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Abstract

Coastal marine fish diversity from E India and Indonesia to S Japan is still insufficiently investigated. Of the 42 species
of goatfishes (Mullidae) recorded from this area, 12 were described only since 2010 and ten of those belong to the genus
Upeneus. During a recent review of species of Upeneus of the so-called japonicus-species group (characterized by seven
dorsal-fin spines), 13 specimens that had been previously identified as U. gutfatus from Indonesia and Vietnam were
found to be distinct, representing possibly two undescribed species. These specimens were studied together with 20 U.
itoui from S Japan, a rather similar species, and a yet unidentified congeneric from S Japan. In total 41 morphometric,
10 meristic and several colour characters were examined and detailed comparisons with a large data set from all 14
Jjaponicus-group species conducted. Three new species, U. dimipaviov n. sp. from Nha Trang, S-central Vietnam, U.
elongatus n. sp. from Tanega-shima Island, Kagoshima, S Japan and U. willwhite n. sp. from Lombok, S Indonesia are
described and an updated account for U. ifoui is provided. Among these four featured species, U. elongatus is the most
different, having more gill rakers, the shallowest head and body and distinct colour patterns on caudal and dorsal fins.
Upeneus dimipavlov differs from the remaining two species in having a more rounded and less laterally compressed body
with a wider caudal peduncle and no conspicuous mid-lateral body stripe in fresh fish. Upeneus willwhite differs from U.
itoui in deeper head, larger eyes, longer upper jaw and barbels and oblique bars on the lower caudal-fin lobe which do not
cross the entire lobe. Additional comparisons of each of the four featured species with all other japonicus-group species
and U. heterospinus were conducted providing evidence for distinction and differential diagnosis. Unvouchered in-situ
photographs of four goatfish specimens from the Central Philippines that resemble U. elongatus in caudal- and dorsal-fin
colour patterns are presented. The need for further sampling and associated taxonomic investigations as prerequisites for
appropriate assessment of ecological and conservation parameters such as diversity, distribution and rarity is emphasized
in the discussion.
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Introduction

Coastal waters of the Eastern Indian Ocean and tropical Western Pacific from India and Indonesia to S Japan are
particularly rich in marine fish diversity (e.g., Carpenter & Springer 2005; Motomura et al. 2010; Allen & Erdmann
2012; Uiblein & White 2015; Motomura et al. 2017; Miller et al. 2018; Ho et al. 2019; Psomadakis et al. 2019).
Still, a considerable portion of the biodiversity in this area (abbreviated in the following as “CEITPAS” for “coastal
Eastern Indian Ocean and tropical Pacific waters of Asia”) remains to be discovered, requiring ongoing taxonomic
efforts (e.g., Hoeksema 2007). This also applies to the goatfish family (Mullidae), of which 42 species belonging
to the genera Mulloidichthys (n=4), Parupeneus (n=16) and Upeneus (n=22) are known from the CEITPAS area
(Randall 2004; Uiblein 2011; Uiblein ez al. 2018; Table 1). Twelve of these species have been described since 2010:
Mulloidichthys ayliffe Uiblein, 2011, from E Sri Lanka, the Andaman Islands and, elsewhere, from South Africa to
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Oman and the Seychelles, Western Indian Ocean, Parupeneus inayatae Uiblein & Fahmi, 2018 from Lombok, S
Indonesia, and 10 species of Upeneus (Table 1).

Recently, along with the description of Upeneus floros Uiblein & Gouws, 2020 from South Africa and Mozam-
bique, SW Indian Ocean, updated taxonomic accounts for the rather similar species U. guttatus Day, 1868 and U.
pori Ben-Tuvia & Golani, 1989 were provided (Uiblein et al. 2020a). These three species belong to the japonicus
group (Uiblein & Heemstra 2010) which is characterized by seven dorsal-fin spines and currently includes 14 of
the 43 valid species of Upeneus (Uiblein et al. 2020a). During this earlier study 13 specimens from Lombok, S In-
donesia and Nha Trang, S-central Vietnam which had been previously identified as U. guttatus (White et al. 2013;
Uiblein et al. 2017a), turned out to deviate from all known japonicus-group species in the combination of several
morphometric, meristic and colour characters. In addition, between the specimens from Lombok and Nha Trang
differences in body structure and colour patterns were detected.

The present study examines the hypothesis that these 13 specimens represent two undescribed species. Com-
parisons with all japonicus-group species as well as other co-occurring congeners were conducted. Special attention
was devoted to distinction from the most similar species including U. ituoi Yamashita, Golani & Motomura, 2011
from S Japan and Taiwan. When examining a larger sample of U. ifoui from the KAUM fish collection, we also
studied a single specimen from Tanega-shima Island, S Japan which had previously been identified only to genus
level (Tashiro ef al. 2014) and turned out to represent a third undescribed species during the course of our study.

Three new species, U. dimipavlov n. sp., U. elongatus n. sp. and U. willwhite n. sp. are described and an
updated taxonomic account for U. itoui is provided. Detailed comparisons and differential diagnosis focus on the
main differences between the four featured species and all japonicus-group species, considering in particular those
which co-occur and/or are most similar. The co-occurring and rather similar U. heterospinus Uiblein & Pavlov, 2019
(Indonesia, Philippines and Singapore to Japan) of the so-called margarethae group (Uiblein et al. 2019) is also
compared. The high diversity of the genus Upeneus and the need to further explore the CEITPAS area regarding
distribution and abundance patterns of recently discovered species and the possible occurrence of yet undescribed
species are discussed.

Material and methods

From 31 adult Upeneus specimens from Indonesia, Vietnam and Japan, 41 morphometric, 10 meristic and several
colour characters were examined and analyzed with comparative data of 293 specimens (284 adults and 9 subadults
< 65 mm SL) and fresh-colour photographs of the 14 japonicus-group species available from Uiblein et al. (2016,
2017a, 2020a). In addition, comparative data of 101 Upeneus heterospinus specimens with seven dorsal-fin spines
available from Uiblein et al. (2019) were included. To avoid allometric effects, morphometric comparisons were
restricted to data from adult specimens. Meristic counts did not show allometry and data of subadult fish were used
in pectoral-fin and gill-raker counts (Uiblein et al. 2019, 2020a). For two species, U. francisi Randall & Guézé,
1992 and U. pori, published data from Randall & Guézé (1992) and Yamashita ef al. (2011) were used to complete
size and meristic-character information.

Methods of measuring, counting and colour pattern determination follow Uiblein et al. (2020a). As in this for-
mer study, important diagnostic characters were selected based on main differences among the most similar species.
Because of considerable differences in the number of total gill rakers among japonicus-group species, this character
was given high weight by grouping species with overlapping gill-raker counts in comparisons (see also Uiblein et
al. 2017a). The terms “mostly” or “slightly” were used for differences in characters that show overlap and hence
may require combination with other characters to achieve complete distinction (Uiblein et al. 2020a). In the ac-
count of U. elongatus, of which only a single specimen was available for study, meristic counts from left and right
sides, respectively, were considered. To facilitate the comparisons, an overview table was compiled (Table 2), much
improved from the former version published by Uiblein et al. (2020a) with additional characters and the three new
species included. Additional tables showing all quantitative characters for all species were also prepared (Tables
3-5).

Institutional abbreviations follow Sabaj (2019). Other abbreviations are: CEITPAS = coastal Eastern Indian
Ocean and tropical Pacific waters of Asia; EIO = Eastern Indian Ocean; HT = holotype; NRF-SAIAB = National
Research Foundation - South African Institute for Aquatic Biodiversity, Makhanda, South Africa; PT = paratype; SL
= standard length; WIO = Western Indian Ocean.
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Taxonomy
Genus Upeneus Cuvier 1829

Diagnosis. Dorsal fins VII or VIII + 9; pectoral fins 12—17; principal caudal-fin rays 7 + 8 (median 13 branched);
gill rakers 4-9 + 13-24 = 18-33; lateral-line scales 28-39; lateral line complete; small scales present basally on
second dorsal, anal and/or caudal fins; small teeth present on vomer and palatines; teeth on jaws multiserial and
villiform; body oblong, slightly compressed or nearly rounded; barbels 15-27% SL; snout length 9.1-14% SL, sub-
equal to or slightly shorter than postorbital length (9.7-15% SL); body frequently with one to several longitudinal
stripes, varying from yellow to red, brown or black in life; oblique bars often present on caudal-fin lobes, usually
retained in preservative when darkly pigmented, and their number, colour and form of diagnostic importance.

Remarks. Forty-six species, including the three new species, distributed in all major oceans. Two Indo-Pacific
species in the Mediterranean as Lessepsian migrants. Many species targeted by fisheries or landed as bycatch and
can be found in fish markets, having moderate to high local economic value. Many different fishing methods are
used including angling, beach seine, gillnetting, trapping and trawling. Most species occur in coastal waters to less
than 100 m depth, maximum depth reached is 600 m. Maximum size range among species is about 89 to 300 mm
SL.

Upeneus dimipavlov n. sp.
Pavlov’s Goatfish
(Figures 1A, 2—6; Tables 2, 3)

Upeneus guttatus Day, 1868, in part: Uiblein ez al. 2017a

Material examined. Holotype. VNMN-12056 (formerly HIFIRE F 58334), 120 mm SL, South China Sea, S-central
Vietnam, Khan Hoa Province, Nha Trang, Bai Tre Bay, N of Hon Tre Island, 12°13.35" N, 109°18.50" E, obtained
from hookah divers, ca. 15 m depth, Dimitri A. Pavlov, 19-01-2012 (photo of fresh HT, Figure 1A).

Paratypes (n = 10, 111-134 mm SL). South China Sea, S-central Vietnam, Khan Hoa Province, Nha Trang,
Xom Moi Market: HIFIRE F 58183, 129 mm SL; HIFIRE F 58184, 117 mm SL; NHMO J7223 (formerly HIFIRE
F 58185), 124 mm SL; MNHN 2020-0474 (formerly HIFIRE F 58186), 122 mm SL; NMMBP 34705 (formerly
HIFIRE F 58187), 111 mm SL; KAUM-I. 146834 (formerly HIFIRE F 58188), 123 mm SL; AMS 1.49516-001
(formerly HIFIRE F 58189), 122 mm SL; CAS-ICH 247243 (formerly HIFIRE F 58190), 122 mm SL; Nha Trang
fish market: VNMN-I 2057 (formerly HIFIRE F 58174), 134 mm SL; VNMN-I 2058 (formerly HIFIRE F 58177),
128 mm SL.

Diagnosis. Dorsal fins VII + 9; pectoral fins 14-15; gill rakers 67 + 16—18 = 22-25; body nearly rounded and
moderately elongate; measurements as % SL: body depth at first dorsal-fin origin 23-25; body depth at anal-fin ori-
gin 20-22; caudal-peduncle depth 9.7-10; caudal-peduncle width 4.8-5.4; maximum head depth 19-20; head depth
through eye 16—17; head length 28-30; snout length 11-13; orbit length 5.7-6.8; upper-jaw length 11-12; barbel
length 19-21; caudal-fin length 27-29; anal-fin height 16—18; pelvic-fin length 20-22; pectoral-fin length 18-20;
first dorsal-fin height 19-21; dorsal-fin spines proportionally decreasing in height; second dorsal-fin height 16—18;
total oblique bars on caudal fin 12—14, upper caudal-fin lobe with 5-6 red mostly straight bars; lower caudal-fin
lobe with 7—8 short red bars along ventral margin which connect dorsally to a red stripe, the latter slightly wider than
orbit diameter, and with about 3 short red or reddish-grey bars along dorsal margin of fin lobe that do not correspond
with bars on ventral-lobe margin; caudal-fin colour patterns partly or completely lost after preservation; dorsal
fins in fresh fish with 3—4 thin red or brown stripes, may be weakly retained in preservative; barbels rose whitish
or white when fresh; body colour in freshly deceased specimens dorsally pale reddish orange, ventral half creamy
white, sometimes with red patches or blotches, ventral margin pale creamy white; no conspicuous mid-lateral body
stripe; head dorsally pale red and silvery white ventrally, with red patches below and behind eyes; body and head
dorsally pale brown or brown and ventrally white when preserved.

Description. Measurements in % SL and counts are given in Table 3; morphometric data as ratios of SL for
holotype, data for paratypes in brackets: body nearly rounded, rather robust and moderately elongate, body depth
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at first dorsal-fin origin 4.2 [4.1-4.4]; body depth at anal-fin origin 4.9 [4.6-5.0]; head depth through eye 6.3 [6.0—
6.4]; head length 3.4 [3.4-3.5], larger than maximum body depth and subequal to caudal-fin length (3.6 [3.4-3.8]);
first dorsal-fin height 5.0 [4.8-5.4], subequal to barbel length (5.0 [4.7-5.4]) and larger than second dorsal-fin
height (6.2 [5.7-6.2]); pelvic-fin length 4.9 [4.5-5.0], larger than pectoral-fin length (5.1 [5.1-5.5]) and subequal to
body depth at anal-fin origin; caudal-peduncle depth 10 [9.8—10], clearly larger than orbit length (15 [15-17]); and
caudal-peduncle width 19 [19-21], mostly larger than pectoral-fin width (22 [21-23]).

FIGURE 1. A: Upeneus dimipaviov n. sp., VNMN-I 2056, HT, 120 mm SL, N of Hon Tre Island, Nha Trang, S-central Vietnam
(D.A. Pavlov); B, C: Upeneus elongatus n. sp., KAUM-1. 58746, HT, 89 mm SL, Tanega-shima Island, S Japan (H. Motomura);
D, E: Upeneus itoui, Kagoshima Prefecture, S Japan; D: KAUM-I. 13591, PT, 104 mm SL; E: KAUM-I. 13595, PT, 118 mm
SL; F: U. willwhite n. sp., CSIRO 7217-07, HT, 90 mm SL, Lombok, S Indonesia (W.T. White); G-J: U. cf. elongatus, Central
Philippines, Visayas, adults, unvouchered; G: Panay; H: Leyte; I, J: Negros (P. & G. Poppe — https://poppe-images.com).

Colour. Fresh HT (Figure 1A). Body pale red orange above lateral line and creamy white below, ventral side
pale creamy white; several red sports and blotches from pelvic-fin base and behind opercle at eye level to level of
second dorsal-fin origin; lateral line indistinct, no mid-lateral body stripe; dorsal margin of head from snout tip to
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above eye pale red; silvery-pale beige mouth region followed by a large bright-red patch below eye and another one
posteriorly on bony opercle with three bright-red blotches just above; iris bright red; barbels whitish rose; caudal
fin with five oblique, mostly straight red bars of approximately half pupil width on upper lobe, with white hyaline
interspaces between bars increasing in width from being narrower than bar width proximally to double-bar width
distally; tip of upper caudal-fin lobe white hyaline; lower caudal-fin lobe with seven very short red bars along
ventral margin covering up to four ventral-most fin rays; creamy-hyaline interspaces between bars of less than bar
width proximally with increasing width distally, continued as a pale creamy stripe behind distal-most seventh bar,
not reaching lobe tip; broad red stripe along middle of lower caudal-fin lobe slightly wider than orbit diameter, stripe
extending from caudal-fin base to lower lobe tip; four red bars with dark-grey tips dorsally on lower caudal-fin
lobe along lobe margin being slightly wider than bars on ventral side of lobe and with white-hyaline interspaces of
similar width as bars, the interspaces connecting to red stripe; first dorsal fin with hyaline-red spots on and around
spines forming a dotted pattern of four horizontal stripes; first dorsal-fin tip weakly pale-whitish pigmented; second
dorsal fin whitish hyaline with four red horizontal stripes, one at fin base and one at fin tip; pectoral, pelvic and anal
fins hyaline creamy; pelvic fins with pale-red pigmentation on spine tip and anterior four rays.

Preserved HT. Dark brown dorsally from mouth and below eye to pectoral-fin origin and distal end of lateral
line near caudal-fin base; creamy white ventrally from cheeks and below pelvic-fin origin to ventral half of caudal-
fin base; caudal-fin bars and stripe and dorsal-fin pigmentation only faintly retained; other fins and barbels pale.

Etymology. The name “dimipavlov” is used as a composed noun in apposition. It honours the ichthyologist Dr.
Dimitri Alexandrovich “Dimi” Pavlov, Lomonosov University, Moscow, Russia, for collecting, photographing and
donating mullid specimens from Vietnam (including the holotype of Upeneus dimipaviov) for taxonomic research.

Distribution, habitat, size. Currently only known from Nha Trang, S-central Vietnam; possibly occurs on
sandy bottoms near reefs; depth ca. 15 m; attains 134 mm SL.

Remarks. The nearly rounded, robust body is a typical characteristic of this species and rather unique among
Japonicus-group species. The photograph of the HT (Figure 1A) is the only high-quality colour documentation of
fresh fish available so far. In photos of several PT’s made during or after collection at fish markets the body colour
is less intense and in two specimens barbel colour is white instead of whitish rose. After specimens were kept in
a refrigerator over several days or thawed, the body and head became almost entirely red which is most likely an
artefact and does not reflect natural colouration. This species has been encountered at fish markets near the type
locality, indicating local commercial value.

Upeneus elongatus n. sp.

Elongate Goatfish

Iwanaga-himeji (new standard Japanese name)
(Figures 1B, C, 2; Tables 2, 3)

Upeneus sp.: Tashiro et al. 2014

Material examined. Holotype. KAUM-I. 58746, 89 mm SL, Philippine Sea, S Japan, Kagoshima Prefecture, Os-
umi Islands, Tanega-shima Island, Kumage-gun, Nakatane, off Kumano, 30°28.13° N, 130°58.32" E, 25 m, set net,
Mayumi Takayama, 20-01-2012 (photo of fresh holotype, Figure 1B, C)

Unvouchered In situ photos of Upeneus cf. elongatus, Central Philippines, Visayas (most probably all adults):
Panay, Caridad, Culasi, Antique, 11°26.89° N, 122°03.55° E, 7 m depth (Figure 1G); Leyte, Albuera, 10°53.45° N,
124°42.36’ E, 20 m depth (Figure 1H); Negros, Bonbonon, Siaton, 9°03.53° N, 123°05.97° E, 10 m depth (Figure
11); same locality, 7 m depth (Figure 1J).

Diagnosis. Dorsal fins VII + 9; pectoral fins 13; gill rakers 8 + 19-20 = 27-28; body elongate and laterally
compressed; measurements as % SL: depth at first dorsal-fin origin 21; body depth at anal-fin origin 18; caudal-
peduncle depth 8.3; caudal-peduncle width 3.3; maximum head depth 18; head depth through eye 14; head length
27; snout length 10; orbit length 6.7; upper-jaw length 11; barbel length 17; caudal-fin length 29; anal-fin height 16;
pelvic-fin length 23; pectoral-fin length 21; first dorsal-fin height 20, dorsal-fin spines proportionally decreasing in
height; second dorsal-fin height 15; total oblique bars on caudal fin 12, upper caudal-fin lobe with 5 red bars; lower
caudal-fin lobe with 7 red-brown blotch-like bars which are most conspicuous along middle of lobe and dorsally
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with a faint yellowish-beige stripe of less than orbit diameter in width that connects to caudal-fin base; bars mostly
retained after preservation; first dorsal fin with large yellowish-beige triangular patch close to fin base covering
central part of ventral half of fin; a similarly coloured, but much smaller patch at middle of second dorsal-fin base;
barbels white when fresh; body and head colour in freshly deceased fish pale greyish dorsally and mostly red below
eye level except for pale-grey snout region; ventral margin of head and body silvery white; a vermillion mid-lateral

body stripe from snout tip through eye to middle of caudal-fin base; body and head pale brown, mid-body darkened
when preserved.
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asymmetricus and U. pori.
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FIGURE 3. Relationship among four morphometric characters in three featured species of Upeneus and U. guttatus.

Description. Measurements in % SL and counts are given in Table 3; morphometric data as ratios of SL for
holotype: body elongate and laterally compressed, body depth at first dorsal-fin origin 4.9; body depth at anal-fin
origin 5.5; head depth through eye 6.9; head length 3.7, much larger than maximum body depth and subequal to
caudal-fin length (3.5); first dorsal-fin height 4.9, larger than barbel length (6.0) and second dorsal-fin height (6.6);
pelvic-fin length 4.4, larger than pectoral-fin length (4.8) and body depth at first dorsal-fin origin; caudal-peduncle
depth 12, distinctly larger than orbit length (15); and caudal-peduncle width 31, much smaller than pectoral-fin
width (23).

Colour. Fresh HT (Figure 1B, C). Body with all scales missing, pale greyish dorsally above eye level with tiny
dark-brown dots scattered along dorsal margin from below second dorsal fin to caudal-fin base; also, with a few
tiny, similar-coloured dots further ventrally between first dorsal-fin origin and middle of second dorsal fin base;
broad vermillion stripe of pupil diameter from behind eye to middle of caudal-fin base a; series of about 20 oblique
red bands separated by thin silvery lines ventrally of stripe behind pectoral-fin base; few red blotches along ventral
margin of posterior half of body partly overlapping with the oblique bands and white-silvery ventral side of body;
head pale grey anterior to eye, with a weak red stripe from snout to eye of about half pupil width, stripe continues
behind eye as mid-lateral body stripe; cheek below eye red and opercle region silvery white with red blotches; iris
red; barbels white; caudal fin with five oblique, mostly straight brown bars of about half pupil width on upper lobe,
with white hyaline interspaces between bars increasing in width from being narrower than bars proximally to more
than double-bar width distally; tip of upper caudal-fin lobe white hyaline; lower caudal-fin lobe with seven red-
brown blotch-like bars which are most conspicuous along middle of lobe becoming mostly hyaline towards lobe
margins, with narrow hyaline-white interspaces; the two proximal bars only very weakly indicated by fine streaks
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on two ventral-most fin rays fusing dorsally into a single dark brown bar, followed distally by a weakly indicated red
spot composed by three short streaks on two adjacent fin rays along middle of lobe; four more conspicuous red spots
further distally, two as wide as pupil, positioned mainly along middle of fin lobe and tip; dorsal part of lobe with a
yellowish-beige stripe of less than orbit diameter, extending from central caudal-fin base to tip of lower caudal-fin
lobe, covering nearly entire lobe distally and surrounding the two distal-most red blotches; first dorsal fin with a
triangle-shaped patch of yellowish-beige skin, of about snout length in its maximum extension, patch connecting
fin base and second to sixth spine, covering central part of ventral half of fin, except for the first spine; first dorsal-
fin spine with four or five weakly indicated brown dots, spine tip unpigmented; second to third spine with brown
pigmentation close to tip (second spine however broken), spines otherwise pale; second dorsal fin with four weakly
indicated pale brown stripes and a yellowish-beige patch, similarly coloured as patch on first dorsal fin but much
smaller, at middle of fin base between fourth and fifth spine; pectoral, pelvic and anal fins hyaline whitish, pelvic
fins pale yellowish white at base.
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FIGURE 5. Relationship among one meristic and five morphometric characters in three featured species of Upeneus and U.
floros.

Preserved HT. Head and body mostly pale brown, head in front of eyes, belly and underside of body pale beige;
a brownish mid-lateral band wider than orbit diameter along body from behind opercle to caudal-fin base, becoming
thinner behind second dorsal-fin base and then widening again close to caudal-fin base; tiny scattered dark-brown
dots along dorsal body margin from below second dorsal fin to caudal-fin base and, just above dark mid-body band
between dorsal fins; lower half of opercle silvery white; bar pigmentation on caudal fin mostly retained; stripe on
lower caudal-fin lobe lost as well as most of dorsal-fin pigmentation except for a few traces distally on first dorsal
fin and at mid and further distally on second dorsal fin; other fins and barbels pale.
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Etymology. The name “elongatus” refers to the elongate, very shallow body and head of this species. The stan-
dard Japanese name Iwanaga-himeji has two meanings: (1) “elongate goatfish”; (2) “goatfish of goddess Iwanaga”,
sister of the myth goddess Sakuya, whose grandchild is considered to be the first Emperor of Japan. Accordingly,
the standard Japanese name for the rather similar U. itoui is Sakuya-himeji.
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Distribution, habitat, size. Known only from a single locality in S Japan, Tangea-shima Island, Kagoshima
Prefecture; occurs on shallow sandy bottoms (25 m depth); attains at least 89 mm SL. This species may also occur
in the central Philippines (see also Remarks below).

Remarks. Upeneus elongatus most likely also occurs in the Philippines as indicated by unvouchered in situ
photos of shallow-bodied goatfish specimens with very similar colour patterns on caudal and dorsal fins (Figure
1G—H). However, the body colour in those specimens differs considerably from the fresh HT from S Japan, which
may be due to the absence of scales in the HT. Until preserved specimens with scales intact associated with colour
photographs of fish in fresh condition become available for comparative studies, we refer to this form as U. cf.
elongatus.

Upeneus itoui Yamashita, Golani & Motomura, 2011
Itou’s Goatfish

Sakuya-himeji (standard Japanese name)

(Figures 1D, E, 2—6; Tables 1-3)

Upeneus itoui Yamashita, Golani & Motomura, 2011: Uiblein & Lisher 2013; Tashiro et al. 2014; Uiblein et al. 2017a, 2020a.

Material examined. Paratypes (n = 6, 87-134 mm SL). S Japan, Kagoshima Prefecture: KAUM-I. 10384, 87
mm SL, Minamisatsuma, Kasasa, Kataura, off E of Sakinoyama, 31°25.44° N, 130°11.49° E, 27 m depth, set net;
KAUM-I. 13595, 118 mm SL, same sampling data (photo of fresh PT, Figure 1 E); KAUM-I. 13591, 104 mm SL,
Minamisatsuma, Kasasa, NE of Matsu-shima Island, 31°25.06° N, 130°12.32" E, 20 m depth, set net (photo of fresh
PT, Figure 1D); KAUM-I. 13594, 108 mm SL, Minamisatsuma, Kasasa, Kataura, off Kouzaki-yama, 31°26.00° N,
130°10.05” E, 36 m depth, set net; KAUM-I. 13715, 134 mm SL, Ibusuki, Kaimonkawajiri, I km SW of Kawajiri
Fishing Port, 31°10° N 130°32” E, 40 m depth, set net; MNHN 2010-1050, 114 mm SL, Minamisatsuma, Kasasa,
Kataura, off E of Sakinoyama, 31°25.44° N, 130°11.49’ E, 27 m depth, set net.

Non-types (n = 14, 88-139 mm SL). KAUM-I. 14661, 111 mm SL, Ibusuki, Kaimonkawajiri, 1 km SW of
Kawajiri Fishing Port, 31°10° N 130°32” E, 40 m depth, set net; KAUM-I. 27549, 111 mm SL, same sampling
data; KAUM-I. 35617, 139 mm SL, Minamisatsuma, Kasasa, Kataura, off E of Sakinoyama, 31°25.44° N, 130
11.49’ E, 27 m depth, set net; KAUM-I. 56303, 115 mm SL, same sampling data; KAUM-I. 97832, 98 mm SL,
same locality and catch data; KAUM-I. 131500, 133 mm SL, same sampling data; KAUM-I. 35944, 133 mm SL,
Kimotsuki, Uchinoura Bay, 31°17° N, 131°05° E, set net; KAUM-I1. 123984, 117 mm SL, same sampling data;
KAUM-I. 54077, 99 mm SL, Osumi Islands, Tanega-shima Island, Kumage-gun, Nakatane, off Kumano, 30°28.13’
N, 130°58.32° E, 25 m depth, set net; KAUM-I. 59466, 101 mm SL, same sampling data; KAUM-I. 56749, 115
mm SL, Kimotsuki, Uchinoura Bay, 31°24.28” N 131°02.55” E, 40-45 m depth, set net; KAUM-I. 73580, 88 mm
SL, Minamisatsuma, Kasasa, NE of Matsu-shima Island, 31°25.06° N, 130°12.32 E, 20 m depth, set net; KAUM-I.
110071, 131 mm SL, same sampling data; KAUM-I. 86533, 134 mm SL, Kimotsuki, Kishira, off Funama Fishing
Port, 31°10° N, 130°59’ E, set net.

Diagnosis. Dorsal fins VII + 9; pectoral fins 13—-14(15); gill rakers 67 + 16—18 = 22-25; body elongate and
laterally slightly compressed; measurements as % SL: depth at first dorsal-fin origin 21-24; body depth at anal-fin
origin 19-22; caudal-peduncle depth 9.0-10; caudal-peduncle width 3.9-4.6; maximum head depth 17-19; head
depth through eye 13—15; head length 27-29; snout length 10—12; orbit length 5.4—6.4; upper-jaw length 9.8—11;
barbel length 17-18; caudal-fin length 27-30; anal-fin height 15—17; pelvic-fin length 18-21; pectoral-fin length
19-21; first dorsal-fin height 18-21, dorsal-fin spines proportionally decreasing in height; second dorsal-fin height
15-17; total oblique bars on caudal fin 11-18, upper caudal-fin lobe with 5-7 mostly straight red or red-brown
bars; lower caudal-fin lobe with 611 red or red-brown bars that are only faintly visible along ventral-lobe margin,
becoming more conspicuous along central lobe; several of these bars and especially three of the most proximal ones
reach dorsal-lobe margin, becoming pale reddish grey; lower caudal-fin lobe in life with a red or red-brown stripe
of about orbit diameter in maximum width, covering bars only partly, that fades away post mortem; bars are mostly
retained in the first years after preservation, but may be lost later; dorsal fins in fresh fish with 3—4 thin red or brown
stripes, may be retained in preservative; barbels white or creamy white when fresh; body colour in freshly deceased
fish dark red or dark brown dorsally and pale red or rose with red blotches or spots on lower half, ventral margin
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silvery white; a rather conspicuous dark brown, dark red or red mid-lateral body stripe of about pupil diameter in
width at eye level from behind eye to caudal-fin base and in front of eye to nose tip, not retained in preservative;
head below and behind eye silvery white, often covered with red patches or blotches; body and head dorsally grey
or grey brown and ventrally often silvery white when preserved.

Distribution and size. Known from S Japan, including Kagoshima, Miyazaki, Kochi and Ehime Prefectures
and Okinawa-jima Island, Ryukyu Islands, and Taiwan; occurs on sandy bottoms; depth 4-40 m; attains 144 mm
SL.

Remarks. Upeneus ituoi is a rather common species which is often caught by set net in S Japan and has local
commercial value. It co-occurs frequently with U. tragula Richardson, 1846 (Yamashita et al. 2011). Two specimens
have been collected off Tanega-shima Island, Osumi Islands in the same area as the HT of U. elongatus (Tashiro et
al. 2014).

Upeneus willwhite n. sp.
White’s Goatfish
(Figures 1F, 2—6; Tables 2, 3)

Upeneus guttatus Day, 1868: White et al. 2013; Uiblein et al. 2017a (in part)

Material examined. Holotype. CSIRO 7217-07, 90 mm SL, EIO, S Indonesia, Lombok, Tanjung Luar, fish market,
William White (photo of fresh HT, Figure 1F)

Paratype. MZB 23014, 92 mm SL, same sampling data as holotype.

Diagnosis. Dorsal fins VII + 9; pectoral fins 14; gill rakers 6 + 15-17 = 21-23; body moderately elongate and
laterally slightly compressed; measurements as % SL: body depth at first dorsal-fin origin 23-24; body depth at
anal-fin origin 20-21; caudal-peduncle depth 9.6-9.9, caudal-peduncle width 4.2—4.3; maximum head depth 20-21;
head depth through eye 16; head length 29; snout length 10—11; orbit length 7.1-7.5; upper-jaw length 12; barbel
length 20; caudal-fin length 28-30; anal-fin height 16—17; pelvic-fin length 20-21; pectoral-fin length 19-20; first
dorsal-fin height 20, dorsal-fin spines proportionally decreasing in height; second dorsal-fin height 17; total oblique
bars on caudal fin 11-14, upper caudal-fin lobe with 5—-6 brown mostly straight bars; lower caudal-fin lobe with 68
short brown bars ventrally, connecting dorsally to a brown stripe of about orbit diameter in its maximum width, and
with about 3 short red, brownish-ochre bars along dorsal margin that do not correspond with bars on ventral-lobe
margin; caudal-fin stripe and bars retained after preservation; dorsal fins in fresh fish with 3—4 thin brown stripes,
retained in preservative; barbels reddish white when fresh; body colour in freshly deceased fish dark brown dorsally
and pale brown ventrally, ventral margin white; mid-lateral body stripe dark brown, rather inconspicuous on snout
and posterior half of body; head entirely grey brown; body and head dark brown dorsally and pale brown ventrally
when preserved.

Description. Measurements in % SL and counts are given in Table 3; morphometric data as ratios of SL for
holotype, data for paratype in brackets: body moderately elongate and laterally slightly compressed, body depth at
first dorsal-fin origin 4.3 [4.3]; body depth at anal-fin origin 4.9 [4.9]; head depth through eye 5.1 [4.8]; head length
3.4 [3.5], larger than maximum body depth and subequal to caudal-fin length (3.6 [3.4]); first dorsal-fin height 5.1
[4.9], subequal to barbel length (5.1 [5.1]) and larger than second dorsal-fin height (6.0 [5.8]); pelvic-fin length 5.0
[4.7], slightly larger than pectoral-fin length (5.2 [4.9]) and subequal to body depth at anal-fin origin; caudal-pe-
duncle depth 10 [10], distinctly larger than orbit length (14 [13]); and caudal-peduncle width 23 [24], subequal to
pectoral-fin width (22 [23]).

Colour. Fresh HT. Dorsal part of head and body grey brown from snout to above eye and above lateral line;
dorsal body colour appearing marbled due to grey scales with dark grey-brown edges; dark grey-brown band of
about pupil diameter in width along entire dorsal body margin, becoming more conspicuous behind first dorsal fin
and narrows behind second dorsal fin to a dark grey, partly blackish stripe; a similarly coloured dark grey, partly
blackish mid-lateral body stripe of pupil diameter in width from behind eye to caudal-fin base crossing the faint
white-greyish lateral line below second dorsal fin; below of mid-lateral body stripe scales pale grey or white with
brown-greenish edges forming four oblique bands that become weaker and more ochre-coloured distally, before
ending on lower part of caudal-fin base or above posterioventral half of body; a fifth faint-yellowish band from
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below pectoral-fin base to above anal-fin origin; head below eye from behind snout pale grey with grey-brown dots
or streaks and two faint-reddish blotches on ventral margin below and behind eye; iris red to rose whitish; ventral
part of head and body white creamy; caudal fin with five oblique brown-ochre bars of about half pupil width on
upper lobe, the most anterior bar at lobe base bent, the remaining bars more straight; white-hyaline interspaces
between bars increasing in width from being narrower than bars proximally to double-bar width distally; tip of up-
per caudal-fin lobe white hyaline; lower caudal-fin lobe with eight short brown bars, along ventral margin of lobe
brown streaks on ventral-most fin rays; white-hyaline interspaces between bars increasing distally to more than
double-bar width; dark brown stripe along middle of lower caudal-fin lobe of about orbit diameter in its maximum
width, stripe originating from a large, vertically extended dark-brown patch on caudal-fin base, connecting there
with mid-lateral body stripe; lower caudal-fin lobe stripe changes from dark brown to brown red distally, ending as
a dark-brown lobe tip; dorsal part of lower caudal-fin lobe with three brownish-ochre bars of about twice the width
of bars on ventral side of lobe and with white-hyaline interspaces as wide as these bars; first dorsal fin hyaline with
rather irregularly arranged pale-brown pigmentation spots, streaks or small blotches on or between individual spines
giving a weak indication of a horizontal stripe close to fin base and three more oblique stripes further above; first
dorsal-fin tip unpigmented; second dorsal fin hyaline with pale-brown spots arranged into three horizontal stripes,
fin tip pale-brown; pectoral, pelvic and anal fins hyaline, weakly pale reddish-brown along several fin rays; barbels
rose whitish, pale red on base.

Preserved HT. Dark brown dorsally at level of snout to termination of lateral line at caudal-fin base; pale brown
to beige ventrally below eyes and level of pectoral-fin base; behind pectoral-fin base to second dorsal-fin base two
weakly indicated brown bands intermingled with beige; caudal-fin bars and stripe and dorsal-fin pigmentation well
retained; other fins pale hyaline; barbels pale.

Etymology. The name “willwhite” is used as a composed noun in apposition. It honours the ichthyologist Dr.
William T. White, Australian National Fish Collection, CSIRO National Research Collections Australia, Hobart,
Australia, for collecting and photographing mullid specimens from S Indonesia and making them available for
taxonomic research (including the types of Upeneus willwhite).

Distribution, habitat, size. Only known from Lombok, S Indonesia; occurs most probably on shallow sandy
bottoms; attains at least 92 mm SL.

Remarks. This species was obtained at a fish market and hence may have local commercial value.

Comparisons and differential diagnosis

Featured species (Figures 1-6; Tables 2, 3). Upeneus elongatus is the most distinct among the four featured spe-
cies. It differs from U. dimipavlov, U. itoui and U. willwhite in higher number of gill rakers, shallower body at anal-
fin origin, shallower and narrower caudal peduncle, longer pelvic fins and yellowish-beige colour patches close to
base of both dorsal fins in fresh fish vs. no such colour patterns; in addition, it differs from U. dimipaviov and U.
willwhite in fewer pectoral-fin rays, shallower and shorter head and shorter barbels.

Upeneus dimipaviov difters from U. itoui and U. willwhite in wider caudal peduncle, mostly deeper suborbital
and absence of a conspicuous mid-lateral body stripe in fresh fish; in addition, it differs from U. itoui in mostly
deeper body, deeper head and suborbital, longer barbels, pelvic fins mostly longer than pectoral fins vs. both fins of
subequal length, and short bars on dorsal margin of lower caudal-fin lobe not corresponding to short bars on ven-
tral lobe margin vs. bars often crossing entire lobe; and, it differs from U. willwhite in slightly more gill rakers and
mostly longer snout.

Upeneus itoui differs from U. willwhite in shallower head, smaller eyes (excluding allometric influences due to
size overlap), shorter upper jaw, narrower snout, shorter barbels, subequal length of paired fins vs. pelvic fins longer
than pectoral fins, mostly higher number of gill rakers and bars on lower caudal-fin often crossing entire lobe vs.
short bars on dorsal margin of lower caudal-fin lobe that do not correspond to short bars on ventral lobe margin.

Differences from other co-occurring japonicus-group species (Figures 1-3, 7; Tables 1-4). Of the six other
species occurring in the CEITPAS area (Table 1), U. guttatus, U. japonicus (Houttuyn, 1782) and U. spottocaudalis
Uiblein & Gledhill, 2017 overlap in gill-raker counts with three of the four featured species, respectively. They
differ from all four species in yellow vs. whitish barbels when fresh. In addition, U. guttatus differs from the four
species as well as from most other species of the japonicus group (see also Uiblein et al. 2020a) in the first three
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FIGURE 7. A: Upeneus asymmetricus, CSIRO H 7517-02, 93 mm SL, Lombok, S Indonesia (W.T. White); B: U. australiae,
CSIRO H 4056-01, 105 mm SL, NW of Port Hedland, NW Australia (A. Graham); C: U. floros, SAIAB 204583, HT, 107 mm
SL, Sodwana Bay, KwaZulu Natal, South Africa (C. Floros); D: U. guttatus, CSIRO H 7212-02, 121 mm SL, S of Cairns, NE
Australia (D.C. Gledhill); E: U. pori, SAIAB 192775, 94 mm SL, off NE Madagascar (J. Escobar-Porras); F: F 58336 U. het-
erospinosus, VNMN-I 2026, PT, N off Hon Tre Island, Nha Trang, S-central Vietnam (D. A. Pavlov).

dorsal-fin spines being disproportionally elongated vs. proportionally decreasing in height; U. japonicus differs in
bars on lower caudal-fin lobe absent vs. present; and U. spottocaudalis differs in having three or four large rounded
or triangular spots on the lower caudal-fin lobe vs. 611 bars or spots in the four featured species.

In addition, U. guttatus differs from U. dimipavlov in slightly fewer pectoral-fin rays, slightly shorter head,
slightly shorter barbels, slightly longer pectoral fins, paired fins of subequal length vs. pelvic fins mostly longer
than pectoral fins and mostly higher first dorsal fin; it differs from U. elongatus in fewer gill rakers, deeper caudal
peduncle, deeper head through eye suborbital, shorter pelvic fins, and yellowish-beige patches basally on dorsal fins
absent vs. present in fresh fish; it differs from U. ifoui in mostly deeper head through eye and slightly higher first
dorsal fin; and it differs from U. willwhite in slightly more gill rakers, slightly shorter head, upper jaw and barbels
and slightly higher first dorsal fin.

Upeneus japonicus differs from U. dimipaviov in slightly higher number of gill rakers, mostly narrower caudal
peduncle, longer pectoral fins, pelvic fins slightly shorter than pectoral fins vs. pelvic fins mostly longer than pec-
toral fins and slightly higher first dorsal fin; it differs from U. elongatus in deeper head through eye, longer barbels,
pelvic fins slightly shorter than pectoral fins vs. pelvic fins longer than pectoral fins and yellowish-beige patches
basally on dorsal fins absent vs. present in fresh fish; it differs from U. itoui in slightly more gill rakers, mostly
deeper head through eye, mostly longer barbels, mostly longer pectoral fins and slightly higher first dorsal fin; and
it differs from U. willwhite in more gill rakers, longer pectoral fins and pectoral fins slightly longer than pelvic fins
vs. pelvic fins mostly longer than pectoral fins.

Upeneus spottocaudalis differs from U. dimipavlov in fewer pectoral-fin rays, slightly fewer total gill rakers,
narrower caudal peduncle, mostly longer head, slightly longer caudal-fin, slightly longer paired fins, mostly nar-
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rower pectoral fins and mostly higher second dorsal fin; it differs from U. elongatus in fewer gill rakers, deeper
body, caudal peduncle and head, mostly longer head, longer barbels, narrower pectoral fins, higher second dorsal fin
and yellowish-beige patches basally on dorsal fins absent vs. present in fresh fish; it differs from U. itoui in mostly
deeper head, longer head, larger eyes, longer barbels and pelvic fins, pelvic fins mostly longer than pectoral fins vs.
paired fins of subequal length and higher second dorsal fin; and it differs from U. willwhite in longer head and pelvic
fins, mostly narrower pectoral fins and higher dorsal fins.

The three other japonicus-group species occurring in the CEITPAS area Upeneus asymmetricus, U. farnis
Uiblein & Peristiwady, 2017 and U. lombok Uiblein & White, 2015 differ from U. dimipaviov, U ituoi and U.
willwhite in higher gill-raker numbers. Two of them, U. farnis and U. lombok, differ from all four featured species
in lower caudal-fin bars being mostly absent vs. present. Upeneus farnis differs also in mostly higher number of
pectoral-fin rays and U. lombok differs in shorter snout and lower anal and second dorsal fin from the four featured
species. In addition, U. asymmetricus Lachner, 1954 differs from U. dimipavlov in mostly fewer pectoral-fin rays,
slightly shorter head, snout, jaws, barbels and anal fin and bars on lower caudal-fin lobe crossing entire lobe vs.
positioned at lobe margins; it differs from U. itoui in mostly deeper head through eye, slightly wider interorbital
and slightly shorter second dorsal-fin base; and it differs from U. willwhite in shorter jaws and barbels, slightly
shorter first dorsal-fin base and bars on lower caudal-fin lobe crossing entire lobe vs. positioned at lobe margins.

Upeneus elongatus overlaps in gill-raker counts with Upeneus asymmetricus, U. farnis and U. lombok, howev-
er differs from those species in shallower body, caudal peduncle, head and suborbital, in narrower caudal peduncle,
mostly shorter barbels, longer pelvic fins and yellowish-beige patches basally on dorsal fins present vs. absent in
fresh fish; moreover, it differs from U. farnis and U. lombok in fewer pectoral-fin rays, shorter head and higher
anal fin; and from U. asymmetricus it differs in narrower interorbital and longer second dorsal-fin base and pelvic
fins.

Differences from japonicus-group species occurring in other areas (Figures 1, 2, 4, 5, 7; Tables 1-3, 5).
Among the seven japonicus-group species occurring outside the CEITPAS area, U. australiae Kim & Nakaya,
2002 (Australia, New Caledonia) and U. floros are most similar to U. dimipaviov, U. itoui and U. willwhite, while
U. elongatus is very distinct. The latter differs from both U. australiae and U. floros in a higher gill-raker count,
shallower body, caudal peduncle, head and suborbital, narrower snout, slightly shorter barbels, mostly longer pel-
vic fins and yellowish-beige patches basally on dorsal fins present vs. absent in fresh fish.

Upeneus australiae differs from U. dimipavlov, U. itoui and U. willwhite in slightly deeper caudal peduncle
and stripe on lower caudal-fin lobe absent vs. frequently present in fresh fish. In addition, it differs from U. di-
mipavlov in slightly narrower caudal peduncle, mostly larger maximum head depth, slightly longer pectoral fins,
a conspicuous mid-lateral body stripe in fresh fish present vs. absent and bars on lower caudal-fin lobe crossing
entire lobe vs. bars positioned along lobe margins; it differs from U. itoui in deeper head, slightly longer pelvic fins
and yellowish vs. red-brown mid-lateral body stripe in fresh fish; and from U. willwhite it differs in slightly shorter
jaws and barbels, yellowish vs. dark brown mid-lateral body stripe in fresh fish and bars on lower caudal-fin lobe
crossing entire lobe vs. bars positioned along lobe margins.

Upeneus floros differs from U. dimipavlov, U. itoui and U. willwhite in slightly longer head; in addition, it
differs from U. dimipavlov in slightly shallower and narrower caudal peduncle, slightly longer pectoral fins, paired
fins subequal in length vs. pelvic fins mostly longer than pectoral fins and slightly lower first dorsal fin; it differs
from U. itoui in mostly deeper head, mostly longer upper jaw and barbels and absence vs. presence of a conspicu-
ous mid-lateral body stripe in fresh fish; and it differs from U. willwhite in slightly longer snout, slightly shorter
barbels, slightly lower first dorsal fin and absence vs. presence of a mid-lateral body stripe in fresh fish.

Upeneus pori (Mediterranean, Northern Red Sea, Madagascar), a species rather similar to U. floros (Uiblein et
al. 2020a), overlaps with U. dimipaviov, U. itoui and U. elongatus in number of gill rakers, while having more gill
rakers than U. willwhite. From the latter it differs also in slightly shorter jaws, shorter barbels and slightly lower
second dorsal fin; of U. dimipavlov it differs in a mostly higher number of gill rakers, narrower caudal peduncle,
slightly shallower suborbital, mostly shorter barbels and slightly lower anal fin and second dorsal fin; from U.
elongatus it differs in slightly deeper body, deeper caudal peduncle and head, wider caudal peduncle, yellowish-
beige patches basally on dorsal fins absent vs. present in fresh fish and bars on lower caudal-fin lobe positioned
mainly at lobe margins versus crossing lobe; and from U. ifoui it differs in mostly higher number of gill rakers,
slightly deeper head, slightly larger pectoral-fin depth and bars on margins of lower caudal-fin lobe that do not
correspond vs. several bars crossing lobe.
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The four remaining japonicus-group species from outside the CEITPAS area U. francisi (Norfolk Island,
Australia, North Island and Kermadec Islands, New Zealand), U. saiab Uiblein & Lisher, 2013 (Angoche, N
Mozambique), U. seychellensis Uiblein & Heemstra, 2011 (Seychelles Bank) and U. torres Uiblein & Gledhill
2014 (Australia, Vanuatu) are considerably distinct. Upeneus francisi has a higher gill-raker number than all four
featured species. In addition, it differs from U. dimipaviov in narrower caudal peduncle, shallower suborbital,
mostly shorter barbels and longer pectoral fins, among other characters; it differs from U. elongatus in deeper
body, caudal peduncle and head, longer head, shorter pelvic fins and bars on lower caudal-fin at lobe margins
vs. crossing lobe; it differs from U. itoui in deeper head, mostly longer paired fins and absence vs. presence of
mid-lateral body stripe in fresh fish; and it differs from U. willwhite in narrower caudal peduncle, shorter jaws
and barbels and absence vs. presence of mid-lateral body stripe in fresh fish.

Upeneus saiab differs from the four featured species in more gill rakers and lack of bars on lower caudal-
fin lobe; in addition it differs from U. dimipaviov in shallower body at anal-fin origin, shallower and narrower
caudal peduncle, mostly lower anal fin, mostly longer pectoral fins and mostly lower second dorsal fin; it differs
from U. elongatus in more pectoral-fin rays, deeper caudal peduncle, head through eye and suborbital, longer
head and barbels and shorter pelvic fins; from U. ifoui it differs in mostly shallower body at anal-fin origin and
caudal peduncle, mostly narrower caudal peduncle, mostly deeper head through eye, larger eyes, longer barbels
and mid-lateral body stripe in fresh fish absent vs. present; and from U. willwhite it differs in shallower and nar-
rower caudal peduncle, thicker barbels, lower second dorsal fin and mid-lateral body stripe in fresh fish absent
vs. present.

Upeneus seychellensis differs from the four featured species in bars on lower caudal-fin lobe lacking vs.
being present. While having a mostly higher gill-raker count and a mostly narrower caudal peduncle than U.
dimipavlov, U. itoui and U. willwhite, it has fewer gill rakers and a wider caudal peduncle than U. elongatus;
in addition it differs from U. dimipaviov in shallower body, lower and shorter anal fin and longer and narrower
pectoral fins; it differs from U. elongatus in more pectoral-fin rays, deeper caudal peduncle, head through eye
and suborbital, shorter second dorsal-fin base, lower and shorter anal fin, shorter pelvic fins, narrower pectoral
fins and lower second dorsal fin.

Upeneus torres differs from the four featured species in longer barbels, longer pelvic fins, mostly higher
first dorsal fin and bars on lower-caudal fin lobe absent vs. present. Furthermore, it differs from U. dimipaviov
in narrower caudal peduncle; it differs from U. elongatus in fewer gill rakers, deeper body, caudal peduncle and
head, wider caudal peduncle, longer head and higher second dorsal fin; it differs from U. ifoui in slightly deeper
body at dorsal-fin origin, mostly deeper and longer head, larger eyes, slightly higher anal and longer pelvic fins,
slightly higher second dorsal fin and absence vs. presence of mid-lateral body stripe in fresh fish; and it differs
from U. willwhite in slightly more gill rakers and mid-lateral body stripe in fresh fish absent vs. present.

Differences from Upeneus heterospinus (Figures 1, 6, 7; Tables 1-4). The margarethae-group species Up-
eneus heterospinus overlaps with the japonicus-group species in having 7 or 8 dorsal-fin spines, while all other
species that are not included in the japonicus group have exclusively 8 spines (Uiblein & Heemstra 2010; Uiblein
et al. 2019, 2020a). It differs from all four featured species in about half of its population having eight dorsal-
fin spines vs. exclusively seven spines, yellow vs. whitish barbels and slightly fewer bars on lower caudal-fin
lobe (57 vs. 611 bars). Moreover, it differs from U. dimipaviov in slightly fewer gill rakers, narrower caudal
peduncle, slightly larger maximum head depth, slightly shorter barbels, slightly longer pectoral fins, paired fins
of subequal length vs. pelvic fins mostly longer than pectoral fins, a conspicuous mid-lateral body stripe in fresh
fish present vs. absent and bars crossing lower caudal-fin lobe vs. bars positioned on margins of lobe; it differs
from U. elongatus in fewer gill rakers, deeper body, caudal peduncle and head, wider caudal peduncle, higher
second dorsal fin and yellowish-beige patches basally on dorsal fins absent vs. present in fresh fish; it differs
from U. itoui in slightly fewer gill rakers, mostly deeper head, slightly longer pelvic fins, slightly higher second
dorsal fin and mid-lateral body stripe yellow to pale brown vs. red brown in fresh fish; and it differs from U.
willwhite in slightly shorter jaws, slightly shorter and thicker barbels, length of paired fins subequal vs. pelvic
fins longer than pectoral fins, mid-lateral body stripe yellow to pale brown vs. dark brown in fresh fish and bars
crossing lower caudal-fin lobe vs. bars positioned on margins of lobe.
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Discussion

With the present study, the number of species of Upeneus has increased to 46 and the number of japonicus-group
species to 17. This genus contributes almost half (47%) of all valid mullid species (n = 98 ; see also Froese & Pauly
2020; Uiblein 2021). In the CEITPAS area, there are now 25 species of Upeneus of which 13 (52%) have been de-
scribed since 2010. Of the latter, seven (54%) are from the japonicus group. Possible reasons why so many species
of this group have remained undiscovered are manifold. They show high similarity with other species leading to
confusion and misidentification. This has been the case for both U. dimipavlov and U. willwhite which were previ-
ously identified as U. guttatus. Also, some of these species may be naturally rare and/or occur rather isolated and
are possibly even under threat of extinction.

However, caution is needed to infer small-scale endemicity, rarity or even risk of extinction, before sufficient
sampling and associated taxonomic screening has taken place. Each of the three new species is currently known
from only a few specimens and narrow range, far apart from the other two species, respectively. However, as in-
dicated by unvouchered in-situ photographs from the Philippines, U. elongatus may be more widely distributed.
Clearly, more exploratory work including field sampling or fish-market surveys in association with the provision
of scientific samples for taxonomic studies, detailed screening of relevant fish collections, as well as more in-situ
monitoring should be carried out. This reasoning applies also to other japonicus-group species such as U. lombok
and U. farnis which are currently known from three localities off Lombok (Uiblein & White 2015) and one locality
of Bitung, NE Sulawesi, N Indonesia (Uiblein et al. 2017a), respectively.

Only in very specific cases, when a large area is relatively well sampled and screened, covered by detailed taxo-
nomic studies of a distinct group of fishes and threat factors can be identified, a species may be assessed as being
rare and possibly at risk according to IUCN Red List criteria (https://www.iucnredlist.org/). This has been the case
for U. saiab, a japonicus-group species and the only species of the genus Upeneus assessed as endangered (Uiblein
et al. 2020b). This species is only known from a small area off Angoche, N Mozambique, where there is an intense
fishery and local threat of pollution by mining activities. The entire coast of Mozambique has been relatively well
explored during recent years by research cruises with RV Dr. Fridtjof Nansen during which scientific samples were
collected for subsequent fish-taxonomic studies (e.g., Uiblein & Heemstra 2010; Uiblein & Lisher 2013; Uiblein &
Nielsen 2019; Uiblein et al. 2020a)

Of the four featured species, Upeneus ituoi is the only one of which many representative samples from a rela-
tively large area in S Japan including the Ryukyu Islands have been collected and studied (Yamashita et al. 2011).
Three years after the original description, a new record of this species from Tanega-shima Island, Osumi Isldands
(Kagoshima Prefecture) was reported based on two specimens collected at the same locality and with the same fish-
ing gear (set net) as the HT of U. elongatus (Tashiro et al. 2014; this study). Because these two species co-occur, one
may assume that U. elongatus is indeed a rare species in S Japan, but certainly it would be worthwhile to enhance
sampling efforts on the islands further south as well as, e.g., off Taiwan and in the Philippines and screen scientific
fish collections containing goatfish samples from these areas. This should allow to achieve a more complete picture
of goatfish diversity, abundance and distribution. The same applies to Indonesia, Vietham and many other still insuf-
ficiently explored parts of the CEITPAS area (see also, for instance, Motomura et al. 2012; Uiblein & White 2015;
Uiblein et al. 2017a, b, 2018, 2019).
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