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Abstract

Two new species of Rhinogobius found in streams on central part of Palawan Island, Philippines are described. The two
new species, Rhinogobius estrellae and Rhinogobius tandikan share unique transverse rows of sensory papillae on the
cheek with Rhinogobius similis Gill, 1859, but differ from the latter in fin ray counts, arrangement of the scales, etc. The
two new species are distinguished from each other by the pectoral-fin ray count, the longitudinal- and predorsal-scale
counts, and colouration of the body. Rhinogobius estrellae new species and R. tandikan new species have been found
allopatrically in a stream within Malatgao River system flowing into the Sulu Sea and in the Cayulo River flowing into
the South China Sea, respectively. The Malatgao River system is the southernmost habitat of the genus Rhinogobius.
Rhinogobius similis had been considered as the only member of the most basal lineage of this genus, but our mitochondrial
genome analysis suggested that the two new species are additional members of this lineage. They are considered to be
relicts of their common ancestor with R. similis, which probably had a wider distribution.

Key words: goby, freshwater fish, taxonomy, phylogeny, mitochondrial genome

Introduction

Rhinogobius Gill is a genus of freshwater goby distributed in East and Southeast Asia, including continental waters
from Russian Far East, Korean Peninsula, China to Vietnam, Laos, Thailand, and Cambodia, as well as islands in-
cluding Sakhalin, Japan, Taiwan, Hainan, and the Philippines (Pietsch et al. 2001; Huang & Chen 2007; Huang et
al. 2016; Nagao Natural Environment Foundation 2021). The southernmost habitat of Rhinogobius reported with
reliable information is South Central Coast in Vietnam, including Da Nang to Ninh Tuang (Serov et al. 2006; Maeda
et al. 2015) and Cambodia (Nagao Natural Environment Foundation 2021). In the Philippines, three species are
known from Luzon Island (Herre 1927, 1934).

The gobies of this genus inhabit streams, rivers, reservoirs, lakes, ponds, creeks, marshes, and estuaries (Kondo
et al. 2013; Suzuki et al. 2019). Many species in coastal areas are known to be amphidromous, with larvae develop-
ing in marine habitats during their pelagic larval phase (Tsunagawa & Arai 2008; Maeda & Tachihara 2010; lida
et al. 2017; Liao et al. 2020), while many other species are freshwater residents with a fluvial or lentic life cycle
(Mizuno 1960; Hirashima & Tachihara 2000; Tsunagawa et al. 2010).

We found two species of Rhinogobius in streams in the central part of Palawan Island, western Philippines.
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Palawan is located out of the known range of this genus and our findings extended the range southward. In the pres-
ent study, the two species are described as new species and phylogenetic relationships among the genus Rhinogobius
is analysed with mitochondrial genome sequences.

Materials and methods

Collection of samples. Specimens were collected using hand nets. After being euthanized with 2-phenoxyethanol
solution, their right pectoral fins were cut off and preserved in 99.5% ethanol for mitochondrial DNA analysis, and
then gobies were fixed in 10% formalin and preserved in 70% ethanol for morphological examination. Sampling
was conducted according to the laws and regulations of the Philippines. Collections in Palawan were performed with
Wildlife Gratuitous Permits (No. 2016-09, 2018-16) provided by the Palawan Council for Sustainable Development
and with Prior Informed Consent Certificates from all relevant cities, municipalities, and barangays [villages]. The
procedures used to handle fish specimens in this study were approved by the Animal Care and Use Committee of
the Okinawa Institute of Science and Technology Graduate University.

Morphological examination. Measurements and counts were taken from the left side of each fish. Measure-
ments were made point to point to the nearest 0.1 mm, using a vernier calliper under a stereomicroscope, and were
expressed as a percentage of standard length (SL). Measurements and counts followed Nakabo (2002), with the
following modifications. Body depths were measured at the pelvic- and anal-fin origins. The first and second dor-
sal- and anal-fin lengths were measured from the anterior origin of each fin to the farthest point when the fin was
adpressed. Longitudinal scale counts were the number of oblique (anterodorsal to posteroventral) scale rows taken
from just the dorsal to the upper attachment of the opercular membrane posteriorly to the mid-base of caudal fin.
Transverse scale counts were the number of scales from origin of the second dorsal fin downward and backward to
the base of the anal fin. Transverse scales on the caudal peduncle were counted along a vertical zigzag line around
the narrowest point of the caudal peduncle from a scale on the dorsal midline to a scale on the ventral midline.
Abbreviations pertaining to the cephalic sensory pore system followed Akihito et al. (1984). Number of vertebrae
and pattern of interdigitation of the dorsal-fin pterygiophores and neural spines (P-V) were observed from the ra-
diographs of the holotype and nine paratypes for each species. P-V was expressed with the method of Akihito et
al. (1984). Symbolic codes used to represent collections and institutions follow Sabaj (2019). Colour in life was
described based on photographs of the fish taken in situ including those of individuals which were not collected.

Mitochondrial DNA analysis. The total genomic DNA of 26 specimens of nine species of Rhinogobius includ-
ing the two new species and two specimens of Tridentiger kuroiwae Jordan & Tanaka (outgroup) was extracted from
the right pectoral fins preserved in 99.5% ethanol, using a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
or a Maxwell RSC Blood DNA Kit (Promega, Fitchburg, Wisconsin, USA).

Whole genome shotgun sequencing libraries were prepared using a KAPA HyperPlus Kit for PCR-free work-
flows (KAPA Biosystems, Wilmington, Massachusetts, USA) or NEBNext Ultra II FS DNA Library Prep Kit for
[llumina (New England BioLabs, Ipswich, Massachusetts, USA). The extracted genomic DNA was enzymatically
fragmented into pieces of 200—1000 bp using KAPA Frag (KAPA Biosystems). After repairing the protruding ends
and A-tailing, sequencing adaptors were ligated onto both ends of the DNA fragments. Shotgun libraries were then
sequenced on one of the following instruments and reagents together with other fish libraries which were not used
in this study, following the manufacturer’s instructions: Illumina HiSeq 2500 sequencer (Illumina, San Diego, Cali-
fornia, USA) in Rapid Run mode using a HiSeq Rapid Cluster Kit v2-Paired-End (Illumina) and a HiSeq Rapid SBS
Kit v2 (Illumina) or in high output mode using HiSeq PE Cluster Kit v4 cBot and HiSeq SBS Kit v4 (Illumina),
[llumina HiSeq 4000 sequencer using HiSeq 3000/4000 Cluster Kit (Illumina) and HiSeq 3000/4000 SBS Kit (II-
lumina), or Illumina NovaSeq 6000 sequencer using NovaSeq 6000 SP Reagent Kit v1.0 (Illumina).

Sequencing data from each library were assembled using IDBA _UD assembler version 1.1.1 (Peng et al. 2012)
with different kmer lengths (60, 80, 100). Identification of complete mitochondrial genomes from assembled con-
tigs was performed by: 1) comparing them with the complete mitochondrial genome of Stiphodon alcedo Maeda,
Mukai & Tachihara (accession: AB613000.1) (BLASTN e-value B 1e-100), and by 2) confirming that 100 bp
of both head and tail DNA sequences of a contig were identical, indicating that the sequence was circular. Com-
plete mitochondrial genomes were aligned using MAFFT v7.244 (Katoh & Standley 2013) and all positions with
gaps were removed using trimAl (Capella-Gutiérrez et al. 2009). Approximately 33,809 to 698,285 coverages of
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sequencing data were used for mitochondrial genome assembly for each sample. We performed molecular phylo-
genetic analyses of our aligned mitochondrial genomes along with mitochondrial genome sequences of R. clifford-
popei (Nichols), R. duospilus (Herre), and R. leavelli (Herre) from the International Nucleotide Sequence Database
published by Tan et al. (2020), Wang et al. (2019), and Zhang & Shen (2019), using the GTR+I+Gamma model, and
performed a maximum likelihood (ML) analysis using RAXML version 8.2.3 (Stamatakis, 2014) with 100 bootstrap
replicates. The assembled mitochondrial genome sequences with gene annotations are available in the DNA Data
Bank of Japan (DDBJ) under accession numbers: LC648291-LC648316, LC653489, and LC653490. Accession
numbers for each individual are given in Table 1. Collection data for outgroup specimens are as follows: Tridentiger
kuroiwae, URM-P 48971, Okinawa Island, 29 January 2015, coll. K. Maeda; URM-P 48995, Okinawa Island, 18
February 2015, coll. K. Maeda.

TABLE 1. List of accession numbers of mitochondrial genome sequences analysed in this study.

Species Catalogue number  Accession number  Length of Remarks

of voucher for assembled mitochondrial

specimen mitochondrial genome

genome sequence sequence (bp)

Rhinogobius estrellae WPU-PPC-P 50 LC648291 16682 Paratype
Rhinogobius estrellae URM-P 49296 LC648292 16682 Paratype
Rhinogobius estrellae URM-P 49297 LC648293 16504 Paratype
Rhinogobius estrellae URM-P 49298 LC648294 16504 Paratype
Rhinogobius estrellae NSMT-P 140091 LC648295 16505 Holotype
Rhinogobius estrellae URM-P 49300 LC648296 16504 Paratype
Rhinogobius tandikan NSMT-P 140093 LC648297 16691 Holotype
Rhinogobius tandikan URM-P 49316 LC648298 16690 Paratype
Rhinogobius tandikan URM-P 49317 LC648299 16918 Paratype
Rhinogobius tandikan URM-P 49318 LC648300 16690 Paratype
Rhinogobius similis URM-P 49153 LC648301 16641
Rhinogobius similis URM-P 49147 LC648302 16499
Rhinogobius similis URM-P 49148 LC648303 16499
Rhinogobius similis URM-P 49149 LC648304 16499
Rhinogobius flumineus URM-P 49561 LC648305 16504
Rhinogobius flumineus URM-P 49562 LC648306 16503
Rhinogobius yaima URM-P 48739 LC648307 16500 Paratype
Rhinogobius yaima URM-P 48741 LC648308 16500 Paratype
Rhinogobius yonezawai URM-P 48726 LC648309 16500
Rhinogobius yonezawai URM-P 48539 LC648310 16500
Rhinogobius brunneus URM-P 49161 LC648311 16500
Rhinogobius brunneus URM-P 49162 LC648312 16500
Rhinogobius sp. MO URM-P 49014 LC648313 16499
Rhinogobius sp. MO URM-P 49494 LC648314 16499
Rhinogobius nagoyae URM-P 48290 LC648315 16498
Rhinogobius nagoyae URM-P 48289 LC648316 16499
Rhinogobius duospilus - MH127918 16496 Tan et al. (2020)
Rhinogobius cliffordpopei - KT357638 16525 Wang et al. (2019)
Rhinogobius leavelli - MH729000 16499 Zhang & Shen (2019)
Tridentiger kuroiwae URM-P 48971 LC653489 16501
Tridentiger kuroiwae URM-P 48995 LC653490 16501
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Results

Rhinogobius estrellae Maeda, Kunishima & Palla, new species
[New English name: Estrella goby]
(Figs. 1-5; Tables 2—6)

Material examined. Eight males and 16 females from Narra, Palawan Island in the Philippines.

Holotype. NSMT-P 140091, male (40.6 mm SL), Estrella Falls, 13 May 2016, coll. K. Maeda, T. Kunishima,
and H. P. Palla.

Paratypes. NSMT-P 140092, female (38.9 mm SL), same data as holotype; URM-P 49295-49301, 1 male (40.7
mm SL) and 6 females (36.1-40.9 mm SL), same data as holotype; URM-P 49302, female (43.0 mm SL), creek in
front of the Estrella Village Barangay Hall, 28 May 2018, coll. K. Maeda, H. Kobayashi, and H. P. Palla; URM-P
49303-48306, 2 males (37.8-39.6 mm SL) and 2 females (36.4—45.3 mm SL), Estrella Falls, 28 May 2018, coll.
K. Maeda, H. Kobayashi, and H. P. Palla; WPU-PPC-P 50-54, 1 male (37.5 mm SL) and 4 females (35.541.1 mm
SL), same data as holotype; WPU-PPC-P 55-59, 3 males (37.3-38.4 mm SL) and 2 females (33.2-37.8 mm SL),
Estrella Falls, 28 May 2018, coll. K. Maeda, H. Kobayashi, and H. P. Palla.

Diagnosis. Pectoral fin with 14—16 rays (usually 15 rays). Nape and posterior part of occipital region covered
by cycloid scales; scaled area extending anteriorly to around a vertical line through posterior margin of preopercle
or a little posterior to this line. Longitudinal scales 2731, predorsal scales 3—11. Number of vertebrae 26. Cephalic
sensory pore system usually with B", C, D(S), E, F, H", K, L", M", N, and O, but often lacking one or both side(s)
of pore E. Transverse rows of sensory papillae on cheek. In preservative, lateral and dorsal sides of body with dark
brown mesh-like markings, snout and cheek with three dark brown stripes, and pectoral fin with dark brown band
vertically across proximal part of the upper and middle rays except lower 2—6 rays. In life, upper and middle parts
of pectoral-fin base with bright white vertical band.

FIGURE 1. Preserved specimens of Rhinogobius estrellae (a—d, paratypes) and Rhinogobius tandikan (e-h, paratypes). Speci-
mens in the left side are males, the right side are females. a, URM-P 49305, 39.6 mm SL; b, WPU-PPC-P 55, 38.4 mm SL; c,
URM-P 49296, 36.1 mm SL; d, URM-P 49306, 36.4 mm SL; e, URM-P 49314, 46.9 mm SL; f, URM-P 49315, 46.5 mm SL; g,
URM-P 49318, 45.2 mm SL; h, URM-P 49320, 37.9 mm SL (photo by K. Maeda).
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Description. Body nearly cylindrical anteriorly and somewhat compressed posteriorly. Head depressed and
larger in male than female (head length 33.5-36.0 vs 30.3-32.9% of SL; Fig. 3). Eyes located dorsolaterally. Mouth
terminal and oblique with thick upper and lower lips. Anterior tips of upper and lower jaws almost even or upper jaw
slightly protruding beyond lower jaw. Posterior end of upper jaw always exceeding a vertical line through anterior
margin of eye. Mouth larger in male than female (upper-jaw length 14.1-16.1 vs 10.5-11.9% of SL; Fig. 3). Anterior
nostril short tubular, posterior nostril a pore. Cephalic sensory pore system usually with B, C, D(S), E, F, H", K’,
and L’ in oculoscapular canal and M’, N, and O” in preopercular canal, but 5/24 specimens lacking one pore C, 2/24
specimens lacking both pores C, 7/24 specimens lacking one pore E, 5/24 specimens lacking both pores E, 3/24
specimens having pore G on one side, and 1/24 specimens lacking one pore N. One specimen having an additional
single pore anterior to another single pore D. Arrangement of cutaneous sensory papillae of head shown in Fig. 4.
Cheek having two longitudinal rows of papillae and 4—6 transverse rows both between eye and upper longitudinal
row and between upper and lower longitudinal rows. Vertebrae 10+16=26 (n=9) or 11+15=26 (n=1), P-V 3/I1 I 1
10/9 (n=9) or 3/I1 T I IT 0/9 (n=1).

First dorsal fin usually with six spines supported by six pterygiophores, but 1/24 specimen with seven spines
supported by seven pterygiophores. Second dorsal fin usually with one spine and eight soft rays, but 3/24 speci-
mens with one spine and seven soft rays. First- and second-dorsal-fin bases separated each other by a small interval
(0.3-3.9% of SL). First dorsal fin rounded, usually almost semi-circular; posterior tips of fin (usually tips of fourth
to sixth spines) not reaching second dorsal fin origin (n=13), just touching base of second-dorsal-fin spine (n=6),
or exceeding base of second-dorsal-fin spine but not reaching base of first soft ray of second dorsal fin (n=5). Anal
fin usually with one spine and eight soft rays, but 3/24 specimens with one spine and seven soft rays and 2/24
specimens with one spine and nine soft rays. Caudal fin with 17 segmented rays, including 12 (n=3), 13 (n=9), or
14 (n=12) branched rays; posterior margin rounded. Male having larger second dorsal, anal, and caudal fins than
female (second-dorsal-fin length 34.6-38.7 vs 27.7-30.2% of SL, anal-fin length 31.3-33.7 vs 24.2-29.3% of SL,
and caudal-fin length 28.6-31.7 vs 24.4-28.0% of SL; Fig. 3). Pectoral fin with 14—16 rays (usually 15 rays) (Table
2). Pelvic fin with one spine and five soft rays; pelvic fins joined together to form a cuplike disk with fleshy bilobed
frenum. Posterior tip of pelvic fin located below middle of first-dorsal-fin base.

FIGURE 2. Rhinogobius estrellae. immediately after fixation. a, NSMT-P 140091, holotype, male, 40.6 mm SL; b, URM-P
49297, paratype, female, 37.5 mm SL (photo by K. Maeda).
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TABLE 2. Pectoral-fin ray counts of Rhinogobius estrellae and Rhinogobius tandikan.

14 15 16 17
Rhinogobius estrellae 2 19 3 -
Rhinogobius tandikan - - 16 13

Ctenoid scales covering lateral side of body and dorsal and ventral sides of caudal peduncle. Nape and poste-
rior part of occipital region covered by cycloid scales; scaled area extending anteriorly around vertical line through
posterior margin of preopercle (above pore H") or to a little posterior to this line (above area between pores H™ and
K”). Other regions in head naked. Belly and first-dorsal-fin base covered with cycloid scales. A few cycloid scales
also occurring on trunk behind pectoral fin, along bases of second dorsal, anal, and caudal fins, and on proximal
part of caudal fin. Pectoral-fin base and breast (prepelvic area) probably naked (at least invisible without staining by
arizarin red; see Suzuki et al., 2016). Longitudinal scales 27-31 (usually 28-30), transverse scales 8—10 (usually 9),
transverse scales in caudal peduncle always 7, and predorsal scales 3—11 (Tables 3-5).

TABLE 3. Longitudinal scale counts of Rhinogobius estrellae and Rhinogobius tandikan.

27 28 29 30 31 32 33 34
Rhinogobius estrellae 1 6 11 5 1 - - -
Rhinogobius tandikan - - 2 11 12 3 - 1

TABLE 4. Transverse scale counts of Rhinogobius estrellae and Rhinogobius tandikan.

8 9 10
Rhinogobius estrellae 2 21 1
Rhinogobius tandikan 2 16 11

TABLE 5. Predorsal scale counts of Rhinogobius estrellae and Rhinogobius tandikan.

3 4 5 6 7 8 9 10 11 12 13
Rhinogobius estrellae 1 2 4 4 3 4 2 3 1 - -
Rhinogobius tandikan - - 1 - 2 3 6 6 4 5 2

Colour in preservative (Fig. 1): Background of head and body cream. Head with three dark brown stripes; upper
one running on snout and connecting upper lip and eye; lower two running diagonally across cheek and connect-
ing upper lip and posterior margin of preopercle. These stripes often broken-up with gaps, branches, and additional
dots. Posterior margin of opercle fringed by narrow dark brown vertical band. Pectoral-fin base dark brown with
thin, whitish vertical line along bases of middle and ventral rays. Scales on dorsal and lateral sides of body having
dark brown margins forming mesh-like patterns. Darkness of scale margins variable and body often showing four
or five dark brown saddles from trunk to caudal peduncle. First and second dorsal fins greyish brown with multiple
transparent or pale grey spots on proximal and middle parts. Anal fin pale grey or greyish brown, often darker in
males. Caudal fin pale grey or greyish brown with 610 dark brown vertical bands, but ventral part lacking these
bands. Pectoral fin pale grey or greyish brown with a dark brown vertical band proximally on upper and middle
parts. Pelvic fin pale grey or greyish brown.

Colour in life (Fig. 5): Background of head and body pale reddish- or yellowish grey but more whitish on
ventral side; ventral surface of head and belly often tinged with orange. Dark brown markings on head and body
described in “colour in preservative” present but more reddish. Background of cheek and opercular region often
tinged with greyish blue. Pectoral-fin base black with a bright white vertical band posteriorly on upper to middle
parts, and often tinged with greyish blue anteriorly. Background of body tinged with sky blue. First and second
dorsal fins reddish brown or orange with many white spots on proximal and middle parts. Anal fin reddish brown or
orange but proximal and posterior parts greyish blue. Caudal fin reddish brown or orange with 610 translucent or
white transverse bands on middle part. Pectoral fin translucent often lightly tinged with orange, and proximal parts
of some ventral rays white. Pelvic fin pale orange proximally and light grey or greyish blue distally.
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FIGURE 3. Head length, upper-jaw length, second dorsal-fin length, anal-fin length, and caudal-fin length of Rhinogobius

estrellae (red circles) and Rhinogobius tandikan (blue triangles). Solid and open symbols represent males and females, respec-

tively.
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FIGURE 4. Arrangement of cephalic sensory pores and cutaneous sensory papillae in Rhinogobius estrellae (NSMT-P 140091,
holotype). a, lateral view; b, dorsal view; ¢, ventral view. AN, anterior naris; PN, posterior naris.
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FIGURE 5. In situ underwater photographs of Rhinogobius estrellae in Estrella Falls, Palawan. a, male, 28 May 2018; b, male,
13 May 2016; ¢ and d, females, 13 May 2016 (photo by K. Maeda).

Distribution. Rhinogobius estrellae is endemic to Palawan Island, Philippines. Most of the specimens exam-
ined were collected from a pool and the lower reaches of a stream below the Estrella Falls (9°21'26"N 118°23'50"E),
located where a steep stream from Mt. Victoria (1,726 m) comes out to a large plain in Narra, Sulu Sea-side of the
island. This new species was abundant in the pool below the first major fall with many cyprinids and gobies but ab-
sent in the reaches above it which are occupied by sicydiine gobies including Sicyopus zosterophorus (Bleeker) and
Lentipes palawanirufus Maeda & Palla, and eels of the genus Anguilla Schrank (unidentified to species level). The
new species was also found in a creek in front of the Barangay Hall of Estrella Village (9°21'28"N 118°24'58"E),
drawing from the stream below Estrella Falls. The stream flows into Malatgao River. When we surveyed a site in the
middle reaches of the Malatgao River (9°20'16.7"N 118°27"27.0"E), no Rhinogobius were found there. The water at
Estrella Falls was cool even during the hottest dry season (May) in this region (water temperature was 26.5°C when
measured on 13 May, 2016), while water in the Malatgao River was warmer (appeared to be nearly 30°C although
we did not measure).

Etymology. The type locality of the new species is Estrella Falls in Barangay Estrella Village. Therefore, the
new species is named as Rhinogobius estrellae, derived from Estrella, and the Latin suffix -e.

Rhinogobius tandikan Maeda, Kobayashi & Palla, new species
[New English name: Tandikan goby]
(Figs. 1, 3, 6-8; Tables 2-6)

Material examined. Thirteen males and 16 females from Cayulo River, Bahile, Puerto Princesa City, Palawan
Island in the Philippines.
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Holotype. NSMT-P 140093, male (43.6 mm SL), 1 June 2018, coll. K. Maeda, H. Kobayashi, and H. P. Palla.

Paratypes. NSMT-P 140094, female (45.7 mm SL), 31 May 2018 coll. K. Maeda, H. Kobayashi, and H. P.
Palla; URM-P 4930749315, 7 males (36.1-46.9 mm SL) and 2 females (37.3-38.9 mm SL), 31 May 2018 coll. K.
Maeda, H. Kobayashi, and H. P. Palla; URM-P 4931649323, 2 males (40.8—44.8 mm SL) and 6 females (35.6—45.2
mm SL), same data as holotype; WPU-PPC-P 60-64, 5 females (30.8-36.5 mm SL), 31 May 2018 coll. K. Maeda,
H. Kobayashi, and H. P. Palla; WPU-PPC-P 65-69, 3 males (43.6—46.1 mm SL) and 2 females (39.6-41.3 mm SL),
same data as holotype.

Diagnosis. Pectoral fin with 16 or 17 rays. Nape and posterior part of occipital region covered by cycloid scales;
scaled area extending anteriorly to around a vertical line through posterior margin of preopercle or a little poste-
rior to this line. Longitudinal scales 29-34, predorsal scales 5—13. Number of vertebrae 26. Cephalic sensory pore
system usually with B’, C, D(S), E, F, H", K’, L", M", N, and O’, but often lacking one or both side(s) of pore C.
Transverse rows of sensory papillae on cheek. In preservative, lateral and dorsal sides of body without clear mesh-
like markings, obscure markings on cheek, and upper half of pectoral fin with dark brown band vertically across
proximal part. In life, pectoral-fin base with a bright white vertical band reaching near bottom of fin.

Description. Body nearly cylindrical anteriorly and somewhat compressed posteriorly. Abdomen of male often
thin. Head depressed and larger in male than female (head length 32.1-37.4 vs 30.8-33.4% of SL; Fig. 3). Eyes
located dorsolaterally. Mouth terminal and oblique with thick upper and lower lips. Anterior tips of upper and lower
jaws almost even or upper jaw slightly protruding beyond lower jaw. Posterior end of upper jaw always exceed-
ing a vertical line through anterior margin of eye. Mouth larger in male than female (upper-jaw length 13.3-20.9
vs 10.1-12.7% of SL; Fig. 3). Anterior nostril short tubular, posterior nostril a pore. Cephalic sensory pore system
usually with B”, C, D(S), E, F, H", K", and L" in oculoscapular canal and M, N, and O” in preopercular canal, but
9/29 specimens lacking one pore C, 7/29 specimens lacking both pores C, 4/29 specimens lacking one pore E, 1/29
specimen having two pores E on one side, 4/29 specimens having pore G on one side, 1/29 specimen having pores G
on both sides, and 5/29 specimens lacking one pore N. One specimen having combined pores K" and L” on one side
(to be a groove without roof). Arrangement of cutaneous sensory papillae of head shown in Fig. 7. Cheek having two
longitudinal rows of papillae and 3—6 transverse rows both between eye and upper longitudinal row and between
upper and lower longitudinal rows. Vertebrae 10+16=26 (n=10), P-V 3/II I1 I 1 0/9 (n=10).

All males had damage to the caudal fin, except holotype; 10/16 female specimens with damaged caudal fin
(Figs. 1, 3). Other fins of male and female sometimes damaged also. First dorsal fin with six spines supported by
six pterygiophores. Second dorsal fin usually with one spine and eight soft rays. First and second dorsal-fin bases
separated each other by a small interval (0.2-4.4% of SL). First dorsal fin rounded, usually almost semi-circular;
posterior tips of fin (tips of fourth to sixth spines) not reaching second dorsal fin origin (N=9), just touching base of
second dorsal-fin spine (n=12), or exceeding base of second dorsal-fin spine but not reaching base of first soft ray of
second dorsal fin (n=8). Anal fin usually with one spine and eight soft rays, but 4/29 specimens with one spine and
seven soft rays. Caudal fin usually with 17 segmented rays but 3/29 specimens with 16 segmented rays, including 11
(n=1), 12 (n=6), 13 (n=15), or 14 (n=22) branched rays (unknown in four specimens due to fin damage); posterior
margin rounded in non-damaged individuals. Male having larger second dorsal and anal fins than female (second
dorsal-fin length 33.8-43.6 vs 29.5-35.3% of SL and anal-fin length 30.2-38.3 vs 26.7-32.7% of SL), and non-
damaged male with larger caudal fin than female (Fig. 3). Pectoral fin with 16 or 17 rays (Table 2). Pelvic fin with
one spine and five soft rays; pelvic fins joined together to form a cuplike disk with fleshy bilobed frenum. Posterior
tip of pelvic fin located below middle of first-dorsal-fin base.

Ctenoid scales covering lateral side of body and dorsal and ventral sides of caudal peduncle. Nape and poste-
rior part of occipital region covered by cycloid scales; scaled area extending anteriorly around vertical line through
posterior margin of preopercle (above pore H") or to a little posterior to this line (above area between pores H™ and
K"). Other regions in head naked. Belly and first dorsal-fin base covered with cycloid scales. A few cycloid scales
also present on trunk behind pectoral fin, along bases of second dorsal, anal, and caudal fins, and on proximal part
of caudal fin. Pectoral-fin base and breast (prepelvic area) probably naked (at least invisible without staining by
arizarin red; see Suzuki ef al. 2016). Longitudinal scales 29-34 (usually 30 or 31), transverse scales 8—10 (usually
9 or 10), transverse scales in caudal peduncle always 7, and predorsal scales 5—13 (Tables 3-5).

Colour in preservative (Fig. 1): Background of head and body brown dorsally and laterally and cream ventrally.
Snout with obscure dark brown stripe connecting upper lip and eye. Cheek often with two obscure, dark brown
intermittent lines. Posterior margin of opercle fringed by dark brown vertical band. Pectoral-fin base blackish ex-
cept cream or pale brown bottom. Four to eight dark brown transverse bars or round blotches aligned along lateral
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midline of body. First and second dorsal fins pale grey with 3—7 brown horizontal stripes on proximal and middle
parts, but anterior half of first dorsal fin lacking this marking. Anal fin greyish brown but light brown proximally.
Caudal fin pale grey or greyish brown with 6-11 dark brown vertical bands, but dorsal and ventral parts lacking
these bands. Pectoral fin pale greyish brown with a dark brown vertical band proximally on upper half. Pelvic fin
greyish brown.

FIGURE 6. Rhinogobius tandikan immediately after fixation. a, NSMT-P 140093, holotype, male, 43.6 mm SL; b, URM-P
49316, paratype, female, 44.8 mm SL (photo by K. Maeda).

Colour in life (Fig. 8): Background of head and body olive green or yellowish grey. Snout with reddish brown
stripe connecting upper lip and eye. Cheek with two reddish brown longitudinal intermittent lines and several red-
dish brown spots. Posterior margin of opercle fringed by reddish-brown vertical band. Pectoral-fin base black or
dusky with a large greyish blue blotch anteriorly, and with a bright white vertical band posteriorly. Four to eight,
dark brown transverse bars or round blotches aligned along lateral midline of body. Irregularly arranged dark brown
markings dorsally on body. Centre of lateral scales tinged with sky blue. First and second dorsal fins light yellowish
brown with 3—7 dark brown horizontal stripes on proximal and middle parts and reddish brown on distal part, but
anterior half of first dorsal fin reddish brown without clear marking. Anal fin reddish brown or orange but yellowish
proximally. Caudal fin reddish brown dorsally and ventrally and whitish with 611 dark reddish-brown transverse
bands on middle part. Pectoral fin translucent but proximal parts of some ventral rays white. Pelvic fin reddish
brown proximally and light grey distally.

Distribution. Rhinogobius tandikan is endemic to Palawan Island. It was found only in the Cayulo River,
Bahile, northern part of Puerto Princesa City. The Cayulo River is a small stream (length approximately 4 km in-
cluding 1 km of an estuary) flowing into Ulugan Bay on South China Sea-side of the island. The stream system is
surrounded by mountains of about 200400 m above sea level. Cayulo Falls, composed of a series of small water-
falls, is located at the middle eaches of this stream (10°02'12"N 118°45'03"E). Rhinogobius tandikan was found at
both the lower and upper reaches of this waterfall, as well as pools in the middle of the falls. The new species was
abundant in this site with many other goby species, cyprinids, and a jungle perch species.

Etymology. Tandikan is a local name of Palawan peacock-pheasant, Polyplectron napoleonis Lesson, known
as a symbol of Puerto Princesa City. The new goby species is named Rhinogobius tandikan, as it has blue markings
on the body, suggestive of the plumage of the Palawan peacock-pheasant, and as the type locality is located in the
northern part of Puerto Princesa City. The new specific name is a noun in apposition.
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FIGURE 7. Arrangement of cephalic sensory pores and cutaneous sensory papillae in Rhinogobius tandikan (URM-P 49307,
paratype). a, lateral view; b, dorsal view; c, ventral view. AN, anterior naris; PN, posterior naris.
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FIGURE 8. In situ underwater photographs of Rhinogobius tandikan in Cayulo River, Palawan. a, male, 31 May 2018; b, fe-
male, 1 June 2018 (photo by K. Maeda).

TABLE 6. Morphometrics of Rhinogobius estrellae and Rhinogobius tandikan expressed as a percentage of standard
length. D, first dorsal fin; D,, second dorsal fin; A, anal fin; C, caudal fin; P, pectoral fin; P, pelvic fin.

R. estrellae R. tandikan
Holotype Paratypes Paratypes Holotype Paratypes Paratypes
Male Male Female Male Male Female

Number of specimens 1 7 16 1 12 16
Standard length (mm) 40.6 37.3-40.7 33.2-453 43.6 36.1-46.9 30.8-45.7
Head length 33.5 33.9-36.0 30.3-32.9 374 32.1-35.1 30.8-33.4
Snout length 10.6 11.5-12.7 9.0-10.7 13.5 10.5-12.8 9.4-11.1
Eye diameter 6.7 6.3-7.4 6.9-7.8 6.4 5.7-1.2 5.6-7.7
Postorbital length of head 17.0 16.9-17.7 14.8-17.0 18.3 15.8-17.6 15.7-17.2
Upper-jaw length 15.5 14.1-16.1 10.5-11.9 20.9 13.3-17.2 10.1-12.7
Body depth at P, origin 18.5 16.5-18.0 15.7-19.7 17.4 14.5-17.8 15.5-18.8
Body depth at A origin 16.3 14.9-16.9 14.8-17.9 16.1 13.6-16.6 15.7-18.8
Depth at caudal peduncle 12.8 11.5-12.7 10.8-12.8 12.2 10.1-11.9 10.5-12.6
Length of caudal peduncle 24.9 24.0-25.1 23.2-27.5 232 23.1-26.4 24.3-27.4
Predorsal length 39.4 39.3-41.4 37.5-40.4 41.5 38.7-41.1 37.3-40.4
Preanal length 56.2 55.2-57.6 54.7-59.2 59.6 55.4-58.3 54.5-57.3
Length of D, base 18.5 16.4-19.2 16.6-20.9 19.3 17.3-19.7 17.9-21.2
D, length 20.0 19.8-22.9 19.1-21.1 22.7 20.4-22.8 19.2-21.6
Interval between D, and D, 1.2 0.3-3.7 1.4-3.9 0.2 0.4-2.3 0.3-4.4
bases
Length of D, base 19.5 16.5-18.5 16.5-18.9 18.1 17.1-19.4 16.6-19.1
D, length 38.2 34.6-38.7 27.7-30.2 42.7 33.8-43.6 29.5-35.3
Length of A base 16.5 15.4-17.1 13.7-17.7 14.9 14.0-16.2 14.3-15.6
A length 33.7 31.3-33.1 24.2-293 38.3 30.2-37.0 26.7-32.7
C length 29.6 28.6-31.7 24.4-28.0 34.9 9.3-33.8 8.4-28.2

Comparison. Rhinogobius similis Gill, 1859 is the only species previously known in the genus having trans-
verse rows of sensory papillae on cheek (Suzuki et al., 2016), and our two new species share this unique feature
with R. similis. However, the two species in Palawan are distinguished from R. similis in having fewer rays in the
pectoral fin (1417 vs 18-19), predorsal squamation composed of cycloid scales (vs ctenoid scales), anterior-most
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dorsal scale located around a vertical line through posterior margin of the preopercle or more posteriorly (vs dorsal
squamation reaching anteriorly near the posterior margin of the eye), and proximal part of the caudal fin covered by
cycloid scales (vs by ctenoid scales).

Rhinogobius estrellae shares many characters with R. tandikan, but the former differs from the latter by having
fewer pectoral-fin rays (usually 15 vs 16—17; Table 2), fewer scale counts (longitudinal scales 27-31 vs 29-34, pre-
dorsal scales 3—11 vs 5-13; Tables 3, 5), and colourations of the body. In preservative, R. estrellae has dark brown
mesh-like markings on the lateral and dorsal sides of the body (vs rather uniformly brown in R. tandikan), three dark
brown stripes on the snout and cheek (vs often obscure), and a dark brown vertical band on the proximal part of the
upper and middle pectoral-fin rays except lower 2—6 rays (vs this band restricted to upper half of the fin). In life, R.
estrellae has a more reddish body than the yellowish or olive green R. tandikan, and the former has a bright white
vertical band restricted to the upper and middle parts of the pectoral-fin base while this band reaches nearly the bot-
tom of the fin in R. tandikan. Arrangements of the cephalic sensory pore system are basically the same between the
two species, but R. estrellae more often lacks pore E on one or both sides than in R. tandikan (12/24 vs 5/29) while
R. tandikan more often lacks pore C on one or both sides than in R. estrellae (16/29 vs 7/24).

In addition to the transverse rows of sensory papillae on cheek (present vs absent), there are many differences
between the two new species from Palawan and three other Philippine species, R. carpenteri Seale, 1910, R. buccu-
lentus (Herre, 1927), and R. philippinus (Herre, 1927), such as numbers of the vertebrae (26 vs 27-29), first-dorsal-
fin pterygiophores (usually 6 vs usually 7), first-dorsal-fin spines (usually 6 vs usually 7 in R. bucculentus and 6 or
7 in R. carpenteri and R. philippinus), pectoral-fin rays (14—17 vs 17-20), having fewer scales in the longitudinal
scales (2734 vs 35-43), in the transverse scales (8—10 vs 12—18), and in the transverse scales in caudal peduncle (7
vs 9—11), and presence of scales on belly behind the pelvic fins (vs absent in R. carpenteri and R. bucculentus). The
latter three species are distributed in Luzon, northern Philippines (see Discussion).

Molecular phylogenetic analysis. In the ML phylogenetic tree using the aligned 16,409 bp of mitochondrial
genomes (Fig. 9), the species in Rhinogobius were divided into two robust clades. One clade included R. similis and
the two new species from Palawan, while all other species belonged to another clade. Six specimens of R. estrellae
and four specimens of R. tandikan formed each well-supported monophyletic clade and were sister species to each
other. Rhinogobius similis was a sister to this pair.

Discussion

We observed that males of R. tandikan were often skinny and almost always had heavy damages to the fins. They
could be exhausted by caring their nests and eggs, and the damage could be the result of fighting against conspecific
males or against intruders to their nest during the spawning season. On the other hand, Rhinogobius estrellae usually
had no such damage, though we observed these two species in the same season (latter half of May). This observation
suggested that R. tandikan may be more aggressive than R. estrellae during the spawning season. Otherwise, the
spawning seasons may be different between the two species, because the habitat of R. estrellae was colder than that
of R. tandikan. Surveys in other seasons could solve the cause of the damaged condition in R. tandikan.

Although we explored not only the type localities of R. estrellae and R. tandikan but also several other streams
in central part of Palawan Island (in Puerto Princesa, Aborlan, Narra, and Quezon), Rhinogobius was absent except
for the type localities of the two species. We have not surveyed all streams in this area, but it is considered that
habitats of Rhinogobius are confined to a few special places, even if it is distributed in other streams. The sparse
distribution in Palawan is very different from the status of Rhinogobius in the faunas on temperate and subtropi-
cal islands and coastal areas of the continent. In Okinawa Island in southern Japan for example, Rhinogobius is
observed in almost every stream (Hirashima 1998; Maeda unpublished observation), and it seems to be one of the
common taxa distributed in coastal streams and rivers in East Asia, as far as we know. Because the habitats of R.
estrellae and R. tandikan are restricted to respective small ranges, they have risks of extinction. Alternation of the
habitats caused by constructions of dams, roads, and leisure facilities, land developments for agriculture, etc. will
threaten these endemic species.

Three species of the genus Rhinogobius are known from Luzon in the Philippines: they are R. carpenteri, R.
bucculentus, and R. philippinus. Herre (1927) described a new genus Tukugobius Herre for these three species, but
Tukugobius is currently regarded as a synonym of Rhinogobius after Herre (1933) reconsidered their taxonomy.
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Although some authors resurrected Tukugobius (see Mizuno 1960; Endruweit 2017), we consider it as a junior syn-
onym of Rhinogobius in accordance with Suzuki et al. (2019). Among the three Luzon species, R. philippinus was
described based on 14 specimens from Irid River, Santa Ines, Rizal Province and 22 specimens from Banaban River,
Angat, Bulacan Province by Herre (1927), and he also noted that a collection in the Bureau of Science in Manila
contained additional specimens of this species from Negros and Leyte islands as well as the other localities on Lu-
zon. The central part of Palawan Island where we collected the two new species are located south of these islands.
Since the specimens deposited at the Bureau of Science in Manila was destroyed during the World War II (Pietsch
& Anderson 1997; Kottelat 2013), and as the taxonomy of Rhinogobius and related genera was misconstrued in the
early 20th century (Herre 1933), it is unclear if the materials from Leyte and Negros referred in Herre (1927) were
really Rhinogobius or not. However, the discovery of Rhinogobius from Palawan in the present study suggests that
the Rhinogobius could be distributed more widely in tropical islands in the Philippines than previously thought. It
strongly indicates the necessity of more research on freshwater-fish fauna in islands in the Philippines.
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FIGURE 9. Maximum likelihood phylogenetic tree with 100 bootstraps using the aligned 16,409 bp of mitochondrial genomes
in Rhinogobius including the two new species, R. estrellae and R. tandikan, with Tridentiger kuroiwae as an outgroup taxon.
Material sequenced in the present study are shown with the catalogue numbers of the vouchers (beginning with NSMT-P, URM-
P, or WPU-PPC-P) and sequences from the International Nucleotide Sequence Database are shown with the accession numbers
(R. cliffordpopei, R. duospilus, and R. leavelli). The scale bar indicates 0.02 substitutions per site. Pictures shown along with the
species names are of the specimens with an asterisk.

Some authors who studied the phylogeny of the species in the genus Rhinogobius suggest that R. similis is the
only species in the basal clade within the genus; it is in fact a sister species of all other species in the genus Rhino-
gobius examined by these authors (Masuda et al. 1989; Mukai et al. 2005, 2012; Yamasaki et al. 2015; Wang et al.
2019). Since we added the two new species, R. similis is no longer alone. Our mitochondrial DNA analysis indicated
that R. estrellae and R. tandikan are additional members of the R. similis lineage.
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Rhinogobius similis has the widest distribution range in the genus from Japan and Korea to northern and cen-
tral Vietnam (Maeda et al. 2015; Suzuki et al. 2016). It is distributed in Taiwan and Hainan (Wu & Ni 1986; Chen
& Shao 1996), but absent in the Philippines except for introduced populations in Tikub Lake and Laguna de Bay,
Luzon (Labatos Jr & Briones 2014). Rhinogobius estrellae and R. tandikan in Palawan are considered to be relicts
of their common ancestor with R. similis, which probably had a more widespread distribution.

Comparative material

Rhinogobius bucculentus: CAS-SU 26366, 6 specimens, 44.2-61.0 mm SL, Magat River, Bayombong, Nueva Viz-
caya, Luzon Island, Philippines, 27 May 1931, coll. A. W. C. T. Herre [this material was referred to in Herre
(1934)].

Rhinogobius carpenteri: CAS-SU 26367, 10/27 specimens, 27.9-55.8 mm SL, Trinidad River, Baguio, Luzon Is-
land, Philippines, April 1931, coll. A.W. C. T. Herre [this material was referred to in Herre (1934)].

Rhinogobius philippinus: CAS-SU 38601, 5 specimens, 39.3-52.8 mm SL, Oriwong Toll Gate, Nueva Vizcaya,
Luzon Island, Philippines, 2 June 1940, col. A. W. C. T. Herre (identified by Herre).

Rhinogobius similis: URM-P 48996, 48997, 2 specimens, 49.3—55.5 mm SL, Aritsu-gawa, Okinawa Island, Japan,
18 February 2015, coll. K. Maeda; URM-P 49147-49149, 3 specimens, 48.3—56.2 mm SL, Aritsu-gawa, Oki-
nawa Island, Japan, 6 April 2015, coll. K. Maeda; URM-P 49153, 1 specimen, 52.4 mm SL, Taiho-oh-kawa,
Okinawa Island, Japan, 16 April 2015, coll. K. Maeda. Data in Suzuki et al. (2016) was also used for the Com-
parison.
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