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Abstract

micronesicus and P. coelestis.

P. coelestis.

Background: Many widely distributed coral reef fishes exhibit cryptic lineages across their distribution. Previous
study revealed a cryptic lineage of Pomacentrus coelestis mainly distributed in the area of Micronesia. Herein, we
attempted to use molecular and morphological approaches to descript a new species of Pomacentrus.

Results: The morphological comparisons have been conducted between cryptic species and P. coelestis.
Pomacentrus micronesicus sp. nov. is characterized by 13 to 16 (typically 15) anal fin rays (vs. 13 to 15, typically

14 rays in P. coelestis) and 15 or 16 rakers on the lower limb of the first gill arch (vs. 13 or 14 rakers in P. coelestis).
Divergence in cytochrome oxidase subunit | sequences of 4.3% is also indicative of species-level separation of P.

Conclusions: P. micronesicus sp. nov. is described from the Marshall Islands, Micronesia on the basis of 21
specimens. Both morphological and genetic evidences support its distinction as a separate species from

Keywords: Cryptic species; Pomacentrus micronesicus; Speciation

Background
Marine organisms that are morphologically undistinguish-
able but genetically distinct are known as ‘cryptic species’
(Knowlton 2000). In the past decade, DNA sequencing
has provided an independent means of testing the validity
of existing taxonomic units, revealing cases of inappropriate
synonymy and, consequently, the existence of numerous
cryptic species. For instance, Steinke et al. (2009) examined
391 species of ornamental fishes and, based on mito-
chondrial (mt)DNA genetic divergence, concluded that
three of 44 pomacentrids examined represented previously
overlooked species, suggesting that cryptic speciation
might be common in this family of marine fishes.
Pomacentrus coelestis (Jordan and Starks, 1901), also
known as the neon damselfish, was described on the
basis of a single specimen collected at Wakanoura in Kii,
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Japan and is widely distributed in the Indo-Pacific region
(Allen 1991). Liu et al. (2012) conducted a phylogeographic
study of P. coelestis across its distribution using both
the mtDNA control region and microsatellite loci as
genetic markers and revealed two deeply divergent clades;
the first clade was shown to encompass the ‘true’ P.
coelestis haplotype, which is widespread in the West
Pacific, Indonesia, and the South Pacific, while the second
clade included a cryptic species, distributed in a relatively
narrow area between Micronesia and West Papua. This
cryptic species could not be distinguished from P. coelestis
in situ based on its color pattern and body shape (GR
Allen, personal communication). In addition, several
morphologically similar species, including Pomacentrus
auriventris (Allen, 1991), Pomacentrus similis (Allen, 1991),
Pomacentrus alleni (Burgess, 1981), and Pomacentrus
caeruleus (Quoy and Gaimard, 1825) were suggested to
compose a ‘P. coelestis complex’ (GR Allen, personal
communication). The goals of the present study were
to compare morphological measurements among species
within this complex and discuss the phylogenetic relation-
ship between the true P. coelestis and other congeners.

© 2013 Liu et al, licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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Methods

Methods for taking morphometric and meristic data
followed that of Allen (2004). Proportional measurements
are expressed as a percentage of the standard length
(SL) or head length (HL), as shown in Table 1. Counts
and proportions for the holotype are followed by value
ranges for the paratypes (in parentheses). Type specimens
were deposited at the National Museum of Marine Biology
and Aquarium (NMMB-P, Pingtung, Taiwan), the National
Museum of Natural History (Smithsonian Institution, USNM,
Washington, DC, USA), and the Western Australian
Museum (WAM, Perth, Australia). Institution codes
followed those of Fricke and Eschmeyer (2012). Specimens
for phylogenetic analyses were collected either from the
field with barrier and hand nets or purchased from a
local aquarium shop. Ten specimens of the new species
used for sequencing were collected from Kwajalein
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Atoll, Marshall Islands, and P. coelestis was collected
from northern Taiwan. Two specimens of P. alleni and P.
auriventris were purchased from a local aquarium shop.

DNA was isolated with the Genomic DNA extraction
kit (Genomics BioScience and Technology, New Taipei
City, Taiwan) from muscle tissue preserved in 95% ethanol
according to the manufacturer’s recommendations. A partial
fragment of the mtDNA cytochrome oxidase subunit I
(COI) gene was amplified by a polymerase chain reaction
(PCR) using Taq DNA polymerase (MDbio, Taipei, Taiwan)
and FishF2 and FishR2 primers (Ward et al. 2005). Each
25-pl reaction contained 10 to 50 ng DNA, 10 mM Tris
HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 1 U Tag DNA
polymerase, 0.2 mM dNTPs, and 0.3 mM of each primer.
The mixture was amplified with a cycling profile of 2 min
at 94°C for the first cycle, followed by 34 cycles at 95°C for
30's, 54°C for 30 s, and 70°C for 40 s.

Table 1 Morphometric data of P. micronesicus sp. nov., P. coelestis, and P. alleni

P. micronesicus sp. nov.

P. coelestis P. alleni

Holotype All types (SL 28.3 to 584 mm  Non-types (SL 29.1 to 59.6 mm Paratypes (SL 39.5 to 44.1 mm
(SL 58.3 mm) (n=21)) (n=22) (n=4)

Percentage of SL Avg. (range) SD Avg. (range) SD Avg. (range)

Body depth 374 386 (35.7 to 42.8) 1.9 413 (383 to 44.2) 1.5 36.8 (359 to 374)
Body width 149 16.5 (149 to 18.9) 1.1 187 (16.7 to 21.5) 13 166 (162 t0 17.3)
Head length 285 29.1 (274 t0 30.6) 09 30.0 (279 to 33.0) 12 29.5 (286 10 30.2)
Snout length 6.5 0 (59 to 8.0) 0.6 6.9 (6.2 to 74) 03 70 (68 t0 7.7)

Eye diameter 93 1059310 11.9) 038 105 (89 to 12.1) 038 10.7 (102 to 10.9)
Interorbital width 84 8 (7.7 t0 9.7) 06 8(89to 11.1) 0.7 9.1 (84 to 9.5)

Upper jaw length 84 4 (79 t0 9.6) 0.5 4 (7.2 t0 10.3) 08 85 (8.21t0 87)

Caudal peduncle depth 12.7 13.8 (12.7 t0 15.0) 0.7 7 (12.8 to 14.5) 04 8 (13.2 to 14.7)
Caudal peduncle length 134 136 (11.7 to 15.2) 09 4 (11.8 to 15.1) 09 2 (129 to 15.0)
Predorsal length 30.0 32.0 (30.0 to 33.3) 1.0 5 (25.0 to 36.2) 30 4 (304 to 32.7)
Preanal length 60.9 634 (589 to 68.7) 2.7 64.8 (588 t0 71.6) 34 62.9 (61.8 to 63.9)
Prepelvic length 36.9 39.1 (355 to 44.6) 29 399 (353 t0 46.0) 32 37.7 (34.2 to 39.1)
Dorsal fin base length 614 60.6 (56.8 to 64.4) 19 60.5 (56.2 to 63.9) 26 8 (59.7 to 63.0)
Pectoral fin length 264 27.5 (255 10 29.0) 10 27.0 (243 10 29.8) 16 266 (25.2 10 29.0)
Pelvic fin length 259 280 (254 10 29.7) 1.3 274 (24.7 t0 30.9) 1.7 28.1 (270 to 29.5)
Pelvic fin spine length 13.7 15.8 (13.7 to 16.6) 0.9 9 (150to 17.5) 08 4 (16.7 to 18.3)
First dorsal fin spine length 74 7.1 (5.8 to 84) 08 76 (63 t0 94) 09 83 (7.3 10 94)

Seventh dorsal fin spine length 153 158 (143 to0 17.3) 0.9 15.7 (143 to 17.6) 1.0 16.2 (145 to 17.4)
Last dorsal fin spine length 16.5 176 (154 to 19.1) 1.0 17.0 (15.7 to 20.2) 12 17.5 (15.8 to 18.6)
Longest dorsal fin ray length 233 21.7 (19.0 to 26.3) 2.1 19.2 (153 to 21.1) 1.5 21.1 (19.2 to 23.2)
First anal fin spine length 75 8.1 (6.2t0 9.2) 0.7 79 (6910 9.2) 06 7.5 (6.11t082)

Second anal fin spine length 153 16.7 (13.5 to 18.8) 14 16.5 (15.0 to 18.9) 12 163 (143 to 17.2)
Longest anal fin ray length 218 214 (179 to 25.9) 22 19.2 (158 to 21.1) 1.6 209 (17.6 to 22.7)
Caudal fin length 448 37.6 (29.1 to 44.8) 53 33.9 (27.7 to 40.6) 44 342 (313 to 36.7)
Caudal fin concave length 22.1 15.3 (9.6 to 22.1) 42 12.1 (59 t0 19.7) 41 10.9 (86 t0 12.6)

Six paratypes of P. micronesicus sp. nov. and six specimens of P. coelestis were only partially measured due to variations in the quality of specimen preservation/

conditions. Avg. average, SD standard deviation, SL standard length.
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Nucleotide sequences of the PCR products were
determined using an ABI 377 automated sequencer.
Sequences obtained in this study were submitted to
the NCBI GenBank database. Sequences were aligned
using CLUSTAL W (Thompson et al. 1994) followed
by manual editing using Sequencher 4.2 (Gene Code, Ann
Arbor, MI, USA). A Kimura 2-parameter (K2P) distance
metric was employed for sequence comparisons between
samples, as this distance is commonly used to represent
genetic divergence between fish species (Hubert et al.
2008; Steinke et al. 2009). Then, the best-fit substitution
model, K2P plus gamma (y = 0.0619), was selected by
MEGAS5 (Tamura et al. 2011) based on the Bayesian in-
formation criterion. This model was used to construct a
maximum likelihood (ML) tree with additional sequences
downloaded from GenBank (P. auriventris, GenBank:
HLC-12192-6 and P. alleni, GenBank:JQ418308-11).
Bootstrap values for the ML trees were estimated using
1,000 replicates.

Additionally, Bayesian phylogenetic reconstructions were
estimated with MrBayes 3.12 (Ronquist and Huelsenbeck
2003) using the K2P model and default priors. Subse-
quently, two duplicate runs of three heated and one cold
Markov chain Monte Carlo chains were established, and
each was initiated from a random tree and run for 10°
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generations. A convergence diagnostic was applied, and
the stop probability was set to 0.01. Then, trees were
sampled every 100 generations, and a consensus tree
was built on all trees with the exclusion of the first 25% of
sampled trees to allow for sufficient burn-in. Posterior
probabilities were determined by constructing a 50%
majority-rule tree of all sampled trees. The accession
numbers were GenBank:JX232402-3 for P. auriventris,
GenBank:JX232380-1 for P. alleni, GenBank:JX232382-91
for P. coelestis, and GenBank:JX232392-401 for the new
species. The study complies with the current laws of
the countries in which it was performed, and fishes used
in this study have been treated based on the ethical justifi-
cation for the use and treatment of fishes by the Journal of
Fish Biology, 2006 (http://www.blackwell-synergy.com).

Results

Pomacentrus micronesicus sp. nov. Liu, Ho and Dai
Common name: Micronesian demselfish

(Figures 1, 2, 3, 4 and Tables 1, 2, 3)

Holotype

NMMB-P15602 (58.3 mm), Kwajalein Atoll, Marshall
Islands (9°11'2.87"”N, 167°25'4.88"E), 5 to 10 m, hand
net, 2 August 2009, collected by S Johnson.

(B)
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Figure 1 Photographs of the P. coelestis complex. (A) P. alleni, Weh Island, Sumatra, Indonesia. (B) P. coelestis, Nusa Kode, Komodo Islands,
Indonesia. (C) P. auriventris, Raja Ampat Islands, Indonesia. (D) P. similis, Mergui Archipelago, Myanmar. (E) P. caeruleus, Andavadoaka,
southwestern Madagascar. (F) P. micronesicus sp. nov., Chuuk, Federated States of Micronesia. Courtesy of GR Allen.
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Figure 2 P. micronesicus sp. nov. (A) NMMB-P15602, holotype, 58.3
mm standard length (SL), right lateral view. (B) WAM P.33715-001, 554
mm SL, left lateral view. (C) X-ray film showing the anal fin elements of
the holotype. Spines are shown in Roman numerals, and soft rays are
indicated by a white dot at each base.

Paratypes

CAS 235015-6 (formerly NMMB-P15605-6, 37.8 to 51.7
mm), NMMB-P15591-601, 156034, 15607 (14: 37.8 to
58.4 mm), USNM 410087 (2: 46.8 and 57.0 mm), WAM
P.33715-001 (2: 49.8 and 55.4 mm), all collected with
the holotype by S Johnson.

Figure 3 Underwater photograph of adult P. micronesicus sp.
nov. (70 mm total length). Near Kwajalein Atoll, Marshall Islands at
5 to 8 m in depth. Courtesy of Jeanette Johnson.
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Comparative materials

P. alleni

WAM P.26506-009 (paratypes, 4: 39.5 to 44.1 mm),
8°40’'N, 97°38°E, Thailand, Similan Island, Ko Bangu,
Andaman Sea, 12 February 1979, collected by GR Allen.

P. auriventris

WAM P.29708-005 (8: 30.7 to 45.6 mm), 8°30°S, 122°20E,
Pulau Besar, Flores, Indonesia, 8 to 12 m, 15 April 1988,
collected by GR Allen.

P. caeruleus

WAM P.27329-001 (4: 39.6 to 51.2 mm), 5°25'S, 71°44'E,
Peros Banhos, Chagos Archipelago, 18 to 24 m, March
1979, collected by R Winterbottom et al., unpublished
work, (3: 40.1 to 44.3 mm), Madagascar.

P. coelestis

NMMB-P15608-15 (8: 44.7 to 59.6 mm), 25°00'45"N,
121°59°23"E, off Mao-ao, Ilan, northeastern Taiwan, 5
to 10 m, July 2009, collected by S-Y Liu. NMMB-P15616
(4: 29.1 to 37.3 mm), Tanegashima, Japan, western Pacific
Ocean, 5 to 10 m, July 2002, collected by T. Kokita, 30.43"
N, 130.59'E. WAM P.31418-001 (4: 23.4 to 36.6 mm),
5°10°18"S, 145°51'24"E, southern tip of Massas Island,
Papua New Guinea, 18.3 m, 6 November 1978, collected
by V Springer et al. WAM P.28035-014 (5: 24.4 to 51.5
mm), 17°6°S, 119°38E, outer reef northeast side near
shipwreck, Mermaid Reef, Rowley Shoals, northwest
Australia, 10 to 12 m, 13 August 1983, collected by GR
Allen. WAM P.27453-003 (2: 47.6 and 49.6 mm), 30°2'S,
142°2E, reef on west side above drop-off, 500 m offshore,
One Tree Island, Queensland, northeast Australia, 8 to 13
m, 7 December 1966, collected by V Springer et al. WAM
P.25129-003 (2: 35.9 and 47.4 mm), 17°40°'S, 168°25E,
Efate, off Erakor Island, New Hebrides, Vanuatu, 13 m, 23
June 1973, collected by GR Allen and D Popper. WAM
P.31065-010 (23: 20.5 to 34.4 mm), 1°52°S, 136°33E,
south coast of Yapen Island near Warironi Village, West
Papua, Indonesia, 2 to 3 m, 9 July 1995.

P. similis

WAM P.25525-001 (2: 43.2 and 52.7 mm), 6°11'N, 81°
28 E, Great Basses Reef, Sri Lanka, 2 to 10 m, 15 No-
vember 1975, collected by GR Allen.

Diagnosis

Dorsal fin rays XIII, 13 to 15 (typically XIII, 14); anal fin
rays II, 13 to 16 (typically II, 15); pectoral fin rays 16 to
18 (typically 17 or 18); tubed lateral line scales 16 to 18
(typically 17 or 18); gill rakers 5 to 7 + 15 or 16 = 20 to
23 (typically 21); body depth 2.5 to 2.8 in proportion to SL
in specimens longer than 30 mm SL; caudal fin deeply
forked with a relatively long filamentous upper lobe.
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Figure 4 Maximum likelihood phylogenic tree of the four morphologically similar species of the P. coelestis complex. P. coelestis, P.
auriventris, P. micronesicus sp. nov., and P. alleni, based on mtDNA COI sequences. Numbers below the nodes represent support based on 1,000
bootstraps, and numbers above the nodes represent clade credibility values from the Bayesian analysis.

Description

Morphometric and metric data are provided in Table 1.
The following data are provided for the holotype, and
the corresponding measurements for the paratypes are
given in parentheses.

Dorsal fin rays XIII, 14 (XIII, 13 to 15); anal fin rays I,
14 (11, 13 to 16); all dorsal and anal fin soft rays branched,
the last to the base; 2 uppermost and lowermost pectoral
fin rays unbranched; pelvic fin rays I, 5; principal caudal

fin rays 15, median 13 with branched upper and lower
procurrent caudal fin rays, posterior 2 segmented; scales
in longitudinal series 26 (25 or 26); tubed lateral line scales
18 (17 or 18); posterior midlateral scales with a pore or
deep pit 9 (8 to 10) in continuous series; scale rows below
origin of the 1st dorsal fin 2.5; scale rows above lateral line
to the base of the middle dorsal spine 1.5; scale rows below
lateral line to the origin of anal fin 9; gill rakers 6 + 15 (5 to
7 + 15 or 16); total gill rakers 21 (20 to 23, mainly 21).

Table 2 Distribution of meristic data of six congeners of Pomacentrus

Dorsal fin rays Anal fin rays Gill rakers Gill rakers Total gill rakers
(upper limb) (lower limb)
n X, X, Xiil, I, I, I, I, n 5 6 7 12 13 14 15 16 n 17 18 19 20 21 22 23
13 14 15 13 14 15 16
P. coelestis
Irian Jaya 21 2 19 6 15 21 21 3 16 2 21 3 16 2
Taiwan and Japan 12 3 9 1 10 1 12 9 3 7 5 12 7 2 3
Other localities 13 12 1 3 9 1 13 3 10 10 3 13 112 1
P. micronesicus sp. 21 1 19° 1 2 18 1 20 2 15° 3 187 2 20 2 147 3 1
nov.
P. alleni 4 4 4 4 3 1 2 2 4 1 3
P. caeruleus 7 6 1 6 1 7 7 1 4 2 7 1T 4 2
P. similis 2 2 1 1 2 1 1 2 2 11
P. auriventris 8 1 7 6 2 8 3 5 1T 7 8 4 4

Populations of P. coelestis collected from different geographic localities are provided independently. *Values of the holotype of P. micronesicus sp. nov.
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Table 3 K2P genetic distances between P. alleni, P.
micronesicus sp. nov., P. auriventris, and P. coelestis

P. alleni P. micronesicus P. auriventris P. coelestis

sp. hov.
P. alleni

P. micronesicus ~ 0.059

Sp. NOV.

P. auriventris 0.035 0.069

P. coelestis 0.033 0.043 0.049

Genetic distances were based on a 597-bp fragment of the cytochrome
oxidase subunit | gene.

Body ovate, slightly elongated, depth 2.7 (2.5 to 2.8) in
SL and compressed, width 2.5 (1.9 to 2.7) in body depth;
head length 3.5 (3.3 to 3.6) in SL; dorsal and ventral pro-
files of the head evenly rounded from dorsal and pelvic
fin origins to snout; snout shorter than orbit, length 4.4
(3.7 to 4.8) in HL; caudal peduncle depth 2.2 (2.0 to 2.3)
in HL; caudal peduncle length 2.1 (1.9 to 2.4) in HL.

Mouth terminal, small and oblique, forming an angle
of about 40° to 60° to horizontal axis of the head and
body; maxilla not reaching vertical at the anterior mar-
gin of orbit, upper jaw length 3.4 (3.2 to 3.6) in HL;
teeth biserial, at least at the front of jaws, consisting of
the outer row of larger incisiform to conical teeth and
slender buttress teeth behind and in the spaces between
the outer row teeth, 38 (35 to 40) in the outer row of
upper jaw and 36 (34 to 39) in the outer row of lower
jaw. Tongue triangular with rounded tip, papillose on
dorsal surface. Gill rakers long and slender, the longest
on the lower limb near angle about equal to or slightly
shorter than the length of the longest gill filaments.

Nostrils 2, anterior nostril rounded with slightly raised
rim, close to the upper lip; posterior nostril rounded
without rim, directly anterior to the middle of the eye
and about midway between the anterior edge of the eye
and upper lip. Opercle ending posteriorly in a flat spine,
tip acute but short, barely projecting from beneath
membrane; preopercle serrations well developed, 22 on
the left side and 18 on the right side of holotype (14 to
26); preorbital with a small spine posteriorly, separated
by a notch (poorly developed in specimens of <50 mm
SL) from suborbital series; lower edge of suborbital ser-
rate in specimens of > 50 mm SL and smooth in others.

Scales finely ctenoid; head scaled except the lips; tip of
the snout, preorbital and suborbital; a scaly sheath at the
base of dorsal and anal fins, averaging about one half the
pupil width at the base of spinous portion of dorsal fin
and slightly less at the base of anal fin; a column of scales
on each membrane of dorsal and anal fins, narrowing
distally, those on the spinous portion of dorsal fin pro-
gressively longer, reaching about two third distance to
spine tips at the end of spinous dorsal fin and the first
one half of soft dorsal fin then gradually shorter on the
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remainder of fin; small scales on caudal fin extending
about two third to three fourth distance to posterior
margin; small scales on the basal one fourth of pectoral
fins; a cluster of several scales forming the median
process, extending posteriorly from between the base
of pelvic fins, its length slightly more than one half that
of the pelvic spine, the last scale enlarged and triangular;
axillary scale above the base of pelvic spine about one
half length of the pelvic fin.

Origin of dorsal fin over the second or third lateral
line scale; predorsal distance 3.3 (3.0 to 3.3) in SL;
preanal distance 1.6 (1.5 to 1.7) in SL; prepelvic distance
2.7 (2.2 to 2.8) in SL; the base of the soft portion of dorsal
fin containing about 2.4 times the base of spinous portion;
dorsal fin spines gradually increasing in length to the
last spine; first dorsal spine 4.0 (3.5 to 5.3) in HL; seventh
dorsal spine 2.4 (1.9 to 2.7) in HL; last dorsal spine 1.9
(1.6 to 2.1) in HL; membranes of spinous portion of
dorsal fin incised; fifth, sixth, or seventh dorsal soft ray
longest, 1.2 (1.1 to 1.6) in HL; first anal spine 3.3 (3.3
to 4.9) in HL; second anal spine 2.2 (1.8 to 2.3) in HL;
longest (11th) anal soft ray 1.3 (1.1 to 1.6) in HL; fourth
pectoral ray longest, 1.1 (1.0 to 1.2) in HL; pelvic fin
spine 2.1 (1.7 to 2.1) in HL; pelvic fin length 1.2 (0.9 to
1.1) in HL; caudal fin deeply forked, both lobes filament-
ous, upper lobe slightly longer than lower lobe, upper lobe
length 0.6 (0.6 to 1.0) in HL; caudal concavity very deep,
1.3 (1.3 t0 2.9) in HL.

Etymology
This species was named after the predominant area
(Micronesia) where it was found.

Coloration in alcohol
The color was uniformly brownish to creamy blue
(Figure 2A,B).

Coloration when alive (from underwater photographs)
Holotype is metallic blue anteriorly and dorsally with a
light yellow ventral portion. The dorsal fin is metallic
blue, and the soft ray of pectoral fin is light blue. The
pectoral fin is transparent to light blue, and the pelvic
fin is light blue to yellow with a blue anterior margin.
The anal fin is light blue to bright yellow with a blue
margin and many small blue spots. Finally, the caudal
fin is light blue to yellowish, with a few blue spots on
the anterior portion (Figure 2).

Distribution

Liu et al. (2012) collected samples of P. coelestis across its
distribution and found two deeply divergent groups, the
Pacific (true P. coelestis) and Micronesian (P. micronesicus
sp. nov.) clades, and also suggested that the haplotype
of P. micronesicus sp. nov. is mainly distributed in
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Micronesia and is also found in Indonesia at West Papua
(Raja Ampat Islands) and Bali, which indicates that it
may have a distribution from Palau to the Marshall Island
and south to Bali, inhabiting depths of 5 to 20 m.

Comparison

P. micronesicus sp. nov. can be distinguished from its
sibling species, P. coelestis, in typically having 15 rays on
the anal fin (vs. 14 rays in P. coelestis, Figure 2C), 15 or
16 rakers on the lower limb of the first gill arch (vs. 13
or 14 rakers), more total gill rakers on the first gill arch
(20 to 23 vs. 18 to 21), and a lower body depth (Table 1).
Moreover, the caudal fin usually possesses a filamentous
upper lobe that is deeply concave in P. micronesicus sp.
nov., but that was not frequently observed in P. coelestis.
On the other hand, P. auriventris has II, 14 anal fin rays,
13 gill rakers on the lower limb, and 18 or 19 total gill
rakers on the first gill arch. P. alleni has II, 14 anal fin
rays, 12 or 13 gill rakers in the upper limb, and 17 or 18
total gill rakers in the first gill arch (Table 2).

Remarks

It is notable that 23 specimens from one jar of P.
coelestis (WAM P.31065-010) collected on the southern
coast of Yapen Island, West Papua, Indonesia had mostly
II, 15 anal fin rays instead of II, 14 in specimens collected
from other localities. The majority of the anal fin ray
count was similar to that of P. micronesicus sp. nov.
However, Yapen (northern Cenderawasih Bay) specimens
shared a similar number of gill rakers as P. coelestis (i.e.,
mainly 13 or 14 in the lower limb and 19 in total) and
differed from the type series of P. micronesicus sp. nov.
(typically with 15 in the lower limb and 21 in total).
Cenderawasih Bay was suggested as a place where an
extraordinary amount of endemism has arisen due to
its complex geological history (Allen and Erdmann
2012). In this study, those specimens are temporary
identified as P. coelestis. However, a more thorough in-
vestigation of this population may show it to represent
a different species.

Phylogenetic analyses

A 597-bp fragment of the mtDNA COI gene was ampli-
fied from 24 samples of 4 morphologically similar species
within the P. coelestis complex and compared to 9 add-
itional sequences downloaded from the NCBI GenBank
database (5 sequences from P. auriventris and 4 from P.
alleni). Among these sequences, 60 variable sites were
found. Nucleotide frequencies were 23.06% for A, 28.46%
for T, 29.65% for C, and 18.82% for G. Two independently
generated trees (ML and Bayesian inference) revealed
similar tree topologies. Three well-supported major clades
were observed (Figure 4), one including P. coelestis and P.
auriventris, one including P. mironesicus sp. nov., and the
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final including P. alleni. In addition, the average K2P
genetic distance between the four species was 3.8%. The
K2P genetic distance between the two most morphologic-
ally similar species, P. mironesicus sp. nov. and P. coelestis,
was 4.3%, which was higher than the average divergence
between species within the complex (Table 3).

Discussion
Many coral reef fishes possess vivid coloration, and this
trait is very important to reef fish identification, especially
among closely related species (Randall 1998; Lieske and
Meyers 2001). Within the P. coelestis species complex,
only two species with diagnostic color patterns can be
differentiated from P. coelestis: P. alleni, which has a
black stripe along the basal region of the caudal fin,
and P. auriventris, which possesses yellow coloration over
the lower one half of its body. Based on their identical
color patterns as observed in situ, it was expected that P.
coelestis and P. mironesicus sp. nov. could be a recently
derived species pair. However, results of the molecular
phylogenetic analyses showed that P. auriventris is more
closely related to P. coelestis (Figure 3). Moreover, as P.
alleni is found only in the eastern Indian Ocean, it could
represent the ancestral clade of the phylogenetic tree,
suggesting that this species complex might have originated
in the Indian Ocean. However, a more complete phyl-
ogeny and analyses are needed to support this hypothesis.
Recently, mtDNA has frequently been used as genetic
markers to support the divergence of species pairs in
the Pomacentridae (Allen et al. 2010; Allen and Drew
2012). The average genetic distance of COI between P.
micronesicus sp. nov. and three other closely related
species was 5.7%, which is on average higher than that
reported for many recognized species pairs (Rocha and
Bowen 2008; Steinke et al. 2009). In addition to these
gene-based findings, several diagnostic morphological
traits were found to distinguish P. micronesicus sp. nov.
from P. coelestis. First, P. micronesicus sp. nov. typically
possesses 15 anal fin rays versus only 14 in the latter
species. Second, P. micronesicus sp. nov. possesses 15
or 16 gill rakers on the lower limb of the first gill arch
versus only 13 or 14 in the latter species. Therefore, both
morphological and genetic data support the conclusion
that P. mironesicus sp. nov. is a valid species.

Conclusions

P. micronesicus sp. nov. is described from the Marshall
Islands, Micronesia on the basis of 21 specimens. It is
characterized by 13 to 16 (typically 15) anal fin rays (vs.
13 to 15, typically 14 rays in P. coelestis) and 15 or 16
rakers on the lower limb of the first gill arch (vs. 13 or
14 rakers in P. coelestis). Divergence in cytochrome oxi-
dase subunit I sequences of 4.3% is also indicative of
species-level separation of P. micronesicus and P. coelestis.
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Both morphological and genetic evidences support its
distinction as a separate species from P. coelestis.
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