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A new anchovy Stolephorus lotus sp. nov., is described based on 30 specimens collected from Van
Diemen Gulf, Northern Territory, Australia. The species closely resembles Stolephorus acinaces Hata,
Lavoué and Motomura, 2020 and Stolephorus andhraensis Babu Rao, 1966, in having a long maxilla
(posterior tip just reaching or extending slightly beyond the posterior margin of the opercle), indented
posterior preopercular margin, anal fin with 16—18 branched fin rays, and 21-23 lower gill rakers, and
lacking a predorsal scute and pelvic scute spine. However, the new species differs from the other two
species in having higher counts of longitudinal series of scale rows and predorsal scales (37-39 and 20 or
21, respectively vs. 35-38 and 17-19 in the other two) and a more anteriorly located anal-fin origin (below
bases of sixth to eighth dorsal-fin rays vs. eighth to tenth dorsal-fin rays).
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BACKGROUND

Stolephorus Lacepede 1803, an Indo-Pacific genus
of marine and brackish water anchovies (Clupeiformes:
Engraulidae), comprises 42 valid species (Whitehead et
al. 1988; Wongratana et al. 1999; Kimura et al. 2009;
Hata and Motomura 2018a—d 2021a—c 2022; Hata et
al. 2019 2020a b 2021 2022a b; Gangan et al. 2020).
The genus is defined by the presence of a long isthmus
muscle reaching anteriorly to the posterior margin of
the gill membrane, the urohyal covered by the isthmus
muscle, and the presence of prepelvic scutes, in addition
to the absence of postpelvic scutes (Whitehead et al.
1988; Wongratana et al. 1999).

Six species of Stolephorus, Stolephorus advenus
Wongratana 1987, Stolephorus brachycephalus
Wongratana 1983, Stolephorus carpentariae (De Vis
1882), Stolephorus grandis Hata and Motomura 2021,
Stolephorus nelsoni Wongratana 1987, and Stolephorus

waitei Jordan and Seale 1926 are recognized as endemic
to the Australian Continent (Whitehead et al. 1988;
Wongratana et al. 1999; Hata and Motomura 2018c;
Hata et al. 2019).

During a revisionary study of Stolephorus, 30
specimens from Van Diemen Gulf, Northern Territory,
Australia were found to be characterized by a unique
combination of characters among congeners. This new
species is described here.

MATERIALS AND METHODS

Counts and measurements follow Hata and
Motomura (2017). All measurements were made to the
nearest 0.01 mm using digital calipers. “Pelvic scute”
refers to a scute associated with the pelvic girdle, and

“prepelvic scute”, “postpelvic scute” and “predorsal
scute” to hard spine-like scutes anterior to the pelvic
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scute, posterior to the pelvic scute, and anterior to the
dorsal-fin origin, respectively. Abbreviations are as
follows: SL, standard length (snout tip to posterior
extremity of the hypurals); HL, head length (snout tip
to posteriormost point of opercle); UGR, LGR and
TGR, rakers on upper limb, lower limb and total gill
rakers, respectively, with numbers associated indicating
the specific gill arch. Institutional abbreviations follow
Sabaj (2020). ANCOVA (analysis of covariance) and
PCA (principal component analysis) were performed
with EZR (Kanda 2012).

RESULTS

Stolephorus lotus sp. nov.

(New English name: Lotus Anchovy)
(Figs. 1, 2; Tables 1-4)
urn:lsid:zoobank.org:act:0BAA1755-A5F9-4201-B5F6-
E7716B9964EB

Holotype: NTM S. 15265-006, 40.0 mm SL, west
of Pocock’s Beach, Finke Bay, southern part of Van
Diemen Gulf, Northern Territory, Australia (12°13'33"S,
132°09'32"E) 3m depth, 6 July 1999, coll. by A.
Pickworth et al.

Paratypes: 29 specimens (31.6-40.6 mm SL),
all collected with the holotype: KAUM-I. 157133, 1
(39.8 mm SL); KAUM-I. 157134, 1 (38.6 mm SL);
NSMT-P 141107, 1 (39.4 mm SL); NSMT-P 141108, 1
(37.7 mm SL); NTM S. 15265-009, 25 (31.6-40.6 mm
SL).

Diagnosis: A species of Stolephorus with the
following unique combination of characters: maxilla
long, 86.7-92.6% HL (mean 89.4%), its posterior tip
just reaching to or slightly beyond posterior margin
of opercle; posterior margin of preopercle concave,
indented; predorsal scutes absent; prepelvic scutes 6—8
(modally 6); pelvic scute without spine; dorsal fin with
three unbranched and 11-13 (modally 13) branched
rays; anal fin with three unbranched and 1618 (modally
17) branched rays, its origin located just below origin
of sixth to eighth dorsal-fin ray; IUGR 15-17 (modally
15), 1LGR 21-23 (modally 22), 1TGR 36-39 (modally
37); 2UGR 10 or 11 (modally 11), 2LGR 19 or 20
(modally 20), 2TGR 29-31 (modally 31); 3UGR 8 or 9
(modally 9), 3LGR 11-12 (modally 12), 3TGR 19-21
(modally 20); 4UGR 6 or 7 (modally 6), 4LGT 8-10
(modally 9), 4TGR 14-17 (modally 15); gill rakers 3 or
4 (modally 4) on hind face of third gill arch; transverse
scales 8 or 9 (modally 9); pseudobranchial filaments
16—-18 (modally 18); paired dark patches on parietal
region; no dark lines on dorsum; no black spots on
suborbital area and tip of lower jaw; depressed pelvic
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fin not reaching posteriorly to vertical through dorsal-fin
origin; pre-dorsal fin length short, 48.6-52.9% SL (mean
51.2%); body rather elongate, its depth 15.9-17.7%
SL (mean 17.1%); anal-fin base short, 17.2-20.2% SL
(mean 18.8%); caudal peduncle long, 20.1-22.8% SL
(mean 21.0%).

Description: Data for holotype presented in
parentheses. Counts and measurements, expressed
as percentages of SL or HL (Tables 1 and 2). Body
laterally compressed, elongate, deepest at dorsal-fin
origin; dorsal profile of head and body slightly convex
from snout tip to dorsal-fin origin, gently lowering
to uppermost point of caudal-fin base; ventral profile
of head and body slightly convex from lower jaw
tip to pelvic-fin insertion, thereafter slowly rising to
lowermost point of caudal-fin base; abdomen somewhat
rounded, covered with six to eight (seven) spine-
like scutes; pelvic scute without spine; postpelvic and
predorsal scutes absent; anus just anterior to anal-fin
origin; snout tip rounded, snout length less than eye
diameter; mouth large, inferior, ventral to body axis,
extending beyond posterior margin of eye; maxilla long,
its posterior tip pointed, just reaching to or slightly
beyond (just reaching to) posterior margin of opercle
(Fig. 2); lower jaw slender; single row of conical teeth
on both jaws, palatine, and inner side of pterygoid;
several distinct conical teeth on vomer; no teeth on
upper edges of anterior and posterior ceratohyals;
several rows of small fine conical teeth on basihyal and
basibranchial; eye large, round, covered with adipose
eyelid, laterally on head and dorsal to horizontal
through pectoral-fin insertion, visible in dorsal view;
pupil round; orbit elliptical; nostrils close to each
other, anterior to orbit; posterior margin of preopercle
concave, indented (Fig. 2); subopercle and opercle with
smoothly rounded posterior margins; gill membrane
without serrations; interorbital space flat, width less
than eye diameter; pseudobranchial filaments present,
length of longest filament less than eye diameter; gill
rakers long, slender, visible from side of head when
mouth opened; single row of small spines on both of
anterior and posterior surfaces of gill rakers; isthmus
muscle long, reaching anteriorly to posterior margin of
gill membranes; urohyal hidden by isthmus muscle, not
visible without dissection; gill membrane on each side
joined distally, most of isthmus muscle exposed, not
covered by gill membrane; sensory canal on preopercle
having many branches, one of them extending on
opercle; branch on opercle finely branched; body scales
deciduous, all scales on body and fin bases completely
lacking on all specimens examined in this study; head
scales absent; fins scaleless, except for broad triangular
sheath of scales on caudal fin; dorsal-fin origin posterior
to vertical through base of last pelvic-fin ray, slightly
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posterior to middle of body; three anteriormost rays of
dorsal and anal fins unbranched; anteriormost three rays
of both dorsal and anal fins closely spaced; first dorsal-
and anal-fin rays reduced; anal-fin origin just below
base of sixth to eighth (seventh) dorsal-fin ray; posterior
tip of depressed anal fin not reaching caudal-fin base;
uppermost pectoral-fin ray unbranched, inserted below
body axis; posterior tip of pectoral fin not reaching
to pelvic fin insertion; dorsal, ventral, and posterior
margins of pectoral fin nearly linear; pelvic fin shorter
than pectoral fin, insertion anterior to vertical through
dorsal-fin origin; posterior tip of depressed pelvic fin
not reaching vertical through dorsal-fin origin; caudal
fin forked, posterior tips pointed.

Coloration of preserved specimens: Body
uniformly pale, light ivory longitudinal band narrower
than eye running just behind upper opercular margin
to caudal-fin base. No melanophores scattered on head

Table 1. Counts of specimens of Stolephorus lotus sp. nov.
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and dorsum except for paired dark patches on parietal
region. Ground color of fin rays transparent, colorless.
Melanophores scattered along fin rays of caudal fin
and anal-fin base. Melanophores dense, forming a
dark spot centrally at base of lower lobe of caudal fin.
Melanophores scattered on gill rakers. Peritoneum
darkly pigmented. Fresh coloration unknown.

Distribution: Currently known only from Van
Diemen Gulf, Northern Territory, Australia.

Biological notes: Ovarian eggs (oval shape, ca. 0.5
and 0.2 mm major and minor diameters, respectively)
were found in three paratypes (NTM S. 15265-009),
indicating that the species is mature at <40 mm SL.

Etymology: The specific name “lotus”, to be
treated as a noun in apposition, refers to waterlilies,
characterized by notched leaves, reminiscent of the
indented preopercle of the new species.

Comparisons: Stolephorus lotus sp. nov. is

Holotype Paratypes t-test
Vs. Vs.
NTMSS. 15265-006 n=2 S. acinaces S. andhraensis
Standard length (mm) 40.0 31.6-41.6 Modes p value
Dorsal-fin rays (unbranched) 3 3 3 1 1
Dorsal-fin rays (branched) 11 11-13 13 0.0004** 0.0564
Anal-fin rays (unbranched) 3 3 3 1 1
Anal-fin rays (branched) 17 16-18 17 0.2687 0.0558
Pectoral-fin rays (unbranched) 1 1 1 1 1
Pectoral-fin rays (branched) 11 10-12 11 0.0767 0.5798
Pelvic-fin rays (unbranched) 1 1 1 1 1
Pelvic-fin rays (branched) 6 6 6 1 1
Gill rakers on 1st gill arch (upper) 16 15-17 15 0.2513 0.0000%**
Gill rakers on 1st gill arch (lower) 22 21-23 22 0.3717 0.0000%**
Gill rakers on Ist gill arch (total) 38 36-39 37 0.7346 0.0000%*
Gill rakers on 2nd gill arch (upper) 10 10-11 11 0.0000%* 0.0000%**
Gill rakers on 2nd gill arch (lower) 19 19-20 20 0.0571 0.0000%**
Gill rakers on 2nd gill arch (total) 29 29-1 31 0.0011* 0.0000%*
Gill rakers on 3rd gill arch (upper) 8 8-9 9 0.0006** 0.0000%*
Gill rakers on 3rd gill arch (lower) 11 11-12 12 0.0003** 0.0000%*
Gill rakers on 3rd gill arch (total) 19 19-21 20 0.0001** 0.0000%**
Gill rakers on 4th gill arch (upper) 6 6-7 6 0.1877 0.7571
Gill rakers on 4th gill arch (lower) 9 8-10 9 0.1328 0.0013*
Gill rakers on 4th gill arch (total) 15 14-17 15 0.9071 0.0142%*
Gill rakers on posterior face of 3rd gill arch 4 34 4 0.0485%* 0.1154
Prepelvic scutes 7 6-8 6 0.0197* 0.0010%*
Scale rows in longitudinal series 37 37-39 38 0.0000%* 0.0000%*
Predorsal scales 20 20-21 20 0.0000** 0.0000**
Transverse scales 8 8-9 9 0.2555 0.0016*
Pseudobranchial filaments 18 16-18 18 0.0205* 0.0767
Vertebrae 38-39 39 0.4324 0.6559
Number of dorsal-fin rays before anal-fin origin 7 6-8 7 0.0000%* 0.0000%*

*: significant at 5% level. **: significant at 0.1% level.
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easily distinguished from all congeners, except
Stolephorus acinaces Hata, Lavoué and Motomura
2020, Stolephorus andhraensis Babu Rao 1966, S.
carpentariae, Stolephorus hindustanensis Hata and
Motomura 2022, Stolephorus holodon (Boulenger
1900), Stolephorus ronquilloi Wongratana 1983,
and Stolephorus tamilensis Gangan, Pavan-Kumar,
Jahageerdar and Jaiswar 2020 in having a long maxilla
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with the posterior tip just reaching or extending
slightly beyond the posterior margin of the opercle,
the posterior margin of preopercle indented, no spots
on the suborbital area or snout and mandible tips, the
pelvic scute without a spine, and predorsal scutes absent
(Whitehead et al. 1988; Wongratana et al. 1999; Kimura
et al. 2009; Hata and Motomura 2018a—d 2021a—c,
2022; Hata et al. 2019 2020a b 2021 2022a b; Gangan

Table 2. Morphometrics of specimens of Stolephorus lotus sp. nov.

Holotype Paratypes ANCOVA
Vs. vs.
NTM S. 15265-006 n=29 S. acinaces S. andhraensis

Standard length (mm; SL) 40.0 31.6-41.6 Means p value

As % of SL

Head length (HL) 22.7 22.2-25.1 23.3 0.0000%** 0.0016*
Body depth 17.7 15.9-17.7 17.1 0.0000%** 0.0000**
Pre-dorsal fin length 51.5 48.6-52.9 51.2 0.0000** 0.0000**
Snout tip to pectoral-fin insertion 25.7 24.8-26.7 25.6 0.0000%* 0.2192
Snout tip to pelvic-fin insertion 42.1 42.0-45.7 439 0.0037* 0.9106
Snout tip to anal-fin origin 60.2 59.1-62.7 61.0 0.0011* 0.0043*
Dorsal-fin base length 14.3 13.4-15.8 14.7 0.0009%* 0.0260*
Anal-fin base length 20.2 17.2-19.8 18.8 0.9367 0.0000%*
Caudal-peduncle length 20.1 20.1-22.8 21.0 0.1961 0.0000%*
Caudal-peduncle depth 8.9 8.2-9.8 9.2 0.2615 0.5160
Orbit diameter 8.0 7.1-8.7 8.2 0.0000%** 0.1985
Eye diameter 5.9 6.4-7.7 6.9 0.5253 0.7497
Snout length 3.8 3.54.0 3.8 0.0000** 0.0002**
D-P1 335 32.7-36.1 343 0.9749 0.7939
D-P2 22.0 20.5-23.0 21.9 0.3454 0.6464
D-A 18.1 18.1-19.9 19.0 0.0000%** 0.0000%*
P1-P2 17.6 16.5-20.4 18.9 0.0062* 0.0143
P2-A 17.6 17.5-20.3 18.9 0.4599 0.0106*
Pectoral-fin length 14.8 13.1-15.1 14.3 0.2356 0.0934
Pelvic-fin length 7.6 6.7-8.0 7.4 0.0235%* 0.5218
Maxilla length 20.3 20.2-22.1 20.8 0.0018* 0.0000%*
Mandibular length 15.8 15.0-16.6 15.9 0.0000%** 0.0096*
Supramaxilla end to maxilla end 6.3 5.2-6.6 6.0 0.6678 0.0000%*
1st unbranched dorsal-fin ray length 1.8 1.1-2.3 1.6 0.0000** 0.0155*
2nd unbranched dorsal-fin ray length 7.4 7.2-8.6 7.9 none 0.0122%*
3rd dorsal-fin ray length 16.4 15.2-17.7 16.5 0.2846 0.0003**
1st unbranched anal-fin ray length 22 1.0-2.2 1.6 0.0016* 0.0003**
2nd unbranched anal-fin ray length 5.8 4.7-6.4 5.5 0.1678 0.4144
3rd anal-fin ray length 13.6 11.7-14.0 13.1 0.7076 0.5894
As % of HL

Orbit diameter 352 30.9-37.1 35.1 0.2252 0.3198
Eye diameter 259 26.9-33.0 29.8 0.0001** 0.0198
Snout length 16.9 15.0-17.4 16.3 0.8833 0.0432
Maxilla length 89.3 86.7-92.6 89.4 0.0000** 0.0000**
Interorbital width 21.3 19.6-22.7 21.2 0.1082 0.0007**
Postorbital length 49.7 48.6-53.0 49.9 0.0946 0.0327*

Abbreviations: D-P1 (distance between dorsal-fin origin and pectoral-fin insertion); D—P2 (distance between dorsal-fin origin and pelvic-fin

insertion); D—A (distance between origins of dorsal and anal fins); P1-P2 (distance between insertions of pectoral and pelvic fins); P2—A (distance

between pelvic-fin insertion and anal-fin origin). *: significant at 5% level. **: significant at 0.1% level.
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et al. 2020). The numbers of lower and total gill rakers
on first gill arch separate S. lotus (1LGR: 21-23; ITGR
36-39) from S. hindustanensis (ILGR 24-27; 1TGR
42-46), S. holodon (1LGR 25-30; 1TGR 44-51, based
on specimens examined in this study), S. ronquilloi
(1ILGR 28 or 29; 1TGR 47-49), and S. tamilensis (ILGR
25-28; ITGR 40-47). Moreover, the new species differs
from S. hindustanensis and S. ronquilloi in lacking
double dark lines on the dorsum posterior to the dorsal
fin (vs. distinct double pigmented lines exist in the
other two) and in having an elongate body (body depth
15.9-17.7% of SL in S. lotus vs. more than 21.1%).
Stolephours lotus is further distinguished from S.
tamilensis by its slender body (body depth 15.9-17.7%
of SL in S. lotus vs. 19.9-23.4% of SL in S. tamilensis),
greater distance between the snout tip to the pectoral-fin
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insertion (24.8-26.7% of SL vs. 21.6-24.0%), and the
longer maxilla (86.7-92.6% of HL vs. 64.4-76.7%). In
addition, the new species differs from S. carpentariae
in having the anal fin with 16—18 branched fin rays (vs.
19 or 20 in S. carpentariae), its origin below the sixth
to eighth dorsal-fin ray bases (vs. second to sixth dorsal-
fin rays) and 16—18 pseudobranchial filaments (vs.
11-14) (Wongratana 1987a b; Whitehead et al. 1988;
Wongratana et al. 1999; Gangan et al. 2020; Hata and
Motomura 2022; this study).

Counts of longitudinal series of scale rows and
predorsal scales of S. lotus sp. nov. [37-39 (modally
38) and 20 or 21 (20), respectively] are higher than
those in S. acinaces [35-38 (36) and 18 or 19 (19),
respectively] and S. andhraensis [35-38 (36) and 17-19
(19), respectively; Table 3]. In addition, the anal-fin

Fig. 1. (A) Lateral, (B) dorsal, and (C) ventral views of holotype of Stolephorus lotus sp. nov. (NTM S. 15265-006, 40.0 mm SL, Van Diemen Gulf,

Northern Territory, Australia).

Fig. 2. Head of paratype of Stolephorus lotus sp. nov., NTM S. 15265-009, 36.2 mm SL, Van Diemen Gulf, Northern Territory, Australia. Dots
indicate posterior part of maxilla. Triangle and arrow indicate cavity of preopercle and posterior tip of maxilla, respectively. Scale bar indicates

1 mm.
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origin in S. lotus sp. nov. is located more anteriorly than
in S. acinaces and S. andhraensis (anal fin originating
below bases of sixth to eighth dorsal-fin rays in S.
lotus sp. nov. vs. eighth to tenth dorsal-fin rays). Also,
the number of branched dorsal-fin rays in the new
species is usually lower than in S. acinaces and S.
andhraensis (11-13 vs. 12—14, respectively; Table 4).
The new species is also distinguished from S. acinaces
by its shorter head [22.2-25.1% SL (22.2-24.0% in
specimens 35—41 mm SL) vs. 23.0-25.5% (24.0-25.5%
in specimens 35—41 mm SL)] and predorsal-fin length
(48.6-52.9% SL vs. 51.8-55.8%), a narrower body
(15.9-17.7% SL vs. 17.0-21.9%), and longer maxilla
(86.7-92.6% HL vs. 75.5-87.4%) (Fig. 3, Table 2; Hata
et al. 2020b: table 3). It differs from S. andhraensis
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in having slightly higher counts of TGR on each gill
arch (36-39, 29-31, 19-21 TGR on 1st, 2nd, and 3rd
gill arches, respectively vs. 33-37, 26-29, 17-19,
respectively in S. andhraensis) and a longer caudal
peduncle (20.1-22.8% SL vs. 16.9-19.9%) (Figs. 4, 5,
Tables 1, 2; Hata et al. 2020b: tables 2, 3).

Welch’s t-test for comparison of meristic
characters between S. lotus and S. acinaces showed
that p values of 8 and 4 characters in the pair were
< 0.01 and 0.1 < p <5, respectively, with no significant
differences in other meristic characters (Table 1).
In addition, ANCOVA analysis of 35 morphometric
characters showed significant differences (p < 5) in
18 (head length, body depth, pre-dorsal-fin length,
snout tip to pectoral-fin insertion, snout tip to pelvic-
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Fig. 3. Relationships of selected measurements relative to standard length (SL) or head length (HL) versus SL in Stolephorus lotus sp. nov. (circles)
and S. acinaces (triangles). A, head length (as % of SL); B, predorsal fin length as % SL; C, body depth as % SL; D, maxilla length as % HL.

Table 3. Frequency distribution of longitudinal series of scale rows in Stolephorus lotus sp. nov., S. acinaces, and S.

andhraensis

Longitudinal series scale rows

35 36 37 38 39
Stolephorus lotus sp. nov. n=30 9 16 5
Stolephorus acinaces n=14 5 6 2 1
Stolephorus andhraensis n=22 2 10 8 2
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fin insertion, pre-anal-fin length, dorsal-fin base length,
orbit diameter, snout length, distance between dorsal-
fin origin to anal-fin origin, distance between insertions
of pectoral and pelvic fins, pelvic-fin length, maxilla
length, mandibular length, first dorsal-fin ray length,
first anal-fin ray length in % SL and eye diameter
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Fig. 4. Relationships of total gill raker numbers (TGR) on (A) first
gill arch (1GA), (B) second gill arch (2GA) and (C) third gill arch
(3GA) to SL in Stolephorus lotus sp. nov. (circles) and S. andhraensis
(squares).
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and maxilla length in % HL) between S. lotus and S.
acinaces (Table 2).

Comparing S. lotus with S. andhraensis, Welch’s
t-test for comparison of meristic characters between
S. lotus and S. andhraensis showed that p values of 13
and 3 characters in the pair were < 0.01 and 0.1 < p <
5, respectively, with no significant differences in other
meristic characters (Table 1). Additionally, ANCOVA
analysis of 35 morphometric characters showed
significant differences (p < 5) in 20 (head length, body
depth, pre-dorsal-fin length, pre-anal-fin length, dorsal-
fin base length, anal-fin base length, caudal-peduncle
length, snout length, distance between dorsal-fin origin
to anal-fin origin, distance between pelvic-fin insertion
to anal-fin origin, maxilla length, mandibular length,
distance between posterior ends of supramaxilla and
maxilla, lengths of first dorsal, second, and third dorsal-
fin rays and first anal-fin ray length in % SL and maxilla
length, interorbital width and postorbital length in %
HL) between S. lotus and S. andhraensis (Table 2).

A PCA plotting graph of the three species of
Stolephorus based on 29 morphological characters
is shown in figure 6. PCA yielded six PCs (with
eigenvalue > 1), responsible for 79.38% variation in
the morphological data (Table 5). PC1, PC2 and PC3
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Fig. 5. Relationships of caudal-peduncle length to SL in Stolephorus
lotus sp. nov. (circles) and S. andhraensis (squares).

Table 4. Frequency distribution of branched dorsal-fin rays in Stolephorus lotus sp. nov., S. acinaces, and S.

andhraensis

Branched dorsal-fin rays

11 12 13 14
Stolephorus lotus sp. nov. n=30 5 10 15
Stolephorus acinaces n=14 1 12 1
Stolephorus andhraensis n=25 9 15 1

© 2022 Academia Sinica, Taiwan



Zoological Studies 61:87 (2022)

accounted for 24.89%, 15.27%, and 11.85% variation,
respectively. The loading matrix on PC1, PC2, and PC3
identified 9 characters with high loading (> 0.3). These
are head length, lower-jaw length, distance between
origins of dorsal fin and anal fin, ILGR, 1TGR, 2UGR,
3UGR, 3LGR, and 3TGR (Table 6). The PC1 vs. PC1
plot unambiguously separated S. lotus from S. acinaces
and S. andhraensis (Fig. 6).

DISCUSSION

Although Wongratana et al. (1999), Paxton et al.
(2006), and Larson et al. (2013) included the north and
northeastern coasts of Australia in the distributional
range of S. andhraensis, no specimens of that species
collected from Australian waters were found in this
study. Therefore, the aforementioned Australian records
were probably based on S. lotus sp. nov., which the
number of Australian endemic species of Stolephorus

O
5 |
ot F"‘#A =
N
O st
o
10
1 1 1 =
0 5 10
PC1

Fig. 6. A principal components analysis (PCA) graph plotting the first
two components for Stolephorus lotus sp. nov. (circles), S. acinaces
(triangles), and S. andhraensis (squares) based on 29 morphological
characters.

page 8 of 11

to six. Regarding a number of species of the genus
Stolephorus that have long been considered distributed
in both Southeast Asia (Sunda Shelf) and the Australian
Continent (Australia and New Guinea): recent studies
have shown that species distributed in these two
regions are also geographically separated, as in the
case of S. andhraensis and S. lotus sp. nov. Stolephorus
waitei, which until recently had been regarded as
widely distributed in the Indo-West Pacific (e.g.,
Whitehead et al. 1988; Wongratana et al. 1999), was
shown by Hata et al. (2019) to comprise three species,
Stolephorus bataviensis Hardenberg 1933 (Taiwan to
Indonesia), Stolephorus baweanensis Hardenberg 1933
(India to Vietnam and Indonesia), and the “true” S.
waitei (possibly endemic to the northeastern coast of
Australia). Stolephorus commersonnii Lacepéde 1803,
which was regarded by Wongratana et al. (1999) to be
distributed in the Indo-West Pacific from the eastern
coast of Africa to the northern coast of Australia, is now
known to include four species, Stolephorus rex Jordan
and Seale 1926 (India to the Philippines and Indonesia),
Stolephorus mercurius Hata, Lavoué¢ and Motomura
2021 (India to Japan), Stolephorus zephyrus Hata,
Lavoué and Motomura 2021 (eastern coast of Africa),
and Stolephorus grandis Hata and Motomura 2021 (Hata
et al. 2021; Hata and Motomura 2021b). Moreover,
Stolephorus indicus (van Hasselt 1823), which was
regarded by Whitehead et al. (1988) and Wongratana
et al. (1999) to be widely distributed in the Indo-West
Pacific (from the eastern coast of Africa to China, off
the northern coast of Australia, and in French Polynesia)
has been recently divided into five species, Stolephorus
balinensis (Blecker 1849) (Southeast Asia), Stolephorus
belaerius Hata, Lavoué and Motomura 2021 (eastern
coast of Africa), S. commersonnii (Mauritius endemic),
“true” S. indicus (northern Indian Ocean), and
Stolephorus scitulus (Fowler 1911) (Fiji to French
Polynesia) (Hata et al. 2021). However, the identity of
Australian specimens previously identified as S. indicus
is not yet clear (Hata et al. 2021).

Species of the genus Stolephorus are epipelagic

Table 5. Principal component analysis (PCA) of morphometric characters of Stolephorus lotus sp. nov., S. acinaces,

and S. andhraensis

Component Eigenvalues % of variance Cumulative variance
1 7.22 24.89 24.89
2 443 15.27 40.16
3 3.44 11.85 52.00
4 2.24 7.73 59.74
5 1.99 6.85 66.60
6 1.41 4.88 71.48
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(Whitehead et al. 1988; Wongratana et al. 1999).
Accordingly, it is likely that the region of deep sea
between the Sahul Continent and Sundaland, which
existed as an extensive landmass in the last Pleistocene
glacial period (Voris 2000), restricted the gene flow
between populations in the two areas, thereby promoting
the divergence between species. Two nemipterid
fishes, Scolopsis taenioptera (Cuvier in Cuvier and
Valenciennes 1830) and Scolopsis meridiana Nakamura,
Russell, Moore, and Motomura 2018 are a similar
example of allopatrically distributed sister species in the
same areas (Hung et al. 2017; Nakamura et al. 2018).
However, few surveys of taxonomic and ichthyofaunal
studies of Australian species of Engraulidae have been
done, therefore further research is needed to determine
the patterns of diversification of the Engraulidae in the
Australian Continent.

Comparative material examined: Stolephorus
acinaces (14 specimens, 35.2-50.0 mm SL): listed
in Hata et al. (2020b); Stolephorus andhraensis (25
specimens, 33.5-57.4 mm SL): listed in Hata et al.
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(2020b) and five additional specimens: HDB-E5-146,
5 specimens, 37.3—43.4 mm SL, eastern Johor Strait,
Singapore; Stolephorus holodon (15 specimens,
31.5-82.3 mm SL): BMNH 1898.12.17.7-8, syntypes
of Engraulis holodon, 39.5-41.7 mm SL, Zwartkops
River, Algoa Bay, South Africa; BMNH 1970.10.22.25-
28, 3 of 4 specimens, 31.5-39.0 mm SL, Maputo
Bay, Maputo, Mozambique; RUSI 5320, 71.5 mm
SL, Durban, South Africa; RUSI 17380, 67.0 mm
SL, estuary of Kwelera, South Africa; RUSI 36158,
82.3 mm SL, Port St. Jones, Transkei District, South
Africa; SAM 12747, syntype of Engraulis holodon,
39.2 mm SL, Zwartkops River, Algoa Bay, South Africa;
SAM 14860, 58.3 mm SL, Durban, South Africa; SAM
24382, 2 specimens, 77.1-80.4 mm SL, ca. 20 km
southeast of estuary of Tugela River; SU 31337, 2
specimens, 49.1-77.8 mm SL, Durban, Kwazulu-Natal,
South Africa; USNM 437518, 69.2 mm, Delagoa Bay
at south end of island near Costa Da Sol some 5 miles
northeast of Lourenco Marques on west side of bay,
Maputo Province, Mozambique.

Table 6. The contribution (loading) of morphometric characters over six principal components (PC 1-6) in Stolephorus

lotus sp. nov., S. acinaces, and S. andhraensis

Character PC1 PC2 PC3 PC4 PCS PC6
Branched dorsal-fin ray counts 0.09 0.14 0.10 -0.13 0.14 -0.29
Counts of gill rakers on 1st gill arch (upper) -0.15 0.01 -0.02 -0.16 0.012 -0.34
Counts of gill rakers on 1st gill arch (lower) -0.19 0.39 -0.09 -0.07 -0.06 0.08
Counts of gill rakers on 1st gill arch (total) -0.19 0.39 -0.09 -0.06 0.06 0.03
Counts of gill rakers on 2nd gill arch (upper) -0.24 -0.10 0.31 -0.02 -0.14 0.15
Counts of gill rakers on 2nd gill arch (lower) -0.29 0.16 0.22 -0.03 -0.07 0.16
Counts of gill rakers on 2nd gill arch (total) -0.29 0.16 0.22 -0.03 -0.07 0.16
Counts of gill rakers on 3rd gill arch (upper) -0.26 -0.15 0.30 -0.02 -0.04 -0.10
Counts of gill rakers on 3rd gill arch (lower) -0.25 -0.15 0.32 -0.01 -0.06 -0.10
Counts of gill rakers on 3rd gill arch (total) -0.25 -0.14 0.33 -0.01 -0.04 -0.10
Number of scale rows in longitudinal series -0.04 -0.08 -0.16 -0.22 -0.22 -0.11
Predorsal-scale counts -0.05 -0.10 -0.16 0.02 -0.24 0.40
Prepelvic-scute counts -0.15 -0.12 -0.003 0.26 -0.08 -0.25
Number of dorsal-fin rays before anal-fin origin 0.20 0.12 0.29 -0.08 -0.07 0.10
Head length -0.16 0.41 -0.07 -0.03 0.03 0.04
Body depth 0.20 0.13 0.29 0.12 0.16 0.16
Pre-dorsal-fin length 0.20 0.17 0.16 0.12 -0.15 -0.02
Snout tip to pectoral-fin insertion 0.08 0.09 0.02 0.23 -0.56 -0.02
Dorsal-fin base length 0.09 0.16 0.14 -0.08 0.10 -0.52
Anal-fin base length -0.007 0.10 0.03 0.51 0.003 -0.19
Caudal-peduncle length -0.18 -0.07 -0.15 -0.32 -0.15 -0.16
Length of orbit 0.08 0.18 -0.04 0.04 -0.48 -0.24
Snout length 0.22 0.13 0.03 0.17 -0.18 -0.06
Distance between origins of dorsal and anal fins 0.20 0.12 0.33 0.11 0.09 0.11

Lower-jaw length -0.18 0.41 -0.08 -0.03 0.02 0.03
Supramaxilla end to maxilla end -0.17 0.001 -0.06 0.38 0.19 -0.09
1st unbranched anal-fin ray length -0.20 -0.001 -0.15 0.21 -0.05 0.08
1st unbranched dorsal-fin ray length -0.20 -0.07 -0.14 0.23 -0.16 -0.03
3rd unbranched dorsal-fin ray length -0.17 -0.06 -0.13 0.30 0.31 -0.02

© 2022 Academia Sinica, Taiwan



Zoological Studies 61:87 (2022)

Acknowledgments: This paper and the new
species name were registered with ZooBank under
urn:lsid:zoobank.org:pub:16400617-6C82-445E-8A3C-
C91B3B7071BE. We thank A. Pickworth (Kakadu
National Park) for collecting specimens, and O.
Crimmen and J. Maclaine (BMNH), G. Shinohara and
M. Nakae (NSMT), M. Hammer and G. Dally (NTM),
0. Gon, R. Bills, M. Dwani, N. Mgibantaka and N.
Mazungula (SAIAB), R. Adams, A. Bosman and D.
Clarke (SAM), J. Williams, K. Murphy, S. Raredon, and
D. Pitassy (USNM), and K. P. Lim and Z. Jaafar (ZRC)
for opportunities to examine specimens of Stolephorus.
We also thank G. Hardy (Ngunguru, New Zealand) for
reading the manuscript and providing help with English.
We also thank Y. Haraguchi and other volunteers,
and students of KAUM for curatorial assistance. This
study was supported in part by the Sasakawa Scientific
Research Grant from the Japan Science Society (28-
745); a Grant-in-Aid from the Japan Society for the
Promotion of Science for JSPS Fellows (DC2: 29-
6652); JSPS KAKENHI Grant Numbers 19K23691,
20HO03311, and 21H03651; JSPS Overseas Research
Fellowships (202160519); the JSPS Core-to-Core
CREPSUM JPJSCCB2020009; the “Biological
Properties of Biodiversity Hotspots in Japan” project of
the National Museum of Nature and Science, Tsukuba,
Japan; and “Establishment of Glocal Research and
Education Network in the Amami Islands” project
of Kagoshima University adopted by the Ministry of
Education, Culture, Sports, Science and Technology,
Japan.

Authors’ contributions: HH collected the specimen
data and wrote the manuscript. HH and HM designed
the research and read and approved the manuscript.

Competing interests: The authors declare that they
have no conflict of interests.

Availability of data and materials: Morphometric
and meristic data of the species described in this
study are all shown in tables 1 and 2. Specimens’
measurements are available from the corresponding
author upon reasonable request. All specimens examined
in this study have been recently deposited into museum
collections (see MATERIALS AND METHODS).

Consent for publication: Both authors consent to
the publication of this manuscript.

Ethics approval consent to participate: Not
applicable.

© 2022 Academia Sinica, Taiwan

page 10 of 11

REFERENCES

Babu Rao M. 1966. A new species of Stolephorus Lacépede from the
east coast of India (Pisces: Engraulidae). Ann & Mag Nat Hist
Ser 13(9):101-110. doi:10.1080/00222936608651641.

Bleeker P. 1849. Bijdrage tot de kennis der ichthyologische fauna van
het eiland Bali, met beschrijving van eentige nieuwe species.
Verh Batav Genootsch Kunst Wet 22(7):1-11.

Boulenger GA. 1900. Descriptions of new fishes from the Cape of
Good Hope. Mar Invest S Afr 8:10-12, pls. 1-3.

Cuvier G, Valenciennes A. 1830. Histoire naturelle des poissons. Vol. 6.
F. G. Levrault, Paris.

De Vis CW. 1882. Description of three new fishes of Queensland.
Proc Linn Soc NSW 7(3):318-320.

Fowler HW. 1911. Notes on clupeoid fishes. Proc Acad Nat Sci
Philadelphia 63:204-221.

Gangan SS, Pavan-Kumar A, Jahageerdar S, Jaiswar AK. 2020. A new
species of Stolephorus (Clupeiformes: Engraulidae) from the
Bay of Bengal. Zootaxa 4743:561-574. doi:10.11646/zootaxa.
4743.4.6.

Hardenberg JDF. 1933. New Stolephorus species of the Indo-
Australian seas. Natuurk Tijdschr Ned-Ind 93:258-263.

Hata H, Lavoué S, Motomura H. 2019. Taxonomic status of seven
nominal species of the anchovy genus Stolephorus described by
Delsman (1931), Hardenberg (1933), and Dutt and Babu Rao
(1959), with redescriptions of Stolephorus tri (Bleeker 1852)
and Stolephorus waitei Jordan and Seale 1926 (Clupeiformes:
Engraulidae). Ichthyol Res 67:7-38. doi:10.1007/s10228-019-
00697-7.

Hata H, Lavoué S, Motomura H. 2020a. Stolephorus babarani, a new
species of anchovy (Teleostei: Clupeiformes: Engraulidae) from
Panay Island, central Philippines. Zootaxa 4178(4):509-520.
doi:10.11646/zootaxa.4718.4.5.

Hata H, Lavoué S, Motomura H. 2020b. Stolephorus acinaces, a new
anchovy from northern Borneo, and redescription of Stolephorus
andhraensis (Babu Rao, 1966) (Clupeiformes: Engraulidae).
Mar Biodivers 50:102. doi:10.1007/s12526-020-01115-2.

Hata H, Lavoué S, Motomura H. 2021. Taxonomic status of nominal
species of the anchovy genus Stolephorus previously regarded
as synonyms of Stolephorus commersonnii Lacepéde 1803 and
Stolephorus indicus (van Hasselt 1823), and descriptions of three
new species (Clupeiformes: Engraulidae). Ichthyol Res 68:327—
372. doi:10.1007/s10228-020-00792-0.

Hata H, Lavoué S, Motomura H. 2022a. Description of three new
species previously identified as Stolephorus bengalensis (Dutt
and Babu Rao, 1959) or Stolephorus insularis Hardenberg, 1933,
and a redescription of S. bengalensis (Chordata, Osteichthyes,
Clupeiformes, Engraulidae). ZooKeys 1121(8):145-173.
doi:10.3897/zookeys.1121.84171.

Hata H, Lavoué S, Motomura H. 2022b. A new species of Stolephorus
from the eastern Indian Ocean and redescription of Stolephorus
dubiosus Wongratana, 1983, with comments on the evolution
of prepelvic scute numbers within Stolephorus (Clupeiformes:
Engraulidae). Zool Stud 61:58. doi:10.6620/ZS.2022.61-58.

Hata H, Motomura H. 2017. A new species of anchovy,
Encrasicholina auster (Clupeiformes: Engraulidae), from Fiji,
southwestern Pacific Ocean. N Z J Zool 44(2):122—128. doi:10.1
080/03014223.2016.1268177.

Hata H, Motomura H. 2018a. Stolephorus continentalis, a new
anchovy from the northwestern South China Sea and
redescription of Stolephorus chinensis (Giinther 1880)
(Clupeiformes: Engraulidae). Ichthyol Res 65:374-382.
doi:10.1007/s10228-018-0621-z.

Hata H, Motomura H 2018b. Additional specimens of the poorly


https://doi.org/10.1080/00222936608651641
https://doi.org/10.11646/zootaxa.4743.4.6
https://link.springer.com/article/10.1007/s10228-019-00697-7
https://doi.org/10.11646/zootaxa.4718.4.5
https://link.springer.com/article/10.1007/s12526-020-01115-2
https://link.springer.com/article/10.1007/s10228-020-00792-0
https://doi.org/10.3897/zookeys.1121.84171
https://zoolstud.sinica.edu.tw/Journals/61/61-58.html
https://doi.org/10.1080/03014223.2016.1268177
https://link.springer.com/article/10.1007/s10228-018-0621-z

Zoological Studies 61:87 (2022)

known anchovy Stolephorus multibranchus (Clupeiformes:
Engraulidae) from Kosrae, Caroline Islands. Biogeogr 20:78-84.
doi:10.11358/biogeo.20.78.

Hata H, Motomura H. 2018c. Redescription and distributional range
extension of the poorly known anchovy Stolephorus nelsoni
(Clupeiformes: Engraulidae). Acta Ichthyol Piscat 48:381-386.
doi:10.3750/AIEP/02501.

Hata H, Motomura H. 2018d. Stolephorus insignus, a new anchovy
from the western Pacific, and redescription of Stolephorus
apiensis (Jordan and Seale 1906) (Clupeiformes: Engraulidae).
Ichthyol Res 66:280-288. doi:10.1007/s10228-018-00675-5.

Hata H, Motomura H. 2021a. Two new species of Stolephorus
(Teleostei: Clupeiformes: Engraulidae) from the western Pacific.
Raff Bull Zool 69:109—117. doi:10.26107/RBZ-2021-0009.

Hata H, Motomura H. 2021b. Stolephorus grandis, a new anchovy
(Teleostei: Clupeiformes: Engraulidae) from New Guinea and
Australia. Zootaxa 5004(3):481-489. doi:10.11646/zootaxa.
5004.3.5.

Hata H, Motomura H. 2021c. A new species of the anchovy genus
Stolephorus Lacepeéde 1803 from North Sumatra, Indonesia,
and redescriptions of Stolephorus pacificus Baldwin 1984 and
Stolephorus teguhi Kimura, Hori and Shibukawa 2009 (Teleostei:
Clupeiformes: Engraulidae). Zool Stud 60:65. doi:10.6620/
7S.2021.60-65.

Hata H, Motomura H. 2022. Redescription of Stolephorus ronquilloi
Wongratana, 1983 and description of Stolephorus hindustanensis,
new anchovy from the western coast of India (Teleostei:
Clupeiformes: Engraulidae). Taxonomy 2:124-135. doi:10.3390/
taxonomy2010010.

Hung K-W, Russell BC, Chen W-J. 2017. Molecular systematics of
threadfin breams and relatives (Teleostei, Nemipteridae). Zool
Script 46:536-551. doi:10.1111/zsc.12237.

Jordan DS, Seale A. 1926. Review of the Engraulidae, with
descriptions of new and rare species. Bull Mus Comp Zool
Harvard 67:355-418.

Kanda Y. 2012. Investigation of the freely-available easy-to-use
software “EZR” (Easy R) for medical statistics. Bone Marrow
Transplant 48:452-458. doi:10.1038/bmt.2012.244.

Kimura K, Hori K, Shibukawa K. 2009. A new anchovy, Stolephorus
teguhi (Clupeiformes: Engraulidae) from North Sulawesi,
Indonesia. Ichthyol Res 56:292—295. doi:10.1007/s10228-009-
0103-4.

Lacepéde BGE. 1803. Histoire naturelle des poisons. v. 5. Chez

page 11 of 11

Plassan, Paris, France.

Larson HK, Williams RS, Hammer MP. 2013. An annotated checklist
of the fishes of the Northern Territory, Australia. Zootaxa
3696:1-293. doi:10.11646/zootaxa.3696.1.1.

Nakamura J, Russell BC, Moore GI, Motomura H. 2018. Scolopsis
meridiana, a new species of monocle bream (Perciformes:
Nemipteridae) from northern Australia. Zootaxa 4500:222-234.
doi:10.11646/zootaxa.4500.2.4.

Paxton JR, Gates JE, Bray DJ, Hoese DF. 2006. Engraulidae,
anchovies. /n: Hoese DF, Bray DJ, Paxton JR, Allen GR (eds)
Zoological catalogue of Australia. Vol. 35. Fishes, parts 1-3.
CSIRO Publishing, Collingwood, pp. 310-317.

Sabaj MH. 2020. Codes for natural history collections in ichthyology
and herpetology. Copeia 108:593-669. doi:10.1643/
ASIHCODONS2020.

van Hasselt JC. 1823. Uittrekesel uit een’ brief van Dr. J. C. van
Hasselt, aan den Heer C. J. Temminck. Algemeene Konst en
Letter bode voor het Jaar I Deel 21:329-331.

Voris HK. 2000. Maps of Pleistocene sea levels in Southeast Asia:
shorelines, river systems and time durations. J Biogeogr
27:1153-1167. doi:10.1046/j.1365-2699.2000.00489.x.

Whitehead PJP, Nelson GJ, Wongratana T. 1988. FAO species
catalogue vol 7. Clupeoid fishes of the world (suborder
Clupeoidei). An annotated and illustrated catalogue of the
herrings, sardines, pilchards, sprats, shads, anchovies and wolf-
herrings. Pt 2 — Engraulididae. FAO Fish Synop, no 125 7(2):i-
viii + 305-579.

Wongratana T. 1983. Diagnoses of 24 new species and proposal of a
new name for a species of Indo-Pacific clupeoid fishes. Japan J
Ichthyol 29:385-407.

Wongratana T. 1987a. Four new species of clupeoid fishes (Clupeidae
and Engraulidae) from Australian waters. Proc Biol Soc
Washington 100:104—111.

Wongratana T. 1987b. Two new species of anchovies of the genus
Stolephorus (Engraulidae), with a key to species of Engraulis,
Encrasicholina, and Stolephorus. Am Mus Novit 2876:1-8.

Wongratana T, Munroe TA, Nizinski MS. 1999. Order Clupeiformes.
Engraulidae, Anchovies. /n: Carpenter KE, Niem VH (eds)
FAO species identification guide for fishery purposes. The
living marine resources of the western central Pacific. Vol 3.
Batoid fishes, chimaeras and bony fishes pt 1 (Elopidae to
Linophrynidae). FAO, Rome, pp. 1698—1753.

© 2022 Academia Sinica, Taiwan


https://doi.org/10.11358/biogeo.20.78
https://doi.org/10.3750/AIEP/02501
https://link.springer.com/article/10.1007/s10228-018-00675-5
https://lkcnhm.nus.edu.sg/wp-content/uploads/sites/10/2021/03/RBZ-2021-0009.pdf
https://doi.org/10.11646/zootaxa.5004.3.5
https://zoolstud.sinica.edu.tw/Journals/60/60-65.html
https://www.mdpi.com/2673-6500/2/1/10
https://doi.org/10.1111/zsc.12237
https://www.nature.com/articles/bmt2012244
http://dx.doi.org/10.1007/s10228-009-0103-4
https://doi.org/10.11646/zootaxa.3696.1.1
https://doi.org/10.11646/zootaxa.4500.2.4
https://doi.org/10.1643/ASIHCODONS2020
https://doi.org/10.1643/ASIHCODONS2020

	BACKGROUND
	MATERIALS AND METHODS
	RESULTS
	Stolephorus lotus sp. nov.

	DISCUSSION
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

