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Abstract Two forms of muraenid leptocephali, collected
from the western Pacific Ocean, were identified as Gym-
nothorax sagmacephalus Bohlke 1997 and Gymnothorax
albimarginatus (Temminck and Schlegel 1846) on the
basis of morphometric and genetic analyses. The lepto-
cephali of each species were characterized, respectively, by
counts of 172—-175 and 186—-191 myomeres, 43—44 and 47
predorsal myomeres, 109-113 and 127-134 preanal myo-
meres, and 100-104 and 118-119 last vertical blood vessel
myomeres. Gymnothorax sagmacephalus leptocephali had
minute melanophores over much of the head and body,
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closely resembling the condition in Gymnothorax minor
(Temminck and Schlegel 1846), whereas those of G. al-
bimarginatus not only had minute melanophores over
much of the head and body, but also a pair of melanophore
groups on the posteroventral and posterodorsal aspects of
the head. Such groups are here considered to represent
highly specific characters. Although a previous opinion
postulated that G. sagmacephalus is a juvenile of G. albi-
marginatus, and the adult morphologies of the two species
have a lot in common, they clearly differ in both lepto-
cephalus morphology and genetic sequence. Therefore,
G. sagmacephalus was concluded as being a valid species.

Keywords Muraenidae - Identification -
Leptocephalus larvae - Gymnothorax albimarginatus -
Gymnothorax sagmacephalus

Introduction

The Muraenidae (moray eels) is one of the most diverse
families of anguilliform fishes, consisting of two subfam-
ilies, 15 genera and ca. 200 species (Bohlke et al. 1989).
Because of their very simplified morphology, including a
lack of pectoral and pelvic fins, confluence of the dorsal,
caudal and anal fins, and either the fusion or deletion of
many bones (Bohlke et al. 1989), moray eels have
remarkably few characters to distinguish species other than
color, which is often variable within species. On the other
hand, their leptocephalus larvae have many discernible
characters (Tawa et al. 2013), for example fin and anus
positions, and various pigmentation patterns. Leptocephali
of the two subfamilies (Uropterygiinae and Muraeninae)
can be distinguished by the dorsal- and anal-fin origin
positions, being more anterior in the latter (Smith 1989b).
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However, generic level identification of muraenid lepto-
cephali has proven difficult owing to the incomplete state
of muraenid taxonomy. The most important character
established thus far for identifying most type of lepto-
cephali at the species level is total myomere number, which
generally corresponds to the total vertebral number in
adults (Smith 1989a). On this basis, a relatively large
number of Atlantic muraenid leptocephali have been
identified at species level (Blache 1977; Smith 1989b).
Although some Indo-Pacific leptocephali have been iden-
tified at species level (D’Ancona 1928; Nair 1947; Jones
and Pantalu 1952; Castle 1965), all such identifications
require reconsideration due to their extremely weak evi-
dentiary bases. In a recent study, the leptocephali of
Gymnothorax minor (Temminck and Schlegel 1846) and
Strophidon ui Tanaka 1918 were identified following
observations of metamorphosis of live leptocephali (Tawa
and Mochioka, 2009; Tawa et al. 2012a). Leptocephali of
five further species [Scuticaria tigrina (Lesson 1828),
Gymnothorax buroensis (Bleeker 1857), Gymnothorax
meleagris (Shaw 1795), Gymnothorax eurostus (Abbott
1860) and Gymnothorax pseudothyrsoideus (Bleeker
1852)] have been recently identified on the bases of mor-
phometric and genetic analysis (Tawa et al. 2012b, 2013).
Indeed, genetic analysis has become a valuable tool for
correctly identifying muraenid leptocephali, particularly
ethanol-preserved specimens. The leptocephali of previ-
ously unassigned muraenid morphological types, collected
from the western Pacific Ocean, were identified in this
study as Gymnothorax sagmacephalus Bohlke 1997 and
Gymnothorax albimarginatus (Temminck and Schlegel
1846), on the bases of morphometric characters and
mitochondrial DNA sequence analyses, and their detailed
morphology described.

Materials and methods

Specimens. A total of eight leptocephali representing the
subfamily Muraeninae (type A: TM 172-175; type B:
186-191) collected from the western Pacific Ocean were
examined during this study (Fig. 1; Table 1). Six lepto-
cephali, collected by Rectangular Midwater Trawl (RMT)
during a cruise of the R/V Kaiyo Maru (Japanese Fisheries
Agency) in August and September 2000, and preserved in
99.5% ethanol just after collection, were examined mor-
phologically after reconstitution of the specimens with
distilled water in the laboratory. One leptocephalus, col-
lected by Multiple Opening/Closing Net and Environ-
mental Sensing System (MOCNESS) during a cruise of the
R/V Hokko Maru (Fisheries Research Agency) in October
2007, was examined morphologically prior to fixing in
99.5 % ethanol, and a further specimen, collected by Isaac-
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Fig. 1 Map showing the collecting sites of leptocephalus larvae.
Circles indicate the collecting sites of leptocephalus type A. Stars

indicate the collecting sites of leptocephalus type B. Arabic numbers
beside both symbols indicate the total length (mm) of leptocephali
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Kidd Midwater Trawl (IKMT) during a cruise of the R/V
Hakuho Maru in March 2010, was similarly examined prior
to fixing in 99.5 % ethanol. The following measurements
and counts were made according to Tawa et al. (2013):
total length (TL), preanal length (PAL), predorsal-fin
length (PDL), head length (HL), body depth (BD), total
myomeres (TM), predorsal-fin myomeres (PDM), preanal
myomeres (PAM), last vertical blood vessel myomeres
(LVBV), myomeres between dorsal-fin origin and anus
(ADM) and dental formula. Melanophores were observed
by intense epi-illumination, following Tawa and Mochioka
(2009) and Tawa et al. (2012a, 2013). All larvae were
deposited in the collection of the Kyushu University
Museum (KYUM).

Seven adult specimens of three species, Gymnothorax
albimarginatus, G. sagmacephalus and G. minor, were
collected from coastal areas around Japan between 1999
and 2009 (Table 1). Total vertebrae (TV) were counted
from radiographs according to Bohlke (1989). Muscle tis-
sue samples were taken from each specimen and preserved
in 99.5 % ethanol for subsequent DNA analysis. All
specimens were deposited in the collection of the Kyushu
University Museum (KYUM).

DNA extraction, PCR amplification and analysis.
Eight leptocephali and seven adult specimens (see above)
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Table 1 List of leptocephali and adults muraenid specimens

Species Stage Locality Collection TL TV or Accession# Museum Reg. Reference
date (mm) ™ Number
Leptocephalus type A Larva 29°21’N, 5 Oct. 07 30.2 172 ABB808682 KYUM-PI 4045 This study
130°30’E
Leptocephalus type A Larva 31°00’N, 24 Aug. 00 819 172 AB808683 KYUM-PI 4091 This study
138°30’E
Leptocephalus type A Larva 24°00°N, 24 Sep. 00 85.1 174 AB808684 KYUM-PI 4124 This study
129°00’E
Leptocephalus type A Larva 26°00’N, 25 Sep. 00 67.1 175 ABB08685 KYUM-PI 4129 This study
129°00’E
Leptocephalus type B Larva 21°00’N, 21 Sep. 00 93.0 190 AB808686 KYUM-PI 4096 This study
133°00’E
Leptocephalus type B Larva 31°00’N, 16 Sep. 00 68.6 186 ABB808687 KYUM-PI 4102 This study
133°00’E
Leptocephalus type B Larva 30°00’N, 16 Sep. 00  43.1 191 ABB808688 KYUM-PI 4193 This study
133°00’E
Leptocephalus type B Larva 2°00°N, 17 Mar. 10 10.2 189+ AB808689 KYUM-PI 4430 This study
120°00’E
Gymnothorax Adult Wakayama 21 Oct. 99 965 183 AB808690 KYUM-PI 2442 This study
albimarginatus
Gymnothorax Adult Wakayama 30 Oct. 09 1054 189 AB808691 KYUM-PI 2668 This study
albimarginatus
Gymnothorax Adult Wakayama 31 Oct. 09 1071 188 AB808692 KYUM-PI 2669 This study
albimarginatus
Gymnothorax Adult Wakayama 16 Nov. 99 471 174 AB808693 KYUM-PI 2441 This study
sagmacephalus
Gymnothorax Adult Wakayama 5 Dec. 99 562 170 AB808694 KYUM-PI 2443 This study
sagmacephalus
Gymnothorax Adult Wakayama 26 Aug. 09 579 174 AB808695 KYUM-PI 2520 This study
sagmacephalus
Gymnothorax minor Adult Miyazaki 25 Oct. 07 482 136 ABB808696 KYUM-PI 2453 This study
Gymnothorax buroensis ~ Adult Okinawa 20 Oct. 09 292 113 AB695713 KYUM-PI 2558 Tawa et al.
(2013)
Gymnothorax Adult Iriomote 4 Nov. 08 368 131 AB695651 KYUM-PI 2410 Tawa et al.
thyrsoideus (2013)
Gymnothorax meleagris ~ Adult Kuchinoerabu 20 Aug. 09 333 127 AB695685 KYUM-PI 2481 Tawa et al.
(2013)
Gymnothorax eurostus Adult  Kuchinoerabu 24 Aug. 09 542 127 AB695658 KYUM-PI 2502 Tawa et al.
(2013)
Gymnothorax pictus Adult Iriomote 16 Oct. 08 882 129 AB695648 KYUM-PI 2370 Tawa et al.
(2013)
Gymnothorax berndti Adult Ogasawara 10 Dec. 09 708 134 AB695699 KYUM-PI 2651 Tawa et al.
(2013)
Gymnothorax rueppellii  Adult Ogasawara 6 Dec. 09 741 130+ AB695697 KYUM-PI 2636 Tawa et al.
(2013)
Gymnothorax zonipectis ~ Adult Iriomote 1 Nov. 09 344 128 AB695704 KYUM-PI 2588 Tawa et al.
(2013)
Gymnothorax fimbriatus ~ Adult Kuchinoerabu 16 Aug. 09 293 132 AB695682 KYUM-PI 2466 Tawa et al.
(2013)
Scuticaria tigrina Adult  Kuchinoerabu 16 Aug. 09 970 170 AB702975 KYUM-PI 2467 Tawa et al.
(2012b)
Uropterygius Adult Ishigaki 6 Sep. 09 219 119 AB702982 KYUM-PI 2506 Tawa et al.
micropterus (2012b)

TL total length, TV total number of vertebrae, TM total number of myomeres
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were used for DNA analysis. Total genomic DNA was
extracted from approximately 25 mg (leptocepha-
li, < 25 mg) of ethanol-preserved muscle tissue using the
DNeasy tissue kit (Qiagen), following the manufacturer’s
protocol. A partial sequence of the mitochondrial DNA 16S
rRNA region was amplified by the polymerase chain
reaction (PCR) using A and B primers (5>-GGTCCWRC
CTGCCCAGTGA-3’ and 5’-CCGGTCTGRACYAGATC
ACGT-3’, respectively). PCR amplifications were carried
out in a Thermal Cycler PTC-100 (MJ Research, Inc) at
94 °C for 1 min, followed by 30 cycles of denaturation at
94 °C for 30 s, annealing at 50 °C for 30 s and 72 °C for
90 s, and extension at 72 °C for 6 min. PCR products were
purified with Wizard SV Gel and PCR Clean-up System
(Promega) following the manufacturer’s protocol.
Sequencing reactions were analyzed on an ABI PRISM
3100 and 3730 Genetic Analyzer (Applied Biosystems)
using the Big Dye Terminator version 3.1 Cycle
Sequencing Kit (Applied Biosystems). All sequences
obtained were submitted to the DDBJ, EMBL and Gen-
Bank nucleotide sequence databases under the accession
numbers AB808682-AB808696. Eleven species exam-
ined in previous studies and registered with DDBJ, EMBL
and GenBank (Tawa et al. 2012b, 2013) were included in
the following genetic analysis (Table 1). A neighbor-
joining (NJ) tree (Saitou and Nei 1987) and distance
matrices were generated using MEGAS (Tamura et al.
2011) in an analysis of Kimura two-parameter distances
(Kimura 1980).

Results

Species identification. The holotype of Gymnothorax
sagmacephalus collected from Japan (adult) has missing
tail tip (Bohlke 1997), resulting in an incomplete vertebral
column (TV = 172+). The adult G. sagmacephalus spec-
imens examined in the present study had lower TV counts
of 170-174 (n = 3), compared with TV counts in adult
G. albimarginatus of 184—-195 (n = 7) (Bohlke, 1997) and
183-189 (n = 3) (present study; Table 1). The two lepto-
cephali types considered here, having TM counts of
172-175 (type A) and 186-191 (type B), therefore corre-
sponded to the TV counts of adult G. sagmacephalus and
G. albimarginatus (Table 1). However, TV counts of adult
Gymnothorax verrilli (Jordan and Gilbert 1883) (170-171),
Gymnothorax phasmatodes (Smith 1962) (160-174) and
Gymnothorax prolatus Sasaki and Amaoka 1991
(182-187) (see Bohlke 1997) also resembled those of either
G. sagmacephalus or G. albimarginatus.

Partial sequences (about 520 bp) of mitochondrial DNA
16S rRNA were obtained from eight leptocephali (repre-
senting the two morphological types) and seven adults

(representing three species) in the present study. All
genetic analyses were conducted on 26 sequences (497 bp)
including the sequences of eleven species examined in
previous studies (Tawa et al. 2012b, 2013) after alignment.
A neighbor-joining tree using all sequences is shown in
Fig. 2. Two species, G. sagmacephalus and G. albimar-
ginatus, clearly formed separate clades that contained the
two leptocephalus types (A and B, respectively). The
average (and range) of interspecific variations (nucleotide
substitution rate) between 14 species was 11.9 (5.2-17.8)
% (Table 2). In comparison, the intraspecific variations of
G. sagmacephalus and G. albimarginatus were much lower
at 0.7 (04-1.0) % and 0.8 (0.6-1.2) %, respectively
(Table 2). Furthermore, the nucleotide substitution rates
between G. sagmacephalus and leptocephalus type A [0.8
(0.6-1.2) %], and G. albimarginatus and leptocephalus
type B [0.8 (0-1.4) %] were well in accordance
with intraspecific variations of G. sagmacephalus and
G. albimarginatus, respectively (Table 2). Accordingly,
leptocephalus types A and B were identified as
G. sagmacephalus and G. albimarginatus, respectively, on
the bases of their meristic counts and DNA sequences.
Description of leptocephalus larvae, Gymnothorax
sagmacephalus Bohlke 1997 (Fig. 3). TL 30.2-85.1 mm,
T™ 172-175 (n = 4), PDM 43-44 (4), PAM 109-113 (4),
ADM 64-68 (4), LVBV 100-104 (4). Proportion in percent
of TL: PDL 27.0-33.1 % in 67.1-85.1 mm TL (3), ca.
43.0 % in 30.2 mm TL; PAL 72.0-80.2 % (3), 86.1 %; HL
4.7-49 % (3), 7.3 %; BD 14.0-17.6 % (3), 15.6 %. Dental
formula: 1+ 5+6-7/ 14+7-8+3 (3), 1+2+4
1 + 1 + 4. Melanophores small, compacted into several
clearly defined areas: scattered on ventral surface of rostrum
(= palate) (VSR; Fig. 3c); scattered around nasal organ
(NO; Fig. 3c); grouped on dorsal surface of head and brain
(SHB; Fig. 3c); several on the ventral and lateral surface of
the posterior part of the brain, continuous with a group on
opercular region (PVB, OP; Fig. 3c); several on posterior
margin of lower jaw (PLJ; Fig. 3c); numerous on ventral
portion of throat (VT; Fig. 3c), continuous with ventral
somatic row from throat to posterior margin of gallbladder,
a single row in 30.2 mm TL specimen, a single row but
scattered around gallbladder in three large specimens in
67.1-85.1 mm TL [TG; Fig. 3c, e, type “A” of Smith
(1989b)]; a single splanchnic row above intestine (along
pronephric ducts) from gallbladder to anus, spaced at zero
to two per myomere (SPGA; Fig. 3e); a single somatic row
along ventral midline under gut from gallbladder to anus,
spaced at three or four per myomere (SOGA; Fig. 3e); a
single somatic row from about ninth myomere to dorsal fin
origin along dorsal midline, spaced at about two per myo-
mere (DM; Fig. 3c, d); a row of minute melanophores along
dorsal- and anal-fin bases, about one per ray (DAFB;
Fig. 3f); a row along ventral spinal cord from about first
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Fig. 2 Neighbor-joining tree
based on the 16S rRNA partial
region; distances calculated
using the Kimura-two parameter
model of base substitution.
Number beside internal
branches indicate bootstrap
probabilities (> 90%) based on
1,000 pseudoreplicates
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myomere to caudal tip, zero to two per myomere from first
to about 10th myomere and subsequently two to five per
myomere until caudal tip (number increasing posteriorly,
SC; Fig. 3f); a row along dorsal spinal cord from about first
myomere to caudal tip, zero to two per myomere from first
to about 10th myomere and subsequently one to five per
myomere until caudal tip in 67.1-85.1 mm TL (DSC,
Fig. 3f) (absent in 30.2 mm TL).

Remarks. The leptocephali of this species reach a
comparatively large size, with the largest specimen
(85.1 mm TL) showing no sign of metamorphosis. The
anus and last vertical blood vessel are posteriorly posi-
tioned, and the dorsal-fin origin is positioned anteriorly.
This leptocephalus type has melanophores on many parts
of the head and body. The melanophore patterns and
positional relationship of the anus and dorsal-fin origin of
the G. sagmacephalus leptocephali closely resembled those
of G. minor (see Tawa and Mochioka 2009). However, the
leptocephali were easily distinguished by TM counts
(172-175 in the former; 135-142 in the latter). A few Indo-
Pacific muraenid leptocephali (Muraeninae) with TM
counts of 160-180 have been recorded (D’Ancona 1928;
Castle 1965). D’ Ancona (1928) described the leptocephali
having TM counts of 158-162, thereby differing from
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Uropterygius micropterus KYUM-PI 2506

those of G. sagmacephalus (TM 172-175). Castle (1965)
described Leptocephalus Gymnothorax sp. (166 myomeres)
on the basis of a single specimen (71.8 mm TL). Although
meristic counts for this leptocephalus (TM 166, PAM 110,
LVBYV 103) closely resembled those of G. sagmacephalus,
leptocephali of the latter could be distinguished by the
presence of VSR, NO and SHB melanophores (absent in
Leptocephalus Gymnothorax sp.).

Description of leptocephalus larvae, Gymnothorax
albimarginatus (Temminck and Schlegel 1846) (Fig. 4).
TL 10.2-93.0 mm, TM 186-191 (n = 3), PDM 47 (1),
PAM 127-134 (3), ADM 86 (1), LVBV 118-119 (3).
Proportion in percent of TL: PDL 31.0 % in 93.0 mm TL;
PAL 82.8-85.8 % in 43.1-93.0 mm TL (2), 89.2 % in
10.2 mm TL; HL 4.9-6.5 % in 43.1-93.0 mm TL (3),
16.7 % in 10.2 mm TL; BD 12.1-14.9 % in 43.1-93.0 mm
TL (3), 225 % in 102 mm TL. Dental formula:
14+4-74+414+494+2 in 43.1-93.0 mm TL (3),
14+3+01+340in 10.2 mm TL. In 43.1-93.0 mm
TL specimens, melanophores small, compacted into several
clearly defined areas: scattered on ventral surface of rostrum
(VSR; Fig. 4c); scattered around nasal organ (NO; Fig. 4c);
grouped on dorsal surface of head and brain (SHB; Fig. 4c);
several on posteroventral and lateral surface of brain,
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Fig. 3 Gymnothorax
sagmacephalus leptocephalus
larvae. a Lateral view, 30.2 mm
TL (KYUM-PI 4045), b lateral
view, 85.1 mm TL (KYUM-PI
4124), ¢ lateral view of head
(KYUM-PI 4124), d lateral
view of dorsal-fin origin
(KYUM-PI 4124), e lateral
view of gallbladder (KYUM-PI
4124), f lateral view of tip of
caudal region (KYUM-PI
4124). Abbreviations of

melanophore positions: VSR
ventral surface of rostrum, NO
nasal organ, SHB dorsal surface
of head and brain, PVB
posteroventral and lateral
surface of brain, OP opercular
region, PLJ posterior margin of
lower jaw, VT ventral portion of
throat, TG somatic row from
throat to gallbladder, SPGA
splanchnic row above intestine
from gallbladder to anus, SOGA
somatic row from gallbladder to
anus, DM dorsal midline, DAFB
dorsal- and anal-fin bases, SC
ventral aspect of spinal cord,
DSC dorsal aspect of spinal cord

Imm

TG

continuous with a group on opercular region (PVB, OP;
Fig. 4c¢); a few on iris (IR; Fig. 4c), but usually rare (absent
in 10.2-68.6 mm TL specimens); small number on lower
jaw tip (TLJ; Fig. 4c); small number on posterior margin of
lower jaw (PLJ; Fig. 4c); numerous on ventral portion of
throat (VT; Fig. 4c), continuous with grouped melano-
phores on ventral body surface, six or seven somatic rows
from heart to about eighth myomere (TGgroup; Fig. 4c)
plus a single ventral somatic row from about 20th myomere
to gallbladder (number increasing posteriorly, TG; Fig. 4e);
a single splanchnic row above intestine (along pronephric
ducts) from gallbladder to anus, spaced at six to nine per
myomere (SPGA; Fig. 4e); grouped on dorsal-body surface,
six or seven somatic rows from first to eighth myomeres
(DMgroup; Fig. 4c) plus a single somatic row along dorsal
midline, from about 39th myomere to dorsal-fin origin,
spaced at about one per myomere (in 93.0 mm TL speci-
men, DM; Fig. 4d); a row of minute melanophores along
dorsal- and anal-fin bases, about one per ray (DAFB;
Fig. 4f); a row along ventral spinal cord from about first
myomere to caudal tip, zero to two per myomere from first

@ Springer

SOGA’

to about 10th myomere and subsequently about seven per
myomere until caudal tip (SC; Fig. 4f); a row along dorsal
spinal cord from about first myomere to caudal tip, zero to
one per myomere from first to about 10th myomere and
subsequently one to two per myomere until caudal tip
(DSC; Fig. 4f). In 10.2 mm TL specimen, melanophores
small and compact within a single region: a ventral row
along spinal cord from about first myomere to caudal tip,
zero to one per myomere (number increasing posteriorly,
SC; Fig. 4a).

Remarks. Like leptocephali of G. sagmacephalus, those
of G. albimarginatus reach a comparatively large size, with
the largest specimen (93.0 mm TL) showing no sign of
metamorphosis. The anus and last vertical blood vessel are
posteriorly positioned, and the dorsal-fin origin is posi-
tioned anteriorly. The 10.2 mm TL specimen, thought to
represent immediate post-hatching, had markedly different
body proportions to the >40 mm TL specimens. Also, the
posterior edge of the gut protruded slightly from the body.
It is likely that the external gut represented an artifact
resulting from body shrinkage after death, rather than a
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Fig. 4 Gymnothorax
albimarginatus leptocephalus a
larvae. a Lateral view, 10.2 mm
TL (KYUM-PI 4430), b lateral
view, 93.0 mm TL (KYUM-PI
4096), c lateral view of head
(KYUM-PI 4096), d lateral
view of dorsal-fin origin
(KYUM-PI 4096), e lateral
view of gallbladder (KYUM-PI
4096), f lateral view of tip of
caudal region (KYUM-PI
4096). Abbreviations of
melanophore positions: VSR
ventral surface of rostrum, NO
nasal organ, SHB dorsal surface
of head and brain, PVB
posteroventral and lateral
surface of brain, OP opercular
region, IR iris, TLJ lower jaw
tip, PLJ posterior margin of
lower jaw, VT ventral portion of
throat, TGgroup ventral somatic
6 or 7 rows, TG somatic row
from 20th myomeres to
gallbladder, SPGA splanchnic
row above intestine from
gallbladder to anus, DMgroup
dorsal, somatic 6 or 7 rows, DM
dorsal midline, DAFB dorsal-
and anal-fin bases, SC ventral
aspect of spinal cord, DSC
dorsal aspect of spinal cord

morphological character of small larvae. The melanophore
pattern was incomplete. However, the meristic counts (TM,
PAM and LVBV) were almost identical to those of the
larger conspecific specimens. The 43.1 mm TL specimen
possessed all of the melanophores described above for
G. albimarginatus, including all over the head and body.
Notably, however, a pair of melanophores in the DM and
TG groups was unique to this species. Leptocephali with
morphology similar to that of G. albimarginatus have not
been previously described, although Miller and Tsukamoto
(2004) provided a photograph (without comment) of a
leptocephalus that now seems likely to be G. albimargin-
atus (Chapter 5, Family Muraenidae, figure 5.41).

Discussion

The genus Gymnothorax Bloch 1795 includes 124 valid
species, of which 105 are distributed in the Indo-Pacific

el
P na s ass _J
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Ocean (Froese and Pauly 2013). For the first time, the
leptocephali of two species, G. sagmacephalus and G. albi-
marginatus, from the western Pacific region were identified
and described in this study. Overall, seven species of the
leptocephali of Gymnothorax from Indo-Pacific had been
described, including our previous findings (Tawa and
Mochioka 2009; Tawa et al. 2013). Both leptocephali were
characterized by many myomeres (172-175 in G. sagma-
cephalus and 186-191 in G. albimarginatus), the anterior
position of the dorsal-fin origin (PDM 43-44 and 47) and
posterior position of the anus (PAM 109-113 and 127-134),
and melanophore patterns (see each description). Although
leptocephali of Strophidon ui, described from the western
North Pacific, also have many myomeres 184-196 (Tawa
et al. 2012a), they differ from the aforementioned two
species in both dorsal-fin origin location (PDM 84-90 in
S. ui) and the absence of SHB, TG and SPGA melanophores.

The three species, G. sagmacephalus, G. albimarginatus
and G. minor, clearly comprise one clade in the NJ tree
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based on 14 muraenid species (Fig. 2). Moreover, geneti-
cally G. sagmacephalus is closely related to G. minor
(more than G. albimarginatus). Although adults of
G. sagmacephalus and G. albimarginatus share similar mor-
phologies, including many vertebrae (over 170), slender
body proportions, dark brown body coloration and dental
row formulae (Bohlke 1997), adult G. minor [with TV
counts of 135-143 and 15-22 dark brown bars on a pale
yellow body (Bohlke and McCosker 1997)] clearly differ.
On the other hand, leptocephalus of G. minor (see Tawa
and Mochioka 2009) closely resemble that of G. sagma-
cephalus in having the VSR, NO, SHB, PVB, PLJ, VT, OP,
TG, DM, TG, SPGA, SPGA, SC and DAFB melanophores
and similar anal position (percentage of PAL to TL:
72.0-80.2 % in the former vs. 70.2-80.1 % in the latter).
Within the species group, the genetic relationship is in
close accordance with leptocephalus morphology, rather
than adult. In fact, our previous report (Tawa et al. 2013)
suggested that the melanophore patterns of leptocephali
representing four species groups, including G. buroensis,
G. eurostus, G. meleagris and Gymnothorax milliaris
(Kaup 1856), reflected moray phylogeny. The present study
supports this general pattern.

It has been suggested that G. sagmacephalus is a juve-
nile of G. albimarginatus (see Hatooka 2002). Gymnotho-
rax sagmacephalus was described by Bohlke (1997) based
on one specimen (534 mm TL) from Japan and was char-
acterized by having the TV counts 1724, and two unique
colorations—a dusky saddle on top of the head just behind
the eyes and a large prominent dark triangle just before the
dorsal-fin origin. Although G. albimarginatus are distin-
guished from G. sagmacephalus by having TV count of
over 180 and lacking two unique colorations, Hatooka
(2002) thought the two unique colorations of G. sagma-
cephalus are larval forms of G. albimarginatus. Also, both
species could not be distinguished by TV counts due to
damage in the holotype of G. sagmacephalus (see above)
(Bohlke 1997). The TV counts of G. sagmacephalus
(170-174) based on the three specimens newly corrected in
this study tended to be lower than those of G. albimar-
ginatus (183-189) (Table 1). Furthermore, the genetic
analysis also separated the two species (Fig. 2). The final
character clearly separating the two species are those lep-
tocephalus morphologies including a pair of melanophore
TG and DM groups in G. albimarginatus (absent in
G. sagmacephalus) (Figs. 3c, 4c), and the meristic counts of
T™M, PAM, LVBYV and ADM (for details, see descriptions of
the two leptocephali). Accordingly, G. sagmacephalus
is considered to be a wvalid species, along with
G. albimarginatus.
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