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ABSTRACT

The tropical to subtropical mesopelagic fish genus
Polyipnus (family Sternoptychidae) is the subject of a
taxonomic, phylogenetic, and biogeographic study.
Examination of specimens from most of the major collections
leads to recognition of 29 species in the genus. A key is
provided. New species are described from the South China
Sea, off the northwestern coast of Australia, the Andaman
Sea (eastern Indian Ocean), the western Indian Ocean off
Kenya, and the tropical western North Atlantic.

A study of phylogenetic relationships, based on mainly
osteology and photophores, results in a well-resolved
phylogeny. Instances of unresolved branching order are due
to homoplasy and/or lack of osteological observations for
rare species. Reductive homoplastic characters, such as
small body size (within the omphus species group) and low
photophore number (P. fraseri) are paedomorphic and likely
derived. Monophyly of the genus and 4 species groups is
indicated; the infrastructure of the genus is organized on
the basis of these groups. Species that were previously
members of the laternatus species complex do not constitute

a monophyletic group and are placed in the asteroides and

omphus species groups with their closest relatives. The
remaining meteori and spinosus species groups contain

species previously referred to the asteroides and spinosus
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complexes.

Cladograms formed the framework for a vicariance
biogeographic analysis. The history of the genus dates to
pre-Miocene times (prior to 25 million years ago) when a
widespread Tethyan ancestral biota existed. A chronological
series of tectonic/climatic vicariant events is proposed
which accounts for much of the observed endemism in the

genus. The asteroides species group appears to be the only

Polyipnus group that was present in the Atlantic as well as
the Indo-Pacific in the early Miocene. Final closure of
Tethys in the Mediterranean region, later in the Miocene,
caused subdivision of a species ancestral to all Atlantic
species and possibly a single species in the western Indian
Ocean. Subdivision of an ancestral deep-sea fauna in the
Indo-Pacific was effected by the early Miocene collision of
the Australian and Asian Plates and subsequent tectonic
activity which cut off deep water circulation between the
eastern Indian Ocean and the western Pacific. Later in the
Miocene, circulation between the South China Sea and the
adjacent southern Sulu Basin was disrupted, possibly causing

vicariance in three Polyipnus species groups.
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subareas in which they occur. Abbreviations and definitions
for areas as they appear in the cladograms are defined in
Appendix 2. The nodes or branch points of the contributing
cladograms are interpreted as hypothetical ancestral species
and coded into the matrix to preserve all of the
hierarchical relationships. Widespread taxa are coded as
present in all geographic areas occupied, a treatment which
is referred to Assumption 0 (Zandee and Roos, 1987); the
original cladogram is the best estimate of the phylogeny. A
wide distribution becomes compartmentalized and the subareas
can be explained in the context of the final area cladogram
by dispersal or failure to respond to a vicariant event (see
Brooks, 1990). For areas that are "missing"™ in one or more
of the contributing cladograms terminal taxa are coded as
absent (0) in the area-by-species matrix. Their ancestors or
nodes are coded as missing data (9) so that absence in that
area has no weight in the assessment of tree topologies
(Wiley, 1988b).

The analysis was done using PAUP (Phylogenetic Analysis
Using Parsimony, D.L. Swofford, 1985) software on the
Memorial University of Newfoundland main UNIX computer with
the options: characters ordered, global branch-swapping,
MULPARS and CONFILE (following Mayden, 1988). Characters
were polarized using a zero vector for the outgroup (Wiley,
1988b). Multiple most-parsimonious cladograms were saved
using the CONFILE option and a Strict consensus tree was

computed using the program CONTREE (written by D.L.
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Swofford). The consensus diagram which combines the elements
in common to all input cladograms indicates the relationship
among the areas which is most highly corroborated by the
original data. A measure of consistency is provided (CI)
which varies from 0 to 1 where a value of 1.0 indicates that
the characters are fully consistent with the cladogram.

Distributional characters (species or inferred
ancestors) were mapped onto the consensus tree and form the
basis of the proposed history of Polyipnus species in the
Indo~Australian region. Species were not incorporated into
this analysis if their occupied area was unique among
Polyipnus clades. Computationally there is no advantage to
including these taxa because doing so would only generate
missing areas for the remaining clades. Tentative
explanations for these unique patterns precede the results
and discussion of the BPA.

A NOTE ON TERMINOLOGY.-The term endemic is used to
describe a species distribution if it is restricted to a
single ocean basin, a partially enclosed system of
interconnected basins, a section of coastline or an island
group. Dating of events is given in Ma (millions of years
ago) .

DISCLAIMER.-Under the provisions of the International
Code of Zoological Nomenclature (Articles 8 and 9), any
actions taken in this document regarding nomenclature of
Polyipnus is not to be regarded validly published or issued

for permanent scientific record.
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TAXONOMIC REVISION

Genus Polyipnus Giinther, 1887

Polyipnus Glunther, 1887:170 [type species Polyipnus spinosus

Gunther, 1887 by monotypy].-Fowler, 1936:240.-Schultz,
1938:135; 1961:620.-Baird, 1971:79.

Acanthopolyipnus (subgenus) Fowler, 1934:257 [type species

Polyipnus fraseri Fowler, 1934 by monotypy].

DIAGNOSIS.-Body deep (42.4-76.7 % SL) and compressed.
Eyes large (orbit length 11.1-23.0 % SL) and laterally
positioned. Photophores: PV (10), OV[A] (2)+1, OV[B] 1+1+1,
L 1 and highly elevated, AC variable among species, never
originating anterior of anal-fin origin: AC[A] 0, 1+(2), (3)
or 1+1+1, AC[B] (4-14), AC[C] (4). Dorsal blade unique and
diminutive, with bilateral dorsolaterally to posterodorsally
directed spines. One to three posttemporal spines present.
Frontal bones with one transverse and two longitudinal
external keels. Extensive posteriorly directed shelflike
epiotic processes. Ceratohyal relatively short and with a
longitudinal blade dorsally. Urohyal large and expanded.
Distal radials of dorsal and anal fins mainly cartilagenous
but with rounded ossified lateral plates.

DESCRIPTION.-Maximum body size about 100 mm SL. D

10-16. A 11-20. P 11-16. V 6/7. C 8+9. GR 3-8+7-16 = 11-30.
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Vertebrae 31-36. (Frequency distributions of meristic
characters: dorsal-fin rays, Table 1; anal-fin rays, Table
2; pectoral-fin rays, Table 3; AC[B] photophores, Table 4;
vertebrae, Table 5; gill rakers on first gill arch, Table
6) . Body compressed. Anterior body profile broadly
elliptical to subrectangular. Flank scales diaphanous,
sheetlike, frequently deciduous. Modified scales covering
photophores, in many species with denticles laterally and/or
ventrally. Frontal with a longitudinal keel usually
adjoining and appearing continuous with parietal keel.
Additional keels extending anterolaterally from parietal
onto frontal, the 2 frontal keels connected by a transverse
keel. Margins of dentary and premaxillary with 2 or 3 rows
of minute conical to recurved teeth. Maxillary teeth
smaller, much more widely spaced than other jaw teeth and
essentially excluded from gape. Palatine teeth present or
absent. Vomerine dentition various.

Posttemporal limbs elongate and with 1 to 3
posteriorly-directed spines at angle. Ventral limb of
posttemporal fused with supracleithrum. Cleithrum with a
fanlike pectoral shield which has evenly distributed along
its ventral margin 1 to 3 rows of minute spines. Cleithrum
terminates anteroventrally in a bipartite 'preabdominal'
spine (terminology of Schultz, 1961). Preopercle usually
with 2 spines at angle. Ventral preopercular spine largest

and of various shapes and attitudes. Dorsal preopercular
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spine usually very short and indistinct. A third, posterior,
preopercular spine occurs in one species (P. fraseri Fowler,
1934). Pelvic skeleton with paired iliac ('postabdominal' of
Schultz, 1961) spines. First anal-fin proximal radial with
medial and expanded lateral lamellae, some species with
paired spines originating on the ventral surface of this
modified pterygiophore.

Photophores: IP (6). BR (6). ORB 1+1. OP 1+1. OV[A]
(2)+1. OV[B] 1+1+1. L 1. The following elements of the IC
photophore series have (in many species) denticles
originating on the covering scales: PV (10). VAV (5). AC[A]
1+(2), (3), 1+1+1 or O (AC[A] photophores absent in P.
fraseri), AC[B] (4-14), AC[C] (4).

Dorsal dark pigment saddle present; ventral margin with
various projections and undulations frequently diagnostic of
species. Melanic pigment also associated with dorsal and
lateral surfaces of head, photophore tissues, fin bases and
body-trunk myosepta.

REMARKS.-Baird (1971:79) in his diagnosis of the genus
listed 4 postabdominal spines as characteristic of
Polyipnus. Whether applying the terminology of Schultz
(1961) or Baird (1971) there are only 2 postabdominal
(iliac) spines in all species. This must be an editorial
error unless Baird was including as postabdominal the paired

'preanal' spines that originate on the first anal-fin
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pterygiophore in several Polyipnus species (e.g. P.

asteroides Schultz, 1938, P. laternatus Garman, 1899).

Among putative shared derived characters listed by
Weitzman (1974) that support monophyly of the 3 hatchetfish

genera, Polyipnus, Argyropelecus and Sternoptyx, is the lack

of an antorbital bone. Most Polyipnus species recognized
here do have an antorbital although in many cases (esp.
spinosus species group) it is highly reduced. In his
morphological study of Polyipnus Weitzman (1974) examined

one of these species (P. tridentifer McCulloch, 1914 from

the Philippines = P. spinifer Borodulina, 1979) and three
others in which this bone is reduced or likely absent. The
significance of finding an antorbital bone in Polyipnus is
in corroboration of the sister group relationship of

Sternoptyx and Argyropelecus proposed by Weitzman (1974) on

the basis of other characters. Loss of the antorbital should
now be viewed as derived at that level.

Baird (1971) recognized 16 Polyipnus species in 3
species complexes (P. spinosus Ginther, 1887, P. asteroides
Schultz, 1938 and P. laternatus Garman, 1899 complexes).
Including the contributions of Borodulina (1979; 1981),
Harold (1989; 1990a) there are 29 species recognized here.
Although the species of Baird's spinosus complex probably
constitute a monophyletic group, it is no longer
constructive to recognize the other complexes based on

phylogenetic analysis (pages 204-262). In the following
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classification the composition of four monophyletic species

groups is given. Schultz (1961) used the term "complex" with

reference to Polyipnus originally to indicate uncertainty

about delimitation of
stereope).. The change
group" terminology is
contained species are

confusion about their

species (especially P. spinosus and P.
from "species complex" to "species
made to make the distinction that the
closely related, not that there is

taxonomy. The derived characters in

support of these groups and the relationships among their

contained species is provided in a brief definition with the

accounts of the species and in greater detail in the

'PHYLOGENETIC RELATIONSHIPS' chapter.

Polyipnus Gunther, 1887

P. meteori species group

P. kiwiensis Baird, 1971

io

matsubarai Schultz, 1961

v

o

meteori Kotthaus, 1967
ovatus new species

. ruggeri Baird, 1971

P. asteroides species group

P. asteroides Schultz, 1938

o

o

o

. bruuni new species
. clarus new species

. laternatus Garman, 1899

o]

. polli Schultz, 1961
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P. triphanos Schultz, 1938 complex

P. omphus species group

P. aguavitus Baird, 1971
P. danae Harold, 1990
P. omphus Baird, 1971

P. unispinus Schultz, 1938

P. spinosus species group
P. asper new species

P. elongatus Borodulina, 1979

P. fraseri Fowler, 1934

P. indicus Schultz, 1961

P. inermis Borodulina, 1981

P. nuttingi Gilbert, 1905

P. oluolus Baird, 1971

P. parini Borodulina, 1979

P. paxtoni Harold, 1989

P. soelae new species

P. spinifer Borodulina, 1979

P. spinosus Giinther, 1887 (type species)
P. stereope Jordan and Starks, 1904
P. tridentifer McCulloch, 1914
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> the Species of Polyipnus

>sttemporal bone with serrate external keels and 2
3 posteriorly-directed spines; ventral margins of
photophore scales (abdominal keel) with numerous

.—ltiC1es.o-oon.ooe.o.ooooo.ac ooooooooo ¢ 6 © 6 6 6 6 0 6 6 06 0 0 0 0 2

>sttemporal bone with smooth external keels and a
1gle posteriorly-directed spine; ventral margins of
scales smooth (except P. unispinus which has minute

0 o I o3 == 15

antral margin of PV photophore scales rectangular
1 finely denticulate; one or two lateral dark

jment projections present ........cc00c00000000000as0s 3

entral margin of PV photophore scales with

iangular extensions, each with one or two denticles
apex; lateral dark pigment projections absent
................................. P. oluolus Baird, 1971

(Marshall Islands)

CZ[B] photophores 7-13 (specimens > 20 mm SL); one

teral dark pigment projection ....... ceeeesessessseces 4
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. AC[B] photophores 4 (specimens > 20 mm SL); two
lateral dark pigment projections ............... c e
e e e ecececsaaeeanean et e e e . P. fraseri Fowler, 1934

(Philippine Sea)

. Ventral posttemporal spine relatively large, its
length greater than or equal to half of the length of

dorsal spine; posttemporal spines always 3 ..ccccecceces 5

. Ventral or basal posttemporal spine short, length
less than half of the length of dorsal spine;

posttemporal spines 2 or 3 ......cccceenn c e esescoeeen . 11
. Posttemporal spines subequal, tridentlike ............. 6

. Posttemporal spines of various lengths, dorsal and
ventral spines longest, median much shorter than

Ventral SPinNe ... iii ittt et ettecocercoroccssensssssnnns 8

. Gap separating AC[B] and AC[C] photophore clusters

about equal to length of AC[C] cluster; lateral dark
pigment projection 1long, reaching lateral midline;
ventral surface of AC[C] photophore scales smooth,

without denticles .....veeeee.e.. e e e e e e e Y

. Gap separating AC[B] and AC[C] photophore clusters
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about equal to width of one AC[C] photophore; lateral
dark pigment projection short, not reaching midline;
ventral surface of AC[C] photophore scales denticulate

........ ceesesssssessscasss P, tridentifer McCulloch, 1914

(Great Australian Bight)

7A. VAV and AC[B] photophore scales smooth, without
denticles; AC[B] photophores 8 or 9; gill rakers 23-26
.............................. P. inermis Borodulina, 1981

(Sala-y-Gomez Ridge, eastern South Pacific)

7B. VAV and anterior AC[B] photophore scales denticulate;
AC[B] photophores 10; gill rakers 28 (holotype) or 30
............................... P. parini Borodulina, 1979

(western Pacific)

8A. AC[C] photophores separated by distinct gaps; AC[B]
photophores 11-14; lateral pigment projection short
and triangular; caudal peduncle elongate, longer than

deep i cecccocncccscoen e s e s e e s s e e s e eseeeeeas cecessass 9

8B. AC[C] photophores compact, not separated by distinct
gaps; AC[B] photophores 9-11; lateral pigment
projection tapered ventrally, approaching but not
reaching lateral midline; caudal peduncle deep, about

as deep @S 1ONG . .ccevececcscnacns cesecaas cecseessessss 10
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9A. Anterior AC[B] photophore scales each with 3-6
denticles; ventral and ventrolateral keels of dentary
Serrate ....ciesicctcaconaans P. spinifer Borodulina, 1979

(South China Sea to Japanese Archipelago)

9B. Anterior AC[B] photophore scales smooth or with at
most a single denticle; ventrolateral keel of dentary
smooth, nonserrate ......cccccecceees P. soelae new species

(eastern Indian Ocean and Indonesia)

10A. Gill rakers 24-28; anal photophores 9-11 ..........
...................... P. stereope Jordan and Starks, 1904

(Japanese Archipelago)

10B. Gill rakers 19-23; anal photophores 10-12
Gt e e e e e e e eeeseseseeeeeneeaneaes P. spinosus Glinther, 1887

(eastern Indonesia)

11A. Long, broad lateral dark pigment projection
extending ventrally at least to lateral midline; anal

rays 15-18; anal photophores 7-12 ....cccteceecccccccns 12

11B. Lateral dark pigment projection approaches but does

not reach lateral midline; anal-fin rays 18 or 19;
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AC[B] photophores 13 Or 14 ...ccccttecececscscoccaccses

et e e e e eseeeesaeaeaeeenen ... P. elongatus Borodulina, 1979

(Coral Sea)

12A. AC[B] photophores 7-10; posttemporal usually with 2

spines, 1 long dorsal and 1 much shorter basal spine;

AC[B] photophore scales smooth or with 1-3 denticles

per scale ......... e e s e e e e s s e e an s c e et eeeeeseans

12B. AC[B] photophores 11-12, occasionally 10;

posttemporal with 3 spines, 1 1long dorsal with
subequal medial and ventral spines; AC[B] photophore
scales each with more than 3 1long denticles

originating on lateral scale flaNgesS .....cceeeeceesoe

........... ceessescssssscsseassessss P. paxtoni Harold, 1989

(Coral Sea)

13A. AC[C] photophore scales denticulate; dorsal

posttemporal spine long, length at least twice dorsal

blade height; lateral dark pigment projection extends

ventrally no further than level of centre of orbit ....

13B. AC[C] photophore scales smooth, without denticles;

dorsal posttemporal spine short, length about equal to

dorsal blade height; lateral dark pigment projection

14
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basally....-.-.............................-........-. 20

16A. Gill rakers 16-21; posttemporal spine of moderate
length (5.7-10.7 % SL), extending posteriorly about
half way to dorsal blade; AC[C] photophores in contact
or separated by gaps less than the diameter of 1
photophore; body size moderate, reaching at least 45

MSL..........a... ooooooooo ® ¢ o o 06 6 06 06 @ 00 00 0 0 s o e o ¢ 0 0 0 0 o o 17

16B. Gill rakers 11-15; posttemporal spine highly
elongate (10.0-16.1 % SL), extending posteriorly to or
beyond dorsal blade origin; AC[C] photophores
separated by gaps greater than diameter of 1

photophore; miniature species, not known to exceed 35

17A. AC[A] photophores elevated relative to AC[B] #1 by
a distance greater than twice the diameter of 1
photophore; AC[A] #1 located ventrally to #2; OV[B]
photophores arranged in a 'V' configuration; caudal
peduncle profile rectangular, slightly expanded
posteriorly; lateral dark pigment projection short,

tapered and not bordered posteriorly by a lightly

p jJmented stripe .............. P. laternatus Garman, 1899

(tropical western Atlantic)
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24A. Ventral margin of dark dorsomedian pigment from
caudal peduncle to dorsal-fin origin parallel to
dorsal surface of body; AC[A] photophores in a
horizontal straight line and united as a common gland
et ec e et e e ceeeees.. P. bruuni new species

(western Indian Ocean, off Kenya)

24B. Ventral margin of dark dorsomedian pigment arched
dorsally ventral to dorsal-fin insertion; AC[A]
photophore #1 ventrally displaced relative to #2 by a

distance greater than the diameter of one AC[A]

photophore .......cccveeeeecess e e es s s ecens e cessescsaess 25
25A. Gill rakers 14-19; dorsal-fin rays 11/12; lateral

pigment projection short, extending ventrally no more

than hz £ way to lateral midline

ceecccessssesscasssssesssecasasss P. triphanos Schultz, 1938

(South China Sea, Indonesia and Coral Sea)

25B. Gill akers 20; dorsal-fin rays 13; lateral pigment
projec on long and broad, extending ventrally to

lateral midl ne .......... P. aff. triphanos Schultz, 1938

(eastern Indian Ocean, off Sumatra)

26A. Gill akers 22-24; lateral pigment projection very

narrow, its width ventrally less than the diameter of
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L photophore ...........cc.c... P. matsubarai Schultz, 1961

(Japanese Archipelago, Northwest Pacific Basin)

26B. Gill rakers 13-18; lateral pigment projection broad,
its width ventrally greater than the diameter of L

Photophore ...... .t cceeeeeeccnccsosassscsscosososnansnasace 27

27A. Lateral pigment projection reduced or absent; OV[B]
photophores arranged in a horizontal line ........ .o
c e e cecseesecssecsssesssssesssseaasesss P. ruggeri Baird, 1971

(Tasman Sea)

27B. Lateral pi nent projection well-developed and
extending ventrally at least to lateral midline; OV[B]
photophores variously arranged but never in a

horizontal 1ine ... eeeeeeceeceeoseecooososscscossoecssccesee 28

28A. Ventral margin of pigment saddle with an abrupt
postdorsal nc ch; lateral pigment projection ventrally
taperec indistinct dorsal step between photophores
AC[B] #3 and #4; posttemporal spine with a pronounced
anteroc rsal barb .....ccccceee P. meteori Kotthaus, 1967

(equatorial Indo-Pacific)

28B. Ventral margin of pigment saddle with broad
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L pigment projection

terminating bluntly near lateral midline; pronounced
dorsal step between photophores AC[B] #3 and #4;

posttemporal spine anterodorsal surface without a barb

29A. Anal-fin rays 15-17; pectoral-fin rays 15-16;

lateral ridges of preopercle smooth, nonserrate

e s s e ceecccceoseccesenceaaceene e P. kiwiensis Baird, 1971

(Tasman Sea and off New Zealand)

29B. Anal-fin rays 18; pectoral-fin rays 14; lateral

keels of preopercle with shallow serrations around

angle .....ccccccsccsens cecees ..... P. ovatus new species

(South China Sea off the Philippines)

Polyipnus meteori species group

DEFINITION.-Large fanglike teeth present on
posteromedial shaft of vomer. Premaxillary ascending process
broadly triangular. Symphyseal process of dentary truncate.
Iliac spine of pelvic skeleton shorter than ischial process.
Dorsal limb of posttemporal finely serrate. See

'PHYLOGENETIC RELATIONSHIPS', page 208.
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Five species of the Indo-Pacific region: P. kiwiensis,

tsubarai, P. meteori, P. ovatus and P. ruggeri.

Polyipnus kiwiensis Baird, 1971

FIGURE 10

onus kiwiensis Baird, 1971:103-104 [holotype fig.

79).-Paxton et al., 1989:192 [part, specimens from
northwest Australian shelf questionably identified as

P. kiwiensis].-Harold, 1990b:515.

DIAGNOSIS.~Gill rakers 16-18. Anal-fin rays 15-17.
Pectoral-fin rays 15/16. Lateral pigment projection long and
broad, usually reaching lateral midline. One short
posttemporal spine present (length 3.9-5.4 % SL). Anal-fin
pterygiophore spines and photophore scale denticles absent.
AC[A] photophores separate, #2 and #3 conspicuously elevated
relative to first AC[B]. AC[B] 8-10. AC[C] photophores
compact, not separated by gaps. Teeth present on
posteromedial vomerine process. Anteroventral ramus of
preopercle smooth, nonserrate.

DESCRIPTION.-Maximum adult body size 82.0 mm SL.

D (12) 11-12. A (17) 15-17. P 15-16. V 7. GR (17) 5/6+11/12
= 16-18. Vertebrae (34) 33. Body laterally compressed.

Body profile anterior of dorsal blade and pelvic
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anterior dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 36.5-38.4,
orbit length 14.6-16.4, body depth 64.6-67.7,
caudal-peduncle depth 10.9-11.7, caudal-peduncle length
13.7-15.4, dorsal-fin length 21.1-23.4, anal-fin length
25.1-27.3, preanal length 73.0-76.1, predorsal length
58.3-63.7, preventral length 65.7-67.9, postdorsal length
55.4-58.9, postanal length 38.7-40.9, AC[C] length 6.7-7.7,
AC[B]-[C] length 3.0-3.5.

Ventral margins of all photophore scales smooth,
without denticles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A]
(2)+1. OV[B] 1+1+1, in a "V" configuration but with #1
elevated dorsally, less than the diameter of one photophore,
relative to #3. PV (10). L 1. VAV (5). AC[A] 1+1+1, not
united in a common gland, increasing in elevation from
anterior to posterior and #2 and #3 usually proximal to one
another. AC[B] (10, according to illustration of holotype in
Baird, 1971: fig. 79; 8-9), with a dorsal step between #3
and #4. AC[C] (4), compact.

Dark pigment saddle with abrupt predorsal and broad
postdorsal notches. Lateral pigment projection long and
tapered, termination rounded and ventral to lateral midline.
Dark pigment also present in association with glandular and
ventral nonglandular photophore tissues, dorsal and
dorsolateral regions of head, anterior dorsal-fin and outer

caudal-fin rays, external surface of dentary, scale pockets
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elongate. Body flank scales diaphanous. External bony ridges
and keels of skull nonserrate except as noted below. Ventral
margin of dentary slightly convex. Margins of dentary and
premaxillary with long recurved teeth. Maxillary teeth
shorter, conical. Three of four conical teeth on palatine.
Anterolateral processes of vomer each with a broad patch of
4 or 5 conical teeth. Four to six recurved teeth present on
posteromedial process of vomer. Frontal and parietal keels
serrate. Frontal keel extending to, and overlapping,
parietal keel which terminates posteriorly in a short
conical spine. Dorsal and ventral arms of posttemporal
obtusely divergent and support a short (2.9-6.0 % SL)
needlelike spine. Dorsal arm of postemporal serrate. Ventral
margin of pectoral shield bears 12-21 minute triangular
spines. Preopercle with two spines: ventral spine
posteroventrally directed, recurved, short (1.4-2.9 % SL),
embedded entirely within ventral lamella except for
terminus; dorsal spine reduced (represented only by abrupt
angle in proximal preopercular keel). Dorsal blade smooth
anterodorsally, and apically depressed with two triangular
spines, one per side, directed posterodorsally. Anal-fin
pterygiophore spines absent. Adipose-fin base long,
occupying about three quarters of the distance between
dorsal-fin insertion and anterior dorsal procurrent
caudal-fin ray.

Morphometric characters (% SL): Head length 30.4-32.3,
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length 14.3-15.5, body depth 57.7-63.3,

-peduncle depth 9.9-12.9, caudal-peduncle length

5.2, dorsal-fin length 24.4-25.6, anal-fin length

).7, preanal length 64.6-69.0, predorsal length

1.5, preventral length 58.7-63.5, postdorsal length

).7, postanal length 40.5-45.8, AC[C] length 5.8-7.6,

‘C] length 5.1-5.6.

:ntral margins of photophore scales smooth, without

les. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A] (3). OV[B]

rrangement variable but #1 always dorsally elevated

e to #2 and #3. PV (10). L 1. VAV (5). AC[A] 1+1+1,

solated, not united in a common gland, increasing in

lon incrementally from anterior to posterior. AC[B]

)), with a dorsal step between #3 and #4. AC[C] (4).

irk pigment saddle with abrupt predorsal and broad

rsal notches. Lateral pigment projection long and very

, terminating ventrally of lateral midline. Dark

: also present in association with glandular

10re tissues, posterodorsal region of head, bases of

-fin rays, and delineating body-trunk myosepta.

[MILAR SPECIES.-Of the members of the meteori species
yrwup Species P. matsubarai most closely resembles P.
meteori in pigmentation both having a very long narrow
lateral band of dark pigment. The postdorsal pigment notch

is broad in P. matsubarai, however, and not abrupt.

Polyipnus matsubarai is distinguished from all other members
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of the species group by its high gill raker counts (22-24 as
compared with 13-18, total range.

DISTRIBUTION.-Polyipnus matsubarai is known mainly from

the Japanese Archipelago, especially the Suruga Bay area
where it is often caught by commercial shrimp trawls (Kubota
et al., 1984). Captures have also been made in the
Philippine Sea and eastward in the Northwest Pacific Basin
near the Hawaiian-Emperor Seamounts (Figure 7). Bathymetric
range is generally shallow; about 80 to 130 m, according to
Kubota et al., 1984.

Other Polyipnus species occuring in the area are P.

spinifer and P. stereope (both P. spinosus species group)
and Polyipnus n. sp. MS Aizawa (probably P. asteroides
species group).

REMARKS.-The holotype of P. japonicus Schultz, 1961 was

re-examined during the present study and it appears to be a
juvenile or subadult of P. matsubarai. The very low number
of AC[B] photophores (4) which Schultz believed was an
indication of close relationship with P. fraseri is expected
in small Polyipnus (Harold, 1990b). Baird (1971: 101) listed

P. japonicus as a junior synonym of P. matsubarai but did

not comment.

Schultz (1961:641), who described P. matsubarai,
discussed the species in terms of differences from P.
asteroides (Atlantic Ocean), which at the time appeared to

be the most similar of the nominal species. It is now
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recognized that P. matsubarai is a northerly representative

of the Indo-Pacific P. meteori species group.

MATERIAL EXAMINED.-Holotype: USNM 179793 (1, 64.0 mm),
Kumanonada, Japan, no exact data.

Paratypes: USNM 179794 (1, 51.5 mm) and FAKU cat. no.
unknown (3, 45.0-59.0 mm), same data as holotype (FAKU
specimens not seen).

Other Material: ASH 88192 (2, 39.0-42.6 mm), Suruga
Bay, Japan, no exact data. IOAN uncat. (6, 52.3-66.5 mm),

37°27'N 160°0'E, 260-0 m, R/V Mys Tikhiy Sta. 41, 21 May

1979. NMC 79-0009 (1, 96.7 mm), Kyushu-Palau Seamount
region, approx. 600 km east of Okinawa (about 23°N 135°E).
NMC 79-0006 (1, 84.1 mm), same data as NMC 79-0009. NMFSH
P-1002 (1, 67.7 mm), 29°47.7'N 179°03.8'E, R/V Townshend
Cromwell Cr. 87-04, Sta. 102, 25 Aug 1987. NSMT P12415 (1,
25.2 mm), off Yui, Suruga Bay, Japan (about 35°00'N
138°15'E, 2 May 1970. ORIT 2581 (1, 41.4 mm) and ORIT 2582
(1, 39.5 mm), Suruga Bay, Japan (about 35°N 138°E), 13 Apr
1967. SIO H53-367-10A (1, 12.3 mm), Kii Strait, Japan, no
exact data (P. japonicus Schultz, 1961, holotype). 2ZMUC
P206927 (1, 19.0 mm), 25°11°'N 122°35'E, 600 mwo, R/V Dana
Sta. 3722 II, 2250-2350 h, 29 May 1929. ZMUC P206926 (1,
33.0 mm), 25°11'N 122°35'E, 1000 mwo, R/V Dana Sta. 3722 I,

2250-2350 h, 29 May 1929.
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;al-fin length 21.5-23.2, anal-fin length 28.1-31.3,
inal length 65.4-74.1, predorsal length 51.5-58.1,
rentral length 58.7-72.4, postdorsal length 53.1-56.8,
:anal length 43.7-48.0, AC[C] length 5.9-7.5, AC[B]-[C]
jth 4.9-6.7.

Ventral margins of photophore scales smooth, without
:icles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A] (2)+1.
3] 1+1+1, arrangement variable but #1 always dorsally
rated relative to #2 and #3, commonly in a "V"
ingement. PV (10). L 1. VAV (5). AC[A] 1+1+1, each
.ated, not united in a common gland, increasing in
ration incrementally from anterior to posterior. AC[B]
7-9), with a dorsal step #3 and #4. AC[C] (4), not
irated by gaps.

Dark pigment saddle with abrupt predorsal and

:dorsal notches. Postdorsal notch reaches dorsum in so

:imens. Lateral pigment projection long and tapered,
ninating ventrally of lateral midline. Dark pigment al: >
sent in association with glandular photophore tissues,
erodorsal region of head, bases of caudal- and
sal-fin rays, ventral surface of AC[B] photophore
ster, and delineating body-trunk myosepta in two
centric lines.

SIMILAR SPECIES.-0f the members of the meteori spec s
1ip P. meteori most closely resembles P. matsubarai wif

ard to body shape and extent of lateral pigmentation b :
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3, R/V Lady Basten, 23 May 1981. SIO 61-541-10 (1,

), 05°01'S 127°57'E, Naga Expedition, 25 Apr 1961.
6965 (1, 21.3 mm), 09°54'S 150°03'W to 09°46'S
N, 0-300 m, R/V‘Wecoma, Norpax Expedition field no.
, 5 Dec 1977. ZMUC P206928 (1, 54.6 mm), 12°4'N
£, 1000 mwo, R/V Dana Sta. 3712 I, 1420-1620 h, 18
9. ZMUC P206929 (2, 12.8-22.6 mm), 03°55'N 134°30'E,
, R/V Dana Sta. 3749 II, 0320-0520 h, 11 Jul 1929.
06930 (1, 64.1 mm), 00°51.5'S 99°24.5'E, 1000 mwo,
a Sta. 3821 I, 0400-0600 h, 14 Sep 1929. ZMUC

(1, 37.6 mm), 11°33'S 41°44'E, 1000 mwo, R/V Dana
49 I, 1915-2045 h, 6 Jan 1930. ZMUC uncat. (1, 20.4
°16'S 41°48'E, 600 mwo, R/V Dana Sta. 3951 II,
30 h, 7 Jan'1930. ZMUC uncat. (2, 17.7-21.1 mm),
116°18'E, 600 mwo, R/V Dana Sta. 3800 I, 1925-2125
ug 1929. ZMUC uncat. (1, 15.7 mm), 05°18'N 90°55'E,

o, R/V Dana Sta. 3904 III, 1745-1945 h, 18 Nov 1929.

Polyipnus ovatus new species

FIGURE 12

AGNOSIS.-Gill rakers 18. Anal-fin rays 18,
1-fin rays 14. Lateral pigment projection long and
usually reaching lateral midline. One short

poral spine present (length 4.4 % SL). Anal-fin
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ridges of cleithrum smooth; ventral margin of pectoral
shield bears 12 or‘13 minute triangular spines. Preopercle
with two spines: ventral spine straight and short (2.4 %
SL), ventrally directed, embedded entirely within ventral
lamella except conical terminus; dorsal spine short
(slightly longer than preopercular serration), triangular,
bladelike. Preopercular external ridges smooth except for
the presence of a single prominent serration immediately
anterior of preopercular angle. Dorsal blade smooth and
obtusely convex anterodorsally, apically depressed with two
rounded triangular spines, one per side, directed
posterodorsally. Anal-fin pterygiophore spines absent.
Adipose fin base moderately long, occupying about two thirds
of the distance between dorsal-fin insertion and anterior
dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 35.1, orbit
length 14.6, body depth 60.0, caudal-peduncle depth 10.0,
caudal-peduncle length 14.1, dorsal-fin length 20.4,
anal-fin length 27.2, preanal length 70.2, predorsal length
58.5, preventral length 63.0, postdorsal length 53.2,
postanal length 41.7, AC[C] length 6.1, AC[B]-[C] length
3.8.

Ventral margins of photophore scales smooth, without
denticles. IP (6). BR (6). ORB 1+1. OP 1+1). OV[A] (2)+1.
OV[B] 1+1+1, in a "V" configuration but with #1 elevated

dorsally a distance greater than diameter of one photophore,
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relative to #3. PV (10). L 1. VAV (5). AC[A] 1+1+1,
separate, not united in a common gland, increasing in
elevation from anterior to posterior and #2 and #3 proximal
to one another. AC[B] (9), with a dorsal step between #3 and
#4. AC[C] (4).

Dark pigment saddle with abrupt predorsal and broad
postdorsal notches. Long, broad, tapered lateral projection
of dark pigment present that terminates ventrally of lateral
midline dorsal to OV[B] photophores. Dark pigment also
present in association with photophore tissues, dorsal and
dorsolateral regions of head, dorsal- and caudal-fin ray
bases, and delineating body-trunk myosepta. Isolated
melanophores in association with body-trunk myosepta and
their intersections with lateral midline.

SIMILAR SPECIES.-Polyipnus ovatus and P. kiwiensis are
most similar with regard to body shape and pigmentation
pattern but clearly distinguished by fin-ray counts; P.
ovatus: A 18, P 14, V 6 compared with P. kiwiensis: A 15-17,
P. 15/16, V 7. The pattern of pigmentation is also similar
to P. triphanos and Polyipnus n. sp. MS Aizawa (asteroides
species group), species which differ from P. ovatus in
vomerine dentition and AC[A] photophore arrangment.

DISTRIBUTION.-The holotype was collected in Pagapas
Bay, west coast of the Philippine Islands (Figure 11). The
depth of capture (194-209 m) is relatively shallow for the

genus but since this was a night sample it may result from
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vertical migration.
Polyipnus ovatus is one of several species now known
from the South China Sea (also P. spinifer, P. danae, P.
meteori and P. triphanps).VPolyipnu; kiwiensis, the most
closely related species to P. ovatus, occurs in the Tasman
Sea with a geographic variant off northwestern Australia.

REMARKS.-The holotype is remarkably similar in body

shape to material here ascribed to P. kiwiensis. However,

there are exclusive meristic characters (6 pelvic-fin rays
is otherwise unknown in the meteori species group) as well
as presence of preopercular serrations as distinguishing
features. The presence or absence of serrations on certain
bones in Polyipnus species is a conservative diagnostic
character on the basis of this survey of the genus.

ETYMOLOGY.-The trivial name ovatus is a Latin adjective
meaning oval, referring to the general body shape.

MATERIAL EXAMINED.-Holotype: CAS 33347 (1, 47.0 mm),
Pagapas Bay, Philippine Islands (about 13°N 121°E), 194-209

m, 0355-0435 h, 21 Jul 1966.

Polyipnus ruggeri Baird, 1971

FIGURE 8

Polyipnus ruggeri Baird, 1971:102-103 [fig. 78].-Paxton et

al., 1989:192.-Harold, 1990a, b [photophores].
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posteromedial process of vomer. Frontal keel finely serrate
and extending to, and overlapping, parietal keel. Parietal
keel finely serrate and terminates posteriorly in a minute
conical spine. Dorsal and ventral limbs of posttemporal
obtusely divergent and support a short (1.5-3.8 % SL),
triangular, dorsally-concave spine. Small barb present on
anterodorsal surface of posttemporal spine. Ventral limb of
posttemporal smooth, dorsal arm serrate. Lateral ridges of
preopercle and cleithrum smooth; ventral margin of pectoral
shield bears 10-20 minute conical spines. Preopercle with
two spines: ventral spine posteroventrally directed,
slightly recurved, short (1.7-3.0 % SL), embedded entirely
within ventral lamella; dorsal spine reduced (represented
only by abrupt angle in proximal preopercular keel). Dorsal
blade short-based, smooth anterodorsally, terminating
posteriorly with two rounded triangular spines, one per
side, directed posterodorsally. Anal-fin pterygiophore
spines absent. Adipose fin base long, occupying about two
thirds of the distance between dorsal-fin insertion and
anterior dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 30.7-31.0,
orbit length 14.7-16.2, body depth 67.2-69.5,
caudal-peduncle depth 11.7-12.9, caudal-peduncle length
15.6-18.7, dorsal-fin length 21.8-24.4, anal-fin length
30.1-31.3, preanal length 66.0-75.6, predorsal length

57.6-58.5, preventral length 59.9-71.4, postdorsal length
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outside Polyipnus.

MATERIAL EXAMINED.-Holotype: NMNZ (DMNZ) 4670 (1, 46.8
mm), 31°57'S 177°38'E, R/V Tui, 24 Jul 1962 (not seen).

Other Material: AMS I.20066 (1, 49.1 mm), 35°36'S
150°55'E, 0-650 m, R/V Kapala, 1905-2250 h, 27 Oct 1977.
AMS I.27166 (1, 65.5 mm), 33°04'S 158°59'E, 0-457 m, R/V
Cook, 0100-0250 h, 1 Aug 1987. AMS I.21372 (1, 27.1 mm),
33°12'S 152°47'E, 0-750 m, R/V Kapala, 1215-1630 h, 29 Nov
1979. AMS I.20312 (1, 22.4 mm), 33°17'S 152°31'E, 0-100 m,
R/V Kapala, 2345-0115 h, 13 Dec 1977. USNM 298919 (1, 16.3
mm), 35°18'S 170°30'E to 35°14'S 170°28'E, R/V Eltanin Cr.
31, Sta. 27, field no. RHG 67-77, 16 Dec 1967. ZMUC P207118

(1, 50.3 mm), 34°20'S 152°46'E, 1000 mwo, R/V Dana Sta. 3659

I, 0430-0530 h, 17 Feb 1929.

Polyipnus asteroides species group

DEFINITION.~-Second and third AC[A] photophores united
in a common gland (first photophore isolated except in P.
bruuni which has all three united). Maxillary and
premaxillary bones densely pitted. Dorsal process of
maxillary extending to medial terminus of the bone. Anterior
ceratohyal with arched bladelike process on dorsal surface.
See 'PHYLOGENETIC RELATIONSHIPS', page 213.

Six species of the Atlantic Ocean, Indian Ocean or the
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caudal peduncle. Profile of caudal peduncle rectangular,
elongate. Flank scales deciduous, very few remaining on
specimens examined. Ventral margin of dentary entire and
with slight convexity. Margins of dentary and premaxillary
with long, recurved teeth. Maxillary with minute, conical
teeth. One medial row of 4 to 6 recurved teeth on palatine.
Anterolateral processes of vomer each with a patch of 3 to 6
conical teeth. No teeth present on posteromedial process of
vomer. Posterior half of frontal and parietal keels serrate.
Frontal keel extending to, and overlapping, parietal keel.
Dorsal and ventral limbs of posttemporal nonserrate,
obtusely divergent, and support a short (1.7-3.0 % SL),
needlelike spine without a posteriorly-directed basal barb.
Lateral ridges of cleithrum smooth, nonserrate; ventral
margin of pectoral shield bears 15-23 minute, conical
spines. Vertical ramus of preopercle smooth, nonserrate,
anteroventral ramus with 3 or 4 broad serrations. Preopercle
with two spines: ventral spine short (1.5-1.6 % SL),
slightly recurved, embedded entirely within distal lamella
of preopercle; dorsal spine minute (slightly longer than one
preopercular serration), triangular, directed
anteroventrally. Dorsal blade nonserrate, apically
depressed, and with two acutely-tapered triangular spines,
one per side, directed posteriorly. First anal-fin
pterygiophore bears two long, basally expanded

ventroanteriorly-directed spines (one per side). Adipose fin
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base long, occupying about three quarters of the distance
between dorsal-fin insertion and anterior dorsal procurrent
caudal-fin ray.

Morphometric characters (% SL) : Head length 30.0-35.3,

orbit length 13.4-16.2, body depth 61.1-66.7,
caudal-peduncle depth 10.3-10.9, caudal-peduncle length
13.7-17.8, dorsal-fin length 24.1-30.8, anal-fin length
27.7-31.5, preanal length 69.6-79.5, predorsal length
52.0-56.5, preventral length 66.8-76.3, postdorsal length
48.5-58.8, postanal length 43.4-47.6, AC[C] length 5.3-6.9,
AC[B]-[C] length 3.6-4.5.

Ventral margins of photophore scales smooth, without
denticles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A] (2)+1.
OV[B] 1+1+1, arrangement variable, usually with #2 and #3 at
level of posterinr VAV photophore and the first dorsally
elevated, but occasionally in an anteriorly-inclined
straight line. PV (10). L 1. VAV (5). AC[A] 1+(2), #1
isolated, located posterodorsally to VAV #5, #2 and #3
posterodorsally to #1 and united in a common gland (AC[A] #3
elevation relative to AC[B] #1 6.9-7.9 % SL). AC[B] (9;
8-10), with a conspicuous dorsal step between #3 and #4.
SC=AC[B] (4).

Very darkly pigmented overall. Dark pigment saddle with
an abrupt predorsal notch. Postdorsal notch or arch absent,
giving a basically straight ventral pigment margin from the

position of the dorsal-fin origin to the caudal peduncle.
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Polyipnus bruuni new species

FIGURE 15

DIAGNOSIS.-Gill rakers 19. Lateral pigment projection
broad, tapered, reaching ventrally about half way to lateral
midline. One short posttemporal spine present (length 3.8 %
SL) . Anal-fin pterygiophore spines and photophore scale
denticles absent. AC[A] (3), in a horizontal line and united
in a common gland, highly elevated relative to first AC[B].
AC[B] (7). AC[C] photophores compact, not separated by gaps.
No teeth on posteromedial vomerine process.

DESCRIPTION OF HOLOTYPE.-Known only from the holotype
(19.5 mm SL). D (12). A (15). P (14). V (6). GR (6+13)=(19).
Vertebrae (13+20)=(33). Body laterally compressed. Body
profile anterior of dorsal blade and pelvic fin elliptical
and deep, tapered posteriorly as far as caudal peduncle at
about 30°. Profile of caudal peduncle rectangular, elongate.
Flank scales diaphanous, deciduous with few remaining in
holotype. Ventral margin of dentary entire and slightly
convex. Margins of dentary and premaxillary with minute,
recurved teeth. Maxillary with shorter, conical teeth. Four
conical palatine teeth. Anterolateral processes of vomer
each with a patch of 6 conical teeth. No teeth present on
posteromedial process of vomer. Frontal keel smooth,
extending posteriorly to, and overlapping, parietal keel.

Parietal keel nonserrate but terminating posteriorly in a















84
broadly elliptical, abruptly tapered posteriorly as far as
caudal peduncle. Profile of caudal peduncle rectangular,
elongate. Flank scales deciduous, very few remaining on
specimens examined. Ventral margin of dentary entire and
slightly convex. Margins of dentary, premaxillary and
maxillary with minute, recurved teeth. One medial row of 5
or 6 conical teeth on palatine. Anterolateral processes of
vomer each with a patch of 4 or 5 conical teeth. No teeth
present on posteromedial process of vomer. Frontal and
parietal keels serrate. Frontal keel extending from to, and
overlapping, parietal keel. Dorsal and ventral limbs of
posttemporal nonserrate and support a short (2.4-3.1 % SL)
dorsally-curved spine which bears on its anterodorsal
surface a minute posteriorly-directed barb. Lateral ridges
of cleithrum smooth, nonserrate; ventral margin of pectoral
shield bears 6-9 conical spines. Vertical ramus of
preopercle smooth, nonserrate, anteroventral ramus with 4 or
5 serrations. Preopercle with two spines: ventral spine
straight, short (0.9-2.2 % SL), except for terminus embedded
entirely within distal lamella, and directed ventrally;
dorsal spine minute (slightly longer than one preopercular
serration). Dorsal blade smooth or with 1 serration on
anterodorsal surface, and with two triangular spines, one
per side, directed dorsolaterally. First anal-fin
pterygiophore bears two long (1.1-2.0 % SL), needlelike

spines (one per side), ventrolaterally-directed. Adipose fin
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base short, occupying about one quarter of the distance
between dorsal-fin insertion and anterior dorsal procurrent
caudal-fin ray.

Morphometric characters (% SL) : Head length 28.6-34.4,
orbit length 13.4-16.1, body depth 58.1-64.9,
caudal-peduncle depth 9.6-11.2, caudal-peduncle length
12.2-15.4, dorsal-fin length 26.0-28.7, anal-fin length
28.0-29.0, preanal length 72.3-78.9, predorsal length
50.0-52.8, preventral length 68.1-77.1, postdorsal length
50.4-53.1, postanal length 40.1-44.7, AC[C] length 5.5-6.5,
AC[B]-[C] length 4.1-5.2.

Ventral margins of all photophore scales smooth,
without denticles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A]
(2)+1. OV[B] 1+1+1, arrangement variable but usually with #2
and #3 at level of posterior VAV photophore and the first
dorsally elevated. PV (10). L 1. VAV (5). AC[A] 1+(2), #1
isolated, located posterodorsally to VAV #5, AC[A] #2 and #3
posterodorsally to #1 and united in a common gland. AC[B]
(10/9; 8-10), with a dorsal step in arrangment between #3
and #4. AC[C] (4).

General pigmentation pale brown in preservative.
Pigment saddle, ventrally, with a predorsal notch and a
short, triangular lateral projection extending about half
way to lateral midline. Dark pigment also present in
association with glandular photophore tissues, posterodorsal

region of head, bases of dorsal-fin rays, and delineating
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at a maximum depth of 39 m - time of day for this sample is
not known.

The geographic range of P. clarus overlaps with that of
P. asteroides in the Caribbean Sea. The collections examined
in this study suggest that the two species probably occur at
different depths. There are no known records of these two
species being caught in the same tow. There is also range
overlap between P. clarus and P. laternatus which also
occurs through the Caribbean and Gulf of Mexico.

REMARKS.-P. clarus populations were considered
conspecific with P. asteroides by previous investigators. In
fact, intraspecific variation other than typical dispersion
of meristic characters for P. asteroides sensu lato has
never been reported. Specimens of the new species were the

basis of illustrations of P. asteroides in Schultz (1961:

fig. 16) and Baird (1971: fig. 76), the two most recent
revisions, and consequently problems in routine
identification have not been encountered. Moreover, the
original species P. asteroides of Schultz (1938) is highly
restricted in geographical distribution (Caribbean Sea,
Greater Antilles) and has been caught on very few occasions.
Detailed studies of pigmentation pattern, morphometric
characters and micromorphology show that these are separate
and quite distinct species.

ETYMOLOGY.-The trivial name clarus is a Latin adjective

meaning bright or distinct, referring to the very light
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Cr. 15, Sta. 10906, 08 Feb 1970. USNM 261627 (6, 34.4-50.3
mm), 29°17'N 86°36'W, (0-) 370 m, R/V Oregon II Cr. 15, Sta.
10906, 08 Feb 1970. USNM 302437 (2, 26.2-27.5 mm), 39°55'N
69°54'W, (0-) 622 m, R/V Albatross IV Cr. 8809, Sta. 159, 29
Sep 1988. USNM 302436 (2, 23.5-27.3 mm), 37°49'N 74°06'W,
(0-) 312-410 m, R/V Albatross IV Cr. 8809, Sta. 15, 14 Sep
1988. USNM 186016 (5, 28.5-31.4 mm), 27°40'N 94°48'W, (0-)
509 m, R/V Oregon Sta. 1506, 06 May 1956. USNM 190468 (1,
22.6 mm), 29°05'N 88°09'W, (0-) 833 m), R/V Oregon Sta.
2507, 20 May 1959. USNM 186022 (3, 36.1-48.5 mm), south of
Mobile, Alabama, R/V Oregon Sta. 1282, no exact data. USNM
298946 (1, 54.9 mm), 11°23'N 74°16'W, 0-463 m, R/V Oregon II
Cr. 22, Sta. 11251, 10 Nov 1970. USNM uncat. (1, 23.0 mm),
27°42'N 94°26'W, (0-) 370 m, R/V Oregon II Cr. 89, Sta.
4616, 20 Jan 1964. USNM uncat., acc. no. 254315 (6,
21.8-42.7 mm), 27°46'N 94°13'W, (0-) 370 m, R/V Oregon Sta.
4614, 20 Jan 1964. USNM uncat., acc. no. 261501 (1, 40.3
mm), 28°58.5'N 79°57.0'W, (0-) 407-416 m, R/V Oregon Sta.
5250, 19 Feb 1965. USNM uncat., acc. no. 225026 (4,
37.0-44.1 mm), 27°03'N 96°16'W, (0-) 389 m, R/V Oregon Sta.
1093, 04 Jun 1954. USNM uncat., acc. no. 261501 (3,
32.5-37.5 mm), 29°04.5'N 80°01.0'W, R/V Oreqgon Sta. 5259, 17
Feb 1965. USNM uncat., acc. no. 261501 (1, 37.9 mm),
29°34'N 79°57'W, (0-) 648 m, R/V Oregon Sta. 5748, 19 Nov

1965.
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elongate. Flank scales diaphanous, deciduous. Ventral margin
of dentary entire and slightly convex. Margins of dentary
and premaxillary with minute, recurved teeth. Maxillary
teeth shorter, conical. One medial row of 5 to 8 conical
teeth on palatine. Anterolateral processes of vomer each
with a patch of 4 to 8 conical, slightly recurved teeth. No
teeth present on posteromedial process of vomer. Frontal and
parietal keels serrate. Frontal keel extending to, and
overlapping, parietal keel. Dorsal and ventral arms of
posttemporal nonserrate and support a single moderately long
(5.7-8.6 % SL) spine which bears on its anterodorsal surface
a minute posteriorly-directed barb. Lateral ridges of
cleithrum and preopercle smooth, nonserrate. Ventral margin
of pectoral shield bears 7-11 minute conical spines.
Preopercle with two spines: ventral spine straight, short
(1.6-2.2 % SL), directed ventrally; dorsal spine minute,
bladelike, triangular. Dorsal blade long-based, apically
depressed, anterodorsal surface smooth, terminating
posteriorly in two (one per side) triangular
posterodorsally-directed spines. First anal-fin
pterygiophore bears two long ventrolaterally-directed spines
(one per si :). Adipose-fin base of moderate length,
occupying about one half of the distance between dorsal-fin
insertion and anterior dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 30.4-35.9,

orbit lengt 14.7-18.3, body depth 55.0-63.2,
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SL. Polyipnus laternatus is distinguished from P. clarus, P.

asteroides and P. polli by higher AC[B] photophore counts
(11-13 compared with a total range of 7-10 for the other 3
species) and longer posttemporal spines. Polyipnus
laternatus is separated from P. unispinus and P. aquavitus
(both of the omphus species group) on the basis of its
higher gill raker counts (16-22 as compared with 11-12 and
13-15, resp.) and highly elevated AC[A] photophores. With
regard to body shape, AC[B] photophore number and
configurati a, and posttemporal spine morphology P.
laternatus is most similar to P. omphus; P. laternatus is
distinguished by its elevated AC[A] photophores with #2 and
#3 usually nited, OV[B] photophores in a "V" configuration
as opposed o an anteriorly-inclined straight line, and
AC(B] photophores 11-13 compared with 10-12.

DISTR] UTION.-Polyipnus laternatus has been collected
throughout the Caribbean Sea (type locality off Barbados)
and Gulf of Mexico with some captures in the Gulf Stream as
far north : | Cape Hatteras (Figure 21). Few data on vertical
distributi« are available. Schultz (1964:271) gives a
bathymetric range of 240 to 1200 fm (about 444-2220 m) but
these figul s were presumably derived from the maximum depth
fished by « en tows. Collections examined in the present
study indi. te a range of about 370 to 500 m.

The g« graphic range of P. laternatus overlaps to a

large exte: with that of P. asteroides and P. clarus but






95

79°35'W, (0-) 481 m, R/V Atlantis Sta. 3434, 01 May 1939.
MCZ 40572 (3, 31.7-34.5 mm), 22°38'N 78°25'W, (0-) 435 m,
R/V Atlantis Sta. 3405, 28 Apr 1939. MCZ 50573 (2,
34.4-34.6 mm), 22°37'N 78°23.5'W, (0-) 298 m, R/V Atlantis
Sta. 3404, 28 Apr 1939. MCZ 40574 (1, 40.1 mm), 23°23'N
79°17'W, (0-) 463 m, R/V Atlantis Sta. 2985, 12 Mar 1938.
MCZ 40575 (2, 31.1-33.0 mm), 22°48'N 78°51'W, (0-) 352-426
m, R/V Atlantis Sta. 2981D, 10 Mar 1938. MCZ 40576 (14,
18.7-22.0 mm), 22°53.5'N 79°08'W, (0-) 463 m, R/V Atlantis
Sta. 3424, 30 Apr 1939. MCZ 40577 (1, 26.2 mm), 22°48'N
78°48'W, (0-) 416 m, R/V Atlantis Sta. 2981, 10 Mar 1938.
MCZ 40578 (1, 34.2 mm), 22°33'N 78°10'W, (0-) 435 m, R/V
Atlantis Sta. 3387, 26 Apr 1939. MCZ 40579 (2, 20.9-23.0
mm) , 22°53.5'N 79°10.0'W, (0-) 463 m, R/V Atlantis Sta.
3425, 30 Apr 1939. MCZ 40580 (1, 23.0 mm), 22°7'N
81°08.5'W, 0-) 500 m, R/V Atlantis Sta. 2960, 18 Feb 1938.
MCZ 40582 (1, 34.0 mm), 21°50'N 83°45'W, (0-) 2183-2220 m,
R/V Atlantis Sta. 2956, 13 Feb 1938. USNM 17950 (17,
29.6-36.7 mm), 12°23'N 82°29'W, (0-) 370 m, R/V Oregon Sta.
3610, 02 J1  1962. USNM 298237 (2, 38.5-44.0 mm), 10°00'N
76°10'W, R/ Oregon II Cr. 22, Sta. 11244, 06 Nov 1970.
USNM 298924 (12, 32.4-43.9 mm), 14°56'N 81°10'W, R/V Oregon
IT, Cr. 22, Sta. 11221, 26 Oct 1970. USNM uncat. (1, 41.5
mm) , 20°42' 73°38'W, (0-) 666 m, R/V Oregon Sta. 5417, 24

May 1965.
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of caudal peduncle rectangular, relatively deep. Flank
scales diaphanous, sheetlike, and deciduous. Ventral margin
of dentary slightly convex and smooth. Dentary and
premaxillary teeth long and recurved, maxillary teeth
shorter, conical and stout. One patch of 1 to 3 conical
teeth on palatine. Anterolateral processes of vomer each
with a patch of 1 to 3 conical teeth. No teeth present on
posteromedial process of vomer. Posterior region of frontal
keel and entire parietal keel finely serrate. Frontal keel
extending to, and overlapping, parietal keel. Dorsal and
ventral limbs of posttemporal nonserrate, obtusely divergent
and support a short (2.9-3.8 % SL) slender, dorsally-curved
spine which bears on its anterodorsal surface a minute
posteriorly-directed barb. Lateral ridges of cleithrum
smooth, nonserrate; ventral margin of pectoral shield bears
2-5 minute triangular spines. Vertical ramus of preopercle
smooth, nonserrate, anteroventral ramus deeply and broadly
serrate. Preopercle with two spines: ventral spine straight,
short (1.6-2.1 % SL), except for terminus embedded entirely
within distal lamella, and directed posteroventrally; dorsal
spine minute (about the size of one preopercular serration).
Dorsal blade without serrations, and terminating posteriorly
in two acute triangular spines, one per side, directed
posterodorally. First anal-fin pterygiophore bears two long
narrow ventrolaterally-directed spines (one per side).

Adipose fin base short, occupying about one half of the
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distance between dorsal-fin insertion and anterior dorsal
procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 34.3-39.9,
orbit length 15.6-16.9, body depth 64.9-70.8,
caudal-peduncle depth 11.6-13.0, caudal-peduncle length
12.5-13.6, dorsal-fin length 26.8-29.9, anal-fin length
26.5-29.2, preanal length 76.1-85.5, predorsal length
55.1-63.5, preventral length 68.8-82.6, postdorsal length
47.5-50.8, postanal length 38.9-42.5, AC[C] length 5.3-5.6,
AC[B]-[C] length 4.0-5.0.

Ventral margins of all photophore scales smooth,
without denticles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A]
(2)+1. OV[B] 1+1+1, usually in a "V" configuration but with
#1 elevated slightly with respect to #3. PV (10). L 1. VAV
(5). AC[A] 1+(2), #1 isolated, located posterodorsally to
VAV #5, #2 and #3 posterodorsally to #1 and united in a
common gland. AC[B] (7; 7-8), with a conspicuous dorsal step
between #3 and #4. AC[C] (4).

Dark pigment saddle with a predorsal notch and a short,
triangular lateral projection, reaching about half way to
the lateral midline. Postdorsal pigment notch absent
(ventral margin of pigment essentially straight from caudal
peduncle to position of dorsal-fin. Dark pigment also
present in association with photophore tissues, dorsal and
lateral surfaces of head, bases and membranes of all fins

including adipose fin, body flank scale pockets, and
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ing body trunk myosepta.
ILAR SPECIES.-Polyipnus polli is most similar to P.
es, P. clarus and P. laternatus, the four members of
roides species group with anal-fin pterygiophore
Of these species P. clarus is most similar to P.
oth having short triangular lateral pigment
ons and long, needlelike anal-fin pterygiophore
Polyipnus polli is distinguished from P. clarus by
erior position of the dorsal fin (predorsal length
5 as compared with 50.0-52.8 % SL, respectively) and
other Polyipnus species by the unique sinusoidal
base.

TRIBUTION.-Polyipnus. polli is restricted to the

tropical to subtropical Atlantic Ocean from the Gulf
a and Benguelan Upwelling region northwards to the
ian Upwelling region (Figure 14). This species has
en above 200 m depth at night.

ARKS.~-In the original description Schultz (1961:

le 6) indicates that one third of the type specimens
nd the remaining have 7 AC[B] photophores. The size
the series is 17.0-26.0 mm SL and from ontogenetic
of these photophores (Harold, 1990b) it is likely

r 2 more photophores would have developed. According
aterial examined in the present study a count of 6
otophores would only be expected in juveniles or

s of P. polli.
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MATERIAL EXAMINED.-Holotype: KMMA 95092 (1, 22.0 mm),
08'S 11°24'E, 350-380 m, (not seen).
Paratypes: USNM 179878 (1, 26.0 mm), 11°53'S 15°26'E,
)-510 m, Belgium Oceanographic Expedition, field no. 8674,
Dec 1948.

Other Material: BMNH 1930.1.12.458-467 (10, 16.0-33.0

, 13°25'N 18°22'W, 0-900 m, R/V Discovery. BMNH uncat.
10.6-12.0 mm), 05°54'S 11°19'E, R/V Discovery Sta. 276.

} 41581 (1, 17.5 mm), about 02°S 17°W, R/V Chain Sta. 311,

}15-2345 h, 11 Nov 1961. MCZ 66699 (5, 15.0-25.6 mm),

07'N 18°15'W, 190-200 (-0) m, R/V Atlantis II, 0020-0200
12 Nov 1970. MCZ 66700 (2, 18.2-21.1 mm), 20°16'N

15'W to 20°13'N 18°153'W, 0-500-0 m, R/V Atlantis II Cr.
2135-2220 h, 11 Nov 1970. MCZ uncat. (27, 11.4-30.5

, 16°22'N 21°43'W to 16°23'N 21°50'W, (0-) 230-250 (-0) m,

7 Atlantis II Cr. 59, field no. RHB 2062, 0255-0450 h, 15

r 1970. MCZ uncat. (3, 30.8-40.2 mm), 12°51'S 08°15'E to

47'S 08°22'E, (0-) 390-400 (-0) m, R/V Atlantis II Cr.
field no. RHB 2279, 2020-2300 h, 03 Jun 1971. MNHN

32=733 (1, 16.8 mm), 06°42'S 09°6'E, 1100 mwo, R/V

>ango Cr. 14, Sta. 339, 1935 h, 11 Mar 1961. MNHN

32=725 (1, 17.5 mm), 07°00'S 06°55'E, 1100 mwo, R/V

»ango Cr. 14, Sta. 319, 2330 h, 26 Feb 1961. MNHN

32-722 (1, 37.2 mm), 05°30'S 10°10'E, 1200 mwo, R/V

>ango Cr. 14, Sta. 316, 2210 h, 24 Feb 1961. ZMUC P2069S55

25.4-32.1 mm), 17°24'N 22°57'W, 305-293 m, R/V Walter
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lerwig Sta. 498 II, 17 Apr 1971. ZMUC uncat. (2, 30.1-34.5
m), 17°55'N 24°55'W, 1000 mwo, R/V Dana Sta. 1159. ZMUC
incat. (4, 4.0-33.0 mm), 18°22'N 18°14'W, 1000 mwo, R/V Dana
ta. 4007 I, 0315-0515 h, 15 Mar 1930. 2MUC uncat. (6,
.9.0-25.0 mm), 00°31'S 11°02'W, 1000 mwo, R/V Dana Sta. 4000
, 0230-0430 h, 04 Mar 1930. ZMUC uncat. (3, 9.0-13.0 mm),

.8°22'N 18°14'W, 1000 mwo, R/V Dana Sta. 4007 XI, 0700-0900

1, 15 Mar 1930. ZMUC uncat. (1, 15.0 mm), 08°26'N 15°11'Ww,

00 mwo, R/V Dana Sta. 4003 VIII, 1845-2045 h, 09 Mar 1930.

Polyipnus triphanos Schultz, 1938 complex

FIGURE 13

’‘olyipnus triphanos Schultz, 1938:140 [holotype fig. 45];
1961:140 (holotype fig. 15)}.-Baird, 1971:97-98 [fig.
74, reproduction of Schultz, 1938: fig. 45].-Fujii,
1984:47 [pl.49].-Harold, 1990a:1114; 1990b:515.-Aizawa,

in press.

DIAGNOSIS.-Gill rakers 14-19. Lateral pigment
projection tapered and short, reaching ventrally about half
way to lateral midline. One short posttemporal spine present
(length 2.4-4.0 % SL). Anal-fin pterygiophore spines and
photophore scale denticles absent. AC[A] 1+(2), second and

third photophores united and highly elevated relative to
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first AC[A] and AC[B]. AC[B] (8-10). AC[C] photophores
compact, not separated by gaps. No teeth on posteromedial
vomerine process.

DESCRIPTION.-Small to moderate body size, largest
examined 47.3 mm SL. D 11-12. A 15-18. P 13-14. V 7. Vert.
(33). GR 4-6+10-13 = (15) 14-19. Laterally compressed,
deep-bodied. Body profile, excluding caudal peduncle,
elliptical with greatest body depth at dorsal-fin origin.
Caudal peduncle short and subrectangular. Flank scales
diaphanous, sheetlike and deciduous. Ventral margin of
dentary entire and slightly convex. Margins of dentary and
premaxillary with minute recurved teeth. Maxillary teeth
smaller, conical. One medial row of 4 to 6 recurved teeth on
palatine. Anterior region of vomer with 4 to 5 medial rows
of 4 to 6 conical teeth each. No teeth present on
posteromedial process of vomer. Frontal keel smooth,
nonserrate. Parietal keel discontinuous; nonserrate
anteriorly and differentiated posteriorly into 2 conical
spines directed towards anterior and posterior. Frontal keel
extending to, and overlapping, parietal keel. Dorsal and
ventral limbs of posttemporal nonserrate, obtusely
divergent, and supporting a short (2.4-4.0 % SL), needlelike
spine. Lateral ridges of cleithrum smooth, nonserrate;
ventral margin of pectoral shield bears 4-15 minute conical
spines. Rami of preopercle smooth, nonserrate. Preopercle

with one ventral short spine (1.9-4.7 % SL), embedded within
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PV (10). L 1. VAV (5). AC[A] 1+1+1, separate (not united in
a common gland), in an anteriorly-inclined straight 1line.
AC[B] (10;9-11). AC[C] (4), separated by gaps greater than
diameter of 1 photophore.

Dark pigment saddle with a short, narrow predorsal
notch only. Lateral pigment projection rounded and very
short, extending very slightly beyond adjacent ventral
pigment margin. Dark pigment also present in association
with glandular photophore tissues, posterodorsal region of
head, and delineating body trunk myosepta.

SIMILAR SPECIES.-Polyipnus aquavitus is most similar to
P. unispinus and P. danae, two other miniature species
(standard length less than 40 mm). Polyipnus aquavitus is
distinguished from both by gill raker counts (13-15 compared
with 11/12) and a rectangular as compared with a long,
rodlike caudal peduncle. Also see Similar Species for P.
danae.

DISTRIBUTION.-Polyipnus agquavitus has been collected
off the east coast of Australia (Coral and Tasman Seas), New
Caledonia, New Hebrides, various sites in the South Fiji
Basin, and Indonesia (Celebes, Banda, Halmahera, Sulu seas)
(Figure 24). This species was thought by Baird (1971) to be
disjunct from the Tasman to the Banda Sea but additional
collections reported here indicate a broad continuous
geographic range.

Polyipnus aquavitus has been captured at depths above
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spines and photophore denticles absent. AC[B] photophores 11
or 12. AC[C] photophores separated by broad gaps. Caudal
peduncle highly elongate, rodlike.

DESCRIPTION.-Miniature species, maximum adult body size
27.5 mm. D (13) 11-13. A (15) 15-18. P (13) 11-13. V (6) 6. .
GR 3/4+8/9 = (11) 11-12. Vert. (36). Anterior region of body
laterally compressed. Body profile subrectangular
anteriorly, with dorsal and ventral surfaces nearly parallel
from horizontal position of orbit to dorsal blade and iliac
spines ventrally, tapered posteriorly as far as anal-fin
insertion. Caudal peduncle cylindrical and elongate (about
one fifth of standard length). Flank scales diaphanous and
deciduous. External keels and ridges of head smooth,
nonserrate. Ventral margin of dentary convex and smooth.
Premaxillary, maxillary and dentary with minute, conical
teeth. One or two conical palatine teeth present. Anterior
region of vomer with small, conical teeth in 4 to 6 medial
rows in a transverse patch, posteromedial process without
teeth. Longitudinal keel of frontal extending to, and
overlapping, that of parietal. Long (10.5-13.7 % SL) spine
present on posttemporal bone reaching posteriorly at least
to origin of dorsal blade, with a posteriorly directed bar
on anterodorsal surface. Ventral margin of pectoral shiel
with 2 or 3 concentric rows of 7 to 13 minute conical
spines. Two preopercular spines present: ventral spine lon

(3.6-4.7 % SL), needlelike, ventrally directed; dorsal spi
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MATERIAL EXAMINED.-Holotype: ZMUC P206919 (1 male, 26.5
nm), 19°18.5'N, 120°13'E, 2000 mwo, R/V Dana Sta. 3716 III,
L400-1600 h, 22 May 1929.

Paratypes: ZMUC P206920 (1, 24.2 mm), ZMUC P208577 (1,

24.8 mm), ZMUC P208578 (1, 27.3 mm), ZMUC P208579 (1, 25.4
nm) , ZMUC P208580 (1, about 26 mm), ZMUC P208581 (1, about
30 mm), 20°03.5'N, 120°50.0'E, 1000 mwo, R/V Dana Sta. 3729

[, 2015-2215 h, 14 Jun 1929.

Polyipnus omphus Baird, 1971

FIGURE 22

2olyipnus omphus Baird, 1971:94-96 [fig. 71].-Harold,

1990a:1114; 1990b:515.

2o0lyipnus laternatus.-Kobayashi, 1963:179.-Kotthaus, 1967:26

[fig. 41; otoliths, figs. 42 and 43].

DIAGNOSIS.-Gill rakers 17-21. Lateral pigment
projection broad-based, triangular, reaching about half way
to lateral midline; elongate curvilinear lightly pigmented
area immediately posterior of projection. Posttemporal
spine: single, length moderate (5.9-10.7 % SL). Anal-fin
pterygiophore spines long, needlelike. Photophore scale
denticles absent. AC[A] photophores 1+1+1, in a horizontal

or slightly inclined line, #3 slightly elevated relative to
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first AC[B]. AC[B] 10-12. AC[C] photophores compact,
separated by gaps approaching the diameter of 1 photophore.

DESCRIPTION.-Body size up to about 56 mm SL. D (14)
14-15. A (16) 16-18. P 13-14. V 6-7. GR 5-6+12-15 = (19)
17-21. Vertebrae (33) 33-34. Body laterally compressed. Body
profile anterior of dorsal blade elliptical, relatively
shallow, tapered posteriorly at about a 30° angle as far as
caudal peduncle. Profile of caudal peduncle subrectangular,
slightly tapered posteriorly. Flank scales diaphanous,
sheetlike, deciduous. Ventral margin of dentary slightly
convex and with minute widely-spaced serrations. Margins of
dentary and premaxillary with minute, recurved teeth.
Maxillary teeth much shorter, conical. One medial row of 3
to 8 conical teeth on palatine. Anterolateral processes of
vomer each with a patch of 2 to 8 conical teeth. No teeth
present on posteromedial process of vomer. Frontal keel
margin smooth, nonserrate. Parietal keel finely serrate and
with a minute anteriorly-directed spine at its intersection
with frontal keel. Dorsal and ventral limbs of posttemporal
smooth, nonserrate and support a single moderately long
(5.9-10.7 % SL) spine which bears on its anterodorsal
surface a minute posteriorly-directed barb. Lateral ridges
of cleithrum, nonserrate; ventral margin of pectoral shield
bears 8-14 minute, triangular spines. Preopercular lateral
ridges nonserrate. Preopercle with two spines: ventral spine

straight, short (1.7-2.7 % SL) and directed ventrally;
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dorsal spine minute, bladelike, triangular. Dorsal blade
long-based, apically depressed, anterodorsal surface smooth,
terminating posteriorly in 2 (one per side) triangular
dorsolaterally-directed spines. First anal-fin pterygiophore
bears two long ventrolaterally-directed spines (one per
side). Adipose fin base short, occupying less than one third
of the distance between dorsal-fin insertion and anterior
dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 27.5-34.3,
orbit length 13.6-16.1, body depth 51.1-57.1,
caudal-peduncle depth 9.4-10.7, caudal-peduncle length
13.0-17.7, dorsal-fin length 19.8-25.3, anal-fin length
26.5-29.0, preanal length 66.7-79.3, predorsal length
49.6-55.7, preventral length 59.8-76.3, postdorsal length
49.0-54.3, postanal length 39.5-47.1, AC[C] length 6.7-9.5,
AC[B]-[C] length 2.0-4.8.

Ventral margins of all photophore scales smooth,
without denticles. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A]
(2)+1. OV[B] 1+1+1, in an anteriorly-inclined straight line.
PV (10). L 1. VAV (5). AC[A] 1+1+1, separate (not united in
a common gland), arranged in a horizontal to slightly
inclined straight line. AC[B] (11; 10-12), with a slight
dorsal step between #3 and #4. AC[C] (4).

Dark pigment saddle with a long, narrow predorsal
notch, curved slightly towards the anterior. Lateral pigment

projection broad-based, triangular and extending about half
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way to lateral midline. Dark pigment also present in
association with photophore tissues, dorsolateral region of
head, between bases of dorsal-fin rays, base of pectoral
fin, and delineating body trunk myosepta with heaviest
concentration at midline.

SIMILAR SPECIES.-Polyipnus omphus most closely

resembles P. laternatus with which it shares moderately long

posttemporal spines, presence of anal-fin pterygiophore
spines and high gill raker counts. Like other members of the
omphus species group, P. omphus always has three isolated
AC[A] photophores that appear as an anterior continuation of
the AC[B] cluster. In P. laternatus the posterior two of
these photophores are usually joined and markedly disjunct
from the AC[B] elements. Polyipnus omphus is distinguished
from other members of the omphus group by the much shorter
posttemporal spine (5.9-10.7 as compared with 10.0-16.1 % SL
total range) and much higher gill raker counts (17-21
compared with 11-15 total range).

DISTRIBUTION.-Originally known from the western Indian
Ocean (including type locality) and the central Pacific
(Baird, 1971). New material reported here suggests that P.
omphus is an equatorial species of Indonesia and the western
Pacific in addition to the western Indian Ocean (Figure 21).
There are no records from the central or eastern Indian
Ocean and parts of the western Pacific; such range gaps

could represent real disjunction or collection artifacts.
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REMARKS.-Although not specifically designated by Baird
(1971: 94-96) in his description of P. omphus the 35.1 mm
specimen taken with the holotype at R/V Discovery Sta. 5509
is assumed to be a valid paratype. It is labelled as such in
the collection of the Museum of Comparative Zoology, Harvard
University.

Baird (1971) stated that the specimen he examined from
the central Pacific Ocean (SIO 60-236-10) was "slightly
different phenotypically" from Indian Ocean material.
Additional collections from Indonesia and the central
Pacific examined here indicate that any morphometric or
meristic distinctiveness of the SIO specimen is probably due
more to a small sample size than any geographic trend or
disjunction in morphological variation.

MATERIAL EXAMINED.-Holotype: BMNH 1970.7.30.1 (1, 43.0
mm) , 11°26.8'S (not 11°21'S as reported by Baird, 1971: 94)
48°58.2'E, (0-) 200 m, R/V Discovery Sta. 5509, 21 Aug 1964.

Paratype: MCZ 46525 (1, 35.1 mm), same data as
holotype.

Other Material: IOAN uncat. (1, 33.6 mm), 05°14'S
41°5 'E, 1000-0 m, R/V Vityaz Cr. 31, Sta. 4688, 2054-2145
h, 17 Mar 1960. IOAN uncat. (1, 41.1 mm), 01°15'S 142°46'E,
1000-0 m, R/V Vityaz Cr. 57, Sta. 7318, 1975. IOAN uncat.
(2, 31.6-35.5 mm), 00°01'S 175°56'W to 00°03'S 176°07'W,
5428-0 m, R/V Vityaz Cr. 34, Sta. 5139, 1145-1205 h, 09 Nov

1961. MCZ 64696 (1, 44.3 mm), 05°25'S 152°38'E, 2380 mwo,
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58.4-63.2, preventral length 58.5-66.7, postdorsal length
43.4-46.6, postanal length 36.8-41.9, AC[C] length
10.5-11.2, AC[B]-[C] length 1.0-2.8.

Ventral margins of all photophore scales smooth,
without denticles, except as noted below. IP (6). BR (6).
ORB 1+1. OP 1+1. OV[A] (2)+1. OV[B] 1+1+1, in an
anteriorly-inclined straight line. PV (10), ventral margins
with minute denticles. L 1. VAV (5). AC[A] 1+1+1, separate
(not united as a cluster), in anteriorly-inclined straight
line or with #1 and #2 adjacent and elevated relative to #3;
not connected to first AC[B]. AC[B] (9; 9-10), the posterior
3 to 5 photophores appearing isolated and not interconnected
by lumena. AC[C] (4), widely spread, separated by spaces
greater than diameter of 1 photophore.

Dark pigment saddle without notches or a lateral
projection. Some specimens have a slight ventral deflection
of the pigment margin in the position of the lateral
projection in other species. Within pigment saddle scale
pockets accentuated by heavy concentrations of melanic
pigment. Dark pigment also present in association with
photophore tissues, dorsal and dorsolateral regions of head,
between bases of anal- and dorsal-fin rays, covering base of
caudal fin, and delineating body trunk myosepta with 2
diffuse bands. Lateral midline at intersections with
myosepta accentuated by large melanophores, giving the

general appearance of a narrow stripe.
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occupying between one half and three quarters of the
distance between dorsal-fin insertion and anterior dorsal
procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 32.9-34.0,
orbit length 14.9-17.7, body depth 58.3-59.9,
caudal-peduncle depth 10.8, caudal-peduncle length
14.9-15.5, dorsal-fin length 19.3-22.3, anal-fin length
22.6-34.2, preanal length 65.1-67.4, predorsal length
55.1-58.4, preventral length 59.0-62.3, postdorsal length
57.0-57.4, postanal length 36.0-46.4, AC[C] length 7.2-8.0,
AC[B]-[C] length 1.2-1.4.

Ventral margins of all photophore scales smooth,
without denticles, except as noted below. IP (6). BR (6).
ORB 1+1. OP 1+1. OV[A] (2)+1. OV[B] 1+1+1, in an
anteriorly-inclined straight line. PV (10), ventral margins
of scales with spinelike denticles. L 1. VAV (5), ventral
margins of scales denticulate. AC[A] 1+(2), in an
anteriorly-inclined straight line: #1 isolated, not
connected to #2 by a lumen; #2 and #3 connected to each:
other and to AC[B], appearing as a continuous glandular
photophore cluster. AC[B] (14; 13-14), with an indistinct
dorsal step between #3 and #4. AC[C] (4), conspicuous gaps
separating each photophore, modified scales not present in
specimens examined but scales reported to be without

"spines" (= denticles) by Borodulina (1979:8).
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Morphometric characters: (% SL): Head length 31.3-34.7,
orbit length 13.0-17.8, body depth 58.4-65.4,
caudal-peduncle depth 10.0-12.4, caudal-peduncle length
14.0-16.6, dorsal-fin length 21.1-26.0, anal-fin length,
20.5-24.1 preanal length 68.8-74.4, predorsal length
57.3-62.1, preventral length 63.1-68.4, postdorsal length
48.7-55.8, postanal length 36.2-41.3, AC[C] length 5.5-6.8,
AC[B]-[C] length 4.2-5.6.

Ventral margins of photophore scales smooth, except PV,
VAV and AC([C] which have numerous denticles. IP (6). BR
(6). ORB 1+1. OP 1+1. OV[A] (2)+1. OV[B] 1+1+1, in an
anteriorly-inclined straight line. PV (10). L 1. VAV (5).
AC[A] 1+1+1, #1 and #2 isolated, but aligned with #3 and
first three AC[B]. AC[A] #3 united with AC[B] #1 forming a
continuous gland. AC[B] (8; 7-9), with a dorsal step between
#3 and #4. SC=AC[C] (4).

Dark pigment saddle with predorsal notch and long
lateral projection, usually reaching midline. Dark pigment
also present in association with glandular photophore
tissues, posterodorsal region of head, bases of dorsal-fin
rays, and delineating body trunk myosepta.

SIMILAR SPECIES.-Polyipnus indicus is most similar to
P. nuttingi, P. oluolus and, especially, P. asper. These
four are the only species in Polyipnus with two posttemporal
spines. Of these, only P. indicus and P. asper have

denticulate AC[C] photophore scales. Polyipnus indicus,
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Paratypes: BMNH 1939.5.24.404 (1, 38.2 mm) and USNM
179897 (1, 46.2 mm), same data as holotype.

Other Material: ARC 8909384 (4, 52.0-63.0 mm), 12°27'N
48°20'W, (0-) 470-480 m, R/V Vityaz Ccr. 17, Sta. 2608, 14
Nov 1988. ASH 88281 (5, 53.6-62.3 mm), 21°12.8'S 35°41.8'E
to 21°16.6'S 35°41.3E, 480-500 m, R/V Vityaz Sta. 2622,
0215-0418 h, 26 Dec 1988. CAS 66558 (4, 46.0-57.0 mm),
12°26'06"S 48°20'12"E to 12°24'54"S 48°21'12"E, R/V Vityaz
Sta. 2608. IOAN uncat. (15, 34.3-48.7 mm), 25°30.4'S
35°08'E to 25°34.2S 35°01.5'E, (0-) 570-500 m, R/V Vityaz Cr.
17, Sta. 2631, 1342-1500 h, 23 Nov 1988. IOAN uncat. (25,
33.7-42.0 mm), 12°17.5'N 53°14.5'E to 12°17.5'N 53°06.5'E,
(0-) 364-384 m, R/V Vityaz Cr. 17, Sta. 2566, 1330-1426 h,
28 Oct 1988. MNHN 1988-1322, -1326, -1327 and -1328 (1,
48.6 mm; 1, 42.6 mm; 1, 49.8 mm; 1, 41.2 mm), 12°28'S
48°12'E, (0-) 605 m, R/V Le Vauban Sta. 21, 1972. USNM
293986 (3, 42.6-45.1 mm), 12°01'00"N 51°16'36"E, 375-393 m,
R/V Beinta, Cr. 20, Sta. 18, 12 Mar 1987. USNM 301277 (5,
23.3-30.7 mm), 11°57'30"N 51°07'30"E, 366m, R/V Beinta, Cr.
20, haul 11, field no. GJS 152, 11 Mar 1987. ZMUC P206973
(1, 13.0 mm), O01°37'N 44°52'E, R/V Meteor, S. nr. 21, Sta.
141, no other data. ZMUC P206922 (10, 31.0-47.0 mm),
29°55'S 31°20'E, (0-) 425-430 m, R/V Galathea Sta. 196, no
other data. 2ZM > P206924 (5, 38.0-49.0 mm), 25°20'S

35°17'E, (0-) 5¢ m, R/V Galathea, Sta. 202, no other data.
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nstances the spine configuration of P. spinifer, P. soelae
nd P. stereope may approach this condition but the median
pine is always noticeably shorter than the dorsal. In
ontrast to these posttemporal characters, the presence of a
orsal step between the third and fourth AC[B] photophores
s similar to P. oluolus, P. nuttingi, P. indicus and P.
sper (of the spinosus species group). Polyipnus inermis and
. parini are most similar, sharing a unique gap (about
qual to the width of one photophore) between photophores #3
nd #4 of the AC[B] cluster. Polyipnus inermis is
istinguished from P. parini by a lack denticles on the
cales of the VAV photophores and lower gill raker counts
23-26 compared with 28 or 30, respectively).

DISTRIBUTION.-Polyipnus inermis has been collected only
t several stations in the vicinity of the Sala-y-Gomez
ubmarine Ridge, eastern South Pacific Ocean (Figure 34).
vailable data indicate that P. inermis occurs above 420 m,
nd possibly as deep as 575 m.

REMARKS.-Bofodulina (1981:124) stated that P. inermis
s "closest" to P. parini | t provided no comparisons with
ther species. These two s} .cies, however, possess a unique
ap in the AC[B] photophore cluster. Apparent reduction of
V photophore scale denticles in P. inermis is unusual for
embers of the spinosus gr |p. Another peculiarity is the
Xtensive horizontal predorsal surface of the body; this

redorsal area is convex i. other species.
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52.6~53.9, postanal length 39.0-43.3, AC[C] length 5.2-5.5,
AC[B]-[C] length 5.2-7.9.

Ventral margins of photophore scales smooth, except PV
which are finely denticulate and VAV which are either smooth
or with blunt denticles. IP (6). BR (6). ORB 1+1. OP 1+1.
OV[A] (2)+1. OV[B] 1+1+1, in an anteriorly-inclined straight
line. PV (10). L 1. VAV (5). AC[A] 1+1+1, #1 and #2
isolated, but aligned with #3 and first three AC[B]. AC[A]
#3 united with AC[B] cluster, forming a continuous gland.
AC[B] (8; 7-9), with a pronounced dorsal step between #3 and
#4. AC[C] (4).

Dark pigment saddle with a predorsal notch immediately
posterior to extremely long lateral projection which extends
ventrally to about level of third OV[A] photophore. Dark
pigment also present in association with photophore tissues,
opercular bones, bases of anal-, caudal- and dorsal-fin
rays, and diffusely delineating body-trunk myosepta.

SIMILAR SPECIES.-Polyipnus nuttingi is similar to P.

indicus, P. asper, and P. oluolus which all have a large
serrate dorsal posttemporal spine with a single minute basal
secondary spine. This contrasts with Baird's (1971:92)
description in which the secondary spine in P. nuttingi was
not distinguished from adjacent serrations. Polyipnus
nuttingi and P. oluolus are the only two species of the
above that lack denticles on the AC[C] photophore scales.

Polyipnus nuttingi is distinguished from P. oluolus by the
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MATERIAL EXAMINED.-Holotype: USNM 51599 (1, 83.0 mm),
entrance to Pailolo Channel between Molokai and Maui,
Hawaiian Islands (about 21°N 156°40'W), 550-566 m, R/V

Albatross Sta. 4088, no exact data.

Paratypes: USNM 51693 (29, 33.5-69.5 mm), Hawaiian

Islands, total depth range sampled 400-599 m, R/V Albatross,

Sta. 3867 (Pailolo Channel, 525-537 m), 3920 (off southeast
coast of Oahu, 490-518 m), 4088 (approach to Pailolo
Channel, 550-566 m), 4089 (same, 550-562 m), 4090 (same,
562-570 m), 4091 (same, 566-570 m), 4097 (same, 529-? m),
4121 (off the northwest coast of Oahu, 400-464 m), 4134 (off
Kauai, 416-599 m).

Other Material: AMNH 3548 (1, 55.5 mm), Hawaiian

Islands, R/V Albatross, no exact data. BPBM 24892 (3,
28.3-39.9 mm), 21°07'N 156°21'W, 0-470 m, R/V Townsend
Cromwell Cr. 66, Sta. 4, 10 Sep 1975. BPBM 23779 (2,
47.1-48.5 mm), 21°08'N 156°21'W, 463-485 m, R/V Townsend
Cromwell Cr. 35, Sta. 16, 1 Apr 1968. BPBM 23790 (7,
47.6-60.5 mm), 21°15'N 156°26'W, 512-545 m, R/V Townsend
Cromwell Cr. 35, Sta. 23, 5 Apr 1968. BPBM 24005 (7,
38.1-55.5 mm), 21°02'N 157°49'W, 512-576 m, R/V Townsend

Cromwell Cr. 36, Sta. 30, 6 May 1968.
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patch of about 24 medial rows of recurved teeth. No teeth
present on posteromedial process of vomer. Frontal and
parietal longitudinal keels serrate, overlapping, and
forming a continuous keel. Dorsal aqd ventral limbs of
posttemporal with two and one serrate prominent ridges
respectively, limbs acutely divergent, and supporting 2
spines: dorsal spine serrate, long (13.8 % SL), straight,
posteriorly directed; ventral spine short, nonserrate,
laterally directed, dorsally curved. Lateral ridges of
cleithrum smooth; ventral margin of pectoral shield bears 4
conical spines which decrease in length from anterior to
posterior. Preopercular bones missing in specimen, fleshy
sheathes present. Dorsal blade smooth, short-based,
terminating posteriorly as 2 triangular
dorsolaterally-directed spines (one per side). Anal-fin
pterygiophore spines absent. Adipose-fin base of moderate
length, occupying about one half of the distance between
dorsal-fin insertion and anterior dorsal procurrent
caudal-fin ray.

Morphometric characters (% SL): Head length 42.8, orbit
length 22.0, body depth 94.1, caudal-peduncle depth 13.4,
caudal-peduncle length 17.8, dorsal-fin length 28.0,
anal-fin length 25.6, preanal length 81.0, predorsal length
74.7, preventral length 88.5, postdorsal length 54.3,
postanal length 41.3, AC[C] length 6.8, AC[B]-[C] length

3.9.
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Ventral margins of photophore scales smooth, except as
noted below. IP (6). BR (6). ORB 1+1. OP 1+1. OV[A] (2)+1.
OV[B] 1+1+1, #2 and #3 adjacent and at an elevation ventral
to #1. PV (10), ventra} margins triangular and with 1 or 2
denticles at apices. L 1. VAV (5), with extensive
blade-like ventral margins. AC[A] 1+1+1, isolated, not
united in a common gland, increasing in elevation from
anterior to posterior, #3 located proximal to first AC(B].
AC[(B] (3)+1+1+1, with a dorsal step between #3 and #4, #1-#3
united in a common gland only. AC[C] (4), with extensive
bladelike ventral margins.

Pigment saddle not evident in only specimen. Diffuse
dark pigment over entire body flank with greatest
concentration along trunk myosepta. Dark pigment also
present in association with glandular photophore tissues.
Baird (1971:91) states "pigment somewhat darker dorsally"
and does not describe a lateral pigment projection as is
found in all other species in the genus except P. unispinus.

SIMILAR SPECIES.-Polyipnus oluolus, P. indicus, P.
asper and P. nuttingi are the only members of the genus with
two posttemporal spines. The basal spine in P. indicus and
P. asper is conspicuous whereas in P. oluolus and P.
nuttingi it is very small and partially concealed by a field
of deep spinelike serrations. The holotype has only 14
anal-fin rays which contrasts with a total range of 15 to 17

for the other three species.



163
The feature that distinguishes P. oluolus from all
her members of the spinosus species group is the lack of
nnection between the posteriormost AC[A] photophore and
e anteriormost of the AC[B] photophores. Polyipnus oluolus
also the only species with triangular bladelike
tensions of the ventral margins of the PV photophore
ales. Some specimens of P. nuttingi have PV #9 and #10
ale morphology similar to that of P. oluolus but the
maining scales have the rectangular form.
DISTRIBUTION.-The holotype was collected off the
rshall Islands, depth of capture not known (Figure 29). No

her Polyipnus have been reported from this island group.

REMARKS.-Polyipnus oluolus is known only from the

lotype which is in very poor condition. The drawing of the
lotype (Figure 29) is partially a reconstruction and
cludes many features that were overlooked in the original
lustration of Baird (1971: fig. 67). In addition, the body
ape has been restored and the pectoral fin shown in its
rrect position.

MATERIAL EXAMINED.-Holotype: USNM 204390 (1, 26.9 mm),

°)8'N 162°06'E, R/V Hugh M. Smith Cr. 37, Sta. 43, 9 Dec

56.
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53.4-53.8, postanal length 36.9-38.5, AC[C] length 5.6,
AC[B]-[C] length 4.8.

Ventral margins of photophore scales smooth, except as
noted below. Photophore counts: IP (6). BR (6). ORB 1+1. OP
1+1. OV[A] (2)+1. OV[B] 1+1+1, in an anteriorly-inclined
straight line. PV (10), denticulate. L 1. VAV (5),
deticulate. AC[A] 1+1+1, separate, not united in a common
gland, aligned with first three AC[B] photophores. AC[A] #3
united with AC[B] #1 forming a continuous gland. AC[B] (10;
11), with a dorsal step and a broad gap about equal to the
width of one photophore between #3 and #4; AC[B] scales #2
and #3 each with a single denticle (holotype). AC[C] (4).

Saddle of dark pigment present and with a predorsal
notch and a lateral projection that tapers ventrally,
terminating bluntly at or near the lateral midline. Dark
pigment also present in association with photophore tissues,
dorsal and dorsolateral regions of head, bases of dorsal,
anal and caudal fins, and delineating body-trunk myosepta.

SIMILAR SPECIES.-Polyipnus parini is most similar to P.
inermis. These two species have tridentlike posttemporal
spine groups and a unique broad gap between photophores #3
and #4 of the AC[B] cluster. Polyipnus parini has a greater
number of gill rakers on the first arch than P. inermis
(28/30 as compared with 23-26). Generally P. parini is much
more "spiny", with serrated posttemporal keels and denticles

on VAV and AC[B] photophore scales. See 'SIMILAR SPECIES'
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section for P. inermis.

DISTRIBUTION.-The geographical distribution of P.
parini is very poorly known. In the original description
Borodulina (1979:4) says that the holotype was given to the
USSR Academy of Sciences with some specimens of P.
matsubarai. The collection was not labelled but A.S.
Sokolvskiy, who donated the specimens conveyed that "they
were caught at different times in the 'zone of the Kuroshio
Current'" (20-43°N 138-152°E). Aizawa (pers. comm.) is of
the opinion that P. parini has never been collected near
Japan. Nevertheless, a tentative collecting locality is
given in Figure 34 which follows the original description
(Borodulina, 1979: fig. 2). The only other reported capture
of this species (P. cf. parini, Borodulina, 1979:5) 1is in
the Tasman Sea off the North Island of New Zealand.
Therefore, in the presence of these sparse and ambiguous
data, P. parini is here considered a western Pacific
species.

REMARKS.-Unfortunately, neither of the specimens of P.
parini were available for direct study. Comments made here
are derived from the original description with its
illustration (Borodulina, 1979) and x-radiographs of both
specimens.

On the basis of morphology the "juvenile" small
specimen (ZIL 43998, 28.0 mm SL) referred to P. cf. parini

by Borodulina (1979: 4-6) is not distinguishable from the
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holotype. From her discussion it appears that the source of
doubt regarding the identification of this juvenile
specimen was the "considerable separation" of the collecting
localities. Geographicgl occurrence should not be used in
forming taxonomic decisions concerning specific status,
especially when the type locality is not known. This
specimen, therefore, is treated here as a valid
representative of P. parini.

The diagnosis and description provided by Borodulina
(1979) are in one aspect contradictory. In the diagnosis the
"anal" (AC[B]) photophores are described as being without
"spiny scales" but in the description such spines
(=denticles) are present albeit restricted to photophores #2
and #3 of the cluster.

MATERIAL EXAMINED.-Holotype: 2ZIL 43997 (1, 61.0 mm),
Kuroshio Current area?, no other data (x-radiograph only).

other Material: 2IL 43998 (1, 28.0), 33°16'S 171°59'E,
depth unknown, R/V Vityaz Sta. 3842, 20 Jan 1958

(x-radiograph only).
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Polyipnus paxtoni Harold, 1989
FIGURE 36

Polyipnus paxtoni Harold, 1989:871-876 [holotype fig. 1].

DIAGNOSIS.-Gill rakers 23 or 24. Lateral projection of
dark pigment tapered and long, reaching lateral midline.
Three posttemporal spines present, dorsal spine longest
(9.6-11.6 % SL), median and ventral spines subequal (about
1/4 to 1/2 of the length of dorsal spine). Numerous
denticles originating on scales of PV, VAV, AC[B], AC[C] and
occasionally AC[A] #3 photophores. AC[{B] 10-12. AC[C)
photophores not separated by gaps.

DESCRIPTION.-Maximum adult body size moderate, up to
49.3 mm SL. D (12) 11-13. A (17) 15-18. P (12) 12/13. V (7)
7. GR 7/8+16/17 = (23) 23/24. Highly compressed laterally.
Body profile anterior of dorsal-fin origin broadly
elliptical, tapering posteriorly at about a 45° angle.
Caudal peduncle elongate, rectangular. Flank scales
diaphanous, deciduous. Ventral margin of dentary with 2
parallel serrate keels. Premaxillary, maxillary and dentary
teeth minute, recurved. Palatine teeth absent. Anterior
region of vomer with transverse patch of 10 to 14 medial
rows of minute conical teeth; posteromedial region of vomer
without teeth. Frontal and parietal longitudinal keels

serrate; frontal keel extending to, and overlapping,
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parietal keel. Parietal keel differentiated posteriorly into
2 conical medial spines, directed anteriorly and
posteriorly. Dorsal and ventral limbs of posttemporal
serrate and support three spines; dqrsal spine longest
(9.6-11.6 % SL), serrate over anterodorsal surface, median
-and ventral spines subequal, short (2.9-5.2 and 1.8-5.0 % SL
resp.). Lateral ridges of cleithrum smooth, nonserrate;
ventral margin of pectoral shield with 18-22 minute conical
spines. Preopercle with 2 spines; ventral spine long
(6.3-6.7 % SL), ventrally directed with slight anterior
curve; dorsal spine minute, similar in size to preopercular
serrations, and directed dorsolaterally; external ridges of
preopercle deeply and broadly serrate. Dorsal blade with up
to four serrations on anterodorsal and terminating
posteriorly with 2 triangular spines, one per side, directed
posterolaterally. Anal-fin pterygiophore spines absent.
Adipose-fin base long, occupying about 2/3 of the distance
between dorsal-fin insertion and anterior dorsal procurrent
caudal-fin ray.

Morphometric characters (% SL): Head length 31.6-37.7,
orbit length 14.2-16.5, body depth 59.6-68.3,
caudal-peduncle depth 9.5-11.1, caudal-peduncle length
11.3-15.4, dorsal-fin length 16.1-19.3, anal-fin length
20.9-25.2, preanal length 68.0-74.8, predorsal length
56.0-60.0, preventral length 63.7-71.4, postdorsal length

44.2-52.8, postanal length 34.6-39.5, AC[C] length 6.1-8.0,
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AC[B]-[C] length 2.2-3.9.

Ventral margins of photophore scales smooth, without
denticles, except as noted below. IP (6). BR (6). ORB 1+1.
OP 1+1. OV[A] (2)+1. SAB=OV[B] 1+1+1, in an
anteriorly-inclined straight line. PV (10), ventral margins
of scales with numerous denticles. L 1. VAV (5),
denticulate. AC[A] 1+1+1, in a straight line, #3 united with
AC[B]) #1, forming a continuous gland. AC[A] #3 frequently
with denticulate ventral margin. AC[B] (11; 10-12), with an
indistinct dorsal step between #3 and #4; most scales with
five or more denticles ventrolaterally, often originating on
diagonal scale flange. AC[C] (4), without isolating gaps,
scales with ventral lamellae extending beyond lateral
outline and numerous denticles. AC [1+1+1](10-12)+(4).

Dark pigment saddle with a short, triangular predorsal
notch. Lateral projection of moderate length, approaching
but not reaching midline. Dark pigment also present in
association with dorsal and dorsolateral surfaces of head,
unpaired fin bases, photophores and delineating body trunk
nyosepta.

SIMILAR SPECIES.-All species of the P. spinosus species
group have 3 posttemporal spines except P. nuttingi, P.
asper and P. oluolus, which have one large dorsal and one
small ventral spine with a series of associated deep
spinelike serrations, and P. indicus which usually has two

and occasionally three spines. Polyipnus paxtoni differs
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from P. indicus, P. oluolus, P. tridentifer, P. stereope, P.

spinosus, P. elongatus, P. soelae and P. inermis, in having
denticles over most scales of the AN photophore cluster.
Denticles are present in the AC[B] cluster of P. parini, but
are apparently restricted to the second and third scales.
Polyipnus tridentifer and P. scelae may in large specimens
have a single weak denticle on some of the AC[B] photophore
scales. Polyipnus fraseri, has numerous denticles on all
AC[B] photophore scales but there are only four organs in
the cluster. Polyipnus paxtoni is similar to P. spinifer, in
denticulation but differs in having equidimensional ventral
and median posttemporal spines, a long, tapered lateral dark
pigment bar that reaches the lateral midline and usually 11
(10-12) AN photophores (11-13 in P. spinifer). One other
species, P. asper, has denticulate AC[B] photophores but
unlike P. paxtoni has 2 posttemporal spines and 8-10 AC[B]
photophores. Polyipnus paxtoni is similar to P. elongatus
with regard to pigmentation and posttemporal morphology.

DISTRIBUTION.-Polyipnus paxtoni is known only from two
R/V Socela stations in the Coral Sea, off the north-east
coast of Queensland, Australia, at about 18° S latitude,
147° E longitude (Figure 37). The specimens were taken
between the surface and a depth of 300 m at night.

The geographic range of P. paxtoni appears to overlap
to some degree that of P. elongatus, P. triphanos, and

possibly P. agquavitus. On the basis of the few captures, P.
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paxtoni and P. elongatus are endemic to the Coral Sea but

may not occupy the same geographic or bathymetric areas
within the region. Numerous trawl samples from other parts

of the Coral Sea that gontained othgr Polyipnus species (P.

agquavitus and P. unispinus) indicate that P. paxtoni (and P.
elongatus) may be restricted to the western Coral Sea off
Queensland.

REMARKS.-Polyipnus paxtoni is a recent addition to the
genus (Harold, 1989). Posttemporal morphology is quite
similar to that of P. elongatus. The rudimentary median and
ventral posttemporal spines in both species are virtually
concealed by adjacent spinelike serrations. Unlike
serrations, the spines originate medially at the base of the
dorsal spine and are joined by an ossified sheet. 1In spite

of posttemporal similarities, P. paxtoni and P. elongatus

are very distinct with regard to scale denticulation,
various fin-ray and photophore meristic characters and body
shape.

MATERIAL EXAMINED.-Holotype: AMS I1.25825-009 (1, 42.5
mm) , 18°01'S 147°07'E to 17°59'S 147°05'E, 0-300 m, R/V
Soela, field no. SO 1/86/49, 2130-2230 h, 16 Jan 1986.

Paratypes: AMS I.25825-002 (7, 41.8-49.3 mm), same data
as holotype.-AMS I.25816-006(3, 41.6-46.3 mm), 17°59'S,
147°07'E to 17°55'S, 147°05'E; 0-300 m, R/V Soela, field no.

SO 1/86/31, 2130-2230 h, 13 Jan 1986.
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Polyipnus soelae new species

FIGURE 46

Polyipnus spinosus.-Borodulina, 1979:7-9 [part].-Paxton et
al., 1989:192 [part].

Polyipnus spinosis [sic]).-Borodulina, 1979:7 [incorrect

subsequent spelling of P. spinosus].

Polyipnus spinifer.-Harold, 1990b [part, AMS I1.22808-028 and

I1.22817-014]).

DIAGNOSIS.-Gill rakers 20-23. Lateral pigment
projection short and triangular, reaching about half way to
lateral midline, without dorsal deflections of pigment
margin posterior of projection. Three posttemporal spines:
dorsal spine longest (7.4-16.9 % SL), median spine shortest
and ventral spine intermediate and with a slight anterior
arc. Anal-fin pterygiophore spines absent. Photophore scale
denticles mainly restricted to PV, VAV and AC[C] clusters
but AC[B] scales may have a single weak denticle in
specimens over 50 mm SL. AC[A] photophores grade into AC[B].
AC[B] 11-14. AC[C] photophores separated by conspicuous
gaps. Dorsal blade length and height about equal.

DESCRIPTION.-Maximum adult body size moderate, up to
60.3 mm SL. D (13) 12-14. A (16) 15-17. P (13) 12-13. V (7)
7. GR 5-7+13-16 = (21) 20-23. Vertebrae (34) 33-35.

Laterally compressed. Body profile anterior of dorsal blade
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SL), slightly curved distally toward anterior and axis of
spine directed ventrally; dorsal spine minute (slightly
longer than one preopercular serration), conical and
directed ventrolaterally. Dorsal blade short-based, exposed
length and height about equal, anterodorsal surface
blade-like with 1 or 2 deep spine-like serrations,
terminating posteriorly in two elongate conical spines, one
per side, directed dorsolaterally. Anal-fin pterygiophore
spines absent. Adipose fin base of moderate length,
occupying about one half of the distance between dorsal-fin
insertion and anterior dorsal procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 30.1-30.8,

orbit length 13.1-18.8, body depth 56.7-64.9,
caudal-peduncle depth 9.3-12.8, caudal-peduncle length
15.1-22.3, dorsal-fin length 17.4-23.3, anal-fin lehgth
20.3-27.0, preanal length 65.0-75.5, predorsal length
52.5-65.2, preventral length 58.6-74.6, postdorsal length
49.7-63.0, postanal length 36.6-48.7, AC[C] length 7.4-11.5,
AC[B]-[C] length 0.2-2.3.

Ventral margins of all photophore scales smooth,
without denticles, except as noted below. IP (6). BR (6).
ORB 1+1. OP 1+1. OV[A] (2)+1. OV[B] 1+1+1, in an
anteriorly-inclined straight line. PV (10), ventral margins
of scales with numerous denticles. L 1. VAV (5), ventral
margins of scales denticulate. AC[A] 1+1+1], in a straight

line and appearing continuous with AC[B] cluster, AC[A] #1
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and #2 isolated, not connected to each other or to #3 by a
lumen; #3 connected to AC[B] forming a continuous gland.
AC[(B] (11; 11-14), with an indistinct dorsal step between #3
and #4; nondenticulate ventral scale margins except in large
specimens (> 50 mm SL) which may have one weak denticle per
scale. AC[C] (4), scales with ventral lamellae extending
beyond lateral outline and numerous but often weak
denticles.

Dark pigment saddle present: predorsal and postdorsal
notches generally absent, but minute predorsal inflection of
pigment margin occasionally present. Lateral projection
short, triangular, ventrally-tapered and extending about
half way to the lateral midline. Dark pigment also present
in association with photophore tissues, lateral and
dorsolateral surfaces of head including opercle and
subopercle, between bases of anal- and dorsal-fin rays and
diffusely delineating body trunk myosepta. Generally flank
appears unpigmented and contrasts sharply the dorsal region
of the body. All specimens of the AMS collections exhibit
silvery and reflective pigments on the flank.

SIMILAR SPECIES.-Polyipnus scelae is most similar to P.
spinifer and P. tridentifer; distinguished from P. spinifer
mainly by a lack of denticles on the AC[B] photophore scales

and from P. tridentifer by its reduced median and ventral

posttemporal spines. See also 'SIMILAR SPECIES' section for

P. spinifer and P. tridentifer.
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DISTRIBUTION.-Polyipnus soelae occurs off the northwest
coast of Australia (Indian Ocean) and in the Timor, western
Arafura, Celebes, and Madura Seas of Indonesia (Figure 43).
Questionable references to B. spinogus from peninsular India
in Baird (1971) may represent P. soelae or P. asper. The
bathymetric range is about 520 m maximally and probably
above 300 m.

The geographic range of P. soelae does not appear to
overlap with either of the most closely related species P.
spinifer (Philippine and Japanese Archipelagos) and P.
tridentifer (Great Australian Bight). There is, however,
possible overlap with P. spinosus to the south of the
Philippines. More distantly related congenerics (not members
of the P. spinosus species group) occurring within the range
of P. soelae include P. meteori, P. aff. kiwiensis, P.

triphanos, P. unispinus, P. aquavitus, and P. omphus.
REMARKS.-Although P. soelae is nearly identical in its
most obvious external features to P. spinifer it has been
misidentified as P. spinosus in the literature (Borodulina,
1979:7-8; Paxton et al., 1989:192). The redescription of P.
spinosus provided by Borodulina (1979) was based upon
erroneously identified Russian collections of "P. spinosus"
(=P. soelae) and not the holotype. In her key to the species
of the "P. spinosus subgroup", the type species P. spinosus

sensu stricto cannot be identified. The description and key

indicate that the subcaudal photophores (=photophore scales)
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of P. spinosus are "spinous" (=denticulate) but it is not
true of the holotype (pers. obs.; Bourret, 1985) or of the
additional specimen reported here. Also see Remarks section
for Polyipnus spinosusf )

ETYMOLOGY.~Named for the Australian vessel R/V Socela
from which many specimens of P. soelae were collected.

MATERIAL EXAMINED.-Holotype: AMS 1.22808-028 (1, 54.8
mm), 17°59'N 118°17'E, (0-) 404-420 m, 0550-1400 h, R/V
Soela, field no. SO 2-82-17,18, 3 Apr 1982.

Paratypes: AMS 1.22808-[028] (29 of 30 from AMS
I.22808-028, 38.5-52.1 mm), same data as holotype. AMS
1.22817-014 (30, 49.6-60.1 mm), 18°06'S 117°45'E, (0-)
492-520 m, 0555-1450 h, R/V Soela, field no.
S0-2-82-31,32,33,34, 7-10 Apr 1982. IOAN uncat. (15,
41.4-50.2 mm), 09°06'S 131°15'E, 0-340 m, R/V Vityaz, trawl
37.1, 26 May 1967.

Other Material: AMS I1.23423-001 (5, 38.3-50.7 mm),
18°01'S 118°23'E, 0-376 m, R/V Soela, 1 Aug 1982. AMS
I.23425-011 (8, 40.4-43.0 mm), 18°46'S 117°00'E, 0-400 m,
R/V Soela, 1 Aug 1982. FMNH 52447 (1, 46.7 mm), 07°15'S
115°15.6'E, R/V Siboga Sta. 12, 14 Mar 1899. IOAN uncat.
(7, 29.5-43.2 mm), 09°05'S 131°22'E, 0-316 m, R/V Akademik
Berg, 19 Jul 1967. IOAN uncat. (1, 47.7 mm), 09°00'S
130°39.8'E, 445-520 m, R/V Akademik Berg, 30 Oct 1968. USNM
135537 (5, 49.2-57.6 mm), 00°07'30"N 127°29'E, R/V Albatross

Sta. D5626, 29 Nov 1909. WAM P26209-010 (3, 46.0-53.0 mm),
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posterolaterally-directed spines: dorsal spine longest
(9.3-16.8 % SL), ventral spine shorter (4.4-7.6 % SL),
median spine shortest, less than one half of the length of
the dorsal spine. Lateral ridges of cleithrum smooth,
nonserrate; ventral margin of pectoral shield bears 13-17
minute conical spines. Vertical and anteroventral rami of
preopercle each with 2 parallel ridges (all serrate except
ventral keel of anteroventral limb). Preopercle with two
spines: ventral spine long (4.8-11.4 % SL), straight and
directed ventrally; dorsal spine minute (slightly longer
than one preopercular serration), three faceted and directed
posterolaterally. Dorsal blade short-based, exposed length
and height about equal, anterodorsal surface with one to
five prominent serrations, terminating posteriorly in two
triangular spines, one per side, directed dorsolaterally.
Anal-fin pterygiophore spines absent. Adipose fin base
moderate, occupying about one half to two thirds of the
distance between dorsal-fin insertion and anterior dorsal
procurrent caudal-fin ray.

Morphometric characters (% SL): Head length 29.8-34.1,

orbit length 13.3-16.8, body depth 58.6-62.3,
caudal-peduncle depth 9.6-12.0, caudal-peduncle length
14.0-19.3, dorsal-fin length 19.6-23.3, anal-fin length
23.0-27.0, preanal length 64.5-71.9, predorsal length
53.5-58.3, preventral length 61.3-70.5, postdorsal length

48.5-54.9, postanal length 37.5-45.9, AC[C] length 8.2-9.8,
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AC[B]-[C] length 0.5-2.1.

Ventral margins of all photophore scales smooth,
without denticles, except as noted below. IP (6). BR (6).
ORB 1+1. OP 1+1. OV[A] (2)+1. OV[B] 1+1+1, in an
anteriorly-inclined straight 1line. PV (10), ventral margins
of scales with spine-like denticles. L 1. VAV (5), ventral
margins of scales denticulate. AC[A] 1+1+1, in a straight
line and appearing continuous with AC[B] photophores: #1 and
#2 isolated, not connected to each other or to #3 but the
latter connected to first AC[{B] forming a continuous gland:;
AC[A]) #3 frequently with denticulate ventral margin. AC([B]
(12; 11-13), with an indistinct dorsal step between #3 and
#4; most scales with five or more denticles. AC[C] (4),
scales with ventral lamellae extending beyond lateral
outline and numerous denticles.

Dark pigment saddle with nearly straight ventral margin
except for short, triangular, ventrally-tapered lateral
projection that extends about half way to the lateral
midline; predorsal notch absent or reduced, postdorsal notch
absent. Dark pigment also present in association with
photophore tissues, dorsum-scale pockets, lateral and
dorsolateral surfaces of head, including opercle and
subopercle, between bases of anal-, caudal- dorsal-fin rays
and diffusely delineating trunk myosepta. Scattered
melanophores within dorsomedian body of dark pigment.

SIMILAR SPECIES.-Polyipnus spinifer is most similar to
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P. tridentifer and P. soelae, and bears some resemblance

also to P. inermis, P. parini, P. spinosus, P. stereope.

These species have in common 3 large subequal posttemporal
spines. Of these, only P. spinifer, P. soelae and P.

tridentifer have denticulate AC[C] photophore scales.

Polyipnus spinifer differs from the latter two species by

the presence of multiple denticles on scales of the AC[B]
photophores.

DISTRIBUTION.-Polyipnus spinifer is known from Suruga

Bay, Japan, the East China Sea and off the Philippines in
the South China and Sulu seas (Figure 43). The bathymetric
range is generally about 220 m to 380 m but specimens have
been taken above 150 m in Suruga Bay, Japan.

To the south of the Philippines, the geographic range
of P. spinifer meets and possibly overlaps that of P. socelae
and P. spinosus of the members of the spinosus group. The
range clearly overlaps that of P. stereope around the
Japanese Archipelago. Other species possibly occurring
within the range of P. spinifer include P. fraseri, P.

matsubarai, P. meteori, P. ovatus, P. triphanos, P. danae

and P. unispinus.

REMARKS.-Populations of P. spinifer (East China Sea and
Philippines) have in the past been considered to be P.
tridentifer (Baird, 1971; Schultz, 1961) or P. spinosus
(Schultz, 1938; Matsubara, 1950; Okada and Suzuki, 1956).

Borodulina (1979) established that these northern
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populations are distinct at the species level from P.

tridentifer (Great Australian Bight). Specimens from

Indonesia and off the northwest coast of Australia are
nearly indistinguishable from P. spinifer but have in the
past been referred to P. spinosus (Borodulina, 1979: 7).
Such specimens are here described as a new species, P.
soelae. See Remarks section for P. soelae and P.

tridentifer.

MATERIAL EXAMINED.-Holotype: ZIL 43996 (1, 59.0 mm),
35°41'N 128°05'E, (0-) 449 m, R/V Vityaz Sta. 3540, 1 Oct
1955 (not available for direct study; x-radiograph provided
by A.P. Andriashev, ZIL).

Paratypes: 2IL 43995 (4, 45.0-51.0 mm), East China Sea,

R/V Raduga, Trawl 177, 5 May, 1968, no exact data
(x-radiographs only).

Other Material: AMS I.B4604 (1, 52.1 mm), 10°38'N

124°13'E, (0-) 704 m, R/V Albatross Sta. D5409. AMS I.B4605

(1, 48.2 mm), same data. AMS I.B4606 (1, 44.8 mm), same
data. ORIT 2551, 2554, 2557-2568 (14, 38.4-49.0 mm), Suruga

Bay, Japan, 0-150 m, R/V Shou-jin Maru, 1 May, 1973. CAS

32254 (1, 58.0 mm), off Shikoku, Kimino-Neda, Japan, R/V
Herre, 1936-37 Expedition, no exact data. CAS 34854 (6,
48.6-51.5 mm), Balayan Bay, Luzon Island, Philippines,
222-248 m, 0905-1000 h. IOAN uncat. (1, 51.0 mm), 30°50'N
127°49'E to )°48'N 127°46'E, 150-0 m, R/V Vityaz Cr. 22,

Sta. 3541, ( 42-0153 h, 02 Nov 1955. MNHN 1984-375 (2,
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50.0-54.0 mm), 13°07.7'N 122°39.1'E, (0-) 299-320 m, R/V

Musorstom II Sta. 26, 1200-1300 h, 23 Nov 1980. MNHN

1984-377 (1, 60.0 mm), 13°38.4'N 121°44.1'E, (0-) 425-416 m,

R/V Musorstom II Sta. 49, 2037-2137 h, 26 Nov 1980. MNHN

1984-378 (17, 34.0-58.0 mm), 13°59.3'N 120°16.4'E, (0-)

170-187 m, R/V Musorstom II Sta. 51, 1225-1306 h, 27 Nov

1980. USNM 103036 (2, 47.6-49.1 mm), 13°38'15"N

121°48'15"E, (0-) 357 m, R/V Albatross Sta. D.5221, 24 Apr

1908. USNM 103044 (1, 38.5 mm), 13°6'45"N 121°35'08"E,

(0-) 333 m, R/V Albatross Sta. D.5374, 02 Mar 1909. USNM

135514 (4, 45.0-56.3 mm), 09°11'N 123°23'E, (0-) 470 m, R/V

Albatross Sta.5537, 19 Aug 1909. USNM 135523 (4, 44.9-47.0

mm), 21°36'N 117°27'E, (0-) 426 m, R/V Albatross Sta.

D.5317, 05 Nov 1908. USNM 135525 (1, 36.9 mm), 13°9'12"N
121°36'09"E, (0-) 278 m, R/V Albatross Sta. 5372, 24 Feb
1909. USNM 135528 (11, 30.9-54.8 mm), 13°46'45"N

121°35'08"E, (0-) 333 m, R/V Albatross Sta. D.5374, 02 Mar

1909. USNM 135535 (39, 39.3-56.4 mm), 13°1'N 120°47'05"E,

(0-) 370 m, R/V Albatross Sta. D.5116, 20 Jan 1908. USNM

135536 (18, 58.9-44.5 mm), 09°15'45"N 123°22'00"E, (0-) 516

m, R/V Albatross Sta. 5536, 19 Aug 1909. USNM 289176 (3,

22.9-25.6 mm), 32°33'30"N 128°20'00", 0-383 m, R/V Albatross

Sta. 4898, 10 Aug 1906. ZMUC C.N. 3 (1, 54.0 mm), off

Bonomisaki, Japan, (0-) 407 m, R/V Hyatori Moru, no exact

data.
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Polyipnus spinosus Giinther, 1887

FIGURE 39

Polyipnus spinosus Giinther, 1887:170 [holotype pl. 5, fig.
1B].-Goode and Bean, 1896:128 [pl. 39, fig.
148].-Garman, 1899:238.-Gilbert,
1905:609-610.-McCulloch, 1914:89.-Fowler, 1936:240-241
[part].-Parr, 1937:55.-Schultz, 1938:142-144
[part].-Matsubara, 1950:188-192 [part, fig. 2 is P.
spinifer Borodulina, 1979].-Okada and Susuki,
1956:296-302 [part].-Baird, 1971:89-90.-Borodulina,
1979:7 [part, P. spinosus Glinther, 1887 in synonymy;
remaining description refers to P. soelae n.
sp.].-Bourret, 1985:59-61.-Paxton et al., 1989:192
[part].-Harold, 1989:874-875; 1990b:515.

Polyipnus spinosus spinosus.-Schultz, 1961:647-649 [holotype

fig. 24]; 1964:268.

Polyipnus spinosis [sic].-Borodulina, 1979:7 [incorrect

subsequent spelling].-Yamamoto, 1982:41.

DIAGNOSIS.-Gill rakers 19-21. Lateral pigment
projection tapered and moderately long, approaching but not
reaching lateral midline. Three posttemporal spines: dorsal
longest (8.4-9.5 % SL), median spine shortest, ventral spine
intermediate, both less than or equal to half of length of

the dorsal spine. Anal-fin pterygiophore spines absent.
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Photophore scale denticles restricted to PV and VAV
clusters. AC[A] photophores grade into AC[B]. AC[B] (9-11).
AC[C] photophores compact. Palatine teeth absent. cCaudal
peduncle deep and slightly tapered posteriorly.

DESCRIPTION.-Maximum adult body size moderate, up to 85
mm SL, according to Bourret (1985). D (12) 12-14. A (15)
15-17. P (14) 12-13. V 7. GR 5/6+13 = (19/18) 19-21 (20 and
21 according to Bourret, 1985: 59). Vertebrae (32) 32/33 (33
according to Bourret, 1985). Body laterally compressed. Body
profile anterior of dorsal blade and pelvic fin broadly
elliptical, acutely tapered posteriorly as far as caudal
peduncle. Caudal peduncle deep, slightly tapered
posteriorly. Flank scales diaphanous and cresentic. Ventral
margin of dentary slightly convex and serrate. Margins of
dentary and premaxillary with minute, recurved teeth.
Maxillary with smaller, conical teeth. Anterior region of
vomer with a transverse patch of about 8 medial rows of
conical teeth. No teeth present on palatine or posteromedial
process of vomer. Frontal and parietal keels serrate.
Frontal keel extending to, and overlapping, parietal keel.
Parietal keel discontinuous; posterior region with 2 opposed
conical spines, directed anteriorly and posteriorly. Dorsal
and ventral limbs of posttemporal serrate, acutely
divergent, and supporting 3 spines: dorsal spine longest
(8.4-9.5 % SL), with lateral margins serrate; median spine

shortest, ventral spine intermediate (less than one half of
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of scales with numerous denticles. L 1. VAV (5), ventral
margins of scales denticulate. AC[A] 1+1+1, in an
anteriorly-inclined straight line: #1 and #2 isolated, not
visibly connected to each other or to #3 by a lumen; #3
connected to AC[B] forming a continuous gland. AC[B] (10),
with an indistinct dorsal step between #3 and #4. AC[C] (4),
scales with extensive flangelike ventral margins extending
beyond ventral profile but without denticles.

Dark pigment saddle with a short predorsal notch;
ventral margin of saddle straight from predorsal notch to
caudal peduncle. Lateral pigment projection short,
ventrally-tapered, not reaching lateral midline. Dark
pigment also present in association with photophore tissues,
lateral and dorsolateral surfaces of head, and outlining
flank scales (not trunk myosepta as in most species).

SIMILAR SPECIES.-Polyipnus spinosus is similar to P.

stereope, P. spinifer, P. soelae, P. tridentifer, P. parini,

P. inermis, and P. fraseri with regard to posttemporal
morphology (all have 3 large posteriorly-directed spines).
Other species that have 3 posttemporal spines have reduced
equidimensional ventral and median spines (P. paxtoni and P.
elongatus). Polyipnus spinosus is distinguished from P.
tridentifer, P. spinifer, P. soelae and P. fraseri by its
lack of denticles on the ventral margins of the AC[C]
photophore scales and from P. parini and P. inermis by the

lack of a large gap between photophores AC[B] #3 and #4.
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Polyipnus spinosus is most similar to P. stereope in body
shape and pigmentation pattern, however the former has fewer
gill rakers (18-21, as compared with 22-28 in P. stereope)
and lacks palatine teeth.

DISTRIBUTION.-Polvipnus spinosus is known from the

Celebes and Halmahera seas and from around the Philippine
Islands (Figure 40). Schultz (1961) also listed the Bay of
Bengal and the east coast of Africa as part of the
geographic range but this cannot be verified. The USNM
collections that Schultz (1961:648) refers to have been lost
through loan transactions. I suspect that material from the
African coast is P. indicus and from the Bay of Bengal
either P. spinosus or P. asper.

Schultz (1961) gives a bathymetric range of 185 to 561
m but being based on open tows the 561 m should be regarded
as a maximum possible, not an actual depth of capture. The
holotype was taken between the surface and 472 m and data
from one discrete-depth sample examined here (R/V Alpha
Helix Sta. 128) gives a range of 350-390 m.

There is range overlap between P. spinosus and P.

soelae, P. meteori, P. triphanos, P. agquavitus, P. unispinus

and possibly P. omphus. Polyipnus spinosus was taken in the

same tow as P. aquavitus at R/V Alpha Helix Sta. 128.

REMARKS.-The most similar species to P. spinosus and
one that has been thought synonymous by some investigators

(e.g. Matsubara, 1950) is P. stereope. Schultz (1961)
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anteriorly-inclined straight line: #1 and #2 isolated, not
connected to each other or to #3 by a lumen; #3 connected to
first AC[B] forming a continuous gland. AC[B] (10; 9-11),
with an indistinct dorsal step between #3 and #4. AC[C] (4),
scales without extensive flangelike ventral margins
extending beyond ventral profile.

Dark pigment saddle with predorsal notch, ventral
margin straight from notch to caudal peduncle. Pigment
projection tapered, terminating sharply about half way to
lateral midline. Dark pigment also present on photophore
tissues, lateral and dorsolateral surfaces of head and
dorsal scale pockets, and delineating body trunk myosepta.

SIMILAR SPECIES.-Polvipnus stereope is most similar to

P. spinosus with regard to most meristic characters and body
shape. These are the only Polyipnus species with a deep,
posteriorly-tapered caudal peduncle. These species also have
nondenticulate scales covering the AC[B] and AC[C]
photophores. The only other species with this combination is
P. inermis which is otherwise distinguished by a large step
and a break in the AC[B] photophores, body shape and
posttemporal features. Polyipnus stereope is distinguished
from P. spinosus on the basis of larger number of gill
rakers (22-28 as compared with 19-21) and presence of
palatine teeth.

DISTRIBUTION.-Polyipnus stereope is restricted to the

seas around Japan: East China Sea and Suruga and Sagami Bays
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(Figure 40) at depths of about 150 to 280 m.
The geographic range of P. stereope overlaps with that

of P. spinifer (P. spinosus species group), P. matsubarai

(P. meteori species group) and Polvipnus n. sp. MS Aizawa.

REMARKS.-Polyipnus stereope is most closely related to

the Indonesian species P. spinosus, both regarded by Schultz
(1961) as subspecies of P. spinosus. This affinity was
indicated by robust body and caudal peduncle as well as the
relatively short posttemporal spine[s]. Although regarded
here as distinct species (following Baird, 1971), Schultz's
proposal of close affinity is supported (see 'PHYLOGENETIC
RELATIONSHIPS' chapter). The caudal peduncle of P. stereope
appears deeper than that of P. spinosus, although this is
not born out by the morphometric measurements (12.9-13.0 as
compared with 12.7-14.9 % SL). The fact that the peduncle of
P. stereope is more acutely tapered and consequently deeper
anterior of the point of measurement explains this
discrepancy. The marked taper and stoutness of the caudal
peduncle in P. stereope clearly distinguishes this species.

MATERIAL EXAMINED.-Holotype: USNM 051451 (1, 51.7 mm),
Sagami Bay, Japan (about 35°00'N 139°30'E), (0-) 283 m, R/V
Albatross Sta. 3698, 5 May 1900.

Paratypes: USNM 177895 (1, 24.2 mm), same data as
holotype.

Other Material: NSMT P.6773 (1, 38.5 mm), Suruga Bay,

Japan (about 35°00'N 138°30'E), no exact data. ORIT 2519
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gaps.

DESCRIPTION.-Maximum adult body size moderate to large,
up to 71.6 mm SL (paralectotype), reported to 93.0 mm
(McCulloch, 1914:89). D 13-14. A 17-18. P 12-13. V 7. GR
6-8+13-17 = 19-25. Vertebrae 34-35. Body laterally
compressed, anterior of dorsal blade and pelvic fin deep and
broadly elliptical, tapered posteriorly at about a 45° angle
as far as caudal peduncle. Caudal peduncle rectangular,
highly elongate. Flank scales deciduous and diaphanous,
sheet-like. Ventral margin of dentary slightly convex and
with 2 parallel serrated keels. Margins of dentary and
premaxillary with minute, recurved teeth. Maxillary with
smaller, conical teeth. Anterior region of vomer with a
transverse patch of 8 to 10 medial rows of minute conical
teeth. No teeth present on posteromedial process of vomer.
One or two minute conical palatine teeth present. Frontal
and parietal keels serrate. Frontal keel extending to, and
overlapping, parietal keel. Parietal keel discontinuous;
posterior region with 2 minute opposed conical spines,
directed anteriorly and posteriorly. Dorsal and ventral
limbs of posttemporal each with two parallel, deeply
serrated ridges, limbs acutely divergent, and supporting 3
posterolaterally-directed spines: dorsal spine longest
(7.4-13.7 % SL), ventral spine slightly shorter (7.8-9.8 %
SL), median spine about equal in length to ventral spine.

Lateral ridges of cleithrum smooth, nonserrate; ventral
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photophore is highly elevated.

Clade C: P. meteori species group
P. kiwiensis, P. ovatus, P. matsubaraij,
P. meteori, P. ruggeri
FIGURES 47 AND 51

12. One or two medial rows of large fanglike teeth are
present on an elongate posterior process of the vomer (e.gq.
P. meteori, Figure 48).

Such teeth are absent in other sternoptychids.

13 (state 2). The ectopterygoid is elongate, narrow and
curved (e.g. P. meteori, Figure 48).

This bone is broad and triangular in the asteroides
species group (e.g. P. asteroides, Weitzman, 1974:356, fig.
30), P. omphus within Polyipnus, and in all other
sternoptychids except Argyropelecus and Sternoptyx. In these
two genera the ectopterygoid is triangular but moderately

elongate.

14. Bladelike medial processes of the posterior dorsal
surface of the symplectic are inconspicuous (reduced) (e.g.
P. meteori, Figure 48).

These blades, which apparently contribute to the

anchoring of the metapterygoid, are well-developed in all
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other Polyipnus species but absent in the remaining
sternoptychids. The presence of such structures in Polyipnus
is derived but with secondary reduction in the meteori

species group.

15. The ascending process of the premaxillary is short
and broadly triangular (e.g. P. eri, Figure 50A).

All other Polyipnus species (e.g. P. omphus and P.

clarus, Figure 50B and C, resp.), Argyropelecus and

Argyripnus have elongate processes. In Sternoptyx the

premaxillary lacks ascending processes, likely an

independent derivation.

16 (c). Absence of a diagonal ridge on the lateral face
of the preopercular angle.

This ridge is well-defined or even prominent in other
Polyipnus species but absent in the remaining sternoptychid
genera. Polarity was established by functional outgroup

comparison.

17. The symphyseal process of the dentary is truncate,
without conspicuous ventral extension (e.g. P. ruggeri,
Figure 50a).

The dentary symphysis is broadly triangular in all
other Polyipnus species (e.g. P. omphus, Figure 50B) except

P. laternatus, P. asteroides, P. clarus (Figure 50C) and P.
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peolli in which it is elongate and narrow. In Argyropelecus,

Sternoptyx and Argyripnus the process is triangular.

18 (c). The iliac spine is very short, its length much
less than that of the ischial process. Similar conditions
occur in P. laternatus and Argyropelecus species which are
tentatively interpreted as convergences.

The iliac spine is about equal in length to or longer
than the ischial process in other Polyipnus species.
Comparisons with other outgroups are not possible because of
extreme modification in Sternoptyx and a lack of iliac

spines in other stomiiform genera.

19. The bony ridge of the dorsal limb of the
posttemporal is finely serrate.

Such serrations are absent in all other Polyipnus
species, Argyropelecus, Sternoptyx and other sternoptychid
genera. Coarse serrations are present on the dorsal limb in
most species of the spinosus species group but are much

coarser and probably independently derived.

Clade D: P. matsubarai to P. ruggeri

FIGURE 51

20. Middle radial cartilage of anterior anal-fin
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pterygiophores are deeply dissected into three separate
elements (e.g. P. meteorji, Figure 52A). These cartilages are
enveloped by secondary articular heads.

In other Polyipnus species (e.g. P. unispinus, Figure
52B) and other sternoptychid genera there are occasionally
two cartilages, but in most cases there is just one

continuous element.

21. The basisphenoid is very narrow and not
particularly expanded basally (e.g. P. meteori, Figure 48).

Although outgroup comparisons are somewhat ambiguous,
the most parsimonious interpretation of this character is
apomorphy within Polyipnus. The basisphenoid is lacking in
Argyropelecus, narrow in Sternoptyx but quite broad and
basally expanded in Argyripnus.

22. The basisphenoid posteriorly-directed 'spine' is
short (e.g. P. meteori, Figure 48).

In all other Polyipnus species, Sternoptyx and

Argyripnus this spinelike process is long and in some cases
extends well beyond the anterior margin of the ascending

limb of the parasphenoid.

23. The tooth patch associated with the
pharyngobranchial of the third branchial arch includes the

medial surface of the articular head and at least part of
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the shaft (e.g. P. meteori, Figure 543).

In all other Polyipnus species except P. triphanos
(which lacks such teeth), and Argyripnus the teeth are
restricted to the medial surface of the articular head. In
P. triphanos and Argyropelecus there are no teeth associated
with this bone. The third and fourth pharyngobranchials,
which are toothed in Sternoptyx, are fused making homology
of the teeth uncertain. Teeth are not present on the shaft

of this composite element.

Clade E: P. meteori, P. ruggeri

FIGURE 51

24. The ventral margin of the dorsomedian body of dark
pigment has an abrupt dorsal notch near the horizontal
position of the AC[A] photophores (P. meteori and P.
ruggeri, Figures 10 and 12, resp.).

In other Polyipnus species, Argyropelecus and
Argyripnus this region of the pigment margin is either
raised in a broad, shallow arc or is essentially straight as

in Maurolicus muelleri and P. unispinus. Such a body of dark

pigment is not present in other sternoptychids.

25. The supraoccipital has a medial

posteriorly-directed rodlike process (e.g. P. meteori,
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In some species (e.g. P. kiwiensis) they are so close to one
another that they appear united; dissection is needed to
reveal the lack of a connecting lumen. In Argyropelecus,
AC[A] photophores are absent and in Sternoptyx there appears
to be one. Argyripnus and Sonoda have numerous united
photophores in a horizontal line that may be, in part
(serially), homologous to AC[A] of Polyipnus. With the
extreme dorsal displacement of AC[A] photophores in
Polyipnus, however, it is not clear that united elements
necessarily represent the plesiomorphic condition. It is
more parsimonious to interpret the gland in Polyipnus as

derived.

28. The maxillary bone is densely pitted (e.g. P.
clarus, Figure 50C). Slight pitting is present in P.
stereope, P. unispinus, Argyropelecus and Sternoptyx but
does not approach the condition in the asteroides species
group.

Pitting of the maxillary is absent in all other
Polyipnus species (e.g. P. ruggeri and P. omphus, Figures

50A and B, resp.) and the remaining sternoptychid genera.

29. The premaxillary is densely pitted in a manner
similar to the maxillary (e.g. P. clarus, Figure 50C).
In other sternoptychids this bone is at most only

slightly pitted (e.g. P. ruggeri and P. omphus, Figures 50A
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and B, resp.).

30. The dorsal lamellar process of the maxillary is low
and extends to the medial terminus of the bone (e.g. P.
clarus, Figure 50C).

In other sternoptychids this process, if present,
terminates well before the medial terminus (e.g. P. ruggeri

and P. omphus, Figures 50A and B).

31 (state 1). The dorsal bladelike process of the
anterior ceratohyal is very deep with an arched profile and

extends the entire length of the bone (e.g. P. asteroides,

Figure 49B).

In other Polyipnus species, Sternoptyx and

Argyropelecus this blade is low with a flattened profile
(e.g. P. meteori, Figure 49A), and is restricted to the
anterior region of the bone. Other sternoptychid genera lack

such a blade.

Clade G: P. bruuni to P. clarus
FIGURE 56

32. The ventral process of the dentary symphysis is
elongate (e.g. P. clarus, Figure 50C).

This process is truncate in the Polyipnus meteori
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species group (e.g. P. i, Figure 50A) and broadly
triangular in the remaining Polyipnus species (e.g. P.

omphus, Figure 50B), and in Sternoptyx, Argyropelecus and
Argyripnus.

Clade H: P. laternatus to P. clarus

FIGURE 56

33 (c). A paired ventrally-directed external spine is
present on the ventral surface of the first anal-fin
proximal radial. Similar spines are also present in the P.
omphus species group (e.g. P. ispinus, Figure 52B),
presumably through convergence. Paired spines are also
present in Sternoptyx but these are highly modified
(Weitzman, 1974:448, fig. 112) and probably convergent with
those of Polyipnus. If the spines in Polyipnus are
homologous with those of Sternoptyx, then a large number of
instances of loss within Polyipnus would have to be
postulated.

Such spines are lacking in other Polyipnus species and

the remaining sternoptychids.

34 (c). The pharyngobranchial of the second branchial
arch has a long uncinate process (e.g. P. clarus, Figure

54B) . A somewhat similar condition exists in other



























226

A. hemigymnus, Argyripnus, Sonoda, Danaphos,
Valenciennellus, Maurolicus and Araiophos).

52. The longitudinal keel of the parietal has a smooth
margin. This may also be true of Argyripnus but homology is
uncertain.

Such parietal keels are serrate to varying degrees in

all other Polyipnus species, Argryopelecus and Sternoptyx.

53. The paired perichondral ossifications on the distal
radials of the anal-fin are small.

These plates are relatively large in all remaining
Polyipnus species but absent in other sternoptychids. In P.
aquavitus, P. unispinus and P. danae this character is most

parsimoniously regarded apomorphic.

54. The distal radial cartilages of the anterior
(excluding the first two) anal-fin pterygiophores are
approximately equidimensional with a circular to triangular
profile (e.g. P. unispinus, Figure 52B).

Other Polyipnus species and the remaining
sternoptychids examined have these radials elongate in the
anterior-posterior axis and with an acute triangular profile

(e.g. P. meteori, Figure 52A).

55. The paired spines of the dorsal blade are long and
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species (e.g. P. clarus and P. soelae, Figure 57 and 59,
resp.) but absent in other sternoptychid genera. Polarity

was established by functional outgroup comparison.

67 (c). The secondary longitudinal keel of the frontal
is discontinuous, its margin descending to the surface of
the surrounding bone (e.g. P. unispinus, Figure 63).

This keel is continuous in all other Polyipnus species,

except P. nuttingi in which it is lacking. In Argyripnus

there is a continuous keel but its structure is somewhat

unusual and may not be homologous with that of Polyipnus.

Other sternoptychids lack this keel.

68. The dorsal and ventral hypohyals are very small and
separated by a broad field of cartilage.

In the remaining Polyipnus species and the other
sternoptychid genera the dorsal and ventral hypohyals are
large, approaching or even contacting one another (e.g. P.

meteori, P. asteroides and P. soelae, Figures 49A, B and C,

resp.).

69 (c). The medial lamellae of the pectoral fin radials
are highly reduced. A similar condition occurs in P. polli,
probably as a convergence.

Such lamellae are well-developed in all other Polyipnus

species (e.g. P. soelae and P. clarus, Figures 60A and 61,
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Clade O: P. spinosus species group
P. oluolus, P. nuttingi, P. indicus, P. asper, P. inermis,
P. parini, P. paxtoni, P. elongatus, P. fraseri,
P. stereope, 2; spinosus, P. spinifer, P. soelae,
P. tridentifer
FIGURES 47 AND 65

72. The ventral preopercular spine is
ventrally-directed, very long and scythelike, with some
degree of anterior arc (Figure 5A).

Other Polyipnus species have either a reduced spine
(asteroides and meteori species groups, not including P.
laternatus) or a short relatively weak conical spine (P.
omphus species group and P. laternatus). These spines are of
moderate length in Argyropelecus and Sternoptyx but do not
approach the size and configuration of the spinosus species
group. Preopercular spines do not occur in other

sternoptychids.

73 (c?). The ventral margins of the PV photophore
scales have strong denticles (fused cteni) which extend
distally from prominent ridgelike radii (Figure 3A and C).
In P. inermis these denticles are present but weak as in
other photophore clusters of that species. Outside the P.

spinosus species group PV scale denticles are present in P.
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unispinus but these structures are minute and lack radii and
may not be homologues. In Argyropelecus sladeni there are PV
scale denticles in some individuals from the Pacific Ocean.
This trait may also have arisen independently.

All other members of Polyipnus and Argxropglecus lack
PV scale denticles (Figure 3B). No other sternoptychid has

denticulate scales covering the PV photophores.

74 (c?). The ventral margin of the dentary is deeply

serrate. Polyipnus omphus (P. omphus species group) also has

serrations but these are minute scallops and not comparable
with those in the spinosus species group.

All other Polyipnus species and the remaining

sternoptychid genera have dentaries with a smooth ventral

margin.

75. The ventral limb of the posttemporal, which is
fused with the supracleithrum (Weitzman, 1974), is serrate.
In other sternoptychids, regardless of whether the
supracleithrum is fused to the posttemporal (remaining
Polyipnus species and Argyropelecus) or is a separate
element (other genera) the ventral limb is smooth and

without serration.

76. The posterior process of the posttemporal bone has

more than one spine. These spines have rodlike bases
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originating at and radiating from the posterior process.
They are unlike associated serrations which are restricted
to ridges and flangelike margins of the bone (Harold,
1989:873, fig. 2.) (Figure 4A and B).

All other Polyipnus species (Figure 4C), Argyropelecus

and Sternoptyx have to various degrees of development single
posttemporal spines. Other sternoptychids lack posttemporal

spines.

77. The shaft of the first proximal radial of the
dorsal fin does not have an anterior medial lamella (e.g. P.
soelae, Figure 59).

Such lamellae are present in all other Polyipnus

species (e.g. P. clarus and P. danae, Figures 57 and 58,

resp.), Argyropelecus, Sternoptyx, Argyripnus and

Maurolicus.

13 (state 1). The ectopterygoid is elongate and very
narrow. This condition is one of three forms of
ectopterygoid in Polyipnus which, according to this
reconstruction, are possibly independently derived.

The ectopterygoid is broad and triangular throughout
the asteroides species group (e.g. P. asteroides, Weitzman,

1974:356, fig. 30), and in P. omphus, Argyropelecus,

Sternoptyx, Argyripnus and, according to Weitzman (1974),

Sonoda.
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79. The ectopterygoid has a medial ridge or keel which
describes a broad arc.
This ridge is deflected through an acute angle dorsally
in the remaining Polyipnus species (e.g. P. meteori, Figure
47), Argyropelecus, Sternoptyx and Argyripnus.

80. The frontal bone has a lateral secondary
longitudinal keel which does not extend posteriorly to the
secondary parietal keel.

In all other Polyipnus species (e.g. P. unispinus,
Figure 63) and in Argyripnus such a frontal keel extends
posteriorly and is continuous with the secondary parietal
keel. These keels do not appear to occur in other

sternoptychids.

81. The posterior shelf of the epiotic is modified into
a cuplike fossa into which the dorsal 1limb of the
posttemporal articulates.

Other sternoptychids lack such fossae.

82. Along the proximal one half of the ceratobranchial
of the fifth gill arch there is a patch of densely packed
short teeth (e.g. P. soelae, Figure 64B).

Other sternoptychids have sparse, long teeth on this

bone (e.g. P. unispinus, Figure 64A).
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83. The dorsal l1limb of the posttemporal bone has deep
spinelike serrations (Figure 4A). Outside the spinosus
species group weak serrations are present in the meteori
species group. However, the ridges on which these serrations
originate differ in their structure and tend to support a
hypothesis of independent derivation (see character 19, page
211).

Such serrations are absent in all other sternoptychids.

Polarity was established by functional outgroup comparison.

36 (state 1) and 85 (c). The anterior (36) and the
dorsal (85) rami of the preopercle have deep spinelike
serrations. The anterior ramus has several weak serrations
in P. unispinus, P. polli, P. asteroides, P. clarus and some
Sternoptyx species. Weak serrations of the dorsal ramus
occur in P. unispinus, Argyropelecus and Sternoptyx. It is
likely that the deep serrations of the spinosus species
group represent an apomorphic condition.

These serrations are absent in all other Polvipnus

species and the remaining sternoptychids.

86 (c) (state 2). The antorbital is a minute
transversely elongate element (e.g. P. stereope, Figure
66C) . A somewhat similar ossification also occurs in P.
danae but not other members of the P. omphus species group.

The antorbital is well-developed and equidimensional to
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Clade P: P. nuttingi to P. tridentifer

FIGURE 65

89. The third AC[A] photophore is united with the
anteriormost AC[B] photophore forming a continuous gland
(Figure 2A; e.g. P. indicus, Figure 34).

In all other Polyipnus species the third AC[C)
photophore is not joined to the first AC[B] element (Figures
2B to E; e.g. P. oluolus, Figure 38). A single AC[A)]
photophore is present in Sternoptyx and is not joined to the
AC[B] cluster. The VAV/AC[A] photophores of Argyripnus and

Sonoda are separated from the AC[B] by a broad gap.

90. The scales of the VAV photophores are denticulate.
These structures are present but very weak in P. inermis
which has vario 3 reductions of scale denticles and spinous
processes.

Other steil optychids with VAV-covering scales

(Polyipnus and Argyropelecus) except A. sladeni from the

Pacific Ocean do not have denticles in this position.
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are three instances of putative loss: P. inermis, P.
elongatus, clade X (P. stereope plus P. spinosus).
Other sternoptychids lack denticulate AC[B] photophore

scales.

Clade 8: P. inermis to P. tridentifer

FIGURE 65

97. Three spines originate on the posterior process of
the posttemporal bone (Figures 4A; e.g. P. fraseri, Figure
32) . Although the median and ventral spines are in some
species very short and indistinct there are always three
spines.

In the remaining members of the P. spinosus species
group there are two spines (Figure 4B) although in some
cases (e.g. P. nuttingi) there are many deep spinelike
serrations on the posterior process of the posttemporal.
Single posttemporal spines characterize the remaining

Polyipnus species, Argyropelecus and Sternoptyx.

Clade T: P. inermis, P. parini

FIGURE 65

98. A broad gap, about equal to the diameter of one
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photophores as they occur in the other species. In either
case, since the developmental program for these photophores
in pP. fraseri has been highly modified through heterochrony
(Harold, 1990b), the steplike feature that was likely
present in the common ancestor of clade W (see Figure 47)
has probably also been affected.

The disrupted configuration of the three OV[B]
photophores appears to be unique in Polyipnus. Within the
genus there are several arrangements that in some cases
define clades, but common to all is the dorsal displacement
of at least one of the three OV[B] elements. In addition,
the L or lateral photophore is positionally unique and
should be considered autapomorphous. Weitzman (1974:461,
table 1) indicated that the L photophore is synonymous with
anterior VAL in other stomiatoids (=stomiiforms). This is
true in as far as the L is located slightly posterior of a
vertical line through the base of the pelvic fin but the
following morphological evidence suggests that it may be
derived from the posterior OV[B] photophores. Typically in
stomiiforms the PV and OV photophores are arranged in
vertical pairs, with one of each per axial segment. This is
not true, however, of the posteriormost PV photophore in
Polyipnus. That photophore is crowded together with the
penultimate PV organ and there is no corresponding fourth
OV[B] photophore dorsally. That is, however, approximately

the position of the L photophore. Further evidence of
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derivation of the L from the OV[B] comes from the outgroups.

Sonoda and Arqyripnus both have four and Argyropelecus six

OV[B] photophores, suggesting that in all likelihood the
common ancestor of all recognized Polyipnus species had a
minimum of four.

Another putative apomorphy of Polyipnus is the presence
of paired perichondral ossifications associated with the
distal radials of the anal and dorsal fins (characters 5 and
6, resp.). Such ossifications do not occur in other
sternoptychid genera (see Weitzman, 1974) but are widespread
in other stomiiform families (Weitzman, 1974; Fink and
Weitzman, 1982; Fink, 1985). In view of Weitzman's (1974)
highly corroborated phylogeny of the Sternoptychidae (sensu
lato) it is unlikely that these structures in Polyipnus on
the one hand and the remaining stomiiforms on the other, are

homologues.

P. METEORI AND P. ASTEROIDES SPECIES GROUPS.-Seven
rather similar species were referred to the asteroides
species complex by Baird (1971) and these comprise much of
clade B (meteori plus asteroides species groups). I add to
this group Polyipnus ovatus, P. bruuni and P. clarus which

are new species and P. laternatus is moved from another

previously recognized group. This latter species was thought
by Baird on the basis of body shape and size, posttemporal

spine length, photophore configuration and dentition to be
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h) reduction of the anal-fin pterygiophore hiatus

Of these characters, a, 4 and e (characters 76, 74 and 73,
resp.) appear to be valid synapomorphies of the much larger
(14 species) spinosus species group recognized here.
Characters c, £, g and h exhibit too much variation within
and among species to be interpreted at this level.
Adequately preserved otoliths were not available for study
so appraisal of b above is not possible.

Among new characters found that support monophyly of
the spinosus species group are ventral preopercular spine
shape (character 72), ventral 1limb of the posttemporal
serrate (character 75), lack of an anterior medial lamella
on the first proximal radial of the dorsal fin (character
77), elongate and very narrow ectopterygoid (character 13),
broadly arced ectopterygoid medial ridge (character 79),
secondary lateral frontal keel disjunction (character 80),
modification of the posterior shelf of the epiotic into a
cuplike fossa (character 81) and presence of numerous minute
densely-packed teeth on the ceratobranchial of the fifth
branchial arch (character 82).

Baird (1971) suggested that there were two distinct
lineages within his spinosus complex on the basis of
posttemporal morphology. One of these groups, with three
posttemporal spines, was referred to as the spinosus

subgroup by Borodulina (1979) and the remaining species,
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e only verified record of P. parini is from the
, off New Zealand. There is a questionable record
ter from the Kuroshio Current off Japan. Three
e apparently endemic to areas close to the
continent: P. tridentifer from the Great

Bight and P. paxtoni and P. elongatus from the

off the east coast of Queensland. Polyipnus soelae

the northwest coast of Australia and northwards

stern Indonesia. Polyipnus spinosus is restricted

Indonesia, but there are only a small number of
ecords. Only one member of the spinosus species
spinifer, has been collected in the South China
species also occurs as far north as the East China
f the east coast of Japan where its range overlaps

of the endemic P. stereope. Polyipnus fraseri is

off the east coast of the Philippines and in the
f the Kyushu-Palau Ridge, Philippine Sea. The two
members of the spinosus group are Indian Ocean
. asper occurs off the west coast of the Malay
in the Andaman Sea and P. indicus occurs off the

of Africa from the Natal area north to the Gulf
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lived larval stages.
springer (1982) and Rotondo et al. (1981) invoked an
1d migration" hypothesis to explain certain elements of
lan endemism. There is geological evidence that the
1 group has been conveyed to the north, away from other
1 groups, causing vicariance in the shorefish fauna.
rocess probably has contributed to the large distance
:n P. nuttingi and its sister group, the P.

1Is-tridentifer clade and could be a causal vicariant

1ism.

>olvipnus indicus of the western Indian Ocean is the

- group to the remaining Indo-Australian clade S

e 65). The range of this species is correlated with

1ith of the Agulhas Current. The western Indian Ocean is

1ct, being an area of concentrated endemism in marine

35 (Cohen, 1973) but as is likely the case for P.

1s a component of this endemism is related to

rical factors. The Indian subcontinent broke free from

utherly attachment to Gondwanaland by about 140-100 Ma

nan, 1980) and by the early Tertiary (about 60 Ma) had

:d the Indian Ocean into west and east basin areas

1ger, 1988; Hocutt, 1987). By late Oligocene (25 Ma),

-ly equatorial flow in the eastern Indian Ocean was

:ed to the south (Berggren, 1982). The Australian Plate
was located well to the south of eastern Asia, and
consequently the eastern Indian Ocean and remained connected

by an equatorial current to the Pacific Ocean (Edwards,
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The approach of the Australian continent to east Asia
e early Miocene (22-21 Ma; Coleman, 1980, Edwards,
coincided with an episode of Antarctic ice buildup
an, 1986) and concomitant sea level drop. These events
o extreme reduction of equatorial flow south of the
Malayan Archipelago and constriction of equatorial flow
en the eastern Indian Ocean and the western Pacific.
conditions persist to the present (Haedrich and
ns, 1979). The result was subdivision of the ancestor

e P. asper-tridentifer clade (Clade R, Figure 65). A

ar pattern, and here suggested as corroborative is

in the pontellid copepods. The Lapidocera pectinata

es group, reported by Fleminger (1986) and Fleminger et
1982), has an eastern Indian Ocean species that is the
r group of the remaining Indo-Australian clade.

The sister group to the P. paxtoni-tridentifer clade

sts of P. inermis and P. parini (Clade T, Figure 65).
istributions of these species suggests an east-west
in the Pacific. The distribution of P. parini is

y known and here it is treated only as a western

ic form. Polyipnus inermis, on the other hand, appears

an endemic in the Sala-y-Gomez area of the East

ic Rise. The ocean bottom around Sala-y-Gomez is dated
ly about 9 Ma, according to Springer (1982), which is
onsistent with the approximate ages placed on the P.

ni-tridentifer and other more derived clades (see

-
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Lation.
Area cladograms constructed from taxon cladograms for
of the species groups were compared and, where
lble, the shared elements of branching patterns were
ined to form a general explanation of vicariance in the
-Australian region. A computational technique (Brooks
imony Analysis, Wiley, 1988a, b; Brooks, 1990) was used
:nerate a consensus of the area cladograms for the
1s and meteori species groups, and the P.

yni-tridentifer clade of the spinosus group. Historical

rences were also drawn fromvthe asteroides species group
:he lower branches of the spinosus group cladogram, taxa
1 do not have endemic species in the Indo-Australian

n.

The four Polyipnus species groups have broadly

lapping generalized distributions, a reflection of
spread ancestral forms in the early to middle Tertiary.

Ancestors of the asteroides species group were

spread in western and eastern Tethys, from the Caribbean
to Indonesia. Subdivision and vicariant speciation was
>ted by a chronological series of events causing

1ished equatorial current flow in the early Miocene, the
Miocene and the early Pliocene. These events were the
lsion of the Australian and Asian Plates, closure of

’s in the Mediterranean area and the emergence of the
nanian isthmus.

Ancestral forms to the spinosus species group were
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present in the proto-Indian Ocean and eastwards onto the
Pacific Plate possibly as early as the Paleocene (60 Ma).
This rather early date is inferred from subdivision of the
Indian Ocean into eastern and western basins during the
traversal of the Indian subcontinent. Diversion of
equatorial flow southwards by this obstruction, however, was
still occurring in the late Oligocene (about 25 Ma), placing
a minimum age on the event.

A sequence of tectonic/climatological events beginning
in the early Miocene (20 to 25 Ma) caused vicariant
speciation in the Indo-Australian region. Closure of the
seaway between the forming Indo-Malayan Archipelago and the
Australian Plate isolated the eastern Indian Ocean from
Indo-Australian basins. Lowered sea levels effectively cut
off connections between the Coral Sea and the
Indo-Australian area. In the latter region widespread
north-south ancestral ranges were maintained until the 1late
Miocene when deep water circulation between the South China
Sea and the Sulu Sea was disrupted by arrival from South
China of the North Palawan Continental Terrane. This
accounts for the presence there of South China Sea endemics

in Polyipnus and possibly in other groups of deep-sea fishes

and zooplankton.
This analysis suggests that peripheral areas like the
Great Australian Bight, and possibly the Japanese

Archipelago, were too cold in pre-Miocene times to have

supported Polyipnus species and were later invaded by
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APPENDIX 1

Binary matrix of distributional characters used in Brooks

Parsimony Analysis. Missing areas coded as '9'.

AREAS TAXA
TASMAN 00111011011100099
AUSTRBGT 00099000099900111
INDONNOR 01011111011101011
INDONSW 01011001011101011
SOCHINA 01011000111110001
JAPAN 10001000099910001
EQINDIAN 01011100000100099
EQPACIF 01011100000100099
CORALSEA 00000011011100099

OUTGROUP 00000000000000000
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APPENDIX 2

Abbreviations and definitions of geographic areas.

Areas used in Parsimony Analysis and cladograms

CORAL SEA (E)

CORAL SEA (W)

E. INDONESIA

EQ. INDIAN OC.

EQ. INDO-PAC.

GR. AUSTR. BGT.

INDO-E. AUSTR.

JAPAN.
PHILIPP. SEA
S. CHINA SEA

TASMAN SEA

Coral Sea, not including coastal
Queensland

Coral Sea, coastal Queensland only
eastern Indonesia: Sulu to Timor seas
and vicinity

Equatorial Indian Ocean

Equatorial Indo-Pacific region (Equatorial
Indian plus Pacific Ocean areas

Great Australian Bight

Indo-East Australia: eastern Indonesia and
eastern Coral Sea

Japanese Archipelago

Philippine Sea

South China Sea

Tasman Sea, Australian and New Zealand

coasts only

Areas not used in Parsimony Analysis

CARIBB. SEA

E. ATL. OC.

Caribbean Sea and Greater Antilles
tropical/subtropical eastern Atlantic

Ocean



E. INDIAN OC.
EQ. INDIAN OC.

EQ. PAC. OC.

HAWAIIAN IS.

INDO-AUSTR.

MARSHALL IS.

NW. AUSTR.

NW. PAC. OC.

SE. PAC. OC.

W. ATL. OC.

W. INDIAN OC.

W. PAC. OC.

462
Andaman Sea, eastern Indian Ocean
equatorial Indian Ocean
equatorial western and central Pacific
Ocean
Hawaiian Islands
Indo-Australia: northwest Australia,
eastern Indonesia and western Coral Sea
Marshall Islands
continental slope of northwestern
Australia
northwestern Pacific Ocean
Sala-y-Gomez Ridge, southeastern Pacific
Ocean
tropical/subtropical western Atlantic
Ocean
Agulhas region, western Indian Ocean

western Pacific Ocean
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TABLE A-1.-Tow and sounding depths for collections of 13
Polyipnus species. Institutional code and station number provided
for uncatalogued collections. R/V Dana represented in table by D.

Species Catalogue No. Tow Depth Sounding
Depth (m)
kiwiensis AMS T1.15984-002 0-357 m 390
AMS I.17863 0-366 m 360
AMS I.19855 448-461 m 448-460
AMS I.17861-001 0-411 m 405
AMS I1.17864 0-366 m 360
meteori ZMUC P206928 1000 mwo 2700
ZMUC P206929 600 mwo 4700
¢ ZMUC P206930 1000 mwo 1565
ZMUC P206931 1000 mwo 1890
ZMUC (D Sta. 3951 II) 600 mwo 2380
ZMUC (D sta. 3800 I) 600 mwo 1500
ruggeri AMS I.20066 0-650 m 2000
AMS TI.27166 0-457 m 4072
AMS I.21372 0-750 m 1500
AMS I.20312 0-100 m 1800
ZMUC P207118 1000 mwo 4775
polli ZMUC (D Sta. 4007 I) 1000 mwo 2675
ZMUC (D Sta. 4000 I) 1000 mwo 3760
ZMUC (D Sta. 4007 XI) 1000 mwo 2425
ZMUC (D Sta. 4003 VIII) 600 mwo 3210
triphanos AMS I.25816-008 0-300 m 300
AMS T1.24338-001 150-280 m 150-280
ZMUC P206962 600 mwo 450
ZMUC P206963 600 mwo 1770
ZMUC (D Sta. 3881 I) 500 mwo 540
aquavitus AMS I1.19762-002 0-800 m 2300
AMS I.20316-005 0-900 m 3700
AMS I1.19761-029 0-550 m 2000
AMS I.20310-017 0-625 m 2900
AMS I.16492-008 0-250 m 1350-1400
ZMUC P206916 1000 mwo 3660
ZMUC P206907 1000 mwo 3190
danae ZMUC P206919 2000 mwo 3225
ZMUC P206920 1000 mwo 2150
omphus ZMUC P206932 1000 mwo 4000
ZMUC P206933 1500 mwo 1010
ZMUC P206934 1200 mwo 2080
ZMUC P207116 1000 mwo 3160
unispinus AMS 1.19287-003 0-1000 m 1937-2101
AMS 1.19284-007 0-2000 m 3654
AMS I.19292-007 0-550 m 900-1100

continued ...
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Species Catalogue No. Tow Depth Sounding
Depth (m)
unispinus ZMUC P207119 2000 mwo 3040
ZMUC P206965 2000 mwo 3040
elongatus AMS I.21795-007 731 m 731
AMS I.20518-005 548 m 548
xto AMS I.25825-009 0-300 m 300
AMS I.25816-006 0-300 m 300
soelae AMS I.22808-028 404-420 m 404-420
AMS I.22817-014 492-520 m 492-520
AMS I.23423-001 0-376 m 376
AMS I.23425-011 0-400 m 400
tridentifer AMS I.18711-014 640-650 m 640-650

Py
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APPENDIX 4

Additional collections of Polyipnus aquavitus examined.

Other Material: IOAN uncat. (3, 18.4-24.5 mm), 29°52'S
168°48'E to 29°49'S 168°53'E, 500-0 m, R/V Dmitry Mendeleev Cr.
16, Sta. 1261, 04 Jan 1976. LACM 44481 (4, 23.0-31.0 mm),

04°43.7'S 129°00'E, 420-500 m, R/V Alpha Helix Sta. 69,

0200-0300 h, 18 Apr 1975. LACM 38588 (2, 21.0-26.0 mm),

04°57.0'S 130°8.0'E, 350-550 m, R/V Alpha Helix Sta. 92,
1500-1600 h, 5 May 1975. LACM 36074 (3, 22.0-25.0 mm),
00°32.0'S 129°08.3'E, 450-1100 m, R/V Alpha Helix Sta. 120,
1125-1325 h, 16 May 1975. LACM 36075 (1, 23.0 mm), 00%°41.7'S
128°55.7'E, 1000-1400 m, R/V Alpha Helix Sta. 121, 1730-1930
h, 16 May 1975. LACM 36062 (8, 16.0-31.0 mm), 00°13.5'S
128°23.7'E, 350-390 m, R/V Alpha Helix Sta. 128, 0249-0349 h,
18 May 1975. LACM 44503 (2, 31.0-32.0 mm), 08°41.0'N

121°19.3'E, 0-50 m, R/V Alpha Helix Sta. 177, 2320-0012 h, 4

Jun 1975. LACM 36040 (5, 14.0-21.0 mm), 02°45.3'S 127°55.1'E,

0-2000 m, R/V Alpha Helix Sta. 27, 0150-0800 h, 1 Apr 1975.

LACM 44493 (17, 21.2-30.4 mm), 00°9.4'S 128°33.2'E, 420-500 m,

R/V Alpha Helix Sta. 131, 1130-1230 h, 18 May 1975. SIO 84-15

(1, 34.0 mm), 34°27'S 151°38'E to 34°20'S 151°40'E, 23 May
1978. MCZ 89815 (1, 29.5 mm), 14°28'S 147°14'E, 1820 mwo, R/V
Lady Basten, 04 Dec 1981. SIO 69-19-10 (1, 23.4 nmnm),

~ 06°00.5'N 122°35.6'E, 21 Apr 1968. SIO 77-184 (2, 27.0-27.1
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mm), 05°21.2'S 133°34.7'E, 0-1500 m, 19 Sep 1976. USNM 298928
(1, 12.8 mm), 26°21'S 177°39'E to 26°26'S 177°26'E, R/V Eltanin
Sta. 31-24A, 13 Dec 1967. USNM 298927 (2, 7.6-15.4 mm),
33°20'S 172°57'E to 32°23'S 172°49'E, R/V Eltanin Sta. 31-26A,
15 Dec 1967. USNM 298925 (9, 10.6-18.4 mm), 29°08'S 175°28'E
to 29°14'S 175°25'E, R/V Eltanin Sta. 31-25A, 14 Dec 1967. 2ZMA
uncat. (16, 12.8-31.0 mm), 06°32.8'S 133°02.8'E, 109-299 m, R/V
Snellius-II, Cr. 321, Leg 8, Sta. 69-2, 2206-2306 h, 20 Feb

1985. ZMUC P206916 (1, 26.0 mm), 01°2°'N 124°29'E, 1000 mwo,

R/V Dana Sta. 3682 I, 2120-2320 h, 29 Mar 1929. ZMUC P206906
(1, 40.0 mm), 27°21'S 175°11‘'E, 1000 mwo, R/V Dana Sta. 3623
I, 2005-2105 h, 09 Dec 1928. ZMUC P206907 (1, 30.0 mm),
29°40'S 170°34'E, 1000 mwo, R/V Dana Sta. 3625 I, 2005-2105 h,

11 Dec 1928.
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Character data matrix for phylogenetic analysis of

Polyipnus

compatible with PAUP version 3.0i. Missing data coded as '?'.

Argyripnus

00 0000020200
Sternoptyx

20 100000020?
Argyropelecus
00 0000000702
ruggeri

00 0000000200
seteori

00 0000000200
matsubarai

00 0000000200
kiwiensis

00 0000000700
triphanos

00 §000000700
laternatus

00 0000000700
asteroides
00 0000000700
clarus

00 0000000200
polli

10 00000007200
danae

11 1000000700
unispinus

11 1010000200
aquavitus

00 0000000700
omphus

00 0001000200
1nerais

00 0111111211
nuttingi

00 01111117211
1ndicus

00 0111111711
asper

00 o111111711
paxtoni

00 01111117211
elongatus

00 0111111211
stereope

00 011111171}
spinifer

00 0111111214
soel ae

00 0111111711
tridentifer
00 0111111714
ovatus

2?7 2000000720
bruuni

7? 2000000270

species,

0000000007
0007017100
0007000720
0007107100
0000000720
0007102120
111111111
0002010100
111111111
0002010100
H11111
0002010100
111111111
0007010100
1111111111
0007000100
1111111110
0002000100
1111111111
0007000100
1111111111
0002000100
1111111111
0002000100
1111110000
0007020100
1111110000
0007120100
1111110000
0002070100
1111110000
0002010100
1101110000
1117120011
1111110000
1117121011
1111110000
1117121011
1111110000
1112121011
1111110000
1112121011
1111110000
1117121011
1111110000
1117121111
1111110000
1117121111
1111110000
1117121111
1111110000
1112121111
1111722111
0202020100
11117222111
0702020100

0002010200
0000002070
0002710200
0000000070
0002010100
0010000070
1121111111
0000000070
1121111411
0000000070
1121514111
0000000070
1121111110

0010000000
0100101110
0010000000
0000000000
0010000000
1111000000
0010000000
1111110000
0010000000
1111111001
0010000000
1101101001
0010060000
1101101011
0010000000
1111111014
0010000000
1110111011
0010000000
1110111011
1172111117
0000000077
1072000007
0000000077

including

0000001000
0002200000
0007002000
00072700000
7200012000
0017200000
1111150000
0007200000
1111110000
0007200000
1110000000
0007700000
0000000000
0002200000
0000001111

0010200000
0000000000
0000200000
0000000000
0000700000
0000000000
0000200000
0000000000
11102700000
0000000000
1111710000
0000000000
1111201110
0000000000
1111201111
0000000000
1111701111
0727200070
770771111
0722700070

2001000770
0000000000
001001120C
1111111
00010017200
1111111
0000000000
1115111100
0000000000
1111111100
0000000000
1111111100
000C000000
1111111100
1000000000
1111111100
1111000000
1111111100
1111115500
1111111100
1111111100
1111111100
1111111000
1111111100
2000001011
1111100
2010011011
1111111100
2010000011
1111111100
2010000011
1111111100
2000010011
1111111100
2000010011
1111111100
2000010011
1111111100
2000010011
111100
2000010011
111100
00010011
111100
2000010011
1111500
2000010011
1111111100
2000010011
1115111500
0010011
1 111100
2111712107
210720072000
7 1?10?

three

0200070200
000
0200020710

§§§.§,
g

o
~

7000

3°3%
i E s

§§§
3

17111711014

1

§:8

1711171110

&

12111721411

—

Pii

858585858

1710071100

g

1210071100

g

1?100? )

g

1710078100

&

1710071100

g

1710071100
000

07?

72720770027
07?

0100772000
0000720000
00000720000
0000070000
0000020000
0000020000
006000270000
0000070000
0000020000
0000020000
0000020000
1111171101
1111121111
1111121110
0000020000
0000020000
0000020000
0000020000
0000070000
0000070000
0000070000
0000020000
0000070000
0000020000
0000020000
0072020070

W07?020770

outgroups.

00100010
00000000
00000000

00000000

00000000
i
11111511
00000000

00000000

00000020

02000707

02000207

Format



oluolus

77 7111117721
parini

7?2 211117
fraseri

77 21111117221
spinOsSus

7?7 21111728

1111772110 0072000007
1712171000 0000000007
1111777000 007?00000?
1717171011 11011111172
1110222220 2072000007
1212122071 1011211017
1111772000 0027000007
1712171111 110110101?

2770770000 2007012011
02720200070 2111712107

07?0200070 2111712107
2270772000 7002017211
1221200070 2111212107
7720770000 2002012011

17217210020 2111717107

7720770072
0?7?
2720220077
0??
2277720177
0??
7720721177

07?

00220720720

0072070020

0072720020

0072070070

02000207

02000707

02000707

07200020?
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APPENDIX 6

Map identifying oceanic areas and associated land forms

of the Indo-Pacific region (Figure A-1).



FIGURE A-1l.-Indo-Pacific oceanic and land areas. AB, Great
Australian Bight; AN, Andaman Sea; AR, Arafura Sea; Ba,
Banda Sea; CE, Celebes Sea; CO, Coral Sea; EA, East China
Sea; HW, Hawaiian Islands; JA, Japanese Archipelago; MR,
Marshall Islands; NA, northwestern Australian coast; PA,
Palawan; PH, Philippine Sea; SC, South China Sea:; SG,
Sala-y-Gomez Ridge; SU, Sulu Sea; TM, Timor Sea; TS,
Tasman Sea.















