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Abstract Ten species of Carangoides from the Red Sea are
reviewed. Imposter Trevally, Carangoides talamparoides
Bleeker, is reported from the Red Sea for the first time on the
basis of four small specimens and three adults trawled off Jizan,
southern Saudi Arabia. Previously known from the Gulf of
Oman east to Guam, its distribution range is extended to the
Red Sea. Carangoides talamparoides superficially resembles
C. malabaricus and may be easily confused, but it differs gener-
ally in lower gill raker counts, 25-31 (vs. 32-38), longer snout,
the length 10.0-13.6% fork length in adults (vs. snout shorter,
8.5-10.8% fork length in adults); and premaxilla with slightly
concave anterodorsal margin laterally (vs. premaxilla with
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distinctly concave margin laterally); greenish yellow blotch
dorsoposteriorly on orbit membrane (vs. no blotch on orbit mem-
brane); and white tongue (vs. tongue mainly dark). Description is
provided for Red Sea specimens of Carangoides talamparoides
and brief accounts for nine other Red Sea congeners. A key and
table are also provided to help distinguish Red Sea Carangoides
species, and a molecular phylogenetic analysis of the COI
barcoding region is presented for all available Red Sea species
and other Indo-Pacific species of the genus Carangoides.

Keywords Carangid fishes - Species diversity - Red Sea -
DNA barcoding

Introduction

Carangoides Bleeker 1851 is a poorly defined “catch-basket”
group of carangid fishes distributed worldwide with most spe-
cies occurring in the Indo-West Pacific where about 18 species
are currently recognized. The genus is characterized by the
posterior straight part of a lateral line with a combination of
small scales and scutes; long pectoral fins usually reaching a
junction between the curved and straight parts of the lateral
line; each jaw with an inner band of tiny teeth; total gill rakers
21-37. The history of Red Sea species began with Forsskal
(1775) who described three species: C. bajad, C. ferdau, and
C. fulvoguttatus. Later, Riippell (1830) and Klunzinger (1871,
1884) described seven additional species, but only two remain
valid, C. armatus (Riippell 1830) and C. coeruleopinnatus
(Riippell 1830). Dor (1984) summarized published data and
listed eight species: C. armatus (as its synonym C. ciliaris
Riippell 1830), C. bajad, C. coeruleopinnatus, C. ferdau,
C. fulvoguttatus, C. malabaricus (Bloch and Schneider
1801) (with included synonym C. impudicus Klunzinger
1871), and C. plagiotaenia Bleeker 1857. Goren and Dor
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(1994) listed ten species, but in comparison with Dor’s (1984)
previous list added C. chrysophrys (Cuvier and Valenciennes
1833) and C. gymnostethus (Cuvier and Valenciennes 1833),
and incorrectly (see above) listed C. ciliaris as a valid species.
Subsequently, Golani and Bogorodsky (2010) removed
Carangoides gymnostethus from their checklist of Red Sea
fishes. Baranes and Golani (1993) reported the first occur-
rence of Carangoides equula (Temminck and Schlegel
1844) from deep waters of the Gulf of Aqgaba. During field
work in 2011-2017 in coastal waters of the southern part of
Saudi Arabia, specimens of several species of Carangoides
were collected by hook-and-line or by trawling. Among them,
the occurrence of C. chrysophrys and C. malabaricus is con-
firmed from the Red Sea, and C. talamparoides Bleeker 1852
is reported here for the Red Sea for the first time. Occurrence
of C. gymnostethus from the Red Sea was not confirmed, in
agreement with Golani and Bogorodsky (2010).

Kottelat (2013) noted that Olistus Cuvier, 1829, with type
species Scomber malabaricus, has priority over the name
Carangoides. We continue to use Carangoides for convenience
and to avoid premature taxonomic changes following Williams
and Venkataramani (1978) and Smith-Vaniz (1999: 2661).

Herein, first formal review of ten Red Sea Carangoides is
provided with diagnoses and photographs of each species and a
key and table of selected characters is also given to help distin-
guish these species. Carangoides talamparoides is reported here
as the first record of occurrence for the Red Sea. Barcoding
sequences (mitochondrial COI) from the Red Sea specimens
collected in this study were generated as a basis for future iden-
tification of specimens, larvae and eggs by molecular methods.
Moreover, a phylogenetic analysis of these sequences together
with available sequences from Indo-Pacific species of
Carangoides was performed in order to assess intra- and inter-
specific diversity of Red Sea species of the genus.

Material and methods

Several specimens of Carangoides armatus, C. bajad,
C. chrysophrys, C. malabaricus, and C. talamparoides were
collected by hook-and-line or by trawling during biodiversity
surveys jointly conducted in Saudi Arabia by King Abdulaziz
University, Jeddah, and Senckenberg Research Institute and
Natural History Museum Frankfurt (SMF) between 2011 and
2017 in coastal waters of the southern Red Sea (see section
“Material examined” for the respective species). Specimens
have been deposited in either the King Abdulaziz University
Marine Museum, Jeddah (KAUMM), or SMF (number in
square brackets after collection number is tissue voucher num-
ber). In addition to these, specimens from the following insti-
tutions were examined: Muséum National d’Histoire
naturelle, Paris (MNHN); Smithsonian Institution National
Museum of Natural History, Washington DC (USNM).
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Meristic and morphometric methods follow Williams and
Venkataramani (1978). The length of specimens is presented
as fork length (FL) measured from tip of snout to tip of middle
caudal-fin rays. Proportional measurements are rounded to the
nearest 0.1 mm for specimens less than 100 mm FL and to
0.5 mm for specimens larger than 100 mm FL; maximum
length for species is given as FL. Morphometric data present-
ed are given as ratio to standard length in the text and percent-
ages of standard length in Table 1 for easier comparison with
published data. Species accounts are provided alphabetically
with description of Red Sea specimens of C. talamparoides
and brief accounts for other species; synonyms are nominal
species described only from the Red Sea.

In order to establish DNA barcodes for the respective spe-
cies, sequencing of the barcoding portion of the mitochondrial
COI gene (Folmer et al. 1994, Hebert et al. 2004) was per-
formed for all Carangoides species, for which specimens were
collected herein: Carangoides armatus, C. bajad,
C. chrysophrys, C. malabaricus, and C. talamparoides.
Genomic DNA was isolated either with a DNeasy tissue kit
(Qiagen, Hilden, Germany) or according to the protocol devel-
oped by the Canadian Centre for DNA Barcoding (Ivanova
et al. 2006) from tissue samples of specimens collected herein
that were stored in undiluted analysis grade ethanol at —26 °C.
Amplification of a 652 bp sequence of the mtCOI gene was
carried out with the universal, M13-tailed primer set COI-3
from Ivanova et al. (2007; partly taken from Ward et al. 2005)
according to the PCR protocol in this study or the modified
protocol from Geiger et al. (2014). Amplicons were Sanger
sequenced from both ends with primers M13F (—21) and
M13R (—27) (Messing 1983) and contigs were assembled in
Geneious Pro 5.4.4 (Biomatters, Auckland, New Zealand). In
order to assess intra- and interspecific diversity of Indo-Pacific
species of the genus Carangoides, an alignment of COI se-
quences obtained in this study, sequences of other
Carangoides spp. available from GenBank and the Barcode
of Life Database (BOLD), and a sequence each of Seriolina
nigrofasciata, Trachinotus baillonii, and Scomberoides tala as
outgroup was constructed in MAFFT v7.017 (Katoh and
Standley 2013). A neighbor joining (NJ) phylogenetic tree
was then inferred in PAUP* (Swofford 1998) under the K2P
model. Before sequences were further analyzed, sequences
from localities that were represented by a relatively high num-
ber in one of the clades were reduced in order to achieve a more
balanced geographical sampling of sequences in each clade. A
final NJ tree was then inferred from the resultant alignment by
the same method and reliability of branch support was assessed
by 200 bootstrap replicates. Intra- and interspecies divergence
based on K2P-distances was then inferred with the computer
program Species Delimitation (Masters et al. 2011)
Computational analyses were conducted via respective soft-
ware plugins in Geneious Pro. Information on sequences that
were used in the final analysis is provided in Appendix 1.
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Table 1

Selected characters in Red Sea species of Carangoides

Species

Breast squamation

Gill rakers
(upper + lower = total)

Dorsalfin rays

Anal-fin rays

Straight LL
scales + scutes’

C. armatus

C. bajad

C. chrysophrys

C. coeruleopinnatus

C. equula
C. ferdau

C. fulvoguttatus

C. malabaricus

C. plagiotaenia

C. talamparoides

naked ventrally to behind pelvic-fin
origin and diagonally to naked
base of pectoral fin

completely scaly or small naked area
anteroventrally

like armatus

usually like armatus; rarely naked
area of breast and pectoral-fin ba-
se interrupted by narrow band of
scales

like bajad

naked ventrally only to pelvic-fin
origin and laterally naked breast
and pectoral-fin base interrupted
by moderate band of scales

naked ventrally to behind pelvic-fin
origin and laterally squamation
variable, naked breast with or
without a band of scales as in
ferdau

naked area well behind pelvic-fin
origin often to anal fin, laterally
naked breast extends to
pectoral-fin base and small area
above base anteriorly

breast completely scaly

like malabaricus

10-15 + 2024 =31-37

7-9 + 1821 =25-33

5-9 +15-18 =21-26
5-8 4+ 15-19=21-27

7-10 + 1823 =27-32
7-10 + 17-20 = 24-29

6-8 + 1721 =22-27

812 +21-27=32-38

8-14 + 18-27 = 3440
6-9 +19-22 =25-31

19-22

24-26

18-20
20-23

(usually 22 or 23)

23-25
26-34

25-30

20-23

22-24
20-23

16-18

21-24

15-17
16-20

(usually 18 or 19)

21-24
21-26

(rarely 25 or 26)

21-26

17-19

18-20
17-19

524+ 1124

14-26 + 20-30

2-15+20-36
0-13 +20-36

0-6 +22-32
10-30 + 21-37

18-27 + 15-21

0-18 +20-36

20-26 + 11-18
2-12 +20-33

! Excluding scales on caudal fin

Results

Identification Key to the Red Sea species of Carangoides

— Dorsal-fin soft rays 17-23; anal-fin soft rays

5. Adults often with three or four dark blotches on flanks

1. Breast completely scaly or with a small, median naked

area anteroVentrally.........ccoceveeieeeinenine e 2
— Breast partially or completely naked
(FIZe 1)ttt 4

2. Second dorsal fin and anal fin with dark submarginal
stripe; dorsal profile of snout and nape almost straight;
vomerine tooth patch anchor-shaped with distinct poste-
10T €XteNSION ... Carangoides equula

— Second dorsal fin and anal fin without dark submar-
ginal stripe; dorsal profile of snout and nape moderately
curved; vomerine tooth patch triangular, without a poste-
TIOT @XEENSION. c...vvinieneteeiieeeteieie sttt er et s eeesaeieseeneas 3
3. Body usually uniform (occasionally with a few
orange spots); preopercle margin black; anal-fin soft
rays 18-20 ..ccooovevcerennnnne Carangoides plagiotaenia

— Body typically with numerous orange spots or
completely yellow; preopercle margin pale; anal-fin

soft rays 21-24.....ccccoveiiieennne. Carangoides bajad
4. Dorsal-fin soft rays 25-34; anal-fin soft rays 21—
201 5

and usually with small brassy spots dorsally on sides;
naked area of breast extends posteriorly well beyond
pelvic-fin origin............cccun..... Carangoides fulvoguttatus

— Typically with six or seven dusky bars on sides and, if
present, yellow or orange spots on sides mostly above lat-
eral line; naked area of breast does not extend posteriorly
beyond pelvic-fin origin (Fig. 1a).......... Carangoides ferdau
6. Small naked area present just above pectoral-fin base

opposite gill opening (Fig. 1¢)...cccovevireeneneniineneeine 7
— Area above pectoral-fin base opposite gill opening
completely scaly (Figs. 1b, d)..ccoeevevieienieieeieeeieenne 8

7. In life, tongue pale gray to white and greenish
yellow blotch dorsoposteriorly on orbit membrane;
premaxilla with slightly concave anterodorsal mar-
gin laterally; snout length 10.0-13.6% FL in
adults; lower limb gill rakers 17-22, total gill
rakers 25-31................ Carangoides talamparoides

— In life, tongue brown to grayish brown and
no blotch dorsoposteriorly on orbit membrane;
premaxilla with distinctly concave margin lateral-
ly; snout length 8.5-10.8% FL in adults; lower

@ Springer



1254

Mar Biodiv (2017) 47:1251-1271

Fig. 1 Diagrammatic drawings
of breast squamation (naked areas
shown in black) in selected
species of Carangoides. (a)

C. ferdau; (b) C. chrysophrys; (c)
C. malabaricus; (d) C. armatus

limb gill rakers 21-27, total gill rakers 32—
38 Carangoides malabaricus
8. Adult males with middle 3—12 dorsal- and anal-fin soft
rays filamentous (fewer rays are filamentous in females);
lower limb gill rakers 20-24; straight lateral line scutes
L1244 Carangoides armatus

— Adults with middle dorsal- and anal-fin soft not fil-
amentous; lower limb gill rakers 15-19; straight lateral
line scutes 20-30......cccoovuevimivirinieeirieiciicieee s 9
9. Body uniform silvery; dorsal profile of snout
gently sloped, and then abruptly vertical above
mouth cleft; dorsal-fin soft rays 18-20; anal-fin soft
rays 15—17..ccomvvieiirenn. Carangoides chrysophrys

— Body with small yellow spots; dorsal profile of
snout not abruptly vertical above mouth cleft; dorsal-fin
soft rays 20-23 (usually 22 or 23); anal-fin soft rays 16—
20 (usually 18-19)........... Carangoides coeruleopinnatus

Carangoides armatus (Riippell, 1830)

Longfin Trevally

Fig. 2, Table 1

Citula armata Riippell, 1830: 103 (type locality: Red Sea,
Eritrea, Massawa; lectotype: SMF 1601).

Citula ciliaria Rippell, 1830: 103 (Red Sea, Eritrea,
Massawa; original description).

@ Springer

Carangoides ciliarius — Smith 1973: 352 (Red Sea); Dor
1984: 124 (Red Sea); Goren and Dor 1994: 33 (Red Sea).

Caranx citula Cuvier in Cuvier & Valenciennes, 1833: 126.

Olistus ruppelii Cuvier in Cuvier & Valenciennes, 1833:
144 (Red Sea, Eritrea, Massawa; original description).

Caranx armatus — Rippell 1852: 13 (Red Sea);
Klunzinger 1871: 455 (Red Sea); Bamber 1915: 480 (Sudan).

Caranx (Carangoides) armatus — Klunzinger 1884: 99
(Red Sea); Tortonese 1935: 192 (Egypt).

Carangoides armatus — Smith-Vaniz 1984 (Red Sea);
Golani and Bogorodsky 2010: 30 (Red Sea).

Material examined (all from Saudi Arabia, off Jizan):
KAUMM 428 [KAU14-563] (1, 92.5 mm); KAUMM 436
(6, 51.0-72.3 mm), 10-12 m, 31 Oct 2014; KAUMM 437
(1, 76.3 mm), 10-12 m, 31 Oct 2014; SMF 35363 [KAU13-
650] (1, 122 mm); SMF 35851 [KAU14-346 & 347] (2, 64.6—
92.3); SMF 35861 (7, 52.2-76.3 mm), 10-12 m, 31 Oct 2014.

Diagnosis (counts of Red Sea specimens in parentheses).
Dorsal-fin rays VIII + 1,19-22 (20 or 21); anal-fin rays II +
I,16-18 (16 or 17); the straight portion of lateral line with 5—
24 scales followed by 11-24 small scutes (9—16 + 18-20);
breast entirely naked to pelvic-fin origin and to base of pecto-
ral fin; gill rakers 10-15 + 20-24 = 31-37 (10-12 + 21—
22 =31-34); body deep, its depth 1.9-2.2 in FL; dorsal profile
of head steep in adults; band of small teeth in jaws, vomerine
tooth patch wedge-shaped, without posterior extension;
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Fig. 2 Carangoides armatus. (a)
subadult, SMF 35363 [KAU13-
650], 122.0 mm, off Jizan, Saudi
Arabia, Red Sea; (b) adult,
uncatalogued, 330.0 mm, Iran,
Arabian Gulf. Photos by S.V.
Bogorodsky (a), Z. Sadighzadeh
(b)

second dorsal and anal fins with prominent anterior lobe, the
dorsal lobe much longer than head length, with a long fila-
ment; mature males larger than about 21 cm FL with some
filamentous central rays in second dorsal and anal fins; pecto-
ral fins long and falcate, reaching junction of curved and
straight parts of lateral line.

Coloration. Silvery blue-gray dorsally, shading to silvery
on sides, with a small, vertically elongate, black spot posteri-
orly on operculum at level of upper margin of eye; margins of
dorsal-fin filament blackish; posterior margin of caudal fin
blackish; juveniles and subadults with five or six broad dusky
bars on body and blackish pelvic fins.

Size. Reaches about 50 cm.

Distribution and habitat. Reported from the Red Sea to
South Africa and Madagascar east along the southern Asian
continent to Thailand, north to Hong Kong and Japan; not
reported from the East Indies and Australia. In the Red Sea

known north to El Quseir, Egypt, but no records from the Gulf
of Aqgaba. Inhabits coastal shallow, often turbid, water, report-
ed to 30 m depth.

Remarks. Carangoides armatus was redescribed in detail
by Williams and Heemstra (1980) and compared with the
similar C. hedlandensis (Whitley, 1934). It is a moderately
rare species in the Red Sea, subadults and juveniles may be
collected by trawling, adults usually by hook-and-line.
Juveniles and subadults may be confused with the similar in
appearance Ulua mentalis (Cuvier, 1833) (Figs. 2 and 3), but
the latter species differs in having a prominent lower jaw in
adults and numerous gill rakers (23-27 + 51-61), partly vis-
ible when mouth open. In addition to characters provided in
the diagnosis, Red Sea specimens of C. armatus are charac-
terized by having a white tongue with tiny teeth and dorsal-
and anal fins with a scaly sheath covering about halfray length
of entire fin. In contrast, the similar C. malabaricus has a

@ Springer
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Fig. 3 Ulua mentalis, subadult,
SMF 35858 [KAU14-548],
122.5 mm, off Jizan, Saudi
Arabia, Red Sea. Photo by S.V.
Bogorodsky

mainly dark toothed tongue, C. talamparoides has white
toothed tongue with teeth more developed on median patch,
and in both species the scaly sheath only covers the anterior
half of each fin at its base.

Carangoides bajad (Forsskal, 1775)

Orangespotted Trevally

Fig. 4, Table 1

Scomber ferdau var. bajad Forsskal, 1775: 55 (type local-
ity: Red Sea; syntypes: ZMUC P46437-438).

Caranx auroguttatus Cuvier in Cuvier & Valenciennes,
1833: 71 (Red Sea; original description) — Riippell 1852:
13 (Red Sea); Clark et al. 1968: 21 (Dahlak Archipelago).

Caranx (Carangoides) auroguttatus — Klunzinger 1884:
98 (Red Sea).

Carangoides auroguttatus — Ben-Tuvia 1968: 303
(Dahlak Archipelago).

Caranx immaculatus Ehrenberg in Cuvier and
Valenciennes 1833: 73.

Caranx fulvoguttatus var. flava Klunzinger, 1871: 460
(Red Sea, Egypt, Al-Qusair; original description).

Caranx bajad — Riippell 1852: 13 (Red Sea).

Carangoides bajad — Ormond 1980: 250 (Red Sea);
Randall 1983: 66 (Red Sea, photo); Smith-Vaniz 1984 (Red
Sea); Dor 1984: 124 (Red Sea); Goren and Dor 1994: 33 (Red
Sea); Khalaf and Disi 1997: 93 (Aqaba, photo); Lieske and
Myers 2004: 96 (Mangrove Bay, El Quseir, photo); Khalaf
2004: 39 (Jordan); Golani and Bogorodsky 2010: 30 (Red
Sea); Debelius 2011: 195 (Gordon Reef, Sinai, photo).

Material examined: MNHN A.5587 (1, 326 mm SL),
syntype of Caranx auroguttatus, Red Sea); KAUMM 429
[KAU14-348] (1, 150.0 mm), Saudi Arabia, off Jizan;
KAUMM 439 (1, 156.0 mm), Saudi Arabia, off Jizan, 10—
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12 m, 31 Oct 2014; KAUMM 438 [KAU14-461 & 462] (2,
124.0-137.0 mm), Saudi Arabia, off Jizan; SMF 26 (3, 121—
154 mm), Red Sea; SMF 35852 [KAU13-113] (1, 253.0 mm),
Saudi Arabia, Al Wajh bank; SMF 35853 [KAU14-141] (1,
199.0 mm), Saudi Arabia, off Jizan; SMF 35862 [KAU14-
192] (1, 182.0 mm), Saudi Arabia, off Jizan; SMF 35863
[KAU14-232] (1, 190.0 mm), Saudi Arabia, off Jizan; SMF
35854 [KAU14-560] (1, 150.0 mm), Saudi Arabia, off Jizan;
USNM 207273 (1, 254 mm), Eritrea, Dahlak Archipelago;
USNM 207644 (3, 173-239), Ethiopia, Isola, Delemme.

Diagnosis. Dorsal-fin rays VIII + 1,24-26; anal-fin rays
I + 1,21-24; straight portion of lateral line with 14-26 scales
followed by 20-30 small scutes; breast completely covered by
scales or with only a very small naked area anteroventrally;
gill rakers 7-9 + 18-21 = 25-33; body depth 2.7-3.1 in FL;
dorsal profile of head to above eye nearly straight; bands of
small teeth in jaws, on vomer and palatines, vomerine tooth
patch triangular, without posterior extension; anterior lobe of
second dorsal fin higher than first dorsal fin, shorter than head
length; pectoral fins long and falcate, reaching junction of
curved and straight parts of lateral line.

Coloration. Brassy dorsally, shading to silvery below, with
numerous, conspicuous, yellow-orange spots on side of body,
more numerous on lower two-thirds; black spot posteriorly on
head; anal fin with light blue margin; capable of rapidly
changing color to overall golden yellow (but yellow-orange
spots still evident).

Size. Reaches 55 cm.

Distribution and habitat. Distribution is disjunct: one
population is restricted to northwestern Indian Ocean from
the Red Sea (type locality) to the Arabian Gulf and Pakistan;
the other is from Malaysia, Thailand east to Philippines, Papua
New Guinea, and Palau, north to Taiwan and southern Japan.
Records of Carangoides bajad from southern India ~ (Joshi
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Fig. 4 Carangoides bajad. (a)
SMF 35853 [KAU14-141],
199.0 mm, off Jizan, Saudi
Arabia, Red Sea; (b) Shams
Alam, Egypt, Red Sea; (¢) Egypt,
Red Sea. Photos by S.V.
Bogorodsky (a & b), J.E. Randall
(0

etal. 2011) are based on misidentifications of C. fulvoguttatus.
In the Red Sea, C. bajad is one of the most common species. It
typically inhabits coral-reefs areas where it feeds on fishes;
occasionally it is collected by trawling in areas close to
islands. Known depth range 1-250 m.

Remarks. Distinctive species, easily distinguished from
congeners by a combination of characters: breast usually
completely scaly, sides of body covered by numerous small
yellow spots and bluish anal-fin margin.

Carangoides chrysophrys (Cuvier, 1833)

Longnose Trevally

Fig. 5, Table 1

Caranx chrysophrys Cuvier in Cuvier & Valenciennes,
1833: 77 (type locality: Seychelles; holotype: MNHN
A-0560).

Carangoides chrysophrys — Smith-Vaniz 1984 (Red Sea);
Golani and Bogorodsky 2010: 30 (Red Sea).

Caranx chrysophris — Dor 1984: 126 (as a doubtful
record).

Carangoides chrysoptera (mistake) — Goren and Dor
1994: 33 (Red Sea).

Material examined: KAUMM 441 (1, 80.6 mm), Saudi
Arabia, off Jizan, 10—-12 m, 31 Oct 2014; SMF 35855
[KAU12-349] (1, 260.0 mm), Saudi Arabia, Farasan
Archipelago, 14 m, 24 Feb 2012.

Diagnosis. Dorsal-fin rays VIII + [,18-20; anal-fin
rays Il + I,15-17; straight portion of lateral line with
2-15 scales followed by 20-36 small scutes; naked area
of breast extends obliquely to base of pectoral fins and
distinctly behind origin of pelvic fins; gill rakers 5-9 +
15-18 = 21-26; body depth 2.4-2.8 in FL; dorsal pro-
file of head forming an angle of about 45 degrees to the

@ Springer



1258

Mar Biodiv (2017) 47:1251-1271

Fig. 5 Carangoides
chrysophrys, SMF 35855
[KAU12-349], 265.0 mm,
Farasan Island, Saudi Arabia, Red
Sea. Photo by S. Trankner

horizontal; band of villiform teeth in jaws, vomerine tooth
patch ovate; anterior lobe of second dorsal fin a little shorter
than head length, but higher than first dorsal fin, filamentous
in young; anterior lobe of anal fin prolonged; pectoral fins
long and falcate, nearly reaching junction of curved and
straight parts of lateral line.

Coloration. Uniformly silvery with blue-green irides-
cence; a vertically elongate black spot, nearly as large
as pupil size, posteriorly on operculum slightly dorsal to
mid-level of eye; caudal fin yellowish posteriorly.

Size. Largest specimen about 40 cm.

Distribution and habitat. Occurs from the Red Sea south
to South Africa (Algoa Bay) and islands of the Western Indian
Ocean east to Australia and the Indo-Malayan region, north to
Japan. Uncommon in the Red Sea with no voucher specimens
known north of Sudan. It typically lives close to bottom some

Fig. 6 Carangoides
coeruleopinnatus, Philippines.
Photo by A. Ryanskiy

@ Springer

distance from coral reef areas in depths of 10-90 m, usually
between 30 and 60 m.

Remarks. Carangoides chrysophrys can be distinguished
from C. malabaricus and C. talamparoides by the combina-
tion of lower counts of gill rakers, dorsal- and anal-fin rays
(Table 1), in having scaly area above pectoral-fin base (vs.
naked) and dorsal and anal-fin lobes prolonged in adults. It
also differs from other congeners in having the snout abruptly
vertical above the mouth cleft in adults.

Carangoides coeruleopinnatus (Riippell, 1830)

Coastal Trevally

Fig. 6, Table 1

Caranx coeruleopinnatus Riippell, 1830: 100 (type locali-
ty: Red Sea, Saudi Arabia, Jeddah; lectotype: SMF 2873).
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Caranx (Carangoides) malabaricus (not Bloch &
Schneider) — Klunzinger 1884: 99 (Red Sea).

Carangoides caeruleopinnatus — Smith-Vaniz 1984 (Red
Sea); Dor 1984: 124 (Red Sea); Goren and Dor 1994: 33 (Red
Sea).

Carangoides coeruleopinnatus — Golani and Bogorodsky
2010: 30 (Red Sea).

Material examined: SMF 2873 (1, 336 mm, dry mount)
and SMF 1602 (1, 172 mm, dry mount), Jeddah.

Diagnosis. Dorsal-fin rays VIII + 1,20-23 (usually 22-23);
anal-fin rays II + I,16-20 (usually 18-19); straight portion of
lateral line with 0—13 scales followed by 20-36 small scutes;
breast naked ventrally to distinctly behind pelvic-fins origin
(rarely a narrow band of scales between breast and base of
pectoral fins); gill rakers 5-8 + 15-19 = 21-27; body depth
2.3-2.5 in FL; dorsal profile of head distinctly convex; band
of small teeth in jaws, vomerine tooth patch ovate; in adults
larger than 25 cm FL, anterior lobe of second dorsal fin shorter
than head length, higher than first dorsal fin, the lobe filamen-
tous in young; pectoral fins long and falcate, reaching junction
of curved and straight parts of lateral line.

Coloration. Silvery blue-green dorsally, shading silvery on
sides and ventrally; body with six, indistinct, broad dusky bars
and usually with small yellow spots, more numerous dorsally;
a small indistinct black spot posteriorly on operculum at level
of upper edge of eye; rays of dorsal and anal fins dusky.

Size. Reaches 40 cm.

Distribution and habitat. Ranges from the Red Sea
south to Seychelles and South Africa (Durban), east
throughout Maldives and coastal continental waters of
the Indian Ocean to Fiji and Samoa Islands; in the western
Pacific from Australia (Queensland) to Japan; only Guam
in Micronesia. Rare in the Red Sea with no records from
the Gulf of Agaba. Reported from depths of 10-100 m but

Fig.7 Carangoides equula, HUJ
14569, 160.0 mm, Eilat, Gulf of
Agaba, Red Sea. Photo by D.
Darom

primarily known from deep waters. Rarely seen in areas
close to coral reefs.

Remarks. Carangoides coeruleopinnatus may be easily
confused with the similar C. ferdau but differs by yellow spots
usually restricted to upper half of body (vs. spots scattered on
side of body), and anterior lobe of second dorsal fin shorter
than anterior lobe of anal fin, with distinctly curved anterior
margin distally (vs. lobes subequal in height and anterior mar-
gin only slightly curved distally).

Carangoides equula (Temminck & Schlegel, 1844)

Deepwater Trevally

Fig. 7, Table 1

Caranx equula Temminck & Schlegel, 1844: 111 (type
locality: Japan, Kytishii, Nagasaki Prefecture, Omura Bay;
lectotype: RMNH 1311).

Carangoides equula — Baranes and Golani 1993: 307
(Gulf of Aqgaba, photo); Khalaf and Disi 1997: 93 (Aqaba,
photo); Khalaf 2004: 39 (Jordan, list); Golani and
Bogorodsky 2010: 30 (Red Sea).

Material examined: no Red Sea material examined.

Diagneosis. Dorsal-fin rays VIII + 1,23-25; anal-fin rays
II + 1,21-24; straight portion of lateral line with 0—6 scales
followed by 2232 small scutes; breast completely covered by
scales or with a very small naked area anteroventrally; gill
rakers 7-10 + 18-23 = 27-32; body depth 3.0-3.3 in FL
(deeper-bodied in juveniles); dorsal profile of head slightly
convex; bands of small teeth in jaws, on vomer and palatines,
the vomerine tooth patch anchor-shaped with a narrow median
posterior extension; first dorsal fin a little higher than the lobe
of second dorsal fin; pectoral fins not reaching junction of
curved and straight parts of lateral line; last dorsal- and anal-
fin rays about 1.5 times longer than penultimate rays in adults.
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Coloration. Silvery blue-green dorsally, silvery with irides-
cence on side and ventrally; a small blackish spot on opercular
membrane at level with upper part of eye; membranes of soft
dorsal and anal fins with a broad black submarginal bands, the
margin whitish.

Size. Attains 50 cm.

Distribution and habitat. Reported from the Red Sea,
Somalia, South Africa, Gulf of Oman, northern and Western
Australia, South China Sea, Japan (type locality), Sea of
Japan, Russia (Balanov and Markevich 2011), New
Caledonia, Hawaiian Islands, and Easter Island. Red Sea re-
cords are only from deep water of the Gulf of Aqaba.
Collected from habitat close to the bottom in depths of 64—
350 m (Red Sea records from depth of 200-350 m).

Remarks. Some authors assign C. equula to its own genus
Kaiwarinus Suzuki, 1962. Gushiken (1988) in his phyloge-
netic analysis placed the species in fusiform carangids based
on two putative synapomorphies: well developed premaxil-
lary articular process and interpelvic keel scarcely developed.
However, this generic assignment is not recognized by some
authors (e.g., Smith-Vaniz 1999). Carangoides equula is a
distinctive species characterized in having an anchor-shaped
vomerine patch with posterior extension and blackish submar-
ginal band in second dorsal and anal fins.

Carangoides ferdau (Forsskal, 1775)

Barred Trevally

Fig. 8, Table 1 ~ Scomber ferdau Forsskal, 1775: 55 (type
locality: Red Sea, Saudi Arabia, Jeddah; Forsskal specimens:
ZMUC P46442).

Caranx ferdau — Riippell 1852: 13 (Red Sea); Klunzinger
1871: 462 (El Quseir).

Caranx (Carangoides) ferdau — Klunzinger 1884: 99
(Red Sea).

Fig. 8 Carangoides ferdau,
Lahami Bay, Egypt, Red Sea.
Photo by S.V. Bogorodsky
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Carangoides ferdau — Fowler and Steinitz 1956: 275
(Eilat); Smith-Vaniz 1984 (Red Sea); Dor 1984: 125 (Red
Sea); Goren and Dor 1994: 33 (Red Sea); Golani and
Bogorodsky 2010: 30 (Red Sea); Debelius 2011: 194
(Safaga, Egypt, photo).

Material examined: SMF 1603 (1, 172 mm), “Red Sea”;
SMF 35865 [KAU17-124] (1, 240 mm FL), Saudi Arabia,
Farasan Archipelago, 5 Feb 2017.

Diagnosis. Dorsal-fin rays VIII + 1[,26-34; anal-fin rays
IT + [,21-26 (usually 22-24); straight portion of lateral line
much longer than curved, with 10-30 scales followed by 21—
37 small scutes; breast naked ventrally to origin of pelvic fins,
laterally naked breast and pectoral-fin base interrupted by
broad scaly zone; gill rakers 7-10 + 17-20 = 24-29; body
depth 2.3-2.8 in FL; dorsal profile of head slightly convex;
narrow band of villiform teeth in jaws, disappearing with age,
vomerine tooth patch ovate; anterior part of second dorsal and
anal fins strongly elevated, the lobes a little shorter than head
length but longer than first dorsal fin, the lobes not prolonged
into filaments; pectoral fins long and falcate, reaching junction
of curved and straight parts of lateral line.

Coloration. Silvery blue-green dorsally, shading to silvery
on sides and ventrally, with six or seven dusky bars on upper
two-thirds of body nearly as broad as pale interspaces (bars in
life faint to strongly marked); scattered, small, yellow spots
usually present on upper half of body; posterior margin of
caudal fin narrowly black.

Size. Largest specimen 53 cm.

Distribution and habitat. Widespread from the Red Sea
and east coast of Africa to Hawaiian Islands and French
Polynesia; in the western Pacific from Australia (Great
Barrier Reef) to southern Japan. In the Red Sea it known from
the entire area. It is usually seen ranging over sand near reefs
or often in seagrass beds, sometimes in small groups.
Maximum depth reported, 60 m.
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Remarks. Both, C. ferdau and C. fulvoguttatus differ from
other species by high count of rays in second dorsal and anal
fins (Table 1). In addition, C. ferdau is distinctive in having
bars and scattered, small, yellow spots on body.

Carangoides fulvoguttatus (Forsskal, 1775)

Yellowspotted Trevally

Fig. 9, Table 1

Scomber fulvoguttatus Forsskél, 1775: 56 (type locality:
Red Sea; no types known).

Caranx gaess Lacépéde, 1801: 59 (unneeded replacement
name).

Caranx bleekeri Klunzinger, 1871: 461 (Red Sea, Egypt,
Al-Qusair; original description) — Bamber 1915: 480
(Sudan).

Caranx fulvoguttatus — Riippell 1852: 13 (Red Sea);
Borsieri 1904: 200 (Eritrea); Marshall 1952: 230 (Sanafir L.);
Klausewitz 1967: 62 (Sarso Isl); Tortonese 1983: 107 (Jeddah,
list).

Caranx (Carangoides) fulvoguttatus — Klunzinger 1884:
98 (Red Sea).

Carangoides fulvoguttatus — Ormond 1980: 250 (Red
Sea); Randall 1983: 67 (Red Sea, photo); Smith-Vaniz 1984
(Red Sea); Dor 1984: 125 (Red Sea); Goren and Dor 1994: 33

Fig. 9 Carangoides
Sfulvoguttatus. (a) Dahab, Gulf of
Aqaba, Red Sea; (b) Hurghada,
Egypt, Red Sea. Photos by S.V.
Bogorodsky (a), A. Golubev (b)

(Red Sea); Khalaf and Disi 1997: 93 (Aqgaba, photo); Lieske
and Myers 2004: 96 (Marsa Shagra, Marsa Alam, photo);
Khalaf 2004: 39 (Jordan, list); Golani and Bogorodsky
2010: 30 (Red Sea); Debelius 2011: 196 (Safaga, Egypt,
photo).

Material examined: MNHN 1966-171 (1, 144 mm), Red
Sea.

Diagnosis. Dorsal-fin rays VIII + 1,25-30; anal-fin rays
IT + [,21-26; straight portion of lateral line with 18-27
scales followed by 15-21 small scutes; breast nearly na-
ked or with a scaly zone separating naked pectoral-fin
base from broad scaleless ventral area; gill rakers 6-8 +
17-21 = 22-27; body oblong, the depth 3.2-3.8 in FL;
dorsal profile of head to above eye nearly straight in large
adults; band of small teeth in jaws, vomerine tooth patch
ovate; anterior lobe of second dorsal and anal fins elevat-
ed, nearly twice height of longest dorsal spine; pectoral
fins long and falcate, nearly or just reaching junction of
curved and straight parts of lateral line.

Coloration. Silvery blue-green dorsally, shading to sil-
very with iridescence on side and ventrally, with five or
six broad gray-blue bars (can be turned on or off), some-
times containing small dark blotches posteriorly; upper
half of body with scattered, small, brassy or dark yellow
spots, varying from a few up to 25; large adults often with
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three or four midlateral blackish blotches; a small indis-
tinct, vertically elongate, dark spot posteriorly on opercle;
caudal fin dusky to yellowish; tip of anal-fin lobe and tips
of caudal-fin lobes often white.

Size. A particularly large species for the genus, largest spec-
imen 103 cm.

Distribution and habitat. Widespread in the Indo-West
Pacific, from the Red Sea and east coast of Africa east to the
Caroline Islands and New Caledonia; in the western Pacific
from Australia (New South Wales) to the Ryukyu Islands,
Japan. Reported from entire Red Sea but rare elsewhere. It is
usually seen along outer-reef slopes, solitary or small schools,
reported from depths of 2-100 m.

Remarks. Carangoides fulvoguttatus is a distinctive
species, but may be confused under water with C. bajad,
as both may have numerous yellow spots on side of body.
However, C. fulvoguttatus is more slender, 3.2-3.8 in FL
(vs. 2.7-3.1 in FL), body with indistinct bars or blotches
(vs. no bars or blotches), yellow spots on body varying
from a few to about two dozen and more numerous on
upper half (vs. many yellow spots on side of body, more

Fig. 10 Carangoides
malabaricus. (a) SMF 35857
[KAU14-154], 144.0 mm, off
Jizan, Saudi Arabia, Red Sea (b)
SMF 35365 [KAU13-649],

91.3 mm, off Jizan, Saudi Arabia,
Red Sea. Photos by S.V.
Bogorodsky
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numerous on lower two-thirds), and tips of caudal-fin
lobes usually white (vs. tips of caudal-fin lobes same col-
or as rest of fin).

Carangoides malabaricus (Bloch & Schneider, 1801)

Malabar Trevally

Figs. 10 and 11, Table 1

Scomber malabaricus Bloch & Schneider, 1801: 31 (type
locality: India, Tranquebariam [Tharangambadi]; holotype:
ZMB 8760).

Caranx (Carangoides) impudicus Klunzinger, 1884: 99
(Red Sea, Saudi Arabia, Jeddah; original description).

Carangoides chrysophrys (not Cuvier) — Bogorodsky
et al. 2014: 421 (off Jizan, Saudi Arabia).

Caranx malabaricus — Klunzinger 1871: 463 (Red Sea).

Carangoides malabaricus — Smith-Vaniz 1984 (Red Sea
occurrence likely); Dor 1984: 125 (Red Sea); Goren and Dor
1994: 34 (Red Sea).

Material examined: SMF 394, holotype of Caranx
impudicus (1, 153.5 mm), Red Sea; SMF 377 (1, 121 mm),
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Fig. 11 Carangoides
plagiotaenia, uncatalogued,
306.0 mm, Hurghada, Egypt, Red
Sea. Photo by S.V. Bogorodsky

Red Sea. Other material was collected off Jizan, southern Saudi
Arabia: KAUMM 71 [KAU12-608] (1, 145.5 mm); KAUMM
430 [KAU14-255] (1, 127.0 mm); KAUMM 440 (1, 151.0 mm);
KAUMM 432 [KAU14-380] (1, 119.5 mm); KAUMM 433
[KAU14-499] (1, 124.5 mm); KAUMM 434 [KAU14-521] (1,
126.0 mm); SMF 35019 [KAU12-607] (2, 131.0-148.5 mm);
SMF 35365 [KAU13-649] (1, 91.3 mm); SMF 35856 (5, 125.5—
159.0 mm); SMF 35857 [KAU14-154] (1, 144.0 mm).

Diagnosis (counts of Red Sea specimens in parentheses).
Dorsal-fin rays VIII + 1,20-23 (21-22); anal-fin rays IT + I,17—
19 (18-19); straight portion of lateral line with 0—18 scales
followed by 20-36 small scutes (14—18 + 21-27); breast na-
ked ventrally, naked area continuing behind pelvic-fins origin,
anteriorly small naked area present just above pectoral-fin
base; gill rakers 8—12 + 21-27 = 32-38 (9-11 + 23—
27 =32-38); body depth 2.3-2.5 in FL; dorsal profile of snout
steep and nearly straight to above eye; band of villiform teeth
in jaws, vomerine tooth patch roughly triangular; anterior lobe
of second dorsal and anal fins not greatly elevated, the dorsal
lobe shorter than head length; first dorsal fin about three-
fourth height of lobe of second dorsal fin; pectoral fins long
and falcate, but usually not reaching junction of curved and
straight parts of lateral line.

Coloration. Silvery blue-green above and silvery with iri-
descence below, with a vertically elongate black spot posteri-
orly on operculum at level of upper part of eye; interradial
membranes of anal fin with a small basal white spot; margin
of anal fin narrowly white; tongue dark brown with white
median band.

Size. Reaches 27.5 cm.

Distribution and habitat. Ranges from the Red Sea and
Arabian Gulf, south to South Africa, east to Papua New
Guinea to eastern Australia (Queensland) and Japan. In
the Red Sea C. malabaricus is known north to Jeddah. It
occurs in coastal waters, usually above soft substrata in
depths of 18—140 m.

Remarks. Klunzinger (1871) discussed a specimen, de-
posited in Senckenberg Museum, resembling
C. talamparoides, which he later described (Klunzinger
1884) as a new species Caranx impudicus. Williams and
Venkataramani (1978) recognized two species in the
C. malabaricus species group, C. malabaricus and
C. talamparoides, redescribing each in detail and, without
comment, placing C. impudicus in the synonymy of
C. malabaricus. In their study, 310 specimens of
C. malabaricus are listed from the Indo-West Pacific, but none
from the Red Sea.

Synonymy of Caranx (Carangoides) impudicus is con-
firmed here by examination of the holotype, which has gill
rakers (10 + 26 = 36) in the range of C. malabaricus. The
species differs from Red Sea congeners in having a distinct
premaxillary notch and also toothed dark tongue with median
white band where teeth more numerous than at margins.
Carangoides malabaricus and C. talamparoides both possess
a white spot at base on most membranes of anal fin, with the
spot more obvious in the former.

Carangoides plagiotaenia Bleeker, 1857

Barcheek Trevally

Fig. 12, Table 1

Carangoides plagiotaenia Bleeker, 1857: 59 (type locality:
Indonesia, Molucca Islands, Ambon Island; lectotype: RMNH
26974) — Smith-Vaniz 1984 (Red Sea); Dor 1984: 126 (Red
Sea); Goren and Dor 1994: 34 (Red Sea); Golani and
Bogorodsky 2010: 30 (Red Sea).

Caranx brevicarinatus Klunzinger 1871: 461 (Red Sea,
Egypt, Al-Qusair; original description).

Caranx (Carangoides) compressus — Klunzinger 1884:
98 (Red Sea).

Material examined: Hurghada marine station,
uncatalogued (1, 306 mm), Egypt, Hurghada.
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Fig. 12 Dorsal and lateral views
of anterior end of premaxilla: (a,
b) Carangoides malabaricus,
SMF 35856, 159.0 mm, off Jizan,
Saudi Arabia, Red Sea; (¢, d)
Carangoides talamparoides,
KAUMM 435 [KAU17-100],
191.0 mm, off Jizan, Saudi
Arabia, Red Sea. Photos by S.V.
Bogorodsky

Diagnosis. Dorsal-fin rays VIII + 1,22-24; anal-fin rays
II + 1,18-20; straight portion of lateral line shorter than
anterior curved part, with 20-26 scales followed by 11—
18 small scutes; breast fully scaly; gill rakers 8§—14 + 18—
27 (usually 18-24) = 34-40; body depth 2.8-3.3 in FL;
dorsal profile of head to above eye nearly straight in
large adults; lower jaw large and projecting; band of
small teeth in jaws, vomerine tooth patch triangular; first
dorsal fin and anterior lobe of second fin subequal in
height; lobe of second dorsal fin and anal fin moderately
low, about half head length; pectoral fins long and fal-
cate, but not reaching junction of curved and straight
parts of lateral line.

Coloration. Silvery blue-green with iridescence;
preopercle with a prominent black posterior margin in
adults; margin of anal fin narrowly whitish.

Size. Largest specimen 41.5 cm.

Distribution and habitat. Occurs from the Red Sea
south to South Africa (Durban), east to the Samoa
Islands and Marshall Islands; in the western Pacific from
Australia (Great Barrier Reef) and New Caledonia to the
Ryukyu Islands, Japan. In the Red Sea no reports from the
Gulf of Aqaba. Usually collected as solitary individuals
off seaward reefs from depth 2-200 m.

Remarks. Differs from other species in having
projecting lower jaw, fully scaly breast, uniform body
without markings, and obvious black preopercular
margin.

Carangoides talamparoides Bleeker, 1852
Imposter Trevally
Figs. 12, 13, and 14, Tables 1 and 2
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Carangoides talamparoides Bleeker, 1852: 91 (type local-
ity: Indonesia, western Sumatra, Sibogha; lectotype: RMNH
6099).

Carangoides armatus (not Riippell) — Bogorodsky et al.
2014: 421 (off Jizan, Saudi Arabia).

Material examined: Saudi Arabia, off Jizan. KAUMM 69
[KAU12-559] (1, 69.5 mm), 20-22 m, 29 Feb 2012;
KAUMM 70 [KAU12-825] (1, 44.8 mm), 29 Feb 2012;
KAUMM 435 [KAU17-100] (1, 191.0 mm), 52-54 m, 30
Jan 2017; SMF 35018 [KAU12-558] (1, 69.6 mm), 20—
22 m, 29 Feb 2012; SMF 35864 (1, 60.0 mm), 10-12 m, 31
Oct 2014; SMF 35860 [KAU17-99 & 101] (2, 199.0-203.0),
52-54 m, 30 Jan 2017.

Diagneosis. Dorsal-fin rays VIII + 1,20-23; anal-fin rays
II + I,17-19; straight part of lateral line with 2—12 scales
followed by 20-32 small scutes; breast naked ventrally, naked
area continuing behind pelvic-fins origin, anteriorly small na-
ked area present just above pectoral-fin base; gill rakers in
adults 7-9 + 18-22 =25-31; body depth 2.3-2.5 in FL; dorsal
profile of snout steep and nearly straight to above eye; snout
length 7.4-10.0 in FL (10.0-13.6% FL) in adults; band of
villiform teeth in jaws, vomerine tooth patch roughly triangu-
lar; anterior lobe of second dorsal and anal fins not greatly
elevated, the dorsal lobe shorter than head length; first dorsal
fin about three-fourth height of lobe of second dorsal fin;
pectoral fins long and falcate, but usually not reaching junc-
tion of curved and straight parts of lateral line.

Size. Attains 32.0 cm.

Description (based on seven Red Sea specimens 44.8—
203.0 mm, Table 2; frequency data in brackets). Dorsal-fin
rays VIII + [,21-23 [21:3; 22:3; 23:1]; anal-fin rays I +
I,17-18 [17:1; 18:6]; pectoral-fin rays 19-21 [19:5; 20:1;
21:1]; scales + scutes in straight part of lateral line 9—16 +



Mar Biodiv (2017) 47:1251-1271

1265

Fig. 13 Carangoides
talamparoides, (a) juvenile,
KAUMM 70 [KAU12-825],
44.8 mm, off Jizan, Saudi Arabia,
Red Sea; (b) adult, SMF 35860
[KAU17-99], 203.0 mm, off
Jizan, Saudi Arabia, Red Sea.
Photos by S.V. Bogorodsky
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Fig. 14 Relationship of snout length (in mm) to fork length (in mm) in
C. malabaricus (open circles) and C. talamparoides (solid circles)

20-32=36-41[7-8 + 28-31 =36-37 in adults]; gill rakers on
first gill arch 6-8 + 17-18 =23-31 [6-8 + 17-18 =23-26 in
juveniles; 7-8 + 18 = 25-26 in adults].

Body moderately deep and strongly compressed, the depth
1.6-1.8 in juveniles and 2.3-2.4 in FL in adults. Upper profile
of head nearly straight with shallow concavity at level of up-
per third of eye; lower profile of head nearly straight. Snout
length 8.0-9.5% FL in juveniles, 10.7-11.2% FL in adults.
Adipose eyelid weakly developed with narrow rim around
eye. Mouth below level of eye, slightly oblique. Upper jaw
extending to vertical through anterior edge of pupil, with
rounded posterior corners and slightly concave posterior mar-
gin. Premaxilla with slightly concave anterodorsal margin lat-
erally (Fig. 12). Jaws protrusible, lower slightly projecting.
Bands of small villiform teeth in both jaws, narrowing poste-
riorly; tongue with minute teeth more numerous on median
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patch than at margin; vomerine tooth patch roughly triangular.
Body mostly scaly; naked area laterally and ventrally on
breast sinuously extending just behind free spines of anal fin
in juveniles and breast naked ventrally with naked area con-
tinuing a little behind pelvic-fin origin in adults, small area
anteriorly at pectoral-fin base scaly; small area just above
pectoral-fin base naked; head naked except scaly cheek and
upper parts of preopercle and opercle. Dorsal and anal fins
covered by scaly membrane of two rows of scales: row of
small scales and row of enlarged scales at base of each fin,
last five dorsal-fin and last four anal-fin membranes without
scales.

First dorsal fin moderate in height, its origin above pectoral-fin
base, the third spine longest, slightly longer than orbit diameter.

Table 2
all other measurements are expressed as percentage of fork length

Anterior lobes of second dorsal and anal fins prolonged into a
long filament in juveniles, varying in length from 0.7 in FL
(KAUMM 70 of 44.8 mm) to 2.0 in FL (KAUMM 69 of
69.5 mm); lobes becoming shorter with growth and subequal in
length, 4.8-5.1 in FL. Pectoral fins subfalcate, extending behind
anal-fin origin, nearly reaching junction of curved and straight
parts of lateral line; first ray unbranched, third ray longest.
Pelvic fins short, reaching or not to free anal-fin spines. Caudal
fin strongly forked. Gill rakers moderately long, raker 1.4 times
longer than opposite filament.

Coloration (Fig. 13). Silvery green-gray above and silvery
with iridescence below, with vertically elongate black spot
posteriorly on operculum at level of upper part of eye; green-
ish yellow blotch dorsoposteriorly on orbit membrane

Morphometric and meristic data for the Red Sea specimens of Carangoides talamparoides. Fork and total length are expressed in millimeters,

Specimen small juvenile, juveniles, n =3 adults, n =3
KAUMM 70 [KAU12-825]
Fork length (mm) 44.8 60.0-69.6 191.0-203.0
Total length (mm) - 78.5-79.0 210.0-222.5
Body depth 1, from origin of first dorsal fin 63.4 54.3-56.0 42.0-42.9
Body depth 2, from origin of second dorsal fin 67.9 56.8-58.6 43.9-45.5
Head length 31.9 30.3-30.6 29.7-30.7
Snout length 8.9 8.0-9.5 10.7-11.2
Orbit diameter 7.8 11.1-11.3 10.0-10.2
Interorbital width 10.5 8.9-9.1 9.4-10.8
Upper-jaw length 13.2 12.6-13.0 12.6-12.8
Caudal peduncle depth 42 4.3-4.6 4.5-4.6
Caudal peduncle length 10.4 10.1-10.2 10.4-10.7
Predorsal length 1 433 40.5-41.4 40.2-41.1
Predorsal length 2 57.3 54.5-56.3 56.1-56.7
Preanal-fin length 62.5 62.8-63.0 56.3-57.1
Prepelvic length 45.1 39.8-42.8 34.6-35.9
Base of second dorsal fin 41.4 40.5-41.3 37.3-39.7
Third dorsal-fin spine 16.3 12.8-13.7 11.3-13.1
Dorsal-fn lobe, including filament 145.0 51.1-88.4 19.6-20.8
Base of anal fin 37.6 35.8-37.4 32.2-344
Postorbital length 11.5 11.6-11.7 11.4-11.7
Length of lateral line (curved + straight) 63.4 62.0-66.1 64.8-67.2
Suborbital depth 5.1 4.9-5.5 6.7-7.1
Anal-fin lobe, including filament 75.9 29.1-48.9 19.4-20.6
Pectoral-fin length 252 28.2-30.5 34.7-36.4
Pelvic-fin length broken 18.8-20.1 12.8-13.0
Meristics
Straight LL, scale + scutes 16 +20=36 9-15 + 24-32 = 36-41 6-8 +28-31 = 36-37
Gill rakers incl. Rudim. 6+17=23 6-8 + 17-18 =23-26 7-8 + 18 =25-26
Pectoral-fin rays 19 19-21 19
Second dorsal-fin rays 1,21 1,21-23 1,21-22
Anal-fin rays 1,18 1,18 1,17-18
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(obvious in alive fish); interradial membranes of anal fin with
small, indistinct, slightly elongate basal white spot; fins uni-
form except margin of anal fin narrowly white and tips of first
three dorsal-fin spines black; dorsal-fin filament blackish in
juveniles; black blotch covers second to fourth rays with
membranes in middle of pelvic fins in juveniles; tongue white.

Distribution and habitat. Previously known from the
Gulf of Oman and Sri Lanka east to the Philippines, Guam,
and northern Australia. Here reported from the southern Red
Sea for the first time. It is usually collected by trawling above
soft bottoms in sandy areas. Red Sea records of juveniles from
depths of 10-22 m, whereas adults were trawled from deeper
waters of about 50-55 m.

Remarks. Williams and Venkataramani (1978)
redescribed in detail the morphologically similar
C. malabaricus and C. talamparoides, and demonstrated that
gill raker counts are the most important diagnostic character to
differentiate these two species (see their Table 2). The former
species is characterized by higher gill raker counts (8-12 +
21-27 = 32-38) than the latter (6-9 + 19-22 = 27-31). Red
Sea specimens have lower gill raker counts (2326 in juve-
niles and 25-26 in adults) than those from other localities (27—
31) reported by Williams and Venkataramani (1978), and are
assumed to be specific for the Red Sea population.

Two additional characters used by Williams and
Venkataramani (1978) to distinguish C. talamparoides from
C. malabaricus: snout length and the distance between tip of
snout and origin of first dorsal fin. They stated that predorsal
distance is normally less than 41.25% FL in C. malabaricus
and more than 41.25% FL in C. talamparoides. The predorsal
distance of examined juveniles of C. talamparoides (40.5—
43.3% FL) was within the proportion of a single specimen
of C. malabaricus less than 100 mm FL (42.2% FL).
Specimens of C. malabaricus larger than 100 mm FL have
shallower body (37.0-39.4% FL) than examined adults of
C. talamparoides (40.2—41.1% FL), but the length of the larg-
est specimen of the former species is 159 mm FL while the
smallest adult of the latter species was 191 mm FL. However,
predorsal distance decreases with growth and is overlapping,
and therefore is a difficult character to use for differentiation
of these two species.

Williams and Venkataramani (1978) stated that the snout is
longer in C. talamparoides than in C. malabaricus, and pro-
vided a diagram of relationship of snout length to fork length
(see their Figs. 4 and 5). According to them, snout length is
9.3-13.6% FL in C. talamparoides specimens 79-281 mm
FL, whereas snout length is 7.7-10.8% FL in
C. malabaricus specimens 70240 mm FL. Adult Red Sea
specimens of C. malabaricus have snout length 8.6-9.2%
FL; but in three adults of C. talamparoides snout length is
10.7-11.2% FL but in the latter species specimens were a little
larger in size. As shown in Williams and Venkataramani
(Williams and Venkataramani 1978, Fig. 5) snout length

decreases progressively with growth, juveniles examined of
C. talamparoides have snout length 8.0-9.5% FL and adults
10.7-11.2% FL. Direct comparison of the snout lengths of the
three Red Sea specimens of C. talamparoides and specimens
of about 200 mm SL examined by Williams and
Venkataramani (1978) with similar-sized specimens of
C. malabaricus using Fig. 5 confirms the usefulness of the
snout length as specific character for these two species (Fig.
14). Specimens of C. talamparoides of 200 mm FL have snout
length ca. 11-12% FL (versus ca. 10% FL) in C. malabaricus.

In addition to gill raker counts, C. talamparoides can be
distinguished from C. malabaricus in having white tongue
covered with minute teeth (vs. tongue mostly dark, brown to
grayish brown in life); greenish yellow blotch
dorsoposteriorly on orbit membrane (vs. no blotch on orbit
membrane); longer snout, the length 10.0-13.6% FL in adults
(vs. snout shorter, 8.5-10.8% FL in adults); and premaxilla
with slightly concave anterodorsal margin laterally (vs. pre-
maxilla with distinctly concave margin laterally).

Phylogenetic analysis

The neighbor joining analysis resulted in a tree with 20 well-
resolved clades for the COI barcoding sequences from speci-
mens of Carangoides (see Fig. 15). Only groupings of closely
related clades received support from bootstrapped analyses
whereas — as expected — higher phylogenetic relationships
among these groups were not revealed by the analysis of the
COI barcoding sequence. With regard to species directly ex-
amined here, C. chrysophrys and C. malabaricus grouped
together with Carangoides chrysophrys 1; C. armatus and
C. hedlandensis (Whitley 1934) grouped together with
Carangoides sp.; and C. talamparoides and
C. coeruleopinnatus grouped together with C. fulvoguttatus
and C. gymnostethus (see discussion regarding assignment of
species names). All sequences analyzed in this study grouped
in distinct clades by species. The clade with Red Sea C. bajad
sequences also contained other sequences from the GenBank
search that were identified as Carangoides sp. In addition to
this clade, another clade contained sequences with original
taxonomic identification as C. bajad; this clade most likely
represents C. gymnostethus (see discussion). Sequences of
Red Sea C. malabaricus and C. chrysophrys each contained
a number of sequences from other localities that were identi-
fied as both C. malabaricus and C. chrysophrys in both cases.
Sequences of Red Sea C. armatus formed a unique clade, in
which no other sequence was included. However, sequences
in two other clades were retrieved from specimens that were
originally misidentified as C. armatus in the original study.
The clade that contained sequences of Red Sea
C. talamparoides also contained specimens misidentified as
C. malabaricus and C. chrysophrys. Average intraspecific
molecular divergence was highest in C. malabaricus (1.3%)
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JX261097 - Trachinotus baillonii O
JX261025 - Seriolina nigrofasciata
_|—| JX261223 - Scomberoides tala utgroup
HQ149820 - C. praeustus - Iran, Arabian Gulf
100 HQ149819 - C. pracustus - Iran, Arabian Gulf C 1
KX109762 - C. praeustus - India, Bay of Bengal
100 KX109763 - C.pfaeusms - India, Bayi’)fBeng;gl praeuStus
KX109764 - C. pracustus - India, Bay of Bengal
100 TJ237971 - C. pracustus - South China Sea
EU595068 - C. pracustus - South China Sea
EU595070 - C. praeustus - South China Sea C. praeustus 2
FJ237972 - C. praeustus - South China Sea
FJ237970 - C. praeustus - South China Sea
100 KP266836 - C. equula - China, South China Sea C equu]a 1
KM201334 - C.equula - China
NC_025644 - C.equula - %hma
KU943733 - C.equula - Taiwan
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KF979128 - C. equula - Korea
JQ178229 - C.equula - Korea
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KU943826 - C.dinema - Taiwan
]X261041 - C.dinema - Malaysia, Sulawesi Sea
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KU943816 - C. orthogrammus - Taiwan
JQ431538 - C. ferdau - French Polynesia, Moorea
KU176459 - C. ferdau - South Africa, KwaZulu-Natal
HQ560960 - C. ferdau - Malaysia, Malacca Strait C ferdau
HQ560982 - C. ferdau - Malaysia, Malacca Strait *
JF493019 - C. cf. ferdau - South Africa, KwaZulu-Natal
KF714902 - C.ferdau - Philippines, Pangasinan
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100 13-113 - Saudi Arabia, Red Sea
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HQ149812 - Carangoides sp. - Iran, Arabian Gulf
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97 HQ149816 - C. chrysophtys - Iran, Arabian Gulf
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<« Fig. 15 Neighbor joining tree inferred from COI barcoding sequences of
specimens of Indo-Pacific species of Carangoides. Names of species with
vouchers examined in this study in bold. Misidentified vouchers in quo-
tation marks, examined vouchers in bold. Values on branches correspond
to percent bootstrap support from 200 replicates (only shown if >70).
Nodes with less than 50% support are collapsed. Scale bar represents
K2P-distance of branch length; assumed correct identifications that differ
from those of voucher identifications are highlighted in red

followed by C. chrysophrys (0.9%), C. talamparoides (0.8%),
C. bajad (0.7%), and lowest in C. armatus (0.1%).

Discussion

Morphological examination of specimens of Carangoides
collected from coastal waters off Jizan (southern Saudi
Arabia) confirms the presence of the previously unreported
species C. talamparoides in the Red Sea. Special care was
taken when additional material of C. malabaricus from the
Red Sea was examined in order to distinguish it from the
morphologically similar C. talamparoides. Besides already
established morphological differences that can be applied for
the distinction of the two species, e.g. gill raker counts and
color of tongue (see Smith-Vaniz 1999; also key and accounts
for both species), we confirmed herein that the snout length
can help to distinguish these two species. In addition, we
found that the presence of greenish yellow blotch
dorsoposteriorly on orbit membrane in C. talamparoides and
the shape of the anterodorsal margin of the premaxilla are also
useful in the distinction between C. talamparoides and
C. malabaricus. The neighbor joining analysis of Indo-West
Pacific Carangoides spp. showed that all C. talamparoides
examined in this study fall into a single clade (see Fig. 15).
All specimens in this clade with identifications of
“C. chrysophrys” and “C. malabaricus” (including those we
have not personally examined) were reasoned to be
C. talamparoides, based on their molecular lineage identity
with Red Sea specimens of C. talamparoides. Published tax-
onomic identifications for these specimens are, therefore,
treated as misidentifications. Unfortunately, no data on key
morphological characteristics were available for these speci-
mens in order to confirm this assumption.

Inconsistencies in taxonomic identifications of voucher
specimens in other clades were treated the same way, if one
or several specimens of a lineage had been examined by us.
For example, Carangoides armatus specimens from the Red
Sea formed a monophyletic clade in which no sequences of
specimens from other localities were included, and the clades
including Red Sea C. bajad, C. chrysophrys, and
C. malabaricus all contained specimens with incongruent
identifications (see Fig. 15). Conflicting identifications in

other lineages, ¢.g. the appearance of multiple specimens of
“C. bajad” in a cluster with specimens of C. gymnostethus,
were also eliminated, and the respective clade was labeled as
C. gymnostethus according to the identification of those spec-
imens that were not apparently misidentified. The image of
one of the four specimens identified as C. gymnostethus
(GenBank KF929683, BOLD ID UKFBJ912-08) collected
at Victoria Fish Market in Mahe, Seychelles by K.A. Moots
et al. also confirms the identification of this specimen.
Although some of the remaining clades did not contain spec-
imens identified by us, we tentatively use the remaining orig-
inal identifications if no further conflicts existed after the de-
scribed adjustment of taxon identifications (see Fig. 15 and
Supplementary Table 1).

Clades with specimens of C. gymnostethus,
C. malabaricus, and C. hedlandensis showed signs of genetic
substructure that in part was supported in a separation of spec-
imens by geographic origin. Specimens of two closely related,
but clearly divergent clades both contained only specimens
that were identified as C. praeustus (Anonymous [Bennett],
1830), a species described from Sumatra, Indonesia. As no
data on the basis of these identifications were available we
assigned the names C. praeustus 1 and C. praeustus 2 to these
clades. The first of these two clades was composed of speci-
mens from the Arabian Gulf and the Eastern Indian Ocean,
whereas the second included specimens from the South China
Sea only. Smith-Vaniz (1984) remarked:"this species
[C. praeustus] exhibits geographic variation with western
Indian Ocean specimens typically having more gill rakers
and the breast less fully scaled compared to specimens from
the Gulf of Thailand and Indonesia." If two species actually
exist, the name C. ire Cuvier 1833 will probably apply to
“C. praeustus 1.” In C. equula two divergent lineages were
also observed (C. equula 1 and C. equula 2), but the diver-
gence was less prominent and the single sequence in C. equula
1 was from the same region as those in C. equula 2. The nature
of divergence in C. equula can only be assessed once more
sequences (especially from C. equula 1) become available, but
the name C. dasson (Jordan & Snyder, 1907) could eventually
apply to one of the two clades. Two of the clades in the tree
received no species identification — Carangoides chrysophrys
1 and Carangoides sp. — because the single specimens that
represented these clades were originally named as
C. chrysophrys and C. armatus, respectively. Eventually, con-
clusive morphological identification of voucher specimens
representing these clades might either lead to assignment of
already existing taxonomic identifications or members of
these evolutionary lineages might be recognized and de-
scribed as new species.

It was beyond the scope of the present study to confirm
morphological identifications of all COI clades of Indo-
West Pacific Carangoides, especially as most of the
vouchers from outside the Red Sea from which sequences
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were used herein have not been deposited in accessible
museum collections. We provide evidence of a markedly
higher species diversity than would be expected from the
original identifications that contained 16 different species
identifications of 18 currently recognized Indo-West
Pacific species of Carangoides including C. dasson. The
only Indo-West Pacific species not included in our analy-
sis is C. humerosus (McCulloch, 1915) as no sequence
from this species has been published so far. However,
using the identification tool in BOLD (http://www.
boldsystems.org/) with e.g. the sequences of C. oblongus
allows identifying a clade that was not included here
consisting of a number of sequences from vouchers
identified as C. humerosus (all specimens collected from
Queensland, Australia, but without accessible image).
Integrative morphological and molecular analysis of
these specimens might confirm that they indeed
represent the one Indo-West Pacific species that is missing
in our analysis. While the results obtained herein show
that the taxonomy of the genus Carangoides is not yet
fully resolved, this study shows how this can be overcome
in the future. Detailed morphological examination and
recognition of key morphological characters of voucher
specimens is prerequisite for the establishment of im-
proved identification keys and also enables subsequent
correct specimen identification through DNA barcodes
by providing a morphological reference.

The purpose of the NJ tree presented herein is to indicate
the existence and evolutionary independence of lineages with-
in Carangoides. Its purpose explicitly was not to investigate
evolutionary relationships of Carangidae, - or more precisely
of Carangoides and its close relatives. In-depth phylogenetic
analyses using more sequence information and broader taxon
sampling (i.e. inclusion of species from closely related genera
such as e.g. Ulua) may show that Carangoides, as treated in
this study, is paraphyletic. Such insights cannot be gained
solely from analyses of the COI barcoding gene that was used
in this study where its aim was to shed light on the diversity of
Indo-Pacific Carangoides at the species level. Finally, we
wish to emphasize that making premature generic changes
would be a disservice to nomenclature stability in these com-
mercially important fishes.
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