 18.27% to 26.28%, with bp differences
ranging from 103.77 to 144.15. Similarly, the K2P distances between B. securis and other congeners
range from 18.27% to 26.66%, with bp differences ranging from 104.51 to 145.27.

Discussion

Since Chao et al. (1991) conducted the last review of brittle stars from Taiwan, over 30 years have
passed without any new records being added. One species that warrants inclusion is Breviturma krohi,
which was described in 2013. Breviturma krohi was previously identified as “Ophiocoma brevipes/
doederleini” in Stohr et al. (2008) and was later confirmed as a new species in Stohr ef al. (2013). In the
original description, the holotype had four arm spines at the proximal arm segments, while the paratypes
had either four or five arm spines in equal proportion (Stohr ef al. 2013). However, in our collections, all
specimens with a DD greater than 10 mm have five arm spines. Despite these morphological differences,
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our combined 16S and COI sequences clearly form a clade with that of the holotype of B. krohi,
supporting our identification (Fig. 7).

For B. securis sp. nov., several morphological traits strongly indicate its placement within the family
Ophiocomidae (O’Hara et al. 2018), including the granule-covered disc (Fig. 2C), the entire dental
plate (Fig. 3E), the presence of tooth papillae and oral papillae (Fig. 2D), and the freestanding arm
spines (Fig. 2A-B, E-F). The finely granulated disc (Fig. 2C) further suggests its placement within
the genus Breviturma (Stohr et al. 2013). Breviturma securis can be distinguished from B. longispina,
B. paucigranulata, B. pica, and B. pusilla (i.e., Devaney’s “pica group”) by its arm spines morphology.
For the first three species, the arm spines are tapering and elongated (Devaney 1970, 1974), while
in B. pusilla, they are fragile and hollow, with the upper second arm spines from the 10" to 12" arm
segments embedded in transparent soft tissue, giving them a clavate appearance (Brock 1888; Koehler
1905; Devaney 1970; Liao 2004). In contrast, B. securis has thicker and shorter arm spines than any
of above species. Compared with the species of Deaveny’s “brevipes group”, B. securis differs from
B. brevipes and B. doederleini by 1) the number of arm spines at proximal arm segments being four
(vs five in B. brevipes and B. doederleini); 2) its yellowish and greenish coloration (Figs 2, 4) (vs white
or whitish-gray in B. brevipes and dark brown or black in B. doederleini) (Table 3). Compared with
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Fig. 7. A Bayesian inference (BI) phylogenetic tree for species of Breviturma Stohr, Boissin & Hoareau,
2013 from the Indo-West Pacific, based on the 16S rRNA and cytochrome ¢ oxidase subunit (COI)
genes. Support values at the nodes represent the posterior probability from BI and bootstrap value from
maximum likelihood (ML). Only values above 70% are shown. For haplotype names and GenBank
accession numbers, see Table 1. * = holotype; ** = paratype.
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B. dentata, B. securis can be delimited by 1) the maximum DD, which is 17.65 mm (vs 28 mm in
B. dentata); 2) its yellowish and greenish coloration (Figs 2, 4) (vs dark brown or black with dotted
or reticular pattern in B. dentata) (Table 3). Additionally, B. krohi, which has similar appearance and
maximum size as B. securis, can be differentiated by 1) the second dorsalmost arm spine from the 15%—
18" arm segments of adult B. securis are always elongated and have swollen tips, which are absent in
B. krohi; 2) the color pattern of B. securis is more variegated and broken (Figs 2A, C, 4A—D), in contrast
to the uniformly colored and pentamerous radial patterns of B. krohi (Fig. 6A, C, E-F, H); and 3) the
dorsal arm plates of B. securis are wider than those of B. krohi (Table 3).

The validity of B. securis sp. nov. is further supported by COI sequences, also known as DNA barcodes
(Hajibabaei et al. 2007; Hoareau & Boissin 2010). The interspecific K2P distances of COI between
B. securis and its congeners range from 18.27-26.66% (Table 2). These results are consistent with
previous studies on other brittle stars, which reported a mean value of 20.64% for 15 genera (34 species)
(Ward ef al. 2008) and a mean value of 18.9% for 13 genera (42 species) from the southwestern Indian
Ocean (Boissin ef al. 2017).

Additionally, in the phylogenetic analyses based on the combined 16S+COI sequences (Fig. 7),
B. securis sp. nov. forms a strongly supported clade and is sister to another well-supported clade of
B. krohi, confirming the validity of both species, which together form a major clade.

Regarding the distribution range of B. securis sp. nov., the confirmed areas so far are Taiwan’s main
island and its offshore islets. However, some images in a field guide by Ryanskiy (2020) likely represent
this species and are labeled with locations such as Reunion Island and Papua New Guinea. Considering
the distribution patterns of other species of Breviturma, which are widely distributed across the Indo-
West Pacific and even reach the South Pacific (Devaney 1970, 1974; Clark & Rowe 1971; Stohr et al.
2013), the distribution range of B. securis is expected to extend throughout the Indo-West Pacific.
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