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Abstract

The highly diverse goatfish genus Upeneus (Mullidae) requires enhanced attention regarding the possible occurrence
of undescribed species in insufficiently explored regions. This study focuses on the South-Western Indian Ocean region
(SWIO), and on the so-called japonicus-group, a taxonomic species group of Upeneus. Based on in-situ observations and
collections in Sodwana Bay, KwaZulu-Natal, South Africa, the Floros goatfish, U. floros n. sp., is described. Detailed
comparative studies of colour patterns and morphological characters of all other 13 japonicus-group species were
undertaken as well as COI barcoding. The new species occurs in the coastal area between Angoche, N Mozambique and
KwaZulu-Natal and partly overlaps in distribution with two similar species, U. guttatus, widely distributed in the Indo-
W Pacific, and U. saiab, assumed to be endemic in a small area off Angoche. Two additional japonicus-group species
occurring in the SWIO, U. seychellensis from the Seychelles Bank and U. pori from the Mediterranean Sea (as Lessepsian
migrant), Northern Red Sea and Madagascar, were also compared. Because specimens as well as in-situ photographs of
U. floros have been erroneously identified as either U. guttatus or U. pori during previous studies, updated taxonomic
accounts and diagnoses are provided for these species taking size-related and population differences into account. For U.
pori, of which a single preserved specimen from SW Madagascar was known so far, a new record from NE Madagascar is
reported based on three specimens and a fresh-colour photo. Upeneus floros can be distinguished from U. guttatus and U.
pori by a combination of three characters: head length, first dorsal-fin height and number of gill rakers. Upeneus guttatus
can be distinguished from the other two species by disproportionally higher anterior dorsal-fin spines vs. a proportional
decrease of dorsal-fin spines in height, barbels mostly yellow vs. white or creamy-white, and slightly fewer pectoral-
fin rays. COI barcoding detected a clear distinction between U. guttatus and U. floros and U. pori, respectively, but no
significant divergence between the two latter species. COI barcoding also failed to differentiate several other Upeneus
species which are clearly distinguished morphologically. Possible interrelationships between species distribution patterns
and physical oceanography are discussed. An identification key for the 22 WIO Upeneus species is provided.

Key words: Colour patterns; comprehensive and integrative taxonomy; COI barcoding; in-situ observation; physical
oceanography; population differences

Introduction

The goatfish genus Upeneus (Mullidae) is highly diverse, with 42 valid species of which 13 have been included
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in the so-called japonicus-group (Uiblein et al. 2017; 2019). The most distinguishing character of this taxonomic
group is the number of dorsal-fin spines. While japonicus-group species all have seven dorsal-fin spines (Uiblein &
Heemstra 2010; Uiblein & Gledhill 2015; Uiblein et al. 2016; 2019), 28 of the other 29 Upeneus species have eight
spines and the recently described U. heterospinus Uiblein & Pavlov, 2019 has either seven or eight dorsal-fin spines
(Uiblein et al. 2019). The latter species can be distinguished from the japonicus-group species in the combination of
several morphometric, meristic and colour characters, as well as by geographic distribution (Uiblein et al. 2019).
The number of species included in the japonicus-group has recently increased significantly. Since 2011, seven new
species have been described: U. farnis Uiblein & Peristiwady, 2017 from Sulawesi, Indonesia, U. ifoui Yamashita,
Golani & Motomura, 2011 from S Japan, U. lombok Uiblein & White, 2015 from Lombok, Indonesia, U. saiab
Uiblein & Lisher, 2013 from N Mozambique, U. seychellensis Uiblein & Heemstra, 2011 from the Seychelles
Bank, U. spottocaudalis Uiblein & Gledhill, 2017 from NE Australia and U. forres Uiblein & Gledhill, 2014 from
N Australia and Vanuatu. In recent descriptions of japonicus-group species the authors concluded that there is a high
probability of more undescribed species or unrecorded species in insufficiently studied areas. Hence, exploration of
these areas should continue, more specimens should be collected using various methods and from fish markets, co-
lour of live or freshly-deceased fish should be documented, and the available museum material should be thoroughly
screened (Uiblein & Lisher 2013; Uiblein & Gledhill 2015; Uiblein & White 2015; Uiblein ef al. 2017).

In the South-Western Indian Ocean (SWIO), off continental SE Africa, Madagascar, the Mascarenes and the
Seychelles, four japonicus-group species have been recorded so far, U. guttatus Day, 1868, U. pori Ben-Tuvia &
Golani, 1989, U. saiab and U. seychellensis. Upeneus saiab and U. seychellensis are only known from a single local-
ity NE off Angoche, N Mozambique, and the Seychelles Bank, respectively. Upeneus pori was originally described
from the Northern Red Sea and the SE Mediterranean Sea (as Lessepsian migrant) (Ben-Tuvia & Golani 1989). A
single specimen was reported by Uiblein & Heemstra (2010) from Madagascar. Upeneus guttatus has the widest dis-
tribution of all japonicus-group species, occurring from the Western Indian Ocean (WIO) including the Red Sea to
Japan and New Caledonia, W Pacific (Randall & Kulbicki 2006). For the SWIO U. guttatus was verifiably reported
from Madagascar as U. crosnieri Fourmanoir & Guézé, 1967, a junior synonym of U. guttatus (Bauchot et al. 1985,
reconfirmed by Uiblein & Heemstra 2010). Uiblein & Heemstra (2010) reported records from Kenya, Mozambique,
the Mascarene Islands and the Seychelles, confirming the distribution information provided by Randall & Kulbicki
(2006). In addition, Uiblein & Heemstra (2010) reported U. guttatus from off KwaZulu-Natal, South Africa, based
on a single preserved specimen.

More recently, there have been indications of unrecorded or even undescribed japonicus-group species oc-
curring in the SWIO, particularly off KwaZulu-Natal. Uiblein & Lisher (2013) published two in-situ images from
Sodwana Bay, N KwaZulu-Natal coast, showing shoaling goatfish over sandy bottom near Ribbon Reef. Because
the overall colour pattern resembled U. pori and recent records of this species from the SWIO (Madagascar), the
authors assumed this species was also distributed on the KwaZulu-Natal coast. However, no specimens of the Sod-
wana Bay population were collected.

Two years later, when comparing populations of U. guttatus across its entire range, Uiblein & Gledhill (2015)
reported considerable deviations in body form, with longer heads and lower first dorsal fins, in the population from
KwaZulu-Natal. Later, colour photographs of two of these specimens, taken shortly after being caught, became
available. Goatfishes can change colour significantly when alive and after death (e.g., Uiblein ez al. 2019), therefore
in-situ colour documentation (Uiblein & Lisher 2013) and preserved specimens (Uiblein & Heemstra 2010; Uiblein
& Gledhill 2015) are necessary to investigate colouration comprehensively.

In April 2017, three specimens were collected with spear-gun in Sodwana Bay. Additional photographs of
specimens were made after the catch and tissue samples were taken before the specimens were preserved and incor-
porated in the SAIAB collection. These specimens and the associated photographs were then studied and compared
with the published (see above) and newly generated data. Specific focus was on japonicus-group species from the
SWIO and adjacent areas by means of a combined comprehensive and integrative taxonomy approach using a large
comparative set of morphological data and molecular methods (Uiblein 2016).

Upeneus floros n. sp. Uiblein & Gouws is described based on 16 specimens from seven localities in KwaZulu-
Natal, South Africa, and three localities in Mozambique. Three additional specimens of U. pori are reported from
oft Madagascar. Updated diagnoses are provided for U. guttatus and U. pori, which are both rather similar to and
co-occur with the new species in the SWIO, and population differences among these species are considered in
interspecific comparisons. Furthermore, detailed comparisons among the five SWIO japonicus-group species are
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provided, along with an overview of the most important diagnostic characters for all species of the japonicus-group.
The results are discussed with respect to the need to further explore the SWIO region regarding the distribution
and local abundance of goatfish species and their biology and ecology with reference to the particular and complex
oceanographic conditions in this region.

Finally, for practical use in species identification, an up-to-date identification key of all Upeneus species of the
WIO is provided.

Material and methods

Morphological and colour studies

In total 276 adult fishes of the Upeneus japonicus-species group were studied based on a set of 41 morphometric
characters (all in mm, to the nearest second decimal) and 10 meristic characters following Uiblein et al. (2016;
2017; 2019). Several colour characters including the presence of a mid-lateral body stripe, oblique bars on the
caudal fin lobes, and barbel colour were studied based on photographic or video documentation of live or recently
deceased fish (= “fresh-colour photos™) and by examining the pigmentation retained in preserved specimens. To
consider the widest-possible ranges of meristic characters in interspecific comparisons, data of 24 subadults of three
species (four U. australiae Kim & Nakaya, 2002, four U. francisi Randall & Guézé, 1992 and 16 U. torres) were
added, after confirming that the respective characters did not show allometry (see Uiblein ef al. 2017).

The holotype and two paratypes of U. floros were collected by speargun in Sodwana Bay with approval of
the iSimangaliso Wetland Park Authority from a known shoal of which in-situ photographs had been taken shortly
before. Photographs of the collected specimens were taken shortly after catch and once again after freezing and
defrosting.

Ranges and single values of morphometric characters were rounded to the nearest first decimal for values <
10 mm and larger values were rounded to the first digit. Means of both morphometric and meristic characters were
rounded to the first decimal value. Data focused primarily on the three target species U. floros, U. guttatus and U.
pori,as well as, U. saiab and U. seychellensis, which co-occur with U. floros in the SWIO, and the rather similar U.
itoui from Japan. For these and all additional comparisons among japonicus-group species data from earlier publica-
tions (Uiblein & Heemstra 2011a; Yamashita et al. 2011; Uiblein & Lisher 2013; Uiblein ez al. 2017) were used. In
comparisons 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.

An overview table of selected characters gathered from the entire study material was prepared (Table 1) that
also allows direct comparisons with the other eight japonicus-group species U. asymmetricus Lachner, 1954 (Indo-
nesia, Philippines), U. australiae (Australia, New Caledonia), U. farnis, U. francisi (Norfolk Island, New Zealand),
U. japonicus (Houttuyn, 1782) (W Malaysia to South Korea, and Peter the Great Bay, Russia), U. lombok, U. spot-
tocaudalis and U. torres.

For the preparation of the identification key the material and data used for the present work and the following
publications by the senior author were considered: Uiblein & Heemstra (2010); Uiblein & Heemstra (2011 a,b);
Uiblein & Causse (2013); Uiblein & Lisher (2013); Uiblein & Gouws (2014); Uiblein & Gouws (2015); Uiblein et
al. (2016); Uiblein et al. (2019). Importance was given to provide a key of practical use under field conditions and
in scientific collections, e.g. by referring to both fresh and preserved colour patterns important for species diagnos-
tics.

Institutional abbreviations follow Sabaj (2019). Other abbreviations are: EIO = Eastern Indian Ocean; HT =
holotype; NRF-SAIAB = National Research Foundation—South African Institute for Aquatic Biodiversity; PT =
paratype; SL = standard length; SWIO = South-Western Indian Ocean; WIO = Western Indian Ocean.

Genetic studies

Data from specimens of Upeneus floros, some of which had previously been identified as U. guttatus from South
Africa, and specimens of U. guttatus from elsewhere were generated or sourced for this study (Table 2). Data from
representatives of seven of the other 12 japonicus-group species (U. asymmetricus, U. australiae, U. japonicus, U.
lombok, U. pori, U. spottocaudalis and U. torres), three of the six species of the margarethae-group (U. caudofas-
ciatus Uiblein & Gledhill, 2019, U. heterospinus Uiblein & Pavlov, 2019, and U. margarethae Uiblein & Heemstra,
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2010; see Uiblein et al. 2019), U. moluccensis (Bleeker, 1855), U. subvittatus (Temminck & Schlegel, 1843) and
U. supravittatus Uiblein & Heemstra, 2010 were included. For the two WIO japonicus-group species U. saiab and
U. seychellensis, no tissue samples and COI barcoding data were available. Sourced data were downloaded from
BOLD Data Systems v4 (Ratnasingham & Hebert 2007), from publicly-available, unpublished data sets and data
held in private (NRF-SAIAB) projects (KZNMF, SAIAB and SAIAD) on BOLD, or from GenBank for already-
published data (e.g., Bos 2014; Uiblein & Gouws 2014; 2015). Downloaded data were only included if the sequence
lengths exceeded 570 nucleotides and if the specimen from which the data were derived had been studied taxonomi-
cally (previously or during the course of the present study) or their identifications confirmed by the senior author
through the examination of photographs. The compiled data set included genetypes (Chakrabarty 2010), including
the hologenetype of U. floros and paragenetypes of U. caudofasciatus, U. floros, U. heterospinus, U. lombok, U.
spottocaudalis and U. torres (Table 2). As in earlier studies (Uiblein & Gouws 2015; Uiblein et al. 2016), sequences
of Mulloidichthys vanicolensis (Valenciennes, 1831) and Parupeneus barberinus (Lacepéde, 1801) were used as
outgroups.

DNA was extracted using an Invitrogen (Carlsbad, California) PureLink Miniprep kit or a Wizard Genomic
DNA Purification (Promega, Madison, Wisconsin) kit, following the manufacturers’ protocols, or by Sunnucks &
Hales’s (1996) protocol. The ‘barcoding’ (sensu Hebert et al. 2003) fragment of the cytochrome ¢ oxidase subunit [
(COI) gene was amplified and sequenced as before (Uiblein & Gouws 2014), using the VF2-t1 (Ivanova et al. 2007)
and FishR1 (Ward et al. 2005), or dgLCO-1490 and dgHCO-2198 (Meyer 2003) primer combinations.

Data were aligned using Clustal X2 (Larkin et al. 2007). Phylogenetic analyses were performed in PAUP*4.0a166
(Swofford 2003), using maximum likelihood (ML) and distance-based, neighbour-joining (Saitou & Nei 1987) ap-
proaches. Prior to the construction of the ML tree, the optimal model of nucleotide substitution for the data was
determined, using jModeltest 2.1.4 (Darriba et al. 2011), with competing models evaluated using the Akaike (1974)
Information Criterion. Support for nodes was determined using Bayesian Inference in MrBayes 3.2.5 (Ronquist et
al. 2011). The analysis followed the procedure documented by Uiblein & Gouws (2015), but with sampling of trees
and parameters from the posterior distribution every 5000 generations, and with MrBayes estimating the model
parameters from an initial parameter-rich General Time Reversible (GTR: Tavaré et al. 1986) model. Sequence
divergences among representatives, corrected according to the Kimura (1980) two-parameter (K2P) model were
calculated in PAUP.

Taxonomy
Genus Upeneus Cuvier 1829

Upeneus floros n. sp. Uiblein & Gouws

Floros goatfish

(Figures 1-5, 7; Tables 1-3, 6)
urn:lsid:zoobank.org:act:1543439A-5A2E-44D6-ABC1-DE477C0650F2

Upeneus guttatus Day, 1868, in part: Uiblein & Heemstra 2010; 2011a (Figure 3 B, fresh-colour photograph of U. floros);
Uiblein & Lisher 2013; Uiblein & Gledhill 2015; 2017
U. pori Ben-Tuvia & Golani, 1989: Uiblein & Lisher 2013, in part (Figure 1 e, f: in-situ fresh-colour photographs of U. floros)

Material examined. Holotype, SAIAB 204583, adult, 105 mm SL, South Africa, SW Indian Ocean, Sodwana Bay,
KwaZulu-Natal, Two-Mile Reef, Deep Receiver oceanographic station, 27° 30.735’ S, 32° 41.224’ E, speargun, 19
m depth, Jade Maggs, 6™ April 2017.

Paratypes (n = 12, 90-144 mm SL). SWIO, South Africa, KwaZulu-Natal: SAIAB 51020, 144 mm SL, N of
Durban, 29° 39’ S, 31° 08’ E; SAIAB 62725, 102 mm SL, St. Lucia River Mouth; SAIAB 186410, 2, 113—119 mm
SL, off Thukela, 29° 21.82’ S, 31° 48.76” E, 70 m depth; SAIAB 186445, 116 mm SL, N of Durban, 28° 40.660’ S,
32°17.470° E, 27 m depth, trawl; SAIAB 188756, 107 mm SL, Park Rynie, 30° 20’ S, 30° 45” E; SAIAB 188765,
116 mm SL, St. Lucia, 28° 13.41° S, 32° 32.05’ E, 18 m depth; SAIAB 188774, 3, 90-107 mm SL, same data as
previous; SAIAB 209539, 2, 94-108 mm SL, same data as HT.

Non-types (n =4, 92-97 mm SL). SWIO, Mozambique: BPBM 31272, 106 mm SL, NE off Beira, Sofala Bank,
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19° 09’ S, 36° 20’ E, RV Anton Bruun, cruise 8, st. 403A, International Indian Ocean Expedition; SAIAB 82794,
93 mm SL, off Inhambane, RV Dr. Fridtjof Nansen, st. M07-36, 24° 56.6” S, 35° 03° E, 65 m depth, bottom trawl;
SAIAB 188305, 92 mm SL, NE off Angoche, northernmost Sofala Bank, RV Dr: Fridtjof Nansen, st. 29, 16° 02.75°
S, 40° 20.26° E, 2940 m depth, bottom trawl; SAM MB-F034156, 1 (of 66), 97 mm SL, off Beira, 19° 49’ S, 36°
05’ E, bottom trawl.

Fresh-colour photographs of non-examined specimens. In-situ photographs and video footage of several adults
and subadults, SWIO, South Africa, KwaZulu-Natal, Sodwana Bay, Two-Mile Reef, Deep Receiver oceanographic
station (type locality; C. Floros, M. Mellet, F. Uiblein, C. van Jaarsveld)

Diagnosis. Dorsal fins VII + 9; pectoral fins 13—15; gill rakers 67 + 16—18 = 23-25; measurements as % SL:
body depth at first dorsal-fin origin 22-25; body depth at anus 19-22; caudal-peduncle depth 8.7-9.8; maximum
head depth 19-21; head depth through eye 15-17; head length 29-32; snout length 11-13; orbit length 5.9-7.7; up-
per jaw length 11-13; barbel length 18-20; caudal-fin length 26-29; anal-fin height 15-18; pelvic-fin length 19-21;
pectoral-fin length 19-22; first dorsal-fin height 17-20, dorsal-fin spines proportionally decreasing in height; sec-
ond dorsal-fin height 15-18; total oblique bars on caudal fin 8—14, upper caudal-fin lobe with 4-6 reddish bars,
narrower than the pale interspaces between bars; lower caudal-fin lobe with 4-8 red bars ventrally, connecting
dorsally to a broad red stripe, and with 3—4 short dark-grey bars along dorsal margin and a dark fin tip; caudal-fin
lobe bars and stripe fade away post mortem, only traces retained when preserved; barbels white when fresh; body
colour variable, often white or rose below lateral line, covered by red pigmentation above lateral line which may
also reach down ventrally and to head, sometimes forming red patches or blotches; belly white; body pale brown
and not dorsally darkened when preserved.

Description. Measurements in % SL and counts are given in Table 3; morphometric data as ratios of SL for ho-
lotype, data for paratypes in brackets: body elongate, body depth at first dorsal-fin origin 4.2 [4.0—4.6]; body depth
at anal-fin origin 4.5 [4.7-5.1]; head length 3.2 [3.1-3.4], larger than maximum body depth and caudal-fin length
(3.7 [3.5-3.9]); first dorsal-fin height 5.1 [5.0-6.1], subequal to barbel length (6.6 [5.1-5.7]) and subequal or only
slightly larger than second dorsal-fin height (6.3 [5.5-6.8]; pelvic-fin length 4.9 [4.7-5.3], subequal to pectoral-fin
length (4.9 [4.7-5.4]) and body depth at anal-fin origin; caudal-peduncle depth 10 [10—12] larger than orbit length
(15 [13-17]); and caudal-peduncle width 25 [22-27], subequal to pectoral-fin width (21 [20-25]).

Colour. Fresh HT and two PTs collected with HT (Figure 1A). Head and body ventrally white or silvery white
and ventro-laterally pale grey with small pale-brown spots on three horizontal scale rows; indication of a pale-red-
dish mid-lateral stripe from snout tip to caudal-fin base produced by a red band from snout tip to eye and by two
horizontal rows of red spots on operculum behind eye and distally on scales following the lateral line until below
second dorsal-fin base and then above lateral line to caudal-fin base; head and body dorsally pale reddish brown,
dorsal fins with up to three red stripes, caudal fin with 5-6 oblique red bars on upper fin lobe, 4-5 bars on lobe
itself or on lobe tip and one, only weakly visible, bar proximally at lobe base; bars straight or partly curved, their
width about half of pupil diameter and half of pale, semitransparent interspaces; ventral third of lower lobe with
5-7 oblique red bars of similar width as bars on upper lobe, connecting to a broad red stripe covering much of the
remaining two thirds of lobe; stripe ending in a black lobe tip connected proximally to the mid-lateral body stripe;
lower lobe dorsal margin with three very short, dark-grey bars (HT), with a dark margin posteriorly or mostly un-
pigmented (PTs); paired fins and anal fin mostly pale transparent, apart from some red pigmentation proximally on
pelvic fins; barbels white (only slightly visible in one PT).

Thawed HT after freezing (Figure 1B). Head and body ventrally pale whitish and laterally and dorsally carmine
red, with four red-brown stripes on each dorsal fin, five oblique red bars on upper caudal-fin lobe and the lower
caudal-fin lobe with at least five oblique bars on lower third of lobe, connecting to a carmine red stripe and at least
three short dark-grey bars on dorsal lobe margin and a black lobe tip; barbels white; unpaired fins and anal fin pale
semitransparent.

Preserved HT. Head and body entirely pale brown, some remnants of pigmentation on dorsal and caudal fins;
5 upper caudal-fin lobe bars partly retained as pale-grey pigmentation, some pale-grey pigmentation remains of
lower-lobe ventral and dorsal bars and dark-grey fin tip retained; barbels, paired fins and anal fin pale.

Live fish in situ (Figure 2). Body and head ventrally and ventro-laterally silvery whitish, with a weak rose-
marbled pattern laterally, bordered dorsally by a thin rose-orange mid-lateral stripe that reaches from snout through
eye (iris dorsally of same colour) to caudal-fin base; head and body dorsally of stripe with dark-reddish pigmenta-
tion pattern produced by small red spots on head, dorsal operculum and 3—4 dorsal-most scale rows; sometimes a
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nearly vertical red bar of pupil width from below eye to ventral head margin; dorsal fins with 2—3 red-brown stripes
and white pigmentation on parts of fins in between stripes and on tips, remaining parts of fins transparent; caudal-fin
upper lobe with 3—5 oblique red-brown bars of less than pupil width and interspaces between bars partly transpar-
ent or white pigmented; lobe tip also sometimes white pigmented; caudal-fin lower lobe with indications of up to
seven brown bars and white interspaces ventrally and white pigmentation dorsally, with a broad dark-red stripe in
between and a dark lobe tip visible in some of the photographed or filmed specimens; paired and anal fins whitish
semitransparent; barbels white.

Etymology. The name “floros” is used as a noun in apposition and acknowledges Dr. Camilla Floros, marine
biologist, South African Association for Marine Biological Research -Oceanographic Research Institute, Durban,
South Africa (ORI), who organized the collection of the holotype and two paratype specimens and provided photo-
graphic documentation of the types as well as of specimens encountered in situ at the type locality.

Distribution and size. SWIO from Park Rynie (south of Durban), KwaZulu-Natal, South Africa to Angoche, N
Mozambique; 18-70 m depth, mostly on sandy bottoms; attains 144 mm SL.

Remarks. The following lots of Upeneus floros had been identified as U. guttatus in earlier studies: SAIAB
51020, studied by Uiblein & Heemstra (2010); SAIAB 82794, studied by Uiblein & Heemstra (2010), referred to
erroneously as SAIAB 82714 in this and subsequent papers, and documented by a fresh-colour photo in Uiblein &
Heemstra (2011a) which is here reproduced (Figure 1C); SAIAB 188305, studied by Uiblein & Lisher (2013) and
SAIAB 62725, SAIAB 186410 and SAIAB 188756, studied by Uiblein & Gledhill (2015).

FIGURE 1. (A-C) Upeneus floros n. sp., KwaZulu-Natal, South Africa: (A) HT, SAIAB 204583, 107 mm SL (centre) and
two PTs, SAIAB 204583, 94 mm SL (top) and 108 mm SL (bottom), shortly after in-situ collection near Two Miles Reef, Sod-
wana Bay (C. Floros); (B) HT, after freezing and thawing (C. Floros); (C) PT, SAIAB 82794, 94 mm SL, Mozambique (P.C.
Heemstra); (D) Upeneus saiab, HT, SAIAB 188298 , 102 mm SL, NE off Angoche, N Mozambique (M. Lisher); (E) Upeneus
seychellensis, ca. 110 mm SL, Seychelles Bank (O. Alvheim, D. Tweddle).

In-situ photographs of Upeneus floros taken during dives near the type locality were initially identified as U.
pori by Uiblein & Lisher (2013, Figure le, f). The in-situ photographs of U. floros presented in the current study
provide further documentation of colour in life from the type locality (Figure 2). In-situ observations made by the
senior author at the type locality revealed a large shoal of subadult and small adult U. floros associated with the
acoustic telemetry receiver mooring (part of the shoal shown in Figure 2D). The shoal of more than 100 individu-
als moved close to the bottom around the mooring in a stop-and-go behavioural mode, probing the bottom with
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the barbels during stops, then slightly lifting above the bottom, swimming a short distance and then probing again.
Interestingly, this was the only shoal observed in the area and during the entire dive, which included also a coast-
directed transect of at least 50 m into shallower water.

The four specimens from Mozambique are very similar with the types of U. floros in all characters and deviate
only in having a slightly longer caudal fin and a slightly higher anal fin (Table 3).

FIGURE 2. Upeneus floros n. sp., in-situ photographs at Two Mile Reef, Sodwana Bay, KwaZulu-Natal, South Africa. (A, B)
adults, ca. 90—100 mm SL (C. Floros); (C, D) small adults or subadults, ca. 60—70 mm SL (C: M. Mellet; D: F. Uiblein).
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Upeneus guttatus (Day, 1868)
Two-tone goatfish
(Figures 3—7; Tables 1, 2, 4, 6)

Upeneus guttatus (Day, 1868): Uiblein & Heemstra 2010; 2011a; Motomura et al. 2012; Psomadakis et al. 2015; 2019; Uiblein
& Gledhill 2015; Uiblein ez al. 2016; 2017

U. pori non Ben-Tuvia & Golani, 1989: Khalaf & Disi 1997 (p. 120, fresh-colour photo of specimen from Gulf of Aqaba, Jordan,
Northern Red Sea)

U. taeniopterus non Cuvier, 1829: Taquet & Diringer 2007 (p. 267, fresh-colour photo)

Diagnosis. Dorsal fins VII + 9; pectoral fins 12—-14; gill rakers 5-8 + 16-19 = 22-26; measurements as % SL
for adults: body depth at first dorsal-fin origin 21-26; body depth at anus 18-22; caudal-peduncle depth 9.3-11;
maximum head depth 18-22; head depth through eye 15-18; head length 26-29; snout length 9.4—12; orbit length
5.9-8.5; upper jaw length 9.5-12; barbel length 16-20; caudal-fin length 27-31; anal-fin height 15-19; pelvic-fin
length 19-22; pectoral-fin length 19-22; first dorsal-fin height 2025, at least one of the first three spines dispro-
portionally higher; second dorsal-fin height 14—18; total oblique bars on caudal fin 7-16 in adults, upper caudal-fin
lobe with 5-6 (rarely 4) reddish bars with 4-5 (rarely 3) bars distally from fork and one bar close to lobe base, of
similar width or narrower than the pale interspaces between bars; 2—10 often faint, rather short and/or irregularly
arranged red bars on ventral margin of lower caudal-fin lobe, sometimes extending to dorsal half of lobe or connect-
ing to a red stripe which covers the lobe dorsally to two-thirds of its width at maximum; caudal-fin lobe bars and
stripe fade away post mortem, mostly faded completely when preserved; barbels when fresh usually yellow, rarely
white; body colour variable, often white or rose below lateral line, covered by red pigmentation above lateral line
which may also reach down ventrally and to head, sometimes forming red patches or blotches; body rarely with a
faint red or red-orange mid-lateral stripe from behind eye to caudal-fin base; belly white; body pale brown and not
dorsally darkened when preserved.

@ Upeneus floros n. sp.
A\ U. guttatus (Aphotos only)
B u. pori
U. saiab
8 U. seychellensis

Seychelles
A B

INDIAN OCEAN

I\./Iauritius g

Réunion

500 1000km
| IS S|

FIGURE 3. Map showing the distribution of the five SWIO japonicus-group species based on the studied material. For Up-
eneus guttatus three localities are added which are documented by unvouchered fresh-colour photographs taken in situ or shortly
after collection (A = Angoche; KZN = KwaZulu-Natal).

530 - Zootaxa 4834 (4) © 2020 Magnolia Press UIBLEIN ET AL.



Pa1apISU0d (1107) 77 12 IYSLWE X Pue (661) 92ND % [[EPUEY (6861) IULJOD 7 BIANT, UDE WOI} BJep , (PAIAPISUOD SHNPEQNS JO BIep , YSy YSL]

61-91 1T 91T €C0C 0791 0€-8C 9T+T 10l 186 1€-8C 61-61 11-6'8 ol §a..101 ()
181 ol ol ¥TTT 6191 4514 ol €1-01 L6 Te0¢ L1-61 01-98 ol siyppnno0}10ds )
L1-91 0T-61 1T 10T SI¥l1 0€-8C Ll I [45l! 0€-LT LI-61 96-C6 61-81 sisuajjoyo8as )
91-¥1 ol 10T 10T 91-+1 6C-LT ol [45} 1101 0€-6C LI=S1 T6L8 61-LI1 qoivs ()
L1-€1 8l 8l €6l LI=¥1 6T-LT 6191 =66 =<6 0€-9T 9I-¥1 01-88 (o od )
91-¥1 0T-61 10T 70T SI-CI 6C—8C 0C-L1 8616 9606 0€-8¢C 91 §6-C6 6181 yoquio] )
61-C1 ¥T-0T st¢lc €6l 61-C1 65T €81 cI=L'6 [qmut 1e-LT LI=S1 1108 (o snopodn 1)
L1791 0T-61 061 61-81 L1791 qCE8C 8I-L1 =01 [45it 8T-LT yI-€l 66176 10T oy
81—l §T0C o6l ol 61-CI 1e-LT 0791 =<6 -6 6C9T 8161 11-€6 T8l smpyns 1)
81-91 10T wle e LI=G1 0€-8C 61-L1 11-6'6 1101 0€-8C 91-¢1 0l-6'6 0T ispounf )
Si-tl 0791 081 1761 SI-¢l 6T-LT €81 796 =66 1€-8C LI-S1 6688 0T sunf )
811 €81 ol €¢-0¢ 8161 e LT 0T91 1-¢6 €1-6'6 0€-LT 81-61 =66 £€¢0¢ 2DIDLSID ()
L1-S1 161 1281 ol 91-¢1 0€-LT 61-L1 =18 11-6'6 69T 91-¢1 6668 0T SHOLDUIUIASD ()
8161 0TL1 ol 161 8161 679¢ 081 -1l Il (44 LIl 86-L8 ol “ds ‘u so10)/ )
sy 5oy pdap uigo
utj-esiop ulj-[esiop apounpad uyj-jeue je

JlIGREIN ISI1] P3uQ| uY-[e10309d  PFU UY-OIA[Rd  JYSIOY uhg-feuy  p3ud| uyg-fepne)  ySud| [oqreg  PFuop mel-1oddn  ypSuopinoug  pSuol peay 24 ySnoxyy yydop peay -[epne)) ydap Apog (a
juasqe Jussqe Mook eam S 261791 SI-¢l 101 1+ 11 §a..401 ()
S90RI] AWIOS 10 PIUIRIAI [[oM juosard MO[[oK JBAM 10 JUdsqe €7-TC 8191 €171 €01 9] syppnvooyods )
juesqe juesqe ystppax ofed Jeam 96T 61-81 SIvl SIl € Sisua]jay24as 1
Juesqe Jussqe Aym 3[eam 10 juesqe v 6C 10T SI—vl [0 9 qoivs ()
SOOI} DWIOS IO PAUILII [[oM juasaxd Aurearo-a11ym 1o 1ym QATIOUNSIP 10 Yeam Juosqe 67-ST 1281 SI-¢1 . STl 43 rod )
jmasqe juosqe aym jussqe 6C-LT 1202 SIvl 6 € yoquio] N
Juesqe jussqe Mofjek Jussqe 8TVT 1781 SI=¢l €Cl LE snoodn! )
S90BI] QWIOS 10 PAUIRIAI [[oM juasaxd AIym QATIOUNSIP 4 STTT 481791 PI-€1 APl ¢ mon N
SOIBI) QWIOS 10 JUSSqE juosaxd Apsouwr Aym Aa1er ‘mofjak Apysowr JeoM IO JUdSqe 97-TC 61-91 v1-C1 6S1 LL smpins
SOOBI) QWIOS 10 JUISq. juasaxd AIyMm juasqe q £676C VT 1T qe SI—EI q88 )9 1s1oun.f )
SOIBI) SWIOS 10 JUSSqE Juasqe Appsour Ko13-oped Jeom 1€-8C 70T 9161 171 Il snunf
pautelal [jam yuosoxd Aym QAToUnSIp 2 STCT 8191 SI—¢l 8CI (7+) S VIDAISAD (]
paurejal [om juasaxd ysippa1 ofed 10 arym yeaM 10 JUdSqe 8797 1261 v1-T1 001 8 SnoLaUUASD )
S9JBI) SWOS 10 JUISqR Juasaxd AIyMm J[BOM 10 JUdsqe ST—€T 8191 SI—€1 et L1 +ds “u so.01/

ys1y paatosaid ur + 9QO] UIJ-[Epned 19MO0] « OATIOUNISIP/3BOM/JUISqE 9QqO[ UlJ-[epned 10oMO[ skel (ww “1S) (synpeqns +)
sleq ulj-jepne)) uo sIeq anbijqQ 4« IN0J0d [aqIRg adins Apog s1oYe1 [[13 [e10], uo SIoyeI [[1D) UlJ-[eI0J09  9ZIS WNWIXBIA! synpe u %)

*sa10ads dnoi3-snommodn! ay) 10J TS %, Ul SI910BIRYD dLydwoydiouw () pue S19JoIBYD INOJOD PUB JNSLIdW “IS ‘Sudwtodds Jo roquinN (V) T d[qeL

Zootaxa 4834 (4) © 2020 Magnolia Press - 531

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



23pd jxau 2y U0 panuUOd

Apms sty {(L10T) 7v 12 WRIQIN
(ydei3ojoyd

1no[oo-paardsard) Apmys sy
(ydei3ojoyd

1nojoo-paarssald) Apmys sty
(ydei3ojoyd

1nojoo-paaesard) Apms siyp

(ydei3ojoyd 1mojoo-ysaiy) Apms siyp
(ydei3ojoyd Imojoo-ysaiy) Apms siyp
Apmys st ($T0T) [MTYPRLD 29 UIRQIN

Apmys sty

Aprs sty
Apmys

SIYL «(STOT) MIYPA[D 29 ud[qIN
Apnys

SIYL (ST0T) [1TYP3ID % UIR[qIN
Apms

SIYL {(ST0T) [1MPAID % wiofqin
Apmys

Aprus siqL

eiep oiqnd 109

eiep o1qnd 109

eiep orqnd 704

eiep orqnd 109
eiep orqnd 109
eiep o1qnd Q709

eyep paystiqndun 4109

eiep orqnd q 109

eiep orqnd q 109

eiep orqnd q 109

eiep orqnd q 109

SL9E0T AVIVS

¥0-TSL9 H OYISD

L0-9€L9 H OYISOD

C0-€69L H OYISD

10-$628 H OYISD
S0-€TT8 H OYISD
81-6159 H OISO
SYY981 dVIVS
S9L881 dVIVS

TYLL3BT AVIVS

€VLL88T VIVS

[-VLL88T AVIVS

TewueAA Jjo ‘eduog jo Aeg

BI[RIISNY ‘PUR[SUAINQ) ‘PUB[S] [00IQUIYIUIH JO TN
BI[RISNY ‘pUBR[SUEIN()

‘KeD) oquuelg Jo AN Y1enS SoLo],
BI[RISNY ‘PUB[SUIINQ)

‘pues] ojdwiAIfeq Jo S ‘Meng SauoL
eI[ensny

UIAISIA ‘PUBIS] O[[9GAIUOIA JO N

BIRNSNY UINSOA HdquieT ode) Jo N
BIRSNY ‘PUB[SUSAN]) ‘UMOIN00D) JO N
BOLITY UINOS ‘TejeN-n[nZemy ‘ueqmng Jo gN
BOLIJY [INOS ‘[RIBN-N[NZEM BIONT IS

BOLIJY [INOS ‘[BJeN-N[NZEMY BIONT IS

BOLIJY INOS ‘[BJEN-N[NZEMY ‘BIoNT 1S

BOLIY YINOS “[BBN-N[nZeAMY BIoNT IS

61-0TL10VOd

61-61L10VO4

61-81L10VOA

81-76£10VO4d
81-CSTIOVOd
60-1291VOd
CI-VT0AANNZA
11-80LDS4Sd

11-¥€9DS4Sd

11-¥19D84Sd

11-01$D848d

69L8YELIN

86£TTYNH
(@ -
(d) L6L68YA

(d) 96L68vA3

(d) 66L68yA31

(d) 0086831

snipynd snauady)

SIYL {(S$T02) [1MYPaID % widfqin eiep oiqnd 109 96L881 AVIVS BOLY YINOS ‘[eleN-nnzemy] ‘Oluky yred 11-19vDSASA (d) 86L68YA3
Apms sty Apms sty €85¥0C AVIVS BOLIY INOS ‘KB BUBMPOS JOOY [N OM], - (H) 89L8FELIN “ds “u so.10f snauadp)
(610T) 77 12 uRIQIN eyep o1gnd 1049 12-6159 H OISO BI[ENSNY PUB[SUSANC) ‘UMOI00)) JO N 60-0291VOd (D) sniplospjopnpo snauadp)
(ydeidojoyd
1In0[09-paAIdsald) Aprys SIy L, eiep o1qnd 109 €0-LT69 H OMISO eI[ENSNY PUBISUINQ) HI0A 2deD) JO HN NENS SOLIO], 61-L1L1IOVOd -
(ydeiSojoyd
1n0[09-paAIdsaid) Aprys sty L, eiep orqnd 109 20-069L H O¥ISO BI[ENSNY PUB[SULAN() ‘PUNOS POIg JO N 61-91L10VOd - avipasnp Snauadp)
(ST0T) MY 29 UIdqIN eiep orqnd 7049 11LTC 9ZIN eIsauopuy “oquio ‘ren’ Sunfuey, 01-6063IVOd -
(ST0T) oMyp % wo[qIN eiep orqnd q 109 20-LT¥L H O¥ISD eIsouopu| “oquio'] ‘ren’ Sunfuey, 01-L063VOd 65€79SOH SnoLUAUIIASD snauad))
al
POUIWIEXD SIOYINOA 901n0s 9ouonbog JIOUONOA AneooT  ssed01d 4109 Sueguon saroadg

-ouagered oy pue “ds *u so.Lo}f ') Jo (H) odKypusgojoy oy, Apms onouad YN W (JOD) [ }UNGNS 9SBPIXO 2 SWIOIYI0IAD Y} Ul PISN SNULIDGIDG Snauadning pue sisuajodiuva sdyjyoipioqnpy sdnoisino oy Jo soAnejuasaidor
pue snauady) Jo s9199ds u991IN0J JO SOANLIUSSAIdAI 0] UOHEDIIIUSPT JO SUOHBUWLIIFUOD PUB SUIWINAAS IOYONOA Jo S[1eop ‘(s $s9001d 07O 10/pue SIQUINU UOISSIOIE JUBFUID)) S[IBIOP UOISSIOIE PUE $99I1n0S ‘7 ATAV.L

-oqeordde a1oym ‘pojesrpur ore sarads 19110 Jo () sodAy

UIBLEIN ET AL.

532 - Zootaxa 4834 (4) © 2020 Magnolia Press



‘payrodar jou st T $s9001d 0 TOF Y} pue Jurod 2oua1ojer 10 90mos Arewtid oty se pap1aoid s1 IoquInu UOTSSI0E NUBGUAD) ) ‘(IO UO YoNs St PAILIIPUI SI SIY) PUL BIEP JUGUID) PAUTW Sey (TOY 2I9YM SISED U],

(ezep paysijqndun) uroiqrn 4 (avivs) atod [-15698 AVIVS elueZUE], ‘IeqIZuey ‘Keq BYEMYD) 01-1L1TEVIVS 80LTSENH SNULIGIDG SnouddNID]
(ydesSojoyd mojod-ysoy) Apms iy L, (@vivs) a1od 1-€L0L8 AVIVS BIUBZUE], “TEQIZUEZ ‘IPUI[E]N 01-891AVIVS 91LTL6OH SISUD0IIUDA SCYIYDIPLOINA
sdnoiginQ
(orqnd a109)
(S102) 11'Pa1D % wIR[qIN paystjqndun 10-202L H O¥ISD BI[ENSNY PUBISUINQ) )IBNS SALIOL, ‘PU[S] [BqIES JO 5 (D) 80-LZ9HVOL (@) -
(onqnd a109)
(S102) [1ypa1D % uroqrn paystjqndun ¥0-CS¥9 H O™ISD erensny wioisopm ‘Aeg dreys jo 4 (1D) 80-7101OVOL @ - sa.110) snauady)
(erep poysiqndun) urojqrn *f Apms siqp €6580C AVIVS TewueA A JJO ‘2§ ueWepuy - 9LLSFELIN smppaqns ‘Jo snouadp)
(S107) smnon % ura[qin (S107) smnon 2 uralqin 0T-L9€L8T AVIVS BUe] LIS ‘0quoZoN - YTLEGTIN
(S107) smnon 2 ureqin (S107) smnon 2% urolqin 1-€L500T AVIVS uejsje  ‘BAIE [YORIE] - 168LSO¥ smpiap.dns snouadp)
(L10T) 17 12 wrRIqIN (@10€) paysiqndun 20-66L9 H O¥ISO elfensny ‘pue[suoong) ‘Aeg aumqpys jo g (1LD) 61-€0L1OVOL (@ -
(onqnd a109)
(L10T) 17 12 wrRIqIN paystjqndun 20-TH9L H O¥ISO elensny ‘puejsusang) ‘Keg opseomonjoqd  (1D) 61-10L10VOd (d) syppnpoojods snauadp)
(ydesSojoyd mojod-ysoy) Aprs iy L, (¥102) sog 67871 'd NVIHNIAS [QBIS] ‘WIUBZ)IN ‘8IS UBSUBLINIPIA - 61€795 I3
(onqnd a109)
(ydesSojoyd mojod-ysoy) Aprs iy L, paystqndun €0L¥1 'd NVLHNINS [QBIS] ‘WIUBZ)IN ‘8IS UBSUBLIDNIPIA €1-860NId -
(or9nd @109)
(ydersojoyd ysaiy) Aprus sty paysiqndun 016%1 ‘d NVIHNIAS [ORIS] ‘BJIRH ‘A ULSULLINIPIA €1-L60NIE - wod snauadp)
10T $mnon 7 ud[qIn 10T smnon 7 ua[qIn €-080L8 AVIVS BIUBZUR], IBQIZUEZ “O)IS SUIpUE] IPUI[EI 01-$81AVIVS TELTL6OH
10T $mnoD 79 ud[qIn 10T SMnoD 29 wId[q) 1-€€708 AVIVS eluezZue], ‘esue] 80-0184VIVS - sisuaoonjoul snouadp)
(6102) v 12 URIqIN Apms iy, 087€0C VIVS TewueA A JJO ‘B2 UBWEpUY - SLLSYELN
(6102) v 12 URIqIN Apms iy, TLIEOT AVIVS TewueA A ‘pue|s] epng Jo § ‘€1 UBWIEPUY - PLLSYELIN
(6107) 70 12 urRIQIN (¥107) smnon 2 ura[qin 1-801L8 AVIVS RIUEZUE], ‘TBqIZURY ‘TUIZIZBIA - T08LYION vy snauady)
(S102) [1Ypa1D % uro[qIn Apms siqL, IS1 8 HAIAIH WeuRIA Buel], eyN - €LLSYELIN
(S102) [1'Ypa1D % uro[qIn eiep paysiqndun 4704 11-2LOL H O¥ISD eury) ‘Suoy| Suoy 01-807TVOd 0£579SOH
(S102) [1'Ypa1D % urolqIn eiep paysiqndun 4704 01-TLOL H O¥ISD eury) ‘Suoy| Suoy 01-L0TTVOd 67SH9SOH snomodp/ snauadp)
(S107) aMym % ure[qrn eiep paysiiqndun 4104 01LTT 9ZIN eIsouopu| “joquo'] ‘ren- Sunfuey, 60-9¢8(VOd () 6EPCO6INH yoquuo] snauad)
(6102) v 2 uRIqIN Apms siqL 011 8§ AUIAIH WEWOIA ‘BUBLL, YN - (d) TLLSYELIN snupdso.212y snauady)
Apms sty A($102) [IYPILD % UIR[qIN Apms siyL, ¥S1 8S HUIAIH WewaIA ‘Suel], ByN - 1LLSYELIN
Apus sty {(L10¢) 7 2 uR[qIN Apms sty 899€0C AVIVS TewueA N Jjo ‘esudg jo Aeg - OLLSYELIN
PAUIWEXD SIOYINOA 90Inos douenbag IOUONOA Kre0o ] ssd201d 109 Juegquan saroadg

(panuyuo)) 'z ATAVL

Zootaxa 4834 (4) © 2020 Magnolia Press - 533

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



28pd jxou 211 10 panuiUod

€ €€ L1g 0¢ 9 33 £ee [49 L1 149 81¢ 0€ 14 € 1'ee 0€ 4 €€ 8¢ 0€ 1€ p3uo] o1apd-a1g
€ 89 999 S9 9 L9 199 S9 L1 89 ¥'$9 ¥9 14 89 869 S9 4 89 ¥'S9 ¥9 S9 [3uo] [eue-oid
€ 144 6'tC ¥C 9 YT 0°¢T (44 Ll 4 '€ (44 14 T ee €C 1! 4 et (44 (44 y8uo| oppunpad-jepne))
€ 91 I'vl Zl 9 91 (4! 14! Ll Ll 91 Sl 14 Ll 191 91 1! L1 91 Sl L1 QoU)SIp [esIoplaju]
€ S9 09 €9 9 89 ¥'9 79 LT L9 €59 ¥9 14 L9 ¥'99 S9 Cl L9 679 ¥9 S9 3uo] [esiop-a1d puodog
€ 6¢ 08¢ LE 9 8¢ ¥'LE LE L1 6¢ 9'LE 9¢ 4 8¢ 9'LE LE 4! 6¢ 9'LE 9¢ 8¢ 3ud] [esiop-a1d Jsitg
€ 80 80 L0 9 0’1 60 60 L1 'l 60 L0 4 't 60 L0 4! 'l 60 80 60 WIPIM [oqIeq WNWIXE]A
€ @ L'81 L1 9 (44 661 61 LT 0t S'81 81 4 0T S81 81 4! 0¢ 981 81 81 3ud[ [aqreg
€ 49 8 €L 9 S8 08 SL LT 9'6 88 6'L 4 €6 6'8 L8 4 96 L8 6L 1’6 yIp1a jnoug
€ 11 S01 01 9 11 L6 68 LT Tl 011 01 14 4 601 01 4 4! 011 01 I U] mel-1omor]
€ 11 011 11 9 ! So1 S6 LT €1 911 1 14 4 911 11 4 €1 911 11 <l 3ud] mel-1addn
€ 9 LS 9 9 0L 99 9 LT 89 19 v's 14 99 19 9¢ 4 89 19 ¥'s €9 pdep 11q10
€ $9 €9 09 9 SL 'L 89 LT L'L 0L 6'S 14 €L 'L 99 4 L'L 0L 6'S 99 )8ud] 1910
€ Cl 811 ! 9 €1 LTl ! LT €1 44! 11 14 4 0TI 11 [ €1 [ 11 €1 U] [)1GI0IS0d
€ Tl L'T1 1 9 1 ¥01 01 LT €1 91l 1 14 Tl 611 11 [ €1 S1I 11 [ Sud] Jnoug
€ 0€ €8T LT 9 0¢ 96T 6C LT [43 [44s 6C 14 0¢ L6t 6C Cl [43 €0€¢ 6T e y3uo| peoy
€ L'L 'L L9 9 8 9L 0L L1 8 SL 0L 14 8L YL 0L 4 4] 9L 'L 6L W3uoy [eyqlotolu]
€ 01 86 76 9 1 S6 ¥'8 LT o1 L6 L8 14 U 86 L6 4 01 96 L'8 L6 ydop [enqiogng
€ L1 LST ST 9 L1 091 ST L1 L1 6S1 ST 14 L1 ¥l 91 4 L1 861 ST 91 24d ygnoxyy yidop peoH
€ 0T el 81 9 0t S6l 81 L1 1T 861 61 14 0t 661 0t 4 1T 861 61 0t ydop peay wnwixepy
€ I't 8¢ 9¢ 9 6'¢ 9¢ 0¢ L1 8y Ty L'e 14 8y vy £y 4 9 'y L'e 0¥ [pim opounpad-jepne)y
€ 96 ¥'6 49 9 76 68 L8 L1 86 ¥'6 L8 14 L6 96 €6 4 86 ¥'6 L8 S6 rdop dpounpoad-jepne)
€ Sl (44! 14! 9 Sl (44! €l Sl 81 1'91 Sl € 81 091 Sl It L1 191 Sl 91 uiSLio uy-feue Je yidap Apoq jleH
€ 61 1'81 L1 S 61 LI 91 LT 1T €61 81 14 0t 061 61 Cl ¥4 v'6l 81 61 wSLo uy-[esiop 111y 1e yidop £poq Jjey
€ 61 [ 81 9 61 ¥'81 Ll L1 [44 $'0T 61 4 ¥4 soc 0¢ 4! 1c ¥'0C 61 (44 wigLio uy-feue je yydop Apog
€ (44 Tlc 0t 9 ¥ 0ce ¥4 L1 ST 9'¢T (44 14 ST 6'¢T €T cl ST S€T (44 ¥ wigLio uy-[esiop is1iy je yydop Apog
TS % Ut
€ S11 Y01 96 9 <01 9'¢8 0L L1 44 0°90T 06 ¥ 901 696 6 4] jad! 9'L01 06 LOT 1S
s19)9R1RYd dLpIWoydIoA

u XeN UBIIAl Uty u XeIAl UBIAl Uty u XeN UBIIA Uty u  Xep UBIIN Uty u XBIAl UBIIN Ul LH

pajood sid + LH pajood s1.d + LH ysy [1v anbiquiezoy ‘sad&3-uoN BOLYY YOS “SId 1 + LH

sisua]]ayd42s ') quivs ) +ds *u so.0)f snouadp)

s15U2]12Yy242s *[) pue quivs ) “ds *u so.o}f snauady) 10} s19)oeIRYS ONSLIdW pue oLndWOYdION € ATIVL

UIBLEIN ET AL.

534 - Zootaxa 4834 (4) © 2020 Magnolia Press



83 L'6T 6T 0€¢ €6C 6T 0l 0€¢ 6T 8T z 8T 08¢ 8T L 0€¢ 6T 8T 0€¢ aul| [e1e3e] Suofe safedg
9T €6t ST 6T 0°6¢ 6c LI T €4 € 4 ST 0T € ST (344 €z T sIo)el [[15 [e10],
61 €81 81 ¥4 80T 0T LI 81 L 91 4 81 €L1 L1 4 81 viLL 91 81 QuI JOMO] UO SIOEX [[15 [E30],
L 0L L 6 8 8 Ll L 69 9 4 L 89 9 T L 69 9 L quuiy Joddn uo sIodeX [[15 [E30],
9 € S 9 %4 € Ll S TP € 4 4 8¢ € S € € 4 Quut| 10A0] UO SIOYel [[I5 AIejuduIpmy
€1 o€l €1 Ll $91 S1 L1 i el Tl 4 Pl sel €1 [ vl el 4 vl quur| 10A0] Uo s1oxel [[13 padojord(y
€ LT 4 L 09 S L1 9 Iy 4 4 S St v 9 8¢ [ 9 quui 1oddn uo sioer [[18 padofora(t
S %4 4 € T 1 L1 4 8T 1 4 € €T 1 u 4 43 I I quui 1oddn uo soer [[15 ArejuowIpny
Sl Lyl il Sl Ll jal L1 Sl 6€l €l 4 il g€l £l 4 Sl 6€l €l 4! skel uly-[e101004
SI3)IBABYD INSLIdA
L1 091 91 91 Ssl Pl 91 81 61 Sl v 81 891 91 11 81 961 Sl 91 14S10y uly-[eSI0p puoddg
0T 861 61 (44 9°0C 61 L1 0T €381 L1 v 61 061 61 4 0z 6Ll L1 0T YS9y uly-[ESIOP ISIL{
Y 0y 6'¢ 0 9r ¥y LI s St 0% v 0 LY vy I's vy oY LY [IPLA ULJ-[210100
k4 e 1T 1T L0T 0T 91 44 10T 61 4 [44 $0T 0T I 1T 661 61 0T SUD] UY-[e10109g
k4 90T 0T |14 60T 0T LI k4 00T 61 4 T 0T 0t Tl k4 861 61 0T PSud uy-d1ARg
S1 8yl vl 91 TSt Pl St 81 191 S1 4 81 891 91 01 L1 8°¢1 S1 L1 WSiey uy-feuy
01 001 96 €1 L1t 11 L1 4 911 I 4 1 811 zl 1 zl SII I I aSeq UY-[EUE JO PSUST
0€¢ 1'6C 8T 6T 6'LT e Tl 6T 9'LT 9T 4 6T 98¢ 8T L 8T I'LT 9T LT p3uo| uy-repne)
€1 54l 4 St 6€l €1 L1 S1 6€l €1 4 il ret €1 [ St 'yl €1 St aSBq UL-[ESIOP PUOdDS JO YISU]
Pl 8¢l vl 91 (49! Pl L1 L1 34! 1 4 L1 €61 St 1 91 67l il vl asBq Ul-[eSIOp Is1 JO (IFu0]
L1 991 91 91 Lyl Pl L1 L1 91 91 4 L1 $91 91 4 L1 €91 91 L1 ydop uy-[e101004
€z L1 ¥4 €C YT 0T LI ST %4 4 4 ST 6€C € ST €€ 44 vT ypdop uy-oajad
61 L8l 81 61 81 L1 L1 €z Tl 0T 4 44 €1C 0 Tl (44 I'ie 0z €T ydop uy-[esiop puodag
43 66T 8T 33 L€ € Ll 43 6°0€ 6T 4 € 90¢ 6T Tl 143 I'ig 6T i€ y3ua] [e103ad-a1g
XN UBIN U XBIA UBIIN U u XN UBIN U u  Xep UBIIN U u XeN UBIN I 1H
pajood s1d + LH pajood s1d + LH usy [V anbiquiezoy ‘sad£1-uoN BOLYY (IN0S ‘S1d T + LH
s1sUD]1Y42s ) qoivs ) *ds *u so.o0}f snauadn

(panunuo)) ‘¢ ATAVL

Zootaxa 4834 (4) © 2020 Magnolia Press - 535

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



Measurements as % SL for subadults (from Uiblein & Gledhill 2015): body depth at first dorsal-fin origin
22-26; body depth at anus 18-21; caudal-peduncle depth 8.4-9.6; maximum head depth 21-23; head depth through
eye 18—19; head length 29-32; orbit length 7.8-9.0; upper jaw length 11-13; barbel length 19-21; caudal-fin length
31-33; anal-fin height 17-20; pelvic-fin length 21-23; pectoral-fin length 22-23; first dorsal-fin height 19-24;
second dorsal-fin height 17-19.

Distribution and size. Indo-W Pacific, from S Mozambique and the Red Sea to Japan, N Australia and New
Caledonia; 8—-165 m depth; attains 160 mm SL.

Remarks. The WIO population of Upeneus guttatus does not show any marked differences in morphometric
and meristic characters from the EIO and W Pacific Ocean populations (Table 4).

@ Upeneus floros n. sp.
/A U. guttatus Western Indian Ocean
A\ U. guttatus Eastern Indian Ocean and Pacific
[ U. pori Madagascar
[0 U. poriRed Sea
EH U. pori Mediterranean
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FIGURE 4. Relationships between SL, four morphometric characters, and total number of gill rakers in Upeneus floros n.
sp. and U. guttatus and U. pori populations. The bottom left diagram includes dashed and dotted outlines for specimens of the
Mediterranean Sea and Madagascar, respectively.

Motomura et al. (2012) examined one of the syntypes of U. guttatus (AMS 1.25, Madras = Chennai, E India),
and gave a head length of 28.8 % SL and a count of 22 total gill rakers. These data fall within the ranges given in our
study (Table 4). As recorded by Day (1868) in his original description of U. guttatus, the second spine of the first
dorsal fin was highest in the specimen he examined. Our inspection of photographs of the syntype revealed that this
spine is rather high, but its tip is broken (Figure 6A). Hence, first dorsal-fin height, an important diagnostic charac-
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ter for U. guttatus, cannot be accurately determined. One can however assume that — when still intact—the second
spine of the dorsal fin was indeed highest in the syntype. Our own studies indicate that at least one of the first three
spines is disproportionally higher in U. guttatus.

Barbel colour, an important diagnostic character for many Upeneus species, is mostly yellow in U. guttatus.
White barbel colour is currently only documented in a fresh-colour photograph of a single specimen from the type
locality (Madras) published by Randall & Kulbicki (2006). Day (1868) did not provide any information on barbels.
In their description of U. crosnieri, a junior synonym of U. guttatus, Fourmanoir & Guézé (1967) recorded white
barbels to occur. To our knowledge, no verifiable evidence of U. guttatus showing white barbels is currently avail-
able for the WIO and Red Sea.

The fresh-colour photograph of a 140 mm SL specimen from the Gulf of Aqaba, Jordan (Northern Red Sea)
identified by Khalaf & Disi 1997 as U. pori is a misidentification of U. guttatus. The photograph included in the
species account of U. taeniopterus by Taquet & Diringer (2007) also shows a U. guttatus specimen. Typical charac-
teristics of U. guttatus shown in both photographs are a high dorsal fin, with two of the first three spines dispropor-
tionally higher, bars along the ventral margin of the lower-caudal-fin lobe and yellow barbels.

Upeneus pori Ben Tuvia and Golani, 1989
Por’s goatfish
(Figures 3—7; Tables 1, 2, 5, 6)

Upeneus pori Ben Tuvia and Golani, 1989: Uiblein & Heemstra 2010; 2011a; Yamashita ef al. 2011; Uiblein & Lisher 2013;
Uiblein & Gledhill 2015; Uiblein et al. 2016; 2017

Diagnosis. Dorsal fins VII + 9; pectoral fins 13—15; gill rakers 7-8 + 18-21 =25-29; measurements as % SL: body
depth at first dorsal-fin origin 21-24; body depth at anus 18-22; caudal-peduncle depth 8.8—10; maximum head
depth 18-21; head depth through eye 14—16; head length 26-30; snout length 9.5-12; orbit length 5.8-7.8; upper
jaw length 9.9-12; barbel length 16—19; caudal-fin length 27-29; anal-fin height 14-17; pelvic-fin length 19-23;
pectoral-fin length 18-22; first dorsal-fin height 18-22, dorsal-fin spines proportionally decreasing in height; sec-
ond dorsal-fin height 13—17; total bars on caudal fin 11-16 in adults, upper caudal-fin lobe with 5-6 reddish or
red-brown bars with 4-5 (rarely 3) bars distally from fork and one bar close to lobe base, mostly narrower than the
pale interspaces between bars; 5-9 red, red-brown or grey bars on ventral half side of lower lobe, extending to a
broad red, brown or dark-grey stripe along middle of lobe; 3—4 red, red-brown or grey bars on inner, dorsal third of
lower caudal-fin lobe; caudal-fin bar pigmentation often retained when preserved; fresh fish sometimes with a faint
or (in life) conspicuous red or red-brown mid-lateral stripe from snout through eye to caudal-fin base, not retained
in preservative; barbels white or creamy white in fresh fish; head and body colour white, pale grey or pale yellow
ventrally and red brown or grey dorsally; belly white; body pale brown ventrally and often dorsally darkened when
preserved.

Distribution and size. Mediterranean Sea (as Lessepsian migrant), Northern Red Sea and Madagascar, WIO,;
shallow littoral to 52 m depth; attains 140 mm SL.

Remarks. The Mediterranean population shows a slightly shallower body at anal-fin origin than the Northern
Red Sea population and the four specimens from Madagascar (Table 5). The latter differ from the other two popula-
tions in a slightly longer head, and from the Mediterranean population in slightly longer barbels and fewer gill rak-
ers. All these morphological differences do however — singly and in combination—overlap in the three populations.
Also, no marked colour differences have been observed in these populations.

Comparisons and differential diagnosis of WIO japonicus-group species
(Figures 1-6: Tables 1, 3-5)

Upeneus floros differs from the four co-occurring species of the japonicus-group in the SWIO as follows: from U.
guttatus it differs in longer head, lower first dorsal fin with the first three spines highest, but none of them dispropor-
tionally higher and all seven spines proportionally decreasing in height, and in white vs. mostly yellow barbels when
fresh; from U. pori it differs in slightly longer head and barbels, lower first dorsal fin and fewer gill rakers; from U.
saiab it differs in mostly deeper body at anal-fin origin, longer snout and lower first dorsal fin, fewer gill rakers, and
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presence of bars on lower caudal-fin lobe; from U. seychellensis it differs in mostly deeper body and longer second
dorsal-fin base, shorter and mostly lower anal fin, slightly fewer gill rakers and presence of oblique bars on lower
caudal-fin lobe. From U. itoui, the most similar japonicus-group species with disjunct distribution, Upeneus floros
differs in deeper head through eye, longer head, slightly longer paired fins and wider pectoral fin, and absence of a
conspicuous mid-lateral body stripe when fresh.

Upeneus guttatus differs from U. pori in a slightly higher first dorsal fin, with the first spine and sometimes
also the second and third spines disproportionally higher vs. all spines rather proportionally decreasing in height,
slightly fewer pectoral-fin rays and total gill rakers, and mostly yellow vs. white or white creamy barbels when
fresh. Moreover, preserved U. guttatus frequently shows no remnants of caudal-fin bars, while U. pori usually does,
and U. guttatus exhibits a uniform pale-brown body colour, while U. pori is often dorsally darker. Furthermore,
U. guttatus differs from U. saiab in slightly deeper body at anal-fin origin, deeper caudal peduncle, mostly shorter
head and shorter barbels, higher anal fin and first dorsal fin, fewer gill rakers, barbels mostly yellow vs white when
fresh and oblique bars usually present on lower caudal-fin lobe; from U. seychellensis it differs in deeper body at
dorsal-fin origin, slightly longer and higher anal fin, higher first dorsal fin and fewer pectoral-fin rays, fewer gill
rakers, barbels mostly yellow vs pale reddish when fresh and oblique bars usually present on lower caudal-fin lobe;
and from U. itoui it differs in deeper head through eye, mostly longer pelvic fins and higher first dorsal fin, absence
of a distinctive body stripe and barbels mostly yellow vs white.

@ Upeneus floros n. sp.
/A U. guttatus Western Indian Ocean
/\ U. guttatus Eastern Indian Ocean and Pacific
B U. pori Madagascar
/ O U. pori Red Sea
30 T B U. pori Mediterranean \
29 -
e
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FIGURE 5. Relationship between head length, first dorsal-fin height and number of total gill rakers in Upeneus floros n. sp.
and U. guttatus and U. pori populations.

538 - Zootaxa 4834 (4) © 2020 Magnolia Press UIBLEIN ET AL.



23nd jxau 2y U0 panuUUOd

YL 9¢ L'€T (44 €C 9¢ 8'¢C (44 91 94 L'€T C 133 9C 9°¢C C yy3uo dpounpad-jepne)
YL 81 091 4! €C 81 6°SI 4! 91 81 S91 Sl 133 81 6°¢S1 4! SOUBISIP [ESIOpINU]
YL 99 €e9 09 €C 99 €'e9 19 91 99 ¢'e9 9 133 99 £'e9 09 y)3ug] [esiop-a1d puooag
VL 8¢ 9°¢¢ €€ €C LE £e¢ €€ 91 LE 6°S¢ 93 93 8¢ 9°¢¢ 133 13ud] [esiop-a1d 1511
YL 01 80 L0 €C 60 80 L0 91 60 L0 L0 133 01 80 L0 YIPIM [9qTeq WNWIXEIN
€L 0¢C 8'LI 91 [44 0¢ 081 91 91 0¢ S8l L1 133 61 VLI 91 3ul [aqIeg
IL ! S8 9L €C L6 8 9L 91 0T S8 L'L ¢ 011 88 L'L IpIm noug
YL I [t L8 €C ! 001 6'8 91 ! L0l v'6 IS A 4! L8 3ud] mel-1omo]
YL 4! 601 S'6 €C I 901 S'6 91 4! (! 0T S | 601 96 3uo] mel-raddn
YL 9L 9 0°¢ €C 89 9 0°¢ 91 €L 9 1Y 133 9L 9 s pdop 11910
YL 8 I'L 6°S €C 8L 0L 6°S 91 6L I'L v'9 133 8 L €9 3ud 11910
YL €l 801 L6 €C 4! 901 86 91 4! 0TI (21 133 €l 011 L6 )3u3] [e11103S0J
YL 4! S0l 1) €C I 144! 96 91 4! L0l v'6 133 4! 901 86 y)3ua ynoug
YL 6¢ VLT 9¢ €C 6¢ I'LT 9¢ 91 6¢ 8'LT 9¢ 133 6¢C €LT 9¢ y3ud| peay
YL 6'8 8L 0L €C 6'8 8L I'L 91 L8 6L I'L 133 ¥'8 L'L 0L y)3uoy [eyqioraiu]
YL 4! L6 98 €C ! v'6 98 91 T'II 66 L8 133 4! L6 9'8 yidep esrqIoqng
YL 81 €91 S1 €C L1 LS Sl 91 81 691 91 133 81 €91 Sl 94a y3nouy) yydop peay
YL C €0¢ 81 €C 1T 66l 81 91 (44 60T 6l 133 (44 0t 81 y1dop peay wnwIxejy
YL I's 6'¢ e €C 0°¢ oY £e 91 9v 8¢ £e 133 I's 8¢ e p1a apounpad-epne)
YL 1T 001 €6 €C I 101 v'6 91 I ol 96 133 I 66 €6 ydop opounpad-fepne)
09 81 8°¢CI 14! 91 81 8¢l Sl 14! L1 6°CI 14! 0¢ 81 8°CI Sl urguio uy-feue je yidop Apoq jieH
€9 Ic vel L1 6l IC €6l 81 €l IC Lel L1 [§3 1c €61 81 urgLio uy-fesiop jsiyy 1e yudop Apoq jjeH
YL [44 0t 81 €C (44 €0¢C 81 91 (44 €0¢C 81 133 (44 1'0¢ 61 urgo ug-reue je yidop Apog
YL 9¢ 9°¢C 1T €C 9¢ A%4 1T 91 9¢ 0T [44 133 S¢ S'ee [44 uIgLio uy-[esop 3siyy je ydop Apog
IS % u
vL 651 €101 89 € 6SI ¥'LOIT c8 91 Cll L'S6 8L 9¢ vl L'66 89 1S
sa3)deIeyd dLdwoydioy
u XeN  UBQN  UIN u XN  UBQN  UIN u Xe]N  UBS]N  UIN u Xe]N  UBQJN  UIN
Usy v oyroed ord oM

snipynd snouadn)

suonerndod a1y woy snypynd snauady) 103 $1910eIRYD dNSLIdW pue oLdWoydioN ¥ A 1dV.L

Zootaxa 4834 (4) © 2020 Magnolia Press - 539

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



St 1€ ¥6C 8T 01 0  t'6C 6T €1 0€  T6C 8T (44 1€ $'6T 8T ouI| [e1o)e[ SUOJE S9[OS
YL 9T  L'€T (44 € 9T 8'€T (44 SI Yo S€T € 9¢ §T L€t (44 sIaYel [[13 [eI0L
YL 61 €L 91 € 61 VLI 91 S1 81 €Ll L1 9¢ 81 Ll 91 quuI| JOMO[ UO SISYEI [[I3 [B)0L,
YL 8 9 S €T L ¥'9 9 SI L 9 S 9¢ 8 $9 9 quur] 1oddn uo s1over [[13 [el0L,
YL L 6 € €T 9 0°s v SI L SIS S 9¢ 9 Lt € quuI| JOMO] U0 SIOel [[I3 Arejuourpiy]
L vl v'Tl I €T vl v'Cl I SI 1 611 I 9¢ vl $TI I quuI| Jomo[ uo s1oel [[15 padojors
YL v LT C €T v LT 4 Sl v €T 4 9¢ v 8T 4 quur 1oddn uo s1oyer 13 padojord
YL S L€ 4 € S L'¢ 4 SI S 6'¢ C 9¢ S L€ 4 quury 1oddn o s1oxer IS ArejuawIpny
SL ! ¢l 4 € vl 0°€l 4 91 vl '€l €1 9¢ ! ¢l 1 sAe1 uj-1e10)004
SJ9)de.aed ISLIdJA
69 81 191 ! 61 81 91 SI 91 81 91 vl e 81 191 vl WS19Y Ul-[eSIOp PUOIIS
L9 st € 0T 0T ve Tl 0T SI T e 1T 43 ST $Te 0T WS1oY Ul-[esIop ISIL]
YL 6% 0t  S¢ € St 6¢ L¢ 91  S¥ 0r L€ € 6t It ¢¢ [IPIM UY-[e10300
YL o Tot 61 €T IC 861 61 91 T 61 o3 @ $0T 638l (ISUS Ul-[10309(
YL T 80C 61 € T 90T 61 91 60T 0T ¢ w 607 881 ISUd uy-dIA[ed
YL 61 $91 S1 € 61 $91 S1 91 81 L91 91 S¢ 61 oL 8l WSioy uy-feuy
YL €1 vIL S6 € €1 Sl I 91 €1 T 86 o3 €1 €I $6 oseq uy-[eue jo ISuoT]
L9 € T6C LT 0T € 96C LT €1 0  6'8C LT 43 1€ 6T LT (y3us| uy-repne)
€L 91 9°¢l 1 € SI L€l 1 S1 SI L€l 1 s¢ 91 Sel 1 askq Ul-[ESIOP PUOIIS JO ITUS]
YL L1 Lyl ¢l €T 91 ! ¢l 91 91 6l ¢l S¢ L1 6l €l aseq UL-[eSIOP 1811 JO PFUST
YL 61 791 1 €T 81 8°SI 4! 91 61 S91 91 S¢ 81 €91 SI yadop uyy-[e10309d
YL 97 V€T (4 €T S A (4 91 9T  0¥C (4 o3 $T €'€T (44 y3dop uly-o1A[d
YL ve 80T 61 €T € 01¢ 61 91 € 60T 61 o3 T L0z 61 3dop uly-[esI0p puoddg
YL 43 £'6C 8T € 43 16T 8T 91 € 66C 8T S 43 6T 8T P3ud] [e10303d-214
YL e  ¥Ig 6T € ve  pIE 6T 91 ve  SIg 0¢ o3 143 s 6T y3uo o1ajad-a1d
YL 69 L9 19 € 69 TSI €9 91 L9 8¢9 19 o3 89 619 19 y)Sud] [eue-a1d
u XBIN UBIN UIN u XBIN UBIN UIN u XBIA UBIN U u XBIA UBIN UL
usy v oytoed o1d OIM
snippnd snouadp)

(panupuo)) ‘¥ FIIV.L

UIBLEIN ET AL.

540 - Zootaxa 4834 (4) © 2020 Magnolia Press



23pd Jxau 2y UO PaNULIUOD ™"

€ [43 I'ie 1€ [43 [43 I'ie 8T [43 6'1¢ [43 6T 8 [43 S0¢ 0€ 0T [43 e 8T 3uo o1ajad-a1g
€ €9 Te9 €9 [43 L9 L'Y9 09 99 SS9 S9 ¥9 8 L9 9'v9 €9 0¢ L9 9'v9 09 3ud[ [eue-o1g
€ 94 L'vT ¥C [43 9T 6'€C (44 €C 9'ce (44 €C 8 9t 1474 €C 0¢ Y4 §'€T (44 3uo] ojounpad-fepne))
€ 91 'St 14! |53 81 91 4! 91 (4! S1 4! 8 L1 €91 S1 61 81 91 14! SOUE)SIp [BSIOPIIU]
€ €9 029 19 [43 L9 619 €9 99 059 ¥9 ¥9 8 L9 1S9 9 0T L9 8'%9 €9 3ug [estop-aid puodag
€ 9¢ (433 33 [43 8¢ 8'9¢ 123 LE 8'9¢ LE LE 8 8¢ 8°9¢ 33 0T 8¢ L9¢ 123 3ud[ [esiop-axd Isirg
€ 60 80 80 [43 01 80 90 01 01 60 L0 8 01 60 90 0T 01 80 90 IPIM [9qIeq WNWIXEN
€ 81 VLI LT [43 61 L1 91 61 T8l 81 L1 8 L1 91 91 0T 61 €Ll 91 3uo] [eqreg
€ '8 6L 9L [43 €01 €8 V'L S6 06 8 0l 8 '8 €8 08 0T 6 8 V'L pIm jnoug
€ (U 66 86 [43 1T ol I'e I 0l 01 0l 8 I S0l L6 0c  TII o1 16 EUS] Me(-1oMOT
€ 1T 0l 01 [43 cl 801 66 I 601 11 0l 8 Cl 601 0l 0T Sl L0l 66 Buop mef-raddn
€ 8¢ 149 0°¢ [43 L'L 9 8V 9 9 9 09 8 89 9 8¢ 0T L'L 09 8V pdop 11q10
€ 9 9 LS [43 8L 0L 8¢ 8L 9L 'L 69 8 9L L 9 0T 8L 89 8¢ WEue| HQI0
€ cl ! 1T [43 €l 911 11 ! 611 11 I 8 ! Sl Il 0T €l L1l 11 IBUD] [€)1GI0ISO
€ cl €1l 11 [43 Cl 801 S'6 I 011 11 I 8 I €01 S6 0T cl 601 66 [8uo[ Jnoug
€ 8¢ L'LT LT [43 0€ 8'LT 9T 0€ ¥'6c 6T 8¢ 8 8T L'LT 9T 0T 6T 9LT 9T I3ud] peay
€ '8 S'L L9 [43 [ 6L 'L L L 'L S'L 8 49 '8 'L 0T 88 6L 'L [Buo [eqiozo)u]
€ 6 06 68 [43 01l ¥'6 8 66 S6 06 €6 8 ol [ €8 0T 01 ¥'6 8 ydop [enqioqng
€ ¥1 6°¢l €l [43 91 Sl 4! 91 96l Sl 91 8 91 (49! Sl 0T 91 Sl 14! 245 y3noyy yydop peoy
€ 81 €81 81 [43 1T ol 81 0T €6l 61 61 8 6l 6'81 81 0T 14 ol 81 rdop peay wnwixe
€ 4 a4 0y [43 9v 0y [ 4 (94 (1h4 6'¢ 8 9y 0y 8¢ 0¢ 144 6'¢ 3 [pim opounpad-jepne))
€ 6’6 96 ¥'6 [43 (Ut 9'6 88 9'6 €6 06 9'6 8 01 9'6 88 0T Ut 9'6 06 ydep apounpad-fepne)
€ 91 L'S1 91 [43 LT ¥'Sl €1 L1 €91 ST 91 8 S1 (4! €l 0T L1 LSt 4! wignio uy-reue e yydop £poq jjeH
€ 81 0'81 81 [43 1 6'81 81 0T 7’6l 61 0T 8 0T €81 81 0T 1 061 81 wigLio uy-[esiop is1 1e ydop £poq JreH
€ 1 90T 0T [43 [44 £0C 81 14 9°0¢ 0T (44 8 0T o6l 81 0T (44 90T 61 urguio uy-reue je yidop Apog
€ [44 81T [44 [43 YT [ x4 1 14 |14 [44 T 8 14 6'CC (44 0T T cee 1 wIS1o uly-[esiop 111y 18 yydop Apog
IS % ut
€ 811 7901 L8 (43 LI1 668 99 96 1'€6 68 L6 8 (1181 S'8L L 0T LI1 L'€6 99 as
sad)aeaeyd dLndwoydIoj

u XBIA UBdN Uty u XeN UBdN U XBN UBdN Uty 1eoseSepe u XBIN UBIN Uz u - xXep UBIN U

uede[ § ysy [V Ieoese3epe]N AN MS B3OS UBAUBLIAIPIN ©3S POy

10m11 110d snauady)

moy1 °) 1oy pue suone[ndod 2a1y) woiy riod snauady) 10§ S19)oeIRYD ONSLIdW pue dLdwoydIoN S ATIVL

Zootaxa 4834 (4) © 2020 Magnolia Press - 541

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



0€¢ S6T 6T LT 0€¢ 1'6¢ 8T 6T €8T 8T 6T 0€¢ €6T 6T 91 0€¢ 1°6¢ 6T aul| [exo1e] SUO[E SO[EOS
T LT w o 6T 0°LC T LT 0'9C T 9T 6T SLT 9T 0T 6T 0°LC T sIoxel [[13 [e10L,
L1 €91 91 4 ¥4 6l 81 61 €81 81 81 k4 0°0C 81 0C ¥4 S61 81 QUI| 10M0] UO SIOYEI [[I5 [210],
L €9 9 8 9L L 8 LL L 8 8 S'L L 0T 8 9L L quuij 10ddn uo sxovel [[15 [210],
v €€ € S €€ I 4 0t v € S 94 € 0T S 6'C I QUII[ JOMO] UO SIONEI [[15 ArejuowIpny
€1 0°€l €1 4 81 191 il Sl vl vl Sl L1 8°S1 vl 0T 81 991 S1 quiI[ JOMO] Uo sl [[15 padofora(y
S %4 vooce 8 6'S 4 L 09 S L L 09 ¥ 0z 8 8¢S 4 quui 1oddn uo sioer [[15 padojora(y
€ 0C I 43 4 L1 0 z L1 I I € Sl 0 0T 4 81 0 quui 1oddn uo sioer [[15 Arejuowpny
il eel €1 te S1 L'l €l il 0pl | il il 6€l [ (T4 S1 Tyl €l sAe1 uy-[e101004
SJI9)IB.IBYD JSLIDIA!

L1 891 91 1€ Ll 81 €1 L1 191 91 91 91 LSt ST 6l Ll 661 €1 yS1ey Uy-[ESIOp Pu0dds
0T L6l 61 1€ (44 861 81 k4 0T 0T k4 k4 S61 81 6l (44 661 81 WYS1oY uy-[ESIOP ISIL]
I'y 0t 8¢ € 6F %4 8¢ St vy I'y LY 6t Ty 8¢ 0T 8t %4 6'¢ [IpIM UY-[e10102d
0T 661 61 T€ 44 S61 81 k4 0T 0T 44 44 6l 81 0 ¥4 6l 81 3ua| uy-[e10ad
61 L8l 81 € € 0T 61 k4 $0T 0T €z ¥4 861 61 0T € 0T 61 SUD uY-IA[g
L1 €91 91 T€ Ll 6§l il 91 661 St L1 L1 61 vl 0T Ll CEY S1 WSy uy-[euy
11 011 e €1 L1 01 7 011 o1 7l €1 911 I o €1 611 01 aseq Ul-[eUe JO (ISudT
8T T8¢ 8T Ig 6T '8¢ LT 6T 8'8C 8T 6T 6T 0'8¢C Lz 61 6T 1'8¢C LT [Iud] ulj-epne))
<1 €vl A 91 Shl €1 S1 Syl vl i 91 01 vl 0T S1 eyl €1 a5kq U-[ESIOp PUOIDS JO (IFUST
Sl Shl vl 1€ Ll €61 il 91 49! S1 91 L1 61 ST 6l 91 01 il aseq uL-[esiop 181y Jo uog
Sl 67l 9 43 81 €91 91 L1 191 91 91 L1 191 91 0T 81 v91 91 ydop uy-[e101004
(44 L1 T T ST v'eC (44 T I'eC 44 €C T 6'TC w 0T T 9'€C 44 ydop uy-o1a[og
(44 01T 0T T €T 80T 61 44 01T 0T 44 k4 861 61 0T €T I'ie 0T idop uy-[esiop puosdg
0¢ v'6C 6T Tt 1€ v'6C 8T 3 Tog 6T 0¢ 0¢ 16T 8T ¢ 0¢ €67 8T i3ud] [e1opoad-a1g

XA UBIIN I u XeIA UBIIA U XBIN UBIIA UIAl TeoseSepeN XBN UBIIA UI u - XeN UBIN U

ueder g ysy v JeoeseSepe|\ AN MS S UBQUBLIAIPIN 8IS Py

10m1 N 110d snauady)

(panunuo)) s ATAVL

UIBLEIN ET AL.

542 - Zootaxa 4834 (4) © 2020 Magnolia Press



(Grr—-9¢D  (8r-zLD  @®zi—-¢1D  @®@¢r—-ceD)  @8i—-7LD  ©OTI—-11D  (€11-00D) ©1-60 ©Ozi-21D  (0zr-r1D  @®@er—L1D  ©zi-L1D  (€1r-00D  (I'el—¢Th
€1 60FS91 LOF9LL 90F 1'T1 8°0F6°C1 90F6LI 90F 611 6°0F L 01 TOFET 90FTTI €0FSII 80F 6Tl 90F Tl 9°0F L'01 SO0F LTI 2401 ) (S1)
-1 (©9r-9sD  (691-99D  (€11-90D  (€91-9¢D)  (0LI-59D  (S91—-8¢D)  (€91—-6SD)  (€91-7SD  (FLI—991) (€91-651)  (0L1-99D  (9ST—4SD)
] TOFTII €07 091 1'0F L'91 €0F 601 €0F 091 €0F L91 €0F 191 €0F 191 €0F 81 TOFOL €07 191 €0F 891 1'0FSST smppandns - (y1)
@81—-6LD)  (L'91—591) (€8-18)  (T81-6LD (I'81-9'L1) GLr—zLD)  (0LT=L91) (@Li-zLn  @9r—L9n
T0F 081 1'0F 991 1'0F T8 1'0F 181 181 TOF 6L T8l TOFS'LI 1'0F 691 T8l 00FTLI 0°0F L'91 smvpagns 0 (1)
(€rr—-go0n  (TLI—8SD) ar-zo)  zi-vzn  @Crr-¢1n ar-¢0  @r1r-von  (¢rr—8on Lo-20) @®6-t6)  (901-001
60 TOF 011 9'0F §91 YOFLO TOFSTI TOFSII Y0 80 TO0F L0l TOFIII v'0F S0 T0F96 v0F €01 sypnvooyods - (71)
(Fo-0 (Ost—-1sD) (g11-T0D 69-59 (rer-9zD  @Ir-¢1D  GI1-L0D ©60-z0 (€11-01D 1g—LL) 96-96)
70T 0 TOFVSI YOF801 T0F99 T0F 8Tl 1'0F911 TOF 011 TOF 0 TOF 11T TOF6L 0°0F 96 wod - (11)
©L1-09D  (@9r—-09D  (@8r—-7LD  L9r—-09D  (LL1-L9D  (191-16D  (L91-091D)  (FsT-TsD  ($91-¢€91)
<0 POF $91 TOF 191 €0FLLI SOF 91 €O0FTLI €07 91 SOF 191 1'0F €61 1'0F +'91 sisuasonjout 1) (01)
(6o-c0) FTi-¢1n S11-90) T1-10) ®01-96) (¢rr—C700) ©Lo-0) ©6-68)  (F0or-000D
#O0F 90 S0F 0TI COFI'T1 YOFLO ¥0FT01 ¥0F 601 v'0F €0 TOFE6 TOFTO01 ovypa.w5.mu 1 (6)
For-001) Lor-¢on (rL=¢9) (Ir'L=1L9) 18148
T0F 01 8Tl T'0F 01 €0F 89 vl €07 69 00F 1'8 yoquio] 1 (8)
(zo-¢0) (str-¢1nD  @rr-ri  (er-ge)  ©rr-€1D @or-oon  (er-cen
107970 10F €11 TOFPIL €07 8Tl 10F €11 €0F €01 POF9TL snoodn! ) (L)
(rr-gon  €Ir-¢10 001 —86) (601 -601
IOFOTT TOF9T1 0 TOF6'6 0'0F 601 snuydso.212y ) (9)
(co-0 @®11-600D  (801-¥00) ©6-€8)  (OTI-TTD
Z0FT0 TOFETI 1079701 S0F68 10T €11 smppn3 -1 (S)
60-0 (€rr-010) (€8-¢1) 001 -6
Z0FS0 TOFTIL TOF6'L TOFLG “ds u so.0f ) ()
©6-%6)  Fo1-+00)
TOFS6 0°0F 101 smp1ospfopnvd -1 (€)
6'9-69)
L0 00769 avppsnv ) (2)
0 snorygauiudsy ) (1)
SI [l €1 4] 11 01 6 8 L 9 S [ € 4 1

Zootaxa 4834 (4) © 2020 Magnolia Press - 543

"SOI[e]l Ul ‘[RUOSEIP Ay} UO dIe san[eA oy1oadsenu] sasayiuared ur suostredwod [enprAlpul woij saguel yim pajussald are s310ads oy Jo soaneuasaidar uowe (SUONRIASD PIBPUE)S J19Y) (31m SUO[R) S9OUSSISAIP 90uanbas uBa
'soouanbas (JO)) [ 1IUNGNS dSBPIXO 2 AWOIYI0IAD U0 paseq ‘Apnys Juasaid oy ur papnjoul sa10ads snauady) usayly Yy 10j ‘Ppow () Iewered-om) (086]) BINWIY ) FuIsn PAJOALIOD ‘SIOUSTIIAIP douanbas oyy1oadsenur pue -10)u] :9 dqe ],

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN



Upeneus pori differs from U. saiab in slightly deeper body at anal-fin origin and greater pectoral-fin depth,
mostly shorter barbels and presence of oblique bars on ventral margin of lower-caudal fin lobe. The four U. pori
specimens from Madagascar differ from U. saiab in higher body at anal-fin origin, slightly shorter barbels and fewer
gill rakers. Interestingly all six currently available specimens of U. saiab have 29 total gill rakers on each side,
while U. pori from Madagascar has 25-27 total gill rakers. Furthermore, U. pori differs from U. seychellensis in
slightly higher body and first dorsal-fin origin, shorter barbels, longer interdorsal distance, longer dorsal-fin bases
and longer and higher anal fin, and presence of lower caudal-fin lobe bars. Upeneus pori differs from U. itoui in
distribution, mostly deeper head through eye, longer pelvic fins and greater pectoral-fin depth and slightly more gill
rakers.

Of the remaining eight species of the japonicus-group, U. floros and U. pori differ in distribution as well as
in the following morphological and/or colour characteristics: U. floros differs from U. asymmetricus it in mostly
longer head, snout and upper jaw and in fewer gill rakers, from U. australiae in shallower caudal peduncle, slightly
longer head, longer interdorsal distance (15-17 vs. 13—16% SL), shorter caudal and pelvic fins and in frequent ab-
sence of conspicuous mid-lateral body stripe when fresh; from U. farnis in mostly higher anal and second dorsal fin
and fewer pectoral-fin rays, and in fewer gill rakers and presence of oblique bars on lower caudal-fin lobe; from U.
francisi in shallower caudal peduncle, longer snout and upper jaws, slightly longer head, shorter paired fins, lower
first dorsal fin and in fewer gill rakers; from U. japonicus in mostly shorter pectoral fins and lower first dorsal fin,
slightly fewer gill rakers, in presence of bars on lower caudal-fin lobe and white vs yellow barbels when fresh; from
U. lombok it differs in a large number of characters including longer snout and upper jaw, fewer gill rakers and pres-
ence of bars on lower caudal-fin lobe; from U. spottocaudalis it differs in slightly shorter barbels and caudal fin,
shorter pelvic fin, lower second dorsal fin and more pectoral-fin rays and total gill rakers, in bars vs. spots on lower
caudal-fin lobe and white vs. yellow barbels when fresh; and from U. forres it differs in much shorter barbels and
pectoral fins, lower first dorsal fin and presence of oblique bars on lower caudal-fin lobe.

Upeneus pori differs from U. asymmetricus in slightly longer dorsal fins (first dorsal-fin base 14—17 vs. 13—
15% SL; second dorsal-fin base 13—16 vs. 12—-14% SL) and more pectoral-fin rays; from U. australiae it differs in
mostly deeper caudal peduncle and shallower head (maximum head depth 18-21 vs. 20-22% SL) and in more gill
rakers; from U. farnis in slightly higher anal fin, fewer pectoral-fin rays and gill rakers, and presence of conspicu-
ous oblique bars on lower caudal-fin lobe, which are frequently retained in preservative; from U. francisi in slightly
shorter caudal fin and lower second dorsal fin, fewer gill rakers and oblique lower caudal-fin bars mostly absent
in preservative; from U. japonicus in slightly shorter pectoral fins, presence of a body stripe and white vs. yellow
barbels when fresh and presence of oblique lower caudal-fin lobe bars in fresh and preserved fish; from U. lombok
in slightly longer snout, longer upper jaw and higher anal fin and presence of oblique bars on lower caudal-fin lobe;
from U. spottocaudalis in mostly shorter head, shorter caudal fin and lower anal fin and second dorsal fin, more
pectoral-fin rays and gill rakers, white vs. yellow barbels and oblique bars vs. rounded spots on lower caudal-fin
lobe; and from U. forres in slightly shallower head through eye, shorter barbels, slightly lower anal fin and dorsal
fins, shorter pectoral fins, more gill rakers, presence of a body stripe and white vs. yellow barbels when fresh and
presence of oblique lower caudal-fin lobe bars.

Upeneus guttatus overlaps in distribution with most of the eight remaining japonicus-group species. Regarding
morphology and colour pattern it differs from U. asymmetricus in slightly higher first dorsal fin, fewer gill rakers,
mostly yellow versus white barbels and lower caudal-fin lobe bars usually not retained when preserved; from U.
australiae in slightly longer interdorsal distance (14—18 vs. 13-16% SL), more pectoral-fin rays, absence of mid-
lateral body stripe and mostly yellow vs white barbels when fresh and bars on lower caudal-fin lobe usually not re-
tained when preserved; from U. farnis in slightly shorter head, higher anal and dorsal fins, fewer gill rakers, mostly
yellow vs. pale-grey barbels and presence of oblique bars on lower caudal-fin lobe when fresh; from U. francisi in
slightly fewer pectoral-fin rays, in fewer gill rakers and mostly yellow vs. white barbels when fresh; from U. japoni-
cus in slightly shorter barbels, shorter pectoral fins, fewer pectoral-fin rays and gill rakers and presence of oblique
bars on lower caudal-fin lobe; from U. lombok in slightly deeper head through eye, longer snout, higher anal fin
and first dorsal fin, slightly fewer pectoral-fin rays, fewer gill rakers, mostly yellow vs. white barbels when fresh
and presence of oblique bars on lower caudal-fin lobe when fresh; from U. spottocaudalis in shorter head, slightly
shorter barbels, shorter pelvic fins and lower second dorsal fin, in slightly more pectoral-fin rays and oblique bars
vs. rounded spots on lower caudal-fin lobe; and from U. torres in slightly shorter head, shorter barbels and pectoral
fins and presence of oblique lower caudal-fin lobe bars.
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FIGURE 6. (A-D) Upeneus guttatus: (A) Syntype, AMS 1.25, 104 mm SL, Madras, with close-up of erected first dorsal fin
at right top (K. Parkinson); (B) SAIAB 13947, 100 mm SL, off Kenya (P.C. Heemstra); (C) adult fish, in situ, Pemba, Cabo
Delgado, N Mozambique (R. Koch); (D) adult fish, in situ, Nacala, Nampula, N Mozambique (R. Koch); (E-F) U. pori; (E)
114 mm SL, Red Sea, Egypt, Gulf of Aqaba, Nuweiba (J.E. Randall); (F) SAIAB 192775, 94 mm SL, off NE Madagascar (J.
Escobar-Porras).

Genetic studies
(Figure 7; Tables 2, 6)

Once trimmed to equal length, the COI alignment included 533 nucleotide fragments for 43 representatives (includ-
ing the two outgroup specimens). jModeltest determined the optimal model for the data set to be a Hasegawa et al.
(1985) model with a proportion of invariant sites and among-site rate variation (HKY + I + G). The resulting ML
topology (-InL = 2732.613) obtained is presented in Figure 7. In the Bayesian inference to determine support for
the nodes, stationarity was achieved early, but a liberal burn-in (of 50%) was implemented, and Bayesian Posterior
Probabilities (i.e., support for nodes) calculated from the majority rule consensus of the 1 000 remaining trees.
These are indicated on the nodes in Figure 7.

The topology recovered from the ML and Bayesian analyses, which was congruent to the NJ topology with
respect to the major retrieved clades, showed the clear separation of Upeneus floros from U. guttatus and most other
included Upeneus species. K2P sequence divergences (Table 6) between U. floros and U. guttatus ranged between
10.9 and 11.8%, with a mean of 11.37 [+ 0.2 standard deviation (SD)]. However, U. floros was recovered as parap-
hyletic with respect to the included representatives of U. pori. The sequence divergences between these two species
(K2P: 0.2-0.9%; mean 0.5% + 0.2) overlapped with the range of sequence divergences (0—0.9%) recorded among
individuals within each species. A similar situation was observed with respect to the lack of monophyly for U.
Japonicus, U. margarethae and U. spottocaudalis. Overlapping inter- and intraspecific sequence divergences were
also observed (Table 6) for these taxa and those included in their respective clades (i.e., U. torres for U. japonicus,
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KF489797 U. floros n. sp. South Africa (P)
KZNMF014-12 U. floros n. sp. South Africa (P)
KF489800 U. floros n. sp. South Africa (P)

- KF489796 U. floros n. sp. South Africa (P)

MT348768 Upeneus floros n. sp. South Africa (H)

- KF564319 U. pori Mediterranean

BIM098-13 U. pori Mediterranean

BIM097-13 U. pori Mediterranean

0.95 KF489799 U. floros n. sp. South Africa (P)

KF489798 U. floros n. sp. South Africa (P)

—— HM902439 U. lombok Indonesia (P)

HQ564359 U. asymmetricus Indonesia

FOAK909-10 U. asymmetricus Indonesia
FOAO1716-19 U. australiae Queensland, Australia

1.00L FOAO1717-19 U. australiae Queensland, Australia
FOAI620-09 U. caudofasciatus Queensland, Australia (P)
FOAO1703-19 U. spottocaudalis Queensland, Australia (P)
- MT348774 U. margarethae Myanmar

0.9sf MT348775 U. margarethae Myanmar

- MT348772 U. heterospinus Vietnam (P)

0.99

0.99

1.00

1.00
- FOAO1701-19 U. spottocaudalis Queensland, Australia (P)
KC147802 U. margarethae Tanzania
| FOAG1012-08 U. torres Western Australia (P)
FOAH627-08 U. torres Queensland, Australia (P)
e 100 HQ564530 U. japonicus Hong Kong

MT348773 U. japonicus Vietham

HQ564529 U. japonicus Hong Kong
HM422398 U. guttatus Queensland, Australia
MT348771 U. guttatus Vietnam
MT348770 U. guttatus Myanmar
FOAO1719-19 U. guttatus Torres Strait, Australia
0.96 FOAO1718-19 U. guttatus Torres Strait, Australia
100 |l FOAO1392-18 U. guttatus Western Australia
FOAQO1252-18 U .guttatus Western Australia
FOAO1720-19 U. guttatus Queensland, Australia
MT348769 U. guttatus Myanmar

1.00 [ KR057891 U. supravittatus Pakistan

KP293724 U. supravittatus Sri Lanka

0.99 ———— MT348776 U. cf. subvittatus Myanmar
1.001 SAIAB810-08 U. moluccensis Tanzania
! SAIAD185-10 U. moluccensis Tanzania
Parupeneus barberinus

Mulloidichthys vanicolensis
0.1

FIGURE 7. Maximum likelihood phylogram based on a 533 nucleotide cytochrome ¢ oxidase subunit I (COI) mtDNA sequence
alignment, depicting relationships among three japonicus-group species and additional representatives of the genus. Bayesian
Posterior Probabilities > 0.95 from Bayesian analysis are shown at the nodes. The hologenetype (H) and paragenetypes (P) of
the relevant species are indicated.
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and U. caudofasciatus and U. heterospinus for U. margarethae and U. spottocaudalis). Besides these examples,
themselves included well-supported (BPP > 0.99) clades, other species for which multiple specimens were included
were monophyletic and well-supported (BPPs of 1.00).

Discussion

Upeneus floros is a relatively common species off the coast of KwaZulu-Natal, occurring over sandy bottoms at
moderate depths where it has been encountered by divers and caught by bottom trawls in fishing areas. It was likely
not discovered earlier due to its similarity with other species of the japonicus-group and the lack of appropriate
study material. Our discovery is based on closely combining studies of colour patterns in life with the collection
of specimens and genetic tissues samples, detailed studies of morphology and fresh colour after death, and a large
comparative dataset obtained from the most similar species occurring in the same, adjacent and more distant areas
of the Indo-Pacific and the Mediterranean Sea.

While replacing U. guttatus off E South Africa, U. floros co-occurs with U. guttatus along the Mozambican
coast, where only four specimens of U. floros have been identified so far. Additional numerous yet insufficiently
examined Upeneus specimens from bottom trawl operations carried out mostly off S and central Mozambique are
known in the SAM collection. Detailed examination of this material may reveal more information about the distri-
bution and abundance of U. floros in that area. Fewer samples from N Mozambique and Tanzania are available, due
to less scientific exploration in those areas and/or fewer fish collecting activities for taxonomic studies. However,
just a small subsample from a single trawl catch during a cruise NE off Angoche, N Mozambique in 2009 included
U. saiab, U. floros and U. guttatus; however, specimens of the latter species were not retained. Off Angoche during
the 2009 cruise with RV Dr. Fridtjof Nansen (Olsen et al. 2009), U. guttatus were the most common japonicus-
group species while U. saiab and U. floros were less abundant (Mark Lisher, pers. obs.). While U. saiab appears to
be locally restricted to that area, this clearly does not apply for U. floros and U. guttatus.

Upeneus floros is closely related to U. pori as evident from the morphological, colour and genetic analyses. Dis-
tinction is best reached by combined examination of a few morphometric and meristic characters, while barcoding
suggests strong overlap and hence very close relatedness (see below). These two species appear to be separated by
the Mozambique Channel, as it applies also to U. saiab and U. pori. Furthermore, the SWIO population of U. pori,
now known to occur off both the east and west coasts of Madagascar, is rather widely separated from the Northern
Red Sea and Mediterranean Sea, where the two other populations of this species occur. It is unclear whether any
connectivity between these populations exists that may, for example, be supported by a yet unknown occurrence of
conspecifics between Madagascar and the Northern Red Sea. On the other hand, five other species of the japonicus-
group occur in rather restricted areas contributing to high endemism, such as U. farnis (N Sulawesi, Indonesia), U.
itoui (S Japan), U. lombok (Lombok, Indonesia), U. saiab (N Mozambique) and U. seychellensis (Seychelles Bank).
The U. pori population from Madagascar differs slightly from the two northern populations and this population
could represent a distinct taxon pending collection and critical examination of additional material (e.g. Uiblein &
Gouws 2014).

In contrast to earlier studies (Uiblein & Heemstra 2011a; Uiblein & Gledhill 2015), no remarkable population
differences in U. guttatus were found. This is most certainly due to two causes: (1) when populations from rather
large regions such as entire oceans are compared, intraspecific diversity within those populations may be obscured,
and (2) formerly recognized differences are teased out through refined levels of taxonomic distinction. Regarding
(1), Uiblein & Heemstra (2011a) found indications of population differences in U. guttatus at much smaller scale,
among the Seychelles, the Gulf of Suez and other areas of the Indian Ocean. For the scope of the present study, it
was important to compare the entire WIO population with both U. floros and U. pori. Regarding (2), U. floros speci-
mens were no longer identified as U. guttatus, as was the case in previous studies in which U. guttatus populations
were compared (Uiblein & Heemstra 2011a; Uiblein & Gledhill 2015). Inter- and intraregional comparisons among
populations can provide important insights into intra- and interspecific differentiation and, thus, assist in resolving
taxonomic hypotheses (e.g., Uiblein ez al. 2019). One challenge is, however, to assemble representative population
data across the entire range of a widely distributed species (Uiblein et al. 2016).

The genetic analyses, using the barcoding region (sensu Herbert et al. 2003) of the COI gene, clearly demon-
strated the separation and distinction of U. floros and U guttatus, as these formed the two most divergent lineages
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within the japonicus-group (which itself was paraphyletic with the three included margarethae-group species nested
within). However, DNA barcoding failed to delineate U. floros from U. pori, contradicting the clear morphological
separation. Upeneus floros was paraphyletic with respect to the latter and sequence divergences between individuals
of these taxa were no more extensive than divergences between individuals. As our results suggest, DNA barcod-
ing performs poorly for delineating several species within this genus. Uiblein & Gouws (2015) demonstrated low
sequence divergences, inconsistent separation and the sharing of COI haplotypes among U. suahelicus and U. su-
pravittatus. Besides being allopatric, these species are readily distinguished by diagnostic characters and other char-
acters in combination (Uiblein & Gouws 2015). The present study also demonstrated the failure of DNA barcoding
to delineate well-established species, as is evident from the paraphyly of U. japonicus with respect to U. torres, and
of species in the margarethae-group.

Uiblein & Gouws (2015) provided an overview of the factors leading to the failure of DNA barcoding to suc-
cessfully or accurately delineate species (e.g., misidentifications, pseudogenes, hybridization and introgression, or
recent radiation and the retention of ancestral polymorphism). As in Uiblein & Gouws (2015), the intensive and
rigorous nature of an integrated, comprehensive taxonomic approach (Uiblein 2016), coupled with the clear mor-
phological distinction of the species concerned, argues against misidentifications, while the retained functionality
of the COI gene region suggests that pseudogenes are not a pervasive concern. This leaves hybridization and intro-
gression or a recent radiation and speciation as alternatives. Additional studies, combining mtDNA, nuclear markers
and detailed population- or individual-level morphometrics, are required to investigate the former suitably. A com-
prehensive, multiple marker, phylogenetic or genome-wide phylogenomic study, with comprehensive taxonomic
representation, is needed to accurately depict evolutionary relationships among taxa, define species groups and to
carefully interrogate the biogeographic history of the genus. This would enable a more nuanced understanding of
the evolutionary and spatial relationships among those taxa that are poorly delineated by a single mtDNA (i.e., bar-
coding) marker, possibly indicating the underlying dynamics and causes, and potentially identifying more suitable
markers for species delineation in this group.

To further refine the present comprehensive and integrative taxonomic approach towards a better understanding
of the inter- and intraspecific diversity among japonicus-group goatfishes, a consideration of the possible effects of
oceanographic conditions on species distribution patterns, speciation processes and population connectivity is need-
ed. The SWIO region is a particularly active area in terms of dynamic, locally-distinct and diverse oceanographic
conditions. Ocean circulation is characterized by the westward South Equatorial Current (SEC) flow towards the
African mainland, where it bifurcates into the northwards directed East Africa Coastal Current and the southward
N Mozambique flow that produces local eddies in the narrowest section of the Mozambique Channel (Shenoi et al
1999; Schott and McCreary 2001). This large-scale warm-water circulation pattern corroborates the wide distribu-
tion of U. guttatus. While nearly omnipresent elsewhere in the SWIO, U. guttatus has not been recorded from the
South African coast, where decreasing water temperatures from north to south, possibly reinforced by cooling ef-
fects caused by cyclonic-eddy upwelling activities off KwaZulu-Natal (Morris ef al. 2013; Roberts ef al. 2016) may
limit its occurrence.

Upeneus floros appears to be restricted to the coast from Angoche, N Mozambique, to KwaZulu-Natal, E South
Africa, an area of frequent eddy formation and upwelling events with productive cold-water cells being established
on the uppermost shelf and often close to the shore. Off Angoche and further south, a train of mesoscale eddies
propagating southward on the western side of the Mozambique Channel (Setre and da Silva 1984; de Ruijter et al.
2002; Halo et al. 2014) as well as productive upwelling cells and smaller-scale eddies prevail (Lutjeharms 2006,
Lamont et al. 2010, Malauene et al. 2014, Cossa et al 2016). Further south, in Delagoa Bight off Maputo (S Mozam-
bique), eddies from the Mozambique Channel and from the Southeast Madagascar Current form the south-westward
flowing Agulhas Current along the South African coast (Lutjeharms 2006). In the KwaZulu-Natal Bight, the Agul-
has Current is associated with a quasi-permanent upwelling cell and cyclone eddy at the inshore side of the current
(Lutjeharms and Roberts 1988; Roberts et al. 2016). Off N Mozambique, the divergence of the SEC may impose a
barrier for this species’ dispersal (Obura et al. 2019).

The limited distribution of U. saiab may be viewed as a species-specific response to localized forcing by a
trapped, quasi-permanent lee eddy in association with a local upwelling cell off Angoche (Nehring et al. 1987;
Malauene et al. 2014). More sampling and research in this area is needed to better understand this assumed interre-
lationship and to find out to which extend U. saiab has adapted to locally prevailing hydrological constraints. Simi-
larly, the distribution, abundance, phenotypic and genetic differentiation, and possible influences by oceanography
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and/or topography in U. pori, only known from Madagascar in the SWIO, and U. seychellensis, possibly endemic to
the Seychelles Bank, requires more sampling and biologically, ecologically and evolutionary oriented research.

Given the importance of goatfishes as ecological indicators in sand-associated coastal habitats (Uiblein 2007),
this study contributes to a more complete picture of the diversity, abundance and species-specific distribution pat-
terns of the genus Upeneus in the SWIO region. While having only minor commercial value in this region, the rela-
tively small-sized species of the japonicus-group generally occur as a bycatch in larger-scale fisheries such as bot-
tom trawling, allowing more detailed biological and ecological studies, especially when larger samples are retained
as reference material for scientific investigations. Monitoring taxonomically well-established species of goatfishes,
together with other coastal bottom-associated species, may contribute to a better understanding of the environmental
characteristics and variations occurring in the SWIO and their direct or indirect effects on coastal fish populations
and communities at different spatial and temporal scales.

Identification key for the WIO Upeneus species

In total 22 species of the genus Upeneus including the five japonicus-group species are presently known to occur in
the WIO (Uiblein ef al. 2018; Uiblein et al. 2019; current study). The key below includes detailed geographic infor-
mation for the distribution of each species in the WIO and, if appropriate, general occurrence information for other
regions. Furthermore, the currently established taxonomic species groups and species complexes (with ungrouped
species added) are indicated at respective nodes of the key together with the relevant literature sources.

la First dorsal fin 7 spines, first 3 spines usually longest; pectoral fins 12—15 rays; total gill rakers 22—29; oblique bars on caudal
fin present in life (but present or absent on lower lobe). . . .. ... ot

........................... 2 (japonicus-species group: this study; Uiblein & Heemstra 2011a; Uiblein & Lisher 2013)

1b First dorsal fin 8 spines, first spine minute, partly hidden by skin and scales; pectoral fins 13—17 rays; total gill rakers 18-33;

oblique bars on caudal fin present or abSENt . .. .. ... ...t 6

2a Pectoral fins 12—14 rays; head depth through eye 1.5-1.8 in head length; first dorsal-fin height 4.1-5.1 in SL; at least one of the
first three dorsal-fin spines disproportionally higher; barbels mostly yellow when fresh.............. ... ... ... ....

...................... U. guttatus (Day, 1868) (entire WIO including Red Sea, except for South Africa; EIO, W Pacific)

2b Pectoral fins 13—15 rays; head depth through eye 1.7-2.0 in head length; first dorsal-fin height 4.5-6.1 in SL; dorsal-fin spine

height decreasing proportionally; barbels white, yellow or pale reddish when fresh . ....... ... ... ... ... ... . ... 3
3a Total gill rakers 23-25; head and snout rather long, head length 3.1-3.5 in SL, snout length 7.8-9.4 n SL; oblique bars present
on lower caudal-fin lobe in life (not or only some traces retained in preservative). . . . . . U. floros (South Africa, Mozambique)
3b Total gill rakers 25-29; head and snout short or moderately long, head length 3.3-3.9 in SL, snout length 8.2—11 in SL; oblique
bars present or absent on lower caudal-fin lobe. . .. ... ... . . 4

4a Body depth at anal-fin origin 4.5-5.4 in SL and 1.2-1.5 in head length; oblique bars on lower caudal-fin lobe present. . . . . ..
...... U. pori Ben-Tuvia & Golani, 1989 (WIO: Northern Red Sea, Madagascar; Mediterranean Sea as Lessepsian migrant)
4b Body depth at anal-fin origin 5.2-6.1 in SL and 1.5-1.8 in head length; oblique bars on lower caudal-fin lobe absent . . .. .. 5
Sa Total gill rakers 29; snout length 9.0-10 in SL; postorbital length 7.6-8.0 in SL; barbels white when fresh. ...............
................................................. U. saiab Uiblein & Lisher, 2013 (N Mozambique, off Angoche)
Sb Total gill rakers 25-26; snout length 8.2-9.1 in SL; postorbital length 8.3-9.6 in SL; barbels pale reddish when fresh.......
.................................................. U. seychellensis Uiblein & Heemstra, 2011 (Seychelles Bank)
6a Pelvic-fin length 0.8—1.1 in pectoral fins; total gill rakers 18-25; pectoral fins 13—15 rays; oblique bars on caudal fin present in

life, present or absent in preservative. ... .............. 7 (tragula-species group and U. taeniopterus: Uiblein et al. 2017)
6b Pelvic-fin length 1.1-1.5 in pectoral-fin length; total gill rakers 25-33; pectoral fins 1417 rays; oblique bars on caudal fin
PIESENTE OF ADSEIIL. . . o . ottt e et et e e e e e e e e e e e e e e e e 13

7a Lateral-line scales 36-38 (rarely 39); pectoral fins 5.1-6.0 in SL; at least two lateral body stripes when fresh: pale-brown mid-
lateral body stripe and weaker, more yellowish, stripe below; maximum size 300 mm SL . ........... ... ... ... . ....
... U. taeniopterus Cuvier, 1829 (WIO: Pinda Bank, Mozambique, Seychelles, Mauritius, Chagos, Maldives, Laccadives, Sri
Lanks; EIO, W and Central Pacific)

7b Lateral-line scales 28—34; pectoral fins 4.2-5.5 in SL; one yellow, pale-brown, or brown mid-lateral body stripe when fresh, or
stripe absent; maximum size 170 MM SL. . .. .. .. 8
8a Total gill rakers 18-22; lateral line scales 31-34; first dorsal-fin height 3.7—4.5 in SL; caudal-peduncle-depth 7.7-9.1 in SL;
barbels frequently yellow when fresh. . .......... U. sundaicus (Bleeker, 1855) (WIO: Persian Gulf, India; EIO, W Pacific)
8b Total gill rakers 19-25; lateral line scales 28-31; first dorsal-fin height 4.2-5.6 in SL; caudal-peduncle depth 8.7-11 in SL;
barbels white, yellow or pale brown when fresh . . ... .. .. 9

9a Pectoral-fin rays 12—14; total gill rakers 19-24; dark blotch on or close to first dorsal-fin tip; one dark (red, brown or black)
mid-lateral stripe on body when fresh, retained when preserved; dark dots, spots or blotches present on body and paired fins;
barbels yellow or pale brown when fresh. . .................. 10 (dark-freckled species complex: Uiblein & Gouws 2014)
9b Pectoral-fin rays 13—15; total gill rakers 21-25; no dark blotch on or around first dorsal-fin tip; one yellowish or pale-brown
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11a
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13b
14a

14b

15a
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16a
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17a

17b

18a

18b

19a

19b

20a

20b

mid-lateral stripe on body when fresh, mostly not retained in preservative; often with a few red, brown or black dots in a row
along lateral line, remains of dots may be retained in preservative; barbels white when fresh. . ........ ... ... ... . ....
.......................................................... 12 (margarethae-species group: Uiblein et al. 2019)
Caudal-fin lower lobe with 3—5 bars (3 bars in subadults <70 mm SL); postorbital length 1.2—1.4 in anal-fin height; caudal-fin
length 3.5-4.1 in SL, 1.0-1.3 in head length; pelvic-fin length 4.6-6.0 in SL . . .. U. oligospilus Lachner, 1954 (Persian Gulf)
Caudal-fin lower lobe with 4-10 bars (4 or 5 bars in subadults <70 mm SL); postorbital length 1.4-2.0 in anal-fin height; cau-
dal-fin length 2.9-3.7 in SL, 0.8—1.1 in head length; pelvic-fin length4.2-541inSL............ ... ... ... ... ..... 11
Caudal fin with 8 bars (3 or 4 on upper lobe); barbel length 4.5-4.7 in SL; upper jaw 9.6-10in SL......................
.................................................................... U. niebuhri Guézé, 1976 (Gulf of Suez)
Caudal fin with 9-12 bars (4—6 bars on upper lobe); barbel length 5.0-6.7 in SL; upper jaw 7.5-10in SL. .. ..............
....................................................................... U. heemstra Uiblein & Gouws, 2014
(WIO: Central Red Sea to Mozambique, Seychelles, Chagos, Pakistan, India, Sri Lanka; EIO)
Pectoral-fin rays 13—15; total gill rakers 21-24; caudal-peduncle width 17-29 in SL, 4.9-8.6 in head length; pectoral-fin width
19-24 in SL, 5.3-6.8 in head length; caudal-fin lower lobe with broad red, brown or grey band, covering up to 5 or 6 red or
brown bars, the latter best visible along ventral margin when fresh (WIO); mid-lateral body stripe running through eye: red or
orange from snout tip to eye, yellow or beige from behind eye to caudal-fin base (stripe absent when preserved) .. .........
.................................................................. U. margarethae Uiblein & Heemstra, 2010
(WIO: Red Sea, Somalia to Mozambique, Madagascar, SW India, Sri Lanka; EIO, W Pacific)
Pectoral-fin rays 13—14; total gill rakers 23-25; caudal-peduncle width 27-34 in SL, 7.5-10 in head length; pectoral-fin width
23-27 in SL, 6.5-7.6 in head length; caudal-fin lower lobe with 6—8 dark-red bars, bars not covered by a band; mid-lateral body
stripe only vaguely visible when fresh, absent when preserved. . . ... ... ..
............................................ U. randalli Uiblein & Heemstra, 2011 (Persian Gulf, N Gulf of Oman)
Pectoral-fin rays 15; total gill rakers 25; caudal-peduncle width 30 in SL, 8.8 in head length; pectoral-fin width 21 in SL, 6.0 in
head length; colour of fresh fish not known; preserved fish pale brown, no remains of body stripe or caudal-fin bars. . ......
...................................................................... U. gubal Uiblein 2019 (Gulf of Suez)
No oblique bars on caudal-fin lower lobe, oblique bars present or absent on upper lobe and, when present when fresh, retained
INPIrESEIVAtIVE) ..ottt et et 14 (moluccensis-species group: Uiblein & Heemstra 2010)
Oblique bars on both caudal-fin lobes, usually well retained in preservative . .. ..., 16
Caudal-fin upper lobe with 6-8 red oblique bars (usually retained in preservative), no bars on lower lobe; tip of first dorsal fin
brown to black; body depth at anus 3.6—4.5 in SL (fish >70 mm SL); caudal-peduncle depth 9.8—12 in SL; head depth 3.5-3.7
inSL. ...... U. moluccensis (Bleeker, 1855) (WIO: Red Sea to South Africa, Madagascar, Réunion, Pakistan, India; EIO, W
Pacific, Mediterranean Sea as Lessepsian migrant)
No oblique bars on caudal-fin lobes; tip of first dorsal fin black or pale brown to yellowish in life (may be lost in preservative);
body depth at anus 4.0-5.3 in SL (fish >70 mm SL); caudal-peduncle depth 8.6-9.8 in SL; head depth 3.2-3.5inSL ... .. 15
Total gill rakers 29-33, 22-24 on lower limby; tip of first dorsal fin pale brown to yellowish in life (colour faint or not retained
in preservative); narrow, eye-level, yellow stripe on body in life; anal-fin height 6.7-7.0 in SL; first dorsal-fin height 4.5-5.0 in

S U. doriae (Giinther, 1869) (Persian Gulf, Gulf of Oman)
Total gill rakers 27-28, 19-21 on lower limby; tip of first dorsal fin black; 2 narrow yellow stripes on mid-side of body; anal-fin
height 5.4-6.4 in SL; first dorsal-fin height 3.7-4.5in SL. ..... U. sulphureus Cuvier, 1829 (WIO: Red Sea, Kenya to South

Africa, Madagascar, Mascarenes, Persian Gulf, Pakistan, India, Sri Lanka; EIO, W Pacific)
Oblique bars on caudal fin pale brown to brown, mostly uniformly coloured, pale spaces between bars nearly equal in width,
bars on upper lobe curved; 2 narrow yellow or pale-brown lateral body stripes in life; body depth at anus 3.7-4.6 in SL; pectoral
fins 3.5-4.5 in SL, 1.1-1.4 in head length; total gill rakers 26-32 . ... 17 (suahelicus-species group: Uiblein & Gouws 2015)
Oblique bars on caudal fin at least partly black or dark brown, frequently varying in colour intensity, bars or spaces between
them often unequal in width, bars on upper lobe not curved; 0 or >2 yellow or pale-brown stripes on body in life; body depth at
anus 4.1-5.5 in SL; pectoral fins 3.8—4.9 in SL, 1.3—1.6 in head length; total gill rakers 25-29 ........... ... ... ... .....
.......................... 19 (stenopsis-species group and U. vittatus: Uiblein & Causse 2013; Uiblein & Gouws 2015)
Lateral-line scales 36; body depth at anus 3.7-3.9 in SL; pectoral-fin length 4.2—4.5 in SL, ~1.3 in maximum body depth; stripes

on midbody not connecting to oblique bars on caudal fin................ U. indicus Uiblein & Heemstra, 2010 (SW India)
Lateral-line scales 3435 (rarely 36); body depth at anus 3.8—4.6 in SL; pectoral-fin length 3.5-4.4 in SL, and 1.0-1.2 in maxi-
mum body depth; stripes on midbody connect to oblique bars oncaudal fin ........... ... ... .. i 18

Total gill rakers 26-28; head length 3.2-3.5 in SL; barbel length 4.7-6.5 in SL; pectoral-fin length 3.94.4inSL ..........
................................ U. suahelicus Uiblein & Heemstra, 2010 (Southern Red Sea, Kenya to South Africa)
Total gill rakers 27-32 (mostly 29-31); head length 3.0-3.3 in SL; barbel length 4.3-6.0 in SL; pectoral-fin length 3.5-4.3 in

SL.. U. supravittatus Uiblein & Heemstra, 2010 (WIO: N Gulf of Oman to India, Sri Lanka; EIO)
Head depth through eyes 4.1-5.0 in SL; postorbital length 6.7-7.4 in SL; pectoral-fin length 3.8-4.3 in SL; no stripes on
DoAY . U. davidaromi Golani, 2001 (Gulf of Aqaba)
Head depth through eyes 4.9-6.3 in SL; postorbital length 7.3-9.3 in SL; pectoral-fin length 4.1-4.9 in SL; no or 3—4 stripes on
body In Life . oo 20

Body depth at anus 4.7-5.5 in SL; caudal-peduncle depth 11-12 in SL; first dorsal-fin height 4.4-5.4 in SL; height of black tip
of first dorsal fin and width of largest oblique bar and/or interspace between distal oblique bars of caudal-fin lower lobe less
than eye diameter; no stripes on body in life . . ... ... .
.................................. U. mascareinsis Fourmanoir & Guézé, 1967 (Mozambique, Madagascar, Réunion)
Body depth at anus 4.1-4.9 in SL; caudal-peduncle depth 8.6—10 in SL; first dorsal-fin height 3.6—4.6 in SL; height of black
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tip of first dorsal fin and width of largest oblique bar and/or interspace between distal oblique bars of caudal-fin lower lobe
subequal to or greater than eye diameter; 3 or 4 narrow yellow or bronzy stripes on body inlife . .......................

.............................................................................. U. vittatus (Forsskal, 1775)
(WIO: Red Sea, Tanzania to South Africa, Madagascar, Mascarenes, Pakistan, India; EIO, W and Central Pacific)

Material examined

The material examined for the species accounts of Upeneus guttatus and U. pori is listed below. For any additional
material used to prepare the identification key, see the literature sources cited in the key.

Upeneus guttatus: WIO (n = 36, 68—142 mm SL). Red Sea, Egypt, Gulf of Suez: MNHN-IC-1967-0553, 77 mm
SL; SATAB 88872, 98 mm SL, local fishermen (Suez fish market ?); Sudan: BMNH 1960-315.8.42-1, 77 mm SL, 5
miles S of Ibn Abbas Island; Saudi Arabia: SMF 35012, 78 mm SL, 16° 54.869° N, 42° 26.044’ E, 21 m depth; WIO
proper, Somalia: USNM 396093, 114 mm SL, 11° 14’ N, 51° 08" E; Kenya: SAIAB 13947, 100 mm SL, RV Dr.
Fridtjof Nansen cruise 1980, 03° 07’ S, 40° 11° E, 17 m depth, bottom trawl; Mozambique: SAIAB 82166, 95 mm
SL, SW of Beira, RV Dr. Fridtjof Nansen, M73, 20° 53.80’ S, 35° 39.60’ E, 61 m depth; SAIAB 82216, 91 mm SL,
19°56.2° S, 35° 47.2’ E, RV Dr. Fridtjof Nansen, M07-78, 47 m depth, bottom trawl; SAIAB 81746, 91 mm SL, RV
Dr. Fridtjof Nansen, M07-07,26° 30.4’ S, 32° 58.4° E, 82 m depth, bottom trawl; SAIAB 82007, 2, 93—108 mm SL,
RV Dr. Fridtjof Nansen, M07-46, 24° 33.7° S, 35° 15.6’ E, 51 m depth, bottom trawl; SAIAB 82813, 102 mm SL,
RV Dr. Fridtjof Nansen, M07-77, 19° 47.4° S, 35° 30.7" E, 28 m depth, bottom trawl; SAM MB-F034164, 142 mm
SL, 18°30°S,37° 15’ E; VIMS 7487, 93 mm SL, 20° 30’ S, 35° 49’ E, 32 m depth; Madagascar: MNHN 1965-0017,
HT of U. crosnieri, 126 mm SL, off SW Madagascar, Pracel Bank, 45 m depth; SAIAB 52827, 92 mm SL, NW
Madagascar, Tsimipaika Bay, MAD 95-10, 8-12 m depth; SAIAB 192775, 2, 90-104 mm SL, off NE Madagascar,
17°32.29’ S, 49° 37.13° E, RV Dr. Fridtjof Nansen, st. 2008405-24, 51-52 m depth, bottom trawl; SAIAB 209011,
133 mm SL, same data; Réunion: MNHN-IC-1967-0554, 92 mm SL, Bay of La Possession, 20° 53° S, 55° 21’ E, 80
m depth; Seychelles: BPBM 35580, 3 (of 6), 68—76 mm SL, Poivre Atoll, 5° 46’ S, 53° 11’ E, 57 m depth, Agassiz
trawl; SAIAB 84255, 10, 93-117 mm SL, Seychelles, Seychelles Bank, RV Dr. Fridtjof Nansen, ACEP 08-26, 5°
41°52.8” S, 56° 42’ 07.2 E, 59 m depth, bottom trawl; SATAB 84281, 3, 106-117 mm SL, Seychelles, Seychelles
bank, RV Dr. Fridtjof Nansen, ACEP 08-27; 5° 24’ 25.2” S, 56° 25* 43.8” E, 60 m depth, bottom trawl.

EIO (n=16,78-112 mm SL). India: Andaman Islands, HIFIRE F5898, 91 mm SL, South Andaman district; Myan-
mar, Bay of Bengal: SATAB 203668, 109 mm SL, RV Dr. Fridtjof Nansen, 18° 37.61° N, 93° 39.53’ E, St. 2015404-
17, 3638 m depth; SAIAB 203675, 104 mm SL, 19° 40.84° N, 92° 54,13’ E, RV Dr. Fridtjof Nansen, St. 2015404-
4, 45 m depth; SAIAB 203676, 99 mm SL, 19° 06.31’ N, 93° 07.89’ E, St. 2015404-10, RV Dr. Fridtjof Nansen, 78
m depth; Andaman Sea: VIMS 7521, 96 mm SL, 09° 54’ N, 97° 42° E, 73 m depth; VIMS 7584, 102 mm SL, same
locality as before; Malaysia, Malacca: ZMUC P49432, 108 mm SL; W Australia: AMS 1.22801-004, 3, 78-94 mm
SL, off Port Hedland, 19° 32’ S, 118° 09’ E, RV Soela, 50-52 m depth; AMS 1.22831-012, 4, 80-91 mm SL, NW
Shelf, 140km W of Port Hedland, 20° 00° S, 117° 16’ E, FRV Soela, 50 m depth; CSIRO CA 283, 112 mm SL, N
of Nickol Bay, 20° 06’ S, 117° 06’ E, FRV Courageous, 42-44 m depth; CSIRO CA 3044, 101 mm SL, NW of Port
Hedland, 20° 06’ S, 118° 00’ E, FRV Soela, 29-30 m depth;

Pacific (n =23, 85-159 mm SL). Malaysia, NE Pacific: KAUM 41717, 96 mm SL, Terengganu, 48 km off Cender-
ing, Kuala Terengganu, 5° 16° N, 103° 11° E, 70-90 m depth; KAUM 41718, 101 mm SL, same collection data;
Philippines: CAS 232885, 118 mm SL, Negros, N of Cadiz town, 11° 05’ N, 123° 20’ E, 18-36 m depth; Vietnam,
Nha Trang: MNHN-IC-1965-0273, 159 mm SL, 12° 03’ N, 112° 03’ E; Nha Trang, fish market: HIFIRE F58153,
108 mm SL; HIFIRE F58154, 111 mm SL; HIFIRE F58172, 132 mm SL; NE Australia, Queensland: CSIRO H
6519-18, 2, 103—108 mm SL, NE of Cooktown, 15° 02.24" S, 145° 28.91° E, FRV Gwendoline May, 39 m depth;
CSIRO H 7024-02, 114 mm SL, N of Cairns, 16° 33.20” S, 145° 52.69’ E, FRV Gwendoline May, 37 m depth;
CSIRO H 7206-01, 107 mm SL, Torres Strait, NE of Darnley Island, 9° 28.85’ S, 143° 58.12° E, FRV Gwendoline
May, 54 m depth; CSIRO H 7207-01, 108 mm SL, and CSIRO H 7207-02, 4, 92—-108 mm SL, E of Cooktown, 15°
29.88’ S, 145° 23.03” E, FRV Gwendoline May, 25 m depth; CSIRO H 7212-02, 121 mm SL, SE of Cairns, 17°
08.47° S, 146° 12.51° E, FRV Gwendoline May, 35 m depth; QM 1.20325, 2: 89-104 mm SL, Flora Passage, 17°
03 S, 146° 14’ E, 3742 m depth; New Caledonia, Chesterfield Islands: BPBM 39472, 3: 90—102mm SL; Japan,
Kagoshima: KAUM 13067, 121 mm SL, E of Sakinoyama, Kataura, Kasasa, Minamisatsuma, 31° 25.44° N, 130°
11.49’ E, 27 m depth; KAUM 24423, 85 mm SL, same collection information.

UPENEUS GOATFISHES FROM THE WESTERN INDIAN OCEAN Zootaxa 4834 (4) © 2020 Magnolia Press - 551



Fresh-colour photographs of non-examined specimens. In-situ photographs of two specimens, SWIO, N Mozam-
bique, Cabo Delgado, Pemba, boatyard (R. Koch); and N Mozambique, Nampula, Nacala (R. Koch); photograph of
recently deceased specimen, SWIO, Tanzania, Mafia Channel, (J.E. Randall).

Upeneus pori: Mediterreanean Sea (n = 8, 72—110 mm SL). Egypt: BMNH 1979.3.20.24, 110 mm SL, off Alexan-
dria; Lebanon: BPBM 31277, 7, 72—77 mm SL, off St. George’s Bay.

WIO, Red Sea (n =20, 66—117 mm SL). Egypt, Gulf of Suez, MNHN-IC-1980-1517, 96 mm SL, 28° 40’ S, 32°
53’ E; Gulf of Aqaba, Nuweiba: BPBM 19823, 6, 80—109 mm SL, El Muzeini; Israel, Gulf of Aqaba, Eilat: BPBM
30904, 6 (of 7), 80—-117 mm SL, N beach, seine; BPBM 33505, PT, 110 mm SL; CAS 66225, PT, 107 mm SL,
MNHN-IC-1977-1046, 89 mm SL, beach; MNHN-IC-1989-0537, PT, 102 mm SL; SAIAB 28958, PT, 92 mm SL;
SAIAB 65781, 66 mm SL, N beach; USNM 303539, PT, 100 m SL.

WIO proper (n = 4, 89-97 mm SL). Madagascar: MNHN-IC-1992-977, 97 mm SL, off SW Madagascar, Toliara
(’Vontira”); SAIAB 209540, 3, 89-96 mm SL, off NE Madagascar, 17° 32.29’ S, 49° 37.13 E, RV Dr. Fridtjof
Nansen, st. 2008405-24, 51-52 m depth, bottom trawl.
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