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Abstract

A new goatfish, Upeneus vanuatu (Mullidae), is described based on five specimens collected off two islands of Vanuatu
(South Pacific), at depths of 191-321 m, and compared with five closely related species: Upeneus davidaromi (Red Sea),
U. mascareinsis (Western Indian Ocean), U. stenopsis (northern Australia, Philippines, 127-275 m), and the more shal-
low-occurring Indo-West Pacific species U. subvittatus (26—-120 m) and U. vittatus (<100 m). The new species can be dis-
tinguished from all other congeneric species by the combination of four characters: number of gill rakers on lower limb,
caudal-peduncle depth, interorbital length, and interdorsal distance. Strong allometric variation in body form between the
holotype and the four smaller paratypes was found. Based on the lack of lateral body stripes, a rather narrow caudal pe-
duncle depth, and large eyes in adults as common characteristics for U. subvittatus and the four deep-water Upeneus spe-
cies, the so-called “stenopsis” species group can be distinguished from four other species groups that were established in
earlier studies in order to facilitate intrageneric comparisons. The ecological and evolutionary significance of deep-water
goatfishes is briefly discussed.
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I ntroduction

The goatfish genus Upeneus (Mullidae) consists of 30 recognized species (Uiblein & McGrouther, 2012), most of
which typically occur in coastal waters less than 100 m (Uiblein & Heemstra, 2010). Three species, however, occur
at deeper levels of the lower shelf and upper slope, the so-called ocean-margin (Huthnance 1995): Upeneus
davidaromi Golani, 2001 of the Red Sea occurs at 150 to 600 m depth; U. mascareinsis Fourmanoir & Guézé, 1967
of the Western Indian Ocean proper at 100-400 m depth, and U. stenopsis Uiblein & McGrouther, 2012 from
northern/northeastern Australia (Timor Sea, western Coral Sea) and the Philippines (Quezon) at 127-275 m depth.
The fact that all three species have been described within the last 45 years only, points to the need for further fish-
taxonomic exploration of ocean margin habitats (Uiblein & McGrouther, 2012).

During a visit at the Muséum National d’Histoire naturelle, Paris in March 2011, the first author encountered
two specimens of a yet unidentified Upeneus collected at 254-321 m off Espiritu Santo Island, Vanuatu (South
Pacific), that clearly differed from the recently described U. stenopsis, but appeared to be rather similar in
morphometric, meristic and colour characters to U. mascareinsis. Shortly after the description of U. stenopsis, in
November 2012, three more MNHN specimens from similar depths and adjacent areas off Vanuatu became
available allowing detailed comparisons.

Based on examination of a large set of meristic, morphometric and colour characters a new species is described
and compared with the closely related deep-water dwellers Upeneus davidaromi, U. mascareinsis, and U.
stenopsis, and the shallow-water Indo-West Pacific species U. subvittatusand U. vittatus (Forsskal, 1775). Because
goatfishes show considerable changes in body form during ontogeny, special attention to allometric relationships is
paid. The occurrence of a distinct species group of Upeneus consisting of mostly deep-water fishes (see also
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Uiblein & McGrouther 2012) is confirmed and the ecological significance and possible evolutionary causes of the
formation of deep-water goatfishes are briefly discussed.

Material and methods

Methods for measuring and counting as well as descriptions of colour based on preserved specimens and
photographs of fresh fish follow Uiblein & Heemstra (2010) and Uiblein & McGrouther (2012). The five Upeneus
vanuatu n. sp. specimens available for this study were not in a condition good enough to check the gonads for their
state of maturity. All exceed the size limit for juveniles (< 80 cm SL, Table 1) used by Uiblein & McGrouther
(2012) and hence only specimens >79 mm SL were used for interspecific comparisons. Because most of the
comparative data have been published in an earlier account (Uiblein & McGrouther 2012), tabular presentations of
the entire data sets were restricted to the three most closely occurring species U. stenopsis, U. subvittatus, and U.
vittatus.

Institutional codes: AMS, Australian Museum, Sydney; MNHN, Muséum National d'Histoire naturelle, Paris,
France; SAIAB, South African Institute of Aquatic Biodiversity, Grahamstown; ZMUC, Zoological Museum,
University of Copenhagen, Denmark.

Taxonomy
Genus Upeneus Cuvier, 1829

Upeneus vanuatu n. sp.
Vanuatu goatfish
(Figs. 1-3; Tables 1, 2)

Holotype. MNHN 2001-3361, 100 mm SL, Espiritu Santo Island, Vanuatu, South Pacific, 15°7'1"S, 166°52'59"E,
Musorstom 8 cruise, R/V Alis, station cp1120, 282-321 m, beam trawl, 9/0ct/1994.

Par atypes. 4 specimens (80-84 mm SL). MNHN 2002-0028, 84 mm SL, same area as holotype, 15°7'59"S,
166°52'59"E, Musorstom 8 cruise, R/V Alis, cp1119, 254-300 m, beam trawl, 9/0ct/1994; MNHN 2002-0103, 2
specimens, 80-83 mm SL, same area as holotype, 15°7'59"S, 166°52'59"E, Musorstom 8 cruise, R/V Alis, station
cp1119, 191-284 m, beam trawl, 9/0ct/1994; MNHN 2008-1331, 83 mm SL, Malo Island, Vanuatu Archipelago,
Coral Sea, South Pacific, 15°39'54"S, 167°1'59"E, Santo 06 cruise, R/V Alis, station at17, 267-270 m, beam trawl,
21/Sept/2006.

Diagnosis. Dorsal fins VIII + 9; pectoral fins 14-16; gill rakers 7-8 + 19-20 = 27-28; measurements in % SL.:
body depth at first dorsal-fin origin 21-25; body depth at anus 17-19; caudal-peduncle depth 7.9-8.4; maximum
head depth 18-23; head depth through eye 14-18; interorbital length 7.0-7.6; head length 29-32; orbit length 7.4—
10; upper jaw length 11-13; barbel length 16-22; interdorsal distance 13-15; caudal-fin length 27-28; anal-fin
height 14-17; pelvic-fin length 17-19; pectoral-fin length 21-24; first dorsal-fin height 19-20; second dorsal-fin
height 15-17; total number of oblique caudal-fin bars 7, with 4 dark bars on upper caudal-fin lobe (including one
bar close to rear end of lateral line) and 3 dark bars on lower caudal-fin lobe; bars differ in colour intensity and
width; barbels white; no lateral body stripes; head and body pale rose, dorsally reddish and belly whitish; preserved
fish pale brown, caudal-fin bars and black dorsal-fin tips retained.

Description. Measurements as % SL and counts are given in Table 1; morphometric data as ratios of SL for
holotype, data for paratypes in brackets: body moderately deep, its depth at first dorsal-fin origin 4.1[4.4-4.7];
body depth at anal-fin origin 5.3[5.3-5.8]; head depth through eye 5.6[5.8-7.1]; head length 3.1[3.2-3.5], clearly
longer than maximum depth of body and caudal-fin length (3.8[3.6-3.7]); first dorsal-fin height 5.1[4.9-5.3];
second dorsal-fin height 5.9[6.3-6.7]; barbel length 4.5[5.3-6.4]; pectoral-fin length 4.3[4.2-4.8], longer than
pelvic-fin length (5.4[5.2—-6.1]); orbit length 10[11-14], subequal to caudal-peduncle depth (12[12-13]).

Fresh colour (based on holotype; Figure 1): Head and body pale-rose; fore- and uppermost part of head and
dorsal margin of body slightly darker; reddish markings along snout and around dorsal-fin bases; belly white; no
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lateral body stripes; barbels white; caudal fin with 7 dark oblique bars (the two distal-most bars covering the fin
tips); 4 bars (including one bar close to rear end of lateral line and one at tip) on upper lobe, 3 bars on lower lobe
(one at tip); colour of the three most anterior caudal-fin bars changing from pale brown proximally to dark grey or
black towards rear caudal-fin margin, the other four bars uniformly dark grey or black; bars anterior to fin tips
wider than all other bars; white interspaces between bars of subequal width; dorsal fins with two dark bands each,
one band close to base and the other at and surrounding fin tip; paired fins hyaline or whitish, without dark
pigmentation.

Preserved colour: Head, body and barbels uniformly pale brown, head with a dark patch on opercle; holotype
with dark belly pigmentation; first and second dorsal-fin tip and caudal-fin bar pigmentation retained; colour of
caudal-fin bars weaker than in fresh fish, but variation in colour and width similar as in fresh fish.

Sze: Upeneus vanuatu n. sp. attains at least 10 cm SL.

FIGURE 1. Top: Upeneus vanuatu n. sp., left: Paratype (PT4 in Table 1), MNHN 2008-1331, 8.3 cm SL, off Malo island,
Vanuatu Archipelago (C. Ferrara); right: Drawing of caudal fin of preserved paratype MNHN 2002-0028, 8.4 cm SL, off
Espiritu Santo Island, Vanuatu. Bottom: Upeneus stenopsis, left: Holotype, AMS 1.20918-017, 13.1 cm SL, NE Australia (D.F.
Hoese); right: drawing of caudal fin of preserved holotype. The photograph of U. stenopsis is shown mirror-inverted to
facilitate comparison.

Distribution. Only known from off Espiritu Santo and Malo Islands, Vanuatu, South Pacific; depth range 191—
321 m.

Etymology. The name “vanuatu” is used as a noun in apposition and is based on the type locality, which is
currently the only known locality for this species.

Comparisons. Upeneus vanuatu n. sp. differs from all other congeneric species by the combination of the
following characteristics (Tables 1, 2): 19-20 (17-18 developed) gill rakers on lower limb, caudal-peduncle depth
7.8-8.4 % SL, interorbital length 7.0-7.6 % SL, and interdorsal distance 13-15 % SL.

Upeneus vanuatu n. sp. differs from the most closely related Pacific species as follows (Tables 1, 2): from U.
stenopsis in a deeper and longer caudal peduncle, shallower, shorter and narrower head with narrower interorbital
and shorter jaws, first dorsal fin lower, second dorsal fin shorter at base, more developed gill rakers on lower limb,
and the caudal-fin bars more irregular in width; from Upeneus subvittatus it differs in shallower body, a shallower,
narrower, and longer caudal peduncle, shallower, narrower and shorter head with shorter jaws, shorter interdorsal
distance, shorter and narrower pectoral fins, lower first dorsal fin, and more developed gill rakers on lower limb;
and from U. vittatus it differs in a shallower body, shallower and narrower caudal peduncle and head, shorter
interdorsal distance, shorter pelvic fin, narrower pectoral fin, lower and shorter first dorsal fin, more developed gill
rakers on lower limb, less lateral-line scales, and lateral body stripes absent.
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From the two deep-water Upeneus species of the Western Indian Ocean region, U. vanuatu n. sp. differs as
follows (see also Uiblein & McGrouther 2012; Table 2; morphometric characters as % SL): from U. davidaromi in
a shallower body (body depth at first dorsal-fin origin 21-25 vs 24-28; body depth at anal-fin origin 17-19 vs 20—
23), shallower, narrower and longer caudal peduncle (caudal-peduncle depth 7.9-8.4 vs 8.5-9.7; caudal-peduncle
width 2.6-2.9 vs 3.0-4.3; caudal-peduncle length 22-25 vs 18-22) shallower, narrower and shorter head
(maximum head depth 18-23 vs 24-27; head depth through eye 14-18 vs 20-24; interorbital length 7.0-7.6 vs 7.9—
8.9; head length 29-32 vs 32-35), shorter jaws (upper-jaw length 11-13 vs 14-15; lower-jaw length 10-12 vs 12—
14), shorter barbels (barbel length 16-22 vs 20-25), shorter caudal fin (caudal-fin length 27-28 vs 28-30), shorter
pelvic fins (pelvic-fin length 17-19 vs 18-20), narrower pectoral fins (pectoral-fin width 3.1-3.8 vs 4.1-5.3),
shallower first dorsal fin (first dorsal-fin height 19-20 vs 20-24), and more developed gill rakers on lower limb
(17-18 vs 13-16); and from U. mascareinsis it differs in narrower and longer caudal peduncle (caudal-peduncle
width 2.6-2.9 vs 2.9-4.1; caudal-peduncle length 22-25 vs 19-23), shorter snout (snout length 9.6-11 vs 11-12),
shorter jaws (upper-jaw length 11-13 vs 12-14; lower-jaw length 10-12 vs 11-14), shorter interdorsal distance
(13-15 vs 15-18), slightly more gill rakers on lower limb (18-20 vs 20-22), and less lateral-line scales (33-34 vs
34-37).

Remarks. The larger holotype differs from the four smaller-sized paratypes clearly in several characters
having a deeper body, larger head and larger eyes, longer jaws, and longer barbels (Table 1). When plotted against
standard length, all these characters reveal allometric relationships (see example for body depth in Figure 2), while
other characters such as caudal-peduncle depth and width, interorbital length, interdorsal distance, and pectoral-fin
width do not (Table 1, Figure 2).
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(morphometric characters as % SL) in five closely related species of the vittatus group, Upeneus vanuatu n. sp., Upeneus
davidaromi, U. mascareinsis, U. stenopsisand U. subvittatus.

TABLE 2. Number of gill rakers on lower limb for six Upeneus species.

n n undeveloped rakers

n developed rakers

total rakers
2 3 4 5 6 7 8 13 14 15 16 17

18 18 19 20 21 22
U.vanuatun.sp. 5 3 2 3 2 1 4
U. davidaromi 6 1 1 2 2 1 2 2 1 4 2
U. mascareinsis 24 4 11 9 1 11 9 3 10 12 2
U. stenopsis 4 1 1 1 1 1 1 1 1 3
U. subvittatus 9 2 5 7 2
U. vittatus 17 5 5 1 1 2 8 2 2 10 2
Discussion

The discovery of yet another new goatfish species from ocean margin depths further emphasizes how important it
still is to explore the fish fauna of the zone ranging from the lower shelf downwards to the upper slope. The
occurrence of deep-water goatfishes is not only restricted to the genus Upeneus, as there are also four species of
Parupeneus known to occur well below 100 m. These are Parupeneus chrysonemus (Jordan & Evermann, 1903),
from Hawaii and Johnston Island (20-183 m depth), Parupeneus louise Randall, 2004 from Tuamotu Archipelago
(200-250 m); Parupeneus moffitti Randall & Myers, 1993 from Guam, Mariana Islands (120-230 m), and
Parupeneus posteli Fourmanoir & Guézé, 1967 from Reunion (90-250 m). The three latter, deeper occurring
Parupeneus species have also only been described within the last 45 years.

Upeneus vanuatu n. sp., together with the other three deep-water Upeneus species, and U. subvittatus are
characterized by a high number of gill rakers, shallow caudal peduncle, and lack of lateral body stripes. In
particular the latter two characteristics separate them from U. vittatus and other species of the “vittatus’ group
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(Uiblein & Heemstra 2010). This confirms the existence of a distinct species group, as proposed by Uiblein &
McGrouther (2012), which we term here the “stenopsis” group. As in Upeneus, the group of deeper-dwelling
Parupeneus shares several characters such as a high gill-raker count, long barbels, and a uniform red colour
rendering those four species distinct from all other congenerics (Randall, 2004). These findings may indicate the
independent evolution of deep-water clades in both genera. However, those groupings so far have been primarily
established for taxonomic purposes and phylogenetic analyses still remain to be done.

Many goatfish species show allometry in a number of morphometric characters when a wide range of size
classes is compared (Uiblein & Heemstra, 2010, 2011; Uiblein, 2011) and this most certainly reflects considerable
shifts in lifestyle throughout ontogeny (Uiblein, 1991, 2007). The here documented increase in head size, eye size,
jaw and barbel length from smaller to larger Upeneus vanuatu n. sp. may, for instance, reflect a shift in foraging
style and diet, but also in habitat, as well as adaptations that enhance survival in deeper and darker zones.

While there is ample evidence for goatfishes qualifying as ecological indicators of coastal habitats (Uiblein,
2007), it remains yet unclear what ecological significance and role this group may have in the light-reduced and
often steep and rugged habitats surrounding the ocean margin. However, before these interesting questions can be
satisfyingly tackled, more data and specimens from each of the deep-water species need to be collected and their
habitats more entirely studied.

Comparative material examined. Upeneus vittatus:. ZMUC 49433, 82 mm, Tahiti, South Pacific, ZMUC
49434, 112 mm, Tahiti, South Pacific; for all other comparative material see Uiblein & McGrouther, 2012.
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