


third of the ovary. Female maturity was determined
according to Clarke’s (1983) method for mesopelagic fishes,
which included species of Photostomias, whereby a female
with at least some yolk deposited in the ovum and average
ovum size greater than 0.2 mm was considered maturing.

The few morphometric and meristic character values of the
Indo-Pacific species of Photostomias that differ from the generic
description of Kenaley and Hartel (2005) do not differ so much
as to warrant a redescription of the genus. Character values of
the holotype, or in the case of P. atrox, the neotype, are
reported in parentheses after the range in the species
descriptions. Morphometric and meristic data are further
summarized in Tables 1 and 2. Many of the measurements
are affected by the physical condition of the specimen and the
degree to which the specimen was manipulated while
measuring. To minimize imprecision, diagnostic morphomet-
ric characters are reported in percent of upper jaw length, a
more completely ossified, less easily damaged structure. Post
hoc analyses of covariance (ANCOVAs) and nonparametric
Mann-Whitney U-tests (MWU) were performed to evaluate
significant differences in morphometric and meristic charac-
ters, respectively, with a Sidak correction for multiple tests for
an experiment-wide a of P � 0.05. Tests for significant
differences in allometric growth were performed with AN-
COVA tests for homogeneity of regression. Values for n in all
analyses are those given in Tables 1 and 2. Results of individual
pairwise statistical tests are not repeated under species
comparisons where that value was previously reported.

Material was captured with a several midwater trawls
including a 10-m 2 MOCNESS (MOC10), 20-m 2 (MOC20), 3-
m (10-ft) Isaacs-Kidd Midwater Trawl (IKMT), or a 10-m 2

Rectangular Midwater Trawl (RMT). Where specific capture
depth was not available, meters of wire out (mwo) are given.
Institutional abbreviations are as listed at http://www.asih.
org/codons.pdf.

RESULTS

With the exception of minor deviations in meristic and
morphometric values, all specimens examined in this study
possess characters described for Photostomias by Kenaley and
Hartel (2005). Despite some statistical differences, species of
Photostomias vary little in most meristic and morphometric
features, the only discrete characters being those diagnostic
characters associated with the male AO and PO, number of
basibranchial tooth patches, and dorsal- and anal-fin rays.
Based on these characters, four Indo-Pacific species of
Photostomias are described below: P. atrox and three new
species, P. tantillux, P. liemi, and P. lucingens. No unique
combination of characters was recovered that distinguishes
females of P. atrox and P. liemi.

Photostomias tantillux, new species
Figures 1A, 2A, 3–6; Tables 1, 2

Photostomias guernei.—Clarke, 1974:346, table 1 (in part,
vertical distribution, occurrence off Hawaii, size at
maturity, size distributions, spawning seasonality).

Photostomias sp. 1.—Clarke, 1982:298, table 6 (prey choice,
size at maturity, occurrence off Hawaii); Clarke, 1983:204,
table 1 (sex ratio, size at maturity, sexual dimorphism).

Holotype.—SIO 73-171, male, 90.3 mm, eastern tropical
Pacific, 0u6.8�N, 155 u18.7�W, R/V Melville, IKMT, approxi-
mately 0–1058 m, 17 July 1972.

Paratypes.—SIO 68-533, female, 64.7 mm, 4 u52�S,
167u07�W, 0–2550 mwo, 10 August 1968; SIO 68-535, male,
76.4 mm, 4 u59�N, 164 u14�W, 0–2550 mwo, 13 August 1968;
SIO 73-164, 2 females, 67.0–85.0 mm, 0 u09�N, 155 u00�W, 0–
3000 mwo, 14 July 1972; SIO 73-165, male, 77.3 mm,
0u11�S, 155u50�W, 0–3000 mwo, 15 July 1972; SIO 73-171, 2
females, 70.8–81.2 mm, 0 u07�N, 155 u19�W, 0–1058 m, 17
July 1972; USNM 219001, male, 63.6 mm, 22 uN, 158 uW,
120–120 m, 12 November 1969; USNM 219039, female,
80.1 mm, 2 u03�S, 150u59�W, 0–55 m, 19 March 1970; USNM
219047, 3 females, 77.3–85.4 mm, male, 73.9 mm, 4 u07�N,
160u12�W, 0–780 m, 22 August 1971.

Diagnosis.—Photostomias tantillux differs from all other
species of Photostomias in having the following combination
of characters: PO small in males greater than 60 mm, 12.1–
20.0% UJL (versus PO moderate to large, 21.0–46.6 % UJL, in
P. atrox, P. liemi, and P. lucingens; Fig. 3; Kenaley and Hartel,
2005:fig. 3, table 1); female PO small, 7.9–10.8 % UJL (versus
moderate to large, 9.4–18.9 % UJL, in all other species of
Photostomias except P. guernei; Fig. 3, Table 1; Kenaley and
Hartel, 2005:table 1); AO small to moderate in males greater
than 60 mm, 2.1–7.4 % UJL (versus small, 2.4–4.7% UJL, in P.
lucingens; Fig. 4, Table 1); females maturing (ova � 0.2 mm)
at approximately 70 mm (versus 100 mm in P. atrox and P.
liemi; Fig 4); three tooth patches positioned at posterior end
of the first, second, and third basibranchials (versus two
basibrancial tooth patches in P. guernei); sum of dorsal- and
anal-fin rays 48–52, rarely 53 (versus 57–63, rarely 56, in P.
goodyeari; Table 2; Kenaley and Hartel, 2005:table 2).

Description.—Body elongate, cleithrum depth 7.5–11.3 % SL
(9.3%), tapering slightly to anal-fin origin, 4.6–7.1 % SL
(6.0%), and more abruptly toward shallow peduncle pedun-
cle, 1.5–2.3% SL (1.7%). Soft, corrugated keel along ventral
midline from last IP photophore to anus. Jaws enormous,
extending far posterior to posterior margin of fleshy orbit;
lower jaw length 14.5–20.5 % SL (16.8%), upper jaw 14.5–
20.3% SL (16.8%). Skin between dentaries absent, protractor
hyoideus exposed. Tip of basihyal with a white, fleshy,
nautilus-shaped tab. Eye moderately large, eye width 2.2–
4.6% SL (4.6%); a ring of minute photophores surrounding
pupil inside of fleshy orbit. Snout blunt and short 2.5–8.2 %
SL (3.3%); skin between anterodorsal process of premaxilla
and anterior margin of fleshy orbit often with a depression
accommodating second anteriormost dentary tooth when
jaws are closed; concentrated patches of luminescent tissue
often present directly anterior to orbit. Nostril facing
forward on snout; a round anteroventral opening about
one-third width of ovular upper dorsolateral opening.
Opercular flap long and sloping posteroventrally to poste-
rior articulation of jaws, inserting dorsal to posterior margin
of fleshy orbit; a single photophore present at midpoint of
posterior margin. Branchiostegal rays 11–14 (13), a single
photophore embedded in lateral face of membrane between
each exposed ray; posteriormost rays medial to inter- and
subopercle without inter-ray photophore; two anteriormost
rays often with two minute inter-ray photophores.

Three cephalic photophores near orbit: AO, SO, and PO
(Fig. 1A). AO sexually dimorphic, obvious in males, smaller
and subcutaneous in females; male AO small to large in
specimens greater than 60 mm 2.1–7.4 % UJL (7.3%). SO
minute, round and situated on midventral margin of fleshy
orbit in an elongate pocket with both a lateral and larger
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Pectoral fin absent in transformed specimens. Pelvic fins
extremely elongate, 32.2–54.1 % SL (damaged), with 6 rays;
proximal ray flattened and separate from remaining five
rays; placed approximately at mid-body; prepelvic length
42.4–47.5% SL (44.6%). Dorsal and anal fins placed far back
on body and nearly opposite, predorsal length 81.4–86.1 %
SL (82.8%), preanal length 77.6–85.3 % SL (77.6%); skin
extending over proximal third of fin bases. Dorsal-fin rays
22–26 (22), rarely 25 or 26; anal-fin rays 26–29 (27), rarely
30. Anteriormost rays of dorsal and anal fins small and
tightly spaced, often obscured by skin. Caudal fin small and
forked, lobes falcate, ventral lobe considerably longer than
dorsal lobe.

IP 7, two posteriormost photophores separated by a space
approximately half of that between other photophores in
the series; PV 14–18 (18), separated from IP by a space equal
to width of approximately 5 photophores; VAV 20–23 (20),
rarely 25, separated from PV by a space equal to width of
approximately 5 photophores, last 1–3 photophores over
anal-fin base. OV 13–18 (18), anterior 4 or 5 photophores
arched anteroventrally, ventralmost (first) photophore be-
coming obscured in larger specimens; VAL 19–24 (19),
separated from OV by a space equal to width of 4–6
photophores; AC 11–14 (13), elevated at level of VAL and
separated from them by a space equal to width of
approximately 6 photophores, first AC directly over last
VAV.

Skin thin, scaleless; vertical rows of minute photophores
arranged along lateral aspect of body beginning directly
posterior to opercular flap, each row corresponding to body
segment. Minute masses of luminescent tissue scatter over
entire body. Color in alcohol black, fading to dark brown
after lengthy preservation. Size small, to 101 mm; females
maturing at approximately 70 mm (Fig. 5), males at approx-
imately 60 mm.

Distribution.— Tropical and subtropical Pacific Ocean, from
33uN off Skikoko, Japan, to 31 uS in the eastern South Pacific
(Fig. 6).

Comparison.—The small relative size of the PO in both males
and females (Fig. 3) distinguishes P. tantillux from all other
Indo-Pacific species of Photostomias. Smaller female speci-
mens may be confused with P. atrox and P. liemi; however, P.
tantillux matures at a much smaller size (approximately
70 mm versus approximately 100 mm in P. atrox and P.
liemi; Fig. 5). The following diagnostic characters of P.
tantillux were found to differ significantly from other Indo-
Pacific species of Photostomias: as percent of UJL, male PO
smaller than those of P. liemi and P. lucingens (both P �

0.001), and smaller and slower in allometric growth than
that of P. atrox (P � 0.001); male AO larger and growing
faster as percent of UJL than that of P. lucingens (P � 0.018);
female PO smaller as percent of UJL than those of P. atrox/P.
liemi and P. lucingens (both P � 0.001). In addition, the
following characters differ significantly from other Indo-
Pacific species of Photostomias: head length smaller as a
percent of SL than that of P. liemi (P � 0.004); head width
smaller as a percent of SL than that of P. liemi (P � 0.001);
prepelvic length greater as a percent of SL than that of P.
atrox (P � 0.035); dorsal-fin rays fewer than those of P. atrox
and P. liemi (both P � 0.001); anal-fin rays fewer than those
of P. lucingens (P � 0.040); number of BP photophores
greater than those of P. atrox (P � 0.001); number of PV
photophores greater than those of P. atrox, P. liemi, and P.
lucingens (P � 0.001, P � 0.028, and P � 0.033, respectively);
OV greater than those of P. atrox and P. liemi (P � 0.001 and
P � 0.032, respectively). The following characters differ in
allometric growth: number of maxillary teeth accumulating
faster than those of P. atrox and P. liemi (P � 0.001 and P �

0.041); growth of anal-fin base faster than that of P. lucingens
(P � 0.041).

Etymology.—The name tantillux is derived from a combina-
tion of the Latin tantillus, meaning ‘‘so little’’ or ‘‘so small,’’
and lux, meaning ‘‘light,’’ in allusion to the small size of the
light-producing PO of this species.

Photostomias liemi, new species
Figures 1B, 2B, 3–5, 7; Tables 1, 2

Holotype.—MCZ 49151, male, 95.2 mm, central North
Pacific, Off Kona, Hawaii, 0–762 m, February 1973, Otis
Barton.

Paratypes.—AMS I.19739-034, male, 99.4 mm, 7 u09�S,
148u52�E, 5-V11/69, 0–137 m, 7 November 1969; AMS
I.36467-019, male, 142.6 mm, 17 u37�N, 122 u43�E, 28 Sep-
tember 1995; SIO 68-472, male, 116.2 mm, 19 u12�N,
166u50�N, 0–2100 m, 12–13 September 1968; SIO 71-307,
male, 96.3 mm, 27 u26�N, 155 u25�W, 0–3000 mwo, 1
October 1971; SIO 72-22, male, 118.2 mm, 27 u25�N,
155u23�W, 0–1500 mwo, 28 September 1971; SIO 75-324,
male, 95.4 mm, 9 u18�N, 122 u00�W, 0–200 m, 3 February
1973; SIO 88-155, male, 75.3 mm, 19 u26�N, 169 u41�W, 6
March 1987; USNM 258713, male, 100.4 mm, 21 u25�N,
158u25�W, 0–195 m, 28 February 1973; USNM 258719,
male, 87.9 mm, 21 u25�N, 158 u20�W, 0–800 m, 2 March
1971; USNM 292394, male, 95.4 mm, 18 u56�S, 150u08�E, 0–
360 m, 19–20 June 1981; USNM 382262, male, 109.2 mm,
21u23�N, 158 u18�W, 1500–4000 m, 28 February 1972; USNM
382263, male, 97.1 mm, 21 u22�N, 158 u19�W, 575–655 m, 26
March 1972.

Fig. 1. Left lateral view of heads of Indo-Pacific species of Photo-
stomias: (A) P. tantillux new species, holotype, SIO 73-171, male,
90.3 mm SL; (B) P. liemi new species, holotype, MCZ 49151, male,
95.2 mm SL; (C) P. lucingens new species, holotype, USNM 219291,
male, 78.2 mm SL; (D) P. atrox, neotype, MCZ 151289, male,
92.0 mm SL.

Kenaley—Indo-Pacific species of Photostomias 179







by skin. Caudal fin small and forked, lobes falcate, ventral
lobe longer than dorsal lobe.

IP 7, two posteriormost photophores separated by a space
approximately half of that between other photophores in
the series; PV 14–16 (16), separated from IP by a space equal
to width of approximately 5 or 6 photophores; VAV 21–24
(22), rarely 19, separated from PV by a space equal to width
of approximately 5 or 6 photophores, last 2–3 photophores
over anal-fin base. OV 14–17 (16), anterior 4 or 5
photophores arched anteroventrally; VAL 19–23 (22), sepa-
rated from OV by a space equal to width of 5 or 6
photophores. A single small photophore placed approxi-
mately at mid-point of opercular flap on margin of
operculum; AC 12–14 (13), elevated at level of VAL and
separated from them by a space equal to width of
approximately 6 photophores, first AC directly over last
VAV.

Skin thin, scaleless; vertical rows of minute photophores
arranged along lateral aspect of body beginning directly
posterior to opercular flap, each row corresponding to a
body segment. Minute masses of luminescent tissue scat-
tered over entire body. Color in alcohol black, fading to dark
brown after lengthy preservation. Size moderately large, to
143 mm; females maturing at approximately 100 mm,
males at approximately 85 mm.

Distribution.— Males captured off the Indo-Malaysian, Japa-
nese, Philippine, and Hawaiian archipelagos; scattered
records from the tropical Pacific; one record from the
eastern Indian Ocean off Java, Indonesia (Fig. 7).

Comparison.—The moderate size of the male PO (Fig. 3)
distinguishes P. liemi from all other Indo-Pacific species of
Photostomias. No morphological characters were recovered
that serve to distinguish females of P. liemi from females of
P. atrox. However, as a group, females of P. liemi and P. atrox
differ from P. tantillux and P. lucingens on the basis of size at
maturity: P. liemi and P. atrox mature at approximately
100 mm versus approximately 60 and 70 mm in P. lucingens
and P. tantillux, respectively (Fig. 5). Females of Photostomias
atrox and P. liemi also differ from females of P. tantillux on
the basis of PO size, P. tantillux having a much smaller PO as
a percent of UJL (Fig. 3). The following diagnostic characters
of P. liemi were found to differ significantly from other Indo-
Pacific species of Photostomias: as percent of UJL, male PO
larger than that of P. tantillux (P � 0.001) and smaller than
that of P. lucingens and P. atrox (both P � 0.001). Male AO
larger relative to UJL than that of P. lucingens (P � 0.001). In
addition, the following non-diagnostic characters, as de-
scribed from male specimens, differ significantly from other
Indo-Pacific species of Photostomias: HL larger as a percent of
SL than those of P. atrox and P. tantillux (P � 0.001 and P �

0.004, respectively); head width greater as a percent of SL
than those of P. lucingens and P. tantillux (P � 0.009 and P �

0.001, respectively); predorsal length smaller than P. lucin-
gens and P. tantillux as a percent SL (P � 0.037 and P �

0.019); dorsal-fin rays greater than those of P. tantillux (P �

0.001); PV photophores fewer than those of P. tantillux (P �

0.028); number of OV photophores fewer than those of P.
tantillux (P � 0.032). In addition, the following characters
differ in allometric growth: growth of dorsal-fin base faster
than that of P. lucingens; growth of anal-fin base faster than
those of P. atrox, P. lucingens, and P. tantillux (P � 0.027, P �

0.001, and P � 0.020, respectively); growth of pre-anal

length slower than that of P. atrox and P. lucingens (P �

0.043, P � 0.001, and P � 0.002, respectively).

Etymology.—This species is named in honor of Karel F. Liem,
recognizing over three decades of curation and support of
scientists, students, and staff as Curator of Ichthyology and
Henry Bryant Bigelow Professor of Ichthyology at the
Museum of Comparative Zoology, Harvard University.

Photostomias lucingens, new species
Figures 1C, 2C, 3–6; Tables 1, 2

Photostomias atrox (non Alcock, 1890).—Kenaley and Hartel
2005:258 (in part, description, occurrence in Atlantic).

Holotype.—USNM 219291, male, 78.2 mm, central North
Pacific, off Leeward Oahu, Hawaii, 21 u20–30�N, 158 u20–
30�W, HIMB 70-7-17, IKMT, 0–115 m, 7–8 July 1970.

Paratypes.—MCZ 131736, female, 95.0 mm, male, 86.0 mm,
5u30�S, 8u37�E, 95–100 m, 15 June 1971; MCZ 161573,
male, 83.0 mm, 23 u30�S, 30u00�W, 0–1155 m, 12 May 1965;
SIO 63-551, male, 109.0 mm, 19 u05�S, 13u40�W, 0–2000 m,
24–25 June 1963; SIO 69-345, male, 105.9 mm, 25 u48�S,
108u48�W, 0–2000 m, 4–5 April 1969; SIO 72-23, male,
65.4 mm, 27 u25�N, 155 u23�W, 0–1500 mwo, 28 September
1971; SIO 72-309, male, 103.7 mm, 25 u18�S, 154u55�W, 29–
30 July 1972; SIO 75-633, 2 males, 88.5–89.0, 25 u15�S,
155u24�W, 0–1000 mwo, 3 August 1972; USNM 258675,
male, 77.9 mm, 21 u25�N, 158 u20�W, 0–750 m, 17 September
1971; USNM 296737, 2 females, 80.0–85.0 mm, 3 males,
79.0–99.0 mm, 15 u45�S, 6u06�W, 1800–1900 m, 5 April
1971; USNM 305264, female 73.0 mm, male 105.0 mm,
13u10�S, 09u00�W, 6 April 1971.

Diagnosis.—Photostomias lucingens differs from all other
species of Photostomias by the following combination of
characters: male PO large, 26.8–39.9 % UJL, in specimens
greater than 60 mm (versus small to moderate, 7.8–28.1 %
UJL, in all other species of Photostomias except P. atrox;
Fig. 3, Table 1; Kenaley and Hartel, 2005:table 1); female PO
moderate, 10.3–15.0 % UJL, in specimens greater than
60 mm (versus small, 6.1–11.1 % UJL, in P. tantillux and P.
goodyeari; Fig. 3, Table 1, Kenaley and Hartel, 2005:table 1);
male AO small, 2.4–4.7 % UJL, in specimens greater than
60 mm (versus large, 4.9–9.6 % UJL, in P. tantillux and P.
atrox; Fig. 4, Table 1); three tooth patches positioned at
posterior end of the first, second, and third basibranchials
(versus two basibrancial tooth patches in P. guernei); sum of
dorsal- and anal-fin rays 49–55, rarely 47, 48, or 56 (versus
57–63, rarely 56, in P. goodyeari; Table 2; Kenaley and Hartel,
2005:table 2); females maturing at a small size, approxi-
mately 60 mm (versus greater than 100 mm in P. atrox and
P. liemi; Fig. 5).

Description.—Body elongate, cleithrum depth 7.4–10.6 % SL
(9.5%), tapering slightly to anal-fin origin, 4.7–6.7 % SL
(6.4%), and more abruptly toward shallow peduncle pedun-
cle, 1.8–2.3% SL (2.0%). Soft, corrugated keel along ventral
midline from last IP photophore to anus. Jaws enormous,
extending far posterior to posterior margin of fleshy orbit;
lower jaw length 16.8–20.8 % SL (17.9%), upper jaw 16.4–
20.4% SL (17.6%). Skin between dentaries absent, protractor
hyoideus exposed. Tip of basihyal with a white, fleshy,
nautilus-shaped tab. Eye moderately large, eye width 2.2–
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