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Abstract

A new sciaenid fish, Johnius sasakii sp. nov. from the East Malaysian coastal waters of Sabah and Sarawak, Borneo is described
herein. Johnius sasakii sp. nov. can be separated from the close congeners, Johnius heterolepis and Johnius carouna by having
less gill rakers on the lower limb of the first gill arch (mode number 9 vs. 10 for J. heterolepis; 11 for J. carouna). It can be
distinguished from J. heterolepis with the higher modal number of gill rakers on the upper limb of first gill arch (5 vs. 4), shorter
anal-fin base length (9% vs. 10% of SL) and first anal-fin ray length (10-12% vs. 12—13% of SL) respectively. Furthermore, J.
sasakii sp. nov. can be further differentiated from J. carouna by its shorter second anal-fin spine length 7-10% SL (usually 8—
10%) vs. 11-14% SL (usually 11-12%) and slightly deeper body depth 25-29% SL (usually 26-28%) vs. 23—-28% SL (usually
24-26%). Meanwhile, J. sasakii sp. nov. can be easily differentiated from J. macrorhynus by a present of molariform teeth
on inner rows of jaws and stumpy gill rakers. Johnius (Johnius) sasakii sp. nov. can be clearly distinguished from species
of the subgenus J. (Johnieops) by the lack of enlarged outer row teeth on upper jaw. A Kimura 2-parameter genetic distance
comparison of 450 bp sequences of mitochondrial 16S rRNA and 488 bp nuclear gene S7 showed that J. sasakii sp. nov. are
highly differentiated from J. heterolepis (16S: 10.4%, S7: 5.8%), J. carouna (16S:19.3%, S7:8.4%); and J. macrorhynus (16S:
16.7%, S7: 8.1%) respectively. The study highlights that the genetic approach from mtDNA and nDNA can contribute to the
confirmation of taxonomic status of sympatric species in genus Johnius.

Key words: taxonomy, sympatric, genetic, South China Sea

Introduction

There are nearly 100 species of sciaenid fishes in the Indo-West Pacific IWP) region (Trewavas 1977; Lal Mohan
1984; Sasaki 1989; Chao et al. 2019). The genus Johnius Bloch, 1793 is a small to medium-sized group endemic to
the region with 32 recognized species (Fricke et al. 2020). The genus Johnius, type species, Johnius carutta Bloch,
1793, designated by Gill (1862), has been widely applied to several sciaenid fishes of the Indo-West Pacific. Trewa-
vas (1977) reviewed the nomenclature and synonyms of genus Johnius; Sasaki (1989) defined the genus and the
tribe Johniini by several synapomorphic characters: 1) a hammer-shaped gas bladder with 13—17 arborescent lateral
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appendages; ii) the first lateral branch extends to the dorsal corner of the gill opening, appearing externally on the
supracleithrum bone under the skin, which is the main diagnostic character for the genus Johnius (see Chao et al.
2019); iii) unique in its triangular shaped sagittal and iv) a large lapilli otolith.

All 32 species of Johnius have small mouths, sub-terminal to inferior in position. Lal Mohan (1975) separated
Johnius into two subgenera: J. (Johnius) defined by slightly enlarged teeth on the upper jaw, and lower jaw teeth
uniform in size or the inner rows of lower jaw teeth molariform (e.g., J. belangerii (Cuvier, 1830), J. carouna
(Cuvier, 1830), J. coitor (Hamilton, 1822), J. heterolepis Bleeker, 1873, J. macrorhynus (Lal Mohan, 1976) and
J. weberi Hardenberg, 1936) (Fig. 1); and J. (Johnieops) defined by distinctly enlarged teeth on upper and lower
jaws, and inner row of lower jaw teeth enlarged (e.g., J. borneensis (Bleeker, 1851), J. distinctus (Tanaka, 1916),
J. plagiostoma (Bleeker, 1849) and J. philippinus Sasaki, 1999 (Fig. 1); and the following four J. (Johnius) species
have present a short barbel on the chin (J. amblycephalus (Bleeker, 1855), J. fuscolineatus (von Bonde, 1923), J.
macropterus (Bleeker, 1853) and J. mannarensis Lal Mohan, 1971.

FIGURE 1. (A) The distinctly enlarged teeth on upper and lower jaws from Johnius (Johnieops) borneensis, NMMB-P 15389
(147 mm SL) (front view). (B) The slightly enlarged teeth on upper jaw; small and uniform teeth on lower jaw from paratype of
Johnius (Johnius) sasakii sp. nov., NMMB-P 34743 (143 mm SL) (front view).

Most species of the genus Johnius have a restricted or limited distributions in the Indian and Pacific Oceans
(e.g., Trewavas 1977; Lal Mohan 1975; Sasaki 1992, 1999). However, several species of Johnius are widely distrib-
uted in the Indo-West Pacific (e.g., J. amblycephalus, J. belangerii, and J. borneensis). According to Sasaki (2000;
2001), there are 15 Johnius species in the South China Sea region and 10 species of Johnius (Johnius) in Malaysian
waters (Sasaki 2001). Of those with a Malaysian distribution, in particular, species such as J. plagiostoma, J. ca-
rouna, J. heterolepis, J. weberi, J. coitor and J. macrorhynus are commonly distributed on the coast of Borneo, East
Malaysia. Morphological shape, meristic counts and pigmentation are very similar in J. (Johnius) species, leading
to uncertainity and misidentifications in many publications (Trewavas 1977; Randall & Lim 2000; Sasaki 2001).
Moreover, identifications become more complex when species in adjacent region are taken into account (J. trewava-
sae Sasaki, 1992; J. taiwanensis Chao et al., 2019); synonymized are names frequently applied (J. sina (Cuvier,
1830); J. tingi (Tang, 1937)); and similar diagnostic characters (J. carouna, J. heterolepis, and J. macrorhynus) are
considered when defining the species. Furthermore, recently resurrected (J. grypotus (Richardson, 1846), J. het-
erolepis Bleeker, 1873; J. cantori Bleeker, 1874) and new described species (J. majan Iwatsuki et al., 2012 and J.
taiwanensis Chao et al. 2019) are not being recognized or included.

Recently, we found that a series of Johnius specimens obtained through field collection in March 2017 at East
Malaysia, Borneo exhibited a wide range of second anal-fin spine length which confused identification but were
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similar to Johnius heterolepis or Johnius carouna. We validated the identification with a genetic approach with J.
heterolepis and J. carouna specimens and determined these represented an undescribed species.

Herein we describe a new species, Johnius sasakii sp. nov. which is commonly found in Sarawak and Sabah,
East Malaysia, (Borneo). Morphologically, this species was the most similar to J. heterolepis. In addition, morpho-
logical characteristics of J. sasakii sp. nov. such as short second anal-fin spine length, were shared with sympatric
congener J. macrorhynus; and a blunt snout and short gill rakers with sympatric J. carouna.

This study also carried out a phylogenetic analysis of four commonly encountered similar Johnius species (J.
amblycephalus as basal ingroup, J. heterolepis, J. carouna, and J. macrorhynus) from East Malaysia waters with
Dendrophysa russelli (Cuvier, 1830) as an outgroup, using partial 16S rRNA and S7 gene sequences to validate the
taxonomic status of J. sasakii sp. nov. with the other species. The results of these analyses provide additional evi-
dence that J. sasakii sp. nov. is a new species from Borneo and clarify the status of taxa within this complex species.
A key to species of Johnius in East Malaysian (Borneo) waters is included.

Materials and methods

Morphological data. Specimens were collected from Lembaga Kemajuan Ikan Malaysia (LKIM) fish landing ports
in Sabah and Sarawak waters, Malaysia between February and March 2017. A total of 18 specimens had been mutu-
ally agreed to be deposited at the National Museum of Marine Biology and Aquarium, Taiwan (NMMBA). Institution
codes for specimens examined follow Sabaj (2019). Specimens examined are deposited NMMBA. Methods of count-
ing and measuring generally followed Hubbs & Lagler (2004), and terms of morphological structure and descriptions
for sciaenids followed Trewavas (1977), Chao (1978), Sasaki (1989) and Chao et al. (2019). Standard length, head
length and eye diameter are abbreviated as SL, HL and ED, respectively. The procedures for preservation and pho-
tography of specimens follow Seah et al. (2015). Gill raker counts are the total number of rakers at upper and lower
limbs including rudimentary rakers on the first right gill arch. The lateral line scale counts are the number of pored
scales excluding those distal to the posterior end of the hypural plates. A long incision was made over the isthmus of
the cleithrum to examine the delicate appendages on the anterior part of gas bladder. Gas bladders were extracted from
the body cavity when possible and photographed both ventrally and dorsally. Drumming muscles were also observed.
The right-side sagittal otoliths were extracted, its medial surface was photographed along with in situ dorsal views
with the inner surface to the left, as is standard. Total vertebrae counts were made from radiographs and registered as
pre-caudal and caudal vertebrae.

Molecular data. Genomic DNA was extracted from muscle tissues using 10% Chelex 100 resin (Bio-Rad;
www.biorad. com). The polymerase chain reaction (PCR) was conducted using an MJ Mini Thermal Cycler PTC-
1148 (Bio-Rad; Hercules, CA) using PCR solutions containing 1 ml of genomic DNA, 3 ml of 10x PCR buffer,
2.4 ml of 2.5mM dNTPs, 1 ml of each primer, 0.1 ml of TaKaRa EX-Taq polymerase (TaKaRa Bio Inc.; www.
takarabio. com) and distilled water to bring the final volume to 30 ml. In the PCR reagents, we used 16S ribosomal
rDNA 16S-L1987 (5 GCCTCGCCTGTTTACCAAAAAC 3’) and 16S mitochondria gene H2609 (5° CCGGTCT-
GAACTCAGATCACGT 3’) (Santos et al. 2013) with S7 nuclear gene S7 Fga (5> CGCTTTAAAGTCGTTTA-
ATCGGCGC 3’) and S7 Rga (5 GGCCTTTGTCTCTGTGGGGAGAAAC 3”) (Henriques et al. 2016). The PCR
conditions consisted of initial denaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 1 min, annealing
at 55°C (16S rDNA) and 62°C (S7) for 1 min, extension at 72°C for 1 min and a final extension at 72°C for 5 min.
The PCR products were purified using a Davinch™ PCR Purification Kit (Davinch-K Co.; www.davinch-k.com).
The DNA was sequenced (Applied Biosystems ABI 3730XL sequencer; www.appliedbiosystems.com) using an
ABI PRISM BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit v3.1 (Applied Biosystems Inc.; Foster
City, CA). Sequences were aligned using ClustalW (Thompson et al. 1994) in BioEdit version 7 (Hall 1999). The
dataset of the mitochondrial 16S and nuclear gene S7 used in this study was derived from a total of 50 individuals
of various Johnius species and outgroup species (Dendrophysa russelli), and were submitted to the National Centre
for Biotechnology Information (NCBI) database (Table 1). The genetic divergences among species were estimated
under the Kimura 2-parameter (K2P) model as well as a neighbour-joining (NJ) and Maximum-Likelihood (ML)
tree with 5000 bootstrap replications was generated by using Mega version 5 (Tamura et al. 2007).
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Taxonomy

Johnius sasakii sp. nov.
(Fig. 2, Table 2—4)

Holotype. NMMB-P 34733, 1 [111 mm SL], fish landing port at Bako, Sarawak collected by Norhafiz Hanafi on
17 March 2017.

FIGURE 2. Holotype of Johnius sasakii sp. nov., (A) Fresh specimen, (B) preserved specimen, NMMB-P 34733, 111 mm SL,
Bako, Sarawak, Malaysia, 17 March 2017, collected by Norhafiz Hanafi, fish market.

Paratypes. NMMB-P 34734, 1 (110 mm SL), fish landing port at Betangor, Sarawak, Malaysia, collected by
Norhafiz Hanafi, 14 March 2017. NMMB-P 34735, 3 (103—108 mm SL), fish landing port at Sandakan, Sabah,
Malaysia, collected by Norhafiz Hanafi, 27 February 2017. NMMB-P 34736, 1 (134 mm SL), fish landing port at
Bintulu, Sarawak, Malaysia, collected by Norhafiz Hanafi, 9 March 2017. NMMB-P 34737, 5 (122-147 mm SL),
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fish landing port at Bintulu, Sarawak, Malaysia, collected by Norhafiz Hanafi, 11 March 2017. NMMB-P 34738,
4 (105-118 mm SL), fish landing port at Miri, Sarawak, Malaysia, collected by Norhafiz Hanafi, 7 March 2017.
NMMB-P 34739, 3 (100—146 mm SL), fish landing port at Kota Kinabalu, Sabah, Malaysia, collected by Norhafiz
Hanafi, 4 March 2017.

Diagnosis. A species of Johnius distinguished by the following combination of characters: number of total
outer gill rakers on first arch, 4—-6 (mode 5) + 810 (mode 9) = 13—15; second anal-fin spine short and stiff, 7-10%
of SL (usually 8-10%); body moderately deep, 25-29% of SL (usually 26-28%); first anal-fin ray length, 9-13%
of SL (usually 10-12%); anal-fin base length short, 7-10% of SL (mode 9%); pre-anal length, 67-74% of SL (usu-
ally 70-71%); scale rows above lateral line, 4—6 (mode 5); body scales moderately large and ctenoid; snout bluntly
rounded.

Description. Counts and measurements of the type specimens are shown in Table 2 and 3. The following data
is provided for the holotype first, followed by the size range and mean for the 17 paratypes.

TABLE 2. Morphometric and meristic data of type specimen of Johnius sasakii sp. nov. in present study. SD = standard

deviation.
Holotype Paratypes (17 individuals)
NMMB-P 34733 Min Max Mean SD
Standard Length (mm) 110.9 100.0 146.9 117.7
Head Length (mm) 34.4 29.2 442 35.6
Eye Diameter (mm) 7.4 6.6 8.8 7.6
Counts
1* dorsal-fin spine 10 10 10 10 0.0
2" dorsal-fin spine 1 1 1 1 0.0
2" dorsal-fin soft rays 27 26 31 28 0.0
Anal-fin spine 2 2 2 2 0.0
Anal-fin soft rays 7 7 7 7 0.0
Pectoral-fin rays 17 11 18 16 0.0
Outer gill rakers of 1% arch 15 13 15 14 0.0
upper limb 6 4 6 5 0.0
lower limb 9 8 10 9 0.0
Inner gill rakers of 1% arch 11 10 13 11 0.0
upper limb 3 3 4 3 0.0
lower limb 8 6 9 8 0.0
Pored lateral line scales 51 37 49 47 0.0
Scales above lateral line 6 4 6 5 0.0
Scales below lateral line 9 6 14 10 0.0
Circumpeduncular scales 14 11 17 14 0.0
Vertebrae 23 23 23 23 0.0
precaudal 10 10 10 10 0.0
caudal 13 13 13 13 0.0
Measurements as %HL
Snout length 23.2 23.0 29.5 26.3 2.0
Maxillary length 41.3 34.0 42.6 38.2 2.8
Eye diameter 21.5 18.0 24.4 21.6 2.0
Interorbital width 23.4 23.8 27.9 26.0 1.3
2™ spine length 31.6 24.9 35.6 29.2 2.6
1* ray length 39.6 30.7 46.7 36.3 3.5

...... continued on the next page
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TABLE 2. (Continued)

Holotype Paratypes (17 individuals)

NMMB-P 34733 Min Max Mean SD

Measurements as %SL
Snout to anal-fin origin 69.3 67.1 73.3 70.6 1.5
Snout to 2™ dorsal-fin origin 53.2 49.3 55.0 51.7 1.7
Snout to 1* dorsal-fin origin 333 31.8 36.2 33.7 1.3
Snout to pectoral-fin insertion 31.2 27.4 32.8 30.3 1.5
Snout to pelvic-fin insertion 35.4 31.0 36.5 34.0 1.5
Pectoral-fin length 21.3 16.6 24.9 19.7 2.3
Head length 31.0 27.7 323 30.2 1.2
Pelvic-fin length 153 12.7 20.0 16.1 2.0
Body depth (D1-P2) 27.0 25.2 29.0 27.1 1.2
Body width (P1-P1) 15.6 13.4 18.5 15.5 1.8
1% dorsal-fin base length 20.1 15.9 23.1 19.3 2.0
longest spine length 14.9 11.9 16.7 13.8 1.3
2" dorsal-fin base length 40.1 35.8 44.8 39.7 2.5
longest ray length 8.9 7.0 14.4 9.8 1.7
Anal-fin base length 9.5 6.8 10.2 8.8 0.9
2" spine length 9.8 7.4 10.2 8.5 0.8
1* ray length 123 9.0 133 10.9 1.0
Caudal-peduncle depth 10.6 8.7 10.7 9.5 0.4
Pelvic-fin tip to vent 12.7 13.8 22.8 18.4 2.7
Vent to anal-fin origin 4.4 3.2 7.9 5.7 1.2

Measurements as %ED
Longest gill raker on 1% arch 14.9 11.3 19.9 14.6 2.4
Longest gill filament on 1* arch 55.7 37.7 59.9 51.9 34

*Abbreviation: D1 means to first dorsal-fin spine length; P2 means to pelvic-fin length; and P1 means to pectoral-fin
length.

Body moderately deep, 27% of SL, dorsal and ventral profiles evenly arched. Snout bluntly rounded, about 23%
of HL, slightly projecting in front of upper jaw. Three upper and three marginal snout pores. Three pairs of mental
pores, anterior pair with two small openings, very closely positioned. No mental barbel. Upper jaw (premaxilla)
with, a single, outer row of closely spaced villiform teeth, and an inner band of small, conical teeth, comprising
seven anterior and six posterior rows. Lower jaw (dentary) with broad band of uniformly small, conical teeth, com-
prising five or six anterior and three or four posterior rows. Eye moderately large, 21% of HL, circular. Anterior
and posterior nostrils circular and somewhat ovate, respectively, just before eye, the latter twice the size of former.
Gill rakers short and slender, 15% of ED; gill filaments approximately 3.75 times longer than gill rakers at angle of
gill arch (Fig. 3). Scales rather large, cycloid on head (except occiput), throat, membrane of soft dorsal, anal, and
caudal fins; body scales ctenoid, ctenii well developed, having only radiated marginal grooves (smooth to touch).
Third dorsal-fin spine longest. First soft ray of pelvic-fin with a short filament, with a dim black spot on upper pec-
toral-fin base. Second anal-fin spine short, stiff, 10% of SL, or 32% of HL, about % of first anal-fin soft ray. Caudal
fin thomboid. Swim bladder hammer-shaped, with 15 arborescent appendages along entire lateral surface (Fig. 4).
Sagitta in medial view is typical Johninae pattern (Fig. 5) (see Trewavas, 1977).

Color when fresh. Based on color photographs of the type material of Johnius sasakii sp. nov. with head and
upper body iridescent mauve or bronze, creamy white on lower lateral and ventral surfaces (Figs. 2, 6A). Roof
mouth lining whitish. Upper operculum appearing darkish owing to a densely pigmented branchial cavity. Peritone-
um of anterior abdominal cavity punctuated with black pigmentation. Spinous and soft dorsal-fins dusky brownish
hyaline, a basal quarter of both pale; upper part of pectoral-fin dusky brownish hyaline, pelvic-fin slightly mottled
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anteriorly, a few rays creamy-white distally; anal-fin slightly mottled dusky brownish; caudal fin brownish hyaline,
dark distally.

FIGURE 3. First gill arch on left side of Johnius sasakii sp. nov. (paratype: NMMB-P 34739, 146 mm SL).

FIGURE 4. Swimbladder of Johnius sasakii sp. nov. (paratype, NMMB-P 34739, 146 mm SL), with 14 pairs of lateral append-

ages followed by a hammer-shape, with a number of arborescent appendages along the entire lateral surface (ventral view).

Color in preservative. Head and upper body brownish tan, the lower part of body and operculum whitish-yel-
low; fins brownish tan, dorsal and caudal fins with black margins.

Geographic distribution. All known specimens of the species were collected from the coast of Sabah and
Sarawak, East Malaysia.

Etymology. Named in honor of the ichthyologist, Dr Kunio Sasaki, Professor at Kochi University, Japan, who
has made significant contributions to the taxonomy of Sciaenidae and Johnius.
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FIGURE 5. Inner surface of sagitta of Johnius sasakii sp. nov., paratype, NMMB-P 34739, 146 mm SL.

Comparisons. Johnius sasakii sp. nov. resembles J. belangerii, J. weberi and J. coitor in possessing slightly
enlarged teeth on upper jaw and villiform teeth at the inner row on lower jaw (including molariform teeth on inner
rows lower jaw for J. macrorhynus), in having no mental barbel, and dorsal-fin spines IX—XI; meanwhile J. sasakii
sp. nov. is most similar to J. heterolepis, J. carouna, and J. macrorhynus in possessing scale rows above lateral line
from dorsal-fin origin 4-8 (usually 5-6); scale rows below lateral line from anal-fin origin 614 (usually 6-10); and
scales moderately large.

Johnius sasakii sp. nov. can be separated from the most similar species, J. heterolepis, by the following com-
bination of characters: snout profile more blunted (vs. more pointed); gill raker length more shorter, stiff (vs. mod-
erately long, slender); fewer outer gill rakers on the lower limb of the first arch (mode 9 vs. mode 10); more outer
gill rakers on the upper limb of the first arch (mode 5 vs. mode 4); shorter anal-fin base length (mode 9% vs. 10% of
SL); shorter first anal-fin ray length (10-12% vs. 12—13% of SL); and higher number of scale rows above and below
the lateral line (mode 5 and 10 vs. mode 4 and 7), respectively (Fig. 6, Table 3).
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FIGURE 6. Photographs of the comparative materials. (A) Johnius sasakii sp. nov.; NMMB-P 34738, paratype, 114 mm SL,
(B) Johnius heterolepis NMMB-P 35556, 105 mm SL, (C) Johnius carouna, NMMB-P 34743 141 mm SL and (D) Johnius
macrorhynus; NMMB-P 34744, 116 mm SL.
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TABLE 3. Frequency distribution of selected meristics and morphometrics of Johnius sasakii sp. nov., J. carouna and J.
heterolepis from the South China Sea region.

Upper limb of outer ~ Lower limb of outer gill rakers ~ Total outer gill rakers of 1* arch
gill rakers
Counts n 4 5 6 Mean 8 9 10 11 12 Mean 13 14 15 16 17 18 Mean
Johnius sasakii 18 3 11 4 51 2 14 2 9.0 5 7 6 14.1
Sp. nov.
Johnius carouna 11 5 6 55 1 6 4 11.3 3 7 1 16.8
Johniusheterolepis 11 10 1 4.1 1 9 1 10.0 10 1 14.1
Second anal-fin spine length (%SL)
Counts n 7 8 9 10 11 12 13 14 Mean
Johnius sasakii sp. nov. 18 1 5 7 5 8.9
Johnius carouna 11 3 6 1 1 12.3
Johnius heterolepis 11 4 6 1 9.6
Body depth (%SL)
Counts n 23 24 25 26 27 28 29 Mean
Johnius sasakii sp. nov. 18 1 5 5 2 27.1
Johnius carouna 11 1 4 2 2 1 1 25.0
Johnius heterolepis 11 3 3 2 26.1
First anal-fin ray length (%SL)
Counts n 10 11 12 13 14 15 Mean
Johnius sasakii sp. nov. 18 5 6 5 1 11.0
Johnius carouna 11 1 1 3 4 2 13.4
Johnius heterolepis 11 1 3 6 1 12.5
Anal-fin base length (%SL)
Counts n 7 8 9 10 11 Mean
Johnius sasakii sp. nov. 18 1 5 10 2 8.8
Johnius carouna 11 2 2 9.8
Johnius heterolepis 11 2 10.1
Pre-anal length (%SL)
Counts n 66 67 68 69 70 71 72 73 74 75 Mean
Johnius sasakii sp. nov. 18 1 1 5 7 1 1 1 70.6
Johnius carouna 11 1 3 3 2 68.0
Johnius heterolepis 11 1 1 1 1 1 70.1
Scale rows above lateral line Scale rows below lateral line
Counts n 4 6 7 5 6 7 8 9 10 11 13 14
Johnius sasakii sp. nov. 18 1 7 5.4 1 1 5 1 4 1 3 2 10
Johnius carouna 11 2 1 5.4 8 2 1 6.6
Johnius heterolepis 11 7 44 4 1 1 1 4 7.5
Total scale rows
Counts n 9 10 11 12 13 4 15 16 17 18 19 20 Mean
Johnius sasakii sp. nov. 18 1 2 2 2 3 2 3 2 2 15.9
Johnius carouna 11 8 1 1 11.8
Johnius heterolepis 11 4 1 1 1 4 12.1
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Johnius sasakii sp. nov. can also be differentiated from J. carouna by total outer gill rakers of first arch 13—15
vs. 16—18; number of lower limb outer gill rakers, 8—10 (mode 9) vs. 10—12 (mode 11); second anal-fin spine length
rather shorter, 7-10% of SL (usually 8-10%) vs. 11-14% of SL (usually 11-12%); body depth slightly deeper,
25-29% of SL (usually 26-28%) vs. 23—-28% of SL (usually 24-26%); first anal-fin ray length shorter, 9-13% of
SL (usually 10-12%) vs. 11-15% of SL (usually 13-14%); anal-fin base length shorter, 7-10% of SL (mode 9%)
vs. 9—11% of SL (mode 10); and pre-anal length slightly longer, 67-74% of SL (usually 70-71%) vs. 66—70% of
SL (usually 67-68%) (Table 3 and 4), respectively. Johnius sasakii sp. nov. can be further be differentiated from J.
macrorhynus: by dentition of lower jaw villiform (vs. molariform teeth on inner rows); higher number and structure
of lower gill rakers on the first arch (8—10, short and slender vs. 7-8, short and stumpy); second anal-fin spine length
short and stiff (24.9-35.6% of HL vs. 16.8-27.8% of HL rather short and slender) (Fig. 6, Table 4).

Molecular comparison. To clarify the taxonomic status of J. sasakii sp. nov., we compared sequences of
two genetic markers (16S mtDNA and S7 nDNA) with similar morphological Johnius species. Based on pairwise
K2P genetic distances (Table 5 and 6), J. sasakii sp. nov. is clearly differentiated from J. carouna by 16S:19.3%,
S7: 8.4%; J. macrorhynus by 16S: 16.7%, S7: 8.1%; J. heterolepis by 16S:10.4%, S7: 5.8%; J. amblycephalus by
16S:21.2%, S7: 10.9%; and the outgroup D. russelli by 16S:24.8%, S7: 12.6% respectively.

TABLE 5. Genetic distances for 16S gene among five Johnius (Johnius) species and outgroups.

1 2 3 4 5
J. sasakii sp. nov. (1)
J. amblycephalus (2) 0.212
J. carouna (3) 0.193 0.264
J. macrorhynus (4) 0.167 0.215 0.168
J. heterolepis (5) 0.104 0.155 0.146 0.122
D. russelli (6) 0.248 0.171 0.253 0.254 0.194

TABLE 6. Genetic distances for S7 gene among five Johnius (Johnius) species and outgroups.

1 2 3 4 5
J. sasakii sp. nov. (1)
J. amblycephalus (2) 0.109
J. carouna (3) 0.084 0.1
J. macrorhynus (4) 0.081 0.098 0.062
J. heterolepis (5) 0.058 0.089 0.068 0.073
D. russelli (6) 0.126 0.145 0.121 0.126 0.116

The NJ and ML trees obtained high support of bootstrap value (BS>90%) based on mtDNA and nDNA markers
shared identical topologies where the specimens of J. sasakii sp. nov. grouped together in a monophyletic clade,
which can be separated from the other Johnius species (Figs. 7 and 8a). The concordant phylogenetic topology de-
rived from both mtDNA and nDNA markers indicate that the sister species of J. sasakii sp. nov. is the J. heterolepis
(Figs. 7 and 8a), meanwhile J. carouna and J. macrorhynus form a sister group to J. sasakii sp. nov. and J. hetero-
lepis. In addition, haplotypes of partial nDNA S7 intron can be separated from J. carouna by three fixed nucleotide
differences (Fig. 8b), indicating a significant level of genetic variation can be inferred from nuclear gene between
J. sasakii sp. nov. and J. carouna.

Remarks. We did not record J. latifrons Sasaki 1992 and J. trachycephalus (Bleeker 1851) from Malaysian wa-
ters during our survey, however, these species were included by Sasaki (2000) based on Sasaki (1992) concerning on
J. latifrons, and Trewavas (1977) on J. trachycephalus from Thailand and Vietnam. Because we have no confirmed
records of J. latifrons and J. trachycephalus in Malaysian waters, we included it in the key to the species. Only eight
species of Johnius (Johnius) have been reliably documented from Malaysian waters (Sasaki 2000; 2001).
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FIGURE 7. Phylogenetic trees reconstructed using the mtDNA 16S genes of five Johnius (Johnius) species. Values above the

branches are respective bootstrap values from 5000 replications for the Neighbour-Joining (NJ) and Maximum-Likelihood (ML)

analyses. Bar indicates genetic distances of 0.02.
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FIGURE 8. (A) Phylogenetic trees reconstructed using the nDNA S7 genes of 5 Johnius (Johnius) species. Values above the
branches are respective bootstrap values from 5000 replications for the Neighbour-Joining (NJ) and Maximum-Likelihood (ML)

analyses. Bar indicates genetic distances of 0.02. (B) Three nucleotide differences (black arrow) at the sites 215, 308, and 354

nucleotides in the homozygote nuclear gene S7 of J. sasakii sp. nov.

Key to the species of Johnius in the East Malaysia (Northern Borneo)

la.
1b.

2a.
2b.
3a.

3b.
4a.

Distinctly enlarged teeth on upper jaw and inner row of lower jaw teeth enlarged, conical J. (Johnieops) (Fig. 1 (A)) ...... 2
Slightly enlarged teeth on upper jaw and inner row of lower jaw teeth uniform in size or molariform J. (Johnius) (Fig. 1 (B)).

First pair of mental pores separated by symphysis, snout rounded; second anal-fin spine length 40-50% of head length . . . ..
........................................................................... J. plagiostoma (Bleeker, 1850)
First pair of mental pores by a crescent-shaped groove, snout pointed; second anal-fin spine length 24-42% of head length . .
............................................................................. J. borneensis (Bleeker, 1850)
Chinwith barbel. . . ... ... J. amblycephalus (Bleeker, 1855)
Chin without barbel . . . ... 4
Dorsal-fin spines VIII or IX (usually IX); scale rows above lateral line from dorsal-fin origin 10-15, scale rows below lateral
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line from anal-fin origin 17-21 .. ... ... . . i e J. trachycephalus (Bleeker, 1850)

4b. Dorsal-fin spines X to XI (usually X); scale rows above lateral line from dorsal-fin origin 4—11, scale rows below lateral line
from anal-fin OrigIN 6—17 . . . . . o e 5

Sa. Scales moderately small, scale rows above lateral line from dorsal-fin origin 7-11; scale rows below lateral line from anal-fin

OTT N Ll L7 o 6

Sb. Scales moderately large, scale rows above lateral line from dorsal-fin origin 4-8 (usually 5-6), scale rows below lateral line
from anal-fin origin 6—14 (usually 6—10). . . .. ...ttt e e e 9

6a. Body dark pigmented; lower fins black . . ....... ... ... J. belangerii (Cuvier, 1830)
6b. Body silvery to light yellow; lower fins pale . . . ... ... 7
Ta. Gill rakers slender, 9-12 on lower limb gill arch and moderately long 2—%; length of gill filaments at angle of arch. .. ... ...

............................................................................... J. coitor (Hamilton, 1822)

7b. Gill rakers stiff, 7-9 on lower limb of gill arch and short 5" length of gill filaments at angle of arch . ................. 8

8a. Body depth 25-30% of standard length; second anal-fin spine length short, stiff, 26-32% of head length .. ...............
................................................................................. J. latifrons Sasaki, 1992
8b. Body depth 20-25% of standard length; second anal-fin spine length long, stiff, 33-41% of head length. . .. ..............
............................................................................. J. weberi (Hardenberg, 1936)

9a. Lower jaw with inner row of molariform teeth posteriorly ........... ... ... ... ... ... J. macrorhynus (Mohan, 1976)
9b. Lower jaw teeth all conical, uniform in Size .. .. ... ... .. e 10
10a.  Total outer gill rakers of 18tarch 1618 . ... ... ... . e J. carouna (Cuvier, 1830)
10b.  Total outer gill rakers of 15 arch 13—15 . . .. ... 11

11a.  Gill rakers of outer gill rakers of 1% arch at the upper limb, 4-5 (mode 4) and lower limb 9—-11 (mode 10) respectively . ... ..
.............................................................................. J. heterolepis Bleeker, 1873

11b.  Gill rakers of outer gill rakers of 1% arch at the upper limb, 4-6 (mode 5) and lower limb 8—10 (mode 9) respectively . ... ...
.............................................................................. J. sasakii sp. nov. this study

Additional material examined

Johnius carouna: NMMB-P 34740, 9 (88—104 mm SL), fish landing port at Beluran, Sabah, Malaysia, collected by
Norhafiz Hanafi, 28 February 2017. NMMB-P 34743, 3 (113—141 mm SL), fish landing port at Goebilt, Sar-
awak, Malaysia, collected by Norhafiz Hanafi, 17 March 2017.

Johnius macrorhynus: NMMB-P 34744, 1 (116 mm SL), fish landing port at Bako, Sarawak, Malaysia, collected
by Norhafiz Hanafi, 17 March 2017. NMMB-P 34745, 2 (162—176 mm SL), fish landing port at Tawau, Sabah,
Malaysia, collected by Norhafiz Hanafi, 23 February 2017. NMMB-P 34746, 7 (134—188 mm SL), fish landing
port at Betangor, Sarawak, Malaysia, collected by Norhafiz Hanafi, 14 March 2017.

Johnius heterolepis: NMMB-P 34748, 1 (105 mm SL), fish landing port at Bintulu, Sarawak, Malaysia, collected
by Norhafiz Hanafi, 9 March 2017. NMMB-P 34749, 5 (90—112 mm SL), fish landing port at Bako, Sarawak,
Malaysia, collected by Norhafiz Hanafi, 17 March 2017. NMMB-P 35556, 5 (88—112 mm SL), fish landing port
at Betangor, Sarawak, Malaysia, collected by Norhafiz Hanafi, 14 March 2017.

Johnius amblycephalus: NMMB-P 34752, 1 (163 mm SL), fish landing port at Sibu, Sarawak, Malaysia, collected
by Norhafiz Hanafi, 13 March 2017. NMMB-P 34753, 1 (108 mm SL), fish landing port at Bako, Sarawak,
Malaysia, collected by Norhafiz Hanafi, 17 March 2017. NMMB-P 34754, 4 (85-150 mm SL), fish landing port
at Miri, Sarawak, Malaysia, collected by Norhafiz Hanafi, 7 March 2017.

Johnius borneensis: NMMB-P 15389 (147 mm SL), fish landing port of Donggang, Pingtung, Taiwan, collected by
Ning Labbish Chao, 4 September 2010.
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